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EDITOR'S NOTE 

This volume contains Che written versions of 
the papers which were presented at theSymposium on 
Assessment înd Perception of Risk to Human Health 
n Canada at the Ontario Science Centre, Toronto, 
October 18 and 19, 1982. Following each paper is 
Li.c rû jrci jf its discussion, based nn the conmencs 
and questions at the Synposiuj], as submitted by the 
discussers on the foras provided, and written re
plies of the authors. 

This volume also contains a transcribed ver
sion of the opening address of Dr. Stuart Smith, a 
revised overview paper, "On the appreciation of 
Risk", a summary of the Panel Discussion and the 
Symposium Summary of Dr. K.R. Robertson. 

A list of registrants is also provided. 

Sincere thanks are extended to those who as
sisted greatly in the preparation of this volume, 
in particular: 

Dr. D.V. Bates, who acted as associate editor. 

Dr. P.G. Hill, who transcribed and edited the 
tapes of the Panel Discussion. 

Mr. E.H.?- Garneau, Executive Secretary, Royal 
Society of Canada, for assisting with 
the editing, arranging for translation 
of the overview paper and the opening 
address, and for helping with many 
administrative matters. 

Mr. J. 3asuk, Science Council of Canada, who 
transcribed the tapes of the opening 
address. 

Mr. Laurier Forget, the Conference Services 
Office, National Research Council of 
Canada, for collecting the discussions 
and replies and for providing the list 
of registrants. 

Miss Allison Rogers, for the design and prepara
tion of the cover and for other art 
work. 

Of course, the production of this volume would 
not have been possible without the coopération of 
the authors in providing written versions of their 
papers and written replies to the questions and 
comments of the discussers. Their contributions 
are greatly appreciated. 

Papers are published in the language of pre
sentation, English or French. 

J.T. 

Editor 

REMARQUES DE L'EDITEUR 

Le présent compte-rendu contient le texte des 
documents présentés lors du colloque sur 1'Evalua
tion et la perception des risques à la santé au 
Canada, tenu au Centre des sciences de l'Ontario 
les 18 et 19 octobre, 1982. Chaque communication 
est suivie d'une discussion qui comprend les com
mentaires et les questions des participants au 
colloque écrits sur formules spéciales et les ré
ponses des conférenciers. 

Ces actes contiennent aussi le texte du dis
cours d'ouverture du. Stuart Smith, un tour d'ho
rizon revisé sur "L'évaluation du risque", un ré
sumé de la discussion en table ronde et la réca
pitulation présentée par le Dr H.R. Robertson. 

La liste des participants y parait aussi. 

Je tiens à remercier tous ceux qui ont collaboré 
à la préparation de ce livre. Je dois noter par
ticulièrement: 

le Dr D.V Bates, qui a été rédacteur associé; 

le Dr P.G. Hill, qui a vu à la transcription et à 
la rédaction des enregistrements de la 
discussion en table ronde: 

M. E.H.P. Garneau, Chef du secrétariat de la So
ciété royale du Canada, qui a aidé à la 
rédaction, à la traduction de plusieurs 
textes et qui s'est occupé de la gestion 
du tout. 

M. J. Basuk, du Conseil des sciences du Canada, 
qui a enregistré le discours d'ouverture. 

M. Laurier Forget, du bureau du Service de confé
rences du Conseil national de recherches du 
Canada, qui a recueilli les interventions et 
les réponses et qui a composé la liste des 
participants. 

Mlle Allison Rogers, pour le dessin de la couver
ture et des présentations graphiques. 

Bien entendu, la réalisation de cette publica
tion aurait été impossible sans l'apport des auteurs 
qui ont fourni leurs communications en version écrite 
et qui ont rédigé les répliques aux questions écrites 
des participants. Leur collaboration nous a été 
très précieuse. 

Les communications paraissent en anglais ou en 
français selon la langue de l'auteur. 

Rogers 

/ Editeur 
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THE APPRECIATION OF RISK 

A:; OVERVIEW PAPER 

SENSIBILISATION AUX RISQUES 

TOUR D'HORIZON 

THE ORGANIZING COMMITTEE 

INTRODUCTION 
Aithouch the tera risk has been associated 

with the possibility of many kinds of harm, inclu
ding financial and environmental harm, and even 
harm to political or personal relationships, the 
central concern in this paper and in this Sympo
sium is with risk to human health and life. Health 
risk includes the possibility of deaths (mortality), 
either immediate or delayed, and less severe health 
effects due to injury and illness (morbidity). 

The term risk is here defined as containing 
two concepts: the magnitude of the harm and the 
probability of its occurrence. In simplest form, 
risk is defined as the product of the magnitude and 
the probability so that where it may be expressed 
quantitatively it is stated in units of harm per 
unit time (e.g. deaths per year or deaths per year 
per million of population). Questions concerning 
the validity, uncertainty and significance of 
quantitative risk estimation will be referred to 
subsequently. 

There are, of course, substantial economic 
costs associated with health care, health risk 
avoidance, and with the consequences of health da
mage. 3ut in addition to the quantifiable costs, 
there are other major costs which are not easy to 
estimate. Factors such as personal anxiety and 
grief, and loss of career satisfaction and achieve
ment transcend any cost accounting scheme. Thus 
it must be acknowledged at the outset that the 
subject of health risk can never be fully described 
'?••• 3 set of numbers. 

The emphasis in this paper is on those risks 
which are, at least to some extent, predictable 
and manageable, and therefore subject to alle
viation by use of available reynv.rces. The under
lying consideration is the most effective use of 
resources to enhance human welfare. It must be 
accepted that few if anv risks can be completely 
eradicated and that some risks (e.g. terrorism 
or war) are extremely difficult to assess. Such 
risks are outside the scope of this Symposium. 

INTRODUCTION 
3ien aue le terme risque ait été associé à 

l'éventualité de divers types de préjudices, y com
pris les dommages financiers et environnementaux et 
même les préjudices aux relations politiques ou per
sonnelles, l'essence du présent document et du Sympo
sium porte sur le risque pour la vie et la santé. Le 
risque pour la santé comprend le danger is. mort (mor
talité) soit immédiate ou différée, et les effets 
moins graves pour la santé que sont les blessures ou 
la maladie (morbidité). 

L'expression "risque", ici décrite comporte 
deux aspects: l'importance du dommage et la pro
babilité qu'il se réalise. Dans la forme la plus 
simple, le risque est défini comme le produit de 
l'importance par la probabilité, si bien que là où 
l'on peut en donner une mesure quantitative, on 
l'exprime en termes d'unités de dommage par unité 
de temps (par ex. morts par année ou morts par annés 
par million d'habitants). Nous aborderons plus loin 
les questions de la validité, de l'incertitude et de 
l'importance de l'estimation quantitative du risque. 

De toute évidence, les soins, les mesures 
adoptées pour éviter les risques pour la santé et les 
conséquences de la détérioration de la santé génèrent 
des coûts économiques substantiels. Mais en plus de 
ces coûts quantifiables, il en existe d'autres d'im
portance qu'il n'est pas facile d'estimer. L'angoisse, 
la douleur, la perte du sentiment de satisfaction et 
d'épanouissement professionnels dépassent les cadres 
de la seule comptabilité. Il faut donc admettre dès 
le départ qu'il est impossible de décrire complète
ment le risque pour la santé au moyen d'une série de 
chiffres. 

Dans le présent document on se préoccupe sur
tout des risques qu'il est possible, du moins jus
qu'à un certain point, de prévoir et de gérer et 
qui peuvent être réduits au moyen des ressources 
disponibles. Il s'agit au fond de tirer le meilleur 
parti possible des ressources pour améliorer le 
bien-être public. Il faut accepter le fait qu'il 
est impossible, sauf dans quelques cas, de supprimer 
complètement un risque et qu'il est extrêmement 
difficile d'évaluer certains risques (par ex. le 
terrorisme et la guerre). Le Symposium ne porte pas 
sur ce genre de risques. 

But, in contrast, there are many other risks II existe par contre beaucoup d'autres risques 
to human health which are predictable and manageable, pour la santé publique qu'il est possible, 
at least to some extent. Improvement of human wel- jusqu'à un certain point, de prévoir et de gérer, 
fare requires that these risks be understood as well Pour améliorer le bien-être public, il faut en con-
as possible in their causes, effects, magnitudes and naître le mieux possible l'importance, les causes et 
control measures. The key questions to be consi- les effets ainsi que les moyens de suppression du 
dered are: risque. Nous considérerons les grands points 

suivants: 



- Vhat are the greatest risks to society? 

- Hew «ell are these risks understood scien
tifically? How can the harn be measured 
and expressed? 

- Given that widespread social action (ge
nerally requiring legislation and regu
lation) is required for risk management, 
what is the state of scientific and public 
understanding of these risks? 

- Given the economic implications of risk 
nanacement, what is the relative distri
bution of expenditures on various types 
of risk management? 

- what are the most important needs for new 
knowledge and for communication of that 
knowledge? 

- How can social values and preferences be 
determined, and how should they affect 
decision-making on regulation and manage
ment of risk? 

The goal of the Symposium is to provide 
information needed in answering these questions. 

The purposes of this paper are to provide 
reasons for undertaking risk studies, to intro
duce some basic concepts, and to provide an over
view of the content of the Symposium. Particular 
emphases are identified recognizing the impossi
bility of treating all of the scientific, economic, 
ethical, political, legal and regulatory realities 
of risk in any one conference. 

One basic point will receive repeated em
phasis — that the risk of any human activity can 
never be reduced to zero unless the activity is 
stopped altogether; absolute safety is an illu
sion. What is needed is appreciation of the 
magnitudes of all of the risks encountered. Only 
if the magnitudes are understood and the options 
are defined can reasonable decisions be made on 
the acceptability of specific risks, and how to 
manage them. 

MANAGEMENT OF RISK 

The Role of Government 

Philip Handler (1) traces the historical 
function of government to protect citizens from 
dangers from which they cannot easily or fully 
protect themselves. Beyond providing police, fire 
departments and armies, governments have set up 
standards for the design, construction and operation 
of steam boilers, roads, mines, water supplies, food 
supplies; they have also set up measures for immu
nization against viruses and bacteria and for control 
of accidents in the workplace. This has required the 
growth of a large network of regulatory agencies. 
Handler remarks "even when the nature and scale 
of the threat was self-evident, establishment of 
safeguards was accomplished only over significant 
opposition. In every case, the new measure was 

- Quels sont les plus grands risques que court 
le public? 

- Dans quelle mesure les connaît-on du point 
de vue scientifique? Comment mesurer et 
exprimer les dommages? 

- Etant donné que la gestion des risques né
cessite une action sociale de grande enver
gure (nécessitant généralement des lois et 
des règlements), quel est l'état des con
naissances du public et des scientifiques 
au sujet de ces risques? 

- Etant donné les conséquences économiques 
de j.a gestion au risque, quelle est 1-
distribution relative ces dépenses occa
sionnées par divers types de gestion des 
risques? 

- Quelles nouvelles connaissances doit-on 
acquérir, et diffuser? En quelle priorité? 

- Comment déterminer les valeurs sociales et 
les préférences du public et comment 
devraient-elles influer sur la prise de 
décision en matière de réglementation et 
de gestion des risques? 

Le but du Symposium est de fournir l'infor
mation nécessaire pour répondre à ces questions. 

Le présent document vise à nous induire à 
étudier les risques, à introduire certains concepts 
de base et u donner une vue d'ensemble des sujets 
abordés durant le Symposium. On insiste sur certains 
points en particulier, car il est. évidemment impos
sible de couvrir en un seul colloque tous les aspects 
scientifiques, économiques, éthiques, politiques, 
juridiques et législatifs des risques. 

On insistera à plusieurs reprises sur un 
point essentiel, c'est-à-dire qu'il est impossible 
de supprimer totalement le risque que comporte une 
activité anthropogénique à inoins d'interrompre 
l'activité elle-même; la sécurité absolue est une 
illusion."" Ce dont nous avons besoin, c'est d'une 
appréciation de l'importance de tous les risques 
rencontrés. Il ne sera possible de prendre des 
décisions raisonnables sur l'acceptabilité des 
risques particuliers et sur la manière de les gérer 
que lorsqu'on comprendra l'importance de ces risques 
et qu'on aura défini nos options. 

GESTION DES RISQUES 

Le r31e du gouvernement 

Philip Handler (1) fait l'historique du rôle 
que le gouvernement joue pour protéger les citoyens 
des dangers contre lesquels ils ne peuvent se pré
munir facilement ou complètement. En plus de vour-
nir des services de police, de pompiers et une armée, 
les gouvernements ont établi des normes sur la con
ception, la construction et le fonctionnement des 
chaudkères à vapeur, des routes, des mines et sur 
l'approvisionnement en eau et en aliments; ils ont 
également mis en oeuvre des mesures pour immuniser 
la population contre les virus et les bactéries, 
et pour réduire les accidents dans les lieux de 
travail. Ceci a nécessité l'établissement d'un 
vaste réseau d'organismes de réglementation, 
M. Handler note: "même lorsque le danger était 



:u~ •<: -~~?e onl'j :>an z'r.eve rjxd been aahievect 
zclizi^al 2:>zs£nsus t'raz iz -jas a z-ropev fitmszsn 
jf ;o<jcvyjnenz, and z'r.az the nazicnal could affsvd. 

Although responsibly-acting professional 
bodies, trade unions, interest groups, industries 
and individuals play roles in identifying risks 
and developing methods and procedures to manage 
them, government is usually seen as the primary 
.i;er.C *~r rinV Tnn.izement. Onlv through political 
jnd rogulJtory processes can external costs be ac
counted for and the conflicting interests of par
ticular groups and the general public be resolved. 

Given the large number of risk questions 
being pressed as urgent upon government, and the 
widespread confusion and controversy over the 
"reality, Magnitude and consequences of various 
risks, the need for better understanding and com
munication of risk matters becomes urgently im
portant, and the role of government must be cla
rified. 

Economics of Risk Reduction 

Approximate calculations (2,3) show the 
startling result that total safety expenditures 
Per life saved vary by factors of 1,000,000 or 
more, over the entire spectrum of accidents and 
hazards to which our society is exposed. This 
enormous range suggests that for a given total 
expenditure on safety activities, many more lives 
could be saved if safety expenditures were distri
buted to maximize the saving of lives. 

j ,agvant as psr sa nature et son zrzzortanae, t.es 

notable. Chaque fois, la nouvelle mesure ne fut 
—rise »n oezivre qu'après enzenie zolizique qu'il 
s'agissait bien là d'une fonction gouvevnenertale 
et que le pays sauvait se la permezzve". 

3ien que les corps professionnels, les 
syndicats, les groupes d'intérêt, l'industrie 
et les particuliers agissant de façon responsable 
jouent un rôle dans l'identification des risques 
et la mise au point de méthodes et de procédés de 
gestion, on perçoit généralement le gouvernement 
comme le principal intervenant dans ia gestion des 
risques. Ce n'est que par l'application des pro
cessus politiques et législatifs qu'il est possible 
de rendre compte des coûts extérieurs et de con
cilier les incërêts divergents de groupes parti
culiers et du public en général. 

Etant donné la multitude de questions sur les 
risques qu'on presse le gouvernement de régler de 
toute urgence, la confusion généralisée et la con
troverse entourant la réalité, l'importance et les 
conséquences de divers risques, la nécessité de 
mieux comprendre les risques et de mieux communi
quer nos connaissances à ce sujet se fait de plus 
en plus pressante; il faut aussi définir clairement 
le rôle du gouvernement. 

Aspects économiques de la réduction du risque 

Des calculs approximatifs (2,3) révèle, à 
notre grand étonnement, que le total des dépenses 
par vie sauvée varie par un facteur de 1 000 000 ou 
plus pour l'ensemble des accidents et des dangers 
auxquels est exposé le public. Cette variation 
énorme indique que pour une somme totale déterminée 
affectée aux mesures de sécurité, beaucoup plus de 
vies seraient épargnées si les dépenses étaient 
réparties de façon à sauver le plus de vies possible. 

In particular industries the economic in
centive to the employer to protect workers' health 
may, in itself, be quite inadequate. The employer 
nay feel that he has little or nothing to gain from 
certain expenditures on occupational health and 
safety. He may feel that he should not be respon
sible to eliminate hazards whose effects on workers 
have not been fully clarified, e.g., in occupa-
tionally-caused cancer vhere there is a long latency 
period so that it is difficult to establish a causal 
relationship. He will probably not have the re
sources to determine any such relationship. Even 
where the causal relationship between exposure and 
disease is clear the employer may, as a result of 
worker's compensation or insurance arrangements, 
have little direct economic incentive for risk 
reduction. If of course an employer is faced with 
the possibility of plant shutdown due to a health 
risk he may in that way have huge economic incen
tive for risk reduction. Generally this is not the 
case and government must expresss the values of 
the population in determining the conditions under 
which particular industries shall be operated. 

Dans certains secteurs industriels, les 
encouragements économiques incitant l'employeur 
à protéger la santé des travailleurs sont parfois 
très insuffisants. L'employeur peut parfois 
estimer qu'il n'y a rien, ou très peu, à tirer 
de certaines dépenses en matière de santé et de 
sécurité au travail. Il peut aussi considérer 
qu'il n'est pas de sa responsabilité d'éliminer 
les dangers dont les effets sur les travailleurs ne 
sont pas encore entièrement connus, comme dans le 
cas des cancers d'origine professionnelle ne se 
manifestant qu'après une si longue période de latence 
qu'il est difficile d'établir un lien de cause à 
effet. L'employeur ne dispose probablement pas des 
ressources nécessaires pour étudier ce genre de 
relations. Même lorsque le lien de cause à effet 
entre une maladie et des conditions de travail est 
clairement établi, il se peut qu'en raison des 
indemnités versées aux accidentés du travail ou des 
termes des assurances, il y ait peu d'avantages 
ëconomiqufjs directs incitant l'employeur à réduire 
les risques. Evidemment, pour l'employeur qui 
serait obligé de fermer son usine en raison des 
dangers que courent les travailleurs, l'avantage 
économique de la réduction des risques serait énorme. 
Ce genre de cas est rare et il revient au gouverne
ment de refléter les valeurs du public en déter
minant les conditions dans lesquelles certaines ac
tivités industrielles seront exécutées. 
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If, for example, 100,000 dollars' expenditure 
would save one additional life in one type of acci-
denc, and 10,000 dollars would be required to save 
an additional life in a second type of accident, 
spending 10,000,000 dollars on the first type of 
expenditure instead of the second would theoreti
cally mean chat an opportunity had been missed to 
avoid i)G0 premature aeatns. 

This is not to say, of course, that for the 
individual every mode of death is equally abhor
rent, or that if social preferences and values were 
fully expressed, the unit safety expenditure would 
be uniform over the entire spectrum. Possible rea
sons for non-unifonnity in safety expenditure may 
lie in the size of the associated benefits, the 
availability or not of alternatives, the question 
of whether the risk is chosen or imposed, and the 
special horror of large-scale catastrophe. However, 
the available statistics suggest that the economics 
of risk reduction deserve much attention and that, 
if present expenditure variations were widely under
stood, the pattern of governmental, industrial and 
private expenditures on safety measures might be 
considerably different from what it is now, and 
more lives might be saved. 

Safety Expenditure Criteria 

Viewing human activities one at a time, the 
question arises as to how much money should be 
devoted to protection of human life in each acti
vity, given quantitative knowledge of the associa
ted risk. 

One criterion requires assignment of a dollar 
value to human life. While economists argue that 
society implicitly dees this every time a decision 
on safety expenditure is made, many people would 
insist that equating the actual value of a human 
being to a certain number of dollars is repugnant. 
In particular, the notion that a dollar value can 
be arrived at by totalling lost wages or lost pro
ductivity seems equivalent to reducing human beings 
to production machines. Perhaps not many would 
find a safety expenditure cost-benefit analysis 
fully satisfactory which incorporated a simple 
dollar equivalent for human life. Better criteria 
are needed. 

A second criterion is that safety expendi
ture in each sector should conform to a reduction 
of the risk below a given legal standard level 
to a level "as low as reasonably achievable" 
in view of the social and economic costs (the 
ALARA principle). This principle seems reasonable 
but the difficulty is in deciding what the word 
reasonable means in a given industry or source of 
risk. The question arises: Is it reasonable to 
spend 10 million dollars to save one human life, 
or only 10 thousand dollars? 

Par exemple, si une dépense de 100 000 dollars 
permettait de sauver une vie de plus dans un certain 
type d'accident et s'il fallait débourser 10,000 dol
lars pour sauver une vie de plus dans un autre type 
d'accident, le fait de dépenser 10 000 000 de dollars 
dans le premier cas signifierait théoriquement qu'on 
a raté l'occasion d'évier 900 morts Drématurées. 

Cela ne signifie pas que pour chacun d'entre 
nous les diverses façons de mourir sont également 
horribles ni que l'unité de dépense pour raisons de 
sécurité serait uniforme sur toute la gamme de risques 
si les valeurs sociales et les préférences étaient 
totalement exprimées. La .oparité dans les dépenses 
de sécurité peut s'expri .- par l'importance des a-
vantages associés, par 1'existence ou non de solu
tion de rechange, par le fait que le risque est im
posé ou choisi et par l'horreur tout particulière 
des catastrophes de grande envergure. Cependant, les 
statistiques actuelles indiquent que les aspects é— 
conomiques de la réduction du risque méritent une 
attention sérieuse et que, si l'on comprenait à fond 
lea variations dans les dépenses actuelles, la répar
tition des dépenses engagées en matière de sécurité 
par les gouvernements, les entreprises et les parti
culiers différerait considérablement de ce qu'elle 
est actuellement et plus de vies seraient peut-être 
sauvées. 

Critères pour les dépenses de sécurité 

Considérant séparément chacune des activités 
anthropogéniques, il faut déterminer combien d'argent 
l'on doit affecter à la protection de la vie humaine 
dans chaque activité en supposant qu'on connaît la 
mesure quantitative du risque qui y est lié. 

L'un des critères suppose une valeur monétaire 
de la vie humaine. Bien que les économistes affirment 
que c'est bien ce que la société fait implicitement 
chaque fois qu'on prend une décision sur les dépenses 
consenties pour fins de sécurité, beaucoup trouvent 
répugnante l'idée de faire équivaloir la valeur 
réelle d'un être humain à une somme d'argent. En 
particulier, l'idée qu'on puisse établir une valeur 
monétaire en totalisant les salaires ou la producti
vité perdus semble réduire l'être humain à une machine 
de production. Il est probable que peu d'entre nous 
trouveraient pleinement satisfaisante une analyse 
coûts-avantages des dépenses de sécurité dans laquelle 
la vie humaine serait considérée simplement en terme 
de dollars. Il nous faut de meilleurs critères. 

Selon le deuxième critère, les dépenses de 
sécurité dans chaque secteur devraient permettre de 
réduire les risques en-deçà d'une norme légale 
donnée, pour atteindre un niveau "aussi bas que 
raisonnablement •possible" compte tenu des coûts 
sociaux et économiques (c'est le principe du risque 
raisonnable). Ce principe semble raisonnable, mais 
le problème, c'est de décider ce que signifie le 
mot raisonnable lorsqu'il s'agit de l'appliquer à 
une source de risques ou un secteur industriel 
donnés. Il s'agit alors de savoir s'il est raison
nable de dépenser 10 millions de dollars ou seulement 
10 000 dollars pour sauver une vie humaine. 
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Le troisième critère permettant de déter
miner l'importance des dépenses consacrées à la 
sécurité a été étudié par Niehaus (3) qui signale 
que les mesures de sécurité gênèrent elles-mêmes des 
risques additionnels, car la fabrication et 
l'installation des dispositifs de sécurité comportent 
des risques mesurables. Des estimations rudimentaires 
sont rent, ?ar cxtnple, qu'or, peut s'nttendrp 3 :c 
que la production de certains types G'équipements 
de sécurité coûtent une vie humaine par 30 millions de 
dollars d'équipement (moyenne regroupant tous les 
types de fabrication) (3). Le principe voulant que 
le nombre de vies perdues pour produire ou installer 
de l'équipement de sécurité ne devrait pas dépasser 
le nombre de vies qu'on peut s'attendre à sauver 
grâce à cet équipement nous apporte ici un critère 
de sécurité indépendant de toute valeur arbitraire 
attribuée à la vie humaine et ouvre la voie de 
l'élaboration d'une base rationnelle sur laquelle 
fonder les décisions au sujet des dépenses pour la 
sécurité. 

A third criterion for deciding on the 
level of safety expenditures has been explored by 
>.'iehaus(3) who points out that safety expendi
tures in themselves entail additional risk because 
the production and installation of materials used 
in safety devices involves measurable risk. Rough 
estimates show, for example, that the production 
or certain ^mis of safety equipment can be ex
pected to cost one human life per 30 million 
dollars' worth of equipment (the average for all 
manufacturing) (3). The notion that lives lost in 
producing or installing safety equipment should not 
be greater than the lives expected to be saved 
by the existence of that equipment does afford a 
criterion for safety which is independent of any-
arbitrary value set on human life, and points 
the way towards a possible rational basis for 
decision-making on safety expenditures. 

In general, comparison should be made of 
the health effects of alternative remedial policies, 
e.g., in substitution of one substance for another. 
If the presence of a substance within a building 
causes possible health hazards for building main
tenance workers or occupants various remedial stra
tegies may be considered. Before a decision is 
made the total health risk due to leaving the 
substance in the building should be compared with 
the risk to workers removing it. 

Although no sinele criterion can be expec
ted 6y itself to lead to a fully satisfactory 
decision on safety expenditure, the inclusic.i of, 
e.g., the ALARA principle in a plant licensing 
procedure, may have the important merit of causing 
people to think more deeply about particular safety 
problems. Such thought may produce remarkable 
benefits. It may lead to a better perception of 
risk and thereby to educational measures which 
will save both lives and dollars. It may lead to 
redesign for greater plant reliability through 
avoidance of accidents. It may even be possible 
to improve safety and save money at the same time. 

Problems in Rational Management of Risk 

One of the most important problems is that 
there are large gaps in the information on risks 
due to various human and industrial activities 
and to the actions of chemical or radioactive ma
terials. The possibilities of substituting a less 
risky substance or activity may not yet have been 
determined. The nature of the information avail
able will be discussed in a subsequent paragraph. 

The management of risks is made more pro
blematic by the frequently observed discrepancy 
between scientific assessments and public per
ceptions (4). Scientific and technical analyses 
of risk seek to be as detailed and objective as 
possible. This tends to lead to the treatment of 
deaths as essentially of the same consequence whe
ther they occur in large disasters or scattered 

En général, il faudrait comparer les effets 
sur la santé de solutions de rechange, par exemple, 
la substitution d'une substance par une autre. Si 
la presence d'un produit dans un bâtiment cons
titue un risque pour la santé des occupants des 
lieux ou des travailleurs chargés de l'entretien, on 
peut considérer divers moyens de régler le problème. 
Avant de prendre u:ie décision, il faudrait comparer 
le risque total couru si le produit n'est pas enlevé 
au risque que courraient les travailleurs pour le 
retirer. 

Bien qu'on ne puisse s'attendre à ce qu'un 
seul critère permette de déterminer les dépenses de 
sécurité de façon entièrement satisfaisante, le 
fait d'inclure une condition comme, par exemple, le 
principe du risque raisonnable (ALARA) dans la pro
cédure d'obtention d'une licence pour l'ouverture 
d'une usine peut favoriser une plus grande sensi
bilisation des gens à l'égard des divers problèmes 
de sécurité. Cette réflexion pourrait porter fruit 
de façon remarquable. Elle peut en et le", entraîner 
une meilleure perception des risques et, de là, 
susciter des mesures d'éducation permettant d'épar
gner des vies et de l'argent. Elle peut amener â 
repenser les usines afin de les rendre plus sûres. 
Il se peut même qu'il soit possible d'augmenter la 
sécurité tout en épargnant de l'argent. 

Problèmes que soulève la gestion rationnelle 
des risques 

L'un de nos plus grands problèmes vient du 
fait qu'il nous manque beaucoup de renseignements 
sur les risques liés à diverses activités humaines 
et industrielles et sur les effets des produits 
chimiques et radioactifs. Il se peut qu'on n'ait 
pas encore évalué la possibilité du remplacement 
par des produits ou activités moins risqués. Nous 
traiterons plus loin de la nature des renseignements 
disponibles. 

La gestion des risques est compliquée du 
fait qu'il y a souvent une différence entre 
l'évaluation scientifique des risques et la façon 
dont le public perçoit ces mêmes risques (4). Les 
analyses scientifiques et techniques des risques 
visent à être aussi détaillées et objectives que 
possible. Cette perspective porte à considérer 
les décès de désastres de grande envergure, 
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and isolated events and irrespective of tt.-'.- cause 
of death. Clearly, however, Che public has a 
greater abhorrence of multiple deaths in large 
disasters Chan the same number of deaths when 
occurring in a scattered or random pattern. Also 
some kinds of death are more feared than ochers. 

In a special case where extinction of a 
whole group of people (or of people whose services 
are vitally needed by others) is threatened, 
selective aversion to large disasters may well be 
reasonable. In the absence of such a reason, 
however, questions might well be raised about any 
social attitude or policy which does not seem to 
value human lives more or less equally. 

Comparison of mortality statistics with 
perceptions of risk (5) shows thac there is a ten
dency by che public to over-estimate some of the 
less frequent causes. It is well known in scien
tific circles chac some risks are associaced wich 
needlessly exaggerated fears (2) and that others 
are unwisely ignored and hidden. When retros
pective post-hoc studies are carried out it is 
possible to discriminate with confidence between 
exaggerated risks and underestimated risks. When 
new risks arise about which there is no historical 
or time-series evidence the distinction becomes a 
matter of judgement. Scientists may honestly 
differ in their own judgements and public per
ceptions are liable to become volatile and sub
ject to extreme swings. Under such circumstances 
the choice of appropriate social action becomes 
difficult in the extreme. 

One of the great problems in improving 
public perception arises from the deficiencies 
of the normal modes of communication. To 
attract audience or readership, and possibly 
lacking the needed information or expertise, the 
media do not generally provide objective, syste
matic appraisals over a long time. Reporters 
respond to public avidity for the sensational and 
may shift attention away from issues of enduring 
importance long before the facts are clarified. 
Advocacy groups in their own battles for public 
attention frequently leave objectivity behind, 
and omit balanced (though tedious) comparisons 
in favour of extreme emphasis on a single point. 
Regulatory agencies are hampered owing to policies 
on disclosure of information and to the difficulty 
of summarizing a vast mass of detail. Statements 
by the Minister in question period in the House 
are understood to be defence-or-attack rather than 
dispassionate disclosure of information. Scientific 
workers from laboratories and universities find it 
difficult to explain complex risk phenomena in 
simple terms. They also find it difficult to 
convey the nature of the uncertainties characteris
tic of risk data. Thus public understanding of 
risk may be hindered by major communication pro
blems. 

S 

d'événements dispersés ou isolés, sans égard à la 
cause du décès. Il esc cependant évident que le 
public trouve beaucoup plus horrible les morts 
nombreuses qu'occasionnent les désastres de grande 
envergure que celles qui se produisent en nombre 
égal, mais par cas Isolés ou de façon irrégulière. 
Par ailleurs, certaines causes de décès inspirent 
plus de crainte que d'autres. 

Dans le cas particulier où couc un groupe 
de personnes (ou des gens dont les services sont 
vitaux pour d'autres) est menacé, l'aversion 
sélective pour les grands désastres peut être 
tout à fait raisonnable. Toutefois, en l'absence 
de motifs de ce genre, beaucoup pourraient trouver 
discutable toute attitude sociale ou politique qui 
ne semble pas donner à peu près la même valeur 
à toutes les vies humaines. 

L'analyse comparative des statistiques sur 
la mortalité et de la perception des risques (5) 
révèle que le publ: a tendance à sur-estimer 
certaines des causes les moins fréquentes de mor
talité. Il est bien connu dans les cercles scien
tifiques que certains risques suscitent une peur 
inutilement exagérée (2) alors que d'autres sont 
ignorés et cachés à tort. Dans les ëtuaes rétros
pectives, on peut distinguer sans hésitation entre 
les risques exagérés et les dangers sous-estimés. 
Lorsqu'il s'agit d'un nouveau risque au sujet 
duquel l'histoire ne nous apprend rien, la dis
tinction devient une question de jugement. Les 
scientifiques peuvent en toute honnêteté avoir des 
positions divergeantes et l'opinion publique peut 
alors devenir changeante et varier de façon ra
dicale. Dans un tel contexte, il devient extrême
ment difficile de choisir les mesures d'action 
sociale appropriées. 

L'une des grandes difficultés que pose la 
perception des risques par le public vient de ce que 
les moyens de communication ordinaires présentent 
certaines lacunes. Pour s'attirer des auditeurs 
et des lecteurs, et peut-être parce qu'ils ne dis
posent pas de l'information ou des compétences 
nécessaires, les médias n'offrent généralement 
pas d'appréciations systématiques et objectives qui 
portent sur une période prolongée. Les journalistes, 
voulant satisfaire l'avidité du public pour le sen
sationnel, peuvent détourner leur attention des 
questions de longue durée bien avant que les faits 
ne soient éclaircis. Les groupes de sensibilisation, 
en s'efforçant d'attirer l'attention du public, 
mettent souvent l'objectivité de côté, omettant 
les comparaisons équilibrées (mais ennuyeuses) pour 
ne faire valoir avec insistance qu'un seul point de 
vue. Le travail des organismes de réglementation est 
compliqué à cause des politiques sur la révélation 
des renseignements et des difficultés que pose la 
synthèse d'une énorme quantité de détails. Les 
déclarations du ministre â la période des questions 
au Parlement sont perçues comme des positions de 
défense ou d'attaque plutôt que comme la communi
cation objective de renseignements. Les scienti
fiques des laboratoires et des universités trouvent 
difficile d'expliquer en termes simples des phé
nomènes de risque complexes et de faire comprendre 
la nature de l'incertitude qui caractérise les 
données sur les risques. Par conséquent, la com
préhension du risque par le public peut être en
travée par des problèmes de communication majeurs. 
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However, this is not .ill that stands in the 
vay of rational decision-making on risk expendi
ture. There are questions of equity — those «ho 
are 2t risk due to a certain industrial activity 
may not be the same people (they may not live in 
the same country or even in the same century) as 
those who enjoy the benefits of that activity. 

In addition to matters of equity, there are 
also questions of values and preferences. It may 
be t.iat to many people the idea of death by cancer 
is much more abhorrent than death by car accident 
or by heart attack. As another example, suppose 
that a choice has to be made between expenditures 
which will reduce fatalities and those which will 
reduce days of injury or illness; how many of the 
latter should be viewed as equivalent to the 
former? What weighting should be placed on harm 
which mainly affects the old and infirm relative 
to one to which young and healthy people are ex
posed? How should risk be apportioned between 
this and futurs generations' How are attitudes 
to risk avoidance likely to change as time goes 
on? Clearly, profoundly important questions and 
difficulties arise in the determination of social 
values and preferences. These factors must be 
understood before one could hope to develop (or 
explain) an appropriate social policy for use of 
resources to alleviate risk. 

SjJmma_ry 

Since government is the main actor in ma
nagement of risk, a well informed electorate is 
indispensable if appropriate policies and regu
lations for risk control are to be developed. 

There are huge variations in safety expen
ditures in different types of activities and this 
raises the question as to whether that portion of 
our gross national product which is devoted to 
protection of human life might not be redistri
buted, so as to save a greater number of lives. 

Evidently there is a large gap between public 
perception and assessment of risk. There are 
reasons why the available means for communi
cating risk information are inadequate. 

But even if the public were fully informed, 
major problems would arise in using that inform
ation to develop a truly rational overall risk 
management policy. Questions of equity, values, 
and preferences need to be much more widely under
stood. 

Toutefois, ce ne sont pas les seules diffi
cultés à surmonter pour élaborer un processus dé
cisionnel rationnel concernant les dépenses de 
sécurité. Il y a aussi des problèmes d'équité — 
les personnes courant des risques à cause d'une 
activité industrielle donnée ne sont pas nécessaire
ment celles qui profitent des bienfaits de cette 
activité, puisque ces dernières peuvent vivre dans 
un autre pays eu à une autre îj-oçue. 

En plus de l'équité, il y a aussi les valeurs 
et les préférences. Il se peut que pour bien des 
gens, la perspective de mourir d'un cancer soit 
beaucoup plus horrible que celle de trouver la mort 
par suite d'un accident de la route ou d'une crise 
cardiaque. Pour donner un autre exemple, supposons 
qu'il faille décider entre des dépenses visant à 
réduire la mortalité et d'autres visant à diminuer 
le nombre de jours perdus pour blessuie ou malad '. • 
comment établissons-nous une équivalence entre ces 
deux types de dépenses? Quelle importance donner aux 
risques qui touchent surtout les personnes âgées et 
les infirmes par rapport à ceux qui touchent les 
jeunes et ceux en bonne santé? Dans quelle propor
tion devrait-on distribuer les risques encre la gé
nération actuelle et celles à venir? De quelle 
manière les attitudes à l'égard de la suppression 
des risques évolueront-elles? De toute évidence, la 
détermination des préférences et des valeurs so
ciales soulèvent des questions et des difficultés 
de grande importance. Il faut comprendre ces 
éléments pour être en mesure de mettre au point (ou 
d'expliquer) une politique sociale appropriée sur 
l'utilisation des ressources pour diminuer les 
risques. 

Résumé 

Etant donné qu'en matière de gestion des 
risques, c'est au gouvernement qu'est dévolu le 
rôle principal, un électorat bien informé est es
sentiel pour que soient mises au point les poli
tiques et les réglementations appropriées sur la 
suppression des risques. 

Comme les dépenses en matière de sécurité 
varient énormément d'un type d'activité à l'autre, 
on peut se demander s'il ne serait pas possible 
de redistribuer la partie du produit national 
brut affectée à la protection des vies humaines de 
façon à sauver un plus grand nombre de vies. 

Il est évident qu'il existe un écart énorme 
entre la perception du risque par le public et l'éva
luation du risque. Il y a des raisons qui expliquent 
pourquoi les moyens actuels pour communiquer l'in
formation sur les risques sont Insuffisants. 

Et même si le public était bien informé, 
on aurait de sérieuses difficultés à utilise* 
cette information pour mettre au point une ;. Ai-
tique globale vraiment rationnelle sur la gestion 
du risque. Il faut approfondir les questions 
relatives à l'équité, aux valeurs et aux préfé
rences. 

RISK STUDIES 

In this section we point to a number of 
reasons why risk studies and methods, such as 

ETUDES SUR LES RISQUES 

Dans les pages suivantes, nous nous penche
rons sur certaines des raisons pour lequelles il est 
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this Symposium, are needed for communicating risV 
information. 

The Costs of Confusion 

In recent years major contro\ersies and 
confrontations have arisen on questions of risk 
associated with, for example, chemicals or nodes 
of energy conversion. The costs of these contro
versies must be recognized as substantial 

There is the social cost of anxiety which 
at times can be intense and just as painful 
whether or non it is justified. 

Another major cost is that of regulation 
and litigation, which may lead to costly delays in 
construction. Delays of five years or more in 
power plant construction, for example, have led to 
doubling of the capital cost of the investment, 
with consequent costs to customers and taxpayers. 

Another cost arising from controversy may 
be due to misplaced investment in retrofits which 
may alleviate fear but not actually contribute 
to safety, or in the choice of uneconomic plant, 
or in reduction of productivity. One has to 
recognize that the lower the productivity of a 
society, the less money will be available for re
ducing risk. 

N'o one would argue that a satisfactory level 
of safety can be achieved without cost, but if 
there is confusion and error in regulatory res
ponse to safety concerns, heavy economic penalties 
ra*y be incurred without commensurate improvement 
in safety. Some might argue that safety expendi
ture is justified by affording comfort even if it 
does not make anyone accually safer. It should, 
of course, be questioned as to whether there is 
not a better way of alleviating needless fear. 

One reason why risk studies are needed is 
that there is substantial public confusion on the 
nature and intensity of certain important risks, 
for example, radiation, air pollution, effects of 
food additives, etc. 

Rationale for Risk Comparisons 

Perhaps the first principle to recognize 
is chat there are no risk-free options. As Cohen 
and Pritchard (6) remark "no human activity can be 
absolutely risk free either in operation or in sub
sequent disposal of the inevitable vastes. Even the 
option of doing nothing can produce risk. For 
example, a decision not to extend or renew an elec
tricity supply option could lead to considerable 
economic and social risk." A decision not to build 
nuclear power stations could result in more deaths 
to coal miners and to victims of lung disease from 
air pollution, or more deaths to poor and old people 
in badly heated homes. 

nécessaire de faire des études sur le risque et de 
mettre au point des méthodes d'analyse comme le fait 
le présent Symposium pour être en mesure de com
muniquer des informations sur le risque. 

Le coût de la confusion 

Ces dernières années, des controverses et des 
débats importants ont entouré la question, des risques 
liés, par exemple, aux produits chimiques ou à cer
tains modes de production d'énergie. Li taut recon
naître que le oût de ces controverses esc subs
tantiel. 

Mentionnons d'abord un coût à la société, soit 
l'inquiétude qui parfois peut être très grande et 
très pénible, qu'elle soit justifiée ou non. 

Il y a aussi un coût important, celui de la 
réglementation et des poursuites judiciaires, qui 
peuvent occasionner des délais coûteux dans la 
réalisation d'un projet. Par exemple, des retards 
de cinq ans ou plus dans la construction de cen
trales de production d'électricité ont eu pour effet 
de doubler le coût en capital de l'investissement 
et dès lors, le coût pour les clients et les con
tribuables. 

La controverse à également pu entraîner des 
coûts additionnels: investissements mal avisés pour 
modifier après-coup des structures de façon à les 
rendre plus rassurantes sans pour autant qu'elles 
deviennent vraiment plus sûres, choix d'un modèle 
d'usine dispendieux ou encore réduction de la pro-
duc'ivité. Il faut reconnaître que plus la pro
ductivité d'une société baisse, moins il y a 
d'argent disponible pour réduire les risques. 

Nul ne peut soutenir qu'il est possible 
d'obtenir un degré de sécurité satisfaisant sans 
faire de dépenses, mais si l'on adopte une régle
mentation confuse et inexacte en matière de sé
curité, il peut en résulter de lourdes consé
quences économiques sans que la sécurité soit 
augmentée en proportion. Certains peuvent dire que 
les dépenses pour fins de sécurité sont justifiées 
par le confort qu'elles procurent, même si en 
réalité personne ne jouit d'une meilleure protection. 
Il faut évidemment se demander s'il n'y aurait pas 
un meilleur moyen d'apaiser les craintes inutiles. 

Les études sur le risque sont justifiées par 
la grande confusion qui règne au sein du public 
quant à la nature et à l'intensité de certains 
risques importants comme la radioactivité, la pol
lution de l'air, les effets des additifs alimen
taires, etc. 

Principes de base de la comparaison des risques 

Le premier principe qu'il faut sans doute recon
naître, c'est qu'il n'existe pas de solution qui ne 
comporte aucun risque. Comme le soulignent Cohen et 
Pritchard (6): "aucune activité humaine n'est abso
lument sans danger, que ce soit pendant l'exécution 
des opérations ou l'élimination ultérieure des iné
vitables déchets. Même le fait de ne rien faire 
comporte des risques. Par exemple, le fait de cesser 
de s'approvisionner en électricité à une source 
donnée pourrait engendrer des risques économiques 
et sociaux considérables". Ne pas construire de 
centrales nucléaires pourrait entraîner une mor
talité plus grande parmi les travailleurs dans les 
mines de charbon, parmi les pauvres et les personnes 
âgées vivant dans les habitations mal chauffées. 



Sone protagonists call tor reduction of an-
bient concentrations to zero; this is impractical 
since such a concentration cannot be measured. 
Some regulations set the maximum permissible con
centration at the minimum detectable level. This 
means that as analytical techniques improve, public 
concern Cloves to lover and lower levels. Handler 
remarks "numerous regulations, seeking to limit 
exposure, rjxve called for absence of "traces" of 

:i' food supples fov exaxrple. Xost were, written, in 
an earlier day wnen the Units of certainzy for 
analytical procedures were measured in micromoles 
!10-C moles); current techniques frequently permit 
certainty of identification at the level of pico-
•noles (IQ-'''" moles), a level at which adverse phy
siological effects far most, if noz all pollutants 
are extremely unlikely. The wisdom of such regu
lations needs re-examirjition. I. deed, some com
pounds have been called inzo question simply be
cause their widespread distribution has been 
ascertained — rational decision-making should rest 
on relating such minute concentrations to the pos
sibility of adverse health effec-c.-., not on mere 
ubiquity. " The point applies as well to long-term 
health effects as to immediate ones. 

This problem is especially serious because 
of the enormous number of chemical compounds to 
which people are exposed occupationally or in air, 
water or food. Somers (7) mentions that "of the 
more than 100,000 potentially toxic chemicals in
volved, only some 6,000 have been tested in the 
laboratory for carcinogenicity." Even then, many 
have been tested under conditions considered 
inadequate by present-day standards. Carcinoge
nicity is only one — albeit the most notorious — 
of a range of toxic effects, both immediate and 
long-term, that can be attributed to environmental 
chemicals. Much publicity has been given to the 
health effects of DDT, PCB, DES, food colourings, 
cyclamates and saccharines, sulphur dioxide, 
oxides of nitrogen, sulphates, UFFI, to name some 
well-known, but not necessarily well-understood 
chemicals. An important problem is the extrapo
lation of the biological effects of high concen
trations of chemicals to their potential toxicity 
at low concentrations. The overriding concern is 
the manner in which the results of tests with 
animals or isolated biological systems can be in
terpreted in terms of the effects on human beings. 
These questions are considered by Somers in his 
paper in this Symposium. 

Given that there are so many risk-causing 
agents, and that there are no risk-free options, 
statistical comparisons are necessary (though not 
necessarily sufficient) for appropriate corrective 
action to be taken on those risks that really 
matter. 

Certains réclament la réduction de la con
centration des produits nocifs dans l'environne
ment à une valeur nulle; c'est un objectif irré
alisable, car il est impossible de mesurer une 
concentration nulle. Certains règlements fixent 
la concentration maximale admissible d'un produit 
donné au niveau minimum détectable. Il s'ensuit 
qu'à mesure que les techniques d'analyse se 
raffinent, le public réclame des limites de plus 
en plus basses. Handler not?: "•Iwn r-'^n •f̂ s ."j.t, 
la réglementation visant ci limiter Z 'exposition 
suppose l'absence de "traces" d'un produit donné 
dans l'eau potable, dans l'air ou dans les aliments, 
par exemple. La plupart de ces règlements ont été 
rédigés à mie époque ou la limite de certitude 
des méthodes d'analyse s'exprimait en micromoles 
(10~° moles); cr, les techniques actuelles donnent 
souvent un dearé de certitude de l'ordre des pi-
comoles (10-** moles), concentration à laquelle 
la plupart des polluants, sirjon tous, risquent 
très peu d'avoir des effets physiologiques néfastes. 
Il faudrait reconsidérer le bien-fondé de ces 
règlements. Sn effet, certains des composés visés 
n'ont fait l'objet d'une réglementation que parce 
qu'on a pu vérifier qu'ils étaient très répandus; 
les décisions rationnelles devraient plutôt 
s'appuyer sur la possibilité qu'une concentration 
si faible puisse avoir des effets néfastes pour 
la santé plutôt que sur une simple question d'ubi
quité" . Il s'agit ici aussi bien d'effets à long 
terme que de conséquences immédiates. 

Ce problème est d'autant plus grave qu'il 
existe un nombre incroyable de produits chimiques 
auxquels nous somi..."S exposés au travail ou qua nous 
risquons d'absorber dans l'air, l'eau ou les ali
ments. Somers (7) mentionne que: "sur les 100 Ù00 
produits chimiques ou plus qui risquent d'être 
toxiques, seulement 6000 environ ont fait l'objet 
d'une analyse de laboratoire po'tr déterminer leur 
pouvoir cancérogène." Par surcroît, bon nombre 
de ces produits ont été testés dans des conditions 
considérées de nos jours comme insuffisantes. Le 
pouvoir cancérogène d'un produit n'est que l'un, 
quoique le plus redouté, des effets toxiques immé
diats ou à long terme, que l'on peut attribuer aux 
produits chimiques présents dans l'environnement. 
On a fait beaucoup de publicité sur les effets des 
DDT, PCB, DES, colorants alimentaires, cyclamates 
et saccharines, anhybride sulfureux, oxydes d'azote, 
sulfates, MIUF pour ne nommer que les plus connus, 
mais on ne comprend pas nécessairement bien la 
chimie de ces produits. L'extrapolation de la toxi
cité potentielle d'un produit chimique en faible 
concentration à partir des effets biologiques qu'il 
produit lorsqu'il est en concentration élevée, pose 
un problème d'importance. La question primordiale, 
c'est la manière dont il faudrait interpréter, en 
termes d'effets sur des sujets humains, les résul
tats de tests réalisés sur des animaux ou sur des 
systèmes biologiques isolés. M. Somers traite de 
ces problèmes dans le document qu'il présente au 
Symposium. 

Etant donné la multitude de facteurs généra
teurs de risques et le fait qu'aucun choix est sans 
risque, les comparaisons statistiques sont néces
saires (mais pas nécessairement suffisantes) pour 
choisir les mesures corrective s applicables aux 
risques qui comptent vraiment. 
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In the field of long-stand lag occupations, risk 
comparisons can draw attention to specially dangerous 
occupations. Looking at fatalities per 100 million 
man hours in Canadian industry, Wilson and Chase (3) 
point out that forestry and mining have roughly 10 
times the fatality rate (and agriculture one-third 
the average fatality rate) of Canadian industry as a 
whole. Certain occupation.-, e.g., felling trees, 
demolishing buildings, or repairing electrical trans
mission lines art: shewn to be outstandingly dangerous 
occupations. 

Although ideas or technology may not be avail
able for major reductions in certain risks, one func
tion of risk comparison is to expedite learning by 
experience. Farmer (9) writes, "the very high risks 
of injury and death during the last century 'nave 'teen 
drastically reduced, generally by learning from mis
takes. " However, he goes on to say that "the pace 
of change associated vita modern technology allons 
less opportunity for learning by trial and error. 
It is increasingly necessary to seek to get design 
and operating procedures right first time. 3ecau.se 
of their present-day size and throughput, there are 
now many plants in the world where a critical first 
mistake can result in a disaster . . . the purpose 
of the risk assessment lies not only in the deriva
tion of a numerical risk table or a ranking order, 
but of perhaps greater -importance is the better un
derstanding on the part of the assessor of the cha
racteristics of -he problem, the related phenomena, 
the uncertainties, and identification of areas wor
thy of research or further investigation. " The sheer 
size and scale of certain modern technologies demand 
systematic risk analyses. Consider for example, 
large passenger aircraft, highrise buildings, high
ways, automobiles, and industrial installations. 

In certain areas, such as in many emergency 
medical procedures, it may be obvious that the bene
fit so greatly exceeds the risk that risk estimation 
may be thought unnecessary while deciding whether to 
proceed. However, there are other medical proce
dures, such as x-ray examination and screening for 
tuberculosis or breast cancer, where the relative 
risks and benefits have to be weighed. 

In industrial production, such as power gene
ration, the purely economic consequences of health 
risks (which are not necessarily linked to risk of 
interruption of production), may have very much 
smaller dollar value than the plant output does. 
This means that such health effects will not likely 
affect the choice of production method without some 
form of government intervention in the decision
making. Such intervention could be wasteful and 
even harmful if government and society are ill-
informed about relative risks. 

L'analyse comparative des risques liés aux ac
tivités pratiquées depuis longtemps net en évidence 
des occupations particulièrement dangereuses. Com
parant le nombre de morts par cent millions d'heures-
personnes dans l'industrie canadienne, Wilson et 
Chase (8) signalent que le taux de mortalité dans 
les exploitations forestières et minières représente 
environ 10 t'ois le taux de mortalité pour l'ensemble 
de l'industrie canadienne (dans le domaine de 1'agri
culture, on pnrle du tiers du taux de mortalité 
moyen). On montre que certaines occupations, par 
exemple l'abattage des arbres, la démolition de bâ
timents ou la réparation de lignes de transmission 
électrique sont des occupations exceptionnellement 
dangereuses. 

3ien que dans certain cas l'on ne dispose pas 
de la technologie ou des idées nécessaires pour ré
duire les risques de façon notable, une des fonctions 
de la comparaison des risques est d'accélérer le pro
cessus de l'apprentissage par l'expérience. Farmer 
(9) note: "Les risques très élevés de blessures et 
de décès ont diminué de façon marquée au cours du 
siècle dernier, en général parce que nous avons tiré 
une leçon de nos erreurs". Il ajoute cependant: "La 
rapidité des changements qui accompagnent les pro
grès de la technologie moderne nous donne moins de 
chance d'apprendre par tâtonnement. Il devient de 
plus en plus nécessaire que la conception et les 
modes de fonctionnement soient au point dès le début. 
Il existe actuellement dans le monde de nombreuses 
usines où, â cause de l'importance des installations 
et de la production, une seule erreur dans un do
maine critique peut entraîner un désastre . . . l'éva
luation des risques vise non seulement à produire un 
tableau numérique des risques eu une classification 
des risques par ordre d'importance, mais ce qui esz 
peut-être plus important, à permettre à l ''évaluateur 
de mieux comprendre les caractéristiques du problème 
ainsi que les points d'incertitude et les phénomènes 
qui s'y rattachent et de déterminer dans quelle voie 
il serait profitable de poursuivre les recherches. " 
Certaines applications technologiques modernes, sim
plement de par leur envergure, nécessitant une ana
lyse systématique des risques. Les gros avions de 
passagers, les gratte-ciel, les autoroutes, les au
tomobiles et les installations industrielles en sont 
des exemples. 

Dans certains domaines, comme c'est le cas de 
bien des interventions médicales d'urgence, les avan
tages l'emportent tellement sur les risques qu'on 
peut juger inutile d'estimer le risque lorsqu'on dé
cide s'il y a lieu de faire l'opération. Toutefois 
dans d'autre cas comme les examens radiographiques 
et le dépistage radiologique de la tuberculose ou du 
cancer du sein, il faut peser les risques contre les 
bénéfices. 

Dans les secteurs industriels comme celui de 
la production d'électricité, les conséquences pure
ment économiques des risques pour la santé, qui ne 
sont pas nécessairement des risques liés à l'inter
ruption de la production, ont parfois une valeur mar
chande de beaucoup inférieure à celle du produit de 
l'usine. Il est probable que de tels effets sur la 
santé n'influent pas sur le choix de la méthode de 
production, à moins que le gouvernement n'intervienne. 
Or les interventions gouvernementales peuvent être 
inutiles, voire préjudiciables, si le gouvernement et 
le public sont mal informés sur les risques relatifs. 

http://3ecau.se
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Experts differ, of course, on the extent to 
which the relative risks of v.irious energy produc
tion methods can be assessed and this point will be 
taken further in the papers by Farmer and Paskievici 
in this Svnposiun. 

Les spécialistes sont de toute évidence en dé
saccord lorsqu'il s'agit de déterminer dans quelle 
mesure il est possible d'évaluer les risques relatifs 
que comportent diverses méthodes de production d'é
nergie; cette question sera étudiée plus en détails 
durant le Symposium dans les articles de Farser et 
Paskievici. 

Another reason for risk comparisons is that 
tnere is difficulty in understanding the arithmetic 
of risk calculations. Even people who have thought 
about the subject for a long time admit,that the 
difference between a probability of 10 and one of 
10 is not imediately obvious to them. However, 
risk comparisons can provide helpful illumination. 
For example, Pochin (10) points out the meaning of a 
10 probability of death can be illustrated by the 
following table of approximate numbers: 

One in a Million Chance of Peach 

400 miles of air travel 

60 miles of car travel 

3/4 of a cigarette 

1 i minutes of rock climbing 

1 î weeks of typical factory work 

20 minutes of being a man aged 60. 

Although such comparisons are no better than 
the data or assumptions on which they are based, 
they can help to make the statistics of risk more 
understandable. 

Limitations of Risk Comparisons 

A major limitation Is the scientific uncer
tainty attached to the determination of certain 
risks. Data may be unavailable or inadequate or may 
be intrinsically so complex that understanding and 
widespread dissemination may be very difficult. 
Even when the data are clear and relatively precise 
extrapolation of these data (e.g. from high dose 
rate to low) may be a matter of more or less deba
table judgement. 

Risk comparisons do not in themselves tell 
the whole story of social acceptability of risk or 
the complete spectrum of the social cost, including 
anxiety, bereavement, etc. Care needs to be taken 
that estimates of relative health risk do not con
ceal value judgments, for example by lumping together 
fatalities and injury-days into one single index of 
health damage. 

Another missing element in single risk compa
risons is knowledge of the means for alleviating or 
avoiding the risk in question; risk comparisons do 
not teach us which risks are liable to yield most 
easily to preventative effort. As Pochin puts it, 
"It may save more lives to halve a moderate risk. 
than to reduce a high risk by one percent. " 

Une autre raison qui milite en faveur de la 
comoaraison des risques est la difficulté à compren
dre l',irithmécique des calculs de risques. En effet, 
même les gens qui ont beaucoup réfléchi à cette ques
tion admettent que la.différence entre des probabili
tés de 10 et de 10~3 n'est pas facile à saisir. 
Cependant, les comparaisons de risques peuvent ap
porter des éclaircissements utiles. Par exemple, 
Pochin (10) indique qu'on_peut illustrer une proba
bilité de mortalité de 10 d'après le tableau des 
nombres approximatifs suivant: 

Une chance sur un million de mourir 

400 milles dans un appareil de transport aérien 

60 milles en auto 

les 3/4 d'une cigarette 

12 minute d'alpinisme 

li semaine de travail dans une usine typique 

20 minutes de la vie d'un homme âgé de 60 ans 

Bien que ces comparaisons ne vaillent que ce 
que valent les données et prémisses sur lesquelles 
elles s'appuient, elles rendent plus compréhensibles 
les statistiques sur les risques. 

Limites des analyses comparatives des risques 

L'incertitude scientifique reliée à la détermi
nation de certains risques lui impose une limite im
portante. Les données peuvent être impossibles à 
prouver ou insuffisantes ou encore si intrinsèquement 
complexes qu'il peut être difficile de les comprendre 
et de les diffuser. Même lorsque les données sont 
claires et relativement précises, l'extrapolation 
(par ex. de doses élevées aux doses faibles) peut res
ter une question de jugement plus ou moins discutable. 

Les analyses comparatives de risques ne nous 
donnent pas, par elles-mêmes, une image complète de 
l'acceptabilité sociale du risque ou la gamme com
plète des coûts sociaux dont l'inquiétude, le désar
roi, etc. Il faut s'assurer que l'estimation des 
risques relatifs pour la santé ne cache pas de juge
ments de valeur, par exemple qu'on ne regroupe pas 
les décès et les jours-blessures dans un même indice 
de préjudices pour la santé. 

Les analyses comparatives d'un seul risque 
comportent une autre lacune, c'est-à-dire qu'on ne 
connaît pas les moyens de réduire ou d'éviter le ris
que en question; la comparaison des risques ne nous 
indique pas quel risque est le plus facile à prévenir. 
Comme le dit Pochin: "Il se peut qu'on sauve plus de 
vies en diminuant de moitié un risque modéré qu 'en ré
duisant de un pourcent un risque élevé". 

In spite of these limitations, it must be said En dépit de ces limites, il faut dire que l'es-
that estimates of risk are important. If they are timation des risques est importante. Sans ce genre 
not available, decision making on public health mat- d'analyse, il est probable que les décisions concernant 
ters is likely to be made on intuitive grounds. And les questions de santé publique soient fondées sur des 



14 

this is dangerous because public perception of risk 
nay be much more influenced by the type of hazard 
rather than the actual scale or magnitude of the 
health damage involved. 

Methodology of Risk Studies 

Why te and Surton (4) following Kates (11) 
have argued that "risk assessment includes t'zree 
components. These -are risk identification (the 
recognition that a hazard with definable charac
teristics exists); risk estimation (the scientific 
determination of the nature and level of that risk); 
risk evaluation (judgements about the acceptability 
or otherwise of risk probability and consequences)." 
The process of assessment is not necessarily se
quential in the above order, e.g., sometimes risks 
are only identified after the consequences have 
become apparent. 

Summary 

Risk analyses and comparisons are yreatly 
needed because of widespread public misconception 
of the nature and intensity of commonly experienced 
hazards. This confusion has major economic impli
cations which are related not only to national 
economic welfare, but also to the use of economic 
resources for improvement of human safety. 

Awareness that there are no risk-free options 
makes risk comparisons essential to reveal where 
the most serious hazards lie, to provide lessons 
from experience, to indicate problem areas where 
work is needed, and to help in deciding between 
alternatives. Comparisons are also helpful in 
understanding the arithmetic of risk analyses. 
While risk comparisons do not tell the whole story, 
they offer an approximate description of physical 
reality as background to consideration of accep
tability and strategies of risk management. 

Pochin (12) remarks , "we can see two popular 
trends today in those who write or speak on risk. 
There are t'nose who talk so much about the theory of 
risk that no numbers emerge; and on the other hand 
those who talk so much of the acceptability of risk 
•ihat no numbers are nudged relevant. I advocate also 
the need for the Jtumbler middle course, of 3imply es
timating the size of the risks." The danger must, 
however, be recognized that after numbers are iden
tified they can take on a life of their own. They 

acquire more credibility than is justified. 

intuitions, ce qui est dangereux, car l'idée que le 
public se fait du risque peut être influencée beau
coup plus par la nature du danger que par l'ampleur 
réelle du préjudice pour la santé qui peut en découler. 

Méthodologie des études des risques 

Whyte et Burton (4), dans la suite de Kates 
(14), ont soutenu que "l 'évaluation des risques 
comporte trois composantes: l'identification du 
risque (reconnaître ru'un danger présentant dec 
caractéristiques définissables -xiste), l'esti
mation du risque (déterminer de façon scientifique 
la nature et le degré du risque) et l'évaluation du 
risque (juger de l'acceptabilité ou non de la pro
babilité du risque et de ses conséquences)". Cette 
méthode ne s'applique pas nécessairement dans l'ordre 
indiqué ci-haut, c'est-à-dire qu'il arrive qu'on 
n'identifie les risques qu'une fois que les con
séquences sont devenues apparences. 

Résumé 

L'analyse et la comparaison des risques sont 
primordiales, car le public en général se fait une 
idée erronée de la nature et de l'importance des 
dangers courants. Cette confusion a des conséquences 
importantes, non seulement sur le bien-être écono
mique du pays, mais aussi sur l'utilisation de nos 
ressources économiques pour augmenter la sécurité 
des êtres humains. 

Une fois qu'on s'est rendu compte qu'il n'existe 
aucune activité qui ne comporte pas de risques, les 
analyses comparatives des risques deviennent essen
tielles pour déterminer quels sont les dangers les 
plus graves, quelles leçons il faut tirer de l'ex
périence, quels domaines nécessitent des recherches 
et pour aider à choisir entre plusieurs solutions. 
Les comparaisons aident aussi à comprendre l'arith
métique des analyses de risques. Bien que les ana
lyses comparatives de risques ne décrivent pas com
plètement la situation elles nous donnent une des
cription approximative de la réalité physique sur 
laquelle on peut se baser pour étudier l'acceptabi
lité et les modes de gestion des risr les. 

Pochin (12) note; "Deux tendances se dessi
nent maintenant parmi ceux qui s'intéressent aux 
risques. Il y a ceux qui se préoccupent tellement 
de la théorie des risques qu'ils n'apportent aucuns' 
chiffres et ceux qui par contre, se préoccupent 
tellement de l'acceptabilité des risques qu'aucun 
chiffre ne leur paraît approprié. Je suis en 
faveur d'une approche intermédiaire et plus humble 
qui consiste à simplement estimer l'importance des 
risques." Il faut cependant se rappeler qu'une 
fois que les chiffres sont connus, ils peuvent 
s'animer d'une vie qui leur est propre et se parer 
d'une crédibilité démesurée. 

THE MEANING OF RISK 

One of the reasons why discussions on risk 
can become confusing or illogical is lack of ad
herence to a consistent set of definitions appro
priate to the realities of the subject. In the 
following paragraphs some elementary definitions 
are presented. 

SIGNIFICATION DES RISQUES 

L'une des raisons pour lesquelles les dis
cussions sur les risques peuvent sombrer dans 
l'illogisme et la confusion vient de ce qu'on ne 
s'en tient pas à un ensemble cohérent de définitions 
collant à la réalité du sujet traité. Quelques dé
finitions élémentaires sont présentées dans les 
paragraphes suivants. 
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Risk vs Consequence 

The tern "consequence" is introduced Co define 
the aaçnltude of the health harm that could occur 
in a specific event. If in a certain chemical 
plant explosion 25 people would be expected to be 
killed, that number of fatalities defines the 
consequence. 

The magnitude of the hann is not to be confused 
with the probability of its occurrence. One needs 
to consider both the magnitude and the probability 
(as well as other factors). 

In contrast, the magnitude of the risk depends 
both on the consequence and on the probability of 
its occurrence. Specifically, we nay say 

Risk = Probability x Consequence 

Risk is the expected value, the statistical average 
expected total harm for a stated population at 
risk, for a stated time period. 

A large consequence event will be an unim
portant source of risk if che probability of its 
occurrence is small enough. 

Probability Distribution of Harmful Events 

In a given analysis, estimation of consequence 
may be difficult enousjh — the real challenge fre
quently lies in the evaluation of probability. 

In the preceding sections, we have stated 
the risk of a single harmful event by a single 
number. However, in considering the risk of 
various systems of activities, such as chemical 
process plants, we must recognize that there are 
many possible accident sequences, of different pro
babilities, with different consequences. We can 
represent a specific risk of such systems or acti
vities, e.g., immediate fatalities, by a curve 
of frequency versus consequence. Such a curve 
is shown in Figure 1, which gives a relationship 
between the number of fatalities in explosions in 
the U.S.A. and their frequency of occurrence, based 
on historical records froc 1925 to 1971 and an es
timated extrapolation (13). Since risk is often 
defined as equal to probability (or frequency) 
times consequences, as stated above, the integral 
of the curve in Figure 1 over the range of con
sequences represents the expected value of the risk 
of fatalities from explosions in the USA.* 

A more comprehensive view is that "risk is proba
bility ard consequences" and that the curve itself 
is necessary to convey the real meaning of risk; 
a single number is noc sufficient to commurricate 
the idea of risk (14). 

Risque contre conséquence 

Le terme "conséquence" définit l'importance du 
préjudice pour la santé qui peut découler d'un évé
nement particulier. Si l'explosion d'une usine de 
produits chimiques donnée est supposée entraîner 
la mort de 25 personnes, ce nombre définit alors 
les conséquences. 

Il ne faut pas confondre l'importance du 
préjudice et la probabilité qu'il se produise. 
Il faut donc considérer tant l'importance que 
In probabilité qu'il se produise (de même que 
d'autres facteurs). 

Par contre, l'importance du risque dépend 
autant des conséquences que de la probabilité 
qu'il se produise. Plus précisément on peut 
dire 

Risque = probabilité x conséquence 

Le risque est la valeur prévue, la moyenne statis
tique du préjudice total prévu pour une population 
donnée exposée à un risque pendant une période 
donnée. 

Un événement lourd de conséquences constitue 
une source négligeable de risques si la probabi
lité qu'il se réalise esc suffisamment faible. 

Distribution des probabilités d'événements 
préjudiciables. 

Dans une analyse, l'estimation des consé
quences peut être assez difficile, mais le vrai 
défi consiste souvent à évaluer la probabilité de 
l'occurrence. 

Dans les parties précédentes, nous avons 
représenté par une seule valeur le risque que se 
produise un seul événement préjudiciable. Ce
pendant, si l'on examine les risques que comportent 
divers systèmes par exemple les usines de produits 
chimiques, il faut reconnaître qu'il existe de 
nombreuses séquences d'accidents possibles, de 
probabilité et de conséquences différentes. On 
peut représenter le risque particulier de ce genre 
de systèmes ou d'activités, par exemple les morts 
immédiates, par une courbe de fréquences en fonc-
ti n des conséquences. On présente une telle 
courbe à la figure 1; il s'agit de la relation entre 
le nombre de décès survenus dans des explosions aux 
Etats-unis et la fréquence des explosions d'après 
des archives couvrant la période allant de 1925 à 
1971 et des données estimées par extrapolation (13). 
Etant donné que le risque est souvent défini comme 
étant égal à la probabilité (ou fréquence) multipliée 
par les conséquences, comme dans la formule mentionnée 
ci-dessus, l'intégrale de la courbe de la figure 1 
pour toute la gamme de conséquences représente la 
valeur prévue du risque de décès dans les explosions 
aux Etats-Unis.* 

Selon un point de vue plus complet, "le risque 
serait probabilité et conséquences" et la courbe 
elle-même est nécessaire pour faire comprendre 
la vraie signification du risque, un simple • 
nombre n'étant pas suffisant pour traduire le 
concept du risque (14). 
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Many natural and man-caused risks have 
curves which arc similar to those shown in Figure 1, 
wich che frequency declining rapidly with in
creasing consequences or hazard, as shown in 
Figure 2, taken from Reference 13. As the conse
quences increase, the frequency or probability 
of the causative event decreases. 

In general, risk as defined above should be 
one criterion for deciding on measures to protect 
hunan life or health. 

Often, it is appropriate to consider differ
ent types or hazard or harm, e.g., immediate uti
lities, delayed fatalities, injuries, economic 
loss, etc. In these cases, we can visualize a 
family of risk curves, or alternatively a risk 
surface or a matrix of frequencies and consequences. 

Frequency and Probability 

Kaplan and Garrick (14) advocate a clear dis
tinction between jEjçe_quency_ "a wall-defined, objective 
mesurable number — referring zo an experiment 
which has been, or aould be conducted with, repeated 
trials" and probability "a numerical measure of a 
state of knowledge, a degree of belief', c szate of 
confidence". The distinction is important if risk 
discussions are to be carried past the point where 
a large satistical data base is at hand, to deal 
with rare events and to make decisions recogni
zing the uncertainties of these rare events. 

Kaplan and Garrick remark that "statistics as 
2 subject, is the study of frequency type informa
tion . . . -he science of handling data, n^ *.y_e 
other hand, probability as a subject, tie might say, 
is the science of handling lack of data. 

I 

Bien des risques d 'or igine nature l le et anthro-
pogénique donnent une courbe semblable à ce l le de la 
figure 1 où la fréquence décline rapidement à mesure 
qu'augmentent les conséquences, comme le montre le 
diagramme de la figure 2 t i r ée de la référence n° 13. 
A mesure que les conséquences augmentent, la f ré
quence ou probabil i té de l'événement causal diminue. 

En général, le risque te l que défini ci-dessus 
devrait ê t re un c r i t è r e pour décider des mesures 
visant à protéger la v ie ou la santé. 

I l y a souvent l ieu d 'é tudier différents types 
de dangers ou Je -iréjudices, pat exemple les morts 
immédiates et différées , les blessures, les portes 
économiques, etc . Dans ces cas, on peut recourir 
à une famille de courbes de risque ou encore, à 
une matrice de fréquences et de conséquences. 

Fréquence et probabil i té 

Kaplan et Garrick (14) considèrent q u ' i l 
faut faire une net te d i s t inc t ion entre la fréquence 
"valeur bien définie, objective et mesurable cor
respondant à une expérience qui a été exécutée ou. 
pourrait l'être à plusieurs reprises", et la p_r_o_-
bab i l l t é , "mesure numérique d'un Staz de connaissance, 
d'un dsgré de croyance, d'un état de confiance." 
Cette d is t inc t ion importe d 'autant plus s i l 'on 
souhaite pousser l ' é tude du risque au-delà des cas 
où l 'on dispose d'une vaste base de données s ta 
t i s t i ques , pour t r a i t e r des événements rares et 
prendre des décisions tenant compte de l ' i n ce r t i t ude 
de ces événements ra res . 

Kaplan et Garrick notent que: "la science de 
statistiques est l'étude des fréquences. . . c'est la 
science du traitement des données. Inversement, on 
peut dire aue la science des probabilités est la 
science du traitement de l'absence de3 données. 
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Thus, one often hears people say that we can
not use -probability because ne have insufficient 
data. In the light of our current definitions 
we see that this is a misunderstanding; when one 
•uza insufficient data there is nothing else one 
can do but use crobabiliiu. " 

Risk Distribution Uncertainty 

Risk curves such as Figure 1 are inadequate 
(even for one dimension of health damage) because 
they fail to reveal the undertainty in the estima
tion. What is needed is a series of curves, each 
one labelled with the probability of expectation 
that the depicted risk frequency distribution is 
correct. (14) 

The uncertainty should be considered an 
essential part of the risk estimation and should 
be explicitly stated. The uncertainty is defined 
by a curve showing (for each hazard) the probabi
lity that the frequency is less than a given 
value plotted against the frequency. 

Acceptability of Risk 

Kaplan and Garricîc remark, "risk cannot be 
sooken of as acceptable or not in isolation, but 
only in combination with the cost3 and benefits 
that are attendant to that risk". Considered in 

Figure 2 
Fréquences des décès dues à des 
événements d'origine anthropogênique (13) 

Ainsi, les gens disent souvent qu'il est impos
sible de recourir aux probabilités, car les données 
sont insuffisantes. A la lumière de nos définitions 
courantes, on peut constater qu'il y a là une erreur 
de ccnrpréhension, car lorsque les données sont in
suffisantes, il n'y a rien d'autre à faire que de 
recourir au calcul des probabilités. " 

Incertitude de la distribution des risques 

Les courbes de risque du genre présenté à la 
figure 1 sont insuffisantes (même dans le cas d'un 
seul type de préjudice), car elles ne démontrent pas 
l'incertitude de l'estimation. Ce qu'il faut, c'est 
une série de courbes dont chacune est identifiée en 
fonction de la probabilité que la distribution de 
fréquence du risque décrite s'avère correcte. (14) 

L'incertitude devrait être considérée comme 
faisant partie intégrante de l'estimation des risques 
et devrait être exprimée explicitement. L'incertitude 
est définie par une courbe montrant (pour chaque type 
de danger) la probabilité que la fréquence soit moindre 
qu'une valeur donnée en fonction de la fréquence. 

Acceptabilité du risque 

Kaplan et Garrick notent: "on ne doit parler de 
l'acceptabilité d'un risque que lorsqu'on le considère 
en même temps que les coûts et avantages qui y sont 
inhérents.'" Considéré seul, aucun risque 
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isolation, no rir-k is acceptable. A rational person 
would not accept any risk at ail except possibly 
in return for the benefits that cone along with it. 

Ever, then, if a risk is acceptable on that 
basis, it is still not acceptable if it is possible 
to obtain the sane benefit in another way with less 
risk. Or, if it is possible no reduce the risk at 
small cost, then the risk is unacceptable. Con
versely, a auch larger risk nay be perfectly ac
ceptable if it brings with it a substantially 
reduced cost or increased benefit. 

Thus, one cannot talk about risk in isolation. 
One needs to adopt a decision theory point of view 
and ask: ":*~nat are my options, what are the costs, 
benefits and risks about each? ?kai option -jit?, ike 
optimiar. mix of cost, benefit and risk is selected. 
Tr.e risk associated with that option is acceptable. 
All others are unacceptable." (14) 

THE NATURE OF RISK DATA 

In this section we discuss the kinds of data 
available for estimation of risk. 

Information on death certificates provides 
data on comnonly experienced causes of death. In 
their paper in this Symposium, Miller and Ridgeway 
review Canadian statistics on death and injury 
arising from occupational and public hazards. 
These data provide a relatively firm body of know
ledge for risk estimation, except that in looking 
to the future, one must make allowances for changes 
with time. Changes in industry regulations and 
control technologies may produce substantial 
reductions in health risk. Changes in technology 
from deep mining to surface mining, for example, 
may have a substantial effect upon the statistics. 
Another example is improved ventilation In ura
nium mines to provide reduced concentrations of 
radon daughters. Time effects may be difficult 
to discern if there is a long delay between ex
posure and development of the disease in question, 
for example a twenty or twenty-five year delay 
in the development of a lung cancer in uranium 
miners. 

Laboratory Statistics 

Data obtained in laboratory exposure (usually 
on animals) provide important information on certain 
risks if the uncertainties and limitations are 
understood. Data for many risk-causing agents may 
be unavailable at low levels of exposure because of 
the prohibitive cost of testing large populations of 
animals for long periods at low exposure levels." 
Short-term tests for mutagenicity (or other surro
gates for long-term animal testing for carclno-

"* This Symposium will not deal with the ethics of 
animal or human experimentation. 

n'est acceptable. L'n être rationnel ne peut ac
cepter de courir un risque à roins peut-être de 
profiter en retour de ses certains avantages. 

Toutefois, même si un risque peut devenir 
acceptable dans ces conditions, il n'est toujours 
pas acceptable s'il est possible d'obtenir les 
mêmes avantages d'une autre façon, en courant moins 
de risques, ou encore, s'il est possible de réduire 
les risques à peu de frais. A l'inverse, un risque 
beaucoup plus important peut être considéré comme 
tout à fait acceptable s'il permet de réduire sub
stantiellement les coûts ou d'accroître considé
rablement les -iv^nta^es. 

Par conséquent, on ne peut parler des risques 
seuls. Il faut adopter un point de vue théorique 
et se demander: "quelles sont les voies possibles 
et quels sont les coûts, les avantages et les risques 
dans chaque cas? Cn choisit l'arrangement qui 
combine ccùts, avantages et risques de façon optimale. 
Le risque lié à ces conditions est acceptable, tous 
les autres sont inacceptables". (14) 

NATURE DES DONNEES SUR LE RISQUE 

Nous traiterons ici de la nature des données 
utilisables dans l'estimation du risque. 

Les certificats de décès nous renseignent 
sur les causes de mortalité habituelles. Dans 
l'exposé qu'ils présentent au cours du Symposium, 
Miller et Ridgeway passent en revue les sta
tistiques canadiennes sur les décès et 1-TS blessures 
actribuables à des dangers publics ou liés au 
travail. Ces données nous apportent des con
naissances de base relativement solides pour l'es
timation du risque, mais si l'on pense à l'avenir, 
il faut prévoir certains changements. L'évolution 
de la réglementation des industries et des tech
niques de lutte contre les dangers peut amener des 
réductions substantielles des risques pour la santé. 
Par exemple, le remplacement des techniques d'exploi
tation minière en profondeur par l'exploitation à 
ciel ouvert peut changer considérablement les sta-
tisques. L'amélioration de l'aération des mines 
d'uranium pour y réduire la concentration en 
produits de filiation du radon est un autre exemple. 
Il peut être difficile de distinguer les effets à 
retardement s'il y a un délai prolongé entre le 
moment de l'exposition et l'apparition de la 
maladie, comme dans le cas du cancer des poumons 
qui se manifeste chez les mineurs d'uranium au bout 
de vingt à vingt-cinq ans. 

Statistiques de laboratoire 

Les données résultant de l'exposition (habi
tuellement des animaux) en laboratoire nous donnent 
des renseignements précieux sur certains risques, 
si l'on en comprend l'incertitude et les limites. 
Il se peut qu'il n'y ait pas de données sur plu
sieurs expositions à faible dose, car il est très 
coûteux d'exposer expérimentalement de nombreux 
animaux à des doses réduites pendant des périodes 
prolongées.* Les tests de courte durée pour 

* L'éthique de l'expérimentation sur des sujets 
animaux et humains n'est oas nu Drozramrae du 
Symposium. 

Historical Statistics Données d archives 
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çeneity) may fa i l to ref lec t not only r i sk in man 
but even r isk in an i sa l s . 

Another serious problem l i e s in the extrapo
la t ion of resul ts obtained with animals Co those 
which pertain to human r i sk . Substances carcino
genic in man may not be carcinogenic in animals. 
This second type of extrapolation (in addition to 
the extrapolation from high-dose to lou-dose ex
posure) introduces serious l imi ta t ions in the use 
of laboratory s t a t i s t i c s tor estimation of human 
health r i sk . 

Dr. A-B. Miller wri tes in reference to ca rc i 
nogenesis that "i>'. view of szeci.cs différences, and 
the fees that most animal tests are conducted in 
rodents - believe at present there is -iery little 
basis for extrapolation from positive animal tests 
to making estimates of so-called acceptable risk in 
nan. " The problem of extrapolation from animals Co 
man is a major issue in public and regulatory debate 
concerning r isk assessment. 

For various reasons, laboratory data may f a i l 
to establ ish the nature of the dose-exposure re 
lationship and in par t icu la r , whether or not there 
is a safe "threshold" l eve l . 

Epidemiolo' ',cal S t a t i s t i c s 

Major epidemiological studies have been done 
to assess human health r isk due to, for example, 
air pollution. Such studies c£.}). at best show a 
s t a t i s t i c a l association between certain factors, 
as opposed to establishing cause and effect. Even 
where the association ex i s t s , establishing Che dose-
effect relat ionship (for example, between sulphates 
in the atmosphere and lung problems) may be impos
s ib le . 

Dr. Selikoff, however, writes of progress in 
the las t 10-15 years in epidemiological studies on 
the effects of substances such as beryllium, as
bestos, lead, vinyl chloride, polychlorinated bi-
phenyls, polybrominated biphenyls, dioxins. 

The use of resu l t s of epidemiological s tudies 
of high-dose exposure (for example, at Hiroshima and 
Nagasaki) to predict the effects of the very low 
dose-rate exposure of populations exposed to minute 
quanti t ies of nuclear radiat ion (natural or man-made) 
requires an extrapolating assumption over which 
there has been much controversy; the so-called 
" prudent" assumption is that there is no thresh
old, and a l inear relationship between dose and 
effect down to zero dose. 

Fault-Tree — Event-Tree Analysis 
In th i s fourth type of study, r isk estimates 

are made which depend on conceptions of possible 
events associated with largely unprecedented d i 
sas te rs , for example, certain Conceivable types of 

déterminer le pouvoir mutagène (ou tout autre subst i 
tu t pour l es t e s t s prolongés pour déterminer u= 
pouvoir cancérogène chez des animaux) peut ne pas 
révéler les risques non seulesent pour l'homme, 
mais également pour les animaux. 

L'extrapolation à par t i r de r é su l t a t s obtenus 
chez des animaux pour connaître les risques que 
court l ' ê t r e humain pose aussi un problème sérieux. 
Des substances cancêrogènes pour l'homme peuvent 
r e s t e r sans effet sur des animaux. Cette extra
polation addit ionnelle (qui s 'ajoute à ce l l e des 
effe ts d'une fa ib le dose à ceux des doses élevées) 
l imi te de façon considérable i ' ap p l i c i t i o a des s t j -
t isques de laboratoire a 1'estimation du risque 
pour la santé humaine. 

A.B. Miller note au sujet du pouvoir cancé
rogène: "étant donné les différences entre les 
espèces et étant donné que la plupart du temps les 
animaux utilisés dans les tests sont des rongeurs, 
i'I me semble qu'actuellement, très peu de raisons 
justifient qu'on estime, à partir des résultats 
positifs obtenus chez ces animaux, un risque soi-
disant acceptable pour l'homme". L'extrapolation à 
l'homme de t e s t s chez les animaux est une question 
importante dans le débat au sein du public et des 
organismes de réglementation au sujet de l ' évalua
t ion des r isques. 

Pour diverses raisons, les données de labo
ra to i re ne permettent peut-être pas d ' é t ab l i r la 
nature de la re la t ion entre la dose et l 'expo
s i t i on e t , en pa r t i cu l i e r , s ' i l existe ou non une 
concentration "seuil" sûre. 

Statistiques épidémlologiques 

On a réalisé d'importantes études épidémiolo-
giques pour évaluer le risque pour la santé humaine 
qui découle, par exemple, de la pollution de l'air. 
Au mieux, ces études révèlent l'existence d'un lien 
statistique entre certains facteurs, à défaut de 
nous renseigner sur les causes et les effets. Même 
lorsque le lien esc connu, il peut être impossible 
d'établir la relation entre la dose et les effets 
(par ex. entre les sulfates dans l'air et les 
troubles pulmonaires). 

M. Selikoff, note cependant qu'il y a eu des 
progrès depuis 10 à 15 années dans les études êpi-
démiologiques sur les effets de substances comme le 
béryllium, l'amiante, le plomb, le chlorure de 
vinyla, les biphényles polychlorés, les biphényles 
polybromés et les dioxines. 

L'emploi des résultats d'études épidêmiolo-
giques effectuées sur des cas d'exposition à de 
fortes doses (par ex. à Hiroshima et Nagasaki) pour 
prévoir les effets de doses très faibles chez des 
populations exposées à des quantités infimes de 
rayonnements nucléaires (naturels ou anthropogé-
niques) nous oblige à poser une hypothèse d'extra
polation qui soulève bien des objections; l'hypo
thèse dite "prudente" veut qu'il n'y ait pas de 
seuil ec que la relatinn entre la dose et l'effet 
soit linéaire jusqu'à la dose nulle. 

Analyse des arbres de défaillances et des 
arbres d'événements 

En quatrième lieu vient l'analyse des arbres 
de défaillance et d'événements dans laquelle l'es
timation des risques dépend de la conception 

http://szeci.cs
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failure of a chemical or nuclear plant. The l imi
tations of the resul ts of these studies are due 
to l imitat ions of imagination ( i . e . , in conceiving 
of the events and consequences) and l imitations 
in s t a t i s t i c a l data to estimate the probability 
or consequences of each constituent fault or 
event. Another serious l imita t ion in the use of 
f. iult-tree and event-tree analysis i s the extreme 
diff icul ty in categorizing the effects of human 
error, including departure from mandatory operating 
procedures. In his paper, Farmer deals with these 
and related issues. 

Summary 

Four types of information used in risk esti
mation will be discussed in this Symposium along 
«ith the limitations arising from data unavaila
bility or uncertainty, and the problems of inter
pretation and deduction. 

Historical statistics provide a valuable 
perspective but may fail to represent future risks 
owing to large changes in technology or practice. 
Special problems arise in assessing risk due to 
large population exposure to agents whose harm is 
extremely difficult Co measure in individuals under 
normal conditions. Design of appropriate experi
mental methods for testing of dose-effect in man 
may not be feasible and statistical analysis of 
observed effects in large populations does not in 
itself establish causal relationships. Testing 
of the effects on animals of new chemical subs
tances or radiation may or may not provide reliable 
conclusions on human sensitivities. 

One or the objectives of this Symposium is 
to illuminate bcth limitations and advances in 
analytical risk assessment. 

RISK PERCEPTION AND UNCERTAINTY 

Given the uncertainties of technical assess
ment it is not generally possible for experts to 
respond to risk questions with answers which are 
at the same time accurate, comprehensive, and 
simple. But even if such answers were possible 
it is important to ask how risks are perceived 
by the whole population, not just by the experts. 

Important questions arise in such an enquiry: 

. What are the risk problems of greatest 
concern to people generally, and are these 
concerns different from those the experts 
would identify as the most important? 

. What are the reasons why some risk concerns 
are selected for tremendous public atten
tion while others receive little notice? 

How do public concerns over risk vary with 
time or with social and economic condi
tions? 

d'événements éventuels accompagnant des désastres 
pratiquement jamais vus, par exemple certaines 
défaillances possibles dans une usine de produits 
chimiques ou une centrale nucléaire. Les résultats 
de ces études sont limités à cause des limites de 
l'imagination des analystes (pour imaginer les 
événements et leurs conséquences) et à cause des 
limites des icr.r.écs stntlstiques sur lesquelles on 
s'appuie pour estimer la probabilité ou les con
séquences de chacune des défaillances ou de chacun 
des événements. Ce genre d'étude présente un autre 
désavantage considérable, à savoir qu'il est extrême
ment difficile de classifier les c.i-fets de l'erreur 
humaine, y compris la dérogation aux procédures 
obligatoires. Farmer traite de ces questions et 
des divers aspects qui s'y rattachent. 

Résumé 

Au cours du Symposium, on étudiera quatre types 
d'information employés pour estimer les risques; on 
traitera aussi des limites découlant du manque de 
données ou de l'incertitude qui s'y rattache et des 
problèmes que posent l'interprétation et la déduction. 

Les données d'archives nous donnent un point 
de vue valable, mais elles peuvent avérer inutiles 
pour l'étude des risques futurs en raison des 
changements importants dans la technologie et les 
applications pratiques. On a des problèmes parti
culiers pour évaluer les risques découlant de l'ex
position de populations nombreuses à des agents dont 
les dommages sont extrêmement difficiles à mesurer 
chez des individus .dans des conditions normales. Il 
peut être impossible de mettre au point des méthodes 
d'expérimentation qui permettent d'étudier les 
relations doses-effets chez l'homme; l'analyse sta
tistique des effets observés dans une population 
nombreuse ne permet pas comme telle d'établir une 
relation de cause à effet. Il se peut que l'étude 
des effets sur les animaux de nouveaux produits 
chimiques ou de rayonnements n'apporte pas de ré
sultats qui nous renseignent de façon fiable sur 
la sensibilité de l'homme. 

Le Symposium vise entre autres à renseigner 
les participants sur les limites et les progrès de 
l'évaluation analytique. 

PERCEPTION DES RISQUES ET INCERTITUDE 

. Etant donné l'incertitude qui entoure l'éva
luation technique, il est généralement impossible 
pour les spécialistes d'apporter aux questions sur 
les risques des réponses à la fois exactes, complètes 
et simples. Même si on pouvait obtenir ces réponses, 
il resterait important de se demander comment lei 
risques sont perçus par la population et non seule
ment par les spécialistes. 

Cette réflexion soulève des questions impor
tantes: 

De quels risques le public se préoccupe-c-il 
le plus? Ces préoccupations diffèrent-elles 
de ceMes que les spécialistes choisiraient 
comme étant les plus importantes? 

Pourquoi certains risques reçoivent-ils 
tant d'attention de la part du public, 
tandis que d'autres passent presque 
inaperçus? 
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What groups or institutions are accepted 
as being authoritative (or regarded with 
widespread skepticism) in answering risk 
questions? 

What kinds of risi'S are most likely to 
receive heavy media attention? To what 
extent do the ̂ îedia lead or follow public 
perceptions? 

What kinds of risks seem intuitively to 
be judged acceptable while others are 
judged to be intolerable? 

What kinds of research are being done, 
or should be done, on the gap between 
assessment and perception of risk? 
Given that the gap has seriously unde
sirable consequences, are there prospects 
of narrowing (if not closing) it? 

Sound approaches to risk management must 
recognize that individuals hold very different 
preferences for risk reduction annng risks of 
apparently similar magnitude. A broad approach to 
risk is desirable so as not to exclude those risks 
which may be of greater concern to publics than 
experts. Judging risk acceptability will require 
systematic appraisal of different types of infor
mation — comparison of risks with benefits, com
parison of risks with other risks, comparison of 
risk reduction opportunities in terms of costr, 
assessment of "fairness" in the distribution of 
risk, and public preferences for risk reduction. 
These analyses should inform decision-makers in 
setting prospective standards and guidelines, but 
the active involvement of, or consultation with, 
those who will bear the risks is essential for 
validating the assumptions of risk managers. 

Comment les craintes du public à propos des 
risques varient-elles en fonction du temps 
ou des conditions sociales et économiques? 

Quels groupes et institutions font figure 
d'autorité (ou, au contraire, sont géné
ralement perçus avec scepticisme) pour 
répondre aux questions sur les risques? 

Quels types de risques sont les plus sus
ceptibles d'attirer fortement l'attention 
des médias? Dans quelle mesure les médias 
forment-ils ou suivent-ils la perception du 
public? 

Quels types de risques semblent intuitive
ment jugés acceptables alors que d'autres 
sont considérés comme intolérables? 

Quel genre de recherches sont en cours ou 
devraient être effectuées pour réparer le 
fossé qui sépare l'évaluation et la per
ception du risque? Considérant que ce fossé 
a des conséquences très indésirables, y 
a-u-il des chances qu'on puisse le rétrécir, 
sinon le combler? 

Une méthode de gestion des risques valable 
doit tenir compte du fait que chacun a des pré
férences différentes de celles des autres, quant 
au choix des risques qu'il faudrait réduite parmi 
ceux d'importance apparemment équivalente. Il faut 
avoir un point de vue ouvert sur le risque pour 
éviter d'exclure les cas pouvant susciter plus de 
craintes chez le public que chez les spécialistes. 
Pour évaluer l'acceptabilité des risques, il faudra 
faire l'appréciation systématique de différents 
genres de renseignements, soit la comparaison des 
risques et des avantages, la comparaison des risques 
entre eux, la comparaison des occasions de réduire 
les risques en termes de coût, l'évaluation de 
"l'équité" dans la répartition des risques et les 
préférences du public quant aux risques à réduire. 
Ces analyses devraient renseigner les personnes 
qui seront chargées d'établir les normes et les 
directives, mais la participation active ou la con
sultation de ceux qui devront subir les risques 
est essentielle pour valider les hypothèses des 
gestionnaires du risque. 
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OPENING ADDRESS 

Stuart L. 

Chairman, Science Council oi Canada 

Ic's an honour and a privilege for me, on be
half of the Science Council, to deliver Che opening 
address, and we're especially happy co be co-sponsors 
of chis event, along with Che Royal Society. 

Realizing how vast Che issue of "Risk" is, from 
the scientific, moral, ethical and psychological 
poincs of view, I gave up Che nocion of covering Che 
wacerfronc or couching every aspect of the topic. I 
thought I might share with you some thoughts as a 
psychiatrist, and a former politician, on the psycho
logy of risk and, to some extent, how it reflects on 
Che politics of it. There are so many other aspects 
to be touched on. The ethical one interests many 
people even more than che difficult matter of mea
suring risk. In our society, no matter how well we 
measure risk, ic scill usually curns ouC that the 
people who bear the brunt of ic may not be the 
people benefitting. The risk is taken by some for 
the benefits of others; how we compensate people is 
one of the fundamental questions for which we have 
no clear answers. But I'll leave that aside and 
deal, as I say, with the psychological aspects of 
risk. 

I well remember, even before I had the honour 
of being a medical student taughc by Dr. David 
Baces, here, I was a psychology student taught by 
Dr. Donald Hebb, a Fellow of the Royal Society, and 
well known to you. His basic assumption was that 
man was fundamentally irrational. He used to prove 
it by pointing out how many people went out to the 
Laurentians on the week-ends in order to put a couple 
of boards on their feet so chey could attempt to 
somehow negotiate their way down icy, cold and very 
dangerous inclines. He was of course saying thac it 
is not rational for people to deliberately put chem-
selves ac risk and yec it is in the nature of huma
nity to do so. We're meeting right after a couple 
of Canadians goc co che top of Mount Everest and I 
hear some people over coffee saying, "Those guys 
have got to be crazy". 

When we do seek out risk, we do so because 
there's an exhilaration thac comes from overcoming 
che challenge. There's a sense also chat we can 
perhaps put other worries behind us while we focus 
on surviving che parclcular risk ac hand. There's 
a feeling chac we only reach our full potential 
when we put our whole being at some risk, and come 
through it successfully. 

There's a somewhat less positive phenomenon 

DISCOURS D'OUVERTURE 

Smith 

Président, Conseil des sciences du Canada 

C'est un honneur et un privilège pour moi, au 
nom du Conseil des sciences, de prononcer le dis
cours d'ouverture. Nous sommes particulièrement 
heureux de parrainer cette manifestation de concert 
avec la Société royale. 

Me rendant compte de la complexité de la notion 
de "risque" sur les plans scientifique, moral, é-
thique et psychologique, j'ai renoncé tout aussi bien 
à effleurer le sujet qu'à le traiter de façon exhaus
tive. J'ai pensé vous livrer quelques réflexions, 
en tant que psychiatre et ancien politicien, sur les 
aspects psychologiques du risque et, dans une cer
taine mesure, sur la façon donc ceux-ci se reflètent 
sur ses aspects. Pour nombre de gens, son aspect 
moral est encore plus intéressant que la tâche ma
laisée qui consiste à le mesurer. Dana notre soci
été, quel que soit notre succès à mesurer le risque, 
les gens qui en portent le fardeau ne sont générale
ment pas ceux qui profitent des avantages. Le ris
que est l'affaire de quelques-uns, tandis que les 
autres retirèrent les avantages; la façon dont nous 
rétribuons les gens est l'une des questions fondamen
tales pour lesquelles nous n'avons pas de réponse 
définie. Mais je laisserai cette dimension du ris
que de côté et je parlerai de sa dimension psycho
logique. 

Je me souviens qu'avant d'avoir l'honneur d'é
tudier la médecine sous la houlette du Dr David 
Bates, ici présent, j'ai étudié la psychologie sous 
celle de M. Donald Hebb, membre de la Société royale 
et bien connu de vous. Son hypothèse de base était 
que l'homme esc fondamentalement irrationnel. Il le 
prouvait habituellement en évoquant le nombre de 
gens .qui se rendaient dans les Laurentides les week-
ends à seules fins de chausser deux planches et de 
tenter de dévaler des pentes glacées à donner... 
froid dans le d>:s. Ce qu'il voulair dire, bien sûr, 
c'est que les gens se montrent déraisonnables en 
tentanc délibérément de se mettre dans une situation 
de risque, mais qu'il est dans la nature de l'être 
humain d'agir ainsi. Tout récemment, deux Canadiens 
sont parvenus au sommet du mont Everest, et j'en
tends encore les gens commenter: "Ces types-là 
doivent être cinglés." 

Si nous recherchons le risque, c'est en raison 
de l'ivresse qui résulte de la conquête d'un défi. 
Il peut également nous permettre d'oublier nos autres 
soucis, pendant que nous concentrons notre énergie 
pour survivre au péril. Nous avsns l'impression que 
seul le fait d'exposer tout notre être à un risque, 
et d'en sortir indemne, nous permet de nous réaliser 
pleinement. 

Un phénomène semblable, quoique passablement 
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of che same kind that we used to find in psychia
try, and that was the gambling with one's own life. 
You find people who experimented with drugs, or who 
attempted suicide, not with che determination to 
die, but with the willingness to gamble. It was 
a sense that they had Co come through a "trial 
by ordeal" in order to feel whole and reai. 

The heightened feeling of well being and self 
importance that comes with the overcoming of a 
risk is well known. In fact, we all know that 
some mild degree of risk is also, at least among 
some people, found to heighten sexual enjoyment. 
It does appear as though there's a fundamental, 
inborn aspect of our "wiring system" that relates 
to the need to risk things, the need to have a 
challenge. It seems to be analogous to the 
"cathartic theory" of drama, where we will 
watch a play and come away feeling a lot better, 
having gone through perils and tragedy via an 
identification with the characters whose lives 
were being depicted. Similarly, it seems that 
there is a certain degree of risk required in life 
for us to come through with a feeling of such ca
tharsis. Obviously we differ as individuals; some 
people will require an enormous amount of risk in 
order to feel such relief or pleasure, and this is 
in itself a very fruitful field for psychology. 

There is some irrational element to our risk-
seeking behaviour. When it comes to our risk-
avoidance behaviour, which I suspect is of more 
interest to this particular symposium, then I 
would suggest to you the matter is even more 
irrational. As individuals, and as a society, 
we tend to misperceive risks and then we tend to 
react illogically to them. So I'd like to re
flect on some of the factors that lead us to mis-
perceive and/or "misreact" to the risks that are 
around us. 

First, there is the matter of "high stakes". 
We have a tendency to focus on high stakes, ig
noring probability. Otherwise nobody would ever 
buy a lottery ticket. There's not the slightest 
rational reason to buy a lottery ticket, especially 
government lotteries, where about 58% of the money 
is never returned in the form of prizes. It would 
be better Co go out and Just play cards with your 
neighbours or bet at horse races, where at least 
80% of the money is returned. It's not a rational 
thing at all to buy a lottery tickee, but people 
focus on the stakes. They can identify very well 
with winners of high stakes. Well, the same is 
true on the other side, when it comes to losing. 
When the stakes are high, we tend not to be com
pletely rational. We ignore probability and 
demand extreme protection. 

Second, when it lies within the power of others 
to prcsect us, then we sometimes overrate the 
risk probability and we demand protection by those 
in a position to offer it. 

Take, for example, crime in the streets. If 
you are an average person, whether he or she is 
seriously at risk of being mugged or murdered on 

moins positif, dans le domaine de la psychiatrie est 
celui de la personne qui joue avec sa vie. On voyait 
des gens faire toutes sortes d'expériences avec des 
drogues ou "tenter" de se suicider, rturi pas parce 
qu'ils voulaient mourir, mais par goût du risque. Ils 
cioient devoir subir une épreuve du danger pour, parve
nir à vivre pleinement ensuite. 

La se:, dation intense de bien-être et de fierté 
que procure la victoire sur un danger est bien connue. 
D'ailleurs, nous savons que, du moins pour certains, 
un certain élément de risque a pour effet d'intensi
fier le plaisir sexuel. Il semble qu'un des carac
tères innés de notre tempérament soit le besoin de 
courir des risques, de relever des défis. Ce phéno
mène semble apparenté à la "théorie cathartique" du 
théâtre, selon laquelle les spectateurs se sentent 
soulagés à la fin de la pièce d'avoir vécu périls 
et tragédies par l'intermédiaire des personnages 
sur la scène, auxquels ils d'identifient. De même 
façon, la vie, semble-t-il, doit comporter certains 
risques pour que nous ressentions ce sentiment de 
catharsis. Certes, chacun est différent; certaines 
personnes devront s'exposer à des risques énormes 
pour éprouver un tel plaisir ou un tel soulagement. 
Ce domaine en soi constitue un terrain de recherche 
très riche pour les psychologues. 

Le goût du risque est donc irrationnel dans une 
certaine mesure. Quant à notre comportement à l'égard 
de la protection contre le risque - auquel, je crois, 
vous vous intéressez particulièrement dans le cadre 
de ce colloque -, j'estime qu'il est encore plus 
irrationnel. Les individus comme la société ont 
souvent une perception erronée du risque et tendent 
à y réagir de façon illogique. Permettez-moi de 
vous entretenir pendan'- quelques instants des fac
teurs qui sont à l'origine de ce phénomène. 

Tout d'abord, il y a la question de 1'"enjeu". 
Nous avons tendance à nous préoccuper de l'enjeu 
sans tenir compte des probabilités. Autrement, nul 
doute que personne n'achèterait jamais de billets de 
loterie. Aucune motivation rationnelle ne saurait 
justifier l'achat d'un billet de loterie, particu
lièrement d'une loterie gouvernementale, où environ 
58% du montant des recettes ne sont jamais restitués 
sous forme de lots. Il vaudrait mieux jouer aux 
cartes avec ses voisins ou parier aux courses, où 
au moins 80% des mises sont versés aux gagnants. Il 
n'est pas raisonnable d'acheter un billet de loterie, 
mais les gens sont obnubilés par l'enjeu. Ils 
s'identifient aisément aux gagnants de loteries. Or 
l'attitude est la même quand la perte possible est 
considérable. Quand il y a gros à perdre, nous 
tendons à ne pas être tout à fait rationnels. Nous 
ne faisons aucun cas des probabilités et exigeons 
une protection extrême. 

Deuxièmement, lorsque d'autres ont le pouvoir 
de nous protéger, nous inclinons parfois à sur
estimer l'importance du risque et exigeons la pro
tection de ceux qui sont en mesure de nous l'assurer. 

Prenons, par exemple, le crime dans la rue. 
Si vous demandez au Canadien moyen s'il y a beaucoup 
de chances pour qu'il soit victime d'une agression 
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J Toronto street, they will say, "Yes, look at all 
the nurders, look at the rapes, look how terrible 
things are". The fact is that the real likelihood 
of this happening to an individual is extremely 
low. Our crime rate in Canada generally, and even 
in the large metropolitan centre of Toronto, is a 
tiny traction of what it i.s in even nuch smaller 
cities in the United States. The real chances of 
"-•v'ri:; :wirdered in the street are just negligible 
compared to the odds ot being killed by an automo
bile or dying of natural causes at any given moment. 
And yet people think they are at serious risk, they 
demand greater police protection every time they 
hear of someone who was unfortunate enough to have 
suffered that particular fate. The same goes with 
some drug side effects. And when it cones to nu
clear energy, because the stakes are so high, many 
people will settle for nothing less than absolute 
protection with zero risk. Airplane travel is 
another example. Because people can see how dread
ful airline tragedies can be, even though they're 
extremely uncommon, we do demand very high safety 
measures. 

Third, we also tend to pay more attention to 
risks that have a direct, visible connection between 
the cause and the effect, with a very short time 
lag. For most human beings, the direct visible 
connection is important. For instance, we demand 
that the FDD (Food and Drug Directorate), protect us 
with regard to ingested substances that we see and 
taste, yet we don't demand the same protection when 
it comes to inhaled substances. Me have all kinds 
of inhaled substances, new chemicals, entering the 
workplace every day, yet we don't demand that chey 
be licensed the way food and drugs are. I've never 

ou d'un meurtre dans une rue de Toronto, il vous ré
pondra: "Assurément. Regardez le nombre de meurtres 
et de viols, voyez toutes les choses terribles qui se 
produisent." En réalité, il est extrêment peu pro
bable qu'un individu soit victime d'un crime violent. 
La criminalité dans l'ensemble du Canada, et même 
dans l'agglomération torontoise, ne représente qu'une 
infime fraction de la criminalité qui sévit dans 
des villes beaucoup plus petites aux Etats-Unis. 
Les chances a'être assassiné dans la rue août insi
gnifiantes par comcaraison aux chances d'être as
sassiné dans la ru« ou de mourir d'une cause natu
relle à n'importe quel moment. Pourtant, les gens 
croient courir un grand danger; ils exigent une 
meilleure protection de la police chaque fois qu'ils 
entendent parler d'un individu qui a eu la malchance 
de subir ce sort. Il en va de même des effets se
condaires de certains médicaments. Et, en ce qui 
concerne l'énergie nucléaire, l'enjeu est si grand 
que bon nombre de gens exigent une protection absolue 
et l'élimination de tout risque. L'avion illustre 
également mon propos. Comme les accidents d'avion 
sont généralement de terribles tragédies, bien 
qu'ils soient extrêmement rares, les gens exigent 
des mesures de sécurité très rigoureuses. 

En troisième lieu, nous avons tendance à accorder 
une importance plus grande aux risques où 1'effet est 
directement et visiblement lié à la cause, dans un 
espace de temps très court. Pour la plupart des gens 
ce rapport direct et visible est important. Par ex
emple, nous exigeons que la Direction des aliments et 
médicaments réglemente la fabrication des produits 
que nous ingérons, soit ceux que nous pouvons voir et 
goûter, mais nous n'exigeons pas la même protection 
quand il s'agit des substances que nous respirons. 
En effet, les travailleurs respirent toutes sortes 
de matières, de nouveaux produits chimiques, tous les 

Yet when it lies mainly within our own power 
to protect ourselves, we frequently fail to do so. 
This is a remarkable difference. When we think 
it's up to someone else to protect us, we demand 
full protection, but when we have it within our own 
power, we often do not use it. This is a fundamental 
aspect of the public's attitude to risks. We seem 
to find a risk more acceptable than a change in 
our personal lifestyle or a change in our self-
perception. I give as examples, automobile driving 
habits, smoking and the non-use of respiratory pro
tectors at work. I've been with unions, for instance, 
that have demanded, and rightly so, much better 
safety measures at work. I'm all for it, they're ab
solutely correct. And yet the very same unions 
will sometimes do nothing whatever to force their 
members to wear the protective headgear or earplugs 
or breathing apparatus that might be available. 
I've discussed it frankly with union leaders who 
say that people just "won't wear the darn things". 
You see a guy like Guy Lafleur, who won't wear a 
helmet in the NHL. Apparently his self-perception 
is more important to him than the obvious degree of 
protection a helmet would afford. He has now had 
his fourth eye injury, I think, in the last few 
years. So we expect others to take measures, but 
we sometimes won't take our own. 

Pourtant, dans bien des cas, lorsqu il est en 
notre pouvoir de nous protéger, nous n'en faisons 
rien. Le paradoxe est frappant: quand nous croyons 
qu'il appartient à quelqu'un d'autre d'assurer notre 
sécurité, nous exigeons une protection totale, mais 
quand nous en avons nous-mêmes le pouvoir nous avons 
tendance à ne pas nous protéger. Ceci est un as
pect fondamental de l'attitude des gens envers les 
risques. On semble préférer le risque à un change
ment dans son mode de vie ou dans l'image qu'on pré
sente. Prenons, par exemple, les habitudes au volant, 
l'usage du tabac et le refus d'utiliser un respi
rateur au travail. J'ai connu des syndicalistes, 
par exemple, qui exigeaient, à bon droit, une amé
lioration radicale des mesures de sécurité au tra
vail. Ils avaient entièrement raison. Or, parfois 
ces mêmes chefs ne font absolument rien pour con
traindre les syndiqués à porter le casque protecteur, 
le protège-tympan ou le respirateur que l'on met à 
leur disposition. J'en ai discuté franchement avec 
certains de ces responsables. Reaction type: "Ils 
ne veulent pas de ces sacrés machins". Voyez un 
type comme Guy Lafleur, qui refuse de porter un 
casque dans la Ligue nationale de hockey. Appa
remment, il tient davantage à son image qu'à la 
protection évidente que lui donnerait un casque. 
Au cours des dernières années, il a subi, si je ne 
m'abuse, quatre blessures aux yeux. Nous nous 
attendons donc que d'autres nous protègent, mais, 
parfois, nous négligeons de le faire nous-mêmes. 



26 

understood why we guard our esophagus, but not our 
windpipe; t h a t ' s one aspect of human nature that I 
could never fathom. We demand strong ladders if 
we're doing construction work, but we don't get ex
cited about noise levels . That 's because the im
pact of these noise levels , the occupational deaf
ness which will resul t from them, occurs over a much 
lonser period of t ine . There i s n ' t that immediate 
connection between the broken ladder rung and the 
broken skull that occurs in an accident. 

jours ; pourtant, nous n'exigeons pas que leur exha
laison so i t réglementée comme l ' e s t l a fabrication 
des aliments et médicaments. Je n ' a i jamais com
pris pourquoi nous nous préoccupions de notre oeso
phage mais pas de notre trachée; vraiment, cela me 
dépasse. ^ous insistons pour avoir des échelles 
solides sur un chantier de construction, mais l ' i n 
tensi té du bruit ne nous dérange pas. La raison? 
L'impact du b ru i t , la surdite qui en résu i te , ne se 
manifeste qu'au bout d'une période beaucoup plus 
longue. I l manque le rapport immédiat entre l ' éche
lon qui se brise e t la fracture du crâne. 

Events have many causes. You can look at an 
auto accident in terms of car design, road design, 
societal alcohol consumption pat terns , law enforce
ment, drinking by the individual driver, poor d r i 
ver education, poor public t r ans i t , bad urban de
sign. All these contribute to an accident. But, 
and th is i s the fourth point 1 would make, the focus 
is always on the most proximal cause. I t ' s always 
the simplest and most d i rec t ly related remedy that 
the public demands. I t takes quite a b i t to get the 
public interested in automobile design. And yet, 
they are quite prepared to make stringent measures, 
and, again, r ight ly so, with regard to the actual 
driver in the actual accident, who was drinking a t a 
par t icular time. This tendency to focus on the pro
ximal and par t icular rather than the general and sys
tematic causes represents another basic human a t t i 
tude. 

Tout événement a de nombreuses causes. Un 
accident de l a route peut ê t re a t t r ibué aux défauts 
de conception de la voiture ou au tracé de la route, 
aux habitudes en matière de consommation d 'alcool 
dans notre socié té , à l ' appl ica t ion de la lo i , à l ' é 
tat d ' ébr ié té du conducteur, à la préparation inadé
quate des conducteurs, aux lacunes dans les t rans
ports en commun, à un mauvais urbanisme... Ce sont 
tous des facteurs. Neamoins - et c ' e s t l e quatrième 
point que je voudrais faire ressor t i r - on se préoc
cupe toujours de la cause la plus proche. Le public 
exige toujours le remède l e plus simple e t le plus 
directement r e l i é au problème. I l es t d i f f i c i l e d ' i n 
téresser les gens à la conception des automobiles. 
Or, i l s sont toujours disposés à prendre des mesures 
sévères - à ju s t e t i t r e , - envers le conducteur im
pliqué dans un accident, qui avait bu à un moment 
donné. Cette tendance à se préoccuper de ce qui es t 
proche e t précis , par opposition à ce qui est général 
et s t ruc tu re l , consti tue une autre carac tér i s t ique 
fondamentale de l ' ê t r e humain. 

There's a f i f th interest ing aspect to r isk 
psychology. We accept r i sk even if i t ' s unnecessary, 
jus t provided i t happens to be incurred while we're 
trying to accomplish some needed task. I think 
here of trying to accomplish some needed medical 
treatment. ?3ke, for example, the towns up north 
who are quite prepared to put up with r isk in the 
workplace and via pollution, if they feel that clean-
ning i t up might jeopardize jobs. This is not a l 
ways a ra t ional cost/benefit analysis . Frequently, 
i t ' s quite possible to clean up the pollution and 
not r isk the jobs; in fact you can often show an in
crease in the number of jobs when effor ts are made 
to clean up pollut ion. But because people are under
standably afraid of job loss , they will put up with 
a greater than necessary r isk to health and environ
ment. 

Take a bet ter example - X-rays. Much of what 
happens to us when we go to have X-rays is unneces
sar i ly dangerous. I t has been shown time and again 
that more radiation than i s necessary i s usually de
livered to people when they are having X-rays, that 
many X-ray machines are not of a standard to deliver 
the minimum amount of radiat ion while producing a 
good image. This, along with untrained technicians, 
presents a great hazard with far greater amounts of 
radiation than occur in any nuclear plant a t the mo
ment. And yet, we accept that danger because i t ' s 
associated with a real benefi t . In t ruth , i t ' s an 
unnecessary r i sk . In t ru th , we could get the bene
f i t of the X-rays with less radiation and should de
mand exactly that - but we don't make that demand. 

La psychologie du risque comporte un cinquième 
aspect digne d ' i n t é r ê t . Nous acceptons l e risque, 
même inu t i l e , s ' i l f a i t part ie de l 'exécution d'une 
tâche e s sen t i e l l e . Je songe notamment à l ' ob l iga
tion de gagner sa vie ou à suivre un traitement médi
cal . Prenons par exemple les v i l l e s septentrionales 
dont la population esc prête à accepter les risques 
professionnels consécutifs à la pollution, de peur 
que la décision d'éliminer ce l le -c i ne mette leurs 
emplois en danger, Cette analyse coûts-avantages 
n ' e s t pas toujours ra t ionnel le . Dans bien des cas, 
i l est possible de diminuer la pollution sans com
promettre les emplois. En fa i t , souvent, la dépollu
tion permet d ' accro î t re le nombre d'emplois. Cepen
dant, comme les gens craignent d ' ê t r e mis à pied, 
i l s acceptent d'exposer leur personne et leur envi
ronnement à un risque Inutilement excessif. 

Prenons un meilleur exemple: celui des ra
diographies. Les rayons X présentent un danger en 
grande par t i e i n u t i l e . I l a é té souvent démontré que 
les patients qui se font radiographier reçoivent gé
néralement une radiat ion excessive, que bon nombre 
des appareils u t i l i s é s ne sont pas assez perfectionnés 
pour émettre une radiat ion minimum tout en donnant 
une image c l a i r e . Ce problème, a ins i que le fai t que 
la formation des techniciens es t parfois inadéquate, 
consti tue un grand danger, les patients étant exposés 
à une radiation beaucoup plus importante que ce l le 
que dégage aujourd'hui une centrale nucléaire. Et 
pourtant, nous acceptons ce danger, parce q u ' i l est 
associé à un avantage r ée l . A la v é r i t é , l es radio
graphies nous exposent à un risque i nu t i l e . La 



In truth, some medical X-rays aren1t even needed 
at all and certain chiropractic wholebody X-rays 
probably have no justification whatever in the 
great majority of instances. They are given for 
purposes that are of dubious scientific merit, yet 
the public and governments continue to permit people 
to suffer those degrees of radiation, far in excess 
of •-•hat uranium miners are exposed to (although 
that in itself is a dangerous occupation). Somehow 
we seem to exclude risk from a rigorous cost/bene
fit analysis, as long as there's the mere associa
tion with some real fear-reducing benefit. 

So we have to resign ourselves to the contra
dictions and irrationalities of human beings. But 
I would contend that we still must redouble our ef
forts to educate people about the risks which they 
do face. We have Co find ways 

1) of protecting them 
and 2) of Inducing them to protect 

themselves. 
And that latter task may be the tougher of the two. 
Protection must have reasonable limits, of course. 
But since reasonableness is not a prominent feature 
of our thinking on the subject, these limits may be 
hard to define. Risk is more a matter of emotion 
and feeling than it is of strictly rational beha
viour. Nonetheless, A POSSIBLE IRRATIONAL PUBLIC 
PUBLIC RESPONSE TO THE FACTS IS NO EXCUSE FOR MAIN
TAINING PUBLIC IGNORANCE:: If there's one message 
I really wish to deliver today, that is it. 

Let me tell you, for instance, of the experi
ence I had with regard to nuclear energy and Ontario 
Hydro. When I was in politics, we had occasion to 
come upon certain information from a Hydro employee, 
indicating that a number of very difficult circum
stances had arisen in some nuclear plants and that 
these had occasioned remedies and requirements that 
possibly indicated that a risk existed. The ques
tion in our mind was what to do with that informa- . 
tion. Hydro at the time kept its material secret 
from the public. 

We took the position, after much thought, that 
Hydro and the nuclear industry would be much better 
off by being completely and totally open with the 
public. We believed that, after an initial flurry 
of public concern about risks they didn't know exis
ted, the public would come then to trust what autho
rities said, to understand the control measures 
that were being taken and, ultimately, to have more, 
not less, confidence in the industry. We felt that 
maintaining secrecy was the surest way of undermi
ning long-term confidence in the industry. We deci
ded to put these matters on public view; we demanded 
and received a thorough committee hearing on the 
subject. Hydro came, adopted a policy of total 
openness, and justified its behaviour quite well, I 
thought. In my view, although there was a flurry of 
concern at the time, the eventual result has been 
that Hydro is now able to announce a spill of heavy 

radiation produite par 1'«stamen radioscopique pourrait 
être réduite et nous devrions exiger qu'elle le soit, 
mais nous ne le faisons pas. Qui plus est, certains 
de ces examens ne sont même pas nécessaires et les 
radiographies de l'ensemble du corps faites par cer
tains chiropraticiens ne sont probablement pas justi
fiées dans la grande majorité des cas. Elles sont 
faites pour des raisons d'un mérite scientifique dou
teux; néanmoins, le public et les gouvernt=niiint3 con
tinuent de permettre que les gens soient exposés à 
une telle radiation, qui excède de beaucoup celle que 
subissent les travailleurs dans les mines d'uranium 
(quoique le travail de ceux-ci soit déjà réputé dan
gereux) . Il semble que nous ne soumettons pas le 
risque à une analyse coûts-avantages rigoureuse lors
qu'il s'agit de soulager une crainte quelconque. 

Nous devons donc nous résigner aux' contradic
tions et à la conduite irrationnelle de l'homme. 
J'estime néanmoins que nous devons redoubler nos ef
forts en vue de renseigner les gens sur les risques 
qu'ils courent dans les faits. Nous devons découvrir 
des moyens 1) de les protéger 

et 2) de les inciter à se 
protéger eux-mêmes. 

La seconde tâche sera peut-être la plus difficile à 
mener à bien. La protection, certes, doit avoir des 
limites raisonnables. Toutefois, comme la raison 
n'entre pas pour beaucoup dans notre réflexion sur le 
sujet, ces limites seront peut-être malaisées à défi
nir. Le risque suscite l'émotion plutôt qu'un com
portement strictement rationnel. Toutefois, LA POS
SIBILITE D'UNE REACTION IRRATIONNELLE NE JUSTIFIE PAS 
QU'ON TIENNE LE PUBLIC DANS L'IGNORANCE: Voilà le 
message que j'aijaerais qu'on retienne surtout de ma 
causerie d'aujourd'hui. 

Permettez-moi de vous raconter, à titre d'exem
ple, une expérience que j'ai vécue pendant ma carrière 
en politique. Un employé d'Hydro Ontario nous avait 
cotauniqué certains renseignements concernant une 
série de problèmes très sérieux survenus dans cer
taines centrales nucléaires. Les consignes et les 
remèdes adoptés à la suite de ces "pépins" pouvaient 
trahir l'existence d'un danger. Nous devions décider 
comment utiliser ces renseignements. A l'époque, Hy
dro Ontario maintenait le secret sur ses documents. 

Après mûre réflexion, nous en sommes venus à la 
conclusion qu'Hydro Ontario et l'industrie nucléaire 
en général auraient avantage à ne' rien cacher à la po
pulation. Nous étions d'avis qu'après un premier é-
moi au sujet de risques qu'ils ignoraient, les gens 
en viendraient à se reposer sur les déclarations des 
autorités, à reconnaître la sagesse des mesures de 
contrôle et, en définitive, à craindre moins, et non 
davantage, l'industrie nucléaire. Nous estimions que 
le refus d'informer les gens était le plus sûr moyen 
de saper la confiance dans 1'industrie. Nous avons 
décidé de renseigner le public et avons obtenu qu'une 
enquête exhaustive soit effectuée. Hydro a comparu, 
a opté pour la franchise totale et, à mon avis, a 
très bien justifié ses actes. Bien que les révéla
tions aient effectivement suscité un certain émoi à 
l'époque, j'estime que, désormais, Hydro Ontario peut 
annoncer un déversement d'eau lourde ou la fermeture 
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water here or a shutdown there and nobody panics any
more. It's now taken as part of the routine and it's 
assumed that there's a proper control mechanism. 

The Science Council released a study with the 
short title of "Regulating the Regulators". It is in 
part a study on risk and its perception and how 
governments have to deal with it. Dr. Bates is the 
chairman of the committee that has done the study and 
he ~.iy have something to say .ihout it later. I sim
ply want Co call your attention to it in the hope 
that you will give us feedback concerning the docu
ment once you've had a chance to look at it. It deals 
with public involvement in the process of setting 
standards, making pollution control agreements, 
licensing chemicals and so on. 

Today's Symposium should go a long way toward 
increasing our understanding of risk-related pheno
mena and the associated decision-making process. It 
ought to help inform the scientists, officials and 
most of all, the interested public. We're never 
going to be able to make risk perception a totally 
rational enterprise, Hoever, the more the public is 
permitted into the decision-making process, the more 
sensible our decisions, as a society and as indivi
duals, are likely to be. The Science Council is 
grateful for your attendance here and I wish you 
well in your deliberations. Thank you. 

d'une centrale sans que les gens ne s'affolent. Cela 
fait maintenant partie de la routine et l'on tient 
pour acquis que les mécanismes de contrôle néces
saires sont en place. 

Le Conseil des sciences a fait paraître une 
étude intitulée "Le pouvoir de réglementation et son 
contrôle". Il s'agit en partie d'une étude sur le 
rôle des pouvoirs publics dans ce domaine. Le Dr 
Bates est le président du comité qui a réalisé l'é
tude et il vous en parlera peut-être plus tard. Je 
tenais simplement à vous informer de la parution du 
document et à vous inviter à en prendre connaissance 
et à nous faire vos observations par la suite. L'é
tude traite de la participation du public à l'élabo
ration des normes, à l'établissement des conventions 
pour le contrôle de la pollution, à la réglementation 
des produits chimiques, et j'en passe. 

Le'colloque d'aujourd'hui devrait nous aider 
à mieux comprendre les phénomènes liés au risque et 
la prise de décisions à cet égard. Il devrait per
mettre d'informer les scientifiques, fonctionnaires, 
et, surtout le grand public intéressé. Malgré nos 
efforts, la perception du risque ne sera jamais to
talement rationnelle. Toutefois, plus la participa
tion du public â la prise des décisions sera grande, 
plus nos décisions individuelles et collectives se
ront susceptibles d'être marquées au coin du bon 
sens. Le Conseil des sciences vous remercie de 
votre présence. Pour ma part, j'espère que vos dis
cussions seront fructueuses. Je vous remercie. 



measurement of risk 
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A RISK PROFILE FOR CANADIANS 

D.R. Miller and Joanne M. Ridgeway 

Division or Biological Sciences 
National Research Council 
Ottawa, Canada K1A 0R6 

A3ST?-\CT 

In this paper we attempt to display in directly 
comparable form the risk of premature death due to 
a wide variety of causes and activities, including 
various diseases and so-called natural causes, and 
also including risks due to such voluntary 
activities as smoking and excessive drinking, 
sporting and recreational activities, and indus
trial and environmental exposure to toxic chemicals 
and physical agents. 

The results make it clear that the profile of risks 
we actually face is strikingly different from the 
profile of relative severity or keen interest most 
of us intuitively adopt. Specifically, we 
tend to overestimate the dangers when an 
activity or a set of safety standards is entirely 
the responsibility of others (as in public 
transport) and underestimate the danger when 
decisions are entirely our own (as with seat 
belts). A quantitative comparison of actual risks 
involved in various situations can serve as a 
starting point for proper allocation of resources 
for risk reduction in many areas. 

INTRODUCTION 

The previous presentation has given an overview of 
the entire process of dealing with risk. We will 
now proceed to look at the various points raised, 
in more detail. To begin with, the purpose of the 
present paper is to examine just where it is that 
such an investigation should start. In other 
words, we will try to present an outline cf just 
what the risks are that must be dealt with in 
Canada today, in the most quantitative terms 
possible when considering a very wide variety of 
chancy and vaguely undesirably outcomes. 

There are, of course, 
that people in the bus 
to address. Consider 
psychologists refer to 
in which different phy 
requirements are place 
if one item on the lis 
those following it in 
If an individual lacks 

many different sorts of risk 
iness would like eventually 
the concept that the 
as the "nierarchy of needs", 
sical and psychological 
d in order of priority, and 
t fails to be satisfied, 
the list become irrelevant. 
oxygen, all thought of food 

vanishes; if he or she lacks food, future 
security seems to be unimportant, and so forth. 

If this concept is applied to dealing with risk, 
we would expect people to worry first about life 
and limb and good health, later about physical 
security, still later, love and friendship, with 
the esthetic quality of life being far down the 
list. In fact, however, the reverse is often 
true. We all know people - in fact many of us 
are people - who quite consciously sacrifice good 
health in the long term in favour of visible 
material advantage in the short term. 

However, the task of this paper is to provide 
quantitative information, and these considera
tions have not been quantified. Thus, ve must 
very sharply limit the coverage, dealing only 
with the most definite, documentable and irrever
sible of all risks, that of loss of life. Even 
other forms of demonstrable ill health, such as 
hospitalization, and economic hardship will be 
omitted since including them would require a 
weighting scheme which is unavailable. 

The approach can be criticized on many grounds, 
particularly that it really represents a risk 
profile for the aged; after all, it is they who 
die most often. Giving special attention to 
risks due to violence and sports, typically the 
pursuits of the young, compensates for this to 
some extent; however various shortcomings 
certainly remain. 

A Risk Profile 

The first question that arises is, does there 
exist something we can call a risk profile for 
Canadians? In the book, Living with Risk: 
Environmental Risk Management in Canada-, the 
authors have argued that the risks faced by 
a Canadian, as measured by causes of death, are 
not particularly unique, in the sense that they 
do not differ markedly from those experienced in 
other industrialized countries, nor between one 

1 
Burton, T.., Fowle, CO., and McCullough, R.S. 
(Eds.) Published by the Institute for Environ
mental Studies, University of Toronto, Toronto, 
Canada, 1982. 
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Ma! es 
Females 

Figure 1 Principal causes of death, 1977. Source: 
Cluses of Death, 1977. Statistics Canada 
publication 84-203. 

Maies 
Females 

Figure 2 Deaths by cancer, 1977. Source: same as Figure 1. 
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p3rt of the country and another. 

This is not tc say that there are no differences, 
ot course. The figures show that in Canada, 
overall death rates are generally lower than in 
other western countries, while for certain 
specific causes of death, Canadian rates are 
higher. Suicide is an example. Regional 
differences are not great, and are generally 
explainable by considering the predominance in 
specific regions of such endeavors as farming and 
forestry, both somewhat dangerous occupations. 
On the other hand, death rates in communities of 
different sizes are different from one another 
in interesting ways. 

This is not the place to delve into such matters. 
For present purposes, it is only necessary to 
point out that although differences do exist and 
can be very informative, nonetheless the overall 
pattern is substantially the same across Canada. 

Over the short term at least, the risk, profile is 
not changing very much in Canada. The short term 
is here defined as a time span which governmental 
decision-makers would use in planning, that is 
perhaps five years. Over a longer time frame, of 
course, the situation changes a great deal; in the 
previous century such things as improved general 
sanitation levels, infant care and so forth made 
great differences, and many infectious diseases 
have ceased to be a major problem because of 
developments in this century. Thus, comparing the 
situation a generation ago to the situation today, 
we see major differences; but if we compare the 
situation today to that which will exist when some 
presently-formulated government plan has had time 
to be implemented and take effect, we should see 
the same kind of differences as in regional 
comparisons. That is to say, there will be 
differences which are very significant in terms of 
indicating changes in particular parts of society, 
such as an increased suicide rate, especially for 
females, and increased rates of lung cancer. The 
same comment as that made about regional variations 
applies; these differences do not alter the fact 
that the overall distribution among the standard 
causes of death remains substantially constant. 

At the risk of foreshadowing another contribution 
to this volume, we would like to make an observa
tion about chemicals in the environment. Juring 
the period of, say, 1950 to 1970, an enormous 
number of new chemicals were brought into general 
use. Humans, and everything around us, are now 
exposed to low but detectable levels of a vast 
array of artificial substances for which nothing 
in the evolutionary history of man or his support
ing ecosystem has provided any warning or chance 
of developing resistance. It is tempting to 
conclude that since the general pattern of causes 
of death changed very little in that period, we 
must be surviving this new kind of multiple 
exposure quite well. Unfortunately, it is the 
case for those few substances which are beginning 
to be understood, that they appear to exhibit a 
latent period of some years, perhaps two or three 
decades, before adverse effects can be proved. 

it is just now that noticeable changes should 
occur if they are going to do so; the field of 
epidemiology will be increasingly interesting in 
the next few years. By the way, there is no 
longer any difficulty at all in demonstrating the 
effects of such chemicals on the ecosystem itself. 

L'p to this point, ve have discussed primarily the 
general characteristics and trends in a Canadian 
risk profile. Several aspects are worth examin
ing in detail and can be most clearly presented 
by means of graphs and tables. Figure 1 shows 
pie-diagrams of age-integrated causes of death 
for males and females throughout Canada as a 
whole. The titles have been abbreviated to avoid 
cluttering, but have lost some of their detailed 
meaning in the process. Circulatory, for example, 
refers to all cardiovascular ailments. The main 
point of this figure is to illustrate the 
relatively small number of deaths associated with 
what are called high-visibility issues. Violence, 
plane crashes, and all those incidents that keep 
making headlines are represented by quite a small 
part of the pie; just about ten percent in fact. 
We will return to that fraction, later. 

Of the more familiar medical causes, cancer is 
probably the one with which the most publicity is 
associatad, and it might be worth while looking 
more closely at that. Figure 2 shows the corres
ponding diagrams for a simplified breakdown of 
cancer sites. It is based on the broad ICD 
classifications ("A" list). Note that lung 
cancer, probably the type receiving the most 
attention, is not more frequent than all cancers 
of the digestive tract. 

Figure 3 presents some data on time trends, the 
main observations being that there is a general 
trend downward, but no great relative changes of 
importance. 

Accidental Deaths 

We have twice alluded to the fact that accidental 
and violent deaths are more rare than the 
attention they receive would suggest. Nonethe
less, it is true that Canada ranks fairly high on 
a comparative international basis. This is shown 
in Figure 4. By the way, the ordering in this 
graph would be quite different were it based on 
females; however as it is presented, it shows 
that Canada stands at an extreme point. 

How do these accidents break down? This is shown 
in Table 1, with male and female numbers given 
separately. Several aspects of the data 
presented in this table deserve further comment. 
First, we must not conclude anything about the 
relative safety of various forms of travel since 
no figures on total mileage or hours involved 
have been included. However, even with the 
absence of usage figures the comparison between 
large and small, or between public and private, 
is obvious. Fires in public buildings, similarly, 
are much less likely to be a cause of death than 
are those in one-family dwellings. The same is 
true of small vs. large boats and so forth. 
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Finally, uith regard to "falls", Che category 
pertains primarily to the elderly. 

Controllable Activities 

Wîile we do not wish to get into the area of 
perception of risks per se, it is necessary to say 
a little about this by way of introduction to the 

Some of the comments and discussion presented so 
far in this paper seem to imply that people 
generally attach more than justified importances 
to spectacular causes of death, simply because 
they are spectacular and receive much publicity. 
Perhaps there is a different point of view; 
perhaps these situations arouse concern because 
they are seen as potentially avoidable, whereas 
most diseases and accidents are not so perceived. 
Thus, there may be a blame or responsibility 
factor that does not exist when someone dies of a 
heart attack, for example. 

With this in mind, perhaps we should cake a closer 
look at causes of death that are under individual 
control, or that could be made the subject of 
government policy in a simple way. Some particu
lar examples are high-risk sports and hazardous 
drinking and smoking. 

Data on high-risk sports are notoriously hard to 
obtain, for a variety of reasons: participation 
tends to be intense but for short periods, so 
exposure is difficult to estimate; fatality and 
serious accident statistics are underreported, 
despite considerable media coverage of individual 
incidents; and, there is a wide variation in the 
extent to which recommended safety standards are 
observed by participants. 

The Sports Federation of Canada takes a special 
interest in this sort of question, and they have 
helped us to compile data on which Figure 5 is 
based. Together with established risks associated 
with specified age and sex, the marginal risks to 
what can be regarded as Che average participant 
have been plotted for selected high-risk sports. 
On the same basis, the marginal risks of smoking 
and hazardous drinking (data from Health Promotion 
Branch, Health and Welfare) along with occupational 
deaths (data from Statistics Canada) are presented 
as well. 

ment (Figure 6). Since that time, quite a lot 
of work has been done to further clarify the 
factors that make certain risks more abhorrent 
Chan some others even if their true danger levels 
are roughly the same. An example of work in this 
field is that done by the group at Percepcronics, 
who locate various risks on a two-dimensional 
diagram (Figure 7), the dimensions corresponding 
to .rontrollnbl^-'inrontrollable and known-unknown-. 
Recognition of the reasons why calculations such 
as the ones illustrated in this presentation do 
not themselves serve to guide the decision-making 
process is beginning to grow. 

There is, however, a major piece in the puzzle 
that has hardly been touched, and that is the 
difficulty, cost, or whatever, of doing something 
about the problem. 

Governments, as well as individuals, are faced 
with the problem of doing many chings simulta
neously using resources which will not satisfy 
all demands. Thus it is necessary co allocace 
resources in what is deemed to be the most 
effective way. We are beginning to know what the 
real risks are; we are beginning to realize that 
we have to attach something like weighting 
factors to match public perception; but we stiil 
do not know how much it costs to make a certain 
amount of progress in any given direction. 

Some estimates have been made. Table 2 shows one 
such collection of figures on cost-effectiveness 
of various risk-reducing programs, taken from a 
rather larger list. We do not choose to defend 
the individual figures; but only point out that 
if they are a reasonable representation or are 
even witnin two orders of magnitude, chere is 
quite a lot of disparity between society's 
willingness to pay to reduce risk in some areas 
as compared Co others. We suggest chat what is 
needed most at this point is a refinement of such 
figures. It must be determined, in quantitative 
terms, just how cost-effective each proposed risk 
reduction program really is, in order that a 
productive overall approach can be developed. 

Future Developments 

The purpose of this paper has been simply to 
display certain data showing what risks currently 
affect Canadians, and to point out that the numbers 
do not seem to match very well che concern wich 
which people view each of the causes. In closing, 
we would like to say something about this mismatch 
and its consequences. 

It is now a dozen years since Chauncey Starr's work 
clearly showed for the first time that people will 
tolerate far greater risk levels if they feel they 
are effectively in control (a control they often 
do not really exercise), as opposed to a danger 
forced upon them, for example in the work environ-

Shakespeare recognized something of this. Cf. 
Hamlet: "... and makes us rather bear those ills 
we have, than fly to others that we know not 
of..." 



39 

£ 

o o 
o 
UJ 

o 
> 
z o 
V) 
ce 
LU 
Q. 

U. 
UJ 
Z 
LU 
O 

_ l 
< 
=> 
Z 
Z 
< 
LU 
O 
< 
UJ 

5 

> - i 
s u 

u o en 
O u 

—( u-
u 
c 
O 

33 

O 
u 

O 

> •*-* u 
n 

i - * 
V 

u 

T3 
(U 
4J 
U 
0 

r-t 
S . 

^ • ^ 

oï 
- • ^ 

^ •-n 
T4 

X 

3 
01 

o 
a. 
X 

<u 

X 

u 
C3 
JJ 
S 
3 

W 

0 

> s 
•1-t 

TD 

~ sa 

,—t 

C3 
U 

—4 
&C 
O 

O 
S 

J ^ 
U 
0J 

î - t 

« 3 

w 
1-1 
0) • 

> co 
en 

J-l CM. 
«H i-4 

>N **- 1 
U 
«3 
J j 

C 
3 

r H 
O 

> 
U_ 

c 

SJ CN 
C f> 
<y rg 

03 r-i 

i-H ^-s. 
« O N 

—I vu 
U CT* 
0 f-4 

C/3. * - * 

oansodxa JO anoH-Nos«3d/s3iinvivj> 



40 

Uni-, no- -

« L U tUCTIIC » O M . 

T « L U T * et»m** wriLLirt 

»W0 !VU&UT19 « •** 

«TO C31011* * 

•5* 

« lOOMft 3 « M • 

, . »L*rr«it 
*JO.LUI t s « « « 

3IWCST1C 1 U l t t 

Controllable 
O*IIP«S rtti u » n » 

I I t 4 -1 1 1 1 H—t- -+-

•18 

' MTIItQTtCÏ 6 4 _ 
•*»% M mnMca • • w 

SO* « M 

•78 7 8 # 

UJrtlHm • M » * 6 9 

7 5 » « 6 7 
« 0 * « M I Tfflll « 

1ICTCUS • 
• 7 0 

U M l U . U I 1 X C * » 7 3 

« M T I M * 

*«*oucii«utt$# KïTWti>iau» 

>o< v n w c d 
<oc n o TOCU 

mwnîn 
a i * 
•CM US 
waiM «voa 
MTIOML O t t t t t t 
MtfJUtf 
I1CTCU1 
•OTOKTCLCS 
xjran mttaiJ 
utmoun 
CDtfXM. t l U T I M 

M O j m 
a w x m MUTTON 
« j : m i c s 
MMlMTtOW 

il auarr 
» uounon n*ou/T 
17 oiwportic i wn 
» 44.C0W.1C R T t U f i U 
n ami* 
M ««TU FVUMIMUON 
3i rot» caoRtM 
n wco*u« 
13 WOtU" IITÏITI 
14 '000 n u O V A T I V U 
l ï rooo luuuTtON 
1« CAimi OMIT WTtUITt 
37 l**Ct C2AÛMT1M 
» uu«s 
Tf ttUITBS 
40 KLlCt MOKX 
4i nuriarriM 
«3 CWUïTMJ Ttt t U W T 
«3 COWTtO 
44 aUQttXCTT UttTl 
«s wtit ont 
4« OCN. «iwiaun 

* 2 « 

Uncontrollable 

U T S C U n t l m ut # 

• n iMl 

• 2 4 

o«2 

• w 

• H 

• 2 0 

«m us • 

«JCUM MUrad * 

wTiOML ocrtui • 

*°* •57 

Known 

t? 0M t t U U C K 
*• LIOUtO MTUWL U S 
4» POCIM 
so rucrott 
ii D O . mriLizm 
12 «MfCtOCS 
13 SOT 
*4 mrtciocs 
IS A t f l l l l 
M IMUUMA 
IT « K I R 
U UCTIIL 
si u**at*mt 
10 lAMtTUUTU 
11 aunon 
« « M U * 
u OAM. a*mamm 
w unm 
U OTlItOTICS 
u «oaimoi ova 
« MIIP* 
M OOMMltL M U M 
H navra 

71 **Jffl«t 
ri • M 

•ouvrit! a t M i M 
r« U I N Q M « r i M 
;s «auATtauL m n M 
T« «eujx C&UTOCS 
n icaw a tvm 
7» SMTTJQMOS 
n fiMTKIM 
10 MtftM 
11 U W W «OU 
u r o u a axe . *e*» 
U NÏOKXUCTIIC IQO 
•« U L W t u c n i c » » o 
•I VR-MIC. ILIC. W l 
u W X X M n w 
i? ttnwnrrt 
M txnauvtn 
M U1MU 
10 V M 

Figure 7 Two-dimensional distribution of activities. From 
Fischhoff, B., Slovic, P., and Lichtenstein, S. The 
American Statistician 36 (1982) 240-255. 



Al 

1980 Automobile CO Standard USA 

Apartment Building Regulations, 
Bri tain 

Mine Safety Regulations (except 

Coal ) , USA 

Air Force Pilot Safety, USA 

Home Kidney Dialysis 

Auto Air Bags (driver only)USA 
Postulated 10« Cancer cure advanced 

one year 

Road warning signs USA 

Cervical Cancer Screening, USA 

1 x 10" 

1 x 10 8 

3.4 x 10' 

2 x 106 

6.4 x 10" 

3.2 x 105 

5 x 104 

3 x 104 

3 x 104 

Units Cose of Saving an Extra 
S t a t i s t i c a l Li fe - 5 . 

T a b l e 2 R e l a t i v e c o s t s of s a v i n g l i v e s . D a t a 
f rom R i s k , F e a r a n d P u b l i c S a f e t y , by 
E. S i d d a l l , A t o m i c E n e r g y of C a n a d a 
L i m i t e d , 1 9 8 0 . 

DISCUSSION 

Rachel le 3eauchemin 

Does the f i gu re of "15" given as the dea th 
r a t e for occupa t iona l f a t a l i t i e s inc lude mor ta 
l i t y from o c c u p a t i o n a l d i s e a s e s ? If no t , doesn ' t 
t h i s unde res t ima te d r a s t i c a l l y the t r u e inc idence 
of i n d u s t r i a l f a t a l i t i e s ? 

Reply 

No, it doesn't include delayed mortality. The 
reason is that I am comparing it primarily to 
sporting deaths, which are immediate and violent 
in most cases. What the figures do is probably 
overestimate smoking/drinking hazards in com
parison to occupational hazards. 

A.B. Caircie 

While listening 
opening address 
perception of ri 
of the agent in 
ilio importance o 
minant of régula 
that the public 
and pesticides i 
factor? 

to Dr. Smith's interesting 
it occurred to me that the public 
sk is closely linked to the use 
warfare. You also referred to 
f public perception as a deter-
tory action. Would you agree 
perception of risk from radiation 
s greatly augmented by this 

Reply 

That's an interesting point. Certainly it 
must be a factor in what seems to many people 
to be an exaggerated fear of radiation. As 
for pesticides, it is not clear how much the 
public associates their development with nerve 
gas research or their use with warlike activi
ties, so I don't really have an answer. 

David Hitchcock 

In assessing the magnitude of a hazard invol
ving loss of life, we might be inclined to 
regard an early loss of life - say, before 
age 50 - as a greater evil than a later loss 
of life. Are data available on years of 
normal life expectancy lost because of various 
causes? Are efforts being made to develop 
data in this form? Is there any indication 
that data developed in this form would show 
that the public's perception of the magnitude 
of risks from various sources is not as inac
curate as your initial diagrams suggested! 

Reply 

I certainly agree with this point. The short 
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answer Is yes, a good deal of data on early 
mortality and also corbidity is available. 
The problem is the usual one: if you try to 
make a comparison everyone will object to the 
formula you use. 3ut ultimately we will have 
to do our calculations in that way, and it will 
certainly increase the apparent importance of 
death by violence. 

Zachary Jacobson 

I greatly enjoyed your presentation. Thank 
you. The immediate medical cause of death is 
usually obvious. But historic information on 
the deceased's habits may be less well known. 
In your data, how were such things as smoking 
or drinking history collected and checked? 

Reply 

That's a long story. I had better refer you 
to the documents describing that study. It was 
dont by Health and Welfare Canada, and was 
published in two volumes called "Premature Mor
tality Attributable to Smoking and Hazardous 
Drinking in Canada" in 1977. 

P. Kruus 

Your second and third points combined (weighting 
risk with perception to establish concern; the 
cost of risk reduction) implies that we should 
really consider "concern reduction". In that 
case, '.he social sciences and Information media 
may be more cost-effective than the technologi
cal, i.e. by altering perception and lowering 
concern. This leads to fears of "propagandi
zing" etc. 

Reply 

There is certainly a thin line between edu
cation and propaganda, which I do not know 
how to draw. My point would be that we should 
not restrict ourselves to the simple numerical 
arguments that we have been accustomed to use, 
but should pay attention also to the value 
system of the listener. 

V. P.iskievici 

How do you propose taking into account public 
perception of risk, which by its very nature 
is subjective, for risk management based on 
cost-benefit analysis, which, by definition, 
should be objective? 

Reply 

Subjective judgements can still be treated 
quantitatively. We do this all the time, for 
example, when we trade—off price (objective) 
against style (subjective) in the purchase of 
consumer products. We do not know how to do 
it yet in the area of risk management, but 
there is nothing in principle that prevents 
it. 

Bev Robertson 

It is my understanding that the beneficial 
effect of alcohol peaks betwen 1 and 2 
drinks per day. I find 5 ounces of hard 
liquor (3 drinks) per day very low for a 
definition of hazardous drinking. Are you 
sure it was not 5 ounces of alcohol. 

Reply 

The actual figure is 10 centilitres of abso
lute alcohol, which is a bit less than five 
ounces, equivalent to about nine ounces of 
whiskv. 
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RISKS FHCH ENVIRONMENTAL CHEMICALS 

E. Somers 

D. Krewski 

Environmental Health Dir°etor->t: = 
Health and Welfare Canada 
Ottawa, Ontario K1A OL2 

ABSTRACT 

The r ap id i n c r e a s e i n t he scope and n a t u r e of our 
chemical environment i n the l a s t 30 yea r s has 
genera tea an e q u i v a l e n t i n c r e a s e in p u b l i c concern 
as to the hazards of these chemica l s . This concern 
has been exacerbated by w e l l - p u b l i c i z e d accounts of 
chemical d i s a s t e r s . The bas i c sources of evidence 
t h a t are used to determine whether an environmental 
chemical p r e sen t s a r i s k t o human h e a l t h are 
o u t l i n e d . These i n c l u d e epidemiology, i n c l u d i n g 
workplace s t u d i e s , animal e x p e r i m e n t a t i o n , and in 
v i t r o t e s t i n g . The s t r e n g t h s and l i m i t a t i o n s of 
t h e s e t e c h n i q u e s a r e c o n s i d e r e d , a s i s t h e 
d e v e l o p m e n t o f new a p p r o a c h e s b a s e d on t h e 
b i o l o g i c a l responses to the t o x i c chemi.cal.' The 
manner i n which n a t i o n a l and i n t e r n a t i o n a l agencies 
a re developing ordered systems to eva lua te the 
hazards of chemicals i s o u t l i n e d . F i n a l l y , some 
examples of the Canadian exper ience of r i s k 
e s t i m a t i o n are given in terms of the e v a l u a t i o n of 
chemicals and t h e i r subsequent r e g u l a t o r y c o n t r o l . 

INTRODUCTION 

Our modern t e c h n o l o g i c a l s o c i e t y depends to an 
e v e r - i n c r e a s i n g degree on the supply of chemica l s , 
whether for h e a l t h c a r e , a g r i c u l t u r e , or consumer 
p r o d u c t s . There a r e now some 70,000 chemicals on 
the commercial market with perhaps 1,000 new 
chemicals e n t e r i n g in to commerce each y e a r . The 
p roduc t ion of s y n t h e t i c o rgan ic chemicals has 
inc reased e x p o n e n t i a l l y s i n c e lgUO and shows no 
s i gn of d i m i n i s h i n g . The b e n e f i t s from chemicals 
a re of ten c l e a r - c u t , but the r i s k s - to h e a l t h and 
the environment - l e s s so with the r e s u l t t h a t the 
p u b l i c i s often sub jec ted to dramat ic exposés of 
p r e s u m e d , p o t e n t i a l , o r r e a l h a z a r d s . The 
b i o l o g i c a l e f f e c t s can range from the acu t e t o the 
long- te rm; i nc lud ing mutagenic , c a r c i n o g e n i c , 
n e u r o t o x i c , or behav ioura l changes . Governments, 
with the r e s p o n s i b i l i t y of p r o t e c t i n g t h e i r 
c i t i z e n s , have to c o n t r o l chemicals by p r e c e p t , 
g u i d e l i n e , or example on the bas i s of a thorough 
e v a l u a t i o n of r i s k . 

The process of r i s k assessment can be desc r ibed as 
comprising four phases : r i s k i d e n t i f i c a t i o n ; r i s k 
e s t i m a t i o n ; r i s k e v a l u a t i o n ; and r i s k management 

(_1 ) . Thi3 ordered sequence he lp s s e p a r a t e the 
s c i e n t i f i c e s t i m a t i o n from the socio-economic 
e v a l u a t i o n t h a t l e ads to the f i n a l p o l i t i c a l 
j u d g e m e n t . H o w e v e r , a s w i t h a l l C a r t e s i a n 
approaches the power of reducing f i e l d s of s tudy to 
t h e i r u l t i m a t e components i3 matched by the 
i n h e r e n t e r r o r of a s s u m i n g t h a t human 
dec i s ion-making can be converted to a numerical 
e x e r c i s e . 

P r o b a b i l i s t i c r i s k assessment t echniques have been 
w i d e l y u s e d i n r e c e n t y e a r s f o r t h e s a f e t y 
e v a l u a t i o n of t e c h n o l o g i c a l developments such as 
nuc l ea r r e a c t o r s , l i q u i f i e d n a t u r a l gas t e r m i n a l s , 
and the t r a n s p o r t of hazardous m a t e r i a l s . These 
m e t h o d s a r e v a l u a b l e i n t h e a n a l y s i s o f a 
p a r t i c u l a r problem - but do no t n e c e s s a r i l y l e ad to 
a s o l u t i o n . C e r t a i n l y , the mathemat ica l confidence 
of r i s k a n a l y s t s such as Wilson (2), Cohen (3_), and 
Pochin (JJ), who compare r i s k s from such d i s p a r a t e 
a c t i v i t i e s a s s m o k i n g , d i e t d r i n k s , smoke 
d e t e c t o r s , and r i d i n g b i c y c l e s begs more ques t i ons 
than a r e answered - o the r pe rhaps . t han showing t h a t 
complex s o c i a l phenomena cannot be reduced to 
s ing le -d ia i en3 iona l r i s k r a n k i n g . We draw e a r l y 
a t t e n t i o n to t h i s ques t i on so t h a t i t i s not 
presumed t h a t we w i l l provide a s imple c h e c k - l i s t 
of t e s t s t h a t can be conver ted to a r e g u l a t o r y 
d e c i s i o n on the s a f e t y of a chemica l . Complex 
b i o l o g i c a l systems do not respond in such a 
p r e d i c t a b l e manner to the invas ion of fore ign 
chemica l s . I n the f i n a l a n a l y s i s , t he re i s no 
s u b s t i t u t e for reasoned exper ienced judgement. 

EXPOSURE AND SUSCEPTIBILITY 

As defined here, risk embodies hazard and the 
probability of its occurrence. The latter, in 
turn, depends on both the exposure to the toxicant 
and the susceptibility of the host (Figure 1). 
Human exposure to enviromental chemicals will in 
turn be determined by the sources of exposure, the 
possible Initiating events which allow the toxicant 
to enter the environment, and the pathways through 
which individuals in the population at risk may be 
exposed. Knowledge of the major routes of exposure 
is essential not only for an understanding of 
toxicological action but also for the regulatory 
control of the chemical. Thus, the dominant route 
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Figure 1. Components of Risk 

of human exposure to mercury 13 ingestion, in the 
methylated form, in f i sh . Lead is ubiquitous in 
our environment being widely distr ibuted as a 
r e s i s t of man's a c t i v i t i e s . However, the major 
s o u r c e of a i r b o r n e l ead 13 by f a r f ron the 
combust ion of l e aded g a s o l i n e (some 10,000 
tonnes/year in Canada). Although Canadians have 
many sources of exposure, the detailed t a l ly (5) 
shows food to be the major source of lead intake; 
hence, tolerances have been established under the 
Food and Drug3 Act. Analyses of environmental 
contaminants in drinking water shows thi3 medium to 
be the major s o u r c e of our I n t a k e of 
trihalomethanes - from the chlorination process -
but not of lead, mercury, or cadmium (£) . 

Once exposure ha3 taken place, the probability of 
an inadventitlous event occurring s t i l l depends on 
individual suscep t ib i l i ty . Most mammalian species 
appear to possess natural defence mechanisms that 
allow them to tolerate a certain level of exposure 
to many chemicals. These defence mechanisms 
include metabolic detoxication, immunological 
surveil lance, t issue regeneration and cer ta in 
repair processes. Damage to a small number of 
l iver ce l l s , for example, may be tolerated because 
the normal organ functions can be maintained by the 
remaining t issue unt i l regenerative cycles have 
replaced the damaged c e l l s . 

RISK IDENTIFICATION 

There are three major sources of evidence that 
determine whether or not a chemical represents a 
danger to human health: epldeciolcgy (in ei ther the 
occupational or general environment), animal 
experimentation, and in vi t ro tes t ing . To some 
extent supportive information can be provided by 
correlat ions between chemical s t ructure , in terms 
of functional groups and the i r spa t ia l or ienta t ion, 
and biological ac t i v i t y . The technique of computer 
modelling has in fact recently been brought to bear 
on the s t e r l o f i t of the toxic molecule to receptor 
s i t e s . However, since closely related chemicals 
o f t e n e x h i b i t marked d i f f e r e n c e s in t o x i c 
potent ia l , this technique i s of only limited value 
in pract ice . Similarly, c l in ica l s tudies , although 
appropriate for drugs, are not applicable for 
indus t r ia l chemicals. 

Epidemiology - Epidemiology can, in pr inciple , 
p r o v i d e t h e most d e f i n i t i v e e v i d e n c e of a 
chemical'3 risk to health In that i t provides 
unique evidence of the adverse effects in human 
populations. In the case of environmental health, 
however, decisions based on epidemiological data 
can unfortunately only be made after the fact . 
Such studies may also be ineffective in proving 
that long-term health effects may be a t t r ibuted to 



specif ic sr.vircnzezZsl rasters. -.?. r e s l i t y , the 
requirement for a long period of use of the agent 
at a level of exposure that produces discernible 
differences in the population at large mi l i ta tes 
a g a i n s t the use of ep idemio logy for cak ing 
regulatory decisions on envircnaental health 
i ssues . Many chemicals such as PCBs, heavy metals, 
and organochlorine pesticides are so ubiquitously 
dis t r ibuted in the environment, moreover, that i t 
13 almost impossible to find an unexposed segnent 
of the p o p u l a t i o n . The i n c r e a s e d pace of 
industral izat ion in many countries has further led 
to the environmental dissemination of many exotic 
chemicals: if their biological action requires a 
long la tent period i t will be many years before 
epidemiology can chart their e f fec t s . The enormous 
number and range of chemical en t i t l e s present in 
food make the s e a r c h fo r d i e t a r y h a z a r d s 
par t icular ly d i f f i cu l t . In Canada, for example, 
there are nearly 1400 food additives and several 
thousand flavouring substances in use today. 

Nevertheless, there are a number of public health 
d e c i s i o n s on c h e m i c a l s based p r i m a r i l y on 
epidemiological evidence. For example, the 
al legation that fluoridation of drinking water -
i t s e l f based on epidemiology - increases cancer 
r a t e s , led to a Departmental study of cancer 
mortality in some 79 groups of municipalities 
throughout Canada (jj). Comparison of the death 
ra tes for the period 195^-73 for some 5&X of the 
Canadian p o p u l a t i o n showed no a p p r e c i a b l e 
differences in death ra tes from a l l types of cancer 
or any specific tumour s i t e between fluoridated and 
non-fluoridated municipal i t ies . Nor were any 
signif icant differences apparent between death 
rate3 from a l l types of cancer when compared within 
the same group of municipalit ies prior to and after 
f luoridation. Other examples of health standards 
derived from epidemiological studies are the 
Ambient Air Quality Objectives for nitrogen dioxide 
under the Clean Air Act, the control of asbestos in 
the workplace and outside environment, of vinyl 
chloride in the workplace, and arsenic emissions. 

In r ea l i t y , epidemiology i s used more often to 
support public health decisions on environmental 
chemicals than to i n i t i a t e them. Exceptions occur 
when the toxic lesion is rare as with angiosarcoma 
of the l iver in vinyl chloride workers. 

Animal Tests - Most regulatory decisions are 
derived from animal t e s t s with mammalian species. 
Experiments with animals raise the fundamental 
question: how valid i s the comparison of man and 
animal? Although the basic biological processes of 
molecular, ce l lu la r and organ function are similar 
from one mammalian species to another, there are 
marked differences between the standard rodent 
model and humans. For example, ra t s t r a ins are 
re la t ively homogeneous in terms of their genetic 
charac te r i s t ics and are maintained In a carefully 
controlled laboratory environment so that the 
insul t is res t r ic ted to a single causative factor 
(J_). In addition, r a t s have no gal l bladder and 
are Independent of a dietary source of ascorbic 
acid. Mice are known to metabolize chemicals more 
rapidly than man. Nevertheless, nearly a l l of the 
26 chemicals or indus t r ia l processes that have been 

posi t ively associated with hiiman cancer through the 
program of the Internat ional Agency for Besearch on 
tancer (_S) are known to be carcinogens to animals. 
This i s similarly true of the updated l i s t of *40 
chemicals ( 9) • 

The converse argument that chemicals carcinogenic 
in laboratory animals are l ikely to be carcinogenic 
in nan is now supported by a considerable body of 
experimental evidence, some of which i3 ind i rec t . 
However, any application of animal data to the 
human s i tua t ion must always be qualified by 
consideration of the nature of the t e s t s conducted 
as well as the species , s i t e of jct ion, route of 
exposure and the ent i re spectrum of metabolism and 
excretion. 

Test chemicals may be administered by the ora l , 
dermal, or pulmonary routes, depending on the 
relevence to the human s i tua t ion . Acute studies 
can predict human response to short-term high-level 
exposures such as could be encountered in accidents 
and can also provide a crude measure of the toxic 
potent ia l of different compounds. Metabolic and 
pharmacokinetic studies based on a s ingle exposure 
may be used to de t e rmine the a b s o r p t i o n , 
d is t r ibut ion and elimination of the t e s t compound 
and the rates at which these processes occur. This 
information i s essent ia l in order to develop 
adequate protocols for subchronic and chronic 
toxici ty studies (10). The toxic effects of longer 
term, low-level exposure are derived from chronic 
or l i fe- t ime s tudies , as well as sub-chronic 
studies of 90 days or more. 

The l i fe- t ime toxici ty/carcinogenici ty bioassay in 
rodents - valuable though i t i s - does not address 
the i s s u e of p e r i n a t a l e x p o s u r e . T h u s , 
two-generation bioassays involving both in utero 
and post-partum exposure have been the subject of 
much recent discussion among toxicologists (10). 
While prenatal exposure i s of importance in those 
cases where the response of in teres t is induced or 
enhanced as a resu l t of in utero exposure, our 
limited experience with this assay to date has 
provided l i t t l e empirical evidence as to the 
u t i l i t y of such t e s t s . Nevertheless, cer ta in 
chemicals such as saccharin seem to require 
bigenerational exposure in order that the i r ful l 
toxic potential be shown (11). 

Short-Term Mutagenicity Tests - The time, expense 
and l og i s t i c a l d i f f i cu l t i es involved in the conduct 
of animal tes t s have stimulated a search for 
short-term test methods to detect tox ic i ty . 
Further motivation for 3uch research has also been 
provided by a growing body of animal r ights groups. 
Mutational effects , or changes in genetic code, 
have been widely investigated as a toxicological 
index. This is due not only to the possible 
production of inherited bir th defects, but also 
because chemicals that are known to cause mutations 
may be carcinogenic as well, although the degree of 
thi3 association appears to depend greatly on the 
class of chemical as well as the properties of the 
tes t system used to assay mutagenic potent ia l 0 2 ) . 

There are over 100 mutagenicity tes t s in existence 
today (J_3). They range in complexity from simple 
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assays with micro-organisms through t e s t s employing 
Cul tured mammalian c e l l s to these u t i l i z i n g "-hole 
a n i m a l s . Of c r i t i c a l importance i n the hazard 
i d e n t i f i c a t i o n process i s the s e l e c t i o n c f a S r c u P 
of t e s t s capab le of d e t e c t i n g a range of p o s s i b l e 
ger .e t lc e n d p o i n t s . 

ShT*-.-tera mutagen ic i ty t e s t s may a l so provide 
v.ï luuA' le i n s i g h t i n t o t h e m e c h a n i s m s of 
<sssr '-'vVDijenicity when used in conjunct ion with 
c a r c i n o g e n i c i t y b ioassay d a t a . For example, t h e r e 
i s a s u b s t a n t i a l body of da ta which sugges t s t h a t 
the f^rmaticr. cf 2 tumeur i c a tV3-; tng= rhf»non«?non 
( ! - ; . The i n i t i a l i n i t i a t i o n phase i s thought to 
involve d i r e c t i n t e r a c t i o n wi th c e l l u l a r DNA, 
a l though subsequent non-mutagenic promot ional 
events may be necessa ry for tumour development. 

For the e s t i m a t i o n o f the r i s k of i n h e r i t e d 
muta t ions in fu tu re genera t ions- , the c r i t i c a l 
a s s a y s a re long- te rm mutagen ic i ty t e s t s such a s the 
h e r i t a b l e t r a n s l o c a t i o n and s p e c i f i c locus assay3 
performed in mice . These a s s a y s d e t e c t i n h e r i t e d 
chromosome and gene muta t ions r e s p e c t i v e l y In 
o f f s p r i n g . Such t e s t s are d i f f i c u l t to c a r r y o u t , 
have unproven s e n s i t i v i t y , and a r e not ye t in 
widespread u s e . These t e s t s , of c o u r s e , should 
never be undertaken without f i r s t de te rmin ing 
whether a subs tance or i t s m e t a b o l i t e s r eaches 
germina l t i s s u e . 

An a l t e r n a t i v e approach to the de t e rmina t ion of 
mutagenic r i s k employs the r e s u l t s of in v i t r o : in 
vivo s h o r t - t e r m t e s t s used in conjunct ion with da ta 
on the pharmacodynamics of a chemical t o p r e d i c t 
p o s s i b l e g e r m i n a l e f f e c t s . T h i s m o l e c u l a r 
dos imetry approach c a r r i e s with i t a number of 
a s sumpt ions , but n e v e r t h e l e s s provides a v i a b l e 
a l t e r n a t i v e to d i r e c t t e s t s of i n h e r i t e d germinal 
mutat ion where l e s s p r e c i s e numbers are r e q u i r e d . 
Such an a p p r o a c h s h o u l d p e r m i t a t l e a s t a 
c a t e g o r i z a t i o n of r i s k , which may be s u f f i c i e n t for 
many r e g u l a t o r y pu rposes . This concept i s an 
example of how c u r r e n t r e sea r ch in the r e l a t i v e l y 
new f i e l d of g e n e t i c tox ico logy i s working towards 
i n c r e a s i n g the r e l evance of s h o r t - t e r m r u t a g e n i e l t y 
t e s t s . 

In summary, i t can be s a i d t h a t the s h o r t - t e r m 
t e s t s a r e a v a l u a b l e a n a l y t i c t o o l p a r t i c u l a r l y 
when t h e r e s u l t s c a n b e c o n f i r m e d i n o t h e r 
s h o r t - t e r m t e s t s us ing n o n - r e p e t i t i v e end-po in t s or 
d i f f e r e n t a c t i v a t i o n systems ( £ ) . With the 
p o s s i b l e except ion of e l e c t r o p h l l i c a g e n t s , 
however, the m u l t i - s t a g e p rocess of c a r c i n o g e n e s i s 
i s too complex to be reduced to e lementa l systems 
baaed on a s e r i e s of such t e s t s . 

S t r u c t u r e d Approaches to Hazard I d e n t i f i c a t i o n -
Faced with an expensive spectrum of p o s s i b l e 
t o x l c o l o g l c a l t e s t s for hazard i d e n t i f i c a t i o n , the 
ques t ion a r i s e s as to how these t e s t s may be 
app l i ed i n an o rde r ly and s y s t e m a t i c f a s h i o n . One 
such scheme developed i s the d e c i s i o n t r e e approach 
of the Food Safe ty Council 0 £ ) . The p r e l i m i n a r y 
s t a g e s of t h i s approach involve a de t e rmina t ion of 
p h y s i c a l and chemical p r o p e r t i e s of the agent in 
ques t ion and an assessment of p o t e n t i a l human 
exposure l e v e l s . Following the complet ion of acu te 

t o x i c i t y s t u d i e s , a d e c i s i o n i s made to e i t h e r 
r e j e c t the compound as unsafe c r to proceed 
s i m u l t a n e o u s l y w i t h a s p e c i f i c b a t t e r " o f 
s h o r t - t e r m t e s t s for mutagen ic i ty a s wel l 33 
s t u d i e s on metabolism and pha rmacok ine t i c s . While 
evidence of s e r i o u s mutagenic e f f e c t s would l i k e l y 
h a l t f u r t h e r t e s t i n g , a d d i t i o n a l t e s t s might be 
cons ide red unnecessary i f no mutagenic e f f e c t s were 
o b s e r v e d and i f t h e s u b s t a n c e was r e a d i l y 
metabol ized i n t o r e s i d u a l l e v e l s of normal body 
c o n s t i t u e n t s . O t h e r w i s e , s u b c h r o n i c and 
r e p r o d u c t i v e s t u d i e s would be under t aken , followed 
by chron ic t o v l c l t y s t u d i e s in cases where human 
exposure i3 expected to be high or where the 
p r e v i o u s t e s t s c o u l d n o t p r o v i d e a d e q u a t e 
a s su rances of s a f e t y . 

Other d e c i s i o n - p o i n t approaches to c a r c i n o g e n i c i t y , 
u s u a l l y b a s e d p r i m a r i l y on p r e s c r e e n i n g 
mutagen ic i ty t e s t s , have a l s o been deve loped . One 
of the most comprehensive 13 t h a t of Squ i re ( IS_), 
i n w h i c h i n f o r m a t i o n on t h e n a t u r e o f t h e 
n e o p l a s t i c events induced in the chron ic b ioassay 
i s cons idered al'.-.i; with evidence of g e n o t o x i c i t y . 
This procedure u t i l i z e s perhpas the most r e l e v a n t 
t o x i c o l o g i c a l da ta to c o n s t r u c t f i v e d i f f e r e n t 
c l a s s e s of animal c a r c i n o g e n s , thereby provid ing a 
p o s s i b l e b a s i s f o r p r i o r i t i z i n g r e g u l a t o r y 
c o n c e r n s . There i s no doubt but t h a t these 
s t r u c t u r e d approaches t o hazard i d e n t i f i c a t i o n 
demand a sy s t ema t i c a n a l y s i s of the t o x i c o l o g i c a l 
data in a r a t i o n a l f a s h i o n . As has been a l ready 
emphasized, however, c h e c k - l i s t s do not make 
d e c i s i o n s bu t se rve r a t h e r only a s a guide to the 
d e c i s i o n maker. 

RISK ESTIMATION 

I d e n t i f i c a t i o n of a p a r t i c u l a r hazard through the 
u s e o f a b a t t e r y o f t o x i c o l o g i c a l t e s t s a s 
desc r ibed in the preceding s e c t i o n r e p r e s e n t s only 
the f i r s t s t e p in the r i s k assessment p r o c e s s . In 
o rde r to provide a ba3 ls for the e v a l u a t i o n of the 
s i g n i f i c a n c e of t h a t haza rd , some idea of the 
l i k e l i h o o d of occurrence of adverse e f f e c t s in man 
i s r e q u i r e d . 

T r a d i t i o n a l approaches to q u a n t i t a t i v e r i3k 
assessment have involved the a p p l i c a t i o n of a 
s t andard s a f e t y f ac to r to the no e f f e c t l e v e l 
observed in animal s t u d i e s in o rde r to ob t a in an 
a c c e p t a b l e l e v e l of exposure for man. While a 
100-fold margin of u n c e r t a i n t y i s of ten a p p l i e d lu 
the case of t ox i c e f f e c t s o t h e r than cance r , the 
a c t u a l magnitude of the s a f e t y f ac to r &ay be 
modified depending on the n a t u r e of the t ox i c 
l e s i o n s induced and the q u a l i t y of the a v a i l a b l e 
t o x i c o l o g i c a l d a t a . 

Although h i s t o r i c a l p receden t 3eems to have 
v a l i d a t e d t h i s approach to r i s k e s t i m a t i o n , the key 
assumptions ufi&urlying the procedure have only 
r e c e n t l y been c l e a r l y enunc ia ted Q J ) - Foremost 
among these assumpt ions i s the e x i s t e n c e of 
t h r e s h o l d l e v e l s of exposure below which an adverse 
e f f e c t i s presumed not t o occu r . While t h i s seems 
p l a u s i b l e for many common a b n o r m a l i t i e s which 
r e s u l t from the overwhelming of normal homeos ta t ic 
mechanisms, the t h r e s h o l d hypo thes i s has been 



i 7 

seriously questioned in the case of delayed, 
i r revers ib le toxic effects including carcinogenesis 
OS) . 

Another l imitat ion of th is approach to risk 
estimation i s that the observed no effect level 
will depend on the sample size in that experiments 
of increasing s ize may ce expected to detect 
smaller and smaller e f fec ts . Application of a 
standard safety factor across the board also fa i l s 
to recognize the slope of the observed dose 
response curve. 

In an attempt to overcome these d i f f i cu l t i e s , 
b ios ta t i s t l c i ans have introduced the notion of 
v i r tua l safety. As any level of exposure i s 
associated with some r isk in the absence of a 
population threshold, estimation of a v i r tua l ly 
safe dose resul t ing in some suitably low level of 
ri3k offers a means of dealing with environmental 
chemicals which leads to regulatory options other 
than zero exposure or zero r i sk . Nevertheless, 
th is s t a t i s t i c a l procedure i s subject to certain 
l imitations (_19). Foremost among these i s the fact 
many different models may f i t the observed data 
equally well in s t a t i s t i c a l terms, yet differ 
markedly in terms of their behaviour in the low 
dose region (Figure 2 ) . Biologically, moreover, i t 
is doubtful that a s ingle mathematical model can 
fully describe al l aspects of the mechanisms 
u n d e r l y i n g r e s p o n s e p r o c e s s a s complex a s 
care inogenesis. 

Despite these uncer ta in t ies , two forceful arguments 
may be invoked in order to deduce workable risk 
estimation models. F i r s t , i t can be shown quite 
generally that low-dose l inear i ty wi l l obtain 
whenever the t e s t compound acts so as to increase 
the rate of occurrence of an already ongoing 
process in a dose-wise additive fashion (20)• 
Second, there 13 an increasing body of evidence 
which s u g g e s t s t h a t l i n e a r dose r e s p o n s e 
relat ionships may be expected with genotox.ic 
carcinogens, provided that the measure of dosage 
used represents the level of DNA adducts formed 
with the reactive metabolite in the target t i ssue 
(21_) . (In the case of metabolic activation systems 
governed ent i rely by simple f i r s t -order or l inear 
k ine t i c s , the administered dose wil l in fact be 
proportional to the effective dose at the target 
t i s sue . ) 

Although d i s t inc t ly different in approach, both 
arguments faveur the so-called l inear hypothesis, 
or low-dose l i n e a r i t y . Even In the ease of a 
sublinear or threshold-l ike behaviour, l inear 
e x t r a p o l a t i o n p r o c e d u r e would be a t wors t 
conservative. Certain United States regulatory 
agencies have thus accepted l inear extrapolation as 
a guide to decision-making, with an acceptable 
l i fe- t ime cisk of cancer somewhere in the range 
10_:> to 10"' (22,23). In this manner, quant i ta t ive 
r isk assessment techniques are uised to determine 
human r i s k . I t must be cautioned that th i s 
approach may put more weight on the extrapolation 
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of animal data than can be borne , quan t i fy ing 
response beyond the realm of b i o l o g i c a l c e r t a i n t y . 

Because of the u n c e r t a i n t i e s involved in low-dose 
e x t r a p o l a t i o n , s e v e r a l rough y e t r obus t measures of 
potency have been proposed to rank chemical 
carc inogens according to t h e i r r e l a t i v e s t r e n g t h 
(24 , 2 5 ) . The potency index proposed by Clayson 
(24) i s based on the dose t h a t w i l l induce an 
excess of 50$ over spontaneous response r a t e . By 
focuss ing on a dose cor responding to r e l a t i v e l y 
h igh- response r a t e s , the problem of low-dose 
e x t r a p o l a t i o n i s c i rcumvented . However, i t i s 
w e l l - e s t a b l i s h e d t h a t c a r c i n o g e n i c po t enc i e s can 
d i f f e r markedly between s p e c i e s so t h a t the problem 
of i n t e r - s p e c i e s e x t r a p o l a t i o n remains . 

INTERNATIONAL EVALUATIONS 

T h i s , then , i s the armamentarium with which the 
hazard of a chemical can be de termined. In 
a d d i t i o n to n a t i o n a l e v a l u a t i o n s , i n t e r n a t i o n a l 
committees of WHO (World Health Organiza t ion) and 
FAO (Food and A g r i c u l t u r e Organ iza t ion) have 
p r o v i d e d d e t a i l e d a n a l y s e s f o r a number of 
c h e m i c a l s , e s p e c i a l l y p e s t i c i d e s and food 
a d d i t i v e s . The I n t e r n a t i o n a l Agency for Research 
on C a n c e r h a s p r e p a r e d e v a l u a t i o n s of t h e 
ca rc inogen ic r i s k of chemicals t o human be ings : 
over 500 compounds have been eva lua ted to d a t e . In 
the U.S.A. the Na t iona l Toxicology Program, 
p r e s e n t l y funded a t some $72.1 m i l l i o n annua l ly , i s 
de termining the t o x i c e f f e c t s of chemicals and 
developing new t e s t methods: nea r ly 800 chemicals 
a r e under study a t the p r e s e n t t i m e . In I960, the 
t h r e e U.N. A g e n c i e s (WHO, IL0 , and UNEP) 
inaugura ted the I n t e r n a t i o n a l Programme on Chemical 
Safe ty to extend and develop e v a l u a t i o n of the 
e f f e c t s of chemicals on human h e a l t h and the 
environment . Some 18 major i n d u s t r i a l c o u n t r i e s 
a re now members of the program which i s based on 
the concept of work being c a r r i e d out in the member 
s t a t e s through lead i n s t i t u t i o n s . 

In an a t t empt to harmonize t e 3 t procedures for 
chemicals and hence reduce the adverse e f f e c t s on 
i n t e r n a t i o n a l t r a d e , the 0ECD Chemicals Group i s 
analyzing a number of key p roces ses used for the 
eva lua t ion of c h e m i c a l s . An e x t e n s i v e compi la t ion 
of g u i d e l i n e s for t e s t i n g procedures ha3 been 
publ ished and minimum pre-marke t da ta packages for 
a l l c h e m i c a l s h a v e b e e n p r o p o s e d t o member 
governments. 

PRIORITY RANKING OF CHEMICALS 

The s e l e c t i o n of chemicals for t o x i c i t y t e s t i n g 
t r a d i t i o n a l l y h a s b e e n d o n e f o l l o w i n g an 
I n t e g r a t i o n of f a c t o r s by exper ienced s t a f f on the 
b a s i s of t h e i r knowledge, bu t not u sua l ly in a 
formal manner. More r i g o r o u s methods of p r i o r i t y 
s e t t i n g a re being developed in many c o u n t r i e s . In 
C a n a d a , a L i s t o f P r i o r i t y C h e m i c a l s t o be 
considered under the Environmental Contaminants Act 
i s gaze t t ed a n n u a l l y . Three s e t s of c r i t e r i a a re 
a p p l i e d : t o x i c e f f e c t s t o human h e a l t h o r 
environment, p e r s i s t e n c e , and q u a n t i t y and u s e . 

On t h e b a s i s o f s u b m i t t e d c o m m e n t s a j o i n t 
I n t e r d e p a r t m e n t a l Health and Welfare/Environment 
Committee deve lops a l i s t of p r i o r i t y c h e m i c a l s . 
To d a t e , a l i s t of some 22 chemicals and groups has 
been e s t a b l i s h e d , c l a s s i f i e d a s : Category I -
r e g u l a t i o n s being developed; Category I I - under 
i n v e s t i g a t i o n ; Category I I I - f u r t h e r s tudy or 
informat ion r e q u i r e d ; Candidate Cheinical3 
p o t e n t i a l p rob lems . I t must be remembered t h a t 
chemicals a l r eady c o n t r o l l e d under o t h e r f e d e r a l 
l e g i s l a t i o n such as food a d d i t i v e s , d r u g s , or 
p e s t i c i d e s , (or as environmental contaminants such 
a s a r s e n i c , mercury, ox ides of n i t r o g e n and su lphur 
t h a t a r e c o n t r o l l e d under o t h e r mandates) a r e 
excluded from t h i s l i s t . Although the system of 
p r i o r i t y s e t t i n g i s l e s s v i g o r o u s and l e s s 
t ime-consuming, the f i n a l l i 3 t i s s i m i l a r to t h a t 
de r ived by the In teragency T e s t i n g Committee of the 
U.S.A. Toxic Substances Control Act . This l a t t e r 
system i s based on 3ome 34 s c o r i n g sub - sys t ems . 
Other l i s t s have been developed by i n t e r n a t i o n a l 
o r g a n i z a t i o n s and the WHO/ILO/UNEP I n t e r n a t i o n a l 
Programme on Chemical Safe ty has provided a 
p r i o r i t y l i 3 t of over 100 i n d u s t r i a l chemicals and 
groups of chemica l s . 

EXAMPLES OF RISK ASSESSMENTS 

I t may be a p p r o p r i a t e a t t h i 3 s t a g e to o u t l i n e the 
manner i n which r l3k i d e n t i f i c a t i o n and e s t i m a t i o n 
t echn iques have a c t u a l l y been used to form the 
f i n a l assessment on which pas t r e g u l a t o r y a c t i o n s 
have been based . To beg in wi th t he most Draconian 
of a l l r e g u l a t o r y a c t i o n s - a ban - we can t ake the 
c a s e h i s t o r i e s of T r i s (2 , 3 - d l b r o m o p r o p y 1 ) 
phosphate (TRIS), and urea-formaldehyde foam 
i n s u l a t i o n (UFFI) . 

TRIS. This compound was used a s a flame r e t a r d a n t 
for t e x t i l e f a b r i c s , p a r t i c u l a r l y c h i l d r e n ' s 
c l o t h e s , u n t i l the U.S. Na t iona l Cancer I n s t i t u t e 
s t u d i e s (2J3) showed i t to be c a r c i n o g e n i c in both 
r a t s and mice, causing a v a r i e t y of n e o p l a s t i c 
l e s i o n s in both s p e c i e s . In r a t s , moreover, 
tumours were observed as e a r l y as a3 5-6 months 
i n t o the two-year study a t doses a3 low as 50 and 
100 ppm i n t h e d i e t . I n v i t r o b a c t e r i a l 
mutagenesis t e s t s f u r t h e r imp l i ca t ed TRIS a s being 
a po t en t mutagen (27) • As TRIS i s r e a d i l y absorbed 
through both the 3kin and g a s t r o i n t e s t i n a l t r a c t , 
s i g n i f i c a n t exposure l e v e l s could r e s u l t from 
wearing garments t r e a t e d with t h i s compound over a 
p e r i o d o f s e v e r a l d a y s . B e c a u s e o f i t s 
demonst ra ted ca rc inogen ic and mutagenic a c t i v i t y , 
the p o t e n t i a l for a p p r e c i a b l e human exposure , and 
the a v a i l a b i l i t y of a l t e r n a t i v e t r e a t m e n t s , the 
s a l e of TRIS on t e x t i l e f i b r e s in tended for use in 
wearing a p p a r e l was banned under Pa r t I of the 
Hazardous Products Act in 1977. 

UFFI. The s a l e of UFFI was b a n n e d u n d e r t h e 
Hazardous Products Act in December 1980. The 
h e a l t h e v a l u a t i o n which led to t h i s d e c i s i o n was 
l a r g e l y b a s e d on t h e t o x i c p r o p e r t i e s o f 
formaldehyde r e l e a s e d from the polymer, a l though 
t h e r e were concerns of the p o s s i b l e growth of 
pa thogen ic micro-organi3ms in i n s u l a t e d homes ( 2 8 ) . 
The a c u t e , i r r i t a t i n g p r o p e r t i e s of formaldehyde 
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gas are well e s t a b l i s h e d i n c l u d i n g i t s p a r t i c u l a r 
dangers to the pulmonary system. Rodent s t u d i e s 
have a l s o shown tha t formaldehyde can induce nasa l 
carcinomas a t r e l a t i v e l y low c o n c e n t r a t i o n s . When 
s u b j e c t e d t a s t a t i s t i c a l a n a l y s i s u s i n g a 
l i n e a r i z e d m u l t i - s t a g e model, these s t u d i e s 
iu££»9tp<i t h a t exposure to 0.01 ppm formaldehyde 
over and above ambient l e v e l s n igh t produce an 
a d d i t i o n a l 52 cancers in a popu la t ion of s i z e one 
m i l l i o n over a 16-hour pe r /day exposure fo r s i x 
yea r s (29_). I n f a c t , we used t h i s f igu re t o 
e s t i m a t e t h a t the recommended indoor a i r g u i d e l i n e 
of 0.1 ppm formaldehyde would give a cancer r i s k 
p o s s i b l y l e a s than t h a t of smoking o n e - t h i r d of a 
c i g a r e t t e each day. These a re t he h e a l t h r i s k s 
a s s o c i a t e d with formaldehyde, but one must a l s o 
r e c o g n i z e t h a t k n o w l e d g e of i t s i n s u l a t i o n 
inadequac ies and adverse e f f e c t s on b u i l d i n g 
s t r u c t u r e as wel l as the a v a i l a b i l i t y of 3a fe r , 
b e t t e r i n s u l a t i o n m a t e r i a l s c o n t r i b u t e d t o the 
u l t i m a t e p o l i t i c a l dec i s i on to ban. 

S a c c h a r i n . This a r t i f l c a l sweetener p rov ides an 
example of h e a l t h concerns l e a d i n g to a r e s t r i c t e d 
r a t h e r than t o t a l ban. During the 1 9 7 0 ' s , t h r ee 
s e p a r a t e two-genera t ion cancer b ioassays c l e a r l y 
imp l i ca t ed s accha r in as being r e s p o n s i b l e for an 
Inc reased inc idence of b ladder tumours among second 
g e n e r a t i o n male r a t s , i nc lud ing one 3tudy conducted 
by the Hea l th P r o t e c t i o n Branch U l ) . Exposed male 
r a t 3 i n both the pa ren t and second g e n e r a t i o n s 
showed an e l eva t ed inc idence of b l adde r tumours a t 
doses which exceeded human exposure l e v e l s by a t 
l e a s t 800 t imes (based on the consumption of one 
b o t t l e of d i e t soda per d a y ) . Although o the r 
c o r r o b o r a t i n g da ta were a v a i l a b l e , t h i s was the key 
experiment l ead ing to the d e c i s i o n to r e s t r i c t i t s 
use a t a t ime when nea r ly 100,000 kg of s a c c h a r i n a 
year were being used i n Canadian f o o d s . Some 
ep idemio log ica l support for t h i s d e c i s i o n came from 
a c a s e - c o n t r o l study conducted i n Canada (30) 
sugges t i ve of an inc reased r i s k of b ladder cancer 
i n m a l e s c o n s u m i n g a r t i f i c i a l s w e e t e n e r s , 
p a r t i c u l a r l y s a c c h a r i n . Although s a c c h a r i n was 
banned under the Food and Drugs Act as a d i r e c t 
food a d d i t i v e i n March 1977, i t con t inues to be 
s o l d i n pharmacies for the b e n e f i t of those who 
need a n o n c a l o r i c swee tener . 

F i n a l l y , we can provide examples of where r i s k 
e s t i m a t i o n has led to r e g u l a t o r y g u i d e l i n e s which 
i m p l i c i t y recognize an a c c e p t a b l e l e v e l of r i s k i n 
the p o p u l a t i o n . 

Chloroform. This i s the commonest t r i ha lome thane 
formed a f t e r c h l o r i n a t i o n of d r i n k i n g wa te r : i t 3 
c o n c e n t r a t i o n i n Canadian d r i n k i n g water can be as 
high as 121 / J g / t . Tox ico log i ca l s t u d i e s by the 
U.S. Na t iona l Cancer I n s t i t u t e found a d o s e - r e l a t e d 
i nc idence of malignant tumours i n t he kidneys of 
male r a t s and the l i v e r s of mice of both s e x e s . 
Human s t u d i e s have shown l i v e r damage can be caused 
by chloroform. E x t r a p o l a t i o n from the rodent 
s t u d i e s us ing the l i n e a r o n e - h i t s t a t i s t i c a l model 
give3 an upper confidence l i m i t on r i s k of the 
o rde r of 1 cancer i n two m i l l i o n popu la t ion per 
year from dr ink ing water c o n t a i n i n g the recommended 
maximum a c c e p t a b l e c o n c e n t r a t i o n , in the Canadian 
Dr inking Water G u i d e l i n e s , of 350 ,ug/L for t o t a l 

t r i h a l o me t h a n e s ( 3 D - I n t h i s e x a m p l e , 
e x t r a p o l a t i o n from animal s t u d i e s t o man by means 
of a s t a t i s t i c a l system i s d e f e n s i b l e because we 
know the human t a r g e t organ for chloroform and 
t h e r e i s some evidence of s i m i l a r c re tabol ic 
pathvmya. S i m i l a r arguments have been developed 
(32) a t an e q u i v a l e n t l e v e l of r i s k for the 
d e t e r g e n t b u i l d e r n i t r i l o t r i a c e t i c a c i c wnich 
produces u r i n a r y tumours in roden t s and can occur 
a s a contaminant of d r ink ing w a t e r . 

D l o x l n s . The most n o t o r i o u s and most t o x i c member 
of the p o l y c h l o r i n a t e d d ibenzo -p -d iox in s i s the 
t e t r a c h l o r o congener , TCDD (3_3_) • Analyses of Great 
Lakes f i s h have shown the presence of TCDD a t low 
c o n c e n t r a t i o n s and led to the e s t a b l i s h m e n t by the 
Department of N a t i o n a l Heal th and Welfare of a 
g u i d e l i n e of 20 ppt in commercial f i s h . Animal 
s t u d i e s show t h a t TCDD i s a c u t e l y t o x i c , 
c a r c i n o g e n i c , t e r a t o g e n i c , lmmunotoxic, and has 
3evere e f f e c t s on r e p r o d u c t i o n . The g u i d e l i n e was 
der ived by applying a 2 ,000- fo ld s a f e t y f a c t o r to 
t h e l o w e s t e f f e c t l e v e l a s s o c i a t e d w i t h 
r e p r o d u c t i v e e f f e c t s and c a r c i n o g e n i c i t y in 
a n i m a l s . The a p p l i c a t i o n of a s a f e t y f a c t o r for 
c a r c i n o g e n i c i t y can be J u s t i f i e d because t h e r e i s 
no evidence t h a t TCDD i s a genotoxlc c a r c i n o g e n . 

CONCLUSIONS 

In t h i s pape r , we have a t tempted to provide an 
overview of the a v a i l a b l e procedures for chemical 
hazard a s se s smen t . We acknowledge the l i m i t a t i o n s 
of our c u r r e n t t echn iques for a s s e s s i n g t o x i c i t y 
and hence the r i s k from environmental c h e m i c a l s . 
We a re l i m i t e d by the e t h i c a l i m p o s s i b i l i t y of 
e x p e r i m e n t i n g on human b e i n g s and by t h e 
i nadequac i e s of our b a s i c knowledge of the t o x i c 
a c t i o n of the c h e m i c a l s . In a d d i t i o n , n e a r l y a l l 
our informat ion focussea on I n d i v i d u a l exposure 
thereby n e g l e c t i n g the complex i t i e s of r e a l l i f e in 
the workplace and indoor or outdoor environments 
where we a r e s imul taneous ly exposed to a mu l t i t ude 
of chemica l s , l e t along c o n s i d e r a t i o n of s t r e s s and 
l i f e s t y l e f a c t o r s . N e v e r t h e l e s s , i t can be seen 
t h a t we a r e p r o g r e s s i n g - a l b e i t h e s i t a t i n g l y - to 
a more sys temat i zed , and l o g i c a l approach to 
a s s e s s i n g the r i s k s of envi ronmenta l chemicals and 
hence t o the p o l i t i c a l judgements t h a t fo l low. 
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DISCUSSION 

3.R. Darrah 

In analyzing the data obtained from experi
ments, what method of curve fitting is used 
Lo uliUiii. '-lie ":IÛ-effect" level? I under:st.ind 
that there are -i or 5 such methods , and I 
wonder which method is used by che Health 
Protection 3ranch of Health and Welfare Canada. 

Reply 

In theory, a no-effect level would be one 
that would result in no adverse effects in a 
population of experimental animals. Such a 
level must however be estimated on the basis 
of only a sample of animals in the population 
and is hence subject to sampling or experi
mental error. An "observed" no-effect level 
is sometimes taken to be that dose at which 
the response rate is not significantly in
creased in statistical terms in treated 
animals relative to unexposed controls. The 
problem, however, is that the observed no-
effect level will depend on the sample size, 
with larger and larger experiments being able 
to detect smaller and smaller effects. 

J.A. Hewitt 

There seems to have been very little discussion 
of the •'>ize?GCticr. effects of various chemicals 
within either human or animal studies. Joes 
~i:is come into your suggestions for policy, 
and is it taken into account in the original 
formulation of problem areas? 

Reply 

nature, it is not easy to believe there 
ever could be one. 

i'askievici 

Is the level of "acceptable risk", as indi
cated for chloroform, the same for all car
cinogenic chemicals? 

Reply-

So. The level of risk, either as a guide
line or regulation, depends on many factors 
and is ultimately the result of a political 
decision. 

A. Szakolcai 

This is true for almost all our studies although 
the potentiation effect of smoking or asbestos 
and radon exposure is well known. We need 
much more information on the additive and per
haps synergistic effects of the range of 
chemicals to which we are exposed. 

You have mentioned the recently-developed 
Squire's approach to evaluating carcino
gens and that it is not too useful for ul
timate decision-making. For comparing large 
numbers of 'carcinogens' in the scientific 
risk analysis milieu would you say that it 
is comparable to NTT; IARC and other eva
luations presently available? 

Reply 

Dr. Squire has developed a useful measure of 
the extent and potency of carcinogens. It 
is a valuable tool for the ranking of 
chemicals but it cannot be directly linked 
to the decision-making process. I am not 
aware that either NTP or IARC have a 
similar scoring system. 

David Hitchcock 

It appears from your discussion of the levels 
of risk from various chemicals, the availabi
lity of alternatives in some cases and che 
quality of the product that there is some con
sistent pattern in how the Department of 
Health and Welfare arrives at a reasoned 
judgement as to whether to recommend a ban, 
restriction, guidelines or nothing. Can you 
describe this pattern? 

Reply 

I trust that I have provided in this paper 
an outline of the methods that the Department 
has used to ban, restrict, or issue guidelines. 
Although these actions follow a reasoned 
analysis of the scientific data, there is no 
rigorous procedure to give a regulatory de
cision and, considering its ultimate political 
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ABSTRACT 

Epidemiology provides definitive information on 
the risk to man of environmental exposures. 
However, small effects may be difficult to 
detect, especially on common conditi<ns, while a 
substantial delay may occur before an effect i3 
seen. 
Four examples of epidemiology in assessing risk 
are presented. Several, but not all 
epidemiologic studies of saccharin suggest risk 
of bladder cancer, particularly in sub-groups. 
With widespread exposure expected from the new 
artificial sweetener, aspartame, epidemiologic 
monitoring of such groups i3 desirable. 
Epidemiologic monitoring is also required for 
occupational exposure to chemicals. For known 
carcinogens, the aim is warning of too high 
exposure and identification of disease for 
compensation. For new chemicals, the need is to 
identifv unsuspected hazards. Records of the 
identity of workers and their exposure, 
together with record linkage to national files, 
provides the mechanism. 
Associations of diet and cancer raise questions 
regarding the weight of evidence required to 
justify population advice to change diet, such 
as reduction in fat intake. Similar issues 
arise over the risk of induction of brea3t 
cancer with mammography. It is necessary to 
expose women to mammography to demonstrate that 
benefit outweighs risk. However, new evidence 
suggests very low risk in the age group entering 
screening programmes. 

INTRODUCTION 

In the context of this symposium epidemiology i3 
the science which will result in the most direct 
assessment of the risk that environmental 
exposures (including lifestyle factors) will 
result in disease in man. Epidemiology can be 
defined as the study of the distribution and 
determinants of disease in human populations. 
By distribution we mean who gets the disease, in 
what frequency, where does this disease occur 
and what are the time relationships? By 
determinants we mean the causes or potential 
causes of disease. 3y including human 
populations in our definition we indicate that 

we are concerned with risk of disease in people 
in the world, in countries, in provinces, in 
cities, towns, villages and sparsely populated 
areas. Epidemiology is a numerical science and 
draws heavily on statistics but also is 
dependent on inference and intuition. The 
processes of scientific discovery in 
epidemiology, as in any other science, include 
the sudden flashes of inspiration and 
understanding and then the painstaking work 
involved in testing the hypothesis so derived. 

Epidemiology uses four main methods of enquiry. 
Using descriptive methods we observe what is 
happening and quantify it. We are interested in 
the distribution of disease in terms of person, 
place and time. We study what occurs in defined 
populations; defined through national censuses, 
defined by virtue of the fact that they comprise 
a group of individuals who have worked during a 
specified time period in a certain plant or 
industry, defined by virtue of ethnicity, 
migration, dietary habits, or other aspects of 
lifestyle. We are of course fundamentally 
interested in the numerators, the people who get 
the disease, but we cannot complete our studies 
without detailed information on the 
denominators, the population from whom the 
diseased individuals arose. 

Analytical epidemiology take3 the hypotheses 
developed through descriptive methods and 
attempts to relate the occurrence of disease to 
the determinants or causes. Two main methods 
are used, case-control and cohort. In a 
case-control study we identify a group of 
individuals with the disease, the cases, and a 
comparable group of individuals who do not have 
the disease, the controls. The critical word 
here is comparability. The controls should be 
as similar to the cases as possible except in 
the fact they do not have the disease. We 
achieve this by various approaches to selection 
of controls; either individually matching them, 
group matching them by certain factors, or by 
carefully "controlling" the differences in some 
of these factors such as age, sex, ethnicity 
etc. in our analyses of the effect of other 
factors. If we want to make inferences to the 
general population, and frequently we do, we 
seek a population-bastsd series of cases newly 
diagnosed within a defined time period and we 
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use a cor.t:':.! series selected at random from a 
sampling frame of the general population. In 
case-control studies we are starting with the 
disease and looking back to the potential causes 
and assessing the significance of the potential 
causes by comparing their frequency and extent 
of expc~ur° in 'h? ^s°s snrf th° controls. 

In a cohort study we start with the putative 
cause or exposure. Me identify groups of 
individuals who have been exposed to the factor 
of interest and comparable individuals who have 
not and we follow these individuals in time to 
assess the incidence and or mortality of the 
disease of interest in the two groups. If there 
are differences in the disease rates, and if the 
only real difference between our groups is in 
the extent of exposure, then we can assume that 
the exposure was responsible for these 
differences. Cohort studies involve large 
numbers of individuals and are therefore more 
expensive in money and time than case-control 
studies. They are also somewhat limited in 
their approach in that they are dependent on 
studying the factors that have been identified, 
often relatively few, in the large groups of 
individuals being followed. In this respect 
they differ from ca3e-control studies in which 
we can often study the influence of a number of 
different factors simultaneously, and assess 
their interaction. However they have two major 
advantages over case-control studies. The 
ascertainment of exposure occurs before the 
development of disease and is thus free of any 
suspicion of bias, and the exposure can be 
related not just to one disease but to a3 many 
as occur in the populations being followed. 
Hence, we can, for example, study the effect of 
tobacco on many different diseases of interest. 

These two analytic methods are complementary 
In the past one tended to use case-control 
studies to derive hypotheses which were then 
tested in cohort studies. Now we may derive a 
hypothesis from one case-control study and test 
it in a second, or we may use the cohort 
approach to develop hypotheses which are then 
tested in case-control studies. We are more 
aware of the potential biases and errors 
associated with both types of endeavour, and 
although no study is ever perfect, it is 
possible to develop means to try and overcome 
the biases or minimize their effect. 

The fourth type of epidemiologic enquiry is the 
intervention study. It is not possible to 
directly assess the effect of a potentially 
hazardous exposure by an intervention or 
experiment in man. This would be unethical. 
The three previous lines of enquiry, which are 
the observational aspects of epidemiology, 
however, capitalize on natural or unwitting 
experiments on man. The intervention study in 
epidemiology can, however, be used for the 
reverse, that is, to test the effect of factors 
that may prevent disease or inhibit the effect 

of another causative factor. Intervention 
studies have been used in the fora: of controlled 
clinical trials for assessing treatment of many 
diseases for several decades. They are now 
being used to assess the effect of preventive 
maneuvers and by such means can often be the 
last link in establishing the cause of the 
disease. Thus they are used to assess the 
effect of maneuvers in m3n that may achieve 
reduction of risk. 

THE CONCEPT OF RISK I» HUMANS AS DERIVED FHOM 
EPIDEMIOLOGIC STUDIES 

The risk of occurrence of disease in man is 
measured by the incidence of that disease. 
Incidence can be accumulated over a lifetime in 
a population to measure cumulative incidence 
which is approximately equivalent to lifetime 
risk of disease (]_). In a cohort study, the 
incidence of disease is measured directly, the 
ratio of incidence in those exposed to a factor 
relative to the incidence of tne same disease in 
those not exposed to the factor, providing a 
measure of the relative ri3k as a result of the 
exposure. The difference between the incidence 
of disease in those exposed and th03e not 
exposed, provides a second measure of risk, the 
attributable risk, which is simply that amount 
of disease in the exposed which can be 
attributed to the exposure providing it is 
causal. Such measurements of risk are only 
valid if the two groups in whom the incidence of 
disease is compared, differ only by the factor 
of interest or if other factors influencing the 
risk of disease are controlled in the analysis. 
The derivation of the attributable risk is 
dependent on the not unreasonable assumption 
that in those exposed to the factor of interest, 
in the absence of the factor, the incidence 
woul<2 have been similar to those not exposed. 
In case-control studies, estimates of the 
relative risk can be derived and a large body of 
statistical and epidemiologic literature has 
accumulated to confirm the equivalence of the 
odds ratio derived from case-control studies 
with the relative risk from cohort studies. 
Indeed, the same terminology is normally used. 
Estimates can al3o be derived of the 
attributable risk in case-control studies. 
Providing the cases are representative of the 
disease arising in the population and the 
controls are also representative of the 
population, so that estimates of exposure to the 
factor of interest in the population can be 
derived from the control series, case-control 
studies can also be used to estimate the 
population attributable risk. 

One difficulty over these measures is the extent 
to which risk may vary with age. Although for 
many factors, risk appears to stay constant with 
age, almost invariably there is a latent period 
between first exposure and the expression of a 



risk, producing the effect of increasing risk 
with increasing age while at extreme ages risk 
nay f3ll because "he population nay have lost 
most of those susceptible tc the effect of the 
risk factor. This ^ay be particularly so if a 
risk factor or constellation of risk factors is 
responsible for more than one disease and if 
the">e diseases are relatively common in a 
population. An additional complexity is that 
risk nay vary in populations because of changing 
intensity of exposure to risk factors with 
time. This may lead to different expectations 
of lifetime incidence for different birth 
cohorts. In this respect, cross sectional 
incidence at different ages in the same tine 
period may be somewhat misleading as to the 
expected lifetime incidence in a population. 
Examples of changes in risk by birth cohort 
which cause difficulties in deriving estimates 
of expected risk include tuberculosis with a 
decline in risk for successive birth cohorts 
particularly in males, so that cross sectional 
incidence curves show maximum ri3k at older 
ages, lung cancer, where cigarette smoking 
patterns result in maximum risk at middle ages 
and declining risk at older ages, and cancer of 
the cervix where there have been complex birth 
cohort effects, resulting in difficulties of 
interpretation of trends in incidence. There 
may also be a true variation in susceptibility 
to risk of disease with age. Differences in 
susceptibility to various factors of the foetus, 
the infant, young child, adult or aged are w.ll 
recognised. Thus age has to be regarded as a 
potential confounder in epidemiologic studies, 
and age related effects controlled by matching 
or in the analysis. 

However, there are some limitations of 
epidemiology which relate to the determination 
of risk in man. Epidemiology began with the 
study of infectious diseases. In many 
infectious diseases the direct relationship 
between exposure, often to another infected 
individual, and the occurrence of disease, 
facilitated study in man. The time between 
onset of exposure and occurrence of disease 
could be measured in hours, days or weeks. When 
epidemiologic methods were used to study the 
effect of chronic infectious diseases such as 
tuberculosis the time element became prolonged, 
over decades, and sometimes almost a lifetime. 
This greatly increased the complexity of the 
studies. Similar complexities of'?n affect the 
epidemiologic study of chronic diseases and of 
the factors that may increase the risk of their 
occurrence. It has now been well documented, 
for example, that exposure to some chemicals in 
an industrial plant may be followed by bladder 
cancer up to forty or more years after the onset 
of exposure (.2). It is quite usual in other 
circumstances for there to be long periods 
between onset of exposure and development of 
chronic disease. Thus, the peak incidence of 
smoking related lung cancer occurs in men in 
their sixties and seventies yet they commenced 

cigarette smoking in their teens (3.)- The peak 
incidence of coronary heart disease occurs also 
late in life, yet it now seems possible that 
some of the dietary factors which are relevant 
begin to exert an influence in childhood. If 
therefore we are interested in the potential 
risk of a newly introduced chemical or other 
substance in o<:~ environnent it could take 
decades before we can be absolutely certain that 
such use has not resulted in increase in risk. 
What is more, we now recognize that exposure in 
utero may increase risk ' of disease 
subsequently. We know of the effect of 
radiation and diethylstilbestrol in increasing 
the risk of childhood cancers (£) and vaginal 
adenocarcinoma in young women (.5), respectively, 
but what of the possible effect of trans
placental carcinogens on cancer in late, middle 
and old age? 

Stallones (6) has recently indicated that the 
complexity of an exposure may sometimes result 
in it being impossible to assess the 
significance of this by epidemiologic methods. 
His example related to the use of antibiotics as 
animal feed supplements and consequent risk of 
transferable bacterial resistance to salmonella 
that could result in antibiotic resistant 
disease in man. However, because meat consumed 
in any one area may come from animals reared in 
a number of different places and different 
area3, it may be impossible to work out whether 
an antibiotic resistant srganisra developed 
through exposure in an animal to low doses of 
the antibiotic, or in another human that was 
inadequately treated. 

In addition there is the problem of sample 
size. The epidemiologic method will readily 
identify strong risks, especially if they 
result in unusual events (such as angiosarcoma 
of the liver in vinyl chloride workers). 
However, it i3 often difficult to identify weak 
effects, especially if they increase the risk of 
a common disease. To identify with confidence a 
relative risk less than 2.0 will require large 
sample sizes. Further, such relatively low 
risks may be difficult to distinguish from the 
effect of other risk or confounding factors. 

Epidemiology therefore can provide the only 
definitive evidence that there is a risk in 
man. However, because of the problems of latent 
period and technical difficulties in the 
enquiry, it cannot be used to confirm absolute 
safety though it can often put confidence 
intervals around the extent of the possible 
risk. These facts have substantial implications 
in the use of epidemiology in relation to new 
exposures in our environment. It then very 
often becomes a philosophical or political issue 
as to whether or not certain exposure should be 
permitted. The epidemiologist can contribute to 
thi3 by deriving direct evidence • of risk, but 
often the evidence he can adduce is 
insufficiently precise for more than an opinion, 
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and then his views should count to no greater an 
extent than that of the general public. 

ASSESSMENT OF THE RISK 0" CANCER USISG THE 
EPIDEMIOLOGIC METHOD 

Having sketched out the background of 
epidemiologic methods of enquiry and the 
assessment of risk using epidemiology, I should 
now like to present four examples of our 
experience in attempting to assess the risk of 
cancer in man. I make no apologies that my 
exasples are drawn from the cancer field. The 
public has a major concern over the risk of 
cancer, recognizing that it is not an optimal 
route to death. However, examples drawn from 
the cancer field can point to general policy 
issues each one of which requires a 
philosophical as distinct from a scientific 
resolution. 

The Risk to Man of Consumption of Artificial 
Sweeteners 

My first example relates to the possibility that 
artificial sweeteners may increase the risk of 
cancer, specifically bladder cancer, in man. I 
am not here concerned with interpretation of the 
experimental evidence. It is sufficient for our 
purposes to acknowledge that the International 
Agency for Research on Cancer has accepted that 
there is sufficient evidence of the 
carcinogenicity of saccharin and limited 
evidence for the carcinogenicity or 
cocarclnogenicity of cyclamate (J). What we are 
concerned about is the place of-epidemiology in 
the assessaent of risk. 

There have been three apparently positive 
epidemiologic studies linking consumption of 
artificial sweeteners with risk of bladder 
cancer in man. The first, our own, indicated a 
relative risk of 1.6 for niale consumers of 
artificial sweeteners compared to non-consumers 
(8_). However in females the risk was 0.6. 
Because of smaller numbers the apparently, 
reduced risk in females wa3 not statistically 
significant but the increased risk in males 
was. Wynder and Stellman (£) reported two 
sequential 3tudies (Table I). ~ In the first 
they showed an increase in risk in males of the 
same order a3 ourselves, but when other factors 
associated with the study (the distribution of 
cases and controls) were controlled in the 
analysis the risk estimate fell to non-significant 
levels. ÎÇevertheless, the approach used for con
trolling for those factors did not escape criti
cism (10). 

Table 1 
Studies of Artificial Sweetener Use 

From Wynder and Stellman (9_) 

Male3 Females 
Study 7 : 

Number of cases ^02 122 
Crude RR 1.85 0.99 
Adjusted RR 1.-3 0.59 
Matched RR 1.13 0.80 

Study 2: 
Number of cases 302 65 
Matched RR 0.93 0.62 

In a later study, with careful one to one 
matching of cases and controls, they showed no 
effect of artificial sweeteners. 

The third positive 3tudy, by Cartwright and his 
colleagues (_lO showed an increased ri3k of 
bladder cancer among saccharin takers who are 
non-smokers, but not for smokers. (Table 2) 

Table 2 
Relative Risk of Bladder Cancer According to 

Smoking and Cigarette Use 
From Cartwright et al ( VV) 

Saccharin takers Males Females 
who are : 

Non-smokers 2.2 1.6 
Smokers 0.9 1.2 

We were initially criticized for our analytic 
methods which in the opinion of the critic did 
not adequately take note of the effect of other 
factors (J[2). Subsequently however we were able 
to demonstrate that confounding by cigarette 
smoking or other known risk factors for bladder 
cancer was not an explanation for our findings 
(13,TO. (Table 3) 

Table 3 
Relative Risks of Bladder Cancer 
For Artificial Sweetener Use 

From Howe et al (8.1U) 

A/S Use/Day Males A/S Use/Day Females 

1 - « 0.9 1 - U 0.3 
5 - 6 1.6 5 - 6 0.5 
7 - 8 1.1 7 + 1.2 
> 8 2.8 
Any 1.6 Any 0.6 

That analy3i3 also indicated the possibility 
that women who were heavy users of artificial 
sweeteners were in fact at increased risk of 
bladder cancer as well as the corresponding 
group of men. However this was not a 
significant finding because of small numbers. 
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In addition to our positive findings, two 
epidemiologic investigations (15.16), one the 
largest epidemiologic study of bladder cancer 
ever condusted (J_5_), have shown increase in risk 
for certain subgroups, non-smoking females who 
were heavy users of artificial sweeteners 
(15,16) and male heavy cigarette smokers (16). 
(Table U) However several other studies have 
teen negative (17-cGi. 

Table U 
Relative Hisk of Bladder Cancer for 

Artificial Sweetener Use 
From Morrison and Buring (15) 

A/S Used 

Dietetic beverages 
Sugar substitutes 

yales 

0.9 
0.9 

Females 

1.3 
1.9 

What are we to make of these apparently 
conflicting findings? If we were using 
epidemiology to assess whether or not saccharin 
was a human carcinogen, we would have to 
conclude that the epidemiologic evidence was not 
consistent. However we face a different 
circumstance if we are using epidemiology to 
assess the potential risk of widespread human 
population exposure. As we are dealing with 
agents which are recognized from other evidence 
as being carcinogens, we have to accept that 
there is a possibility that the positive 
epidemiologic studies may have correctly 
identified risk and that the risk of widespread 
human exposure could result in a population 
increase in the incidence of bladder cancer. 
Using our study as a basis for such an 
assessment, we have estimated that exposure to 
one tablet a day of saccharin of the total male 
population in the United States would eventually 
result in the production of 17,000 excess 
bladder cancers a year (2p. (Table 5) This 
would be equivalent to 711 of the numbers of 
bladder cancers that would have occurred every 
year, a not inconsiderable proportion. 

Table 5 
Eventual Effect of Regular A/S Consumption 

of 1 Tablet/Day by Hales in US on 
Annual Number of Bladder Cancers 

From Miller and Howe (21) 

Consumption 

No A/S 
With A/S 
Extra attributable 
to A/S 

Number of Cases 

19,600 
67,300 

47,700 

One of the major features of artificial 
sweetener U3e at the present time is that 
heavier exposure tends to occur in the young, 
and often in young females, many who could 
become pregnant while consuming artificial 
sweeteners. Their sources of consumption are 

niainiy diet foods and soft drinks. In the 
animal studies the greatest risk from saccharin 
exposure was demonstrated in the two generation 
experiments (7_). We therefore have to be 
concerned that our own estimates, which are 
directed not to transplacental exposure but to 
exposure in adult life, may underestimate the 
risk of lifelong exposure to these agents. 

A new complexity has entered the situation with 
the introduction of the artificial sweetener 
aspartame. Aspartame has been extensively 
studied. Indeed some have said that this is the 
most extensively studied chemical of any that 
has ever been evaluated before its 
introduction. Possibly because of the extent of 
these endeavours, there has been controversy 
over whether or not the agent causes cerebral 
tumours in rats (all agree it does not do so in 
mice) (Table 6). Part of the controversy 
arises because of the nature of experimental 
studies. The use of small numbers of animals, 
small that is compared to the size of human 
populations, and very high doses. However, I 
would interpret one of the rat studies as at the 
least suspicious. 

Table 6 
Summary of Two Studies in Rats 

of Cerebral Tumours Following Aspartame 
(Adapted from reference 22_) 

Aspartame (Grams/Kg) Study 1 Study 2 

None (control) 
1 or 2 
'•* or more 

1/118 
5/15« 
7/157 

lJ/115 
3/75 
2/80 

Further, as far as I am aware, aspartame has not 
yet been tested for co-carcinogenicity, yet both 
saccharin and cyclamate appear to act as 
co-carcinogens or promoters in some test 
systems. The decision ha3 been taken to allow 
aspartame to be introduced in Canada (23). 
However the question ari3e3, even though the 
general consensus is that the animal studies 
were negative, as to whether the widespread use 
of aspartame may not after all increase the ri3k 
of disease in man. We cannot necessarily assume 
that an excess of cancers in one site in the rat 
would be reflected in an excess of cancers in 
the same site in man. 

What should we do, and particularly what is the 
responsibility of the licensing body to the 
general public, following the introduction of 
such a substance? Although one option is the 
routine monitoring of certain exposed human 
populations, government fund3 are not likely to 
be allocated for this purpose. Fortunately, we 
are in the process of establishing a cohort 
study of diabetics in Canada. Many diabetics 
have been pleased to provide information on 
their lifestyle and their usage of artificial 
sweeteners. Once such a cohort has been 
identified, with the facilities that exist for 
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following up large populations in Canada, it 
will be relatively easy to assess whether or not 
there is increased risk of disease compared to 
the general population. With evidence from the 
individuals themselves as to whether or not they 
use artificial sweeteners and the type of 
sweetener they use, it will also be possible to 
determine whether there is any indication of any 
particular rick froa consumption of aspartame. 
This of coarse will be a long term endeavour but 
I believe it would be inexcusable to allow this 
opportunity to pass without trying to assess 
whether or not any increase in risk from the 
introduction of this substance can be detected. 

Cancer and Occupation 

My second example relates to the carcinogenic 
risk of substances used in industry. A number 
of substances encountered in the occupational 
environment are now recognized as increasing the 
risk of cancer (2jO. Asbestos is a well 
recognized example, with those exposed showing 
increases in lung cancer a3 well as the 
gastrointestinal (£5) and upper respiratory 
tracts (2J5) after an appropriate latent period, 
which varies with cancer site from about 10 to 
20 or more years. The consensus now is that 
gastrointestinal cancer, particularly involving 
the esophagus, stomach and colon, as well as 
laryngeal cancer are increased approximately two 
fold by asbestos exposure while lung cancer is 
increased approximately five fold. However 
these increases in risk occur in heavily exposed 
populations and it seems unlikely that the 
exposure in the general population will result 
in anything like the increase in risk seen in 
certain occupational groups. This is reassuring 
in matters of public concern such as exposure 
cf school children to detectable levels of 
air-born asbestos from the use of asbestos in 
construction materials in schools in the past. 
However we should recognize that many people may 
be extensively exposed to asbestos when 
buildings are demolished if it is not 
appreciated that asbestos was used in 
construction and appropriate safeguards taken. 

My purpose however is not only to discuss the 
implications of recognized carcinogen exposure 
but what to do about the introduction of new 
chemicals into industry which might eventually 
be found to be carcinogenic. One approach to 
thi3 problem is to introduce regulations to 
ensure that new chemicals are appropriately 
tested by well- recognized procedures, such as 
short term and animal tests for carcinogenicity 
(27). However, it is by no means certain that 
such tests will identify all potential human 
carcinogens, although up until now there have 
been very few instances of well documented human 
carcinogens that have not been demonstrated a3 
carcinogenic in laboratory animals (arsenic is a 
well recognized exception). Nevertheless, there 
have been a number of instances of false 

negative results from the application of short 
term tests (2ÏJ) and it is extremely unlikely 
that it would be possible to insist upon animal 
tests in more than one species for all new 
chemicals introduced into the environment, 
especially if two different short term tests are 
negative. 

However we have to be concerned over the fact 
that many of the chemicals which have been 
introduced into the occupational and possibly 
more general environments in the last decade or 
so have been completely new. It is possible, 
therefore, that human carcinogens will continue 
to escape detection in spite of extensive 
testing before they are released because they 
involve a new mechanism for carcinogenicity. If 
new chemicals continue to be released there has 
to be concern that major episodes of 
occupationally induced disease, particularly 
cancer, could occur in the future. 
Epidemiologists also have to be prepared for the 
situation that some chemicals will be permitted 
in the occuDational and possibly even in the 
general environment which are recognized 
carcinogens but on which a political judgement 
has been made that the degree cf risk in man 
from exposure to them is sufficiently low and 
exceeded by the potential benefit obtained from 
them to justify their use. This has occurred 
for the continued use of saccharin in the United 
States and in Great Britain but not for 
unwitting exposure in foods and soft drinks in 
Canada. However it is not possible on the basis 
of present evidence to assess the precise degree 
of risk in man from exposure to chemicals found 
to be mutagenic in short term tests or even 
carcinogenic in animal studies. Most animal 
tests are in rodents, and for some chemicals it 
is likely that human3 will have a different 
susceptibility fror. rodents. Further, animal 
tests of necessity have to be performed at high 
exposure levels of the suspect carcinogen. 
There has been much debate over the appropriate 
extrapolation from high to low dose levels of 
dose-response curves. Even accepting there is 
no threshold for carcinogenic risk (clearly the 
prudent assumption to make for human ri3k 
assessment) there is little evidence available 
to guide us on the appropriate model to U3e for 
extrapolation. The models used, looking at 
relative body weights of animal3 and man, 
calculating on the basis of mg of carcinogen per 
kg food ingested, comparing the relative surface 
area of animals and man or basing the 
calculations on relative body weight over a 
lifetime, provide up to a forty-fold variation 
in estimates of effects at low dose levels. 
Thus at present there is very little basis for 
extrapolation from positive animal tests to 
making quantitative estimates of risk in man. 
All we can do is to assume on a qualitative 
basis that a carcinogen in animals indicates a 
carcinogenic risk in man. Further, we can not 
a33ume that the risk in man will be expressed in 
similar cancer sites as in the animal tests. 
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Doll and Peto (29) suggest the use of laboratory 
data for priority setting but not for risk 
assessment. They point out that animal tests 
suffer from random error and probably from large 
systematic errors of unknown direction and 
magnitude. With thousands of chemicals active 
to some extent or other, in one laboratory test 
or another, it is difficult to know what, if 
any, practicable regulations to enact on the 
basis of laboratory tests. They suggest that an 
appropriate use of laboratory test3 might be to 
multiply the potency of each positive chemical 
studied in the test by whatever crude estimate 
is available of the degree of human exposure to 
that chemical. This would yield an index of 
human hazard. On the basis of this, priorities 
might well be set for epidemiologic invest
igations on man or for measures to reduce 
exposure. 

For some recognized carcinogenic exposures such 
as radiation, a principle of ALARA - As Low A 
Risk as is Reasonably Achievable, is generally 
accepted. This of course i3 liable to 
differences in interpretation as to what is a 
reasonable risk. Under circumstances where it 
may not be possible to decide in advance upon a 
level of exposure to man that i3 likely to 
produce a very low or non-detectable increase in 
risk of cancer, it will be up to the 
epidemiologist to ensure that whatever standards 
are applied are not followed by what would be 
generally regarded as unacceptable increases In 
the incidence of disease. In my view, the *im 
should be zero exposure of workers from 
substances known to be carcinogenic. However 
for other chemicals that may in fact be 
carcinogenic but not appreciated to be so at the 
time, those exposed to them will have to be 
monitored for at least 20 to 30 years before an 
estimate of risk or confirmation of safety is 
possible. 

Some of the principles of epidemiologic 
monitoring were discussed as part of the Report 
of the Special Advisory Committee of Carcinogens 
of the Advisory Council on Occupational Health 
and Occupational Safety of the Ontario Ministry 
of Labour (319). The Council lias emphasized the 
need for exposure records for workers who have 
been exposed to a dangerous or potentially 
dangerous environmental agent. The question 
arises as to how such individuals can be kept 
under surveillance and how it can be determined 
whether or not they are at increased risk. 

The primary mechanisms for 3uch surveillance are 
already in place in Canada, comprising 
registrations of all deaths, by provincial 
registrars of vital statistics for which copies 
are submitted to Statistics Canada and 
provincial cancer registries established in each 
province that regularly submit their data to 
Statistics Canada. The death registrations in 
Statistics Canada have been consolidated into 
files accessible for computerized record linkage 

back to 7950 in the form of the National 
Mortality data base. The National Cancer 
Reporting System includes information on 
registrations of newly-diagnosed cancer from 
1969 on. Heccrd linkage procedures have been 
developed (3£) that facilitate inexpensive rapid 
computerised record linkage of incoming files 
with these two files of outcome (death or cancer 
registration) which either by comparison with 
other fil»s input at the same time of 
individuals unexposed or by reference to 
nationally reported mortality and cancer 
incidence can produce counts of observed events 
to compare with those expected. This system has 
already been used successfully (3_p, is 
currently in use for a gt-ieral assessment of 
occupational mortality and cancer incidence in 
Canada using the Unemployment Insurance 
Commission file for 1966-71, and is being used 
for other studies of potential occupational and 
non-occupational hazards. 

The basic requirement for utilization of this 
system is that those to be placed under 
surveillance should be fully identified in the 
file to be subsequently used for record 
linkage. Although identification by Social 
Insurance Number, which should always be 
available for occupationally exposed persons, 
does provide the means to access personal 
identifying information through linkage with the 
Social Insurance Number master file, it would be 
preferable if the file combined Social Insurance 
Number with full personal Identifying 
information because Social Insurance Numbers are 
not currently included on health records in 
Canada except in Prince Edward Island and will 
not be found on death certificates or many 
cancer registrations. Indeed, if the 
recommendation on a unique personal health 
identifier in the Report of the Commission of 
Inquiry into the Confidentiality of Health 
Information in Ontario is accepted, the 
Social Insurance Number will not be included on 
health records (3£_). 
The items of personal identifying information 
required include: 

full name with any name changes, 
particularly for women, maiden name, 

full date and place of birth, 
mother's maiden name (if available), 
sex, 
marital 3tatu3 (if available), 
town or city and province of last known 

residence, 
Social Insurance Number, 
Health Insurance Number. 

In order to establish whether or not the group 
under surveillance is at increased risk, record 
linkage of the file of exposed individuals would 
be performed at regular intervals with the two 
national data files (cancer registrations and 
deaths). Even if cancer incidence is the only 
end point of interest, linkage with the death 
records is essential in order to identify those 
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who are no lor.ger at risk because of death from 
other causes and determine the person years at 
risk. Further, fop non-cancer causes of 
interest, that might be attributed to hazardous 
exposures, death from these conditions is at 
present the only outcome which could be 
evaluated using record linkage. With adequate 
identifying information it can be assumed that 
if a link has not been made with one or other of 
the two files, the individual is still alive and 
has not developed cancer. There are two 
possible sources of error, one is failure, 
because of paucity of identifying information, 
to make an appropriate link. However, with a 
prospectively collected file and thus 
opportunities for collecting adequate 
identifiers, this error should be minimal. The 
second is the possibility that some exposed 
workers may migrate abroad. For those who 
migrate to the United States and are still 
regarded as Canadian residents, if they should 
die, a copy of their death certificate is 
automatically forwarded to Statistics Canada, so 
that the fact of death would be identified 
through record linkage. This however, does not 
apply to those who migrate to other countries, 
yet the numbers are believed to be very small 
and not likely to introduce any appreciable 
error in the comparison of observed numbers of 
events with those expected. 

An important distinction arises according to 
whether epidemiologic surveillance is required 
for individuals exposed to known carcinogens, or 
whether monitoring of individuals exposed to 
suspect or possible carcinogensls is being 
performed: 

1. Exposure to known carcinogens: The object 
of surveillance in this instance is to provide 
potential protection of the individual at risk. 
Thus, his exposure should be monitored and a 
decision taken to remove hin from exposure once 
this has reached a certain level. This 
principle is already established for radiation 
workers for whom exposure records are maintained 
and film badges worn to monitor exposure. A 
second objective of such monitoring is to 
provide compensation for disease if it occurs in 
spite of precautions taken. 

It should be noted that a principle of reducing 
exposure to individuals and spreading this over 
a larger number placed potentially at risk may 
result in an increase in the population level of 
disease. Thus, from society's point of view, 
the smallest amount of disease would be 
engendered if exposure which can not be avoided 
wa3 directed to the minimal number of 
individuals G 3 ) . 

2. Exposure to suspect or p033lble 
carcinogens: Epidemiologic surveillance for 
unexpected disease under these circumstances is 
required at the population level. The objective 
here is to ensure that it is possible to 

determine whether increased incidence of disease 
followed exposure to substances for which 
evidence as to carcinogenicity had not been 
previously obtained. However, in most 
instances, it will be sufficient to maintain 
records at the individual factory or plart level 
and not require them to be collected regionally 
or nationally. Although exposure records should 
be maintained in as much detail as possible, the 
objective is not to indicate when a certain 
levei of exposure may have been exceeded, b>i*" 
rather to identify those individuals who have 
been placed at possible risk. Thus, the 
analyses to be performed will be qualitative to 
determine whether this group of exposed 
individuals is at greater risk than could have 
been expected in the absence of their exposure. 
A difficulty with this assessment will be the 
nature of the comparison group, i.e. the 
controls. In many instances, because of the 
"healthy worker" effect, a general population 
comparison group may be inappropriate, it being 
more appropriate to make comparisons with 
individuals working in similar occupations in 
the same or different plants who have not been 
exposed to the suspect carcinogen. There nay 
also be problems of assessment of confounding 
factors such as cigarette smoking and a3 far 33 
possible therefore, the individual records that 
have been maintained at the plant level should 
contain notation of cigarette smoking and 
previous occupational exposures as well. 

It is clear that these principles may be 
regarded by some as involving a substantial 
order of expenditure for industry. However, it 
is common experience that when a question as to 
the possible risk that certain individuals have 
encountered through their occupation is raised, 
in general, this type of record, though 
sometimes incomplete in terms of personal 
identifiers or cigarette smoking exposure, can 
be retrieved from well— managed plants. 
Increasingly, the information required for this 
type of surveillance is being collected in 
computerized form. Thus, most of the procedures 
which are required are already in place, many 
having been introduced for other purposes. All 
that i3 necessary is to recognize an additional 
reason for the collection of the necessary data 
so that the identity of those exposed and the 
type of exposure be retained and made accessible 
as required in the future to epidemiologists. 
This will require understanding within personnel 
and computer departments in industry of 
epidemiologic needs, and the desirability of 
expanding data bases to included the necessary 
information for epidemiologic studies. However 
gradually, both as a result of concern expressed 
within industry and labour and the efforts of 
the few epidemiologists currently working in 
industry, the -ned for this is becoming 
appreciated. 
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Diet and Hunan Cancer 

My third example relates to the increasing 
evidence that high levels of dietary fat not 
only increase the risk of cardiovascular disease 
in man but also a number of ccnron cancers. The 
question arises, at what stags is it appropriate 
to allow the accumulating evidence to be used to 
persuade people to modify their diet? The 
epidemiologic evidence has been derived from two 
sources; descriptive and case-control studies. 
In the descriptive studies incidence and 
mortality from various cancers was correlated 
with information on dietary levels of 
consumption, with most of the high correlations 
coming from international studies (3JO. In the 
case-control studies the dietary consumption 
patterns of cases of cancer were compared with 
the consumption patterns of controls. 
Unfortunately some of the evidence is weak, 
partly because of imprecision in methodology of 
dietary enquiries in epidemiology. Also for 
some cancers, for example breast and stomach 
cancer, it seems likely that diet immediately 
prior to the diagnosis of cancer is only a weak 
reflection of that relevant. We would like 
information on dietary intake in childhood, 
teenage years and early adult life. However, 
recall of diet many years ago is unlikely to be 
accurate. Thus our questionnaires have to be 
directed to the period immediately prior to the 
diagnosis of a cancer. Hence there is likely to 
be error in using such estimates as an indev of 
the dietary pattern of consumption at the 
appropriate time period. 

In two of our studies, however, we have obtained 
evidence of the importance of high dietary fat 
consumption in increasing risk of cancer. One, 
a case-control study of diet and breast cancer 
was conducted in four centres in Canada and 
showed an overall risk ratio of 1.5 for high 
levels of dietary fat consumption and an 
attributable risk of 27* (35_). (Table 7). 

Table 7 
Study of Diet and Breast Cancer 
Relative Risk for Consumption of 

Various Nutrients 
From Miller et al (35) 

Total calories 
Total fat 
Saturated fat 
Oleic acid 
Linoleic acid 
Cholesterol 

Menopausal 
Pre 

1.1 
1.6 
1.M 
1.2 
1.2 
1.3 

Status 
P03t 

1.2 
1.8 
1.2 
1.1 
1.2 
1.2 

In our initial analyses we did not find a 
dose-response relations!.i£f However, recently a 
re-analysis using a new approach ha3 shown 
increasing risk with increasing consumption of 
saturated fat (36). (Table 8) 

Table 8 
Kelafive Risks for Saturated Fat Combining 

2*i Hour Recall and Diet History 
After Howe (3.6) 

Consumption Level 
Low Medium High 

1.00 1.27 1.19 
(? (Trend) < 0.02) 

There ha3 been a confirmatory study since in 
Alberta, which pointed to the importance of high 
consumption of fat containing food items in 
increasing the risk of breast cancer (37). 
(Table 9) 

Table 9 
Dietary Factors and 3reast Cancer Risk 

From Lubin et al (37) 

Consumption 
Level 

T 

II 
III 
IV 

3eef/ 
Pork 

1.00 
1.65 
2.25 
2.66 

Relative Risk 
Animal Anima! 
Fat Proteii 

1.00 1.00 
1.62 1.D8 
1.U9 W6 
1.80 .35 

Our second study related to diet and colo- 'ectal 
cancer and here the highest risk levels were 
found, for saturated fat consumption (38.). 
(Table 10) We did not find a protective effect 
of dietary fibre as others had postulated from 
studies at the group level. 

Table 10 
Study of Colo-Rectal Cancer 

From Jain et al (38) 

Saturated fat 
Medium 
High 

Total fat 
Medium 
High 

Cholesterol 
Medium 
High 

Fibre 
Medium 
High 

Risk 
Males 

2.0 
2.U 

1.7 
1.7 

1.U 
1.8 

0.9 
0.9 

Ratio 
Females 

2.0 
2.6 

2.1 
2.3 

1.D 
1.6 

1.0 
1.1 

Once again the results of thi3 study îiave been 
confirmed, thi3 time by a study among Mormons in 
Utah who are at a lower risk in general than the 
rest of the United States for the occurrence of 
colo-rectal cancer (39). 
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ïhe results of these and other studies were 
considered by a committee of the National 
Academy of Sciences on Diet, Nutrition and 
Cancer. This committee recognized that, 
although not completely persuasive, there was 
nou sufficient evidence of tr.e association of 
increased risk of certain cancers associated 
with consumption of dietary items, particularly 
total fat, as well as some evidence of reduced 
risk of, for example, colo-rectal cancer from 
increased consumption of other factors such as 
cruciferous vegetables and fibre containing 
food3, that it was desirable to incorporate this 
knowledge in interim general dietary 
recommendations (40_). The committee was 
particularly influenced by evidence from 
epidemiology which was congruent with that 
obtained from experimental studies. Since the 
report was issued there has been some 
controversy, particularly from representatives 
of the meat industry. However, taking no action 
now could well result in failing to provide what 
benefits could accrue from such advice to 
current and immediately future generations. If 
an effect of these recommendations was to cause 
a reduction in cancer incidence, this in itself 
would be confirmation of the validity of the 
approach. Although it is not clear why 
cardiovascular mortality has been falling in 
Canada and the United States it seems likely 
that tiiis is at least partly attributable to the 
result of population application of advice to 
reduce cigarette smoking and to increase the 
dietary level of polyunsaturated fat. 

It can be calculated that if appropriate dietary 
changes are made there could, after possibly 
several decades delay, be seen a 50Î reduction 
of breast cancer and a 70* to 30$ reduction in 
colon cancer (29_). As these are the mo3t common 
human cancers other than lung cancer this raises 
the possibility that dietary changes coupled 
with control of cigarette smoking could more 
than halve the mortality from cancer in our 
population by early in the next century. The 
HAS Committtee could find no evidence that the 
dietary modification proposed was likely to be 
hazardous. At the worst therefore, little good 
could result frcm the recommended dietary modifi
cation but at best, there might be a considerable 
reduction in cancer risk. 

Mammography in Screening for Breast Cancer: 

My final example relates to the use of 
mammographie screening for breast cancer. There 
has been a great deal of concern over the 
effects of low level radiation on human health, 
particularly relating to cancer. Some have 
suggested substantially greater risk than has 
been anticipated by the international and 
national bodies that have considered the 
evidence. It is not possible to review the 
evidence adduced in support of this hypothesis. 

However in general it has not been sustained by 
aopropriate analysis of the available data (jtVi . 

The question of the risk of radiation through 
mammography, soft tissue x-rays of the breast, 
to wsr.er. iri'?'!ijc><j in breast cancer screening 
progracmes has been of cons~ierable 
controversy. This issue was raised (̂ £) in 
relation to the large U.S. Breast Cancer 
Detection Demonstration Projects which involved 
over 140,000 women under the age of 50, a group 
in which so far there has been no demonstrated 
benefit from screening for breast cancer (M3_). 
Even if the risk is low, if there was no 
benefit, any risk was likely to be too great. 
The problem of the U.S. study was that it was 
not designed to provide evidence on the 
effectiveness of mammography in screening for 
breast cancer {W). Thus there was no basi3 for 
attempting to equate risk with benefit. In 
Canada we have grasped this nettle and initiated 
in 1980 the National Breast Screening Study, a 
project designed to evaluate the place of modern 
low dose mammography in screening women age 
hQ-Hq and the independent effects of mammography 
added to the presumed benefit of physicial 
examination of the breasts in women age 50-59 
W ) . Even though this is a scientifically 
designed study to provide the necessary evidence 
to determine whether mammography should be used 
in screening for breast cancer, it has not been 
immune from controversy and several individuals 
have been highly critical. of our use of 
mammography in this study. Some (^6) have 
maintained that the risk is likely to be 30 
times the amount we have estimated (T7), others 
that even one death as a result of screening for 
breast cancer could be regarded as unethical 
( W . 

Fortunately we now have evidence from a Canadian 
study which enables us to address this issue. 
As a result of a large scale cohort study of 
people treated for pulmonary tuberculosis in the 
1930s, 1940s and the 1950s, approximately half 
of whom received multiple fluoroscopy for 
control of collapse therapy, we have obtained 
information both on the dose — response 
relationship of radiation induction of breast 
cancer and on age related susceptibility to the 
effects of radiation (3J.) • The dose-response 
relationship indicates a low effect at low 
doses, as has been surmised from previous 
studies (jl9_) but with greater precision than 
before. (Table 11) Indeed the dose-response 
relationship seems likely to be quadratic not 
linear, completely the reverse of that predicted 
by the critics of the National Breast Screening 
Study. 
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Table 11 
Study of Cancer 

Following Multiple Fluoroscopies 
Breast Cancer Mortality 1950 - 1977 

All Provinces (3D 

Dose iHad) 

1-49 
50-99 
100-199 
200-299 
300-499 
500-699 
700-999 
1000 or more 

."umber of 
Deaths 

67 
29 
32 
14 
6 
12 
6 
6 

S.VR 

1.13 
1.11 
2.01 
3-54 
2.88 
18.8 
23.9 
46.5 

In addition, we have clearly demonstrated, as 
was implied from previous studies (49) that 
there is an age-related susceptibility to the 
effects of radiation in the induction of breast 
cancer. (Table 12) Women are most susceptible 
to the effects of radiation when they are in 
their teen3 and twenties, risk is substantially 
reduced once they reach the age of 30 and was 
not demonstrable for women over the age of 40, 
the age group being enrolled in the National 
Breast Screening Study. We are thus able to be 

Table 12 
Study of Cancer 

Following Multiple Fluoroscopies 
Breast Cancer Mortality 1950-1977 (3D 

Age at first 
Exposure 

10-19 
20-24 

25-29 
30-39 
40-49 

Number of 
Deaths 

22 
59 
44 
36 
9 

SMR 

2.17 
2.23 
1.79 
1.13 
0.88 

reassuring to our participants, but nevertheless 
the public i3 still sufficiently concerned that 
this issue continues to interfere with 
participation in the National Breast Screening 
Study, both in terms of initial enrollment and in 
terms of return for re-examination. 

The question that thus arises i3 to how we can 
reassure the public under circumstances when 
there is controversy, that it is likely that 
their risk will be minimal and that the benefit 
they will receive will substantially outweigh 
the risk. When one is trying to recruit 
participants in a research study I believe thi3 
is always likely to be fraught with difficulty 
because one cannot promise the benefit which the 
study is designed to measure. Once the study 
has been completed however I believe we will 
have the necessary evidence that can then be 
used to inform the public about the precise 
value of such preventive procedures. 

CONCLUSION 

In conclusion I trust that I have convinced you 
that the epidemiologist has much to offer in the 
assessment of risk in man. Not only can we 
dir-^tly mp^sur'; risk but ue can often put 
reasonable boundaries on the extent of 
anticipated risks. We can also monitor for 
future risks and ensure that if there have been 
errors over introduction of chemicals or use of 
new approaches to prevention or management of 
disease they are rapidly detected. 
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DISCUSSION 

R. Angus 

The Advisory Council in Occupational Health 
and Occupational Safety under Dr. Mustard has 
prepared a discussion paper for the Ontario 
.Ministry of Labor which specifies a testing 
and designation protocol for "new chemicals" 
not included in the American index. This dis
cussion paper appears to be paving the way to 
a legislated control methodology. 

1) Do you feel that this is practical in view 
of the rate of introduction of new chemicals 
into industry and technology? 

2) Can the test protocols proceed rapidly 
enough that it will not hinder the present 
quality and quantity of chemical and in
dustrial research or of technological im
plementation? 

3) Do you feel that present initiatives in 
carcinogenic testing need to be expanded 
by legislation in order to protect the 
public? 

4) The discussion paper, if I remember cor
rectly, suggests that new chemicals which 
are categorized, after snort-term testing, 
to be non-carcinogenic should still be re
quired to undergo long-term animal tests 
to confirm the short-term tests. Would 
you comment on the necessity, and further, 
the probable cost of such testing. 

Reply 

I was a member of the Special Advisory Com
mittee on Carcinogens of the Advisory Council 
on Occupational Health and Occupational Safety 
that prepared the discussion paper you refer 
to. Hence, my answer to your first three ques
tions is "Yes". As a corollary however, I 
should note that it may be decided for various 
non-scientific reasons during the political 
process that follows consideration of such a 
report, not to accept the recommendations. 

However this does not overrule the validity 
if the scientific basis of the recommendations, 
rather than other considerations, have been 
judged to be more relevant in the overall public 
good. 

Your recollection on the testing of new che
micals is incorrect. We recommended that 
those chemicals categorized after short-term 
testing to be non-carcinogens, need not be 
required to undergo long-term animal tests. 
However, we note that there could be cir
cumstances where carcinogens in fact enter 
into use because they are not positive on 
short-term tests and although we believe this 
is likely to be rare, this is one of the major 
reasons for recommending that facilities be 
set up for eipdemiologic monitoring, as 
discussed in my paper. 

Rachelle Beauchamp 

Please elaborate on the types of intervention 
studies you propose for asbestos workers. 

Reply 

Asbestos workers who are at high risk for 
lung cancer, are one of several occupa
tional groups where chemoprophylaxis could 
be evaluated in an intervention study. 
Although we are not certain that the studies 
which suggest a protective effect of vitamin 
A — containing foods on lung cancer are due 
to the vitamin itself, one way of obtaining 
confirmatory evidence of this is an inter
vention trial. Vitamin A is likely to be 
too toxic, and the synthetic retinoids also 
appear to have undesirable toxicity for long 
term use, but beta carotene, pro-vitamin A, 
is available and appears free of long-cerm 
toxicity. In the first instance therefore, 
trials using this substance are proposed. 
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David Martin 

Does the inclusion of uncertainty estimate? 
in cancer rates for possible saccharin-
induced bladder cancers remove the disa
greement between differing studies? Also, 
I don't believe 3-significant-figures pre
cision in epidemiological studies! I '. 

Including confidence intervals in the com
parison of risks of consumption of artificial 
sweeteners in epidemiologic studies does noc 
remove the disagreement between them. It 
seems probable therefore, that the disagree
ment is because of differences in methodology 
(some studies use hospital controls; hospital 
controls may have a higher consumption of 
artificial sweeteners than the general popu
lation) , or because some populations were 
exposed to saccharin at dissimilar time 
periods, resulting in different expressions 
of risk. Interviewing for a second case-
control study of bladder cancer in Canada 
has been completed by us and we hope to have 
results available in about one year. In the 
meantime, I believe a presumption of risk 
to man is necessary. I, of course, agree 
that three-significant-figures precision 
is not attainable in epidemiologic studies. 

Bev Robertson 

(1) Your data showed sub-linear dose-response 
curves (perhaps thresholds) for low LET 
radiation. I'm sure you would agree that 
this situation is different for high LET 
radiation. Do you have any comments con
cerning the possibility that it is supra-
linear? 

'2) You did not mention the logical inconsistency 
arising out of a small extrapolation of your 
supralinear curve, i.e., zero dose creates a 
non-zero effect. 

Reply 

The available data for breast cancer suggests 
no particular difference in carcinogenicity 
for low-compared to high-LET radiation. So 
far, no study has suggested either for breast 
or convincingly, for any other cancer site, 
that the true dose-response curve is supra-
linear. 

The figure I showed in my talk, though repro
duced in my paper, was reproduced from one 
in a paper by Dr. I. Bross. I agree that at 
some point, if the true does-response is 
supralinear, it has to come down to the origin. 
However, Dr. Bross did not do this presumably 
because he did not know at what point this 
would occur. 

A. Sundaram 

In relation to prospective epidemiology and 
health monitoring of those who are exposed 

to suspect/potential carcinogens, what steps 
are being taken by NCIC not only to monitor 
the death or incidence of cancer but also to 
follow-up the threshold toxic parameters 
such as biochemical and immunological res
ponse? Are any correlation studies being 
carried out to relate these responses to 
those observed in lab animals in toxicology 
studies? What steps are being taken to 
prevent the progression of cancer in man? 

Reply 

So far, studies are not in place, using 
biochemical or immunological markers of 
response for long-term monitoring. However, 
discussions are ongoing over the possi
bility that more recent biochemical tests 
can be used this way. 

John Vanderstoep 

Dr. Miller, you mentioned the NAS Diet and 
Cancer Report and the specific recommendations 
made concerning diet. Here is a situation 
of very precise, specific diet modifica
tion for the public in general, b^sed on 
rather imprecise, often weak epidemiological 
and scientific data. Can such action be 
justified? The potential implications of 
such diet modification with respect to 
possible nutritional problems are unknown 
and hence we may be in a situation of 
trading questionable benefits for simi
larly unknown risks. It is a dilemma but 
one that does not warrant such rigorous 
recommendations. 

Reply 

As a member of the National Academy of 
sciences Committee on Diet, Nu' .ition and 
Cancer, I cannot agree that the recom
mendations made concerning dietary change 
in the North American population are very 
precise. They, in fact, coincide with the 
recommendations that have been made for 
years for good nutrition, recently rein
forced in the hope that we can reduce both 
the risk of cardiovascular disease and 
cancer. With a number of North American 
populations at lower risk to cancer who have 
been consuming such diets for generations, 
with no untoward effects known, it seems 
extremely unlikely that we are trading ques
tionable benefits for unknown risks. We 
may not achieve as much benefit as we desire, 
but the evidence in man supported by that 
in experimental animals suggests that the 
risk is negligible. 

It has to be accepted that if we do not 
make recommendations on diet, this is equi
valent to endorsing some of the most un
satisfactory features of the North American 
diet, which unfortunately seem to affect 
the young most particularly, thus, probably 
increasing the risk of diet associated 
cancers in the future. 
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Your suggestion to ai= for zero exposure level 
for suspected carcinogens is very appealing. 
However, «hat is a suspected carcinogen based 
on animal studies may not be carcinogenic in 
humans. It again makes sense to be safe than 
sorry. 

However, judging the cost-benefit analysis 
and being realistic, zero exposure is a 
MIRAGE. Do you not agree! 

Reply 

Zero exposure is recomnended for circumstan
ces where individuals would otherwise be 
exposed to a known carcinogen. I ata 
informed that this is now practical, using 
modern engineering and environmental control. 
I can not therefore agree that this is a 
mirage. 
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ABSTRACT 

Risk assessment in environmental and occupational 
disease at present has inevitable constraints. 
Available data are derived from early experi
ences, generally limited in scope, with small 
populations, few environmental measurements. 
Thus insecurely anchored in the past, there is 
emphasis on statistical analyses that will define 
limitations and establish confidence limits. 
This has been done well for asbestos and radia
tion. However, the limitations of the perspec
tive exclude the very rapid and fruitful biologi-
cal innovations that are accumulating, which can 
alter risk. Among these are multiple factor 
interactions among agents. Using such informa-
tion can not only modify risk but, as has now 
been shown, actually lead to risk reversal. Risk 
assessment can be conceived as a dynamic proce?3, 
evolving, with latency not an exasperating delay 
in the gathering of data but an opportunity to 
modify risk, using initial estimates to point to 
needed clinical and biological studies. In this 
sense, risk assessment may now be expected to 
include surveillance, to record secular changes 
and evaluation of biological studies, to change 
the very risks it seeks to measure. 

INTRODUCTION 

Assessment of risks of environmental disease is a 
recent task. We first had to appreciate that 
there was such hazard and that it might be sub
stantial. Wide understanding - both among scien
tists and in the general public - appeared in the 
1960s. Richard Doll has written: "la 195'. - many 
people still believed that cancer was a degenera
tive process inextricably confounded with ageing, 
that most cancers were, in consequence, unavoid
able. Sixteen years later - it was generally ac
cepted that most cancers were attributable to 
extrinsic causes and that at least 4 out of 5 
were preventable." (O 

What led to such perception? Primarily» three 
sets of observations, concomitant and conceptu
ally interacting: First, geographical pathology 
studies reported different rates of disease in 
different areas. Two explanations were pos
sible - either people varied greatly in their 
genetic potential» of the environments in 
wnxch they lived had different effects. And when 

rates (as for stomach cancer or lung cancer) 
sharply changed within one of two decades or when 
people moved from one country to another (migrant 
studies) genetic predisposition did not seem a 
likely explanation. Second, was the cigarette 
debacle. When it was found that the most fre
quent cause of cancer deaths (lung) in men and, 
parenthetically, soon to be the case in women -
was the result of an extrinsic factor, rather 
than programmed in our genes, we anticipated that 
this might also be the case for other neoplasms 
and other diseases. Third, were the series of 
unwanted, unanticipated human experiences with a 
variety of industrial agents which, supplementing 
what we had learned about radiation, demonstrated 
that chemicals, dusts, fumes could cause wide
spread disease. 

These three threads were woven into the fabric of 
understanding that now provides a background to 
current public approaches to environmental ha
zards, especially since, while making these 
discoveries, we also learned techniques that 
could help us find others. 

If we could identify hazards, why not do so 
without delay, and prevent disease? It was soon 
found that matters were not all that simple and 
straightforward. Environmental agents stocd at 
the interface between living matter and the inor
ganic world (2), where public policy was very 
much involved. In Canada and the United States, 
for example, hazards were generally considered 
suitable for control, not ban. Control implies 
decisions about regulation and management 
control to what level, by whom, how, when, which 
supervising bureaucracy, debate in which form, 
what legal recourse. For such intricate and 
contentious argument, scientists who demonstrated 
the hazards were again consulted, to clarify the 
grounds for the discussions. Tell us more, in 
effect. How much hazard? One in 100 or one in 
100,000? Evanescent skin rash or fatal neoplasm? 
How many people involved - 1,000 chemical workers 
or whole cities or provinces? Risk assessment, 
then took center stage. 

CONSTRAINTS IN RISK ASSESSMENT OF ENVIRONMENTAL 
HAZARDS. " ~~ 

Risk assessment was incompletely prepared for its 
new, prominent role. These deficiencies are very 



much with us still. They are largely structural, 
and cot dependent upon the skill or competence of 
its practioners. Forbearance with their diffi
culties may be increased by recounting some of 
the constraints they face. 

Post-hoc observations 

Unlike their laboratory colleagues, those who 
approach risk assessment analyze experience» of 
groups identified long after their exposure 
began. Often the initial populations involved 
wer<s snail, inccsrpletaly character! zwi. Expo
sure* were not measured {agents are introduced 
with a presumption of innocence). Dose-disease 
response estimates frequently depend upon un
certain reconstruction; generous extrapolations 
are made, with their underlying assumptions 
subject, in turn, to question. 

Secular changes: static and dynamic approaches. 

Observations rooted in the past are limited con
cepts prevailing at the time. Obvious effects 
are first to attract attention, which may remain 
limited to them. We knew of benign liver, skin 
and bone changes with vinyl chloride a decade 
before angiosarcoma came to light and skin cancer 
with soot or coal tar had been recognized for 200 
years before polycyclic aromatic hydrocarbon 
carcinogenesis was accepted as a background for 
the lung cancers of coke oven workers. Single 
agents were considered, responsible for single 
effects. Too, cause and effect were not easily 
connected when separated by years or decades; 
therefore acute effects were most readily de
tected and quantified. Our TLVs (Threshold Limit 
Values) mostly reflect such derivation and are 
much less secure when they address disease with 
long latency - witness present debates and revi
sions of asbestos "standards." 

Agents of concern are treated today as if they 
have remained immutable over the years - that 
fibrous glass holds the diameters of the 1940s 
and still cannot enter the recesses of the lung, 
that diatomaceous earth is not calcined and the 
resulting cristabolite and trydimite do not 
change the amorphous silica's potential, that 
synthetic organic chemicals have not increased 
(in the United States) from 1-billion pounds in 
1940 to 350-billion pounds in 1977. 

Risk assessment has generally been in static 
terms, using data laboriously culled from the 
past, even though a dynamic situation is being 
addressed. This is so in terms of numbers at 
risk, efficacy and feasibility of control mea
sures, modified agents. Meanwhile, biological 
scientists and clinicians have changed their side 
of the equation (3). Enzyme induction is found 
with PCEs and dioxin - a "biological effect" 
incompletly understood, with its own potential 
for extrapolation. Spectra of diseases are 
identified; asbestos can cause mesothelioma in 
addition to diffuse interstitial fibrosis, renal 
neoplasms, lung cancer, immunosuppression in 
addition to pleural plaques. Lead may affect 
peripheral nerves, as well as hemoglobin forma
tion, porphyrin metabolism, as well as cerebral 
function. 

Risk assessment lags behind scientific informa
tion and oay be subject to criticism, especially 
if it does not acknowledge its inevitable limi
tations and uncertainties. But once it does, it 
becomes part of the debate and not its arbitrator. 

Risk assessment limitations in estimating occupa
tional cancer. 

There is presently a valid debate concerning how 
much current cancer is associated with occupa
tional causes. It is likely that there will be 
no *asy resolution because the background for 
these discussions, as noted, in many ways re
flects- the paucity of data needed for definitive 
judgment. 

Current estimates generally are based upon what 
is known so far concerning agents that have 
caused, are causing, and will cause cancer in man 
(4). These estimates reflect those circumstances 
in which reliable epidemiological data were 
available. Comparatively few agents have war
ranted such acceptance, but it is unlikely that 
benzidine, nickel, asbestos bis(chloromethyl)-
ether, vinyl chloride, arsenic, (i-naphthylamine, 
and their few brethren form a complete list and 
that the future will not augment what is pre
sently known. 

There is continuing reluctance to accept animal 
carcinogens for estimates of potential human 
cancer risk. Even when human exposure occurs, 
the absence of epidemiological confirmation 
continues these agents in one or another "sus
pect" category, and current estimates concerning 
occupational cancer risk therefore do not include 
the possibility that these agents are associated 
with cancer among workers. Laboratory observa
tions concerning mutagenesis are regarded in very 
much the same way. 

Latency has many ramifications, some of which are 
critically important. Thus, recently introduced 
agents (1950-1970) may not have had the chance to 
demonstrate whether or not they will be associ
ated with occupational cancer. For those occupa
tional carcinogens already identified, we often 
know only the short-term effects, in quantitative 
terms (5). 

Consideration of agents only in relation to 
knowledge of unique associations with otherwise 
uncommon neoplasms omits the possibility of a 
much wider, and quantitatively more important, 
spectrum of associated cancer. But with nickel, 
for example, cancer of the lung takes far more 
lives among nickel smelter workers than sinus 
cancer (6). The same is true among asbestos 
workers at this time in relation to mesothelioma. 
It is unfortunate that we do not yet have long-
term, large-scale epidemiological investigations 
of cohorts of vinyl chloride-exposed workers to 
tell us whether the spectrum of neoplasms observ
ed in experimental animals exposed to vinyl 
chloride (J7) will also occur in human popula
tions . 

In the case of populations exposed to known (or 
suspect) carcinogens, even for those agents that 
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have been identified, there is often only, as 
noted above, fragmentary information concerning 
the number of people exposed 1930-1970. 

It is difficult to make dose-disease response es
timates in the absence of exposure measurements 
in past years. Measurements were not made when 
currently suspect or acknowledged agents were 
introduced originally. Again, with asbestos, tor 
axaœple, we suffer the difficulty of estimating 
dose-disease-response relationships in the ab
sence of dust measurements in the 1940s, 1950s 
and 1960s. 

Initial data suggest that interaction among 
agents may significantly alter cancer risk of an 
occupational carcinogen. Asbestos and smoking 
and uranium and smoking are examples. Vet, there 
are only fragmentary data sc far to allow evalua
tion in most circumstances of the potential for 
multiple factor interaction. Accordingly, we 
generally continue to regard each agent as if it 
were the only one to which a worker were exposed. 
Too, at least in the United States, there is 
considerable mobility in employment during a 
worker's lifetime with opportunity for multiple 
sequential or concomitant exposures to potential 
carcinogenic agents. This factor of lifetime 
occupational exposures has been studied only 
uncommonly in most populations. 

There are diagnostic and categorization uncer
tainties. Attempts are made to utilize "signal" 
neoplasms as indices of the total neoplastic 
burden associated with specific agents. There 
are difficulties with this approach. Estimates 
based upon "diagnosed mesothelioma" in the files 
of pathology departments (especially from the 
1960s and 1970s) or on death certificates in 
vital statistics records inevitably are subject 
to important underdiagnoses. Projections of 
total neoplastic risk derived from the use of 
these yardsticks are inappropriate. Histological 
review of all diffuse pleural and peritoneal 
neoplasms would be more effective, but this has 
not been done often. It is not the practice, for 
example, even in the Surveillance, Epidemiology, 
and End Results (SEER) program. Similar problems 
exist for angiosarcoma and vinyl chloride. 

Secular changes have been mentioned. Estimates 
vary as to the number of new chemicals introduced 
into industrial use each year, but it is at least 
several hundred. It is not yet wide practice to 
undertake preliminary laboratory investigation of 
potential carcinogenicity and, of course, epide
miological data cannot be expected. 

We know very little about intrauterine exposures. 
Thalidomide and diethylstilbestrol have sensi
tized us to this possibility, however, and the 
demonstration of transplacental angiosarcoma (7) 
has provided experimental data bearing on the 
matter. 

Two germinal papers (8) and (9) have established 
the important principle of environmental cancer 
from occupational sources. Quantitation has been 
slow in coming, although opportunity exists for 
such estimates (10, 11). Nevertheless, by and 

large, this problem has not been investigated for 
most agents. 

Case study: asbestos-associated neoplams. 

It may be instructive to examine how these con
straints operated in evaluation of cancer risk 
associated with occupational exposure in asbes
tos. Case reports of lung cancer in asbestos 
workers were recorded in 1935 and collections of 
such cases subsequently appeared. It 
remained for Doll, however, in a classic paper 
published in 1955, to establish clearly, on a 
population basis, the association of occupational 
exposure to asbestos and lung cancer (_12). This 
investigation properly is considered a landmark 
in studies of asbestos cancer (13). 

Doll studied the mortality experience of 113 men 
who worked for at least 20 years in a "scheduled 
area" in an asbestos products factory, during the 
period 1922-1953. Altogether, there were 39 
deaths, with 15.A expected. Based upon rates for 
England and Wales, 0.8 deaths of lung cancer were 
anticipated; 11 were observed. Doll stated, 
"From the data it can be concluded that lung 
cancer was a specific industrial hazard of cer
tain asbestos workers ... among men employed for 
20 or more years..." 

This risk assessment was entirely appropriate. 
Yet, when it is examined closely, one can appre
ciate how the constraints inherent in the re
search opportunities available to Doll limited 
full characterization and quantitation of the 
problem. 

"LunR Cancer". 

All that could be said from the data obtained in 
the study was that bronchogenic carcinoma was 
increased significantly. In retrospect, even 
with hindsight, one could not expect that the 
panoply of other asbestos-associated neoplasms 
could have been seen in excess in 39 deaths among 
113 people. 

Although mesothelioma had been reported in an 
asbestos worker in 1953 (14), the strength of the 
association between asbestos exposure and 
mesothelioma was not well established until 1960 
C8_). Doll did note that one of the 11 cases 
ot respiratory cancer was an endothelioma of the 
pleura, but this was insufficient to warrant 
further, special notice. Too, other neoplasms 
were present in some excess (2.3 expected, 4 
observed) but with such limited experience, one 
could not hope to evaluate the significant excess 
occurrence of neoplasms that were later found to 
be associated with asbestos exposure. Opportu
nity to identify excess risk of cancer of the 
esophagus, colon-rectum, stomach, oropharynx, 
larynx, and kidney, simply was not available in 
this initial investigation even though later 
studies of much larger populations demonstrated 
the important risk of these neoplasms (Table 1) 
(15). 

"Was" 

The asbestos industry regulations of 1931, which 
were scheduled for implementation in 1933, were 
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considered to have been effective in controlling 
hazardous asbestos exposure, although subsequent 
information indicated that this was not neces
sarily the case (16): "Although these required 
that no asbestos dust should enter the workroom, 
they were so riddled with loopholes ... that the 
requirement was from the outset no more than a 
pious aspiration." Also, at the time there was 
little information concerning cancer risk that 
might be associated with less intense exposures 
than that which obtained in "scheduled areas." 
Therefore, all that could be said in 1955 was 
what had happened in the past. We now know that 
later exposures in the same plant were, unfortu
nately, also associated with risk (17). 

"Specific Industrial Hazard". 

The workers whose experiences were studied by 
Doll were employed in an asbestos products manu
facturing factory that originally had been se
lected for investigation of the disease potential 
of .isbestos. The selection had been made for a 
very good industrial hygiene reason. It was 
known that asbestos was used in a variety of 
circumstances. It was considered difficult to 
evaluate the unique disease potential of the dust 
in industrial circumstances where other agents 
(cement, silica, etc.) might be present, as in 
the construction industry. It wa3 deemed more 
reasonable to seek an employment setting where 
the effects of the agent would not be obscured or 
modified by the presence of other noxious mate
rials. Doll had no way of knowing whether other 
asbestos-exposed workers, not studied by him, 
might also have such risk and his statement 

reflects prudent acceptance of limits inherent in 
the study. However, it soon became known that 
users of the aanufactured products also were at 
serious risk (18) and that it was exposure to 
asbestos that was associated with risk rather 
than the exact industrial occupational category 
of "asbestos products manufacture." Unfortu
nately, it is likely that for each worker manu
facturing asbestos products, there are over 100 
exposed during their use. 

"Certain Asbestos Workers". 

Doll limited his conclusions to ohservations of 
workers studied by him. Comment could not have 
been made concerning risk other than among these 
"certain workers." Prediction would have been 
difficult concerning risk anong shipyard workers, 
brake-repair workers, family contacts, construc
tion workers, residents close by some asbestos 
facilities, and others. 

"Employed 20 or More Years". 

la the circumstances that obtained in his study, 
Doll noted that "... the labour involved in 
searching out the individual records of men 
employed for shorter periods would be dispropor
tionately great ..." Thus, there were not avail
able to him data concerning experiences of work
ers with shorter exposures - 1 month, 1 year, 10 
years - but followed for equally long periods of 
duration from onset of such exposure. Yet, we 
now know that such exposure may be associated 
with very substantial risk Q9). The importance 
of this is emphasized by our knowledge that there 
are comparatively few asbestos-exposed workers 
who have been exposed for 20 or more years, in 
contrast to the very much larger number exposed 
for shorter periods. 

Other Factors. 

The terms of Doll's study d- i not admit the 
investigation of the health experience of family 
contacts of asbestos workers or other forms of 
environmental cancer risk, nor was there oppor
tunity for the investigation of multiple-factor 
interaction between asbestos exposure and cigar
ette smoking. The importance of the latter (20, 
21) can be appreciated immediately on examination 
of Table 2, which provides data concerning the 
relative risk of individuals exposed to cigarette 
smoke or asbestos or to both. 

Doll's was the earliest cohort study of a group 
of asbestos workers. It was necessarily trun
cated and at the time of publication recorded, as 
noted, only 39 deaths among the 113 people in the 
cohort. Subsequent experiences have shown that 
the total long-term findings among such groups of 
workers may give a much more complete analysis of 
their cancer experience. We studied, for ex
ample, a cohort of asbestos workers established 
on January 1, 1943, until January 1, 1977 (15. 
18). Among the 632 men being observed, 478 
deaths had occurred (Table 4). While lung cancer 
was found to be the most significant neoplastic 

Total deaths, all causes 1658.9 2271 2271 1.37 1.37 

Total cancer, all sites 
Cancer of lung 
Pleural mesothelioma 
Peritoneal mesothelioma 
Mesothelioma, n.oj. 
Cancer of esophagus 
CtnrTT of ifomach 
Cancer of colon-rectum 
Cancer of larynx 
Cancer of pharynx, buccal 
Cancer of kidney 
All other cancer 

Noninfectious pulmonary 
diseases, total 

Asbestosis 

All other causes 

319.7 
105.6 
. . 4 

*. 
• . 

7.1 
14.2 
38.1 
4.7 

10.1 
8.1 

131.8 

59.0 
a * 

1280.2 

995 
486 

63 
112 

0 
18 
22 
59 
11 
21 
19 

184 

212 
168 

1064 

922 
429 

25 
24 
55 
18 
18 
58 
9 

16 
18 

252 

188 
78 

1161 

3.1! 
4.60 
_ 
_ 
_ 

2.53 
1.54 
1.55 
2.34 
2.08 
2.36 
1.40 

3.59 
-

0.83 

2.88 
4.06 

-
-
-

2.53 
1.26 
1.52 
1.91 
1.59 
2.23 
1.91 

3.19 
-

0.91 

DaufromSeiikoffetii. CL5) 
Number of men, 17,800; man-years of observation, 166,853. 
'Expeaed deaths are based upon whito mile, age-*pcafic U.S. death riles of the 

U.S. SaooitMl Center lor Health Silastics, 1967-1976. 
bBe« evidence. Number of deaths categorized after review of best available 

information (autopsy, mrgicaJ. dinJcai). 
N̂umber of duths as recorded from desth certificate information only. 

JRatci ue not available, but these have been rare causas of death in the general 
population. 



T»bl« .* 
Ago-standardized Lung Cancer Deatn Rates for Cigarette Smoking and (or) 
Occupational Exr-os-ire :o Asbestos Dust Comoa-ed with No Smoking and No 
Occupational Exposure To Asoftstos Oust 

Group 

Control 
Asbestos 
Control 

workers 

Asbestos workers 

E-iDowa 
TO 

asb«itos 

no 
yes 
no 

yes 

Miatory 

cioararte 
smoking7 

no 
no 

yes 
yes 

Osarfi 
rate 

11.3 
58.4 

122.6 
601.6 

Moral i ty 
dtfiBnnce 

0.0 
+47.1 

+ U1.3 
+590.3 

Mortality 
ratio 

1.00 
5.17 

10.35 
53.24 

Data from Hammond ct aL ( 2X) 
Age-standardized lung cancer-ieath rates are rites pet 100,000 man-years itandani-

Î7Pd for *ge on the distribution of the man-years of all the asbesto» workers. Number a." 
tun* canccx aeaUu b*w«i ou 4cutîi cciaficate ia/amat:an. 

MODIFICATION OF RISK 

It is evident that assessment of risk may be 
incomplete if approached in a static fashion, 
when that risk is changing in a changing world. 
Indeed, the very accomplishment of identifying a 
risk almost immediately alters the setting in 
which it is found, since the social dialectics of 
consideration and evaluation of hazards provide 
opportunities and give directions for risk modi
fication. Engineering improvements are made; 
often simple measures greatly alter the situa
tion. Hazardous chemicals are handled in closed 
systems, workers no langer take naps on soft 
tules of asbestos, stacks die built higher, 
radiation badges are worn, warning labels are 
attached. 

Tabla 3 
Expected and Observed Deaths among 632 New York-New Jersey Asbestos 
Insulation Workers. January 1. 1943-Oecember 3 1 . 1976 

Underlying cauae of daath 

Total deaths, all causes 

Total cancer, all sites 
Cancer of lung 
Pleural mesothelioma 
Peritoneal mesothelioma 
Cancer of esophagus 
Cancer of stomach 
Cancer of colon-rectum 
Cancer of larynx, pharynx. 
Cancer of kidney 
All other oncer 

buccal cavity 

Noninfectious pulmonary diseases, total* 
Asbestosis 

All other causes 

Expactad* 

328.9 

57.0 
13.3 
..t> 
• a 

1.4 
5.4 
8 J 
2.8 
1.3 

24.5 

9.3 
• • 

262.6 

Obaarvad 

478 

210 
93 
11 
27 

1 
19 
23 

b 
i 

28 

45 
41 

223 

Data from SeHkoff e i a t d S ) Man-years of observation. 13.925. 
•"Expected: deaths are basod upon white male, age-specific U.S. death rates of the UJJ. 

National Center tor Health Statistics. 1949-1976. Ratei for specific causes of death for 
194J-1948 were extrapolated from ratoi for 1949-1955. 

Rates are not available, but these have been tare causas of death in the geaerai 
population 

cause of death, there was also a significant num
ber of deaths of pleural and peritoneal mesothe
lioma, as well as gastrointestinal and other 
cancers. 

Comment. 

If asbestos first had been introduced in 1940 and 
Doll had investigated the experiences of workers 
in a plant of this new industry in 1970, we might 
now be pointing to an equally excellent study 
establishing lung cancer as a risk of workers 
heavily exposed in this plant. But we would know 
very little or nothing about the full spectrum of 
asbestos neoplastic risk, the very large number 
or people who had been exposed, the augmentation 
of that risk by concomitant cigarette smoking, 
the problem of environmental cancer with asbes
tos, the importance of "bystander" exposure in 
shipyards, and hazards associated with the use of 
asbestos products, and we might conclude that 
asbestos could account for very little of the 
cancer burden in the United States or Canada. 

Significance of multiple factor interaction in 
risk modification. 

The discovery of the importance of interaction of 
two or more factors in the etiology of disease 
provides special opportunities for risk modifi
cation. This is now commonly considered in 
medical problems (e.g., "risk factors" in coro
nary disease). It is particularly true for 
environmental disease, where the "risk factors" 
are primarily exogenous, subject to control or 
manipulation. The first clear example was re
ported in 1968 (20) when it was noted that some 
cancer deaths associated with prior asbestos 
exposure might be related to more than asbestos 
alone and could be multifactorial in origin, and 
that inhalation of the mineral fibers greatly 
increased the already high lung cancer risk for 
cigarette smokers. In the group studied, it was 
calculated that asbestos workers who smoked 
cigarettes had roughly 90 times the risk for 
similar men who neither smoked nor worked with 
asbestos. In the decade since, this has been 
amply confirmed (21). 

Even in the absence of cigarette smoking, asbes
tos increased the risk of lung cancer. This is 
statistically the case. But from a clinical and 
public health point of view, the brunt of the 
asbestos-lung cancer burden will, by far, be 
borne by the smoking asbestos workers. We fol
lowed up 12,051 asbestos insulation workers from 
January 1, 1967 through December 31, 1976. 
During .this period, all had reached at least 20 
years from onset of their work; many were 30, 40 
or more years in their trade and, therefore, in 
view of asbestos' latency, were greatly at risk 
of asbestos-induced disease. There were 8,220 
workers who had volunteered their smoking histo
ries to us in 1967 (6,841 had a history of cigar
ette smoking, 1,379 did not). For comparison we 
analyzed, during the same period, the experience 
of 73,763 men in the American Cancer Society's 
prospective cancer prevention study (22). These 
men were alike in many respects; they were white, 
had similar socioeconomic backgrounds, were 
recorded as being exposed at their work to dust, 
fumes, chemicals, and gases, and did not work as 
fanners. They had the same distribution of 
smoking habits. No control group is perfect, of 
course, but these men were as similar to the 
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asbestos workers as we could hope to find, and, 
most important, their smoking habits were also 
known. 

Table 2 shows the results. Death rates for lung 
cancer (per 100,000 man-years, standardized for 
age) were as follows: 11.3 for men who neither 
worked with asbestos nor smoked cigarettes, 58.4 
for men who worked with asbestos but did not 
Smoke, 122.6 for cigarette smokers who had not 
worked with asbestos, 601.6 for those unfortunate 
enough to have had both exposures - cigarettes 
and asbestos. 

Thus, most lung cancers from asbestos exposure 
(and probably many deaths of esophageal, oro
pharyngeal and laryngeal cancers, as well as 
asbestosis) can be avoided, if cigarette smoking 
does not accompany asbestos exposure. These 
risks would be modified (although mesothelioma, 
stomach, colon, renal cancer risks would not be 
affected). The same may be true for the augmen
tation of leukemia with radiation-benzene, as 
well as cotton dust exposure or uranium mining 
and smoking. 

If cause and effect are connected by a chain with 
multiple links, breaking one that is accessible 
may suffice to modify risk, even if the others 
are presently beyond us. 

Risk reversal. 

A special case can now be made to search for 
multiple interacting factors in environmental 
disease. It has been known that cessation of 
exposure can result in reversal of risks among 
cigarette smokers in general (22) and a similar 
advantage has been seen in uterine cancer rates 
with discontinuance of estrogens. The same has 
been found in risks associated with multiple 
factor interaction. The decade of study that 
provided the estimates in Table 2 also taught us 
something else. In 1967, there were 2,201 men 
who told us that while they had smoked, they had 
stopped (4,472 were still smoking). During the 
next ten years, the lung cancer mortalities were 
approximately one third for those who stopped 
compared with those of their workmates who had 
continued to smoke. Cessation followed by note-
able reversal of risk (Table 4). 

Appreciation of this concept - changing one or 
more of a complex of multiple factors - allows 
consideration of a variety of approaches to 
environmental disease and to concomitant evalu
ation of the risks of the agents involved. We 
have incompletely exploited the hints of geogra
phical pathology in which migrant populations 
alter their initial risks by moving to new envi
ronments. There has been little exploration of 
new observations of immunosuppression among 
groups at high risk of environmental disease. 
The latter may turn out to have practical prophy
lactic significance in defining who in high risk 
groups will be selected to suffer clinical di
sease and perhaps, in these days of imrauuomodi-
fiers, in reversal of such predilection. While 
we cannot retrieve the past, we may be able to 

Table 4 

Observed and expected number of deaths occurring 20+ 
years after onset of occupational exposure to asbestos 
dust by smoking history. Expected deaths are based on 
age-specific dearh rates of all of the asbestos workers 
In the study. 

SmtAmf Hiltor) 

Totll* 

20 - ctgirettex/diy 
Current 
Ex. <5 yn . 
Ex, 5-9 yn. 
Ex. 10+ yrt. 

<20 cigirelles/diy 
Current 
Ex. <S yn. 
Ex. 5-9 yr*. 
Ex. 10+ yn. 

Pipe/cigar only 
Never smoked regulirly 
Unknown 

All Causes 

Observed 
Out hi 

1946 

565 
166 
61 

n: 
143 
22 
10 
31 
86 
9* 

614 

of Dexth 

Eipeacd 
Dcxihl 

1946.0 

4SI. 3 
137.5 
69.6 
136.5 

127.6 
20.0 
11.5 
43.6 

112.3 
15B.2 
587.6 

Lung Cancel 

Observed 
Dexthj 

450 

171 
54 
10 
15 

38 
5 
1 
5 
3 
5 

136 

•<BE)t 

Etp<rc:ed 
• ei'hs 

•150.0 

116.3 
33.3 
17.1 
31.4 

29.5 
48 
2.5 
98 

24.2 
35.5 

132.6 

From: Hammond, Selikoff and Seidman (21) 

modify the anticipated disease consequences. If 
we anticipate exposure to hepatitis or Epstein-
Barr virus at birth, vaccines may turn, out to be 
useful. Past mistakes have resulted in tissue 
burdens of PCBs, PBBs, dioxins. Perhaps the 
success in removal of kepone should emphasize 
pharmacological research to go and do likewise. 

PUBLIC HEALTH CONSEQUENCES OF RISK MODIFICATION 
AND RISK REVERSAL 

The scientific information establishing risk 
modification and risk reversal pose public health 
questions. If efforts will be made to realize 
their potential, then current assessments of risk 
will be tentative and subject to modification. 
It implies that biological effects and the re
sults of animal studies be examined as guides to 
exploration of the effects of hazards (23) and, 
equally, that epidemiological approaches be as 
complete as possible and include low-exposure 
groups-(necessarily, large); that surveillance of 
high risk groups be undertaken for the long term, 
to record secular changes in incidence. In fact, 
such observation and assessment may now be ex
pected to include active intervention, to change 
the very risk they seek to measure. 
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DISCUSSION 

George Dahnen 

1) Isn't it true that in ail cases of "short" 
exposure, autopsy revealed high amounts of 
fibres in lung tissues (indicating exposure 
tc high concentrntions)? 

2) What is your explanation for the differences 
in mesothelioma cases in South Africa and 
Quebec? 

Reply 

1) In our cases of short exposure, in the as
bestos factory studied by us, exposure was 
very high and while there have been no com
parative quantitative studies of the number 
of fibres in the lung tissues in these cases, 
I would presume that these, too, would be 
numerous. It is highly unlikely that brief 
exposure at very low concentrations would 
have the same effect. The occurrence of 
asbestos-associated neoplasia is dose-disease 
related although for mesothelioma the dose 
may be very low. 

2) This is incompletely known, with a variety of 
explanations offered. Among these are that 
the Quebec experience has been primarily 
mining and milling, while the South Africa 
cases were not so restricted. Second, con
ditions in Quebec often make for wet con
ditions, quite unlike the dry climate in the 
Northwest Cape Province. Too, we know little 
of the relative exposures in the two countries, 
nor do we know much about the comparative 
working conditions (dose'.). Finally, the 
degree of openness of the ore/fibre makes for 
a considerable difference in exposure levels. 
In animal studies, with comparable doses, 
there is a comparable yield of mesothelioma 
with the several fibre types (Wagner et al., 
1974). Whatever the factors, they don't 
seem to hold for lung cancer, which is quite 
common in the Quebec fields; on the other 
hand, there is very little information in 
this regard from South Africa. 

data, however, to tell us about the increase 
in disease potential related to this physio
logical phenomenon. 

Jtssiu G. Levine 

Currently, TLV's for asbestos concentration 
in the workplace deal with fibres countable 
using phase-contrast light microscopes 
Some authorities, however, feel that it is 
the smaller fibres visible only using elec
tron microscopes that are the ones to be 
concerned about in terms of potential for 
pathological effects. What is your opinion 
as to the relevance of fibre size in the 
production of asbestos-associated cancers? 
Do you feel the current TLV's are low enough? 

Reply 

This is difficult to sort out since there a n 
numerous other variables that have to be si
multaneously considered. You are correct 
in pointing out that dust counts are made 
with the optical microscope and enumeration 
is limited to those between 5 and 100 microns 
in length. Smaller fibres are simply not 
counted and would, in any case, very often 
not be seen at all except by electron mi
croscopy. That short fibres can produce 
asbestos neoplasia is clear from the obser
vation that there are very few fibres visible 
by optical microscopy in environmental cir
cumstances yet mesothelioma can occur (family 
contact disease, neighborhood cases, etc.). 
The terms of the debate are blunted, too, by 
the fact that it would be very unusual in 
many exposure circumstances to have longer 
fibres alone. Finally, the data reported by 
various investigators taking various positions 
do not give an all-or-none scale but rather 
that this or that fibre length produces 
more or fewer neoplasms under the specific 
conditions of the experiment. 

Zachary Jacobson 

Yours was a particularly convincing paper. 
Does the human muco-ciliary apparatus remove 
asbestos (or flbreglass) fibres from lungs 
If not, why not? 

Is there a difference in muco-ciliary acti
vity between smokers and non-smokers? 

Reply 

Much of the asbestos that is inhaled is 
removed from the lung by the muco-ciliary 
apparatus; this continues for decades. Un
fortunately, much remains. 

There is a significant difference in muco
ciliary clearance between smokers and non-
smokers in general and, presumab.1v. for as
bestos exposure as well. There are few 

A.3. Miller 

In discussing the risk of less than one-
month exposure of amosite workers, you in
dicate that brief periods of exposure in
crease risk — the inference being that 
general population exposure could be 
hazardous. Yet the "dose-response" for 
duration does not suggest this. Surely, a 
more likely explanation is higher smoking 
rates in such workers than in the general 
population. 

Reply 

There is no evidence at this time that the 
exposure of the general population to the 
small amounts of asbestos in the ambient 
air (typically, 5ng/m^ in many cities) is 
hazardous in terms of ascribing otherwise 

http://presumab.1v
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unattributud cancers to asbestos. Eut it is 
very difficult to be dogmatic about this, 
since virtually all urban residents have 
asbestos in their lungs at autopsy. Too, 
the problea of latency exists — most asbestos 
in the lungs of people in the general popu
lation uould be more likely to have been in
haled in recent decades, what with the rapid 
expansion of the use of Jibuitos. 

A hypothetical case can be made that if this 
were not so, cigarette smoking would be much 
less hazardous than it obviously is. Paren
thetically, we did not find that the asbestos 
factory workers or the asbestos insulators 
smoked very much more than the general popu
lation, at least not more than other blue-
collar workers. Similarly, in the smoking-
asbestos studies undertaken, calculations 
were made with the groups standardized for 
smoking. 

David Wattner-Toews 

Some of the figures attributing cancer to 
low levels of asbestos are open to ar. alter
native explanation. The group, for instance, 
that lived within half-a-mile of an asbestos 
plant could be included in the "no known 
exposure group", indicating a large pro
portion of mesothelioma perhaps attributable 
to other, as yet unknown, causes. '.Cc say be 
guilty of forcing the data to fit the hypo
thesis. 

Reply 

There must be other causes of mesothelioma 
besides asbestos and I would urge that we 
look for these. Biologically, it is un
likely that the mesothelium will respond 
to only one agent. However, in the Newhouse 
study which examined the opportunities for 
asbestos exposure in a consecutive series 
of mesothelioma cases at the London Hospital, 
there were also controls, who were asked the 
same questions. These people were less 
likely to live within a half-mile of the 
asbestos plant. 
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ABSTRACT TRANSPORTATION OF HAZARDOUS MATERIAL 

Against the background of the Mississauga train de
railment and evacuation of November, 1979 the risks 
associated with transport of dangerous goods are 
described. Nine classes of dangerous goods are 
transported by five different modes. The problems 
have been developing incrementally over the past 
four decades as the volume of goods transported has 
increased as well as the size of the cargoes. A 
greater variety of dangerous commodities is now 
being carried along routes which were often built 
in advance of the dense development of housing, in
dustry, commerce and schools which now press close 
on either hand. A sudden realization of the prob
lem has been stimulated by Mississauga and similar 
accidents, and so it is felt that now is a time to 
take stock and assess the risks which have been 
created. Current risk practice is described by 
reference to several examples. These are classi
fied into four main approaches; public inquiries, 
descriptive accounts, statistical analyses, and phy
sical models. The review of current practice is 
used as a basis for a series of suggestions for the 
improvement of risk assessment as applied to the 
transport of hazardous materials. 

Six minutes before midnight on Saturday, 10 Novem
ber, 1979, a Canadian Pacific Railway freight train 
derailed at the Mavis Road Crossing in Mississauga, 
Ontario. In all, 24 cars came off the rails, many 
of them piling up in a confusing heap on the cros
sing. Propane tank cars were punctured and several 
bleves (boiling liquid expanding vapour explosions) 
occurred. One explosion hurled a tank car like a 
rocket 675 meters to the north-east. The fires 
and explosions of cars of propane and toluene 
alerted people over a radius of several miles to 
the accident. Some, motivated by curiosity, drove 
towards the accident site, creating traffic jams 
in which they soon became enmeshed and from which 
they could not retreat. 

At the heart of the jumble was Car 7, which con
tained 90 tons of chlorine. The car had been rup
tured and early arrivers at the site thought they 
could detect chlorine in the air. Confirmation 
that the chlorine tank car was in fact in the pile-
up was delayed until some confusion about the mani
fest was sorted out by a car-by-car visual check. 
This was completed on Sunday morning and almost 
immediately an evacuation was begun which eventual
ly extended over most of Mississauga and an adja
cent part of Oakville, and which included several 
hospitals and senior citizens' homes and a total of 
225,000 people. 

The fires continued for 48 hours and it was not 
until well into Tuesday that an attempt could be 
made to patch the hole in the chlorine tank car. 
Late on Tuesday some re-entry of evacuees was pos
sible and the removal of the remaining chlorine 
from the tank car commenced on Thursday, November 
15th. Almost 75,000 people remained out of their 
homes until the area was given clearance for re
entry on Friday, November 16th. Almost all eva
cuees were back in their homes by late Saturday. 
The evacuation and the closing down of most busi
nesses in Mississauga lasted for six days. 

Remarkably, no deaths have been attributed direct
ly to the accident, and the whole management of 
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che emergency has been acclaiaed as a aoeentous 
success. An economic analysis of the cose of the 
evacuation estimated the total costs at 568.7 nil-
lion, distributed as follows: to public bodies, 
il.O million; co private householders, S16.5 ail-
lion; and to businesses, S50.2 million. (1_) 

There is no doubt that this one event dramatically 
changed the perceptions of the general public about 
the risks of the transportation of hazardous mate
rials. In Toronto, a citizens interest group 
called M-TRAC was formed and continues to exert 
considerable pressure on government to ensure that 
steps are taken to make railways safer. 

There is no doubt also, that the consequences of 
the accident could have been much worse. A massive 
release of chlorine gas in a cloud that spread into 
the surrounding neighbourhoods could have caused 
many deaths before an evacuation could be organized. 
Had such an accident occurred in a densely popula
ted area of central Toronto, the size of the disas
ter would have been proportionately greater. 

An official inquiry into the accident was estab
lished by Minute of the Privy Council on 4 December, 
1979 and the report of the inquiry conducted by the 
Honourable Mr. Justice Samuel Grange of the Supreme 
Court of Ontario was completed in December, 1980. 
(2_). The Grange Report made a number of recommen
dations arising from the experience of one accident, 
As the judge himself acknowledges, however, it is 
not valid to generalize about the safety of Cana
dian railways on the basis of an inquiry into a 
single accident. 

A much broader inquiry into railway safety would be 
helpful. If an objective assessment of risks could 
be made and followed up by some recommendations 
based on a careful analysis of alternatives, then 
we would have gone a long way in providing neces
sary reassurances to M-TRAC and other concerned 
members of the public. 

The question of alternatives is an extremely impor
tant one. A study of the transportation of dange
rous commodities might be limited to the railways 
and, no doubt, some good would come of it. A fully 
satisfactory study would have to consider other 
modes of transportation as well, because an impor
tant set of alternatives concerns the question of 
which mode of transport is safest for which dange
rous commodities. 

Dangerous goods are being moved in Canada by rail, 
road, water, air and pipeline, but in no one of 
these modes do we have an adequate understanding of 
the risks involved and how they are growing. The 
spotlight of public and government attention has 
been turned onto the transport of dangerous goods. 

partly as a result of the Mississauga derailment, 
and it has revealed a large area where knowledge 
is lacking. To a considerable degree,the data 
needed to make risk assessments have not been as
sembled or are totally absent. Vhere risks are 
identified and dramatically demonstrated, and 
where no risk assessment has been made, there is 
rooa for public f"nrt to erow. and perhaps to grow 
out jf all proportion to the risk. The plain tact 
of the matter is, however, that new risks have 
been created in a relatively unthinking fashion 
and we have little idea what these risks are in 
terms of the probability of occurrence and magni
tude of possible consequences. 

In our view, public interest groups such as M-TRAC, 
are right in drawing attention to the problem be
cause the risks clearly exist and are being as
sumed without sufficient knowledge. We do not 
wish to make excuses for this lack of knowledge, 
but by way of explanation, it can be said that the 
problem is large in range and complexity and has 
grown up incrementally almosc without any reali
zation of what was happening. This realization 
has now suddenly come upon us. 

Railways passing through densely populated areas 
of our cities were built before many of the commo
dities transported on them had been developed. 
Trains were shorter, moved more slowly, carried 
fewer goods that were dangerous and carried them 
in smaller quantities. Very often the railways 
were built in advance of the dense development of 
housing, industry and commerce, hospitals and 
schools which now press close on either hand. 

It is time to take stock: to make a careful as
sessment of the risks of transporting dangerous 
goods, mindful of the fact that the health of the 
railway industry is vital in a country Che size 
and shape of Canada, and that the problems are 
not simply of the industry's own making but arise 
from the general economic and technical advances 
of the last few decades in which we have shared 
with Che rest of the industrialized world. 

This call for stocktaking is not made lighcly. We 
are aware that the dimensions of the problem are 
great in terms of commodities and modes of trans
port. Nevertheless, it would be unfortunate if 
the origins of the present concern led to a focus 
on railway safety to the neglect of other trans
port modes. 

The complexity of the problem is suggested by the 
classification of dangerous goods recommended by 
the United Nations Committee of Experts on the 
Transportation of Dangerous Goods, (3_>, and shown 
in Table 1. In some of the classes, for example, 
Class 6—Poisonous (toxic) and Infectious Substan
ces, there are many different chemicals involved 
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each or which has different effects singly and in 
combination with others. Multiply these nine clas
ses by the five modes of transport, (rail, road, 
water, 'iir, pipeline) and the enormous scale of the 
problem becomes more evident. 

TABLE 2 APPROACHES TO RISK ASSESSMENT 

Type Examples Reference 
No. 

TABLE 1 1J.N. DANGEROUS GOODS CLASS SCHEDULE 

Class 1 Explosives. 

Class - Gases: Compressed, liquefied, dissolved 
under pressure or deeply refrigerated. 

Class 3 Flammable and Combustible Liquids. 

Class 4 Flammable Solids, substances liable to 
combustion, substances that on contact 
with water emit flammable gases. 

Class 5 Oxidizing substances, organic peroxides. 

Class 6 Poisonous (-;oxic) and Infectious Substan
ces. 

Class 7 Radioactive Materials. 

Class 3 Corrosives. 

Class 9 Miscellaneous Dangerous Goods. 

Source: (3) 

The remainder of this paper is devoted to 1) a 
brief review of some of the current approaches to 
risk assessment, and 2) a discussion of present 
needs. 

Public 
Inq ui ry 

Descriptive 
Accounts 

Statistical 
Analyses 

Physical 
Models 

RISK ASSESSMENT IN PRACTICE 

?.<??ort of the Mississauea (2) 
Railway Accident Inquiry 
(Grange Report). 
Report of Inquiry into (_7) 
"The MacGregor Derailment". 

Railroad Transport of (4_) 
Dangerous Goods in 
Greater Vancouver. 
A Modal Economic and (S_) 
Safety Analysis of the 
Transportation of 
Hazardous Substances in 
Bulk. 

Development of a Systems (9_) 
Risk Methodology for 
Single and Multi-Modal 
Transportation Systems. 
Risk Analysis in (5_) 
Hazardous Materials 
Transportation. 

Management of Irradiated (10) 
Fuel Storage Siting Options. 
An Assessment of the Risk (6) 
of Transporting Propane by 
Truck and Train. 
An Assessment of the Risk (11) 
of Transporting Liquid 
Chlorine by Rail. 

Present practice falls far short of what is desira
ble. An examination of some recent efforts to come 
to grips with the risks of transporting dangerous 
commodities shows a wide range of approaches and 
levels of sophistication. Broadly speaking, recent 
studies may be grouped into four types as shown in 
Table 2. 

First, and most common, is the official inquiry. 
Typically, as in the Grange inquiry (2), this 
method focusses on a single event, and by delving 
deeply into the circumstances of its occurrence, 
seeks to learn from the experience and to pass the 
lessons* on in the form of recommendations. 

Mr. Justice Grange heard evidence that well sub
stantiated the finding that the derailment was 
caused by a "hot b o x " — t h e overheating of the jour
nal box. It was concluded that had the hot box 
been detected, the accident could have been avoided 

The Grange Report also cites statistics to show 
that of a total of 119 derailments in 1979, 
journal failures accounted for approximately 48. 
On the basis of the evidence presented before the 
inquiry, the Grange Report makes fifteen recommen
dations. These recommendations are all designed 
Co increase the safety of railway operations, but 
they lack any rationale that relates them either 
to the level of risk or the costs and feasibility 
of implementation. For example, the first 
recommendation states: 

"Trains transporting dangerous goods of any kind 
should be equipped as follows : 
(a) all cars whether dangerous goods cars or not 

should have roller bearings; 
(b) all tank cars should have double shelf coup

lers; 
(c) all 112 and 114 tank cars should have lead 

shields and thermal protection; 
(d) all 111 and 114 tank cars which have bottom 

fittings should have bottom fitting protec
tion." (2) p. 194, 
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There are technical reasons to believe that the im
plementation of this recommendation vould reduce 
risk. What is not known is the amount of increase 
in safety that would be achieved and at what price. 
In any human activity, increments in safety can be 
purchased st. a price. Until analysis of these two 
variables has been made there is an inadequate 
basis for imposing new and expensive operating 
costs on tne railway ays ten;. 

Such are the limitations of official inquiries of 
the Grange type. They serve a valuable social pur
pose in relation to particular accident events. 
They are not an appropriate vehicle for the develop
ment of general policy or regulations on railway 
safety across the nation. For this, more study in 
a wider context is needed. Such studies might form 
part of the research activities of a public inquiry 
with wider terms of reference. 

DescriDtive accounts 

A step in the direction of more detailed study in 
wider contexts is provided by descriptive accounts 
of the volume and pattern of dangerous goods move
ment especially within major population centres. 
A good and recent example is provided by the Rail
way Transport Committee's report. Railroad Transprt 
of Dangerous Goods in the Greater Vancouver Region, 
(£). Details are given of the volumes of dangerous 
goods transported by rail and transhipped within 
the region. There is no formal analysis of risk 
but the report does serve, in its own words, "to 
highlight areas of concern, to induce further dis
cussion, and to suggest possible alternatives whî .h 
raav be available from a regulatory point of view". 
(£). P.3. 

A series of recommendations is made. The logic of 
most of these runs as follows: increasing volumes 
of dangerous goods are being moved through the area; 
large numbers of people are potentially at risk 
should an accident occur; therefore, certain speci
fied actions are required to reduce the risk; the 
railway companies must comply or "show cause" why 
these specified actions cannot be taken. 

Such descriptive studies are an advance upon public 
inquiries of the Grange type, in that a whole metro
politan area-wide network is examined for poten
tially high risk situations. The recommendations 
which emerge-, however, do not rest on estimates of 
risk or cost of corrective measures. These are 
left for the railways to make. The procedure is 
one which limits the costs to the public purse, but 
leaves open the question of how dispassionate and 
unbiased the railways may be in the analysis of 
risks which they help to generate, the consequences 
of which fall largely on others. 

Statistical analyses 

A further elaboration in approach is found in 
those studies which attempt to make use of acci
dent record data to make estimates of the probabi
lity of accident events and Co model the possible 
consequences. 

A study carried out at the university <si Southern 
California (USC) (50, for example, uses a series of 
indices to construct a model of risk. Panels of 
experts were also used to develop "delphi" esti
mates for "accidental likelihood data" and "nomal 
shipment costs". Four index se us are developed as 
follows : 

I = {i} index set of cases such as: the shipment 
of a particular material in a particular 
manner over a given route. 

J = {j} index set of incident types such as: 
vehicle accident, loading/unloading 
spill, en route container failure. 

K = {k} index set of severity classes such as: 
toxic or corrosive spill, fire, explo
sion, fire and explosion. 

L = {£} index set of consequences measured in 
dollars such as: property damage, inju
ries, deaths. 

The probability is denoted by P... which gives the 
probability that, for case i, air'accident of type 
j, having severity class k, occurs. The conse
quence is denoted by C ... for case i, incident 

type j> severity class k, and consequence class S.. 
Risk, in the USC model is measured by expected 
value; thus, for case type i, and consequence 
class i, the risk R.,, is measured bv: 

(1) \ l jeJ keK 
Pijk CijU 

This system can produce a vector of consequences. 

This model appears simple but is difficult to 
apply because of the data requirements. Consider, 
for instance, how many probability estimates the 
term P .. might entail. An estimate is required 

ijfc 
for all combinations of i,j and k. Thus, if there 
are 10 materials (a small proportion of hazardous 
materials transported), _nd 3 modes and say 100 
routes, then I has 10 x 100 x 3 or 3000 values. 
The number of incidents might be somewhat fewer 
but to be comprehensive, each level of spill re
quires a different value for j so J may have 1000 
elements. The severity classes K accounts for 
the dispersion or transfer of the material to the 
location of harm so suppose that there are only 
100 values for K. The total number of probabili
ties P.., that need to be in the data base are 

ijk 
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i x LU un dur t.ĥ  above assumptions. This straight-
forward expression implies an enormous oata basu or 
some heroically simplifying assumptions in its ap
plication. Modern computers make the task of sto
rage and manipulation easy and inexpensive but help 
only to a limited extent with data acquisition. 
The USC report considers this question 'Volume III) 
Sv •'x-in-irvirjon of the feasibility of computer access 
to thL> Har.ardovis Materials Incident Reporting Sys
tem (U.S.) which would permit economical manipula
tion of frequency data. Such a system might be use
ful for frequent incidents but would not help with 
rare events; these would have to be estimated in
dividually. If, on the other hand, the events de
noted by one subscript are independent of those de
noted by another, (for the three pairs), then the 
probabilities for each of the events can be esti
mated separately and joint probabilities obtained 
by multiplication. This would result in only 4100 
probabilities to estimate from which the P ., could 
be obtained by taking products. 

where P. is the probability of release sequence i: 

where C is the consequence of a release of an 

amount Q. under a combination of a weather condi-
l 

tion and population exposure denoted by q; 

where P is the joint probability of weather con-
q 

dition and population uxpoôurc q. 

The components of their risk model agree with the 
general form usually suggested, namely, that a 
hazard is realized when four conditions are com
bined: hazard potential, release, contact with the 
recipients, and consequences. The hazard potential 
in this case is fire and explosion from propane, 
a release is denoted by Q., and contact and con
sequence by C with appropriate probabilities 

i,q 
incorporated. 

This advance into a more sophisticated mode of risk 
analysis produces more quantitative estimates as an 
input to decision-making. Greater precision is 
given to risk magnitude estimates in terms of pro
babilities and consequences. The method does not 
point however, to specific causes of accidents and 
how these might be reduced in practical terms. 

Statistical analysis is capable of considerable re
finement. Order of magnitude estimates emerge but 
these rest heavily on data from experience and 
technical judgement. Areas of uncertainty and lack 
of knowledge are pinpointed. Outstanding among 
these is the question of what kind of accidents 
might happen. As systems enlarge and technology 
changes new risk possibilities are created for 
which past experience provides no guide. For these 
risks physical models must be developed. 

Physical models 

An important contribution of the Battelle approach 
is the incorporation of engineering details, such 
as wall thickness of the tank, into the estimates 
of release probabilities. This is done by using 
fault-trees to analyze the various combinations of 
events that could lead to a release, (Q ). Event-
trees are used to analyse sequences of events 
leading to consequences conditioned on Q ,(C ). 

i.q 
Mathematical models are used to estimate such 
quantities as the surface area of the flame. 

The Battelle study (6_) Is a substantial attempt to 
model much of the physical domain of propane tran
sportation by road and rail and the associated 
risk incorporating both design and historical data. 
No doubt, further development along this path could 
take place to improve estimates and to incorporate 
further factors. 

The incorporation of physical models into risk 
assessment is achieved by the development of event-
tree and fault-tree analysis. Essentially these 
are analyses of possible sequences of events in the 
physical (engineered) world. 

This approach has been pioneered in several stu
dies carried out by the Battelle Memorial Institute. 
For example, an assessment of the risk of transpor
ting propane by truck and train (b), uses the fol
lowing basic model: 

(2) Risk KQ, P i x E C FJ 
"i.q 

where Q is the amount of material released in the 

ith release sequence; 

The combination of physical modelling approaches 
with statistical accident data represents the most 
advanced methodology yet devised for assessing 
transportation risks. Its strengths lie particu
larly in the area of evaluation of different de
sign and operating alternatives. Its weaknesses 
lie in the simplifying assumptions that have to be 
made and the false air of precision that is gene
rate-'-, '-̂ e precise results of such "full-blown" 
risk a -.issmants, especially when applied to low 
probability/high consequence events, have to be 
regarded with a great deal of skepticism and used 
with caution. When a risk analysis is conducted 
with a high degree of sophistication, and apparen
tly precise estimates are made of probabilities 
and consequences, where the probabilities are low 
and the consequences are high, public distrust 
can be quickly generated and strengthened. Risk 
analysis can come to be suspected of being a mere 
public relations exercise designed more to 



reassure the public than to bring about real 
improvements in safety. 

HOW SHOULD WE USE RI5K ASSESSMENT? 

As can be seen from the limited review of current 
practice, there is a broad effort underway to deve
lop and spply methods ot risk, analysis to the trans
port of dangerous goods. We concur with this ef
fort and would like to see it strengthened and made 
more effective in several respects. Our specific 
suggestions arise from seven characteristics of 
current practice which raise serious questions for 
would-be risk assessors. 

Feu attempts have so far been made to estimate 
the degree to which risks would be reduced by 
the implementation of specific alternative 
recommendations. 
Analyses tend to focus on particular risks from 
specific dangerous commodities and transported 
by a certain mode. 
The economic (risk-benefit) aspects of risk re
lue tion are poorly developed. 
Recommendations for risk reduction are also 
made without reference to practical feasibility 
which may be impeded for many ether reasons 
than cost. 
Alternatives examined for risk reduction tend 
to concentrate heavily on the design and opera
ting procedures of modes of transportation. 
Risk assessment is most commonly thought of in 
relation to accident prevention and not conse
quence mitigation. 
Quantitative risk analysis focusses on expected 
value and reduces high consequence events to 
low average annual losses. 

Our suggestions for the future use and development 
of risk assessment in the analysis of the transpor
tation of dangerous goods flow from these seven 
observations. There are, no doubt, other areas in 
which improvement in current practice is desirable. 
We claim no monopoly of insight for these proposals, 
nor do we feel that we can rank them in order of 
priority. 

Greater attention could be directed to the amount 
of risk reduction to be achieved by specific 
actions. The Grange Report, for example, recommen
ded more hot box detectors in built-up areas, such 
that no point should be more than 20 miles from hot 
box detector protection. There are no calculations 
in the Grange Report to show whether this might be 
expected to have a major or minor impact upon 
levels of risk. Methods of analysis are available 
to enable such estimates to be made and it would 
seem reasonable to recommend their use in order to 
ensure that those actions are chosen which are most 
effective in reducing risk. 

Analyses of risks that deal with particular commo
dities by single modes of transport have beer, made 
which give generally reassuring results. (11)• 
Such studies provide no reassurance on the aggre
gate risks of all types of transportation of hazar
dous goods and may miss the more important areas 
of risk unless set in a more general context. 
Preparatory to such detailed studies therefore, an 
overall assessment seems desirable. Theoretical^ 
Liiir> aUaalJ cover all raod"1; r>f Transport, all dan
gerous coantodttles, ana all risks. Also theoreti
cally, an overall assessment should examine the 
problem nation-wide and not just in a specific 
region, (i) 

More comprehensive examinations of risk and risk 
reduction should include an expanded economic 
analysis. Without such economic guides we shall 
continue to be in danger of spending large amounts 
of money to achieve relatively small reductions in 
risk in some instances while leaving larger risks 
elsewhere untouched. 

Some theoretical alternatives for risk reduction 
may be impracticable for other than financial 
reasons. For example, the Grange Report makes 
recommendations about the design of railway tank 
cars. Many of the tank cars on Ontario lines are 
owned by United States companies over which there 
is no Canadian jurisdiction. The Grange recommen
dation on this subject could only be implemented 
therefore through a process of negotiation with 
the U.S. authorities or the exclusion of non-con
forming cars from Canadian territory. It is not 
only ocean and air traffic in dangerous goods 
that must be considered in an international con
text. The whole enterprise of risk management in 
the transportation field can only advance on some 
fronts to the extent that different national 
jurisdictions move in step. 

The concentration on design and operating proce
dures is a natural consequence cf looking at risks 
under the stimulus of particular accidents. Acci
dent inquiries by their very nature tend to focus 
on how the accident happened end what was the im
mediate or proximate cause. There are at least 
four other broad alternative ways of reducing risk. 
Dangerous cargoes can be rerouted from lines where 
many people are exposed to other lines where few 
people are exposed to potential risk. In the 
event of an accident in a sparsely populated area 
the consequences are likely to be much less 
serious. Since alternative routes are not always 
available it may be necessary to construct new 
routes or to relocate existing routes. From time 
to time the construction of new railway lines is 
undertaken and it seems reasonable to take risk 
factors into account in route and/or site selec
tion. 

In addition to keeping dangerous commodities away 
from people, it is also possible to keep people 
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away from areas of exposure. Dense populations, 
schools, hospitals and other high-risk, land uses 
have beer, allowed to develop along railway lines 
and close to airports. Consideration needs to be 
given to the necessary steps to avoid repeating 
this practice where new railway lines are built or 
old ones relocated. Even existing land use can be 
gradually changed by the device of classifying cer
tain uses in the danger zone as non-conforming and 
disaLlowinc their replacement on the same, slue when 
obsolete or in need of renewal. 

3. 

Grange, Samuel G.M. The Honourable Mr.Justice. 
Report of the Mississauga Railway Accident 
Inquiry. Dec. 1, 1980 

United Nations, Committee of Experts on the 
Transportation of Dangerous Goods. A compila
tion of recommendations. Printed by Inter
national Regulations Publishing and Distribu
tor.- Organization, Chicago, Illinois. 19*1. 

In addition to these three alternatives there is al
so a range of actions directed at consequence miti
gation. No matter how effective our efforts at 
risk reduction, accidents will still occur from 
time to time. Emergency planning and disaster pre
paredness include many measures which can be taken 
before and during major accidents which have the 
effect of reducing the severity of the consequences. 
Programmes do exist for emergency planning but 
these are rarely considered as part of the whole 
risk assessment approach. 

5. 

Railroad Transport Committee, Railroad Trans
port of Dangerous Goods in the Greater Van
couver Region. Vancouver, British Columbia. 
Mav 1982. 

Philipson, J.K. et al. Risk Analysis in 
Hazardous Materials Transportation. Prepared 
for the U.S. Department of Transportation, 
NTIS. 4 volumes. University of Southern 
California. 1974. 

Incorporation of these suggestions into an improved 
and expanded risk assessment process could go a 
long way to improving current practice, and to pro
viding necessary reassurances to the public that 
risks were being properly managed, as well as to 
che industry that it was not being subjected o 
unnecessary regulation. 

Among the outstanding problems which would still re
main, one strikes us as particularly important. How 
should we handle in risk assessment terms the very 
low probability but high consequence event? In our 
view the inclusion of such events in quantitative 
risk analysis in such a fashion that their expected 
value of annual damages becomes very low is neces
sary but not sufficient. Special attention has to 
be given to such events if only because public per
ception places a high degree of concern about their 
possibility of occurrence regardless of their low 
probability. 

These low probability/high consequence risks may re
quire unusual steps to remove the possibility of 
their occurrence. Sometimes this can be done. 
Where, as is often the case, the possibility cannot 
be removed, then society must hold itself to be 
generous to those who may suffer in order that all 
may benefit. 
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DISCUSSION" 

D. 3arr 

Many major events, and possibly most minor 
events, are consequent upon human action. 
This action may prove, upon retrospection, 
to be erroneous, but at the time may have 
seemed eminently rational. I would suggest 
that critical analysis might lead to an im
proved data base for those responsible for 
-jking decisions in potentially dangerous areas. 

Reply 

Certainly an improved data base is needed and 
would enable us to make improved assessments 
of risk. We are not hopeful about the pros
pects of eliminating human error although 
reduction is possible, as has often been de
monstrated. 

In one sense everything that goes wrong is 
human error. When operators of complex 
machines make mistakes and cause accidents we 
blame the human factor, and try to eliminate 
the source of error by design changes. Howe\er, 
if the designs are faulty the machinery may 
still go wrong and major accidents can result. 
The human error has simply shifted from the 
operator to the designer. 

Leonard Bertin 

It has been alleged that the train that spilled 
hazardous chemicals in Louisiana was driven by 
a lady who did not have a locomotive engineer's 
licence, was drunk and the train was travel
ling at excessive speed, while the authorized 
driver and brakeman were fasc asleep. Would 
the speaker please tell me where she fits into 
the equation that he cited. 

Reply 

She does not. 

Denis Corr 

I don't think we should overuse the word 
"rare" in connection with serious transpor
tation accidents. I work for the Air 
Resources Branch of Environment Ontario and in 
the past few years our mobile monitoring units 
have been called out a couple of times each 
year in connection with major derailments in
volving dangerous goods. Airborne dispersion 
of these chemicals has the potential to 
threaten the life or health of the local popu
lation. 

Reply 

In Canada in 1981 there were 113 train derail
ments involving dangerous goods. A class of 
events that has 113 members per year is cer
tainly not rare. On the other hand there are 
37,834 miles of track over which those events 

were spread. Thus, the probability of a de
railment on any given mile of tr3ck is .003 
per year or on average one derailment in 333 
years. What is rare depends very much on 
one's point of view. 

Po-Keung Ip 

It seems that vour definition of risk is for
mulated only in terms of the probability of 
the occurrence of an event or (set of events). 
The severity of the occurrence of such events 
is not included. Why? The notion of severity 
referred to here should ultimately be under
stood in terms of human values among other things. 

Reply 

The question reveals a misunderstanding or 
misinterpretation of our intent. We regard 
risk as a combination of probability and 
outcome or consequence, and of course, the 
importance we attached to different levels 
and kinds of consequence include matters of 
human values. We are in complete agreement 
with the spirit of the question. 

Surinder Kumar 

I thought your message was that there is 
over-emphasis on health-related risks com
pared to safety-related risks. It was 
summarized as such by the last commentator. 
The comment was that each year 200 people 
get killed on railroad crossings and in 
comparison one Mississauga incident generated 
a lot of enquiries and a large allocation of 
resources and money. One has to accept the 
fact that there will not be a thing or a 
world called totally safe. There will be 
auto accidents, train accidents and deaths. 
The people involved usually are direct par
ticipants in accidents. They are either 
in the plane, car, train, etc., walking by 
or driving by the rail track, etc., whereas 
people sleeping in their houses in Mississauga 
could have been killed without any direct par
ticipation. It may be only one incident in 
a year but one with a potential of killing 
thousands of people. That, I guess, is the 
reason for more emphasis on Mississauga-type 
of incident than on somebody run over by a 
train at a railroad crossing. 

Reply 

Yes. It is clear from Anne Whyte's perception 
studies, and other work, that people place 
a higher value on the avoidance of catas-
trophies than on many small events which may 
cumulatively amount to the same thing. Risk 
analysis tries to be value-free and avoid such 
judgements. We agree, however, that people 
have a right to impose their value judgements 
over a technical analysis and this they com
monly do. 
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Prof. Dooley quoted estimates of hazardous 
material by truck (tor-hire) as 1,047 ship
ments whereas the actual estimate is 
l,0i7,000 shipments. Also note that this is 
only intercity for-hire trucking (firms 
earning Revenue in excess of 5100,000/annuni) 
and does not include any private trucking nor 
vi thin-city movements of dangerous goods. 

Reply 

The .juestioner is correct . This figure vas 
quoted from a draft report from a Federal 
agency. The draft report i s incorrect and we 
have informed the agency accordingly. 

This seccion of the paper has been deleted 
and the correction, while accurate, no longer 
seems necessary. 

W. Paskievici 
Concerning resource al locat ion for r i sk r e 
duction, how can you define low-frequency-high 
consequence events without proper analysis? 

Reply 

What is proper analysis? We are actively in 
favour of the development and application of 
risk analysis. On the other hand there have 
to be limits on the amount of analysis. It 
is impracticable to carry out all the possible 
risk analyses and sometimes quick approxi
mations are as useful as time-consuming and 
expensive studies which have to be bas^d on 
nther heroic assumptions. 

J.A.L. Robertson 

Fault-tree and event-tree analyses in fact 
analyse the postulated accident into com
ponent events for which good information is 
available. Thus, they constitute one answer 
to the author's plea for aore information. 
Even qualitatively they demonstrate that 

several failures have to coincide to cause the 
serious consequences that attract public atten
tion. Thus some understanding of them should 
tend to reassure those that fear that disaster 
is only one fault away in many modern techno
logies. 

Reply 
We agree. Modern technologies are invariably 
designed with "fail-safe" and "defence-in-
depth" characteristics, and this accounts for 
the observation that accidents occur frequent
ly but rarely have major consequences. in 
other words lots of "little things are often 
going wrong but w? have designed our techno
logy in such a way that the consequences are 
limited. 

As a result, the application of fault-tree 
and event-tree analysis always leads to the 
conclusion that accidents with major conse
quences are extremely unlikely. Neverthe
less, rare events do ha' • and the public 
perception is that the' --(ven more frequently 
than the probability estimates would suggest. 

We have a hypothesis about this that might be 
explored further. Models of faults in tech
nological systems always seem to assume that 
"events" are independent and that therefore 
the chance of two unwanted "events" occurring 
simultaneously is quite improbable. In our 
admittedly casual observation it is remark
able how many major accidents seem to be 
caused by the almost simultaneous occurrence 
of apparently unrelated events. It is common 
experience in everyday life that when things 
go wrong they tend to do so in groups or se
quences. "It's not my day; everything is 
going wrong", is a common expression that 
describes the observation. We are not sug
gesting gremlins in the works but simply that 
there may be more underlying and general 
causes of accidents which trigger seemingly 
unrelated and independent events. 
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RISKS FROM EXERGY PS 

W. Paski , 

Ecole Polytechnique, Mon 

ABSTRACT 

This paper describes risk, assessment methods used 
for quantifying health hazards associated with 
electric power production and presents results ob
tained from comparative studies. Current types of 
power plants and their supporting fuel cycles are 
considered: coal, oil, natural gas and uranium. 
Each fuel cycle is broken into its components, i.e. 
extraction, processing, transport, conversion to 
electricity and waste management, and each com
ponent is separately analyzed. Health hazards are 
classified in two major categories: those re
sulting from diseases and those resulting from 
accidents. Within each of these categories, health 
hazards are classified according to the severity of 
the hazard, i.e. fatalities, diseases and/or in
juries, and according to the victims, i.e. workers 
and the general population, including future gener
ations. Conceptual and practical difficulties 
limit the accuracy and the usefulness of compara
tive risk studies. They include: the delineation 
of the boundaries of a fuel cycle, the choice of 
technologies, dose-effect relationships and finding 
equivalent values in the case of real and hypo
thetical risks and of present and future risks. 
Review of comparative studies shows that within the 
best present estimates, normalized risks, i.e. 
risks associated with the production of a certain 
jaounc of electricity, are relatively low for all 
energy sources, as compared with risks due to the use 
of that electricity, natural gas being the safest 
source followed by uranium, oil and coal, in that 
order. 

1. INTRODUCTION 

Without further specification, risk analysis of an 
energy system may restrict itself to specific, well 
defined hazards such as coal mining or operation of 
a nuclear power station, or develop into an open-
ended process by considering all conceivable 
impacts on present and future generations, be they 
detrimental or beneficial, of environmental, eco
nomic, social or political nature, resulting from 
partial or entire fuel cycles based on present or 
future technologies. 

As risk analysis develops, models used in such 
analysis are becoming more accurate but more 
complex, the methodology more sophisticated but 
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more controversial, while the usefulness and limi
tations of the analysis are better appreciated. 

The purpose of this paper is to briefly review the 
purpose of risk analysis of energy systems, to de
scribe the different stages which risk 
analysis of an energy system has undergone, to 
discuss in more detail concepts and methods used 
in such analysis-, to give and assess numerical ex
pressions of risk associated with production of 
energy, and to comment on further directions risk 
analysis may take in the future. 

In order to bound the subject under discussion, 
only health hazards from present power producing 
technologies will be considered. This eliminates 
environmental impacts such as land and water use 
and increased CO2 production; economic impacts 
such as depletion of material resources and cost; 
social impacts such as employment and public 
reactions; and various political impacts. It also 
eliminates discussion on important but difficult 
topics such as the correlation between industrial 
activity and public health, the risks of nuclear 
proliferation, the risks of not producing ad
ditional power, etc. 

The choice of electricity as an end product may be 
criticized on the basis that other forms of energy 
could be more appropriate but the point of view is 
taken here that electricity is a commodity and 
that, as such, it has risks associated with its 
production which have to be assessed. 

Additional limitations will be discussed later. 
They are mainly due to lack of data and to in
sufficient knowledge. It should be emphasized 
here however that such limitations discriminate 
against technologies which have beenvthe subject 
of more intensive investigation and for which 
hazards are therefore more extensively identified 
and better measured. 

The energy systems considered in this paper are 
those based on coal, oil, natural gas and uranium. 
Occasional reference to renewable energy sources 
will only be made in connection with methodolo
gical problems. 

http://rS.il
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2. PURPOSE OF RISK ANALYSIS 

Risk analysis is generally performed in order to 
achieve one or several of the following objectives: 

a) to close gaps in our knowledge on health impacts 
of different energy sources; 

b) to identify activities within a fuel cycle whici-
would require remedial actions; 

c) to obtain information needed for risk manage
ment; 

d) to compare risks of different energy sources. 

The first objeccive is of scientific nature. It it 
commonly accepted that more research is needed to 
understand the complexity of atmospheric chemistry, 
to measure the migration rate of genotoxic 
substances within the geosphere, to assess the 
health effects of continuous exposure to low con
centrations of chemical and.radioactive substances, 
etc. Risk analysis would identify areas for which 
more research is needed and would assess the un
certainty bands of different measures of hazard. 

The second objective is of regulatory nature. Two 
situations may be identified. When an entire fuel 
cycle is controlled for a particular hazard, such 
as the nuclear fuel cycle is controlled for its 
radiological hazards, the regulatory body issues 
regulations for risk limitation and instructions 
for risk reduction. Risk analysis would verify 
that regulations are met for each activity within 
the cycle and would provide data for cost-benefit 
analysis of alternative ways of reducing residual 
risk. In Canada, as in many other countries that 
have endorsed the recommendations of the Inter
national Commission on Radiological Protection 
(I.C.R.P.), annual radiation exposures from normal 
operations are limited to 0.05 Sieverts for workers 
and to 0.005 Sieverts for individual members of th< 
public, respectively; the risks associated with 
these exposures are estimated to be 5x10"^ and 5x 
10"^ fatalities, respectively. Risk reduction is 
implemented by applying the ALARA principle which 
states: "All exposures should be kept as low as 
reasonably achievable, economic and social factors 
being taken into account" (1_). The second 
situation corresponds to the other fuel 
cycles where there is no single governmental 
agency established to monitor health hazards and 
to define standards for all activities within the 
cycle. For historical reasons, and due to the 
very nature of these activities, risks resulting 
from a certain activity were not compared with 
risks resulting from another activity within the 
same fuel cycle but with risks resulting from 
similar activities in society, e.g. fatalities 
from pneumoconiosis ("black lung") in coal mines 
were compared with other occupational fatal ill
nesses, not with fatal pulmonary diseases re
sulting from burning coal. Therefore, risk re
duction remedial actions for a particular activi
ty are taken when a comparison with a similar con
ventional activity would indicate the need for 
such actions. Risk analysis, for regulatory 
purposes, refers thus to activities which are re
gulated either inside the entire fuel cycle or to 
particular activities which are regulated inde
pendently of the fuel cycle. 

The third objective is of aanagenent nature and 
covers different aspects. A company, engaged in 
a specific industrial activity such as refining, 
may wish to establish safety standards for its 
workers. Risk analysis will indicate the most 
hazardous tasks and remedial measures will be 
taken, if needed, to reduce the corresponding 
risks. Since in many instances reducing risks 
also means increasing costs, risk management 
implies a cost-benefit analysis, within the 
boundary of that particular industrial activity. 
Consider now a large a company, such as Ontario 
Hydro, dedicated to producing electricity. It 
builds and operates fossil-fueled, hydraulic, and 
nuclear generating stations. The safety standards 
for its employees working at a generating station 
are the same for all stations. These standards 
are: a) two or less fatalities per 100 -million 
man-hours worked; b) two or less permanent disa
bilities per 10 million man-hours worked; and c) 
six or less temporary disabilities per 1 million 
man-hours worked. The records show that the 
standards have been met, except for hydro-electric 
power plants. (2). On the other hand, there are 
some other activities such as construction and 
maintenance of transmission lines where occu
pational hazards are much greater (e.g. for 
linemen and groundmen, the fatal accident races 
have averaged, during the 1970-1979 period, 63.6 
per 106 man-hours). For Ontario Hydro, cost-
benefit analysis for reducing risks is much more 
difficult, since many different activities are 
to be compared, inside and outside a specific 
fuel cycle. Thus, in general, risk analysis for 
management purposes refers to activities within 
a company, without regard as to whether a parti
cular activity is specific to an energy source, 
common to all fuel cycles or outside the boundary 
of any fuel cycle. 

The fourth and last objective, comparing risks 
from different energy sources, is essentially of 
political nature. At the level of public per
ception, it fuels the debates concerning the 
relative safety of a particular energy source with 
respect to other sources. At this level, dif
ferences between measured and perceived risks are 
greater. At the level of corporate or govern
mental decision, it provides the necessary infor
mation to decision makers for a better assessment 
of individual and collective risks of different 
energy options. It is doubtful that an energy 
option would be chosen or rejected only on the 
basis of its relative risk but if such a situation 
should arise, factual information, a good under
standing of the notion of risk and consistency in 
approach would be highly desirable to avoid costly 
mistakes. Finally, from another point of view, it 
can be said that risk comparison between different 
energy sources is needed to establish standards 
against which new energy technologies will have to 
be measured. 

From this general discussion, it should now be 
apparent that the approach and the methodology 
used in risk analysis are closely related to the 
purpose of the analysis. Absolute risk may be 
measured but only relative risk has a meaning. 



33 

3. EVOLUTION" OF RISK ANALYSIS 

Risk, analysis has progressed rapidly during the 
last decade and several stages of its evolution 
can be identified: 

In this stage, only risks from specific operations 
along a fuel cycle were considered, and results 
were generally compared with other risks. As an 
L!xâ :ple, risks resulting from routine emissions of 
radioactive materials fron nuclear power plants 
were calculated and compared with risks resulting 
from the background radiation. 

b) The_comglete fue^_cy_ç^e^average_aggroach 

In this stage, risks from all fuel processing and 
conversion operations along a complete fuel cycle -
from ore extraction to waste disposal - were 
examined and added together. In order to make 
inter-cycle comparisons, the risks were normalised 
to a given output, generally 1 GH(e).a, i.e. 
3.76xlo9 kilowatt-hours of electrical energy. This 
approach, first described in (3), analyzes risks 
from present installations and makes use of sta
tistical data arising from past and present 
practices. 

c) The complete fuel cycle, marginal aggroach 

In this stage, similar to the previous one, risks 
are calculated by considering different energy 
scenarios in which new installations will be 
constructed, incorporating the latest technolo
gical advances, and assuming decreased occu
pational hazards as a result of recent, more 
stringent regulations. 

As examples of this approach, see Schurr et al. 
(à) for U.S. and 3elhoste et al. (_5) for France. 
This approach is favoured by those who feel that 
presently the only practical choices of producing 
electricity are from coal or from uranium. 

d) The_wide energy cycle, process analysis 
aggroach 

This stage, strongly advocated by Inhaber Ç6), 
corresponds to an effort to generalize the previ
ous approach to include renewable energy sources. 
These are generally caracterised as material-
intensive, as compared with oil and nuclear which 
are capital-intensive, or coal which is labour-
intensive. This means that large amount of ma
terials have to be processed in order to produce 
the energy collection and conversion devices such 
as windmills or photovoltaic cells. Since pro
cessing of raw materials is not risk free, the 
hazards related to all materials - not only to 
fuel - used along a fuel cycle, have to be con
sidered. The boundary of the system to be analy
zed is therefore considerably increased. 

Process analysis is described by Rowe (.7) as being 
based orv identification of important materials 
required to build and operate energy technologies, 
on tracing flows of these materials back through 

the supply system to their source and on as
sessing occupational and public health impacts of 
each transfer or transformation of the materials. 

e) The wide energy svstem, ingut-output aggroach 

This method, described and used by Rowe (.J), 
Hamilton (8) and Haleggar et al. (9) in U.S., and 
by Hubert (10) in France, can be summarized as 
follows. Input-output analysis for health impact 
assessment is based on input-output economic 
models which trace throughout a national economic 
system total dollar flows created by demands by 
energy technologies for materials, goods and 
services. For each indus trial sector of the 
economic input-output model, occupational and 
public health and safety risks are assigned, res
pectively according to national health statistics 
per man-hour by industry and to national residu
al emission data by industry, in proportion to 
the amount of activity generated therein. 

In its present development stage, the input-
output model is generally limited to occupational 
risks. 

Conceptually, the complete energy system approach 
distinguishes between two risks: direct risk 
which is the traditional risk associated with the 
fuel cycle, and indirect risk which is related to 
general industrial activities. It is a cnarac-
teristic of the wide energy system approach to 
blurr the distinction between risks which can be 
specifically attributed to a given energy tech
nology and risks resulting from conventional 
industrial activities. 

Each of the five stages indicated above has its 
advantages and its limitations. (See, for 
instance Rowe (J)). Some of the methodological 
problems encountered in these analyses will be 
referred to in the next section. 

4. METHODOLOGY OF RISK ANALYSIS 

4.1 Basic Concepts 

4.1.1 Risk. Risk can be defined as the number of 
undesirable events occurring in a given period of 
time. Risk can be expressed quantitatively as the 
the product of the magnitude of the consequences 
that result each time an event occurs and the 
frequency of that event. In equation form: 

Risk » Frequency x Magnitude 
(Consequences/ (Events/year) (Consequences/ 
yeai) event) 

In assessing risk, one should recognize that a 
single event may result in several consequences 
(e.g. injuries of different gravities) and that 
different events may result in similar conse
quences. An elementary risk, i.e., the risk R^j 

Material used in this section has been taken 
from (11) and (12). 
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associated vith a siagle consequence Cj of an 
event of frequency F^, can be represented by a 
point in a two-dimensional space defined by the 
frequencies F and the consequences C (See Fig. 1). 

F A 

Figure 1. Graphical Representation of an 
Elementary Risk 

The total risk, is obtained upon summation of all 
consequences of all events. Difficulties with 
summation will be discussed in Section 4.3. 

Events are defined quite generally and include 
normal processes, expected malfunctions and 
accidents. 

Frequencies considered in risk analysis cover 
quite a large range: from 1 per annum, corres
ponding to normal operation, to 10~6 - 10-7 per 
annum, which represents the lower limit of a 
credible analysis. Events at the very low end of 
this range have not been observed; they are post
ulated for analysis purposes. Therefore, events, 
and consequently risks, can be classified as 
"actuarial" or "hypothetical" according to whether 
or not direct statistical data exist to make pre
dictions from past experience. 

Consequences of events also cover a wide range, 
from anxiety to death. They are usually lumped into 
a few significant categories; as a minimum, one 
should consider: 

- occupational fatalities from diseases 
- occupational diseases 
- occupational fatalities from accidents 
- occupational injuries 
- four analogous categories for the general 
population 

- genetic effects in t':e general population 

There are several reasons for distinguishing 
between these categories. The first important 
distinction is between occupational hazards and 
hazards to the general population. It is gener
ally argued that occupational hazards are of 
voluntary nature, i.e. the worker may accept or 
quit the job, whereas hazards to the general pop
ulation are involuntary, in the sense that a 
particular individual may not have another choice 
than accepting the consequences of decisions taken 
by others. The second important dis-'nction is 
between fatalities and temporal or ps. ;ial dis
abilities. The third one is between fatal acci
dents and fatal diseases; the first ones are 
sudden, the second ones appear many years after 
exposure to the pathogène agent. The life 
shortening effect of fatal accidents is much greater 
than that of fatal diseases of long periods of 
latency. 

For the purpose of comparing risks resulting from 
activities within the nuclear fuel cycles with 
risks from other fuel cycles, hazards are some
times further classified as radiological and non-
radiological. As will be seen later, radiologi
cal risks exist also in other fuel cycles, par
ticularly in coal. 

Diseases and injuries can be further classified 
according to the degree of harm, the most useful 
index being the number of working days lose (WDL). 
Some authors arc. using this index to sum over all 
somatic errects, including death (estimated as 
6,000 WDL), but for detailed comparative studies, 
a disaggregated approach is considered more 
useful. Another index, developped by the 
International Commission on Radiological Pro
tection (12) is extremely useful in comparing the 
safety of activities taking place in a radio
active environment with conventional ones. 

Furthermore, it has also been the practice to 
consider special groups, among the workers and 
the general population, which by the nature of 
their work, their proximity to radiation sources 
or their condition (e.g. pregnant women), are 
more susceptible to particular effects, be they 
radiological or chemical. Finally, for effects 
resulting from releases of chemical and of long-
lived radioactive substances produced during the 
entire fuel cycle, the population at risk theo
retically consists of an indefinite number of 
future generations. 

4.1.2 Fuel Cycle. A fuel cycle is defined by all 
the activities (called "steps") needed to produce 
energy by that fuel. These activities are gener
ally grouped into five major categories, ac
cording to the "history" of the fuel: 

a) extraction (or mining) 
b) processing 
c) transport 
d) conversion to electricity 
e) waste management 

Processing includes sizing and cleaning for coal, 
separation and cleaning for natural gas, re
fining for oil, and refining (or milling), con
version to UFg, enrichment, fuel fabrication and 
reprocessing for uranium. Transport and waste 
management may apply to several activities 
within the cycle. 

The main steps in the nuclear fuel cycle are 
shown in Figure 2 where the differences between 
the CANDU and LWR fuel cycles are also Indicated. 

With each step several "phases" are associated, 
indicative of the "history" of the facility, or 
the system in which an activity takes place. 
The most important phases are: a) construction; 
b) operation; c) decommissioning. 

4.1.3 Material-Energy Accounting. Each activity 
within the fuel cycle can be considered as a 
"black box" into and out of which materials and 
energy flow (Fig. 3). 
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Inputs consist of old products, conserved from the 
previous step, new process materials and energy 
needed to sustain the activity; outputs consists 
of the new products to be used it. the next step, 
liquid effluents, gaseous scissions, solid wastes, 
oaterials lost during the process, dissipated 
energy and possibly electricity and/or process 
heat. 

All outputs, normalized to the energy content of 
the input material (usually 10^2 3tu) are called 
"environmental impact coefficients". 

'< • 1. 't Risk Accounting. Risks are associated with 
each activity. Therefore, there are risks related 
to the production and loss of materials and 
energy shown as inputs and outputs in Figure 3. 

Total risk accounting is achieved when all these 
risks are accounted for. When, as is usual, only 
risks related to the production and use of fuel are 
assessed, partial accounting results. For the 
nuclear fuel cycle, partial accounting refers 
generally to risks associated with the production, 
use and disposal of radioactive materials. 

4.2 General Principles 

Essentially, risk assessment consists of system
atically applying risk accounting. The fuel cycle 
is broken into its basic steps and, for each 
activity, risks are evaluated according to the 
following procedure, schematically shown in Figures 
4 and 5. 

Events are classified in two categories: normal 
events, i.e. events associated with normal oper
ation, and accidents. Both categories of events 
may produce noxious elements, radioactive and toxic 
products; accidents may also induce injuries. The 
environmental impact coefficients provide source 
terms for activities within the cycle. Pathway 
analyses determine the fraction of theuc sources 
which may reach man. Statistics on accidents and 
biological models describing dose-consequence re
lationships (usually derived from epidemiological 
studies) determine individual health hazards, i.e. 
injuries and illnesses. Demographic models are 
used to compute effects on the general population. 
For the nuclear fuel cycle, these effects are de
termined from collective dose exposures and 
committed dose exposures, that is exposures which 
continue to subsist even after the end of an ac
tivity vithin the cycle; for fossil fuel cycles, 

the effects on present generations are usu-
.onsidered. (See however Section 4.3.e) 

be. .., Finally, all health effects are normalized 
to the production of a unit of electrical energy, 
usually 1 Gigawatt-year. 

4.3 Methodological Problems 

In practice, a number of conceptual and practical 
problems arise when risk assessment is performed. 
According to the assumptions made in solving these 
problems, the results may vary quite widely. To 
ensure consistency, agreement on the following 
items is needed: 

a) Last activity in the fuel cycle 

Usually, transportation and distribution of e-
lectricity as well as its end use are not con
sidered as steps in a fuel cycle. However, these 
ri.-;ks are not negligible and should be considered 
when comparing risks from different energies. 

k) Materials included in risk assessment 

On theoretical grounds, when comparing different 
energy sources, total risk accounting is needed. 
This can be achieved, in principle, with the help 
of input—output economic models as indicated in 
Section 3. In practice, this is difficult and 
most studies are based on partial risk accounting, 
restricted to fuel containing materials. Risks 
associated with other resource materials, ex
clusively related to the fuel cycle - such as 
heavy water for the CANDU's - shoul'1 however also 
be included. 

c) Phases included in £2£h_activity. 

Most risk assessments only consider the oper
ational phase. Some recent studies however 
include the construction phase as well ns decom
missioning of major facilities. 

d) Geographical limits 

There is no uniform approach in defining the 
distances over which effects arising from a source 
point should be integrated. For radioactive 
sources, the tendency is to define local («80 km), 
regional («2000-3000 km) and global (world-wide) 
zones, according to the nature of the radio-
elements and to the physical models used to do 
pathway analysis. In some studies, only the area 
in which radioactivity is higher than the back
ground is considered; in some others, the area 
extends to a distance where the computed dose 
exposure is a small fraction, typically 1%, of 
the dose exposure at the boundary of the ex
clusion zone surrounding a nuclear facility. For 
chemical sources, only local zones are usually 
considered. Very recently, long distance atmos
pheric dispersion models have been developed, 
thus allowing regional effects to be included. 

e) Time_limits 

For radioactive materials dispersed in the geo-
sphere, the health effects on the population have 
to be taken into account, theoretically until 
these materials would disappear by decay. The 
measure of such effects is done via the collective 
dose commitment concept which is the infinite 
time integral of the dose rate received by the 
entire population from a given source. In 
practice, the integration time Is finite, usually 
100 years. Comprehensive studies such as (13) 
push this limit to 500 years which for most 
radionuclides corresponds to infinity. For 
effects arising from very long-lived radio
nuclides or short-lived radioéléments such as 
radon-222, in secular equilibrium with long-lived 
thorium-230 found in uranium mine tailings, a 
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Figure 2. Main Steps in the Nuclear Fuel Cycle 
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difficult conceptual probien appears since rela
tively high collective dose commitments may be 
obtained by integrating infinitesimal individual 
doses over extremely long ( 10° years) periods of 
time. For those cases, several options are avail
able: a) ignore exposures smaller than a minute 
traction, say 1/1000, of the natural background; 
b) ignore effects occurring after the 500 years 
integration limit; c) integrate to infinity 
but use the figures only for very specific com-
parisjn purposes such as chosing among different 
mill tailing management strategies (14); and d) 
discount effects at present worth, with discounting 
values of 2.5 to 5.02 - this approach 13 advocated 
by those «ho apply cost-benefit analysis for events 
situated far away in the future. On the other 
hand, health effects arising from radionuclides 
which leak from wastes buried in deep geographical 
formations do not pose major conceptual difficul
ties since under quite a wide range of assumptions, 
the risks to individual members of the public 
appear to be negligible. 

For toxic elements dispersed in the geosphere, no 
satisfactory solution has been found for measuring 
the chemical equivalent of the collective dose 
commitment concept. Only very recently, Cohen 
(15) has calculated long-term health consequences 
from chemical carcinogens dispersed into the 
geosphere by burning coal. He has used the same 
pathways analysis as for radioactive materials, 
linear-no-threshold dose-effect relationships for a 
number of known carcinogens, and integration times 
of 10^ and 107 years. 

Problems a) to e) are sometimes called "boundary" 
problems. 

f) Choice of technology 

This problem has already been mentioned in Section 
3. It consists of choosing between a "typical" 
system which corresponds to an average existing 
system for which reliable statistical data exist 
but which is not representative of new, improved 
systems, and a "marginal" system, that is the next-
to-come system which incorporates the most modern 
technological improvements but for which no re
liable performance data exist . As examples, one 
can think of improved ventilation systems in 
uranium mines, of S02 scrubbers in coal-fired power 
plants and off-shore oil extraction platforms. 

g) Addition_of_risks 

Probably the most controversial part of risk 
analysis is the addition of risks. At the heart 
of this difficulty is the acceptability of the 
equivalence between risks which are mathematically 
equal buc which are of fundamentally different 
origin. The extreme example is that of comparing 
two activities, the first resulting in one 
death per year, the other in 100 deaths every 
100 years. Are these events equivalent ? Can 
they be compared or added ? 

On Figure 6, which is a log-log consequence 
frequency diagram, points A and 3, both sit 
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constant-risk line, represent the two given 

examples, the first of high frequency low-
consequences, the second of low-frequency high-
consequences. If the two risks are perceived 
differently, a graphical representation such as 
Fig. 6 is better suited for assessment purposes 
than a single risk value. 

When more than two events are to be considered, 
they can be summed to form histograms. When the 
number of events is large and spread over the 
entire frequency-consequence diagram, continuous 
lines, called "complementary cumulative distri
bution functions", can be used (See Fig. 7). The 
ordinate of a point situated on this iine gives 
the probability per unit time of having conse
quences greater than those indicated by the cor
responding abscissa. This representation, first 
used in a reactor safety study (16_), appears to 
be the most appropriate one for representing 
risks from accidents of wide range of conse
quences . 

Risks of non-accidental origin can be added 
within the disaggregated categories indicated in 
Section 4.1.1. 
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Figure 6. Events in the Frequency-Consequences 
Diagram 

Number of fatalities, N 

Figure 7. Complementary Cummulative Distribution 
Function 

h) Normalization_of_risks 

The usual way of normalizing risks of different 
energy sources is to refer them to a given energy 
production, generally 1 GW(e).a. While this 
normalization is the most suitable for assessing 
global impacts, other normalizations may be 
preferred for other purposes. Thus, if the pro
tection of an individual worker is the primary 
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concern, for ••? •.•J.atory or risk management 
purposes, the risk per hours worked is the best 
indicator. If the relative safety performance 
of two different energy industries is under in
vestigation, for regulatory or political reasons, 
the most suitable indicator is the risk per unit 
energy production per worker. However, if one 
wishes to compare collective occupational risks 
in two different energy industries, the risk has 
to be normalized to a unit of energy production. 

An interesting case is provided by the following 
example. The radiological hazard is substan
tially lower for a coal miner (due to tracts of 
radioactive substances in coal) than for a 
uranium miner. However, due to the much larger 
time spent in mining the uranium-equivalent 
amount of coal, the collective radiological 
hazard per GW.a is about twice as high for coal 
mining as for uranium mining (17)• 

5. COMPARATIVE STUDIES ON RISKS FROM DIFFERENT 
ENERGY SOURCES 

Many authors have published comparative studies 
on risks from electricity production. Some of 
these studies have been reviewed (18,19) in an 
attempt to find the reasons for the large discre
pancies found in those studies and to bring the 
results closer together by using a more con
sistent methodological approach. 

In the following two sections, the results of one 
of the reviews (19J will be summarized and in 
Section 8, additional data, presented at a recent 
symposium on health impacts of different sources 
of energy (2p_),will be briefly discussed. 

Twenty comparative studies (3-6,8,21-35) have been 
reviewed in detail. Four fuel cycles have been 
considered: coal, oil, natural gas and uranium. 
For each activity within a cycle, health hazards 
have been classified in two major categories: 
those resulting from diseases and those resulting 
from accidents. Within each of these categories, 
health hazards have been classified according to 
the severity of the hazard — fatalities, diseases 
and/or injuries — and according to the victims — 
workers or the general population. 

Health hazards associated with construction and 
dismantling of facilities used along the cycle 
have only occasionally been included since their 
contribution is not significant, except if all 
other health hazards are very small. Health 
hazards associated with acquisition of materials 
other than fuel have not been included since these 
hazards are relatively small for conventional 
energy sources, although the contrary may be true 
for some renewable energy sources. 

With very few exceptions, only the most signi
ficant results from this review will be presented 
here. These include upper and lower limits of 
estimates on risks arising from each of the four 
fuel cycles, as well as our own best estimates. 
These estimates refer to the eight subcategories 

of hazards indicated above. Our estimates are 
based on the following assumptions: exclusion of 
risks associated with non-fuel resources, use of 
advanced technologies, use of linear non-threshold 
dose-effect relationships, exclusion of hypothet
ical accidents and exclusion or discounting to 
present worth of long-term risks (>500 years). 
They are accompanied by uncertainty factors which 
are subjective judgements on the effects of using 
slightly different computational models within the 
same general assumptions. 

All results have been normalized to the production 
of 1 GW.J. of electrical dierg,y. 

6. RISKS FROM DISEASES 

6.1 Introduction 

Health hazards result-.ng from diseases are very 
difficult to establish and estimates strongly 
depend on assumptions made for their evaluation. 
In some cases, uncertainties are so high that some 
authors hesitate to quantify these hazards. 

A review of available reports indicates that dif
ferences in estimates of health hazards are es
sentially due to the following reasons: 

a) the difficulty of making predictions on future 
occupational diseases, since working conditions 
are improving - present data reflect old con
ditions - and since large uncertainties in 
dose-effect relationship still exist; 

b) the difficulty of evaluating long-term chronic 
effects of atmospheric pollutants resulting 
from fossil fuel combustion: direct methods 
of testing suspected pollutants for their 
health hazards are not conclusive and epidem
iological studies remain controversial; 

c) the difficulty of estimating health effects on 
future generations of uncontained toxic chem
icals and long-lived radioactive elements 
originating during electricity production 
activities. Depending on assumptions made 
concerning dispersion models, the temporal 
horizon and the equivalence between health 
effects at distinct historical periods, the 
results may be negligible or quite significant. 

6.2 The Coal Cycle 

a) Occupational fatalities 

For the coal fuel cycle, practically all occu
pational hazards are found during the extraction 
step. The common disease of miners is pneumoco
niosis which may develop into fatal massive fi
brosis. The present high rate of this disease is 
expected to drop as more stringent safety 
standards are being implemented. 

Material used in this section has been taken from 
(36) and (3_7_). 
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Estimates of occupational fatalities vary iron -0 
10 à.7 c27) per GW.a. In jur opinion. t!.e best 
estimate is a median value of 0.1, with .» spread 
factor of 5, in shOTt, O.i (5). 

b) Occupational diseases 

The occupational diseases are pneumoconiosis and 
silicosis. Estimates of risks vary from 0.55 
(23) to 64 (30); we have chosen 1.5 (2). 

c) Fatalities in the general population 

Public hazards mainly result from air pollution 
produced by burning coal. Estimates of fatal-̂  
ities in the general population vary consider
ably, from 0 (27) to 405 (30) per GW.a, according 
to assumptions made on SOT emission factors, on 
dose-consequence relationships and on affected 
areas (See Table 1). Some authors refrain from 
making numerical statements by stating that 
evidence is inconclusive. 

The best available information, based on a prob
ability distribution function gives values near 
the low end of the range. Our best estimate is 
3 (10). 

d) Chronic diseases iQ_the_general_p_ogulation 

Diseases refer to: a) chronic respiratory-tract 
diseases in adults; b) lower respiratory diseases 
in children; c) related asthma attacks; and d) 
aggravated heart-lung symptoms in old people. 

It is very difficult to make accurate estimates 
of the number of these pollution-induced diseases. 
Estimates may vary by a factor of 100 for the same 
author and quite considerably from one author to 
another: 59 (5_) to 570 000 (34). Detailed analy
sis of these estimates shows that: a) depending 
on the dose-consequence model which is used, the 
estimated number of diseases can vary by a factor 
of 100; b) depending on the antipollution equipment 
installed in the generating station, the figures 
may vary by a factor of nearly 25; and c) depending 
on the location of the plant, the figures may vary 
by a factor of 10. Our best estimate is 103 (20). 

6.3 The Oil Cycle 

There are practically no occupational health 
hazards within the oil fuel cycle. For the pop
ulation, the hazards will be similar to those 
associated with the coal fuel cycle since, in both 
cases, the toxic elements and the emission 
standards are practically the same. 

6.4 The Natural Gas Cycle 

All estimates concur to indicate that health risks 
for workers as well as for population are negli
gible for the natural gas fuel cycle. 

6.5 The Uranium Cycle 

Health effects resulting from activities within 
the nuclear fuel cycle are essentially of radio
logical nature. Estimates of these effects are 

much more accurate and cover more areas than 
estimates from coal and oil fuel cycles. This is 
due to the specificity of radiation effects, to 
the high degree of accuracy in measuring dose ex
posures and to the relatively accurate models which 
are used to calculate radioactive releases, dis
persion of these releases through different path
ways and radiological effects. Differences in 
estimates can be traced to the slope chosen to 
represent the linear dose-effect relationship, to 
the degree of reduction in dose exposures obtain
able by technological means and to the method of 
calculating collective dose commitments resulting 
from long-lived radioactive elements releasee along 
the fuel cycle. 

a) Occup_ational_fatalities 

Occupational fatalities are essentially attributed 
to radiation-induced cancers. They are spread 
along all activities within the cycle, but mostly 
during the extraction and conversion steps, in 
nearly equal proportions. 

Estimates vary from 0.02 (30) to 0.81 (34). The 
more recent ones are around 0.20. We take 0.20 
(1.5). 

b) 2£SHEâ£i£nai_âi£S§seâ 

Occupational diseases refer to radiation-induced 
curable cancers and to non-radiological diseases 
such as silicosis. Our best estimate is 0.60 
(1.5). 

c) Fatalities in the general population 

Fatalities in the general population are attri
buted to radiation-induced cancers from radio
active elements released along the entire fuel 
cycle. Estimates of these postulated fatalities 
vary from 0.001 (23_) to 0.53 (34). The higher 
estimates correspond to pessimistic assessments 
on effects of radioactive wastes and to a high 
contribution of radon released from mill tailings. 

A detailed analysis of the estimates indicates 
that the postulated risk of a fatal radiation-
induced cancer is in the range of 10~3 to 10"^ per 
GW.a, if effects from reprocessing and from 
radon are excluded. Risk from reprocessing is 
within the 10~2 to 10_1 per GW.a range, while 
risk from the committed collective dose of radon 
strongly depends on the assumptions made in 
calculating this dose, as indicated in Section 
4.3.e). 

Our preferred value is 0.2 (2.0). 

d) Chronic disga'es in the population 

By taking the •..'-• of curable to non-curable 
radiation-induced cancers to be about 1:1, the 
number of non-fatal diseases would be 0.2 (2.0). 

e) Genetic effects 

Many detailed calculations for the number of 
genetic effects have been made. Some of these 
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calculations have taken into account that not all 
radiation is genetically significant, a.g. radi
ation from radon. On the other hand, uncer
tainties concerning dose-effect relationships 
remain. An approximate value of genetic risk, 
for the general population, would be 0.1 (2). 

6.6 Summary 

Figures 8 and 9 show the range of surveyed esti
mates on occupational and public risks from 
diseases resulting from activities within the 
coal and uranium fuel cycles. Our best estimates 
aru aloo included as ccr.terlines in the hatched 
areas which represent our estimated range of 
uncertainty. TaTjle 2 summarizes our best esti
mates for all fuel cycles. 

From this table, the following general con
clusions may be drawn: 

a) the total risk for occupational disease is 
negligible for the oil and natural gas cycles, 
and similar for coal and uranium cycles; fir 
the coal cycle, the major risks are located at 
the extraction whereas for the uranium cycle, 
the major risks are located at the power 
station and at the reprocessing facilities; 

b) the risk of fatalities in the general pop
ulation is negligible for the natural gas 
cycle, relatively low for the uranium cycle 
and relatively high for the coal and oil 
cycles ; 

c) r->.a risk of fatalities in the general population 
is about as high as the risk of occupational 
fatalities for the uranium cycle, but it is 
higher for the coal and oil cycles; 

d) the risk of occupational diseases is negligible 
for natural gas and increases for oil, uranium 
and coal - in that order; 

e) the total number of non-fatal diseases from 
coal and oil is much higher than from uranium; 
the natural gas cycle shows practically no 
health effects. 

7. RISK FROM ACCIDENTS 

7.1 Introduction 

In principle, health hazards due to accidents 
should be easy to compute since the cause and the 
severity of each accident are recorded as a matter 
of routine. Thus, from productivity figures and 
accident rates, occupational health hazards of 
each activity within the fuel cycle can be 
established. Corresponding figures for accidents 
affecting the general population can also be 
established from statistical data. It is only 
natural, therefore, to expect that estimates of 
health hazards resulting from accidents should be 
more accurate than estimates of health hazards 
resulting from diseases. 

Material used in this section has been taken from 
(36.) and (37). 

In practice, however, several difficulties are 
encountered: 

a) the lack of detailed statistics which speci
fically cover activities related to the energy 
fuel cycles ; 

b) the large dispersion in statistical data which 
strongly discriminates against industrial 
activities with good safety records; 

c) the difficulty of extrapolating from historical 
data, since trends depend on safety regulations, 
on productivity and on the general ecciicmic 
climate; 

d) the lack of uniformity in collecting data, which 
makes comparisons difficult from one country to 
another and even within the same country; 

e) the determination of the degree of severity of 
an accident; 

f) the computation of risks associated with very 
rare or hypothetical accidents. 

For hypothetical accidents, one can only rely on 
computational models to predict events in a 
frequency-consequence space, such as shown in 
Figures 6 or 7. By doing so, three problems have 
been encountered: 

- the degree of confidence which can be placed on 
such calculations, as exemplified by the Reactor 
Safety Study (16); 

- the problem of equivalence between individual 
fatalities resulting from accidents of largely 
different consequences, as discussed in Section 
4.3.g). 

- the fact that hypothetical accidents have not 
been considered in a systematic way for each 
activity and for each fuel cycle. 

Only estimates of real accidents will be compared 
here. As before, health hazards will be clas
sified in four categories (fatal and non-fatal 
accidents, for workers and for the ger.aral pop
ulation). Risks associated with construction or 
dismantling of installations have not been in
cluded, except where specifically indicated. As 
before, results have been normalized to the 
production of 1 GW-year of electrical energy. 

7.2 The Coal Cycle 

In the coal cycle, most accidents occur during 
extraction where victims are workers and during 
transportation where victims are both workers 
and members of the general population. 

a) Occupational fatalities 

Estimates for occupational fatalities vary from 
0.19 (29_) to 7.5 (23) and refUvi: very different 
working conditions. Our best e2r.:.jiat.e is 0.14 
(1.5). 

b) 0£ÇuE2c^22âi_iniH£iS5 

Estimates for injuries vary from 15 (29) to 1406 
(5_). The larger spread of values is explained by 
differences in recording accidents. Our sug
gested value is 60 (1.5). 
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TABLE 1. Fatalities in the General Population from Chronic Diseases. 
Coal Cycle. 

^ \ . Step 
Author ^\^^ 

WASH-1224 (3) 

Hamilton (21) 

Smith et al. ( 

Comar et Sagan 

Morris (2T) 

Inhaber (6) 

I.E.A. (29) 

A.M.A. (30) 

U.K.. (31) 

Ramsay (32) 

Schurr et al. 

Morris et al. 

Inhaber (34_) 

Belhoste et al 

CONAES (35) 

Hamilton (8.) 

23) 

(24) 

(4.) 

(33) 

• (D 

Conversion 

7 

4-133 

0.2-36 

0.076-133 

0-320 

0.1-140 

1.23-3.67 

0.076-392 

? 

0-32 

0-10.7 

••0-18.6 

32-95 

0.34 

? 

9 

Waste t_ 
Management 

_ 

?-13.3 

0-13.0 

1.3-13.3 

-
1.4-14 

-
1.3-13.3 

-
-

-
1.4-14 

-

-
-

Total 

1 

4(?)-146.3 

0.2-49 

1.38-146.3 

0-320 

1.5-154 

1.23-3.67 

1.5-405.3 

1 

0-32 

0-10.7 

0-18.6 

33.4-109 

0.34 

? 

9 

Wastes from processing. 

TABLE 2. Health Effects Resulting from the Production of 1 GW(e).a 
(Accidents Excluded). Best Estimates and Uncertainty Factors. 

Fuel 
Cycle 

Coal 

Oil 

Natural 
Gas 

Uranium 

Workers 

Deaths 

0.1(5) 

- 0 

- 0 

0.2(1.5) 

Diseases 

1-5(2) 

- 0 

- 0 

0.6(1.5) 

Population 

Deaths 

3(10) 

3(10) 

- 0 

0.2(2.0) 

Diseases 

103(20) 

103(20) 

~ 0 

0.2(2.0) 

Total 

Deaths 

3(10) 

3(10) 

- 0 

0.4(1.5) 

Diseases 

103(20) 

103(20) 

- 0 

0.8(1.5) 
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c) "3tai accidents in_the i e n2£5i population 

Estimates for f a t a l i t i e s vary from - 0 (28) to 5.3 
( 2 3 ) . Ve have chosen 1.0 (1 .5) . 

rï) ï°2llâ£âi_â££iËSS£5_iS_£!}Ë_SSSSE2i 2°Eulation 

Estimates for injuries vary from 0.82 (33) to 48 
(22). Our estimate is 1.8 (2 .0) . 

7.2 The Oil Cycle 

The oil cycle Is considered safer than the coal 
cycle. The reasons are the high degree of 
automation of the industry, the increased pro
ductivity, safer working conditions and better 
public protection. The activities for which 
concern persists are the extraction step where the 
victims are workers and the consequences of fires 
and explosions in refineries where the victims are 
both workers and members from the general popu
lation. 

a) Occupational fatalities 

Estimates for occupational fatalities cover the 
range 0.11 (ĵ 2) to 2.0 ( 34_). Our choice is 0.35 
(1.5). 

b) Occugational_in^uries 

Estimates for occupational injuries vary from 5.2 
(23) to 146 (34). Our estimate is 30 (1.5). 

c) Risks incurred by the general population 

Risks incurred by the general population are 
considered negligible. 

7.3 The Natural Gas Cycle 

There are few independent studies on accidents 
within the natural gas cycle but all indicate that 
the risks are very low. The expected increase in 
the use of liquified natural gas may change present 
statistics and provoke increased concern over 
potential catastrophic explosions. 

a) Occu£ational_fatalities 

Estimates for occupational fatalities vary from 
0.08 (22) to 0.48 (34) which includes 0.08 victims 
occurring during the construction phase. Our 
estimate is 0.20 (1.5). 

b) Occupational injuries 

Estimates for occupational injuries vary from 5.3 
QO) to 41 (34) which includes 6 victims occurring 
during the construction phase. Our estimate is 
15 (2). 

c) Risks incurred_b£ the_general_£ogulation 

The only estimate on risks incurred by the general 
population gives 0.009 f a t a l i t i e s and 0.05 injuries 
(34)• We have retained these values, with an un
certainty factor of 1.5. 

7.4 The L'ranius Cvcle 

The major concern in the uranium cycle is the 
possibility of accidents with large radiological 
consequences. Very stringent protective measures 
have prevented such accidents and several esti
mates have shown that the potential risks are 
relatively small with respect to non-radiological 
ones. Thus the main hazards are occupational and 
are concentrated in the extraction step. 

a) Occupational fatalities 

Table 3 shows detailed estimates of occupational 
fatalities. They vary from 0.08 (30) to 0.75 
(34), which includes victims during the con
struction phase (~0.1). The differences are 
mainly due to different assumptions concerning 
uranium mining, i.e. underground or at surface. 
We have chosen the value 0.20 (1.5). 

b) Occupational injuries 

Estimates for occupational injuries vary from 5.0 
(24) to 45.7 (5). About 10 victims occur 
during the construction phase. To accommodate 
most estimates, we have taken the value 15 (2.0). 

c) Risks incurred by_the_general Emulation 

Risks for the general population have been re
lated to transport of uranium, spent fuel and 
radioactive wastes. These risks are considered 
small or negligible. The only independent esti
mate Q.) gives 0.012 fatalities and 0.11 injuries. 
We have adopted these values with uncertainty 
factors of 1.5 and 2.0 respectively. 

7.5 Summary 

Figures 10 and 11 show the range of surveyed esti
mates on occupational and public risks from 
accidents resulting from activities within the 
coal and uranium fuel cycles. Our own best esti
mates are also included as center lines in the 
hatched areas which represent our estimated range 
of uncertainty. Table 4 summarizes our best 
estimates for all fuel cycles. 

From this table, the following general conclusions 
may be drawn: 

a) the risk of occupational fatalities is very 
small and similar for the natural gas and for 
the uranium cycles; for the oil and coal 
cycles, this risk is about twice and seven 
times larger, respectively. For the coal 
cycle, the major risk occurs during the ex
traction step, whereas for the uranium cycle 
the risk is about equally divided among ex
traction and conversion steps if, as some 
authors do, the accidents during the con
struction phase of the nuclear power plant are 
included; 

b) the risk of fatalities in the general pop
ulation is in general negligible for oil, 
natural gas and uranium cycles, but it is 
about 100 times higher for coal than for 
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TABLE 3. Occupational Fatalities from Accidents. Uranium Cycle 

^ \ ^ Step 

Author ^ \ _ 

WASH-1224 U) 

Hamilton (21) 

Hit t=an (21) 

Smith e t a l . (: 

Comar e t Sagan 

Pochin ( 2 i ) 

Morris {2Tj 

W.H.O. (^8) 

Inhaber (.6) 

A.M.A. (20) 

U.K. (21) 

Ramsay (32) 

Schurr e t a l . 

Inhaber (24) 

Belhoste e t a l 

CONAES (22.) 

Hamilton (3) 

23) 

(24.) 

<i> 

• (1) 

E x t r a c t i o n 

0.12 

0.27 

0 .16 b 

0 .12-0 .27 

0 .07 -0 .27 

0 .3 

0 .12 -0 .27 

0 .1 

0 . 0 8 - 0 . 5 7 b 

0 .07-0 .27 

0 .1 

0 . 1 2 - 0 . 5 7 b 

0.043 

0.26 

0.477 

P roces s ing 

0. 

0 

0.007 

0.07 

-
0.0O7 

.004-0.27 

0 .12 

0.005 

0 .13 

-
.004-0 .27 

-

-
0.129 

0.001 

0.006 

Transpor t 

0.003 

-
-

0.003-0.012 

0.003 

0.003 

-
< 0 .01 

0 .003-0.012 

0 .003-0.007 

-

0.003-0.012 

0.009 

0.013 

0.015 

Conversion 

0.013 

0.013 

0.015 

0 .013-0 .017 

0.013 

0 .27 C 

0.013 

0 . 2 7 c 

0.013-0 .017 

0.013 

0.15 

0 .013-0 .017 

0.018 

0.013 

0.021 

T o t a l 

0 .13 

0.35 

0.175 

0 .14 -0 .31 

0 .09-0 .55 

0 . 6 9 c 

0 .13-0 .28 

0 . 5 5 c 

0 .10-0 .60 

0 .08-0 .55 

0.25 

0 . 0 9 - 0 . 3 1 c 

0 . 0 8 - 0 . 2 7 c 

0 . 2 5 - 0 . 7 5 c 

0.19 

0.27 

0.52 

Includes refining, enrichment, fuel fabrication and waste management. 

Includes victims from the following steps, indicated by arrows. 

Includes accidents which occur during construction. 

TABLE 4. Accident Hazards Resulting from the Production of 1 GW(e).a. 
Best Estimates and Uncertainty Factors. 

Fuel 
Cycle 

Coal 

O i l 

Na tu ra l 
Gas 

Uranium 

Worke 

F a t a l 

1 .40(1.5) 

0 .35(1 .5 ) 

0 .20(1 .5 ) 

0 .20(1 .5 ) 

rs 

Non-Fatal 

60(1 .5) 

30(1 .5) 

15(2) 

15(2) 

Popula t ion 

F a t a l Non-Fatal 

1 .0 (1 .5 ) 

- 0 

0 .009(1 .5 ) 

0 .012(1 .5 ) 

1 .8 (2 .0 ) 

~ 0 

0 .05 (1 .5 ) 

0 . 11 (2 .0 ) 

To ta l 

F a t a l 

2 . 4 0 ( 1 . 5 ) 

0 . 3 5 ( 1 . 5 ) 

0 . 2 1 ( 1 . 5 ) 

0 . 2 1 ( 1 . 5 ) 

Non-Fatal 

62(1.5) 

30(1.5) 

15(2) 

15(2) 
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natural gas and uranium. In all casiis, the 
risk, is related to the transport of the fuel; 

c) the risk of occupational injuries shows the 
sane characteristics as the risk of occupational 
fatalities: it is lowest for natural gas and 
uranium, about twice as high for oil and four 
tines higher for coal; 

d) the risk of injuries in the general population 
is ver)' low; for coal, it is of an order of 
=agrsitude higher than for gas or uranium. 

6. OTHER COMPARATIVES STUDIES 

In this section, results from several other com
parative studies will be reported which illustrate 
the multi-faceted aspects of risk analysis. 

a) Sadi£l£Sicai_:Ëf£S£i:2_£ro5_2H£i!Ëa.r_a2^ coal-
fired power plant 

A study made in the Federal Republic of Germany by 
Halbritter et al. (38) has shown that radiation 
effects on the population resulting from the 
normal operation of a nuclear power plant is less 
than half of that produced by a coal-fired plant of 
che same capacity. The collective dose-equivalent 
commitments, in person-Sv/GWCe).a, are 1.60 and 
3.73 respectively, which correspond to radiological 
risks of about 0.02 and 0.04 fatal cancers per 
Gigawatt-year. 

b) Different ways of expressing mortality risks 

Mortality risks can be expressed as number of 
fatalities per GW.a or as years of life lost per 
GW.a. As Reissland et al. (17) have shown, the two 
figures are not necessarily proportional. Figure 
12, reproduced from (17) shows the differences for 
different steps in the coal and uranium fuel cycles. 

c) Relative importance of risks during the 
construction £hase 

Huber" (10) has used the wide energy system, input-
output approach, to calculate occupational risks 
for several fuel cycles, for conditions applying 
in France. He has distinguished "construction" 
risks from "operating" risks, the former referring 
to accidents within the supplying industries, the 
latter to production activities within the fuel 
cycle. 

Collective occupational rick, as measured in 
working days lost per TW-h, is equal to 5930 for 
coal, 1326 for uranium and 432 for oil while the 
share of construction risks is 11%, 67% and 86% 
respectively. 

and 0.16 (i.e. 1002) for coal, nuclear and oil 
fuel cycles respectively. 

d) £arcitjogenic_risks_from different energv 
sources 

Myers and al. (39) have attempted to estimate 
carcinogenic risks from different energy sources. 
First results, including uncertainty bands, sbow 
that for coal-fired, oil-fired, nuclear and 
natural gas power stations, carcinogenic risks 
from chemical combustion products and i'adio-
nuclide releases are respectively equal to 2 
(0.2-40), Ù.8 (0.04-16), 0.8 (0.5-1.0) and -0.06 
potential cancer deaths per GW.a. 

e) Risks of_using_electricity_ 

Risk of dying by electrocution at home or at work, 
normalized to the production of electricity, is 
about 4.5 per GW.a, in Canada and the United States 
(19). This is to be compared with the total 
number of fatalities associated with the production 
of that electricity. From Tables 2 and 4, this 
number is about 5.4 for coal, 3.3 for oil, 0.6 for 
uranium and 0.2 for natural gas fuel cycles. 

9. CONCLUSIONS 

In this paper, risk analysis applied to energy 
production systems has been discussed in some 
detail. It has been shown that risk analysis may 
serve different purposes, that its methodology has 
developed from simple concepts to extremely so
phisticated methods, that a number of conceptual 
difficulties still exist but that results from 
comparative studies point to the same direction. 

Many conclusions can be drawn from the material 
presented here. Some of the most significant are: 

- when adequate protection measures are imple
mented, all energy sources considered here can 
be considered socially acceptable from the point 
of view of safety since the most severe risks 
resulting from production of electricity are of 
the same order of magnitude as corresponding 
risks resulting from its use; 

- risks specifically associated with the uranium 
cycle are not larger and probably much lower 
than the corresponding risks associated with the 
coal cycle; 

- additional research is needed to dissipate 
remaining uncertainties such as health hazards 
from combustion products, to ensure that no sig
nificant health hazards have been overlooked, 
and to identify and protect particular groups of 
individuals more sensitive than the general popu
lation to specific substances released along the 
fuel cycles; 

- hypothetical accidents of catastrophic conse
quences have to be considered separately from 
"normal" accidents and in a systematic way for 
each fuel cycle; 

Another important risk indicator has also been 
calculated: the individual occupational risk, in 
number of deaths per 1000 man-years, per TW.a. 
The total risk is 0.62 for coal, 0.22 for nuclear 
and 0.16 for oil. The conventional risk share of 
the total risk, as distinguished from the specific 
risk (effects of radiation exposure, pneumoconio
sis, etc.) is: 0.50 (i.e. 80%), 0.15 (i.e. 68%) 
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Figure 12. Schematic S impl i f ied Fuel Cycle with Hazard Data for Coal and Nuclear Fuel Cyc les . 
Numbers on t he l e f t I n each box a re deaths per GW(e).a and those on the r i g h t a re 
yea r s of l i f e l o s t pe r GW(e).a (PMF = P r o g r e s s i v e Massive F i b r o s i s ) . From (17) • 

- r e a l i s t i c e s t i m a t e s on r i s k s a s s o c i a t e d wi th a 
fuel cycle have to be based on s p e c i f i c energy 
programs and take i n t o account l o c a l c o n d i t i o n s ; 

- for a comprehensive s tudy , r i s k a n a l y s i s of an 
energy system should u s e t h e i n p u t - o u t p u t 
economic models; 

- for p a r t i c u l a r pu rposes , t h e use fu lness of r i s k 
a n a l y s i s depends on t h e n o r m a l i z a t i o n p rocedures ; 

- for risk, management, c o s t - b e n e f i t a n a l y s i s i s 
e s s e n t i a l . 
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DISCUSSION 

'•."altner-Toews 

It disturbs me that moral and political 
value judgements play such an important 
role in determining both the delineation of 
model limits and in data selection, and that 
these value judgements are often un-stated. 
For instance, the development of a nuclear 
bomb (with all the economic and social risks 
entailed) from a Candu reactor is a known 
risk to which a probability can be at
tached, yet this is deliberately excluded 
from at'lysis. As well, the safety analysis 
assumes social and political stability and 
centralized authority for centuries to come. 
There is no historical evidence to support 
such optimism. The resultant numbers hence 
have ar. unwarranted objective aura. 

Reply 

In ay written paper, I clearly indicated 
that risk analysis may encompass a variety 
of aspects beyond those directly related 
to health hazards. I have specifically 
indicated a number of such aspects: nuclear 
proliferation, increased CO? production, 
risk*, of not producing additional power, etc. 
1 will therefur»; only add that: 

a) within the self-imposeH. bounds, clearly 
delineated in the paper, numerical 
evaluation of risk is feasible, within 
reasonably known and generally accep
ted uncertainty bounds. 

b) outside these bounds, risk estimates, 
which incidentally may be also positive 
(beneficial) remain, for the moment 
in the realm of conjecture and spe
culation, for which no agreed method 
of evaluation exists 

c) the successful development of a nuclear 
bomb is the result of a political 
will; classical definition of risk 
can therefore not apply. 
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RISK OF RARE OR UNPRECEDENTED EVENTS 

F R Farmer 
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A3STRACT 

My experience is related to risk of death (or 
injury) from situations which pose major hazards 
in engineered systems. Major events have the 
potential to cause many casualties from one event; 
but events may not occur in an extreme form; conse
quently they are not identified as rare or unpre
cedented. Rare events may be an unusual combination 
of conditions occurring at the time of a 'recognised' 
event (but not necessarily so). 

Methods have many names and will be described. A 
risk analysis may use and usually should use a 
selection of all relevant techniques to a greater 
or less extent. The limitations include: lack of 
perception, lack of information, imperfection in 
knowledge of complex phenomena and, conceivably, 
tardiness in acceptance of quantified risk analysis. 

usefulness centres around improved appreciation of 
the problem, reduction of risk through improved 
design/operation, identification of uncertainties 
needing clarification, and the development of a 
c:n^on language between those concerned. 

INTRODUCTION 

This paper is concerned with rare events but it 
might be helpful to provide a background in the 
field of engineering risks from which the dis
cussion of rare events might follow. 

There are, in general, the questions of identifi
cation, of estimation or assessment of frequency 
and consequence and the question of objectives in 
relation to the risks. 

There are many areas of substantial risk that have 
an engineering content and in which progress stems 
from the examination of failures and accidents. 
Given a sufficiently large number of events that 
have led to harm,or might have, feedback resulting 
from their analysis can lead to improvements in 
design and practice. The field of transport is a 
good example, as is covered in a companion paper. 
The examination of past events may also play an 
important role in areas of engineering dealing with 
the construction of large numbers of structures of 
the same type, e.g., box girder bridges, high rise 
buildings. 

In these cases, as in transport, identification is 
self-evident from accidents or failures, assess

ment derives from the size of the sample and 
objectives follow naturally - to reduce the 
frequency or modify the consequence. 

In contrast, some engineering projects give rise 
to the problem of setting and achieving suitable 
targets of risk. It may be desirable and useful 
to express design criteria in terms of events 
having a prescribed probability of occurrence in 
the lifetime of the structure, e.g., wave 
loading for off-shore platforms, the flood level 
for the Thames Barrier, the sea defences of the 
Netherlands. 

For these examples, the event is defined and could 
be expressed either as a probability, (e.g., 10* 
per year) or as a wave height associated witn that 
probability according to current theory. 

Whereas the event prescribed is essentially 
probabilistic, the consequence implicit in the 
design objective is deterministic: for events 
of higher (more frequent) probability there should 
be no failure, for events of lower probability 
failure may occur; there is no probability of 
failure for events within the design criteria. 

Whereas these criteria are reasonably specific 
and meaningful to the engineer, some of the early 
steps in the control of risks from rare events 
have been non-specific. I give two examples: 

(a) In the early 1960s in both the USA and UK 
there was a move towards the use of more general
ized reactor safety criteria. One USA criterion 
required that "the reactor coolant pressure boun
dary shall be designed, fabricated, erected and 
tested so as to have an extremely low probabi
lity of abnormal leakage, of rapidly propagating 
failure and of gross rupture". There was an 
attempt to add some weight to these general 
criteria as in the following: "consequence 
limiting safeguards must have a high degree of 
dependability. High level dependability in 
safeguards, etc., means systems designed with 
unreserved commitment to the concept that their 
effective performance, at any time, under any 
conditions, whenever they may be called on, is 

a matter of life and death,;" 

(b) A gas explosion on tl.e 18th floor of a 22 
floor tower block at Ronan Point (London) caused 
the complete collapse of the south east corner. 

One conclusion of the Tribunal was: 
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"P.onan Point was designed to comply with the 
Eritish Standards Code of Practice CPJ: 
Chapter V on wind loading, but this is 15 years 
old, and lore recent research has shown that, 
daring its lifetime, a building of this height may 
have to withstand greater wind forces than the 
Code of Practice envisages. The building in its 
present fora may suffer structural damage from high 
winds and this could lead to progressive collapse." 

One of its recommendations was that all blocks 
over six storeys in height should be appraised by 
a stru^t^ral engineer who should consider (int»r 
aiiaj whether they have been designed to resist 
adequately the maximum wind loadings which they may 
experience. 

The Need to Anticipate 

In view of the potential for najor consequences 
involved in engineering failures, it is not 
acceprable to wait for disasters to occur in 
order to build up a body of case histories as a 
basis for policy decisions. 

Hinton(l) foresaw this in 1953, "All other 
engineering technologies have advanced not on the 
basis of their successes but on the basis of their 
failures. Atomic energy however must forego this 
advantage of progressing on the basis of knowledge 
gained l-.y failures," Later, 1976, the 1st Report 
of the (UK) Advisory Committee on Major Hazards(2), 
(ACMH), stated "Moreover the pace of change asso
ciated with modern technology allows less oppor
tunity for learning by trial and error. It is 
increasingly necessary to seek to get design and 
operating procedures right first time. Because 
of their present day size and throughput there are 
now many plants throughout the world where a cri
tical first mistake can result in disaster. 

What then is to be done? 

Again, to quote from the 1st Report (ACMH): "Con
currently many major industries have endeavoured 
to improve the reliability of their plant or 
product and have been developing techniques to 
enable them to assess the chance that machinery 
might fail. The aircraft industry, the US NASA, 
the nuclear industry and, to some extent, the 
chemical industry have increasingly considered 
forms of reliability analysis in which the pre
diction of failure plays a part." 

This form of reliability analysis uses failure 
data which are mainly derived from historical 
experience, rather than sample testing. Hence, 
historical experience makes an important contri
bution whether based on accident experience or 
plant (equipment) failures. 

However "There are serious problems in drawing 
conclusions from history in times of rapid change. 
Mankind normally learns from disasters and this 
learning process makes it less likely that any 
given combination of disastrous circumstances will 
be repeated. On the other hand, the introduction 
of novel processes and the growth of scale of 
existing processes create new problems for which 

historical analysis may have few or inadequate 
answers. Assessing the potential hazard ir. any 
specific situation requires the application of 
historical experience suitably adjusted to take 
account of all relevant factors and circumstances. 
We believe that techniques of prediction have an 
indispensable role to play in allowing us to 
reach a greater understanding of the historical 
record and in enabling us to foresee situations 
for which historical evidence is lacking or 
insufficient. Such techniques, to be valid 
however, must always lead to results in specific 
r.iips which iccord with the eeneralitv of 
historical experience of major incidents." 

Rare Events 

There is an important difference in various 
classes of rare events. Some are singular, e.g., 
meteorite impacts or certain types of pressure 
vessel failure. Others result from a chain of 
more frequenc events combining in a peculiar and 
hazardous manner, as, for example, - the de
railment at Mississauga (1979), the derailment 
and ammonia release at Pensacola (1977) or the 
fire at Brown's Ferry (1975). Rail accidents 
are not infrequent, spillages of toxic or 
flammable materials are not infrequent nor are 
fires. The combination in place and time con
tributes to the rarity of the particular events. 

This combination of more frequent events leading 
to rare events appears in reported studies of the 
potential harm in the transport of chlorine. A 
UK Study by Uestbrook (1974) ^ considered the 
relative risk of road and rail transport. Risk 
was estimated on a deterministic basis by 
assigning average numbers to the various para-
maters, such as accident frequency, severity, 
population density, evacuation time. The report 
estimated - by either route, - roughly 1 fatality 
every 100 years. 

An American study (Simmons, Erdraan, Naft, 1974>-*) 
was done on a probabilistic basis using distri
butions for the various parameters nnd arrived at 
a chance of 100/1000 fatalities at frequencies 
of 10"2/10~3 per year. 

A similar study in Finland arrived at a lower 
risk, commensurate with the lower volume of 
traffic and accident-severitv rate (Lautkaski, 
1976)(5). 

The Brown's Ferry fire is an interesting case. 
It was used to decry prediction techniques, as a 
candle-initiated fire was not predicted. But 
cable fires lie within normal bounds of predic
tion, arising for various reasons and in the 
range of 10"! to 10~2 per year. 

The particular initiator, time and place of 
initiation is not predictable - as was also 
not the time, place and manner of the 
Mississauga accident. 

The possible failure of large pressure vessels 
has been under detailed study for the nuclear 
Industry, in many countries. Such studies give 
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400G examples of predictive techniques approachine 
tr.c problem :ro3 two directions. 

The first approach (UK 1967 and 197i, Germany 
i.967-1973, L"SA 197i): 

Considered the operating experience of 
commercial and military nuclear reactor 
pressure vessels. 

Considered the operating experience of 
non-nuclear pressure vessels making 
all̂ uuacL: for Lhc considerable d-Lfletences 
i.:: design, fabrication, etc. , and deciding 
whether the reported failures «ere relevant 
to nuclear vessels. 

Classified failures as disruptive or non-
disruptive. 

Consideration of such "historical data" by the 
Marshall Study Group'6' led to the opinion 
that the probability (at the 997. confidence level) 
of a disruptive failure (relevant to a nuclear 
vessel) is of the order of, or less than, lO-^ per 
vessel year. 

The alternative approach aims to calculate a 
theoretical probability of failure by particu
larly identified mechanisms. A member of a 
vessel population is considered to fail if it 
contains a crack whose size is greater than the 
critical size for the stresses obtaining at that 
location and time. The study considers both 
normal conditions and emergency fault conditions. 
Many relevant quantities are statistically dis
tributed in a population of vessels. They include: 

(i) the incidence of cracks, crack depth, 
shape and location, 

(.ii) fracture toughness, 

(iii) other material properties, 

(iv) the transients to which the vessels are 
subject. 

Such an analysis was also developed in the Marshall 
Study Group Report. The best estimate was that the 
failure probability is 10"° per vessel year at 
the start of life and for a significant fraction 
of the vessel life, subject, of course, to quali
fications relating to design, quality control, 
inspection, etc. 

In such studies, it is very important that correct 
interpretation and understanding of critical phe
nomena be developed. For example, in the L960s, 
there were investigations and debates concerning 
the phenomenon of fast ductile fracture in thick 
steel pressure vessels. One school of thought main
tained that fast fracture - as occurs in brittle 
structures - would not occur if the steel tempera
ture was maintained at some margin above the Nil 
Ductility Temperature (NTD +• 60°F). This con
clusion was based on observations of (1) hydraulic 
tests on vessels, and (2) Robertson tests (7), 

where plates are under tension as cracks are 
initiated. In both cases, the stress on the crack 
tip decreases as the crack opens. This situation 
does not occur in a pneumatic test. The hypo
thesis had to be re-examined. 

Another example comes from the Canvey Island 
Study (8) (1973 and 1981). Canvey Island is on 
the North Thames shore downstream from London 
and close to 33,000 people. It is a typical 
large refinery and associated chemical site, ope
rated by ten companies, measuring 9 miles long 
nnd 2̂  nilec âepp. Tu.e local population was 
concerned about possible expansions and thougut 
that it was already at risk from the existing 
installations. A study was undertaken to in
vestigate the risks to the population. 

An important part of the study considered che risk 
from shipment to the site of refrigerated ammonia 
in ships of about 10,000 tons' capacity. The 
frequency and severity of ship collisions in 
coastal waters leading to ammonia spillage was 
estimated on a deterministic basis, similar 
to that used in the chlorine road/rail study 
mentioned earlier (3). From this information, 
the frequency of ammonia spillage was estimated 
at about 10_i per transit or 10" per year. 

Next, the consequences of such spillage were 
examined. 

The assessment was based on experiments in which 
liquid anhydrous ammonia was poured onto water 
as reported and assessed by Raj (9) et al. Their 
report concludes that such releases are ade
quately described in terms of a buoyant plume-
rise model, in which it is assumed that ammonia 
is released as a pure undiluted vapour. 

This conclusion was challenged by Griffiths and 
Kaiser (10) who noted, in particular that: 

the maximum quantity released in any one 
experiment was 130 kg. This quantity is small 
compared with 100 to 1.000 tons which night 
be released in a spill. 

Pasquill's dispersion model was used to obtain 
diffusion coefficients at distances of 20 to 
100 ft. It was originally formulated for 
distances greater than 100m. 

Pasquill's diffusion coefficients seem valid 
for releases of reasonable duration, 10 
minutes to 1 hour, but not for the experiment 
for which the release time was 10 sec. 

A preferred interpretation is as follows: Some 
ammonia - perhaps one half - will dissolve in 
water. The balance will evaporate and the vapour 
will contain some droplet aerosol, sufficient to 
render the mixture non-buoyant. There may be some 
initial dilution with air which will be cold 
which will assist in producing a non-buoyant 
mixture. The aerosol may develop into a mixed-
composition fog by interaction with moisture in 
the air and the high latent heat of vaporization 
will enhance the persistence of this fog. 
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This model may also describe Che result of a spill 
on land under some conditions. ~ -97 7 at 
pensacola, Florida about 50 tons : ammonia was 
released from a damaged derailed tank car. The 
cloud of vapour vas held near the ground by the 
canopy created by trees, the light rain and a 
lic,ht vind. The cloud travelled alnost 15 miles 
and was seen on radar from a (nearby airfield) for 
about 1 hour. Trees and ground vegetation were 
discoloured and birds and small wildlife were 
found dead within 1,000 ft. 

Her.ce, :' z i? pr'idfnt i"f trp^t i ^pill of ammonia 
on ;J vater as forming a heavy jas cloud. This 
model will give much greater distances for given 
ground concentrations Chan would a buoyant plume 
model. 

Data 

1 have given a few examples to show the great 
diversity in studies of (future) rare events. 
There are basically some common features. They 
all require data which may arise from a pre
defined study of some family of events which have 
occurred, such as collisions by road/rail which 
will have sub-sets of place or time or severity, 
etc., or from a family of defined accidents. V C 
Marsnall (11) has made a study of over 150 
explosive accidents from liquids, solids and gases 
covering a range from 1 to over 1,000 cons equi
valent. The best-fit line of casualties per ton 
(mortality Index Im) versus tons is close to the 
theoretical value Im oc >r ^-' the inverse 
cube route of mass. This fact would tell us that 
an average accident of 10 tons TNT equivalent 
would kill 4 people but the predicted result for 
a future event might vary by orders of magnitude, 
'.•."hac then is the value of these data? They pro
vide an important background on which to compare 
predictive models. As already noted: 'such 
techniques (of prediction) to be valid must 
always lead to results in specific cases which 
accord with Che generality of historical ex
perience' . I will refer again to this in another 

The following points should be noted: 

The family which provides data may be a healthy one 
and show no event of the type investigated. For 
example, the study of over 10,000 pressure vessel 
years of life, of a defined class, has shown no 
disruptive failure. 

The family may derive from planned experiments, 
as in studies of crack propagation in steel struc
tures, or studies of material properties and other 
variables, to give relevant distributions to 
improve the model of pressure vessel behaviour under 
various conditions. 

There may be limited experiments, as for the spillage 
of ammonia in water. Often scaling laws are dif
ficult to substantiate. 

faailies of equipment having sub-sets relating 
to size, use, severity of environment, ecc-

The amount of data held in various banks is very 
large. The data bank of the Systems Reliability 
Services of the UKAEA contains more than 1010 

item-years of experience and reports on sor-e 
250,000 failures of various components, roughly 
divided between electronic, electrical and mecha
nical components. There is a great variety of 
practice in categorization and allocation between 
sets of data so that caution must be exercized in 
the use of dnt.i from different banks. 

Methods 

There are various ways of studying problems of 
prediction of rare events. These obviously set 
out to present and interpret the available 
information in some logical form. Available 
information will include descriptions of the 
system and its function. Initially, there will 
be a rough scan: might it fail, how, where, 
with what type of consequence? This initial scan 
may lead to logic diagrams; in connon use are 
event trees, fault trees, failure modes and 
effects analysis. All these are not so very 
different. 

These names may give the impression Chat all 
analyses using such techniques are long, complex 
and costly. Some are, but an event tree may have 
only 1 or 2 branches as distinct from the 10's 
or 100's in some reactor studies. 

An event tree specifies a range of possible 
outcome, so that for a given frequency of oc
currence of an initiating event, the frequency 
of a possible outcome is given by the produce of 
the initiating frequency and all the probabili
ties at each of che incervening steps. An early 
example of an evenc crée is shown in Fig 1, from 
Farmer 1967(12). 

A fault tree attempts the reverse process by 
working back from the top (end) event through the 
chain of events that are the precursors of the 
top event. 

Problems 

The quality of any analysis depends very much on 
the abilities of those involved. Some problems 
chat may apply to any one analysis include: 

(i) how to treat or allow for common-
cause failures, i.e., multiple 
failures arising from a single event 
or failure? 

(ii) how to allow for the propagation of 
uncertainties in the inputs - parti
cularly in a prolonged chain of events? 

(iii) how Co ensure that the system is well 
and comprehensively defined? 

(iv) how to incroduce bounds to che analysis 
so chat the problem is numerically 
tractable? 

For the study of many engineered systems, data have 
been obtained from operating plants and are available 
on components such as pumps, valves, etc., and on 
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2 b lowers cont inue 
Intended sequence 
in or iginal des ign 

A l l blowers t r i p 

(as above) 

Figure 1: Example of event tree sequences for failure 
in the coolant system of a nuclear reactor. 
From Farmer (31). 

CANVEY 

10 100 1,000 10,000 100^000 1,000,000 

N (Fatalities) 

Figure 2: Frequency of Man-Caused Events with Fatalities 
Greater than N* 

Falahties due to auto <cc!*-«H5 are not shown because data are not available. 
Auto accidents causa sïou: ïç.500 ta'.alities per year. 
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(v) what distributions to apply to United 
failure data? 

These problems have been '-ell summarized in the 
Lewis(13) Report: "The successful implementation of 
sut h a methodology rests heavily on the availabi
lity of an adequate data base, effective computer 
tools, a sufficiently deep understanding of the 
detailed engineering of the system to permit 
construction of the logic trees, and some logically 
sound procedure for limiting the universe of dis
course. " 

Let ne dwell briefly on two points, uncertainty 
at cue end ot a quantified analysis and numan 
error. 

As to the first, uncertainties of a factor of 3 or 
of 10 might be thought to throw serious doubts on 
the usefulness of risk analysis. However, the sig
nificance of any uncertainty will depend on the 
level of risk assessed. 

A factor of 3 at the level of 10" is perhaps just 
significant whereas a factor of 10 at the level of 
10 barely has any practical significance. 

It is important to judge what is significant and 
what is negligible in dealing with uncertainty 
since the blind pursuit of accuracy may squander 
resources better spent in a more selective anner. 

Human error has been much discussed since the Three 
Mile Island reactor accidenc The term is generally 
applied to errors by an operator performing some 
function, rather than chose already committed prior 
to an event, in dtsign, maintenance, inspection, 
etc. I do not wish to add to the literature; 
the general aim, where operator error may lead to 
a major hazard, is to attempt by design, risk ana
lysis, etc., to provide as few points as possible 
- in theory none — at which an error may lead to an 
irreversible development of the hazard. 

Usefulness 

'.<"hile uncertainties will remain, they do not, nor 
should not diminish the usefulness of risk analysis. 
In addition to the contribution these studies make 
to the quantification of reliability and risk, 
they constitute a highly effective means of pro
viding genuine insight into the requirements of 
sound engineering. 

Another aspect appears in the Health and Safety 
(U'O Executive's 2nd Canvey report (8). This 
report contains a study of rare events as illus
trated by the prediction of upper limits of esti
mated societal risk, i.e., number of casualties 
(as a result of an accident) and probable frequency: 

1,500 - 2.0 x 10_i per year 
12,000 - 0.1 x 10"4 per year 

The Health and Safety Executive states in its con
clusions: 

Apart from the benefits of the Canvey exercise 
which can be seen in the risk reductions, there 

has been, in our judgement, a more general salu
tary effect on the firms which have been involved. 
Ve requested the firms to carry oat a thorough 
review of many of their operations, and this has 
brought benefits of a more fundamental nature 
than the improvements specifically aimed at 
reducing particular risks identified by the 
report. These general operational benefits pro
vide a firmer basis for the safe day-to-day 
working of potentially hazardous industries. 
For example, these studies have in certain 
instances led to the removal of redundant plant 
and pipework, and to the identification and 
solution of potential operability problems: both 
ot these clearly improve satety, though the 
reduction in risk is difficult to quantify. 

Another benefit of the Canvey Report has been the 
general impetus ic has given to the development 
of risk assessment methodology. Though this 
influence goes beyond the firms directly con
cerned, its effect is perhaps well illustrated 
by the action of one of the smaller companies 
involved, in which a senior management post was 
created for oversight of the work which followed 
the Canvey Report and to provide a focus for 
axpertise within the company in risk assessment 
methods." 

A further and important benefit for the future 
will be the creation of a perspective against 
which to view risk assessment of rare events. 

A start in this direction has been made in Fig 2 
(from the Rasmussen Report 0-4) on which is marked the 
Canvey Island first assessment. The revised assess
ment, taking note of changes on site and changes in 
assessment, reduces the risk at the 1000 level by 
a factor of 3 and at the 10,000 level by a factor 
of 10. For a site having over 20% of the UK 
petro-chemical capacity, the new estimates seem 
not out of proportion. This judgement does not 
validate or justify the results obtained, but I 
have faith that a progressive input into this 
framework, from many sources, will be helpful 
and should point to the need for a very careful 
re-appraisal of estimates which appear unusually 
high or low within the general picture. 

I find it heJpful, also to take note of estimates 
of fatalities. > .4 arising on a world-wide basis 
from natural or man-made causes as given, for 
example, in Figs 3 and 4 from Fryer and Griffiths 
1979 (15). 

The differences in slope of the frequency, f/N, 
lines may be somewhat exaggerated as small 
accidents will not be noted on a world-wide ba?is 
(Fig 3). Also, on Fig 4 we have little reason 
to support extrapolation beyond the range 10"1 

to 10~2 per year. (Kith change in size and 
complexity of industry, there may be greater 
uncertainty even with that ranime). 

Conclusion 

A sufficient number of studies estimating risks 
has now been completed for there co be an ade
quate appreciation of the techniques involved. 
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Although it is clear that studies vary in quality, 
and chat there are points of contention over 
technical matters, there is consensus concerning 
the overall approach. There is now a background 
against which the reasonableness of a study can be 
judged through open discussion, and this provides 
the basis for the emergence of risk estimation as a 
useful predictive technique. The process of peer 
review is important not only as a means of critical 
examination of the techniques used, but also in 
identifying competent people and organizations. 

AiSrC eitiiualiou i» 
comparisons of ris 
systems can only b 
matter how precis 
they will not prov 
making. The main 
in the achievement 
the engineered sys 
various siting and 
standing is needed 
decision is made, 
in a competent fas 
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DISCUSSION 

Philip G. Hill 

I would appreciate your views on the usefulness 
and limitations of the Rasmussen Report and the 
degree to which a study ot this type can provide 
satisfactory assurance of the safety of a power 
plant. 

Reply 

The question relates to the safety of PWR's as 
reflected in the Rasmusse'i reports. I accept the 
general conclusions of the Rasmussen and the 
German L.W.R. studies:- this is not to endorse 

the Tightness of their numbers. 

I discussed the report with Prof. Rasmussen 
and gave the view that 90% of the benefit 
could be given by 10% of the input. I regret 
the growing length of safety reports. I 
believe that reactors can conform to the broad 
safety pattern presented by the reports, but 
whether they do_ or will depends on the quality 
of design, execution and operation. 
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Is i t possible, with hind-sight knowledge of 
a l l factors involved, to give the probabil i ty 
of the TITANIC sinking on i t s maiden voyage? 

No, I think not. The failure data I use 
represent averages of events of a c lass , 
i . e . , a t i r e in a cable trench is estimated 
at 10" -̂ to 10~2/yr. — this is not specific to 
t i^u, pl^cc or cause. 

The data derived from an average of similar 
events wil l not be a good indication for a new 
system — th i s requires an engineering assess 
ment, the use of good models and knowledge of 
relevant phenomena. The loss of the DC-10 a t 
Paris could not be predicted, but the l i k e l i 
hood of failure l i e s between 10 -^ & 10"^ per 
f l ight and the one event i s not inconsistent 
with thes.: values. 

I .J . Selikoff 

What is tiie role of human factors in accident 
analysis? 

Reply 

I am pleased to see the recognition that human 
factors should be an important input to acci
dent analysis; but regret the particular 
emphasis since Three Mile Island. We know 
that human factors apply from the setting 
up of organizations and their interaction 

through design and all sta^s to operation. 
The operator should be given the best, most 
relevant, information available and yet the 
design and safety measures should give the 
operator time to react and not require a 
quick decision at a time of crisis. Most 
examples that are quoted of human factors 
failure arise from situations which should 
not have occurred — they arise from earlier 
errors of detection and analysis. We have 
a better chance of eliminating or reducing 
these. 

J.I. Williams 

How do you confirm the validity of accident 
analysis? 

Reply 

Initially, we may not have enough infor
mation to establish the validity of failure 
rate data to the level required; hence we 
need to continue to monitor in service; having 
initially had good reason to believe that an 
adequate performance will be achieved. An 
example: We set a failure rate of less than 
1 per 10 per demand in shutting down one of 
our reactors. This required 9 out of 12 in
dependent control units to operate. This set 
a standard of less than 1 in 100 per demand 
per unit. Initial samplings of 600 trials 
gave this result. It continued to be con
firmed for 6,000 trials over 6 years. 
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A3STRACT 

T'..e definition of acceptable risk goes beyond 
the scope of technical calculations of risk.; it 
is a social and political process, involving 
government, the private sector and the public. 
A ne^jssary first step to implementing such a 
process is to explain the systematic differences 
that appear to exist between risk as measured 
simply in terms of 'probability x consequence' 
and the more elaborate view of risk, as 
perceived. The factors involved include: 
1) the characteristics of the person; 2) the 
social context, and 3) the characteristics of the 
hazard. They include biases in intuitive judge
ments about probability ami an emphasis on the 
consequences of hazards compared to their 
probabilities. The addition of personal and 
social values to risk,as perceived,leads people, 
tor example, to differentiate between different 
causes and types o'f death. 

Perception of risk includes three components: 
awareness, knowledge and value. Awareness is 
largely a function of time and publicity whereas 
knowledge and values are related Co social and 
demographic variables such as age, sex, and 
education level. 

Given tiie urgency to becter understand the 
dynamics of risk perception, three suggested 
directions are: 1) long-term monitoring of 
public risk perception; 2) public education 
in risk assessment and 3) establishing a process 
for integrating scientific risk estimates with 
public risk perceptions. 

SECTIONS 

Factors in Risk Perception. 
Perception of probability. 
Perception of consequences. 
Awareness, knowledge and value. 
The impact of accidents. 
The role of information and credibility. 
The gap between scientific risk analysis and 
risk perception. 
Towards accepting risks: future directions. 

INTRODUCTION 

Recently, the federal Environment Minister, 
John Roberts, said that 

"Canadians must adjust to the notion 
of acceptable levels of risk....Risk 
assessment involves estimates of risk 
probability and magnitude as veil as a 
measure of the public's willingness to 
accept such a risk." 

(Speech to Conference on Environ
mental Issues of the 1980's ; 
Oct. 13, 1982, Ottawa, quoted in 
Globe and Mail, Oct. 14, 1382, 
p. 10.) 

Clearly there is now a recognition within govern
ment as well as the scientific community that risk 
assessment must include public risk perception as 
a component along with technical risk analysis of 
hazard probabilities and consequences. 

The Minister also referred to the need for the 
public to recognize, on its part, that zero risk 
is generally unobtainable, and that we are col
lectively engaged in the business of defining 
what levels of risk we, as individuals, as commu
nities, and as Canadians, are prepared to accept. 

A growing concern among 
government agencies to 
public will accept has 
industry in the public 
carried out in Canada 
ception. It is perhaps 
stock of what we know, 
risk perception. It is 

federal and provincial 
find out what risks the 
led to a minor growth 
opinion surveys being 
which focus on risk per-
opportune now to take 
and do not know, about 
probably the least under-
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stood and least predictable component in the risk, 
assessment equation and has been neglected until 
now by botn scientists and government decision
makers involved in risk management. 

FACTORS IN' RISK PERCEPTION 

How an individual perceives a risk is dependent 
on the interactions between: 

- the characteristics of the person 
(their age, sex, education, personality, 
etc. ) 

- Lue oituatiJn (including their social and 
economic context at the tine, and the 
group they identify with), and 

- the characteristics of the hazard or risk 
(Figure 1). 

PERSON-RELATED 
CHARACTERISTICS 

SITUATION-RELATED 
CHARACTERISTICS 

CHARACTERISTICS 
OF THE RISK 

Figure 1. The risk perception triangle, showing 
Che three main sees of factors chat 
Interact to Influence rialc perception. 

Faced with outwardly similar situations, people 
respond differently. Part of this difference 
can be attributed to their personalities, exper
ience, etc. Some of us respond to danger cooly 
and calmly; others become anxious or even 
neurotic about risk. Such individual differences 
clearly play a role in risk perception but are 
too variable in helping us to define public 
acceptance of risk. 

The second component in the triangle - the situ
ation of the individual at the time they are 
concerned with, or faced by, a risk is more rele
vant to the present discussion. A risk, whether 
it is a flood or industrial air pollution, does 
not present the same "risk situation" to differ
ent people, even if its probabilities X conse
quences are scientifically assessed as the same 
for each of them. 

People differ in their resources to respond to 
the sane hazard. The farrier will find it are 
difficult to relocate out of the flood plain 
than will the salesman. The poor are less 
likely to have adequate insurance than the 
wealthy. The industrial worker often faces, in 
the most direct way, a trade-off between his 
family's health from air pollution caused by 
industry and his job and thus his means to 
support the family. 

These situational differences translate into 
;ierr<?j>ninl stntei;ieç to psvcholo^ically cope 
with risk - in other words, to adjust the 
dimensions of perceived risk into a frame that 
can be lived with, or accepted. 

Research into perception of natural hazards such 
as earthquakes, droughts and tornadoes indicates 
that where people's resources to cope with the 
hazard consequences are low, there is a tendency 
to 'externalize' the problem; chat is, people 
correctly recognise the magnitude and probability 
of the risk but regard it as someone else's re-
sponsiblity and therefore do not feel they should 
do anything about it themselves. When that 
"other" is regarded as God or chance, we call it 
fatalism. Adopting a similar attitude, the 
Canadian public regard the task of responding to 
risk as a government one and they 'externalize' 
away their individual responsibility. 

Another perceptual strategy to cope with risk is 
found when people have to some extent, voluntarily, 
put themselves at risk. It is a process, known 
as cognitive dissonance, in which the perceived 
risk becomes underestimated or even denied com
pletely. 

Thus, flood plain residents in Ontario and else
where tend to go through a rationalization process 
like this: 

- floods don't affect the area I live in; 
- if floods do affect my area, they have 
very low probabilities; 

- if a freak flood did occur, it wouldn't 
affect my house; 

- well, if by some chance, my house was 
flooded, it wouldn't do much damage. 

(Whyte, 1982a; also for a summary of 
work on perception of natural hazards, 
see Burton, Kates and White, 1978.) 

The same rationalisation process can be heard 
from smokers, people who don't use seat belts, 
rock climbers, and probably all of us at some time 
or another. 

PERCEPTION OF PROBABILITY 

Several studies, mostly within psychology, have 
focussed on the perception of the probability 
aspect of risks (see Kahneman, Slovic and Tversky, 
1982, and Nisbett and Ross, 1980, for introductions 
to the field). Among other things, they have shown 
that people rely on a relatively small number of 
intuitive 'rules' or short cuts for estimating 
probabilities and that reliance on these rules 
leads to systematic errors and biases in judgement. 
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Thr^e important short cues, or heuristic^, vhich 
we all use to cut the complex task of assessing 
probabilities down to size are: 

1. representativeness; 
2. availability; 
3. anchoring. 

In replying on the representative 'rule', people 
•>viluatL' irobnbiiities on the basis of the decree 
u •3ir-.ilirity hctwen two events while i.'norinç 
their base rate frequencies or relative sample 
sizes. This misconception also applies to a 
sequence of events generated by a random process. 
People expect that short sequences, of say, 
tossing coins for heads or tails, will aopear to 
be as random as long sequences. H-H-H-H or 
T-T-T-H-T do not appear to be as fair as 
H-T-H-H-T; whereas, in fact, runs should be more 
common than alternations for short sequences. 
This judgemental bias is similar to the -Jell-
known gambler's fallacy - that after a long run 
of 'heads', a 'tail' is now due. Chance is seen 
as a self-correcting process whereas it is 
really a process of dilution (Tversky and Kahne-
xan, 1974). 

The second commonly used aid for assessing 
probabilities is to rely on one's memory to 
bring examples of the event to mind. If one can 
recall many examples, one judges the event as 
more probable. This perceptual bias is called 
availability. It causes misjudgement because 
our ability to recall events depends not only on 
their actual frequencies, but the impression 
they made on us (their salience), the time 
elapsed since the last event, and their imagina-
bility. The availability bias accounts for the 
common experience that the subjective probabil
ity of traffic accidents rises temporarily after 
we have seen an accident or near-accident. 

It is probably also the availability bias that 
is operating to make people overestimate risks 
that cause multiple deaths or deaths that are 
grouped in space and time. Thus the risk of 
death from a single jurabo jet crash is over
estimated compared to that from countless auto 
accidents. 

The third well-known perceptual bias in estima
ting probabilities is called anchoring. People 
generally make estimates by starting from an 
initial value that they then adjust to reach a 
final figure. Typically, the adjustments are in
sufficient and the starting estimate creates a 
drag effect, biasing the perceived probability 
in much the same way that in bargaining over a 
price both the buyer and the seller are reluctant 
to stray too far from their original values. 

These perceptual biases are not confined to lay
men; they are used by all of us, even those with 
training in statistics, when we rely on intuition 
to make probability judgements. 

PERCEPTION OF CONSEQUENCES 

While these studies have provided insight into 
our ability to estimate probabilities, it has 

been found in natural settings, when people .:re 
faced with real risks, that their concern anu 
response are more influenced by their imagined 
picture of what consequences the risk could Lring 
than by their judgement about the risk's likeli
hood (Whyte, 1982b). 

There is increasing evidence than although ri^k is 
usually scientifically defined simply as: 

Risk = probability X consequence 

risk perception is better described as 

Risk = consequence X probability 

in which the weight of the consequences is raised 
Co some power n and is strongly influenced by 
values. It is these values that can make us more 
concerned about preventing the early death of a 
child compared to an octagenarian, and feel that a 
prolonged terminal illness from cancer is somehow 
'worse' than a sudden death from a heart attack or 
stroke. 

One important aspect of our perception of conse
quences seems to be the powerful effect of the 
'worsL-case scenario'. When we can imagine major, 
dreadful, or large-scale consequences, however 
unlikely we think these may be, the risk can be
come a focus for public concern. Thus, field 
studies have consistently shown that a low proba
bility hazard with potentially major consequences, 
such as a train derailment like the one in 
Mississauga, Ontario in 1979, causes more concern 
in retrospect and prospect, than a hazard with 
higher probability and less severe consequences -
such as flooding in Oshawa, Ontario. It also 
explains why people can (as they have for nuclear 
,.ower or carcinogens in food) say: "I don't care 
how low you tell me the probability is, this risk 
is unacceptable". 

AWARENESS, KNOWLEDGE AND VALUE 

Risk perception is a useful but compendium term 
which includes three distinctive components: 
awareness, knowledge and values. 

Awareness of a risk can be nothing more than 
having heard the name, or knowing that it exists. 
It does not indicate any degree of understanding 
nor even minimal knowledge about the problem. For 
example, in October 1980, a national sample of 
Canadians surveyed showed that while 65% of them 
had heard of acid rain (many of whom were also 
prepared to say that it was the number one envi
ronmental problem in Canada), only 10% could 
correctly say that it was associated with sulphur 
dioxide or nitrogen dioxide pollution (Figure 2: 
data from Gallup Report, October 15, 1980, 
Montreal). Similarly, in 1980, by their own 
admission, less than 10% of Canadians were know
ledgeable about the use of nuclear power for 
electricity; nearly 20% had no knowledge at all 
and over 70% had only a little knowledge or a 
vague idea about it (Gallup Omnibus Study, March 
1980). 
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Awareness and knowledge of acid rain in Canada, October, 1980 

Awareness of a risk seems to be largely a function 
of time and publicity. It can spread rapidly 
through the public, especially if an accident 
occurs and is given media attention. For example, 
before the Mississauga chlorine tanker derailment 
in November, 1979, only 33% of the residents who 
had co be evacuated knew that any dangerous goods 
•jer.: transported along the tracks. After the 
accident, effectively everyone knew about the 
hazard (Burton, Victor and Whyte, 1981). In 
Atlantic Canada, only 30% of the public were 
aware of acid rain in June 1979. By October 1980 
through media attention, 70% had heard of the 
problem (Environment Canada, 1980). Awareness 
can reach levels as high as 90% of the Canadian 
iduit population, as has been shown for air 
pollution and nuclear power. 

Any knowledge of what a risk might entail or be 
caused by, on the other hand, is much more 
restricted within the public. Significantly, 
while awareness is not usually related to a 
person's individual characteristics, knowledge 
is. For example, men tend to be more knowledge
able than women about hazards, particularly those 
associated with high technology. People with 
higher levels of education are usually more in
formed, especially if they have had some college 
education. Younger adults (19-29 years old) are 
usually better informed about risks than are 
older people. These relationships gleaned from 
Canadian public survey data, are consistent 
across risks as different as food additives, acid 
rain and nuclear power. 

In addition to intellectual (cognitive) under
standing, risk perception includes a person's 
values and feelings. When people are asked 
about their degree of concern or worry about 
different risks, it is the value (affective) 
component that is being probed rather than the 
intellectual one. Values can also be shown to 
correlate with a person's individual character

istics and social context, but less consistently 
than for the knowledge component, and in differ
ent ways. 

For example, more concern about technological 
risks, pre-eminently nuclear power, is expressed 
by women and by older people. Women and older 
people are also more worried about health risks 
such as food additives and cancer agents gener
ally. For environmental hazards, such as acid 
rain, it is men rather than women who are core 
likely to regard it as a serious problem. Also, 
anglophones are significantly more likely to 
express concern about the risks of pollution, 
loss of rare species, acid rain, and toxic waste 
disposal than are francophones. More detail on 
these survey results are given in Whyte and 
Burton (1982). 

The impact of education on the public's concern 
about risks is of particular importance to risk 
management and government policy. Survey data 
indicates that higher education levels (partic
ularly college level education) tends to be 
associated with greater concern for the risks of 
toxic waste disposal, food additives, acid rain, 
and the transportation of dangerous goods. 

The evidence for nuclear power has been much dis
cussed and is more equivocal. For example, in 
the Canadian Gallup Omnibus Study, March 1980, 
university educated people were equally divided 
between strongly in favour and strongly opposed 
to nuclear power for generating electricity 
although more were somewhat opposed than were 
somewhat: in favour. The most noticeable rela
tionship between education and attitude to nuclear 
power is in the decline with higher education in 
the number who are undecided (31% for public 
school educated compared to 10% for university 
educated). 

It is sometimes argued by scientists that a lack 
of understanding about the technical and sclen-



tific aspects of a problem debars a person from 
being able to assess it in terms of its accepta
bility as a risk. This is certainly not the view 
of the public themselves. In the March 1S80 
'-•aiiup Omnibus Survey, those who were strongly 
opposed to nuclear power for generating electri
city were equally divided between those who said 
they were very knowledgeable about the issue and 
chose who felt they knew nothing at all about it. 
Similar findings exist for other hazards: the 
public is prepared to assess the acceptability of 
risks whether jr not they feel that they have any 
::r.derj*ar.d ir.s rr th»m. 

A third effect of accidents is cumulative: they 
contribute to a more risk-conscious attitude 
among the public. One of the surprising effects 
of the evacuation following the derailment at 
Mississauga was that, in addition to evacuees 
being more likely to believe another derailment 
could occur; compared to a control group, they 
also had higher expectations of the probability 
of a major nuclear accident happening in Ontario 
within the next 10 years (Burton, Victor and 
Whyte, 1981). The accident experience had thus 
increased their sensitivity to other, unrelated 
hazards. 

THE IMPACT OF ACCIDENTS 

Accidents such as the Mississauga chlorine gas 
tanker train derailment (1979) ; Three Mile Island 
nuclear reactor breakdown (1979) and the Ocean 
Ranger Oil Rig collapse (1982) serve to dramati
cally demonstrate that risks can become realities. 
Accidents can chus make people aware of a risk 
for the first time, and with that realization, 
they can be politically mobilized. 

Accidents can also serve to reassure the public 
that, however fearful, crises can be coped with. 
The nuclear accident at Three Mile Island did 
not, in the long run, increase public opposition 
to nuclear power generation in Canada although it 
did raise opposition to construction of a nuclear 
power plant in 3 person's home area (Figure 3). 

The history of risk assessment over the past 
decade also records a similar trend towards 3 
more 'risk-aware' society in Canada. Terms like 
'risk' and 'risk assessment' have now entered 
the vocabulary of the mass media and through 
them to the public, whereas before, they were 
restricted to scientific and public policy 
circles. More and more, the public has developed 
a future-oriented perspective showing concern 
about risks which might harm future generations. 

THE ROLE OF INFORMATION AND CREDIBILITY 

The public learn about most hazards from the mass 
media of television, radio, newspapers, and 
magazines. Television is a prime information 
source; significantly more so for the less well 
educated. 
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Government agencies and political representatives 
are relatively little used by the public as a 
direct means of obtaining information (.Table 1). 
Availability of information sources is tempered 
by how credible those sources are. A comparison 
of Table 1 with Table 2 reveals an interesting 
situation. University scientists are generally-
regarded as the most reliable sources of dis
interested (that is, in the public interest) 
scientific information. Members of Parliament 
and jovernraent agencies are among the least 
believed information sources, usually falling 
veil behind mass media in credibility with which 
tku -ubli; invent,:: them. 

However, university scientists are generally 
inaccessible to the public and play a relatively 
unimportant role in shaping public perceptions. 
The dominant, credible influence is that of 
television news reports. An analysis of the 
factors affecting the way news reports handle 
'risk' stories might be a more efficient way to 
predict public risk perception than are mass 
survey techniques! One study of the role of the 
:nedia in shaping Canadian public views on 
ciimatic change (a risk that is imperceptible to 
the public and scientists alike) showed that 
the time lag between research reported in scien
tific journals and news coverage of the same 
research in popular magazines and newspapers was 
usually only a few weeks or months. The content 
of the media coverage followed a similar 
'learning curve' to that of the scientific 
journals; first speculating on the evidence for 
climatic change and debating the issue of 
weather modification and then (by the mid-1970's) 
focussing on the possible causes of long-term 
changes such as fossil fuel consumption and 

Best Information Source 

Television 
Newspapers, magazines 
Pamphlets, booklets, books 
Ma il 
Radio 
Media (general) 
Government (general) 
Ontario Hydro, AECL 
Members of Parliament 
Community meetings 
Scientists, research results 
Other responses 
Don't know 

Total X 

Number of interviews 

Percentage of 
Respondents 

24 
21 
12 
12 
8 
7 
4 
n 

l 
i 
l 
2 

____! 
100 

(I 558) 

1 

* Responses to the question: "What is the best 
way of getting information to you on nuclear 
waste disposal?" 

Source: Gallup Ontario Omnibus Survey, June 1979. 

Table 1. 

Public perception of their access to information 

sources for nuclear waste disposal 

aerosol sprays (Harrison, 1982). Public per
ception of climatic change in Ontario can also 
be related to the media coverage of the topic; 
most people surveyed (66S) believed that the 
Canadian climate is changing and the commonest 
causes given were man-made ones (Whvte and 
Harrison, 1981). 

I Information Source 

University scientists 
TV news reports 

1 Newspapers 

Percentage of 
Respondents* 

72 
66 
39 

AFXL 
Environmental and conservation 
groups 

Ontario Ministry of Energy 
AECB 
Federal Minister of Energy 
Ontario Hydro 
Members of Parliament 

49 
50 
44 
27 

* Response of very believable or quite believable 
to the question: "I am going to read you a list 
of information sources about nuclear waste dis
posal. I would like you to tell me how belie
vable you think the information you receive 
from e3Ch source is." 

Source: Gallup Ontario Omnibus Survey, June 1979. 

Table 2. 

public perception of the credibility of inform
ation sources about nuclear waste disposal 

One widely acknowledged bias in news reporting 
is that bad news makes a better story than good 
news. Similarly, stories that can be visually 
and, preferably, dramatically retold get more 
coverage than imperceptible events. The biases 
of media reporting thus reflect our own perceptual 
biases. One Ontario study in 1979 indicates that 
governments may now be facing a Catch-22 situation 
vis-â-vis public response to information. It 
found that people tended to believe the Ministry 
of the Environment when it said something was 
dangerous but to disbelieve it when the Ministry 
said something was safe (Ontario MOE, 1979, p.28). 

Controversy usually adds to media interest in a 
story, particularly if the authority and credi
bility of the opposing sides is somewhat evenly 
balanced. In the history of the nuclear power 
generation debate, controversy has helped to make 
more people aware that there is an issue, and has 
probably contributed to the decline in the 
'undecided' group. However, there is no evidence 
that it has made the public more knowledgeable 
about nuclear power generation despite massive 
publicity over the years, particularly in the USA. 

THE GAP BETWEEN SCIENTIFIC RISK ANALYSIS AND 
PUBLIC RISK PERCEPTION 

With a public that is increasingly vocal and 
articulate about risks and the way they should be 
dealt with, governments are becoming more con
cerned about the gap chey perceive between risk 
analysis and risk perception. The most sensitive 
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point surrounds :iI>'3Y - or the Mot in My Sackvard 
Syndrome - which threatens to sabotage anv 
pianninç for locating vaste management sites. 

Inert are examples ni public concern forcing 
jcvernmer.t 's or management's hand in regulating 
risks more strictly than risk analysis vculd in
dicate is necessary; the control of spraying 
- —i-5T on school yards in 1981 and restrictions 
on the use of Video Display Terminals by female 
workers in 1982 are two recent examples from 
Ontario. 

L'SA (Figure -i), using samples of ill university 
students and 77 League of Women Voters in Eugene, 
Oregon, which indicate that the probabilities of 
some risks (nuclear power generation, vaccination, 
and tornadoes) are intuitively overestimated, 
while others, like heart disease and mercury in 
lakes, are underestimated (Slovic, Fischhoff 
and Lichtenstein, 1982). Although these results 

iCTViAL Nunen OF OEATHS PER TEAR 

Figure i. 

Relationship between perceived (estimated) number 
cf deaths per year and actual number for 41 given 
causes of death. Each point is average value for 
the experimental data obtained and selected bars 
show 25th and 75th and 75th percentiles of the 
range of perceptions measured. Data are for 111 
university student3 and 77 League cf Women Voters 
in Eugene, Oregon (from Slovic, Fischhoff and 
Lichtenstein, 1982, p. 466). 

are interesting, there are several caveats that 
should be made in using them: they have not been 
replicated elsewhere, the original samples are 
small and are not representative of the general 
public, and they refer to perception of probabil
ity. While they should not be generalized to the 
Canadian public, the Oregon experimental data can 
be taken as further evidence that a gap does exist 
between risk analysis and risk perception, or 
between estimation and intuition. 

Some of the reasons for that gap already dis
cussed relate to the characteristic biases in 
our intuitive judgements about probabilities; 
the discriminations we make between different 
causes and types of outcomes and the values that 

are placed on them; and the powerful influence 
on our imaginations that is exerted by the worst-
C2s= scenario. 

In addition, an analysis of recent Canadian 
public survey data, together with case studies 
of public and government response to hazards 
(see, for example, Lawless, 1977; Dotto and 
Schiff, 197S; Howard, 1980), provides the basis 
for Table 3 which lists some of the factors that 
appear to operate to raise pablic risk percep
tion in Canada compared to scientific estimates 
of risk. Among the 'person-related' character
istics are those of education, sex, aee, and 
personality. The 'situation-related' character
istics include the involuntary or imposed nature 
of some risks (such as air pollution), the 
amount of scientific controversy reported to the 
public (e.g. nuclear power generation), children 
especially at risk (£-g. DDT in mother's milk), 
asbestos in school buildings and the shock-
impact of a major accident or near-accident. 

The nature of the risk can also elevate the 
public's perception of it, particularly if it has 
a direct effect on human health (train accident) 
rather than indirectly on economic well-being 
(acid rain reducing forest productivity). Some 
risks become 'dread' hazards for a particular 
society. Cancer and radiation act in this way 
for the Canadian public today; for the 
Victorians, it was probably 'consumption' or 
tuberculosis. 

TOWARDS ACCEPTING RISKS: FUTURE DIRECTIONS 

Table 3 could well be taken as a summary of our 
present state of knowledge about risk perception 
in Canada. The factors are generally only able 
to be expressed qualitatively and are treated 
as independent variables whereas it is clearly 
the interaction of a large number of dependent 
as •.•ell as independent variables that influences 
'..ow the public will respond to a particular 
hazard. So far, an integrated picture of risk 
perception has failed to emerge. We are a long 
way from beint able to model risk perception and 
to predict what level of risk the public will 
accept for different hazards. 

Are the public any closer to recognizing that 
they must accept some level of risk? Take for 
example, the latest data on attitudes towards 
research drilling for rock samples within 20 
miles of their community in the search for a 
nuclear waste disposal site (Figure 5). There 
is a fairly consistent level of opposition in 
Ontario as a whole at about 202. This means 
that 80% of those interviewed were either 
indifferent or not particularly opposed - of 
course, for a variety of different reasons 
(Greber, 1982). Other evidence from the same 
survey on nuclear waste disposal indicates that a 
small percentage of the public view acceptability 
as a term relative to distance from their back
yard, whereas for the majority, no amount of risk 
is acceptable. By increasing the distance (from 
the hypothetically proposed nuclear waste disposal 
facility) from 20 to 100 miles, the percentage of 
the public that is willing to take the risk 
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Person-related 
Characteristics 

Situation-Related 
Characteristics 

Risk 
Characteristics 

Lcwer educational level* 3eyond control of individual Poses immediate threat 

Older* 

Parent 

Anglophone 

"Anxious'' personality 

"External" personality 

Individual at risk 
involuntarily 

Short cine since previous 
hazard event 

Children particularly at 
risk 

available '.o respond 

Low credibility in 
authorities 

Scientific controversv 

High media attention 

No risk analysis available? 

Direct consequences 
to heaith 

Mechanisms not 
understood 

Probabilities low 
or uncertain 

'idjard 

"Dread" hacard 

Large number 
fatalities per event 

Fatalities grouped 
in ssace and time 

* Varies according to specific cause of risk. 

Table 3. Factors tending to increase perceived risk compared to 
scientific esiaates. 

ATTITUDES TOWARDS RESEARCH DRILLING FOR ROCK SAMPLES WITHIN 20 MILES 

OF THEIR COMMUNITY IN SEARCH FOR NUCLEAR WASTE DISPOSAL SITE. 

. OPPOSED 
(Northern Ontario) 

OPPOSED 
(All Ontario) 

June 
78 

i l i l l 
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79 79 79 79 80 80 80 
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81 81 
Sept 
80 

Figure 5 
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increases from !'•', to 18%. 3ut by increasing Che 
distance to 500 ailes, there is no significant 
increase in the numbers willing to accept the 
risk. (Figure o). 

We urgently need to understand the^e risk per
ceptions and how they respond to new information 
and over tine. Three of the most important areas 
for research are: 

1) long-term monitoring of public risk 
perception in Canada; 

2) training and education in risk assessment 
for the public, including students; 

3) developing a rationale and process for 
integrating scientific risk estimates with 
public risk perceptions. 

There is now a recognition of these needs within 
Canadian federal and provincial governments, as 
well as among outside bodies. The NIMBY Syndrome 
is widely regarded as one of the major issues in 
risk management, and one that threatens 'rational' 
decisions ibout the allocation of 'safety-dollars' 
and the location of public and private facilities. 
Public risk perception is the key to the defini
tion of acceptable risk in Canada. We have still 
a long way to go in understanding how it 
functions, and is influenced; and what directions 
it may take in the future. 
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DISCUSSION 

F.C. Boyd 

What makes the "scientific" definition of 
risk (risk = probability x consequences) any 
more valid as a basis for legislation and 
allocation of resources than your perception 
of risk m (consequences)11 x probability? 

Reply 

Reply 

Only the awe in which we have tended to hold 
science and, of course, the fact that science 
is intendedly rational, objective and repll-
cable. However, I would argue that scienti
fic definitions of risk (or anything else) 
can also be seen as 'perceptions', albeit 
more formally expressed and less intuitive. 
Science includes many judgements which make 
it value-laden and it is subject to fashion, 
or paradigms. The difficulty with using any 
other definitions of risk than the simple 
reduction of (probability x consequences) is 
that they are less operational because they 
cannot at present be calculated. But some 
improved definition of risk to take account 
of social values is something we should be 
working towards. 

Po-Keung Ip 

You make a distinction between the awareness 
of risk and the understanding of risk. 
However, the level of understanding is only 
confined to technical or scientific aspects 
of the risk. I do not think such under
standing is quite enough. Ethical and social 
aspects of risk should essentially be taken 
into serious consideration as well, because 
the perception of risk has finally been 
understood in terms of human values. 

I agree. We need to elaborate a better defi
nition of risk which includes values and 
intuitive judgements about acceptability 
togecher with technical measures of risk as 
probability x consequences. 

Christopher Sharp 

The public's assessment of risks of nuclear 
power includes other risks than the "scienti-
flx" ones, e.g. 

- economic risk - we lose money 
selling Candu 
military risk - promoting nuclear 
power makes nuclear weapons more 
accessible 
political risk - nuclear power 
increases risk of society becoming 
totalitarian, since it is very 
centralized and controlled by 
government-appointed experts 

These risks generally do not occur with 
coal, gas, etc. But the nuclear industry 
ignores them in comparing risks of dif
ferent energy systems. 

Reply 

My own research into the perception of risks 
within the nuclear industry in Canada and 
the UK indicated that economic, military 
and political risks were indeed included 
by individuals. However, these risks are 
difficult to quantify and thus are usually 
excluded from the analysis of comparative 
risks for alternative energy systems. It 
is not true to say that none of these risks 
accrue to other forms of energy — witness 
the economic and political power of coal 
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-iners' strikes ir. che UK. One could 
argue for a nixed energy policy as a risk-
-ninimizing stratecy but this is beyond the 
scope of ray paper! 

Denis Corr 

If we are to examine public perceptions of 
risk, and people get their perceptions of 
risk from the media then we should be 
carefully studying the dynamics of the 

will bu heavily influenced by Che eco
nomics of TV stations. I feel your cartoon 
'3 very apt. As an employee of the Ministry 
of Environment, I feel very keenly your 
statement "People believe bad news from 
M.O.E., not good news". In fact, good 
news is accused of being a cover-up. Let 
me tell you a story. MOE, Ministry of 
Labour and Che TTC collaborated on a project 
to improve air quality in Che Toronto sub
way system. This project was eminently 
successful and subway air quality is now 
among che best in the world. I accempted 
to interest Toronto newspapers in chis good 
news believing ic would be of great 
interest to the many people who travel on 
the subway each day. One paper printed 
two short lines, another printed a snide 
comment on the money spent on chis pro
ject. 

Reply 

I am sure that your experience is typical 
of many others. While a study of the 
economics (and politics) of TV stations 
might provide us with some insight into 
major biases through selectivity in 
news reporting, I chink that there is some 
truth in the claim that television news 
gives the public what they want. 

Bad news seems to be more interesting Co 
us; che more so, if it is a dramatic, 
unexpected disascer. The clue here seems 
to be chac incerescing bad news is chac which 
happens Co someone else; it provides us with 
a moment's refleccion abouc che chin line 
between life and death, about the chance 
circumstances chac caused someone else to be 
placed in the path of misfortune and not 
oneself. Ic is a common aspect of risk per-
cepcion, and one which che paper did not 
have time Co deal with, thac the unexpected 
disaster that befalls a neighbour provokes 
us to ponder "Why him, rhy at that moment?" 
as though the disaster had some purpose in 
relation to the victim, rather than being 
a random and indifferent event. This theme 
is an important one in many societies' my
thologies and cultures, and is encapsulated 
in the novel. The Bridge of San Luis Rey 
by Thornton Wilder. 

From ay own present work, personality com
ponents interact in the building of disease 
occurrence models, (animal disease, manager 
personality) would you please comment. 

Reply 

Personality is certainly an important 
variable in the individual perception of risk 
and response to disaster. It is, however, 
difficult to include personality in models 
of public risk perception. 

Gerald Frappier 

You suggest that the public (or anyone) will 
believe a speaker is much more credible if 
that speaker gives warning of danger as 
opposed to reassuring che public that they 
are safe. Do you see any way around this 
Jitch-22.' (i.e., do your studies suggest 
an approach to raise the credibility of a 
speaker who is not suggesting doom); 

Reply 

I think that the path that led us to chis 
present Catch-22 situation was strewn wich 
inscances of informacion being delayed or 
wichheld from che public, an inadequace 
discance being perceived becween the regu
lators and the regulated; and reassurances 
of safety that were later proved over-
optimistic. 

The road back towards trust in government is 
to reverse chat experience as far as is 
possible: chat is, to give information to 
the public as soon as possible; to try to 
tell the full story; to avoid glib assurance 
abouc safecy buc rather to explain the trade
offs involved in reaching different levels 
of risk. 

The perceived coziness between government 
and industry is a more difficult view to 
change because it probably requires a major 
rescruccuring in government regulatory 
'scyle' in Canada, and one which brings its 
own risks. 

In the long term, I think that more public 
education is called for abouc risks and 
risk assessment, so chat they can have a 
better understanding of the need to allocate 
scarce resources between competing demands 
in order to minimize risk overall, and an 
appreciation of uncertainties inherent in 
scientific models and measuremencs. 

One of che most effective ways to reach 
this understanding is Co involve the public 
more in the process of setting public policy 
about risks. The major question is then, 
how best to do it? 
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J.A.L. Robertson W.A. Seff 

While risk avoidance decisions should take 
account of public perceptions as well as 
scientifically defined risk, I suggest the 
proviso that the perception should be based 
on sound foundations. Slovic, et al., have 
shown (for the US) that although botulism 
causes 2 deaths per year, it is perceived 
oy the public to cause 5u0 deachs per year. 
If the public, knowing that botulism causes 
only 2 deaths per year wishes to devote dis
proportionate resources to protecting against 
this cause, I accept the democratic decision. 
But if the public opinion is based on a mis-
perception of 500 deaths per year, I believe 
that I should appeal the decision. 

Reply 

.'si have discussed in the paper, Slovic 
and his co-authors' results should not be 
applied (without many caveats) to the 
Canadian public. Even if we accept their 
findings as valid for Canada, the experi
ments deal with the biases in people's 
guesses about figures for which they have 
no information. They do not go on to study 
the effect of feedback (information, edu- Reply 
cation) on those initial guesses. In a 
public policy issue, information is 
available to the public to educate those 
initial shots in the dark - it is only if 
the 'error' persists that one should 
examine if other values are influencing 
the perception, and should be included in 
the risk calculation. 

In the case of botulism, I would guess (I 
have no other basis) that people are more 
aware of it because they see it as preven
table (an error in food preparation). It 
is associated with the role of homemaker 
and food provider, death is îure an<H sudden, 
and it forms a good murder plot. 

N. Kishchuck 

The probability x consequences (or x con
sequences") model seems to me to be para-
morphic to other expectancy x value design 
models in psychology. Do you feel that 
this risk model is vulnerable to the same 
criticisms that expectancy x value models 
are? (e.g. non-addicivity, applicability in 
only limited settings; etc.) 

Reply 

From my limited knowledge of these models, 
I would agree that some of the same criti
cisms can apply. However, in technical 
risk estimation, the rationale for using the 
model at all is that the simplifying 
assumptions made about consequences are 
valid (one death equals another; one death 
is equivalent to so many man-hours lost 
from work); dollars are always equal — 
except for future-discounting, etc.). There 
are obviously many problems here. 

We have heard that scientific and perceived 
risk often differ. Yesterday, we heard that 
0.1 ppm were judged sufficiently serious to 
justify the banning of products yet for
maldehyde levels in the order of 40 ppm -
400 times greater — are known to occur in 
the vicinity of a smoker. Dr. Selikoff 
indicated that smoking can Rreatiy enhance 
other risks. 

Since we know that society will suffer if 
risks are not made commensurate with bene
fits, in your opinion 

1) Which option should society adopt, 
scientific or perceived risk? 
Who should bear the main responsibility 
in ensuring that this occurs? 

2) Although it has been stated that smoking 
is essentially an individual choice, I 
must disagree because some of the effects 
and costs are borne by society as a 
whole and therefore should be addressed 
by society as a whole. Risks from 
smokers are not restricted to smokers. 

1) I do not believe that either scientific 
or perceived risk assessment should be 
the sole criterion for evaluating risks. 
In fact, both enter into risk management 
decisions today in Canada but they do so 
in arbitrary and usually ad hoc ways as 
issues emerge onto the public conscious-
r^ss and become politicized. I believe 
that we can do better than this if we: 

a) understand how divergences occur 
between scientific and perceived 
risk assessment; 

b) educate lay people in risk assess
ment; 

c) improve our scientific definition of 
risk particularly to elaborate the 
consequence term to include societal 
values. 

2) I think that smoking is perceived as 
voluntary by many smokers and non-
smokers. Increasingly, however, there 
is a view that non-smokers have rights 
to a smoke-free environment and thus, 
where they are subjected to smoke, that 
is involuntary. 

I also know that there is a debate about 
who does, and who should, bear the so
cial costs of smoking - the smokers 
(through heavy taxation) or society as 
a whole (through higher health system 
costs). The government apparently pre
fers to reap the benefits of taxation on 
tobaccj and the support of Ontario to
bacco growers. If the public could de
cide, a key issue In the debate would 
be the right of the individual to make 
his or her own decision about the occu
pational and other risks they are will
ing to undergo. 
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endrick 

1) Plt-.ase elaborate on your ractor "n" in 
year "Perception" formula tor risk (i.e. 
Perceived Risk = C n x P) 

1) I quite, agree that perception has a major 
role to play in risk analysis. In fact, 
I wonder whether i regulatory cask force 
should not be headed by a social scientist. 
Comments please. 

3) My perception is chat risk management is 
lareely reactive and not proactive. 
Vhat are the key research areas that 
should be addressed in order to make 
the process proactive? 

A) Please distinguish between "Awareness" 
and "Assessment of Acceptability". 

1) I cannot yet elaborate on factor 'n' 
other than in a qualitative way. I 
believe «e need to distinguish between 
events of different magnitudes and 
frequencies,and apply weighting factors 
to their impact or perception. Clearly, 
the worst-case scenario or the maximum 
credible accident will carry higher 
weightings. Some of the factors listed 
on Table 3 of the paper are also impor
tant, but their values and interactions 
are unknown. This is one area I would 
like to investigate in the future. 

2) I don't feel chat a regulatory task 
force should necessarily be headed t-y 
a social scientist (though there is no 
major reason'why not) buc some social 
science expercise should certainly be 
included on such bodies. 

3) I agree chac much, but not all risk 
management is reactive. The research 
areas most likely co move us cowards a 
proactive mode are in risk identifi
cation, screening and early warning. 
We have already done much in this di
rection with more rapid screening tech
niques for chemicals, etc. Another 
important area is developing a better 
taxonomy of risks, or classification 
systems to improve early identifi
cation, and recognition of hazard charac
teristics. 

i) The full text of the paper describes 
the distinctions I made between aware
ness, knowledge and value (feeling, 
concern, attitude). Awareness is little 
more than label recognition; that a 
person has "heard of" acid rain. Assess
ment obviously requires awareness to have 
taken place, and further includes evalua
tion of the risk in terms of concern 
generated, effort expended and cost to 
avoid or reduce risk, etc. Thus, eva
luation is rooted in peoples' characteris
tics, their social and economic situations, 
the roles they play and their values. 

Edwin L e w 

R K D I V 

1) Who commissioned the survey data you 
presented — .z. the survey of public 
trust ir. various sources of information? 

2) At the end, you suggested that the public 
tends to trust expert risk assessors. 
Earlier you said there was a distinction 
between "scientific" risk and "perceived" 
risk. 

Can't one notice a possible tension be
tween these observations? That is, isn't 
a possibie/piausible explanation of die oe 
cond one chac Che public doesn't cruse 
expert assessment? Your explanation for 
the difference is chac large consequences 
"blind" the public to small probabilities. 
I agree that yours is one hypothesis, but 
I think mine is also. 

1) The findings about public trust infor-
ation sources have been replicated with 
some consistency over various surveys, 
including some of my own. Table 2 in 
Che paper is from questions in a Gallup 
Omnibus Survey undertaken for Atonic 
Energy of Canada Ltd. 

2) Your quescion again underscores Che com
plexity of Che issue. Sometimes che 
public does not trust che information 
source and this is a major factor in 
public risk perception. For low-
probability, high consequence risks, 
their high consequence is most signi
ficant. Table 3 represents a schematic 
beginning to structure some of the most 
important factors, but we are nowhere 
near understanding their interactions 
and significance in particular risk 
situations. Neither your nor my hypo
thesis should be considered as mutually 
exclusive. We are dealing with a 
complex social and percepcual syscem. 

3. Robertson 

The scientific definition of risk = proba
bility x consequences. This definition is 
normally given by anyone with scientific 
training, based on elementary logic. If 
one wishes to minimize risk, presumably one 
wishes to minimize the number of unnecessary 
deaths, that is, to minimize the summation 
of the probability x consequence of all 
che events associated wich che risk. 

In conversation with senior members of the 
media, after having obtained agreement co 
che foregoing, one generally hears "What 
about the possible catastrophic accidents?" 
The fact that they have already been in
cluded in the foregoing summacion seems 
difficult for even well-disciplined, non
technical minds to conceptualize. 
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Reply 

Your conmient about s e n i o r members of t h e 
media focuss ing on c a t a s t r o p h i c a c c i d e n t s 
as though low p r o b a b i l i t y - h i g h consequence 
even t s were not included i n r i s k a s s e s s 
ment r a i s e s two i n t e r e s t i n g p o i n t s . F i r s t , 
t he se LOPHIC events a r e c l e a r l y pe rce ived 
d i f f e r e n t l y from o t h e r even t s in t h e mag
n i tude - f r equency d i s t r i b u t i o n , for news 
e d i t o r s as wel l as a l l of us . They thus 
r e q u i r e a d i f f e r e n t weight ing in t h e c a l c u 
l a t i o n of a c c e p t a b l e r i s k . 

Second, LOPHIC ev en t s are by t h e i r n a t u r e , 
more u n c e r t a i n because t h e r e i s l i t t l e or 
no exper ience of them, and t h e r e w i l l a lways 
be some t h a t have no t been inc luded in the 
r i s k a n a l y s i s ( for example, t he chemical 
exp los ion a t F l ixborough, UK i n 1974) . I s 
i t not f a i r then to ques t ion whether a d e 
qua te c o n s i d e r a t i o n has been g iven to 
h igh ly u n l i k e l y , but p o s s i b l e d i s a s t e r s ? 
The d e f i n i t i o n of t h e maximum c r e d i b l e 
a c c i d e n t , for example, r e s t s on someone's 
pe r cep t i on of what i s c r e d i b l e . 
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ABSTRACT 
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The term "risk acceptability" carries the 
inference that society knowingly and willingly 
accepts risks as the reasonable price for a béné
ficiai technology or activity. But most risks 
likely are imposed on imperfectly informed risk 
bearers who often lack the freedom to accept or 
reject the risk. Risks extant in the market
place, then, suggest more about the balance of 
oolitical forces that prevailed at the time of 
their occurrence than about their acceptability 
to the risk bearer. Hence the term "risk tolera-
bility" more adequately describes the nature of 
the problem. 

Polar positions have arisen as to how stan
dard setting decisions should be made on the myr
iad risks confronting society. On the one hand 
are those who propose a common yardstick for all 
risks and a shared standard for risk reduction 
efforts. On the other hand are those who see 
each risk as unique and requiring case-by-case 
approaches. Both positions proceed from unten
able assumptions, thereby suggesting calling for 
a third approach that recognizes commonalities 
among hazards but respects that each hazard deci
sion will have its own attendant issues. Recent 
progress on taxonomic research suggests bases 
for such an approach. 

Current debates over risk questions are as 
often conflicts over the adequacy of the processes 
and institutions that render standard setting 
judgements. Such processes can be improved 
through scientific contributions—particularly 
those dealing with contextual analysis of the 
risk, equity considerations, the feasibility of 
control, and public preferences. It is essential, 

however, that scientists respect the limits of 
such contributions and carefully distinguish 
where science stops and value positions begin. 
Finally, concerned publics must participate 
directly in the validation of decisions on risk 
tolerabilitv. 

INTRODUCTION 

Risk is an integral part of our daily lives. 
In driving down the highway, we impose risk upon 
ourselves and others. To the extent that we en
large our mobility and thus our freedom, we in
crease the cost to society through more acci
dents, more air pollution, and more risk to 
workers who fashion automobiles and refine petro
leum. In turn, we bear the risks imposed on us 
as the price for needed societal activities (e.g. 
the generation of electricity), for the failure 
of economic and societal structures (e.g., 
poverty-related crime), and as the fortuitous 
outcome of the whims of others (e.g., exposure 
of nonsmokers to cigarette smoke). 

Viewed historically, life today is appar
ently less fraught with risk than that which 
characterized earlier periods when, for example, 
infectious diseases exacted an enormous toll 
upon society. Coping with such risks tradition
ally has fallen to the unprepared individual and 
his/her consultants—doctors, shamans, sooth
sayers, priests, and exorcists. 

But it is clear that societal values and 
traditional modes of risk management are chang
ing—certain risks (often not large as indicated 
by impact upon mortality) have become intolera
ble whereas new risks (e.g., televised violence) 
appear to provoke much less concern. New guard
ians of our safety have arisen in the form of 
regulatory agencies with broad mandates and 
growing technical expertise. Over the past two 
decades, influential lobbies of environmental 
and consumer groups, with ready access to a mass 
media critical of the threats of technology, 
have assumed the task of monitoring the work of 
the guardians of public safety. 

In this quite remarkable set of changes, no 
problem has more confounded the new guardians of 
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safety than that of determining the level of 
safety that should be derr.̂ -ded of soce ne1-* tech
nology or social activity. "How safe is safe 
enough?" The question reverberates in the lit
erature, at conferences such as this. Surely, 
however, the very posing of the question has mud
dled meaningful discussion. As Howard Raiffa 
put it: '"How Safe is Safe Enough?' is a short
hand, catchy-sounding phrase that is merely a 
pitifully weak and misleading simplification of 
a complex problem" (_1) . And yet there are even 
those who assume that this question can and 
•should be answered. The setting of risk stan
dards involves thorny choices: between enlarg
ing benefits and reducing risks, between health
ier workplaces and increased unemployment, and 
between present and future well-being. In 
short, here is a situation ideally designed to 
perplex the beleaguered guardians of safety whose 
training and experience are remote from the 
skills needed to resolve such issues. 

This paper has four objectives: 

-to clarify the nature of the problem impli
cit in the term "risk acceptability," with 
particular attention to the ethical issues 
involved 

*to examine possible approaches to the mak
ing of such decisions, indicating the pit
falls of each 

*to demarcate the contributions of scien
tific information to risk standard-setting 

*to indicate needed improvements in the 
institutional process required for fair 
and implementable decisions 

THE NATURE OF THE PROBLEM 

The term "risk acceptability" conveys the 
impression that society purposely accepts risks 
as the reasonable price for some beneficial 
technology or activity. For some special cases 
this may approach reality. Hang-gliding, race-
car driving, mountain climbing, and even adul
tery, divorce, and midlife career changes are 
all high-risk activities in which the benefits 
are intrinsically entwined with the risks (2). 
These activities are exhilarating because they 
are dangerous. But most risks of concern are 
the undesired and oft unforeseen by-products of 
otherwise beneficial activities or technologies. 
Not infrequently, they have escaped our atten
tion until their consequences begin to become 
apparent, or, alternatively, the consequences 
viewed as relevant are not those which turn out 
to concern most risk bearers. 

Acceptability is the concept that underlies 
judgements of safety. Lowrance, for example, 
argues that "a thing is safe if its attendant 
risks are judged to be acceptable." O ) . Setting 
aside for the moment the important questions as 

to how well-known the risks are and by whom such 
judgements are sadc, probably no risk is accept-
if it is not accompanied by significant bene
fits and if it can be easily reduced still fur
ther. To suggest otherwise is to invoke moral 
justification for readily trading practical con
straints against human lives, a position that 
most risk guardians will wisely evade. The 
marketplace, then, is a poor guide to what risks 
are acceptable: witness the century-long strug
gle by workers to reduce workplace risks. The 
existence of a past risk may suggest more about 
the balance of political forces that prevailed 
at the time ot declsion(,s) cnan aooui ILS» 
acceptability to those who bore the risk. 

It is important to emphasize that determin
ing risk acceptability is characteristically 
an evolutionary process rather than a finite 
decision. Most hazards proceed through a ser
ies of judgements related to the growing know
ledge about the causal structure of the hazard (4_) 
and the degree of threat posed by the conse
quences as well as changes in the pattern of 
contending political forces. Some see virtue 
in such increment.-!lism in decision making, 
arguing, for example, that decisions tend to be 
self-correcting over time (.5,6.) . 

What does it mean to accept a risk? Does 
the daily commuter who disdains seat belts 
accept the risks of automobile driving? Do the 
workers in textile plants accept the risk of 
cotton dust exposure? Do the users of the Pill 
accept the attendant side effects? At this 
individual level, guidance can be found in the 
practices of informed consent formulated to pro
tect subjects in human experiments. Here risk 
acceptance involves several essential ingredi
ents: the provision of full information con
cerning all potential risks, evidence that the 
subject understands the information, genuine 
freedom of choice for entering into the exper
iment, and the option to terminate one's parti
cipation at any time (2) • 

On the basis of the informational criterion 
alone, it is apparent that few risks meet the 
test of acceptance. Whereas some classes of 
risk (e.g., high probability/acute consequen
ces) are undoubtedly better understood than 
others (e.g., low probability/chronic conse
quences) , it is only a minority of risks for 
which the public approaches anything like full 
information and understanding. Nor is this 
irrational, for given the relentless parade of 
risks that confront the individual, limited 
information is undoubtedly a prerequisite for 
warding off hypochondria if not despair. There 
are also large classes of risks, including many 
of those most feared by the public, that are 
involuntary in nature. Chemicals are ubiqui
tous in the environment, modern armaments and 
large-scale energy systems have global effects, 
mass communication systems erode old social val
ues and shape new ones. Suffice it to conclude, 
then, that most technological risks are not 
accepted; they are imposed, often without 
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dress. 
in.'onnjcion, jr e: recti-.-, 

Since r̂ ost technological risks are irr:posed 
on a less than fully informed risk-bearer, the 
response is more properly thought of as toler
ance or acquiesence rather than acceptance. 
V.'ith limited choice and imperfect knowledge, the 
individual usually does not resist the imposi
tion of the risk. As knowledge of the risk and 
the individual's range of choice expand, the 
i nd -*v' d't.v1 v-i T 1 nc-nllv '-•pconp nor** risk averse. 
Paradoxically, the actual degree of risk iccep-
tance achieved will probably increase. The area 
between the tolerated and the accepted risk is 
the latitude available to the risk guardian for 
standard-setting (Figure 1). This structure of 
risk response is, of course, time-specific; it 
should be expected to change. 

As we move from the individual to the soci
etal level, the complexity snowballs. There is 
little reason to expect consensus among indiv
iduals in their attitude structures toward risk. 
Levels of tolerability and acceptability will 
vary among individuals. In fact, some of the 
most difficult risks to manage are those in 
which individual structures of risk tolerance 
tend to be divergent rather than convergent. 
Such appears to be the case, for example, with 
nuclear power where there are notable sex dif
ferences in the response to the hazard (8). In 
such cases, the current tendency is to set the 
standard at the level deemed appropriate by rhe 
expert with an adjustment to reflect what Rowe 
would term the risk's "squawk" factor (.9) • As 
often as not, this adjustment for public re
sponse does not resolve the issue, leaving the 
risk guardian perplexed, frustrated, and irri
tated. And the means for communicating between 

an:-:inus publics and -ell-intentioned experts 
fail, leaving the public distrustful of the ex
pert and the expert convinced of the public's 
irrationality. 

Increasingly it is apparent that judgements 
of tolerable risk are primarily problems in the 
domains of ethics and politics. Such judge
ments cannot be "objective" but are necessarily 
subjective, for they are unavoidable (and right
fully) entail considerations of the society we 
wish to be, how risks mav resoonsiblv be imposed 
upon others, rind what risk apportionments are 
most just. Attention to the underlying ethical 
problems is essential. 

THE ETHICAL ISSUES 

The setting of standards requires judge
ments not only as to tolerable levels of risk 
but to acceptable distributions of risks across 
populations. At issue are the methods of appor
tioning risks fairly, the values that should 
enter into such judgements, and the responsi
bilities that accrue in imposing risks on oth
ers. Within the latitude available for stand
ard-setting, the safety guardian must weigh and 
trade off multiple objectives and conflicting 
values. Numerous ethical issues enter into 
this process, but four—valuing consequences, 
paternalism vs. autonomy, equity considerations, 
and a responsible decision process—are para
mount. 

Valuing Consequaoues 

Most hazards dispense multiple consequences. 
In many cases the consequence of concern is 
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Figure 1 Schematic Diagram of Individual Response to Risk 
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straightforward and judgements on tolerability 
zzn proceed. Thus, asbestos In the workplace is 
clearly an occupational health menace that C3lls 
tor reductions in exposure. 3ut as some fret 
over reactor accidents at nuclear power plants, 
others see the primary danger of the technology 
in nuclear proliferation, the disposal of 
wastes, or even interference with civil liber
ties or the political centralization of society 
(10). What is the prinary risk of coal-burning 
power plants? Is it health effects of air pollu
tion? The ecological damage of acid rain: Or 
possible global climatic change from carbon 
dioxide releases.' tiy wnat standard and uiLii 
reference to what values may this question be 
answered? 

Which consequences are of concern from some 
hazard and how they compare with each other are 
crucial considerations in determining the toler
ability of the hazard. Vet the expert, con
fronting such problems, is only partially 
equipped for the task. There is a tendency, 
rooted in the legislative mandates of the regu
latory agencies or in the professional back
ground of the safety guardian, to deal with some 
risks and to ignore others. Thus, the primary 
health effect of the Three Mile Island accident 
involved not the radiation effects so carefully 
assessed but the psychological stress associated 
with the accident (11). Despite this, the 
courts had to instruct the Nuclear Regulatory 
Commission to consider this consequence in its 
evaluation of environmental effects associated 
with the reopening of the undamaged Three Mile 
Island-1 reactor (12). Or, to take another case, 
the Greene County (New York) nuclear power 
plant was found unacceptable because of its un
acceptable aesthetic (on scenic beauty) impacts 
(13). Not infrequently, debates over the accept
ability of risk are disjunctive because the con
tending parties identify different consequences 
as the primary concerns. 

Even where there is agreement on the rele
vant consequence, problems remain. It is still 
necessary to assign value or weight to its im
portance in order to assess the necessity for 
avoiding, mitigatirg, or reducing the consequence. 
To provide some s; Is for comparative judgement 
and to guide societal investment, values have 
been estimated for human life, using wages fore
gone, willingness-to-pay estimates, or court 
awards (14). Such judgements may threaten the 
sanctity of life (15), systematically denigrate 
certain individuals (e.g., the elderly, house
wives), and are certainly misleading in their 
failure to address the moral conditions associ
ated with the occurrence of the harm (risks 
sought voluntarily and knowingly versus those 
imposed without the risk bearer's knowledge). 

Paternalism 

Under what conditions should society act to 
protect the individual, whether such protection 
is desired or not? The increasing tendency to 
saek regulatory solutions by centralized 

authority conflicts with approaches built upon 
the autonomy of the individual. On the one 
hand, certain hazards (e.g.. carcinogens in air 
or drinking water) are not amenable at the in
dividual locus of control. For other hazards, 
differences among potential risk-bearers in 
ability to understand or act upon information 
may call for centralized solutions to ward off 
discriminatory protection. The informational 
brochure (patient insert) in a packet of oral 
contraceptives (lb) may well be a case in 
point. ïet control at the societal level 
erodes a very basic value—the freedom of the 
Individual to accept rr ref^r c-̂oc-f f ̂r h-r-
ardii. Moreover, theories of citizen partici
pation suggest that incremental decisions made 
on behalf of the individual cumulatively weaken 
the ability of the individual to act en his/her 
own behalf (17). Solutions predicated upon 
autonomy of individuals may allow greater real
ization of the benefits of the technology or 
activity while enhancing society's overall re
silience to the unassessed hazard. Ironically, 
however, such solutions may increasingly be 
incompatible with the technological society in 
which these individuals live. 

Equity 

Since the determination of risk tolerability 
involves consideration both of levels and of 
configurations of risk, equity is a major ob
jective of management. Characteristically 
those who enjoy the benefits of a technology 
are not the same as those who bear the risks. 
Risks are rarely distributed evenly throughout 
society and they are sometimes exported to fu
ture generations. Attempts to control risks 
may benefit groups different from those who pay 
the control costs. 

From our previous work (18), we identify 
four major types of inequity that impinge on 
risk tolerability. First is the potential in
equity between workers and publics. It is 
easy to displace some societal risks—the toxic 
waste cleanup comes to mind—to vor'-.ers who 
need jobs. Second is the inequity among gener
ations. Concern has mounted over the export 
of risks to the future, particularly where the 
effects may be irreversible. Ozone depletion 
and radioactive waste disposal are prominent 
examples. Third, is the geographical inequity 
often referred to as the back-yards problem. 
Traditionally our society has located noxious 
facilities and hazardous activities in the 
back yards of vulnerable and politically power
less people. Finally, a more general analysis 
is required to assess impacts across social 
groups, including minorities, social classes, 
and native peoples. 

In evaluating alternative distributions 
over these population groupings, principles of 
justice will be needed to determine the moral 
preferability of some distributions over 
others. Again, we have identified four major 
types—utility, ability, compensation, and 
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\;r.5e.-:: — r̂ le.-jr.: •.: risk allocation issues f 181 : 

*L'TILITY: An allocation is just if, and only 
if. it nnximizes the summed welfare of all 
members of the x.orally relevant community. 
It "summed welfare" is understood collec
tively, the roots of this principle can be 
traced to the earliest documents of our 
civilization. If "summed welfare" is 
understood distributive!.}', as simply adding 
up individual welfares, the principle takes 
its classical foraulacion from the work of 
the Utilitarians, fientnam ana Hill. 

'•ABILITY: An allocation of risks is just if, 
and only if, it is based upon the ability 
of persons to bear those risks. Since 
"need for protection" mirrors "ability to 
bear risk," this principle is simply a spe
cial case of the nore general claim thac 
allocations are just if, and only if, they 
treat people according to their needs. 

^COMPENSATION: An allocation of risks is 
just if, and only if, those assuming the 
allocated risks are rewarded (compensated) 
accordingly. This principle is derived 
from the somewhat more general one that an 
allocation is just if, and only if, it is 
made according to the actual productive 
contributions of persons. 

^CONSENT: An allocation of risks is just if, 
and only if, it has che consent of those 
upon whom the risks are imposed. Typic.-.i 
formulations of the principle are found in 
the Nuremberg Code and in guidelines for 
experimentation on human subjects. 

All four principles are relevant to the major 
equity problems, depending upon the distribu
tion of risk and the associated circumstances. 

Responsible Decision Making 

Just as considerations of fairness enter 
into the assessment of alternative distribu
tions of risk, so they relate to the process 
of allocating risks. Imposing risk upon others 
entails responsibilities and obligations, often 
described 3s requirements of procedural justice. 
The risk bearer, for example, certainly has the 
right to all information on the risk, as well 
as its associated uncertainties, and to due pro
cess in the decision. Participation of the 
risk bearer is needed to ensure that all aspects 
of the risk, and alternative opportunities for 
its control, are thoroughly aired and discussed. 
Ensuring participation involves considerations 
extending beyond the provision of opportunities 
(such as the generally ineffective public hear
ings) to the requisites for transforming oppor
tunities into realities. Central to this will 
be early and continuing involvement, the crea
tion of an independent technical and financial 
capacity for the risk bearer to challenge che 
risk imposer, and means of redress. Also impor
tant is the allocation of burden of proof to the 

risk inposer rather than the risk bearer. Fin
ally, the decision should be based on the record 
of evidence relevant to stated objectives and 
criteria. 

Experience with risk controversies suggests 
that they are often as much conflicts over the 
adequacy and credibility of the institutions 
that manage risks as over the characteristics 
of the risks themselves. VThat is sometimes 
viewed as a growing societal paranoia towards 
risk is likely, at least in part, a result of 
the remarkaoie erosion of confidence In social 
institutions over the past two decades (IS). 
A number of situations—such as the release of 
krypton gas into the atmosphere or radioactive 
water into the Susquehanna at Three Mile Is
land—point to an institutional crisis at the 
heart of the controversy. Such risk problems 
would be difficult even where institutional 
confidence prevails; in situations of high 
distrust, risk aversion tends to become the 
public stance. Determining risk tolerability, 
in short, is as much a question of the process 
leading to the decision as of the substance of 
the decision itself. This is a question to 
which we return later in this paper. 

SETTING OCCUPATIONAL STANDARDS: AN EXAMPLE OF 
ETHICAL AND POLICY PROBLEMS 

Perhaps nowhere are the intrinsic problems 
of fairness in making risk tolerabilitv 
decisions more apparent than in the differen
tial protection of workers and publics from 
common technological hazards. Permitted levels 
of occupational exposure to hazardous sub
stances are characteristically much higher 
than the levels permitted for the public (IS). 
This differential is quite apparent in Figure 2, 
which shows for ten hazards the relationship 
between U.S. public and occupational standards 
as compared with levels of observed harm and 
normal background levels. If the standard of 
protection were equal for workers and publics, 
the EPA (Environmental Protection Agency) or 
NRC (Nuclear Regulatory Commission) ratios 
would be one. Instead, as indicated by Figure 
2, the level of tolerable risk recognized for 
public protection (except for ozone and hydro
carbons) is 10 to 100 times lower (i.e., more 
protective) than for worker protection. 

This pattern is not unique to the United 
States. An interna:ional comparison of occu
pational and public protection standards (20) 
suggests a general East-West dichotomy for 
occupational standards, with the Soviet Union 
and East Europe exhibiting the greatest strin
gency in standards and the United States the 
greatest permissiveness. But differential 
protection of workers and publics exists across 
political systems, economies, and ideologies. 

How may this double standard in risk toler
ability be justified on ethical grounds? Are 
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workers less entitled to safety and good health 

from Cl.irk University's i'i*r;it>-/. for Technology, 
Environnent, ind Develops•"?'• '"EXTED) •îxpi'jre 
these questions in an o x ••-.i.v, JeritrR in Environ
ment (21) . We have found for this double stan
dard four possible justifications that relate 
to the four principles of justice noted above. 
In terns of this issue, they may be stated as 
follows: 

i.l) less protection of workers is justified 
by the overall benefits (lower prices 
tor products) for societv as a whole 

(.2) less protection of workers is justified 
by the face the workers are better able 
to bear risks than members of the public 

(3) less protection of workers is justified 
because workers are compensated, par
ticularly through higher wages, tor 
greater risk 

(-i) less protection of workers is justified 
because workers understand the risks and 
have accepted them 

Our research suggests, however, that each 
of these justifications is open to question. 
The argument of overriding societal benefit, 
as espoused in the U.S. by the Reagan Adminis
tration, is in given cases open to question, 
both factually (do the costs of greater protec
tion outweigh the health benefits gained?) .nd 
ethically (do cheaper products justify harm?). 
In some cases (as in lead exposure) the most 
sensitive individuals nay be the aged, the in
firm, or the very young in the general populace, 
but for other cases (asbestos exposure or radi
ation exposure to the fetus), protection in 
occupational settings is no less important 
than in public settings. It is widely held 
(2_2_,.23_) that workers who bear risks receive 
compensation through wages. Our studies (24) 
suggest, however, that only one segment—primary 
labor—of the workforce receives such compensa
tion, and then only at low levels. In the 
other segment—secondary labor—risk and wag^s 
actually show a:i inverse relationship. Finally, 
considerable progress has been made in inform
ing workers more adequately about risks that 
they face, but it is apparent that levels of 
knowledge (as well as the degree of freedom to 
accept or reject jobs) are low (25)• 

Ethical considerations, then, are the inev
itable trappings of the double standard of 
worker/public protection. They enter also into 
ot>er risk settings, where the extent to which 
they are identified and the manner in which 
they are handled affects the degree of "fair
ness" exercised by decision makers. Ethical 
issues certainly exacerbate the complexity that 
besets judgements on risk. 

TWO FALSE ANSWERS 

Confronted by this perplexing mix of scien
tific and ethical issues pervading risk toler-
ability judgements, it is not surprising that 
risk analysts have responded by seeking to sim-
plily the problem. This attempt at simplifi
cation has generated two polar approaches: one 
would treat each risk situation as unique; the 
other would reduce risk to a common metric. 
Each approach presents traps for the risk anal
yst. 

Mucdling Through 

Each risk situation will inevitably have 
its own set of decision considerations. Pre
dictably, the benefits of a technology, the 
distribution of risks, the costs of control, 
and the impacts of control upon the industry 
will fall out differently for different hazards. 
Since little theory has been available to guide 
management, decision makers have often resorted 
to treating each case as unique and to "muddl
ing through" the particular issues presented 
by the case, using some unspecified combina
tion of precedent, agency mandate, risk com
parisons, political accommodation, and generous 
portions of intuition. 

Witness the early years of the Consumer 
Product Safety Commission when the risks posed 
by swimming pool slides were judged unaccept
able (and thus requiring regulation) whereas 
other more serious hazards (e.g., lawn mowers) 
remained unchallenged (26) • Until recently, 
governmental response to chemical carcinogens 
has proceeded in this case-by-case fashion, 
as indicated by the experience with vinyl chlor
ide (.27) , PCBs' (28), and DBCP (29.) . Even 
where general categories of risk would appear 
:o exist, such as for energy-related or trans
portation-related risks, judgements on toler-
ability have tended to be technology-specific 
and evolutionary. Further, the grounds for 
finding a risk tolerable have shown few com
monalities. 

It is possible to defend such an approach 
on the grounds of theory (30). "Incremental 
decision making" or "bootstrapping," as noted 
above, would build strongly on precedent in 
hazard management, arriving at judgements by 
a series of decisions, each of which would 
entail modest departures from past actiom. In 
this view, safety levels achieved in previous 
risks provide the best guide for responding to 
new risks. Such a strategy would seek to mini
mize large departures in judgement, would at
tach only low priority to consistency among 
hazards, and would strive to be self-correcting 
over time. 

This "muddling through" may be well adapted 
to a changing political process for a particu
lar case, but poorly adapted to management of 
broad hazard domains. Case-by-case analysis, 
starting anew with each hazard, is simply 
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inadequate for the magnitude of the nanageaent 
task, confronting -nost decision makers. More
over, such an ad hoc approach provides no basis 
for learning from past mistakes, because what 
the hazards have in common regains unknown. It 
ensures that serious hazards «ill be neglected 
as trivial hazards command attention. Finally, 
insofar as a clear and defensible rationale for 
tolerability judgements would not be forthcom
ing, litigation would have a neyday as imple
mentation floundered. 

An Analytic Fix 

ihe alternative pole to ".-uddllng rhroueh" 
is to tidy up the confusing aish-mash of risk 
decisions through some common yardstick and 
consistent standard for risk imposition. Sev
eral means have been proposed for fashioning 
this common metric. 

In his classic paper (31). Chauncey Starr 
found evidence in risk occurrence that society 
had arrived at a stable balance between risk 
and benefit. This approach, which uses mortal
ity and a measure of benefit, assumes that the 
marketplace "reveals" the preferences of soci
ety, directing controls selectively to those 
hazards of greatest concern. Central in his 
findings (which others have found difficult to 
replicate) are (1) the distinction between vol
untary and involuntary hazards, with the former 
much more tolerable to society, and (2) the 
overriding importance of benefits in producing 
greater tolerability of hazards. 

Other risk analysts have focussed on the 
risk itself and proposed risk comparisons as 
guides for society's response to a wide range 
of hazards. Typically the comparisons are with 
natural background levels (or some fraction 
thereof), with similar technologies, with other 
risk stages of a fuel or production cycle, or 
with risks previously determined to be tolerable 
by a given risk manager. In the British chem
ical industry, for example, if a particular 
activity contributes r.ove than i fatalities to 
the fatal accident frequency rate (FAFR)—the 
number of fatal accidents in a group of 1,000 
men in a working lifetime (100 million hours)— 
risk reduction is undertaken (3 2). Well-known 
sets of comparisons are those of Richard Wilson 
(see Table 1), Cohen (33), and the Rasmussen 
Report on reactor risks (34). As noted above, 
such comparisons lump together experienced 
hazards (automobile and coal mine accidents, 
natural hazards) for which there are actuarial 
data, hazards poorly understood and with very 
large levels of uncertainty (air pollution), 
and hazards (nuclear reactor accidents) with 
catastrophic consequences that have only been 
estimated in computer simulations. Moreover, 
all such comparisons are unidimensional, assum
ing that mortality is a sufficient descriptor 
of hazard differences, and disregard other rele
vant considerations (social impacts, levels of 
benefit, equity, etc.). 

Considerable current interest has focussed 
on a variant type of analytic fix—the so-
called ie îninils approach to judging risk 
tolerability. In accordance with the aaxis. 
de miniais non curat lex ("the law does not 
concern itself with trifles"), this guideline 
designates a consistent threshold level below 
which the risk should be considered tolerable 
and therefore not requiring societal attention. 
De minimis proponents argue that enhanced 
scientific capabilities to measure and detect 
niniscule risks may divert technical and finan
cial resources to trivial hazards. "What is 
not a risk with a parts-per-million test can 
always be exposed to parts-pei-billl*..; -ua.T.l::-
ation," cautions one researcher <.i5> . 

One proposal (36) employed the de minimis 
concept, in association with a consideration 
of benefits, to fashion a formula for judging 
risk tolerability: 

(1) Eliminate any risk th3t carries no ben
efit or is easily avoided. 

(2) Eliminate any large risk (about 1 in 
10,000 per year or greater) that does 
not carry overriding benefits. 

(3) Ignore for the time being any snail 
risk (about 1 in 100,000 per year or 
less) that does not fall into category 
1. 

(i) Actively study risks falling between 
these limits, with the view that the 
risk of taking any proposed action 
should be weighed against the risk of 
not taking that action. 

Recentlv, Merril Eisenbud has proposed, for ra
diation, three alternative means for defining 
de minimis dose while minimizing subjectivity 
in selection of risk levels (37): 

(1) The risk is so small that it can't be 
measured with the most sophisticated 
investigative methods. 

(2) There is no threshold, hut the tine to 
tumor formation increases as the dose 
dacreases. 

(3) The dose is de minimis because it is 
well within the range of the dose re
ceived from natural radioactivity. 

Another analytic fix has C3ken a common 
measure of risk and a consistent standard of 
risk reduction requirement derived from cost-
effectiveness. The question at stake is how 
much society wishes to spend to avoid a partic
ular consequence. It is well-known that such 
expenditures vary widely: in 1975 Wilson estim
ated that the U.S. expended $1,000 for avoiding 
a death in the storage and transport of lique
fied natural gas as compared with $750,000 for 
nuclear power (38); in Britain $2,000 was spent 
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TABLE 1. Risks that Increase 

Smoking 1.4 cigarettes 
Drinking 1/2 liter of wine 
Spending 1 hour in a coal mine 
Spending 3 hours in a coal mine 
Living 2 days in N"ew York or Boston 
Travelling 6 minutes by canoe 
I ravelling i.u niles by bicycle 
Travelling 50 miles by car 
Flying 1000 miles by jet 
Flying 6000 miles by jet 
Living 2 months in Denver on vacation 
from New York 

Living n months in average stone or brick 
building 

One chest x-ray taken in a good hospital 
Living 2 months with a cigarette smoker 
Eating 40 tablespoons of peanut butter 
Drinking Miami drinking water for 1 year 
Drinking 30 12 oz. cans of diet soda 
Living 5 years at site boundary of a 
typical nuclear power plant in the open 

Drinking 1000 24 oz. soft drinks from 
recently banned plastic bottles 

Living 20 years near PVC plant 
Living 150 years within 20 miles of a 
nuclear power plant 

Eating 100 charcoal broiled steaks 
Risk of accident by living within 5 miles of 
a nuclear reactor for 50 years 

*(1 chance in 1 million) 

Source: Wilson, ?.. "Analyzing the Daily Risks of 
45. 

in 1972 to save an employee's life in agricul
ture, S200.000 in steel handling, and S5 million 
in the pharmaceutical industry (39). In terms 
of average dollar investment per fatality fore
stalled,U.S. controls for reducing automobile 
accidents range from S500 for enforcing manda
tory seat-belt usage to S7.6 million for road 
realignment and gradient change (40). 

Another similar approach has centered upon 
extension of longevity rather than reduction 
in mortality as the measure of benefit derived 
from investment to control risk (41). Regard
less of measure, the decision rule in this type 
of "fix" is to allocate societal investment 
so as to maximize the overall reduction of risk 
consequences. Comparison between the cost of 
risk control and the reduction in consequences 
achieved defines the relative degree of risk 
tolerability and directs the pattern of socie
tal risk control effort. 

As embodied by these approaches the search 
for an analytic fix for the risk tolerability 
problem is misguided. First, it explicitly, 
and also wrongly, assumes that one risk is like 

iance of Death by 0.000001* 

Cancer, heart disease 
Cirrhosis of the liver 
31ack lung disease 
Accident 
Air pollution 
Accident 
Accident 
Accident 
Accident 
Cancer caused by cosmic radiation 

Cancer caused by cosmic radiation 
Cancer caused by natural radioactivity 

Cancer caused by radiation 
Cancer, heart disease 
Liver cancer caused by aflatoxin 3 
Cancer caused by chloroform 
Cancer caused by saccharin 

Cancer caused by radiation 

Cancer from acrylonitrile monomer 
Cancer caused by vinyl chloride (1976 standard) 

Cancer caused by radiation 
Cancer from benzopyrene 

Cancer caused by radiation 

Life," Technology Review, 81 (February, 1979), 

any other, whereas it is patently clear that 
risks are multidimensional phenomena that fall 
into complex groupings. Death by cancer is not 
the same as death by accident, catastrophic 
risks are more feared and exact greater social 
toll than fewer fatality/more frequent risks, 
inequitable risks are less worrisome than equit
able ones, imposed risks are unlike accepted 
risks. 

Second, decisions on risk levels do not 
occur in isolation from other social objectives 
and constraints. Each risk decision, then, 
tends to have some considerations that are 
technology or even situation specific. The 
particular set of values, scientific informa
tion, cost considerations, and safety opportun
ities differ from one risk to another, and even 
from one time to another, for the same risk. 
Moreover, different regulatory agencies have 
different legislative mandates and program pri
orities for the same risks. Sound decisions on 
risk levels and distribution, therefore, will, 
and should, show substantial variation even 
among risks of similar magnitude. However 
untidy that may appear to some, it is an 
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inescapable reality of responsible and rational 
risk management, a conclusion, by the way, 
shared by two recent appraisals (42,43) . 

A MIDDLE COURSE 

If the polar approaches to risk tolerability 
noted above fail to provide sound guidelines, 
where can we turn? Are there other alterna
tives that offer promise? 

The pitfalls of "muddling through" and "an
alytic fixes" point to the r.eed for taxonomies 
of hazards. Case-by-case analysis, as we saw, 
squanders management resources and provides no 
consistent and defensible criteria for social 
judgements. Analytic fix methods, by contrast, 
impose superficial consistencies that mislead 
the decision maker. What is needed are taxo
nomies, sensitive to the multidimensional na
ture of hazards, which can be used as part of 
a broadly based assessment and decision process. 

Such taxonomies are beginning to appear. 
The National Academy of Sciences/National Re
search Council Committee on Risk and Decision 
Making recently proposed a taxonomy of risk 
based upon the source of risk generation (Table 
2). It is apparent that risks arising from 
different sources are likely to command differ
ent tolerability levels. Risks from self-
hazardous behavior or from nature, for example, 
would appear to impose different obligations 
on society than risks arising from such exter
nalities as production processes, economic con
ditions, or government policies. Risks co-
generated by multiple parties would appear to 
suggest still different responsibilities and 
potential levels of tolerability (44). 

A second taxonomy, one which may be useful 
for judging tolerability,has been proposed by 
Gio Cori (45)• Gori suggests categorizing 
technologies according to their degree of need 
by society and formulating corresponding levels 
of restriction. The tolerability of and sum of 
restrictions for a particular risk would depend 
upon the rank of need for the class of use and 
the safety ranking of the hazard within the 
class. 

A third taxonomy has emerged from a collabor
ative effort by Clark University and Decision 
Research, Inc. (46). Over the past five years, 
researchers from both institutions have con
ducted for each of 93 technological hazards an 
extensive empirical investigation into 12 bio
physical and social attributes. The use of 
factor analysis rendered it possible to reduce 
the 12 attributes to five major risk factors, 
termed BIOCIDAL, DELAY, CATASTROPHIC, MORTALITY, 
and GLOBAL. In turn, these five factors per
mitted the construction of a seven-class taxon
omy (Table 3). 

TABLE 2. The Generation of Risks: A Simple 
Classification Scheme 

Self-Hazardous Behavior: Situations in 
which an individual creates and incurs the 
same risk. Illustrative examples: smoking, 
alcohol abuse, not using seat belts, or hang 
gliding. 

Co-generation of Risks: When the combined 
actions of two or more parties impose a risk 
on one ot the parties. illustrative ex-iupies: 
risks imposed on a worker resulting frou com
bined actions of worker and employer or 
risks imposed on consumers by the combined 
actions of producer and consumer. 

Risks Generated by Production Externali
ties : When productive enterprises generate 
risks that are incurred by people not directly 
involved in the production or consumption of 
a good. Illustrative examples: air and 
water pollution, nuclear accidents, and haz
ardous wastes. 

Risks Imposed bv Particular Individuals 
on Others : When individuals generate risks 
that are imposed on others. Illustrative 
examples: crime, speeding, drunken driving, 
child abuse, and smoking in public places. 

Risks Generated by Nature: A category 
including natural hazards such as earth
quakes, droughts, and floods as well as cer
tain physical conditions generated by nature 
(e.g., diseases of old age, genetic muta
tions, and disease from natural ionizing 
radiation). Of course, the degree of possi
ble risk can be tempered by individual or 
social actions: deciding to live near a 
fault zone, earthquake-resistant design or 
construction, construction of dams, and so on. 

Risks Generated by Economic Conditions: 
Individuals and communities create and incur 
risks due to various economic conditions. 
Financial insecurity itself is a risk that 
also creates risk for health and safety. 
Illustrative examples: poverty-induced dis
ease and unemployment-induced stress. 

Risks Generated bv Government Policies: 
Public policies sometimes subsidize, en
courage, or force individuals or organiza
tions to create risks. For example, some 
national energy policies create risks to 
human health, safety, and the environment as 
well as to national security and the likeli
hood of war. 

Source: National Research Council (U.S.), Com
mittee on Risk and Decision Making, Risk and 
Decision Making: Perspectives and Research 
(Washington, D.C.: National Academy Press, 
1982), p. 14. 



TA3LE ]. A Seven-

CESSES 

1. MULTIPLE EXTREMES 
(extreme in more than one 

2. EXTREME HAZARDS 
(extreme In one factor) 

a. intentional faiocides 
b. persistent teratogens 
c. rare catastrophes 

d. common killers 

e. diffuse global threats 

3. 1UZARDS 
(extreme in no factor) 

Source: Hohenemser, C. and Kates, R.W., "A Causa, 
ed. R.W. Kates, C. Hohenemser, and J.X. Kasperson 
Gunn and Hain, forthcoming). 

Interestingly, this taxonomy, based pri
marily on biophysical properties, has turned 
out to predict extremely well the v. --<-e in 
public perceptions, suggesting that it ii.ay pro
vide clues to the differential tolerance of var
ious publics for a wide range of hazards. It 
also provides (by assigning the hazard to its 
relevant class) a useful tool for broad-based 
risk comparison and for dealing with the hazard-
of che-week syndrome. 

Finally, it suggests certain types of haz
ards (the "multiple extreme" class) for which 
social tolerance will be low and the need for 
risk reduction high. The taxonomy predicts, 
for example, low public tolerance for nuclear 
power risks and suggests thereby that public 
concern is rooted in attributes of the hazard 
and is not irrational. 

Promising as these taxonomlc developments 
are. they will not of course provide solutions 
to the risk tolerability problem. They should, 
however, constitute more sophisticated and 
sounder approaches for comparing hazards with 
each other, with benefits, and with public per
ceptions. They should be valuable tools, in 
short, for a more informed scientific assess
ment and a politically and ethi<*.-.lly sensitive 
decision process. Improvemen.s in both these 
areas will contribute to wiser, and more im-
plementable, risk tolerability decisions. 

It is to that larger question that we now 
turn, first the scientific, then the decision 

•class Taxonomy 

EXAMPLES 

nuciear war - radiation, recombinant 
DNA pesticides, nerve-gas - war use. 

chain saws, antibiotics, vaccines. 
uranium mining, rubber manufacture. 
LNG explosions, commercial aviation 
crashes. 
auto crashes, coal mining -
black lung. 
fossil fuel - CO,, SST - ozone 
depletion. 

saccharin, appliances, aspirin, 
skateboards, power mowers, bicycles. 

Taxonomy," in Technology as Hazard, 
(Cambridge, Ma.: Oelgeschlager, 

process issues. 

MORE INFORMED JUDGEMENTS 

The role of the scientist (natural scien
tist and social scientist) in judgements on 
risk levels and distributions is to provide 
information and analyses to inform the decision 
process. Such formal analysis, however, should 
not preempt the established process, which pro
vides participatory or consultative roles for 
interested parties. The purpose of scientific 
analysis is to inform an expert judgement for 
a draft standard that will then undergo testing 
in the political process. Three broad types of 
analysis—contextual analysis, equity analysis, 
and public preference analysis—are essential 
for informed risk decisions (Figure 3). 

Contextual Analysis 

The risk under consideration should be 
placed in appropriate contexts to shed light on 
its social meaning. Five contexts or compari
sons are paramount: the risk compared with na
tural background, the risk compared with other 
risks prevalent in society, the risk in the 
context of associated benefits, the risk com
pared with the costs of risk reduction, and, if 
need be, the risk as compared with the risks 
of available substitutes. 
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Contextual Analysis Equity Analysis Public Preference Analysis 

Risks in the context of: The distribution of risks, 
benefits, and control 
costs over: 

Public preferen---- for 
reduction as indicated 
bv: 

*natural background 
levels 

•'oLlier comparable 
risks 

*magnitude of 
benefits 

*costs of control 
*risks of available 

substitutes 

*workers and publics 
*generations 
-back yards 
*sueial groups 

"experienced risk 
*legal legacy 

Figure 3 Scientific Assessment for Informing Judgements 
of Risk Tolerabilitv 

In the first, comparison of the risk with 
natural background levels of exposure suggests 
che increment to risk afforded by the use of 
some technology or activity. Large departures 
from background levels are obvious sources of 
concern, whereas those undetectable as var
iations in natural exposure merit much less 
concern. Such analyses have been helpful in 
the field of radiation control (47). 

The second context is the risk compared 
with other risks prevalent in society, often 
with the assumption that risk levels should be 
balanced. Typically the comparisons are with 
similar technologies, other stages of a fuel 
or production cycle, or risks previously deter
mined, by a particular risk guardian, to be tol
erable. The issue in such comparisons is whe
ther or not the choice of contextual risks 
clarifies or obfuscates the risk under consid
eration. To compare reactor risks with the 
chance of being hit by a meteor, radioactive 
waste repository risks with the danger of 
lightning, or nuclear power with automobile 
fatalities does little to enlighten consider
ations of public choice. Here, the taxonomy 
proposed by the Clark University group, as des
cribed above, may prove more helpful. That 
classification scheme, after all, links pesti
cides and dam failures (multiple extremes), 
chain saws and antibiotics (intentional bio-
cides), and saccharin and skateboards (non-
extreme) hazards. There is also, as Gori (45) 
has argued, considerable value to risk compari
sons within a functional class of products 
needed to sustain a modern society, where ben
efit levels and uses tend to be similar. 

Perhaps the most common form of contextual 
analysis is a comparison of risks and benefits. 
This method, extensively discussed in the risk 
literature (48,49,50), recognizes some level of 
risk above zero as necessarv and balances the 

benefits of the activity or technology against 
the risk to determine how much risk reduction 
should be undertaken. The quality of such anal
yses varies widely, depending upon such factors 
as the messiness of the problem, the skill of 
the analyst, the way in which the analytic 
question is posed, the existence of appropriate 
techniques, and the analyst's ability to fash
ion new techniques (51)• Benefit analysis is 
particularly underdeveloped, with considerable 
difficulty often apparent in determining even 
whether a particular outcome (e.g., increased 
electricity consumption), is beneficial or harm
ful. Although useful as one type of decision 
information, used indiscriminately, risk/ 
benefit analysis cannot solve, and may well 
obscure, important policy and ethical issues 
(e.g., distributive justice). 

A third type of contextual analysis is an 
examination of the cost effectiveness of risk 
reduction. The question at stake is how much 
society wishes to spend Co avoid a particular 
consequence. Siddall's judgemental categoriza
tion (Table 4) points up the wide variations 
among such expenditures. Wilson has suggested 
that a "risk cax" of SI million per life be 
used co achieve maximum overall reduccion in 
the array of risks facing society (52) . But . 
risk levels can also be set by changes in the 
slope of the curve in risk reduction efficiency 
for any given risk (Figure 4 ) . 

A final form of contexcual analysis in
volves che examination of both risks and bene
fits of available substituces. Asbestos, wich 
ics variecy of beneficial applicacions, is a 
known hazard, for which extraordinary research 
efforts have failed to unearth a single safe 
replacement (53) . Actions designed to reduce 
risks sometimes create new and perhaps larger 
risks, such as increased coal-burning when 
nuclear plants are shut down for safety reasons 



TABLE 4. Cost-Eft"«ctiveness of Selected Risk Reduction Programs 

Net Lives Saved Cost of Saving a Life 

GROUP 1: i'.OTH LIVES AND MONEY WASTED 

1. Shutting down of TMI unit-1 nuclear station, 
1979- (U.S.A.) net loss of life reverse 

2. Curtailment of output of Douglas Point 
nuclear station, 1977- (Canada) net loss of life reverse 

GROUP - : :eu •\icn EFFORT IKESOURCSS '.VISTED) 

3. 1980 Automobile CO standard (USA) 
4. OSHA 3enzene regulations (USA) 
5. Apartment building regulations (U..<.) 
6. Pharmaceuticals industry safety (U.K.) 
7. Grounding of DC10 in 1979 (USA) 
S. Coal mine safety (USA) 
9. Safety of nuclear operatives (U.K.) 
10. EPA vinyl chloride regulations (US\) 

11. Civilian aircraft safety (France) 

CROUP 3: APPROXIMATELY CORRECT EFFORT 

12. Kidney dialysis 

13. Hiihway rescue cars (USA) 
14. Tire inspection (USA) 
15. Road median barrier improvements (LISA) 
16. Mandatory lap-shoulder belts in autos (USA) 
GROUP 4: NOT ENOUGH EFFORT (LIVES '.JASTED) 

17. Nuclear reactor emergency cooling 
systems (USA) 

IS. Life rafts in aircraft (U.iL.) 
19. Screening for breast cancer (USA) 
20. Home smoke detectors (USA) 
21. Agricultural practices, pre-1969 (U.K.) 
22. Tuberculosis control (USA) 
23. Mobile cardiac emergency units (USA) 
24. Screening for cervical cancer (USA) 

CROUP 5: 3UTH LIVES AND RESOURCES SAVES 
(OR COULD BE) 

25. Eradication of smallpox 2,000,000 reverse 
26. Railway overpasses (Canada) .892 reverse 

Source: E. Siddall, Risk, Fear and Public Safety, AECL-7404 (Mississauga, Ontario: Atomic 
Energy of Canada Limited, 1981), pp. 23-31. 

SI,000,000,000 
300,000,000 
100,000,000 
50,000,000 
30,000,000 
22,000,000 
5,000,000 
2,500,000 
1,200,000 

530,000 
420,000 
400,000 
230,000 
110,000 

114 
3,500 (per year) 

100,000 
90,000 
80,000 
80,000 
50,000 
40,000 
30,000 
30,000 



CO 

MEASURED ZERO 
ABSOLUTE ZERO 

AS LOW AS PRACTICABLE 
RANGE 

BEST PRACTICABLE TECHNOLOGY 

BEST AVAILABLE TECHNOLOGY 

ZERO TOLERANCE 

COST OF RISK REDUCTION-

Figure 4 Social Cr i ter ia for Risk Reduction. 
Source: After Rowe, W.D. An Anatomy of Risk 

(New York: Wiley, 1977), p. 78. 

or the use of TRIS-treated pajamas as subs t i 
tutes for flammable materials . Judgements on 
tolerable levels of r isk imposition must con
sider the r isks and the benefits l ikely to ac
crue from increased use of subst i tu te products 
or technologies. 

Equity Analysis 

Equity analysis is a second, and oft-
neglected need, in scientific analysis to sup
port judgements on risk tolerability. Equity 
considerations are often viewed as beyond the 
pale of scientific analysis, as "mushy" issues 
lying in the domain of politics and philosophy. 

'./hereas the choice of a principle of jus
tice is certainly unappropriate (yet implicit 
in various analytic "fixes") for the scien
tist, empirical analysis to show, for example, 
the distributional effects of differing deci
sions on risk tolerability or methods of con
trol, is vital if considerations of fairness 
are to be included. Similarly, the differing 
ethical justifications for risk levels and 
distributions can be examined to determine 
whether empirical conditions are met. The 
foregoing discussion suggests a number of is
sues and categories that need to be addressed 
in such analyses. 



Public "'reference Anal' sis 

The third major tyie of scientific informa
tion needed for judgements on risk lev ils is 
.in assessment of public prefer .-nces ù-r risk 
reduction. The purpose of suc i inquire is not. 
it. should be emphasized, to substitute for the 
direct expression by the public of its wishes 
but richer to anticipate what ireferer.ces arc 
likely to he and to indicate wnere there are 
larae departures in ext<ert and lav-public 
assessments of risk. 

Three major types of information concerning 
public preferences are useful. Inferences, ccm-
nonly described as "revealed preferences," 
from experienced risks use statistical risk 
and economics data for determining risk/benefit 
tradeoffs acceptable to the public. Inference 
from legal legacy looks to the past accumula
tion of regulatory decisions and court cases 
for guidance to appropriate standard-setting. 
Finally, expressed preferences involve the 
direct elicitation, by surveys or experimental 
methods, of risk reduction preferences from 
the public itself. Considerable progress in 
this research (5j4,55_,5_6_) suggests that lay pub
lics are basically rational on risk questions, 
order risks similarly to experts but systema
tically overestimate well-publicized und dra
matic risks, and are very risi.-averse for risks 
with catastrophic potential. 

By putting risks into appropriate contexrj, 
assessing equity issues, and inticipating pub
lic preferences, the scientist can provide in
formation needed for drafting proposed stan
dards and criteria. Effective risk decisions, 
however, depend equally upon the processes and 
upon the institutions responsible for the judge
ments that emerge. 

AN LMPROVED DECISION PROCESS 

Sound decisions on risk tolerability require 
a process consistent with western democratic 
theory yet directive to the risk guardian. 
Since the public cannot hope to inform itself 
about and to participate in each of the innumer
able decisions on risk, it delegates discretion 
to the risk guardians—the legislators who pass 
laws and the regulators who implement them. 

In a democracy, what these risk guardians 
ideally want to know in order to make value-
laden decisions is what the outcome of a con
sidered public decision process would be in an 
idealized state where interests have become 
clear, the publics highly informed, issues 
dissected and debated, individuals free to 
choose, and public officials responsive to the 
electorate. It is a hypothetical state, of 
course, for a modern democracy cannot realize 
such requirements for risk or for any other 
public issues. All such decisions, of course. 

will inevitably involve choices between the 
interests of society and the prerogatives of 
the individual. Risk decisions responsibly 
made will certainly not always move in the 
direction of risk reduction, for the public will 
frequently be best served by decisions to tol
erate certain risks in order to secure associ
ated benefits, to realize broader socia] joals. 
or to direct the public purse to more pressing 
societal concerns. Customarily, we think that 
such rhoir<?9 should hp suidpd '̂v consider;!f: <~>nr-
"f the "public interest," a concept, alas, it
self the subject of conceptual disagreement and 
confusion (57,58). 

A credible decision process for judging 
risk tolerability, it will be argued here, 
finds its starting point in four premises: 

*decisions on risk are rarely made in isola
tion but are part of broader societal choi
ces on the use and expansion of particular 
technologies. "Best solutions" involve 
choices that take account of competing so
cial values and multiple goals 

•*given sufficient provision of information 
and understanding concerning the risks of 
technology and means for resolving doubts 
and concerns, lay publics are capable of 
acting rationally upon the tolerance or 
rejection of such risks 

*power relations in risk decision processes 
tend to be asymmetric: risk imposers 
nearly always have superior knowledge and 
resources to promote the expansion of po
tentially hazardous technologies; risk 
bearers nearly always have few resources 
and limited and tardy access in resisting 
such technologies 

*fairness in risk decisions will best be 
achieved by the direct participation in 
their own behalf of those who will bear 
risks 

Proceeding from these premises, an improved 
decision process needs to address the nature 
of social responsibility to risk bearers and 
the erosion of public trust in risk management 
institutions. 

Responsibility to Risk-Bearers 

The imposition of risk upon others entails 
responsibilities that should be recognized, and 
responded to, in decisions on risk tolerability. 
First, there is the obvious need to inform 
those who will bear the risks of the nature, 
levels, distributions, and associated uncer
tainties of the risks as well as opportunities 
for their control. Specifically, the limits 
of scientific understanding should be noted. 
This informing function should exceed that 
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~.ii^h routinely occurs in public -eetings or in 
Federal Register notices; it should strive tor a 
high degree of understanding among those who 
will experience the risk. It is important to 
recognize that the risk imposer (i.e., the de
veloper or technology sponsor) has a conflict 
of interest in developing and dispensing infor
mation. 

Second, potential risk-bearers oust receive 
ample opportunity to participate at all stages 
in the risk decision process. All too often, 
risk bearers become involved only in the final 
stages, after assumptions have been set, alter
natives narrowed, many key decisions made, and 
decision makers committed to a course of ac
tion. 

Third, opportunities for participation are 
meaningless if the fundamental asymmetry of ca
pability and resources (noted in our premises) 
is not addressed. At the heart of risk-bearer 
participation is the development of an indepen
dent technical and financial capability to de
velop information, examine technical documents, 
challenge assumptions, and explore (and perhaps 
formulate) policy alternatives. 

Fourth, the decision process will necessar
ily allocate the burden of proof among decision 
participants. All too often, a particular de
cision or course of action is adopted and af
fected individuals are allowed to challenge it. 
Given the asymmetry of power which prevails and 
in order to err on the side of avoiding harm 
rather than enlarging benefit, the burden of 
proof should fall on the risk imposer. 

Finally, the risk-bearer must have access 
to some means of redress by which a decision may 
be appealed to a higher body. Although this 
adds a further potential delay in decision mak
ing, it is an essential ingredient of due pro
cess for those who will experience the harms. 

The Erosion of Trust 

Doubts as to the credibility of institutions 
and processes have, in our view, provoked much 
of the current controversy over risk decision 
making. If and when that credibility is re
covered, the acrimonious societal debate over 
"how safe is safe enough" will certainly sub
side (but not vanish!). In the meantime, extra
ordinary efforts are in order, for decisions 
carry simultaneously the burdens of the recov
ery of trust and the social acceptance of risk 
decisions. 

The erosion of public confidence in social 
institutions is one of the remarkable political 
developments of the past two decades. In the 
United States only scientists command high lev
els of public confidence on environmental and 
technical questions. The traditional sources 
of authority, meanwhile, have suffered serious 
declines in public confidence. Annual surveys 

since 1966 by Louis Harris and Associates, :cr 
example, show a steady decline in public confi
dence for loaders of some nine major social in
stitutions—television news, medicine, the 
military, the press, organized religion, major 
companies, Congress, the Executive Dranch, and 
organized ljbor. Particularly precipitous has 
been the loss of trust in business leaders, 
from 555; of respondents expressing "a great 
deal" of confidence in 1966 to only 19;'; in 
1980 (19). Similarly, a 1980 poll found that 
none of the major sectors of society inter
viewed wishid to vest primary resoonsibility 
in the busiiess community for insuring "an 
acceptably ^afe society" for the future (59). 
Vhen combined with fear over such hazards as 
radiation and chemical carcinogens, risk aver
sion in the pubiic should come as no surprise. 

The best route for recovering public trust 
in risk decisions is unclear. Certainly the 
public will need to be assured that propo
nents of technology are not exercising undue 
influence in the process. Openness, in both 
the record of evidence and opportunities for 
involvement, will be required. Compromises 
with agency mandates for public protection 
cannot, even in appearance, be compromised. 
Meanwhile, substantial investment in process 
should go to insure "fairness" in decision 
making. 

SUMMARY 

We may now summarize our major findings as 
they bear upon the four objectives noted at 
the beginning of the paper. 

Risk tolerabilitv: no risk is acceptable 
if it is not accompanied by significant bene
fits and if it can be easily reduced. The 
existence of a past risk is a poor guide to 
accentability for it frequently is more the 
product of contending political forces than 
real acceptance by those who have borne it. 
Thus risk tolerability more accurately des
cribes the response of risk-bearers than does 
risk acceptance. 

Ethical Issues in risk tolerability: 
judgements as to the tolerability of risk are 
inherently problems of ethics and politics. 
Important value issues include: hou (and 
what) consequences should be considered and 
weighted, how should considerations of pater
nalism and safety for all be reconciled, how 
may equity be realized, and what are the ele
ments of a responsible decision process. 
Four major principles of justice—utility, 
ability, compensation, and consent—enter 
into the determination of equitable societal 
handling of risk. 

Approaches : two approaches, each with its 
own pitfalls, have arisen aimed at simplifying 



Che complexity of tolerabiiity decisions. "Mud
dling through" strategies view each risk situa
tion as unique and adoiat incremental, ease-bv-
case responses. This approach, while auanted to 
changing political alignments, cannot deal with 
the lar.̂ e hazard domains confronting risk guar
dians, fails to provide means to learn by exper
ience, and prevents rationalization of decisions. 
"Analytic fix" strategies, by contrast, reduce 
risks to a common metric and a common standard 
of tolerability. This approach misguides deci-
ai>.;;j L,/ faili::̂  L- discriminate among uascn-
Liai attributes of hazards and by abstracting 
risks from other social goals, A middle course 
is proposed which utilizes taxonomies to guide 
risk comparison and which seeks common manage
ment strategies for comparable hazards. 

More informed judgements: science has an 
important' contribution to decisions on risk tol
erability through improved information and an
alysis. The purpose of the scientific con
tribution is to support an expert judgement that 
will then be tested in the political process. 
Informed risk decisions, it is argued, require 
three types of analysis—contextual analysis, 
equity analysis, and public preference analysis. 

An improved process: current risk con
flicts are as much concerned with the process 
as the substance of decisions. A more credible 
process will recognize that risk is part of 
broader societal choices on technology, that an 
informed public can act rationally on risk is
sues, that power relationships in risk deci
sions are asymmetric, and that fairness in risk 
decisions is best achieved by participation of 
risk bearers in their own behalf. Means for 
improving the decision process are proposed 
which build upon these premises. 
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DISCUSS 

Michel 3igras-?oulin 

The problem of risk, assessment has two 
facets: why and how risky. Why is an 
ethical question that you tackled magni
ficently. How is a scientific question. 
The complexity of risk problems are that 
ethics and science are interrelated. 

I agree that risk questions, particularly 
the difficult ones, reveal an intertwining 
of scientific and ethical issues. While it 
is essential to clarify as much as possible 
where scientific problems stop and ethical 
problems begin, the separation can never 
be complete. Even the concept of "risk" 
proceeds from some initial value assump
tions. 

N'otman Helfand 

1) Your final comment "the process of coming 
to a decision itself" is one I agree with 
completely. However, from my reading of 
the difference between, say the Workmen's 
Compensation in Canada and the U.S., the 
process is far more open and democratic in 
the U.S., but it is unreasonably slow and 
expensive. A system is unjust if only the 
few who fight for their rights get benefits. 
Those who do not fight get little. So It is 
essential that the "process" consist of a 
compromise between efficiency and democracy, 

1) What about the minority of the so-called 
public who do not agree with the general 
public's acceptance of risk (if such an 
agreement could ever be reached)? Does 
the general public have the right to accept 
for everyone (in the case of risk which is 
equally distributed)? 

Reply 

1) The conflict alluded to does not strike me 
as the major problem in Workers' Compensa
tion. Of course the first priority should 
be to avoid harm and only after those options 
have been exhausted should compensation 

become a preferred course of action. A 
well-designed compensation program muse be 
timely if it is to he.l p mitigate harm and 
must cover the full range of harm: disease 
as well as injury. 

2) This is a classic problem of democracy, 
of course — the balancing of majority rule 
and minority rights. Some democratic 
decision must be reached on the trade-offs 
between benefits and risks. At issue is 
the need not only to strike that balance 
but for beneficiaries to internalize risk 
to the extent possible. Also the risk 
bearers should, of course, be informed as 
fully as feasible. Beyond that, the de
mocratic process needs to be sensitive to 
the characteristics of the risk imposition, 
the harm incurred, and the strength of 
concern among risk-bearers. 

D.J. Hendrick 

1) Issue management for regulatory agencies 
determines its success/failure in establishing 
credibility with the public. Risk analysis, 
if it's to be carried out properly, requires 
substantial time... a factor that the public 
is generally unwilling to grant when an issue 
arises. How can the consultative process 
with the public be shaped to address this 
problem? (i.e., steps in process, people, 
and timing of events.) 

2) Zero risk acceptance by the public is an 
attitude, as suggested at our Symposium, 
that must be altered. How critical a role 
does an intensive examination of benefits 
play in this alteration? Does benefit ana
lysis get enough attention in risk assess
ment? 

1) A quandary for the regulator is that as risks 
are becoming more complex the public is be
coming less tolerant of delay, even for 
sound reasons, in risk-management response. 
Two needs appear paramount: to pursue prudent 
strategies of risk management without waiting 
for all the evidence to cone in and to have 
sufficient openness and involvement through-
our risk evaluation and response to establish 
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that actions are responsible and sensitive 
to public concerns. 

2) 3enefit assessment is much more poorly de
veloped than risk assessment. Nearly all 
our evidence suggests that the public to
lerance of hazards is closely connected to 
the perceived magnitude of benefits as well 
as (1) the nature of the hazard, and (2) 
how the hazard is imposed. It is essential, 
therefore, that we improve the scientific 
procedures for estimating benefits and our 
understanding of how publics define and 
value benefits. 

David Hitchcock 

I welcome your emphasis on the ethical and 
political dimensions of risk management, 
because there seems to be a tendency to 
think that one can come up with a technocra
tic judgement of risk acceptability by esti
mating the magnitude and probabilities of 
deleterious consequences and factoring in the 
public's judgements of acceptability. In this 
connection, it is important to recognize that 
the concepts of acceptability and tolerability 
are ambiguous. In one sense, a risk is ac
ceptable or tolerable if people actually 
accept or tolerate it, and a judgement of ac
ceptability or tolerability is an empirical 
judgement which can be validated by purely 
scientific investigation. But when an indi
vidual judges that a risk is acceptable or 
tolerable to him, or a legislator or regula
tor judges on behalf of a society that a risk 
is acceptable to a society, they are judging 
that the risk is worth accepting or tolera
ting, that it ought to be accepted or tole
rated. This is an ethical/political judge
ment, which cannot be validated purely by 
scientific investigation. 

Reply 

The distinction is an important one and I 
agree with it. As inferred in my paper, 
making judgements on the "public interest" 
(whatever that is) is not an empirical task. 
If it were, one would only need to put the 
professional pollsters to work. Public 
officials cannot escape the unenviable task 
that they play a prominent part in a process 
which is normative and value-laden. 

Edwin Levy 

You mentioned two bad/extreme approaches to 
establishing how safe is safe enough? 

a) Case-by-case muddling through. 

b) Common metric. 

Are the following appropriate examples of 
a) and b)? 

a) Current U.S. moves to revise its Clean 
Air Act such that no demand to reduce 
emissions could be made unless such re
duction can be shown to be cost-benefit 
effective. 

b) Paskievici's paper at rhis Symposium i" 
which he gave highly aggregated compari
sons of coal and nuclear power. (Also his 
comparisons were actuarial and this ignored 
the historical distinctions). 

Reply 

a) On the face of it, benefit/cost analysis 
would appear to be a "methodological fix" 
to the risk acceptability problem. In 
essence it resorts to very gross measures of 
utility (however defined), thus ignoring 
the multi-dimensional nature of risk and 
(frequently in practice) benefits. Because 
of the variability in such calculations, .is 
apparent in practice over the past several 
decades, this approach tends to become 
"muddling through." 

b) The paper referred to employs a common metric 
of risk and if it were to be used as a means 
of determining risk tolerability it would 
be prone to the Inadequacies I note in my 
paper. 

Christopher Sharp 

Allowing the public to participate in the 
risk-management process ultimately involves 
greater public participation in the economic 
process in general. Are the western coun
tries really willing to do this? I think 
not. Our present economic system depends 
to a large degree on keeping certain parts 
of society ill-informed and powerless. 

Reply 

In my discussion I specifically note that 
power relationships in societal risk allo
cation tend to be asymmetric. Thus, it is 
essential that public processes be designed 
to redress that imbalance. Now, of course, 
public processes are embedded in larger 
social and economic systems. That issue is 
a larger question which I cannot address 
in a comment. 

Grant Sheng 

It was stated that development of a process 
for the effective communication of unbiased 
and factual information to the public is 
essential in an endeavour such as radio
active waste management. However, I think 
that it was also stated that a public hearing 
is not part of this process. In view of the 
fact that the lay person is almost always 
confronted with many opposing facts (or 
interpretation of them) from "experts", what 
mechanism would substitute for the hearing 
process? Would you elaborate more on your 
overall process. 

Reply 

First, let me correct any misimpression I 
may have created. The hearings process is 
a necessary part of the public consultative 



process. It has a Haired role in imparting 
-nf ormation and receiving concerns from oppo
sition and support ir-^?3- It is very inade
quate, however, as a means of general public 
fi.o., nun-elites) involvement or as i vehicle 
:'cr helping potential risk-bearers to think, 
through difficult problems, uncertainties, 
and trade-offs. Where risks are feared, 
poorly understood, and involuntary, there is 
a particular need to employ a broad spectrum 
of participation and educational mechanisms. 
Sponsorship of these should be sensitive to 
potential conflicts of interest. The parti
cular design of a participation program should 
proceed from some basic premises (e.g., 
creation of an independent technical capa
bility). 

Charles J. Wiesner 

The author speaks of providing the public 
vith evidence upon which to judge risk to-
lerability. My impression, particularly of 
environmental risks, is that the public is 
bombarded by misinformation from various 
special interest groups — polluters, environ
mentalists and politicians. 

You are asking the public not only to assess 
the tolerability of a given risk but first 
to prioritize the credibility of conflicting 
information sources. I believe the latter 
demand mav invalidate the foraer. 

Reply 

Obviously this is a major problem to which 
there is no ready answer. The expert has a 
responsibility to provide full, accurate, 
and objective information in a form most 
helpful to various publics (and particularly 
risk-bearers). Ultimately, these publics, 
will, however imperfectly, demand to do the 
sorting. Public officials may help this pro
cess, however, by designing a process which 
clarifies rather than obfuscates. This will 
require (1) more time and patience, (2) subs
tantial investment in process, and (3) a 
respect for the layperson. 

Till 

«ho is "the public"? (Those who respond to 
opinion surveys? Those who vote in elections? 
Those who attend public hearings? What weight 
should be given to information obtained from 
these different sources?) 

As we all know, there is not one public but 
many public^. Obviously there is a problem 
if the public official responds to a self-
appointed spokesperson for the public as 
if this individual represented all the public. 
The need is for inclusiveness in consultation 
so that all interested parties can be informed 
and make their views known. Attaching weight 
to information seems to me a question of the 
relevance of that information to the decision 
at hand, the strength of the convictions, and 
the breadth of support among publics. 
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OPTIMAL ALLOCATION OF RESOURCES FOR SAFETY 

Miehaus 
A. Novegno 

Atcrr.i:: E.-.crgy Agency, Austria 

A3STRACT 

Safety expenditures generally follow a law of 
diminishing returns: Risks usually cannot be 
reduced to zero, and the marginal costs of risk 
reduction increase (often exponentially) with 
the level of safety achieved. Therefore, the 
answer to the question "how safe is safe 
enough?" is determined by a compromise between 
the two objectives of using limited resources 
most effectively (minimizing cost) and of 
achieving the highest level of safety (mini
mizing risk). 

This paper suggests that a practical limit to 
risk reduction does exist, since excessive ex
penditures for risk reduction will actually in
crease the total risk to society. Based on in
put-output methodology it was found that for 
high marginal cost of risk reduction (> 30 mil
lion S/life saved) the risk of producing safety 
equipment will be greater than the effects pre
vented. 

The results of cost-effectiveness studies are 
sensitive to the definition of "risk". Several 
studies have identified important parameters 
which should be considered. One of these para
meters is the potential of modern complex tech
nologies to cause low probability/high con
sequence risks. Taking airplane accidents as an 
example, such a qualitative shift of the risks 
involved has been analysed. 

In conclusion this paper suggests that compara
tive cost-effectiveness analysis (marginal cost-
benefit analysis) provides suitable decision 
rules for safety policy with the objective of 
optimal allocation of safety resources. 

INTRODUCTION 

Any activity of man involves some risk to his 
life or health. Society had to get used to car 
accidents, dam failures, train crashes, hurri
canes, mining disasters, lightning, etc. All of 
these risks, even the so-called "natural" risks, 
can at least to a large extent, be modified by 
man. However, one of the basic laws, which one 
recognizes immediately while dealing In somewhat 
more depth with safety issues, is that nothing 

can be made perfectly safe. In more scientific 
terms It has to be recognized that existing 
risks of a given activity or technology can be 
reduced below any given level, however, it is 
not possible to reach the "zero risk" or "abso
lute safety" that is often demanded. If this 
fact is recognized it then becomes necessary to 
answer the question about acceptable levels of 
risk: "How Safe is Safe Enough?" It Is clear 
from this question that the answer involves a 
value judgment which is necessarily subject
ive. Thus, the answer has to be given by soci
ety and cannot be' provided by the technical ex
perts. However, technical experts can provide 
the data needed and can suggest formal proce
dures to establish rational criteria which would 
allow one to determine whether technologies are 
safe enough. This paper reviews some of the 
procedures suggested, elaborates on the basic 
problems encountered, explains that an absolute 
limit to risk reduction exists if the economy as 
a whole is considered and suggests that compara
tive studies on cost-effectiveness of risk re
duction is a suitable method for risk related 
decisions. 

PUTTING RISKS INTO PERSPECTIVE 

Logically, the first attempt to approach the 
question of acceptable levels of risk for a 
given technology is to compare its risks to 
other risks which have been accepted by soci
ety. Such comparisons often utilize data on 
iisk exposure per unit time and are either per
formed for societal risk in general for a given 
country or for average individual risk ( 1_). 
Such an approach is very appealing and can also 
be easily explained to the public. Criticism 
relates mainly to two issues. Firstly, each 
additional technology will add, though insigni
ficantly, to the background level of risk and 
does not lead to a reduction of risk to society 
or to the individual. Secondly, various studies 
(̂ ,4_, ) have demonstrated the difficulties of 
directly comparing very different technologies 
or activities. In deciding about acceptable 
levels of risk additional parameters, e.g. time 
period, experience, degree of voluntariness and 
the perceived benefits have to be taken into 
account. The benefit dimension has been especi
ally considered in various studies. The pio-
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neering work in this area has been performed by 
Starr (5), who tried to establish general rela
tionships between acceptable levels of risk, and 
the benefit which such an activity or technology 
provides to society. 

These studies provide valuable information for 
risk-related decisions since they put the dis
cussion about acceptable levels of risk into a 
more general perspective, and draw attention to 
the fact that acceptable levels of risk depend 
on a variety of influencing factors, that such 
risk levels are related to the specific techno
logy (e.g. its benefits), and that a dynamic 
situation has to be considered where risks (and 
benefits) are continuously subject to further 
improvements. This idea will be explained in 
detail in this paper. Drawbacks of such histor
ical approaches include the problem of extra
polating past behaviour to the future, and de
termining which information actually has been 
used in the past for risk-related decisions. 
However, there seems to be general agreement 

that, qualitatively, the conclusions which can 
be drawn, are valid. In further developing the 
idea of considering the benefit dimension and at 
the same time recognizing the limitations of 
direct comparisons of very different activities, 
subsequent studies in the energy field have 
tried to compare the risks of different methods 
of electricity production. A compilation of 
various studies is given in (•). An example of 
such a comparison which has been limited to 
modern large-scale centralized electricity pro
duction technologies is given in Table 1. 
Results are sensitive to a large set of assump
tions and subject to large uncertainties which 
have been described in detail in (7). The pur
pose of displaying these data here is not to 
discuss the figures but to point to the problem 
of comparability of risks across different tech
nologies. Therefore Figure 1 has been prepared 
on the assumption that 1 death is treated as 
equivalent to 6000 lost man-days. However, con
tributions from various types of risks have been 
kept separate in order to allow the reader to 
include his own value judgment. 

OCCUPATIONAL 

COAL 
Fuel Supply 
Transport 
Normal Operation 
Construction 

TOTALS 

OIL 
Fuel Supply 
Transport 
Normal Operation 
Construction 

TOTALS 

GAS 
Fuel Supply 
Transport 
Nom.-il operation 
Construction 

TOTALS 

LWR 
Fuel & Reprocess 
Transport 
Normal Operation 
Construction 

TOTALS 

SOLAR THERMAL 
Material Supply 
Transport Mat. 
Construct Plant 
Construct Storage 
Normal Operation 

TOTALS 

Accident 

This 
Study 

3020-3090 
710-880 
213 
240 

4200-4400 

2640 
470 
130 
230 

3500 

1770 
100 
140 
210 

2200 

190 
7 

140 
235 

570 

290 
82 

4620 
30 

3450 

8500 

Injuries (in MDL) 

Literature 

1490-8900 
19-4460 
150-2400 

-
1660-14000 

430-6600 
53-750 
50-171 

-
530-7520 

200-3100 
44-193 
69-210 

-
310-3500 

180-1180 
3-47 

44-140 

-
230-1370 

900-1200 
630-2380 
5990-7780 
130-8300 
2660 

10330-22300 

FRG 

5410 
1550 

81 
92 

7130 

41 
936 
59 
76 

1110 

41 
936 
59 
76 

1110 

71 
1 
8 

190 

190 

Accident Deaths 
This 
Study 

0.66 -0.73 
0.351-0.381 

0.016 
0.055 

1.08 -1.18 

0.387 
0.068 
0.013 
0.054 

0.52 

0.22 
0.02 
0.012 
0.049 

0.30 

0.094 
0.002 
0.014 
0.055 

0.17 

0.055 
0.021 
1.07 
0.012 
0.96 

2.12 

Literature 

0.45 -2.71 
0.073-3.07 
0.013-0.46 

-
0.54 -6.2 

0.027-1.7 
0.04 -1.8 
0.013-0.052 

-
0.08 -3.6 

0.036-0.4 
0.026-0.034 
0.012-0.053 

-
0.07 -0.49 

0.071-0.57 
0.0026-0.015 
0.013-0.02 

-
0.087-0.60 

0.18 
0.77 -2.52 

1.91 
0.038-0.91 

0.92 

3.8 -6.4 

FRG 

3.66 
2.89 
0.04 
0.1 

6.7 

0.04 
1.8 
0.04 
0.07 

2.0 

0.04 
1.80 
0.04 
0.07 

2.0 

0.091 
0.003 
0.012 
0.12 

0.23 

Fatal Diseases 
This 
Study 

0.097 

0.10 

0.28-0.3 
0.0006 
0.13-0.18 

0.42-0.49 

Literature 

0.00B-6.4 

0.000-6.4 

0.003-0.67 
0.0008-0.115 
0.024-0.14 

0.028-0.92 

FRG 

2.77 

2.8 

0.026 

0.03 

0.187 
0.0016 

0.19 

rable 1: Effects from accidents and diseases from supply of 
1 GWa(e) (8.76 x 109) kWh) 



A c c i d e n t I n j u r i a » ( I n HDL) 

L i t e r a t u r e FRG T h i s 
Sturiy 

T h i s 
S t u d y 

A c c i d e n t D e a t h s 

L i t e r a t u r e 
This 
Study 

Fatal Diseases 

Literature 

COAL 
Fuel Supply 
Transport 
Normal Operation 
Construction 

TOTALS 

60-765 

610-740 60-765 

0.57 -1.38 0.15 -1.9 

0.57 -1. 38 0.15 -1.9 

3.2 -22 
0.008 -0.059 

1.3 

0.1 

-14 

-140 

1.4 -150 

OIL 
Fuel Supply 
Transport 
Normal Operation 
Construction 

TOTALS 

0.0008-0.0019 

0.0008-0.0019 

1.1 -7.5 0.8 
0.005 -0.034 

-140 

1.1 -7.5 

GAS 
Fuel Supply 
Transport 
Normal Operation 
Construction 

TOTALS 

1770 
1000 

0 . 1 5 
0 . 2 0 

0 . 3 5 

0 . 0 0 2 5 - 0 . 0 1 7 
0 . 0 0 2 8 - 0 . 0 1 9 

0.005 -0.036 

LWR 
F u e l s R e p r o c e s s 
T r a n s p o r t 
Normal Operation 
Construction 

TOTALS 

0.003 -0.006 0.006-0.012 

0.003 -0.006 0.006-0.012 

0.073 0.001 -0.13 
0.0006 0.0002 -0.0012 
0.19 0.013 -0.23 

0.008 -0.057 

0.27 -0.32 0.014 -0.36 

SOLAR THERMAL 
Material Supply 
Transport Mat. 
Construct Plant 
Construct Storage 
Normal Operation 

TOTALS 77 

112 

112 

0.03 -0.08 0.6 -1.4 

0.03 -0.08 0.6 -1.4 

0.07 -0.47 0.02 -0.03 

0.07 -0.47 0.02 -0.03 

Table 1: Continued 
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RISK/COST TRADE-OFFS 

It has been mentioned above that both risks and 
benefits are variables uhich are subject to fur
ther Improvements. Comparing risks of reference 
plants puts risks into perspective, however, 
such information is not yet sufficient to decide 
If it is safe enough. It cannot be the object
ive of a rational safety policy to reduce (or 
Increase) all risks to the same level for the 
Individual or to society in general. Rather, it 
seems reasonable to reduce a low risk >ivea fur
ther if this is easily achieved or to leave a 
quite high risk (if not out of proportion with 
other risks) on such a level if it were too 
difficult (expensive) to reduce it further. A 
method which approaches this question system
atically is cost-effectiveness analysis. 

Safety expenditures generally follow a law of 
diminishing returns. The general relationship 
of this law is outlined in Figure 2 (7) and case 
studies have been given in (8,9,10). This 
figure indicates that it is possible to reduce a 
relatively high risk to a much lower level 
(e.g. A R]J at rather low additional costs 
(e.g. A C^). However, it becomes more and 
more expensive to reduce the risk even further 
(e.g. from S5 to So). The steepness of the 
curve A R/ AC at each point (i.e., the first 
derivative) is a measure of cost-effectiveness 
of risk reduction from the level of safety re
presented by that point. These marginal costs 
of risk reduction are measured in such terms as 
human health effects avoided per unit cost of 
risk reduction (e.g., lost man-days avoided per 
million S). Two main conclusions can be drawn 
from this figure: 

(1) The marginal cost of risk reduction in
creases with the level of safety achieved, 
and 

(2) for any given safecy level it is possible to 
reduce an existing risk even further; how
ever, it is actually not possible to reduce 
the risk to zero. 

Two implications of these findings need further 
discussion. Firstly, should technologies be 
made as safe as technically achievable? Though 
this would be a very appealing approach at first 
glance, our daily experience demonstrates that 
this is not feasible. In the case of auto
mobiles, for example, there exist innumerable 
opportunities to increase safety. But it is 
obvious that not all streets can be protected by 
a set of crash-fences or supplied with street
lights, that not all grade-crossings can be re
placed by underpasses, etc. This was, on a more 
general level, discussed in the introduction. 
Decisions on safety, therefore, have to be made 
in such a manner as to spend the limited re
sources of society in a cost-effective way. The 
two conclusions drawn from Figure 2 imply that 
"safe" is always determined by a compromise bet
ween the two objectives of using limited re
sources most effectively (minimizing cost) and 

of achieving the highest level of safety (=ir.i-
aizing risk). 

I 

COST OF RISK REDUCTION »-

Figure 2: Principal risk/cost relationship (7_) 

An example of such a cost/risk relationship in 
terms of marginal cost of risk reduction is 
given in Figure 4, which will be discussed in a 
related context later on. Table 2 (compiled 
from (9,10,11) gives a comparison of such 
marginal costs of risk reduction in terms of 
lives saved (or fraction of a life) per unit 
cost of safety expenditures. High numbers indi
cate that a significant risk reduction can be 
achieved by small investments in safety. Small 
numbers indicate that measures are not very 
cost-effective. 

Safety Measure 
Food poisoning control 
Fire control in high rise flats 
Ban on saccharin 
Automobile seat belts 
Automobile mandatory air bags 
Reduction of carcinogens in water from 

150 to 100 md rule 
Benzine emissions 97% control 
Benzine emissions from 97% 

to 99% control 
50% flue gas desulphurization for coal 

fired plant (120 m stack) 
Nuclear plants: 

Recombiners 
6 charcoal beds added 

12 charcoal beds added* 
Iodine treatment* 

Lives saved 
JO 

0.03 
3 
7 

^ 

0.3 
0.1 

0.02 

0.4 

0.1 
0.05 

0.007 
0.002 

•proposed, not implemented 

Table 2: Sample estimates of cost-effectiveness 
of risk reduction per million $ expend
itures 



The Table gives a large spread of valuer (about 
five orders of magnitude) leading to thi: crucial 
question: which measures are cost-effec-ive and 
should be inplemented or which is as low as 
reasonably achievable (ALARA-principle) .' In the 
context of Figure 2 the question is if Si, 
S5, Sf, should be implemented or if one 
should cut off at S2-

ABSOLUTE LIMITS TO RISK REDUCTION 

It has been stated above that risks of a techno
logy can be reduced below any given level, how
ever, zero-risk cannot be achieved. In order to 
approach the question, how safe then is safe 
enough, it is useful to analyse the implications 
of very low coseeffectiveness, i.e. very high 
marginal cost of risk reduction. At the very 
far end of the curve of Figure 2 it becomes 
necessary to use a systems approach. The tech
nology has to be viewed as part of the whole 
economic system of a country, and can no longer 
be analysed in isolation, It is necessary to 
consider the risk aspects of the proposed safety 
measures themselves, which can no longer be neg
lected. For safety measures at these extremely 
high marginal costs of risk reduction it becomes 
important to account for the occupational and 
public risk Involved in the production of safety 
equipment itself, which has not been considered 
in Figure 2. 

This suggests that this diagram should be 
slightly modified. As shown in Figure 3, in a 
first approximation, a linear term should be 
added to include the risk of production of 
safety equipment (1? ). This does not modify 

Figure 3: Principal relationship of cost-
effectiveness of risk reduction 
considering the total economic 
system 

the relationship in Figure 1 if the marginal 

costs are relatively low. However, for much 
higher values, this linear tei.i, when added to 
the other curve, results in a minium of the 
sutamed curve for total risk. At high costs the 
total risk curve no longer approaches the zero-
level of risk, but approaches the risk of pro
ducing safety equipment. The minimum occurs 
when Che marginal costs of risk reduction (that 
is the first derivative of the operation curve) 
are equal to the risk of unit production of 
safety equipment (i.e. the steepness of the 
linear term). Calculating this risk is identi
cal with determining the slope of the straight 
line in Figure 3, representing health effects 
per unit cost of safety equipment. For these 
calculations it was assumed that installed 
safety equipment consists of 30% construction 
work, 102 services, and 602 machine tool plus 
electrical equipment. To produce machine tools, 
for example, requires mining of ores and coal, 
refining the ores, producing coke, making steel, 
casting, transporting, use of electricity, etc., 
so that a matrix of activities results. Such 
matrices in form of economic input/output co
efficients exist for most national economies. 

The risk of illness and death is inherent in any 
production of such goods and services in an eco
nomy. Usually, these risks are expressed in 
terms of hazards per year and million people 
involved. Table 3 gives an overview of these 
risks for the Federal Republic of Germany in 
1973. It should be noted that these risks vary 
within orders of magnitude for different 
branches of industry. 

Individual 
Industry risk per year 

Inland shipping 1.6 x 10~J 

Mining 1.1 x 10-3 

Underground construction 6 x 10-4 

Iron and steel 2.5 x 10 
Textiles, clothing 8 x 10~5 

Table 3: Selected occupational fatality risks 
in the FRG, 1973. 

By combining economic input/output tables and 
data on occupational injuries and fatalities, it 
is possible to construct a matrix illustrating 
health-effect flows instead of monetary flows. 
The procedure applied is similar to the calcul
ations performed for energy analysis which have 
been described in detail elsewhere (13,14,15,16). 

THE METHODOLOGY 

An input/output coefficient matrix element AJJ 
gives the percentage of the total output of sec
tor j which has been obtained in form of prepro-
cessed goods from sector i (derived from mone
tary values). Y^ denotes total final consump
tion of goods from sector i, and X^ denotes 
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total production of sector i. Thus, assuming 
linearity and time invariance, total production 
of sectors can be written as: 

"i 
£ A. .X. + Y (n=number of sectors) (1) 
j-1 1J J 

which is equivalent to Equation (3). 

This approach can be extended to calculate the 
total risk of the production of goods by 
superimposing "risk flows" on monetary flows. 

A "Specific Risk Matrix" _S is constructed 
where the elements — 

Total production of sector i is the sum of fi
nal consumer products and preprocessed goods 
for other sectors of the economy. 

(6) 

This can be written more easily in the form of 
vectors (e.g. X) and matrices (e.g. A) as 

AX Y . (2) 

denote the value specific risk of the type I 
in sector j and Rjs denote the total health 
effects of type i In one years production of 
goods from sector j. 

It follows that 

(I = unit matrix). (3) 

Thus matrix j> has the dimension of health 
effects per nionetary value (e.g. death per 
million $). It is not a square matrix and 
consists of as many lines as health effects 
are considered. 

(I - A) * is known as the inverse Leontief 
matrix. 

The elements of this matrix 

-1 
(I - A) 

ij 

denote the percentage of a value unit which 
has to be produced by sector i in terms of 
preprocessed goods for all other sectors in 
order to allow for the production of one value 
unit of goods of sector j. 

Its meaning is better understood if the matrix 
is developed into a series 

<r - A> I + A + A (4) 

The product 

;! ikl * Sik (1 " A )kl (7) 

denotes the health effect of type i which 
occurs in sector k through production of pre-
processed goods for all other sectors to en
able production of one Value unit of final 
products from sector 1. The summation 

il Es (i 
k i K 

A) 
kl 

(8) 

therefore, gives the total risk (Including all 
steps of preprocessing) of type i for the pro
duction of one unit of final products. In the 
form of matrices this can be written as 

If one considers the vector of final consump
tion of ]f then the vector for final production 
Zjo and the nth step of preprocessing are 
given (for n = 1,2...) by 

h ' IX 

Z : » A Y 

hm*hm 

Z - Â°ï - n » -

• A 2 Ï 

-1 

RESULTS (using FRG data) 

Using data from the Federal Republic of Ger
many (17,18) the matrices described above have 
been constructed. Because of the overlap of 
several sectors in the various statistics it 
became necessary to aggregate the original 60 
sectors of the input/output table and the 38 
sectors of accident statistics to 19 sectors 
(e.g. machine tool industry and electrical 
equipment sector had to be aggregated). Table 
4 gives the results of such a calculation for 
a sample of sectors. 

Total production therefore is 

X - JI Z - (I + A + A ...) Y , 
" n-0 _ n " ' = 

(5) 



I.ST) LISTS Y 
Total 
working 
hours 

Occupational Job-related Occupational Lost 
accidental driving chronic working 
deaths f a t a l i t i e s deaths hours 

CIO"2) CIO"2) (10-3) 

Machine tools and 
electrical equipment 

Minim? 

Stone and earth 

Textiles and clothing 

Services, provisions 
and fine goods 

Construction 

82,000 

76,600 

63,200 

119,600 

75,000 

101,000 

0.470 

1.916 

1.182 

0.270 

0.566 

1.492 

0.354 

0.340 

0.356 

0.314 

0.210 

0.592 

0.302 

8.740 

0.894 

0.232 

0.206 

0.344 

416 

1,040 

438 

336 

118 

630 

Table 4: Total working hours and occupational health effects for production of goods and services 
of a value of S 10° 

It should be borne in mind that, for example, 
the data on construction already include the 
data of production of preprocessed goods which 
this sector receives from other sectors such 
as "mining" or "stone and earth" industry. 
The first column gives the total working hours 
which have to be used to produce goods of the 
value of 5 1 million of that sector. The 
large differences reflect the various pro
portions of labour, know-how and capital 
(machinery) involved. 

The other columns give the respective health 
effects. It can be seen that occupational 
accidents and job-related driving fatalities 
are of the same order of magnitude. Column 4 
gives occupational chronic deaths. They 
occurred during the year under consideration. 
However, they have been caused by exposure to 
pollutants during previous work. 

Taking the composition of safety equipment 
mentioned above, the total occupational risk 
and the required hours of work are given in 
Table 5. Noteworthy is the relatively high 

Total working hours 
Lost working hours 
Occupational accidental 
deaths 

Driving fatalities 
Occupational chronic deaths 
Total deaths 

equivalent death* 
or 
equivalent lost 
working days* 

87,000 
450 

7.86 . 10-3 

4.12 . 10-3 

0.306 . 10-3 

12.28 . 10"3 

21.6 . 10~3 

130 

* 1 death - 6,000 man days 

Table 5: Total occupational risk of producing 
$ 1 million safety equipment 

contribution towards health effects from job-
related driving accidents. The data in Table 5 
include fatalities and lost working hours due 
to illnesses. They have been aggregated by 
assuming that one death is equivalent to 6,000 
lost man-days. 

While the quality of the data on occupational 
accidents is rather good, no such data exist 
for the risks to the general public. An order 
of magnitude estimate suggests that the risk 
of production of goods and services is domin
ated by occupational risk and that the public 
risk adds about 501 to the occupational risk. 
Thus, the specific risk of producing safety 
equipment (r„) is estimated to be about 
3 . 10-' equivalent deaths or 180 equivalent 
lost man-days per 5 10°. More specific de
tails of the calculations leading to this 
value of r„ are described in (12). 

APPLICATION TO COST-EFFECTIVENESS ANALYSIS 

The specific risk, rp, sets the slope of the 
straight line tn Figure 3. It also implies 
that expenditures of J 33 . 10° for safety 
equipment would cause 1 equivalent death dur
ing construction and installation. 

This value can now be used to determine the 
minium risk of the total system curve. This 
minimum occurs where the marginal cost of risk 
reduction (the "Operation" curve) has the same 
slope, though opposite in sign, as the "In
vestment" line. At this point the production 
and installation of safety equipment would 
result in one equivalent health effect among 
the workers and the public in an attempt to 
prevent one estimated equivalent effect among 
the public at some future time. In other 
words, one statistically certain death is 
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caused at Che present time instead of one 
hypothesized death at a later tire. S'atur-
ally, any costs of safety measures which ex
ceed the ainimum will cause aore health 
effects than they prevent. Thus, this level 
of about £ 33 . 10° per equivalent life 
saved seems to establish an absolute limit in 
physical terms for reducing a risk (It should 
be noted that such a principle is also used in 
medical practice; e.g. recommendations for 
vaccination against small-pox have been with
drawn since the risk, of the vaccination itself 
becaro? higher than the risk of catchine that 
d isease) . 

Certainly, these risks to the workers and the 
public would also occur if instead of safety 
equipment other goods were to be produced. 
However, this does not suggest that only net 
effects should be considered, since the pro
duction of other goods would have a benefit 
for society, and their risks should be com
pared with alternative ways to produce them. 

Figure 4 gives the results of a study (10) 
which presents cost-effectiveness calculations 
for risk reduction systems in the total îcisl 
cycle for pressurized water reactors (I-'VR), 
plotting inverted marginal costs of risk re
duction on a log-scale against cumulative ex
penditures for safety. Thus each step 

1000-

PWR DATA 

Q001 

00001 
0 2 4 6 8 10 12 14 16 18 20 

CUMULATIVE COSTS S10*/GWIe> 

Figure 4: Cost-effectiveness of risk reduction 
in the PWR fuel cycle (_1£) in 
comparison to rp and rpeff 

in this relation represents additional safety 
measures. The intersection between this curve 
and the line labelled c„ represents the 
minimum indicated in Figure 3. It can be seen 
that several of the analysed measures for risk 
reduction will exceed the minimum and will 
actually increase the risk if the total system 
is considered. 

It should be noted that safety measures which 
would be introduced in the vicinity of this 
minimum, in addition to not achieving any net 
benefit, require 1400 man-years of labour in
put. We are not in a position to evaluate how 
labour requirements and health effects should 
be aggregated. However, if in order to obtain 
an order of magnitude estimate it is assumed 
that society should be willing to spend one 
man-year of labour to save 1 man-year of 
health effects, a combined rp eff can be 
calculated which is also introduced into 
Figure 4. For radiation protection it should 
be noted that sucn a value is équivalent to s 
10Û/man-rem. 

RISK CRITERIA 

The advantage of this method is that it avoids 
forming a ratio between costs and health 
effects, which is a necessary requirement of 
all cost-effectiveness analyses. Rather 
health effects are compared with health 
effects and the necessary labour require
ments. However, so far the problem has not 
been solved on how to compare different types 
of risks. Main problems In this area are the 
trade-offs between occupational vs. public 
effects (e.g., fatalities, illnesses, lost 
man-days due to accidents), individual level 
of risk and, very important, high probab
ility/low consequence risks and low probab
ility/high consequence risks. This last sub
ject area is of special interest to cost-
effectiveness analysis. 

It can be observed chat measures aimed at 
reducing the expected risk of a technology 
often lead to a qualitative change of this 
risk. The achievement of a reduction of 
expected risk often has to be paid for by 
creating the potential for low probability-
high consequence accidents (LP/HC) (19). The 
driving force for such a development is not 
only risk reduction but also includes economic 
considerations and development of a techno
logy. 

A simple example of such a situation is e.g. 
given by tritium emissions from nuclear facil
ities (20). If there is a continuous release, 
the population receives a low dose. To avoid 
these emissions, the tritiun has to be fil
tered, stored in high concentrations, trans
ported, and disposed of. Thus the potential 
for low probability/high consequence accidents 
Is thereby created. 
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5: Historical development of airplane 
accidents: the trade-off between 
expected risk (EV) and largest number 
of fatalities (Cmax) in a given year 

Figure 5 gives the results of a study of air
plane accidents (19), ,'hich clearly shows such 
a trend. Plotting the expected risk EV (fat
alities per passenger-km) vs. the largest 
accident CTaax which occurred in a given 
year, with time as a parameter, it can be 
demonstrated that such a trend clearly exists. 
It should be noted that in order to be con
sistent with the earlier data, the accident in 
Spain in 1977, where two large planes 
collided, was treated as separate accidents. 
This incident caused a total of 583 deaths 
with 335 deaths in one airplane and 248 deaths 
in the other plane. If these were to be con
sidered as one accident, the diagram would 
show an even more pronounced increase of 
cmax w i t h time. 

In mathematical terms it was found tnat EV was 
Inversely proportional to C^ax 

In order to quantitatively describe such a 
smooth curve, the following mathematical 
relationship can be used 

with 

where 

EV -
a,c =• 
b 

expected value of risk 
constants 
constant set to 50 
(historical initial value for large 
accidents) 

It is found that the exponential weighting 
factor c is about 0.7 to 0.8. 

There are several ways to interpret this 
relationship. Equation 10 can also be written 
as 

EV (Cmax - b)
c 

(11) 

This equation would indicate that, in order to 
be in agreement with the data obtained for 
airplane accidents, the expected value of a 
risk multiplied with the exponentially 
weighted largest consequences should be less 
than or approximately equal to a given number. 

This formulation has similarities with a risk 
aversion weighting factor proposed by Okrent 
et al. (21) according to the formula 

V 
Ed - i Pi Ct» (12) 

where 

Ed 
Pi 
Ci 
a 

weighted risk 
probability of accident i 
consequence of accident i 
weighting factor (proposed to be 1.2) 

Equation 12 could be written as 

Ed - i Pt Cj C?"1 (13) 
EVi 

which indicates that the expected value of 
each accident would be weighted taking account 
of its consequences. The resemblance to 
equation 11 is striking. 

OPTIMIZATION IN RADIATION PROTECTION 
(THE ALARA-PRINCIPLE) 

The ALARA principle "As low as reasonably 
achievable" for optimization of radiation 
protection has been better defined by the 
International Commission on Radiological 
Protection (ICRP) with the recommendation to 
use cost-benefit analysis taking into account 
socio-economic considerations. 

The basic idea in applying cost-benefit ana
lysis to support the decision maker, is to 
choose the solution which maximizes the net 
benefit. 

EV (Cma b)_ (10) 
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ICRP publication 2& expressed the concept of 
cost-benefit analysis as a cool to decermine 
the best solution of levels of radiation pro
tection (21). In mathematical tenus this is 
expressed as 

3 - V - ( P + X + Y ) (14) 

where 

B » net benefit 
V » gross benefit 
P « basic production cost, excluding protection 
'' * cos: of the relccted level of rndi/ition 

protection 
Y » cost of detriment in practice. 

It is very difficult to carry out such a cost-
/benefic optimization in reality, since total 
benefits and costs have to be estimated. Also 
in calculating the cost of detriment it is 
necessary to define the so-called o -value 
(S/man-rem). Values proposed typically range 
between S 100 and S 1,000 per man-rem. Also 
an a -value which varies with the individual 
level of risk has been proposed (22). 

COMPARATIVE COST-EFFECTIVENESS ANALYSIS 

The procedures described so far try to deter
mine a reasonable level of risk by trading-off 
risk reduction against risks and costs of in
vestments in safety for a given technology. A 
different perspective in trying to define what 
could be reasonable is to compare marginal 
costs for risk, reduction in various activities 
and technologies. A compilation of such mar
ginal risk reduction costs was given in Table 
2, which indicated a large range of values. 
This large range has many reasons and reflects 
different risk qualities, public perception, 
historical development, total investment cost, 
and political attention as well as lack of 
data, uncertainty, and lack of a consistent 
rational approach. This situation is also 
consistent with the long-prevailing and so far 
inconclusive discussions about trying to de
fine a monetary value of a human life, or, in 
the nuclear industry, about defining a J/man-
rem value for radiation protection. Because 
of these difficulties it seems to be imposs
ible at the present time to establish a gen
erally applicable approach to risk. However, 
it should be possible to establish a con
sistent safety policy in well-defined areas, 
such as e.g. the energy sector in an economy. 
It is therefore suggested that a rational 
approach might be found by performing com
parative cost-effectiveness analysis for 
different means to produce electricity. The 
rationale of such an approach would be to in
vestigate a policy for optimal allocation of 
safety resources, without trying to define an 
absolute level of acceptable risk or a mone
tary value of a human life. Thus it is ne
cessary, e.g. considering all electricity pro
duction systems, to establish a priority list 

for risk reduction measures based on cost-
effectiveness ratios. Such a list will allow 
rational safety decisions for decades to 
come. A coordinated research programme 
invol"ing research teams in about 15 IAEA 
Meabei States has recently been initiated to 
establish such a priority list. It will be 
long before it becomes necessary for society 
to then decide upon an ultimate level which 
could be based on the input/output approach 
described above, based on the economic status 
of a country at that time. 

CONCLUSIONS 

This paper has reviewed various approaches 
which can be utilized to rationally decide 
about acceptable levels of risk. All methods 
suffer today from the lack of criteria which 
would allow to aggregate risks which are 
qualitatively different. Research which would 
allow to put weighting factors on the differ
ent risk dimensions therefore has to be given 
high priority. This is a necessary prerequi
site for rational decisions about safety poli
cy which has to utilize a combination of the 
following three approaches: 

1) It is necessary to demonstrate that a new 
technology or activity is not out of pro
portion with other risks society is 
willing to accept. 

2) Comparative cost-effectiveness analysis 
can establish a priority list for safety 
policy in closely related activities, 
e.g., electricity production. 

3) Ultimately a cost-effectiveness ratio has 
to be established considering the total 
economic system of a country. This ratio 
will have Co change over time taking im
provement of the economy and technology 
into account. 
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J.J. Smith 

My concern is one of the misinterpretation of 
historical versus acceptable risk. 

In comparative risk tables, a particular ac
tivity or perhaps a new technological develop
ment may fall midway on the table. The presen
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Reply 

I agree that there are historical risks 
which may not be acceptable. As an example, 
we can take sulphur emissions of coal-fired 
plants. Therefore, such comparisons of risk 
can only serve the purpose to show that 
certain new risks are not out of proportion 
with such historical risks. This paper has 
suggested that comparative cost-effectiveness 
analysis is a suitable tool to decide which 
risks should be reduced further. 
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3. Robertson 

It we accept, ar. a greater than 1.0 in consi
deration of "equity" in risk management, 
then we are aggregating the stress of the 
survivors and equity considerations into 
the decision process and we will inevitably 
need to measure stress and inequity in tertns 
of lives lost from risk not minimized. 
Should we allow this to be done inadvertently 
and implicitly or should we face up to the 
problem and make it explicit? 

Reply 

I think we have to face up to the problem 
and make it explicit. Risk management is 
more complicated than minimizing expected 
consequences. Even more significant than 
inclusion of "risk aversion" seems to be 
treatment of the remaining uncertainties. 
The trade-off between the various parameters 
defining a "risk" is, however, a problem 
of societal values which have to be deter
mined in a social process. 

F.C. Boyd 

Re the German input-output study: 

- Who initiated it/and who performed the 
study? 

- What uses were made of the results? 

Reply 

The study was performed by the Joint 
IAEA/IIASA Project and results have been 
published inter alia in reference (12) of 
this paper. A more scientific presentation 
has been given in WP-79-68 of the IIASA 
report series. The results have been used 
in the discussion on determining an a -value 
(ALARA - principle) and as bench-mark 
figures for cost-effectiveness analysis. 

S. Ku^ar 

It is very interesting to note that the 
safety equipment works on the law of dimi
nishing returns. It is true that we would 
reach a point where the expected benefits 
fall to the point that they are not benefits 
any more. 

However, the difficulty is in establishing 
the point of no returns or adverse returns. 
How can we do such assessments without wasting 
years in assessing data which may not be 
reliable anyway because of multiple factors? 

Reply 

Cost-effectiveness procedures including 
Input/Output analysis provide a logical 
framework for rational decisions on safety. 
Results of such studies give bench-mark 
figures which can be utilized for an easy 
check if a more detailed assessment is ne
cessary. Such studies also serve the 
purpose of identifying those parameters 

to which a safety-related decision might 
be sensitive. These have to take explici
tly into account that larger or smaller un
certainties exist. It is therefore necessary 
to identify robust decisions which are in
sensitive to the remaining uncertainties. 
A systematic and transparent method has the 
potential to save time and effort by con
centrating on the (few) important parameters. 

A.B. Miller 

I suggest that comparing risks in terms of 
fatalities between differing industries 
needs to take into account the timing of 
deaths and the age of the individual at 
death. This can be done using potential 
years of life lost - up to, say age 70 - thus 
weighting deaths at younger ages - fitting 
in with our desire to reduce premature mor
tality. 

Reply 

In comparing death it is definitely ne
cessary to take into account the number of 
man-years lost. 

However, this is not the only parameter to 
consider. The problem I indicated in uti
lising nan-days lost refers mainly to the 
trade-off between injuries and death. There
fore the bars given in Fig. 1 have not been 
aggregated, in order to allow for the value 
judgement of the reader. 

D.J. Hendrick 

In your risk reduction curve depicting 
OPERATIONAL S INVESTMENT costs,'are you 
suggesting that total cost should not 
equal or exceed that value at the inter
section of the.st two curves? Please ela
borate briefly. 

Reply 

In the diagram (Fig.3) the two curves 
labelled "investment" 3nd "operation" 
have to be added to form the "total 
system curve." It is suggested that ex
penditures not exceed the minimum of this 
curve. However, the minimum is identical 
with the intersection of the curves in 
Fig. 4 since this is given in the form of 
the first derivative. 
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ABSTRACT 

This paper reviews two studies of the costs of risk 
reduction involving occupational or environmental 
carcinogens. A study was conducted under the aus
pices of the Ontario Royal Commission on Asbestos 
on the technical feasibility and cost of control
ling the exposure of workers to asbestos fibres in 
the air, based upon engineering calculations and a 
review of the cost experience of a number of firms. 
The marginal cost of control per unit of exposure 
reduction rises from a few hundred dollars per 
operator per year per fibre at current exposure 
levels to thousands of dollars per operator per 
libre per year at the technological limit. The 
marginal cost of control varies modestly among 
work stations within a given plant, and varies 
considerably from one type of plant to another. 
Sources of uncertainty in the cost estimates are 
discussed. 

The costs of risk reduction were also estimated by 
the Diesel Impacts Study Committee of the U.S. 
National Ac-demy of Sciences, which examined the 
cost of reducing the emission of possibly carcino
genic particulates in the exhaust of diesel auto
mobiles. That study showed that the best available 
analysis could not reject either of the two policy 
choices presented to the Committee. One major 
problem was difficulty in predicting future tech
nological developments both with respect to cost 
and feasibility. Another problem was considerable 
uncertainty about the health effects of the exhaust 
particulates. 

This paper suggests the type of analysis that must 
be performed in order to provide useful estimates 
of the cost of reducing risks. It also discusses 
the methodological problems that limit the preci
sion with which such estimates can be made. 

I. INTRODUCTION 

Estimating the costs of risk avoidance may be im
portant for two reasons. First, if one intends to 
use a cost-benefit or cost effectiveness framework 
for choosing a risk avoidance policy, it is essen
tial to estimate costs. Second, even if one were 
to reject such economic analyses as a basis for 
choosing among policies, it may still be important 
to estimate costs in order to predict the conse
quences of policies selected by other methods. 

This paper will review a framework for measuring 
costs of risk avoidance, and discuss alternative 
methods of estimation. We will then review two 
rece'nt studies of cost avoidance. The first is 
a study of the costs of reducing exposures to 
asbestos fibres which can lead to diseases such 
as lung cancer and mesothelioma. The second 
case study examines the cost of reducing the 
emission of particulate matter from the exhaust 
of diesel automobiles. Components of these par
ticulates are suspected carcinogens. Finally, 
we «ill assess tne implications of these studies 
for analysis of costs of risk avoidance. 

II. FRAMEWORK FOR ANALYSIS 

On first impression, the cost of risk avoidance 
might be interpreted as a single number repre
senting the cost of eliminating a particular 
risk. Such a number could be used as a basis 
for deciding whether or not to eliminate the 
risk, and for determining the economic implica
tions of doing so. Actual problems, however, 
are rarely so simple. Frequently a range of 
policies is available that will affect the risk 
in varying degrees. The choice is therefore not 
between allowing or eliminating the risk, but 
rather among different degrees of risk reduction, 
with complete elimination as the ultimate of a 
set of possibilities. 

Let X represent the measure of risk, which could 
be the concentration of a toxic substance, or 
the probability of some costly event occuring. 
If the current level of risk is represented by 
X(0), we might contemplate reducing the risk to 
levels X(l), X(2), or X(n). Associated with each risk 
level X(i)is a cost of achieving that risk level 
'J(i). Having specified the risk levels that may 
result from some set n of feasible policies, the 
problem is to calculate the costC(i)of each 
policy (i) that yields exposure X(i). 

The total costC(i}of policy(i) may be useful for 
estimating the impact of that policy, but more 
work must be done before we can choose efficient
ly among policies. The cost effectiveness of a 
policy represents the cost of some unit improve
ment in the reduction of risks. As we move from 
policy i to policy i+1, there is some increase 
in cost and some reduction in risk. The cost of 
a unit of risk reduction is simply the difference 
in cost between policy i and policy i+1 divided 
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by the difference in risk between the two. This 
is the marginal cos; per unit of risk reduction 
represented by equation 1. 

CU+D-Cli) 
Marginal Cost of i4-! = ..-•;_- ,_-.-;•:) u) 

The marginal cost of risk reduction is particu
larly interesting for economic cccpariscns, 
because minimizing the cost of reducing a par
ticular sort of risk requires that the marginal 
cost of risk reduction be equal at all opportu
nities for reducing that risk. f.Mansfield, 5_, 
Ch. 16) 

'.v'hat does the cost function •-Mi ôo.-v ii.W: 
Clearly as the level of risk is reduced, the 
cost must be increased. Furthermore, the most 
economical approach to risk reduction is to 
undertake low cost methods first, followed by 
higher and higher cost methods. Thus, the mar
ginal cost of risk reduction should rise as the 
degree of risk declines. This means that the 
total cost of reducing a particular type of risk 
will rise more than proportionally with the risk 
reduction. In cost-effectiveness analysis the 
marginal cost curve just discussed is as impor
tant as is the total cost curve. 

How can the cost function C(i) be estimated? 
There are three basic methods: statistical 
analysis, case studies, and engineering analysis. 
Satistical analysis uses historical data on both 
C and X to identify the relationship between 
these two variables. One can use cross-section 
data in which a number of situations with vary
ing risk levels X(i) experience different costs 
C(i). Econometric analysis of these variables can 
determine the shape of the cost function. Fre
quently the cost of risk reduction will be mixed 
in with the cost of producing output or with 
other cost data. In this ca.se, multivariate 
regression analysis is necessary to determine 
the relationship between costs and several expla
natory variables, one of which would be the level 
of risk. Economists prefer statistical svdies 
of historical data because they rely upon acvual 
experience with costs rather than upon theoreti
cal projections, and because they provide a 
means for aggregating the information in a number 
of historical experiences. 

If insufficient historical data exist for statis
tical analysis, case studies may be used. A few 
instances of risk reduction may be studied, to 
determine the costs experienced in these parti
cular cases. An attempt may then be made to 
generalize from one or more cases to possible 
future cases. Successful generalization re
quires that the predicted cases not be too dis
similar from the past cases. It also requires 
that one have a firm understanding of any varia
bles that differ between the past cases and the 
expected future cases. 

The third approach does not require historical 
experience at all. Instead, the methods or 
devices used to reduce risk are described, and 
engineering estimates are made of the cost of 
adopting those methods and of constructing 

and operating these devices. This method is 
particularly appropriate when there is no his
torical experience to build en. It requires, 
however, that the technique of risk reduction 
be well understood, and that reliable cost 
estimates be available for the elements required 
in the risk reducing technology. In addition, 
the effectiveness of this technology must also 
be well understood. 

What elements go into the cost function C(i)7 
Generally speaking, there will be capital costs 
and operating costs. The capital costs repre
sent a single expenditure that will last for the 
lire or tne pro]ect, wmle tne oteML.u, _oaL-> 
represent annual expenditures. One must either 
convert the capital cost to an annual stream 
which may be added to the operating costs to 
derive the cost per year of risk reduction, or 
convert the annual operating costs into a lump 
sum present value to be added to the capital 
cost for the total cost over the life of the 
project of risk reduction. In either case, an 
appropriate discount rate, adjusted for expected 
inflation rates, must be used. 

Suppose that the risk in question is a conse
quence of manufacturing widgets and the expen
ditures must be made by widget manufacturers. 
If the manufacturers are to remain in business, 
they must either pass these costs on to their 
customers through a price increase, or back to 
their shareholders or workers through a lower 
rate of return or a lower wage rate. If costs 
are passed on to consumers, then, in generaJ, the 
quantity of widgets consumed will decline. 
Consumers suffer two kinds of costs in this case. 
First, they pay more for the widgets that they 
consume, and this increased payment should 
exactly replicate the added cost experienced by 
the firm or the industry. For those consumers 
who no longer purchase widgets because of the 
price increase, there is also some loss of 
satisfaction which was previously achieved. 
This is called "consumers' surplus" and is 
represented by the triangle in Figure 1. In 
principle, lost consumers' surplus should be 
added to the direct costs of risk avoidance. 
In practice, this loss is frequently very small, 
unless demand is so elastic that there is a 
great demand reduction as a result of the con
templated policy. 

What is the proper measure of risk reduction, 
X(i)? In the case of health risks, one might use 
as a measure of risk reduction the reduction in 
the expected incidence or severity of the 
disease in question. Frequently, however, the 
relationship between exposure to a hazardous 
substance and the expected disease incidence or 
severity is subject to enormous uncertainty. 
In such cases, one may prefer to stop at a cal
culation of the cost of reducing exposure to 
the hazardous substance, in order to avoid the 
controversy or uncertainty of moving from 
exposure to the health effects itself. Even so, 
one must have a sound medical basis for the 
measure of exposure that is chosen. Are health 
hazards proportional to the concentration of 
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the substance in the air? If illness were pro
portional to the square or the square root of 
this concentration, then presumably the appro
priate risk measure- .3 the square or square root 
of concentration. Does the time distribution of 
exposure matter? If so, then one cannot properly 
aggregate high-exposure periods and low-exposure 
periods simply by adding them together. General
ly, the simple assumption is used that the health 
effect of one person-hour or person-day of ex
posure is the same at all exposure levels and 
a l l LlSle p r o f i l e s . So Lh.i t one c i l i .neaSUlc t h e 
exposure as the aggregate person-years of expo
sure times the concentration. While this is 
simple, it is not necessarily correct. Thus, 
one must always look behind the X(i) variable to 
see whether it is measured correctly. 

III. AS3E5T0S IN MANUFACTURING 

Past exposure of workers to asbestos has caused 
a considerable amount of disease and death 
through asbestosis, lung and other cancers, and 
mesothelioma, a form of cancer of the lining of 
the lung or chest cavity. While there is debate 
about the exact dose-response relationship be
tween asbestos fibre concentrations and disease 
in workers, we will assume here that a simple 
linear relationship exists between the fibre 
concentration in the air and the incidence of 
asbestos-related diseases. 

A. Asbestos Use and Worker Exposure 

How is asbestos used in manufacturing in Ontario? 
Table 1 shows principal statistics on asbestos 
manufacturing in Ontario from 1952 until 1980. 
The quantity of asbestos fibre used has dropped 
to about 8,000 metric tons in 1980 from 35,000 
metric tons in 1974. The number of production 
employees was around 1200 in 1980. In his Royal 
Commission study, Bragg (1_, p. 7) states that 
4500 tons of asbestos were used for friction 
products, 1250 tons for gaskets and packing, 
1ÛC0 tons for floor tile, 600 tons for caulking, 
jealants, coatings and paints, and the remainder 
in a diversity of other uses. It should be 
clear from the list of products that the asbestos 
manufacturers of Ontario do not represent a 
single homogeneous industry, but rather several 
sets of activities that are completely unrelated 
except for using asbestos. Thus to talk of an 
asbestos-using industry is like speaking of a 
"drill ;iress-using" industry. The exposure of 
workers i.o asbestos fibres in Ontario manufac
turing in the 1970's is shown in Table 2, which 
includes average annual fibre counts using the 
membrane filter method in five friction products 
plants, three gasket plants and one asbestos 
cement pipe plant in Ontario. Each average is 
an average of all area and personal samples in 
all plants monitored during that year. The 
percentage of all samples in which the count 
exceeds 2 fibres per cubic centimeter (f/cc) is 
shown. 

B. Cost of Fibre Control 

Let us consider the cost of reducing fibre 
exposures in one of these industries, the 

friction products industry. 3ragg (1_, Ch. 4.2) 
performed an engineering study of the cost of 
dust control in brake manufacturing for a hypo
thetical plant manufacturing disc pads and/or 
shoes for drum brakes, calculating costs separa
tely for each of the number of processes within 
the plant. He relied upon the experience of 
the Ontario brake plants in controlling their 
exposures, and on his calculations of the compo
nent costs for dust control systems to produce 
still lower levels of dust. Rather than calcu
lating tile cost foi JU existing brake jjiant, i.e. 
used as an example a hypothetical plant employing 
about 30 production workers, with one mixing 
machine, and ten machines each in the preform 
press, drilling, and grinding-finishing stages. 
By using this hypothetical plant, it is possible 
to evaluate a representative cost estimate for 
the industry without becoming too complex or 
specific to a particular plant. Table 3 shows 
the control technology needed and the cost of 
that technology for the four major processes in 
the hypothetical brake plant, to achieve fibre 
levels of 2, 1, 0.5 and 0.1 f/cc. While costs 
are presented separately for each process, in 
some cases this cost allocation was arbitrary, 
since major costs were shared among all processes, 
such as the cost of the blower and bag-house. 
Table 3 shows the capital cost of the equipment 
for each process, the annual operating cost 
including labour, materials and reduced produc
tivity, the number of operators, and the total 
annual cost per operator. Actual control costs 
will depend upon the size of the plant and its 
age, the type of equipment currently installed, 
the skill and expertise of the operator of the 
plant, and other factors, so that these esti
mates cannot necessarily be applied directly to 
any particular manufacturing plant. 

The achievement of a 2 f/cc level is estimated to 
require a $95,000 capital investment and a 
S100,000 per year operating cost, for an average 
total cost per operator of $4,083 per year. The 
data on worker exposure suggest that by 1980 and 
1981 most brake manufacturing plants exceeded a 
2 f/cc level only 10 to 20 percent of the time. 
Thus the industry is close to achieving a 
2 f/cc level, although the occasional lapses may 
be important sources of worker exposure. Let us 
assume that the $4,083 per operator for achieving 
2 f/cc level has already been spent. Moving to 
a 1 f/cc level requires a total expenditure of 
$5,432 per year per operator, an increase of 
$1,349 per operator per year. Bragg regards the 
1 f/cc level as difficult to achieve in the 
de-bagging operation. Achieving a .5 f/cc level 
costs $7,954 per year per operator, an increase 
of more than $2,500 per year per operator over 
the cost of achieving a 1 f/cc level. Once again, 
3ragg is not at all optimistic that this level 
can in fact be achieved without respirators for 
de-bagging. Finally, the cost estimate for 0.1 
f/cc is a total capital cost of $2.1 million, an 
annual operating cost of $174,000 and an annual 
cost per operator of almost $20,000, an increase 
of $12,000 per year per operator over the cost 
of achieving a 0.5 fibre level. Bragg is not 
convinced that the 0.1 fibre level can be 
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achieved ir. practice throughout =ost of the 
plant on a regular basis. 

C. Marginal Cost of Control 

Table 3 presented detailed information on the 
costs of controlling fibre levels in a brake 
manufacturing plant. These data are summarized 
in the annual cost per operator of achieving the 
various fibre levels. The calculations can be 
carried one step further to determine the cost 
per fibre per cc of reducing operator exposure. 
This is the difference between the cost for any 
two fibre levels divided by the fibre reduction. 
In the case of the data presented in Table 3, 
reducing the fibre level from 2 to 1 fibres/cc 
costs S1349 per worker for a reduction of 1 
fibre/cc. The marginal cost here is therefore 
S1349 per year per operator per fibre. Moving 
from 1 to .5 fibres costs S2522 per year per 
operator. Dividing this by the reduction in 
fibre level of .5 fibres yields a cost per year 
per operator per fibre of 55,044. Similarly, 
moving from .5 to .1 fibres costs 529,418 per 
year per operator per fibre. Note, however, 
that the total cost of achieving the 0.1 fibre 
level is about 520,000, much less than the 
marginal cost per fibre of moving from 0.5 to 0.1. 
Finally, the initial achievement of a 2 fibre 
levai costs S4083 per year per operator. While 
we do not know what levels would exist in the 
absence of controls, we might speculate from 
descriptions of earlier plant operations that 
uncontrolled levels could be as high as 20 
fibres/cc. If this were the case, then the 
reduction from 20 to 2 fibres/cc would cost 
S227 per operator per year per fibre. Figure 2 
graphs the marginal cost of fibre control moving 
to the various levels just discussed. The 
figure shows a dramatic increase in the marginal 
costs of achieving further fibre control as the 
fibre level is reduced. 

D. Impact of Control Costs 

What is the economic impact of the costs iden
tified here? This cannot be easily answered 
because we do not have sufficient data to deter
mine the product price increase that would be 
necessary to pay for the different control 
levels analyzed if all costs were passed on to 
consumers. There are, however, two comparisons 
that may be helpful in assessing the impact of 
these costs. First, we can compare the costs 
per year per operator with the wages of the 
operators themselves. Table 1 reports average 
weekly earnings in asbestos manufacturing in 
Canada of 5305 per week in 1979. If we increase 
this to 5330 for 1980, and multiply by 50 work 
weeks per year, we get an annual wage in 1980 
of approximately 516,500. 3y comparison, the 
cost of moving from 2 to 1 fibre/cc in the 
brake plant if 51349 per operator per year, 
representing 8% of the worker's wage. The .5 
fibre levol costs 53871 per year, or about 23% 
of the wage. Finally, the .1 fibre level costs 
515,683 per operator per year more than the 2 
fibre level, representing about 9'!% of the 
worker's wage. Thus, moving from 2 fibres to 

.1 fibre would be approximately as costly -is 
doubling the wage rate of those operators who 
are directly exposed in the manufacturing pro
cess. 

Suppose that the industry could pass these costs 
on entirely to their customers, what price 
increase would be required? We can only make 
rough estimates of the answer to this question. 
Table 1 shows that in 1980 the Ontario manufac
turing industry as represented in that table 
employed 1195 production workers. Let us sup
pose that all of these workers were employee in 
the friction products industry and that ail of 
them were operators in the sense used by Bragg 
in his cost calculations. The total cost of 
control for the industry can be determined by 
multiplying the cost per year per operator by 
1195 operators. Thus, achieving the 1 fibre 
level adds 51349 per worker to the firm's cost, 
for a total of 51.6 million. Since the indus
try's wage bill shown in Table 1 is 527.3 mini on. 
this would be a 5.9% increase in the total cost 
of employing and protecting these workers. 
Table 1 shows the value of shipments by the 
industry in 1980, to be 595.1 million. If 
prices were increased to generate an additional 
51.6 million of revenue, this would require a 
1.7% increase in product prices. 

Applying the same analysis to the 0.5 fibre 
level, yields a control cost of 53871 per 
operator per year, which would impose a total 
cost of 54.63 million to protect 1195 workers. 
This would raise the total wage bill by 17%, 
and would require that product prices be raised 
by 4.9% to cover the cost. 

While these comparisons may be instructive, they 
are nevertheless crude. The data in Table 1 
are from a variety of operations, not just 
brake plants, and other operations may be con
trolled at greater or less cost than brake 
plants. Furthermore, not all hourly employees 
would be operators as defined by Bragg, and 
therefore the cost of controls for the industry 
may be considerably less than the estimates just 
presented. If half of the production employees 
were not operators, but performed other duties, 
then the industry costs we have just calculated 
would be overstated by a factor of 2. On the 
other hand some "non-production employees" 
could be maintenance workers who could be 
exposed to asbestos. Bragg does not calculate 
the cost of protecting these workers, so these 
costs may understate the cost of protecting all 
workers. Finally, all costs will not necessa
rily be passed on to consumers. It is possible 
that some costs would be absorbed by labour in 
trading lower wages for better health and 
safety, and some might be absorbed out of the 
profit of thé firms. 

While the Bragg cost analysis has been carefully 
performed, one must still be cautious in using 
these cost estimates. There may be substantial 
differences in the costs experienced by large 
and small plants, by new and old plants, and by 
those firms expert in dust control and those 



Equally disturbing, asbestos fibres are r.ot homo-
7er.eous. Sone fibres are long while some are 
sr.crt, and there is disagreement in the medical 
svider.ee as to thtf relative danger presented by 
long and short fibres. Only fibres longer than 
5 raierons are counted under the present measure
ment method, while some say that fibres shorter 
than 5 microns are dangerous, and others say 
that only fibres longer than 20 microns are 
dancerous. If applying control technology 
changes the proportion of long, medium, and 
short fibres, then it is possible that the 
hazard of worker exposure may be reduced by more 
or less than the measured fibre count. 

We may conclude from this exercise that the 
marginal cost of controlling asbestos fibres 
in the v.-orkplace rises at an increasing rate 
as the fibre level decreases. The shape of the 
curve derived in figure 2 is entirely consistent 
with the predictions of economic theory. We 
may also conclude that careful engineering cost 
analyses of the type analysed here can provide 
valuable information for evaluating the economic 
consequences of occupational safety measures. 
Still, it is important to be modest in recog
nizing the limitations of the cost calculations 
both with regard to their accuracy, and with 
regard to the probable linkage between the mea
sured exposure reduction and probable health 
effects. 

Having considered the cost of reducing the 
exposure of workers to asbestos fibres in one 
manufacturing operation, it might be interesting 
to compare th.<>se costs with the costs of similar 
reductions in other manufacturing operations, 
or in environmental situations. Bragg (1) does 
calculate control costs for gasket manufacturing, 
showing that the marginal cost of control is 
rather different in that industry than in the 
friction products industry. 

IV. DIESEL EXHAUST PARTICULATES 

A. The Problem 

Two events in the late 1970s triggered regulatory 
concerns about the emission of particulates from 
diesel engines, a pollution problem not covered 
by the existing regulations in Canada or the 
United States. First, tests conducted on diesel 
exhaust particulates suggested that some compo
nents of this exhaust might be carcinogenic. 
While the existence of carcinogenic effects on 
humans was not proven, other tests suggested 
that there was a potential for causing cancer. 
(DISC, 4_, p.66) . At the same time. General 
Motors began to develop and market diesel engines 
for its North American automobiles, and predic
ted that these engines might represent 20 per 
cent or more of the new car sales for that manu
facturer by 1985. Thus there was the potentially 
alarming prospect that there would be enormous 
increases in the emission rate of diesel auto
motive particulates when those particulates were 
suspected of having possibly serious adverse 

health effects. Gasoline engine exhaust contains 
small concentrations of particulates compared to 
diesel engine exhaust, so there is far less con
cern about health effects from gasoline engine 
particulates. (DISC, 4, p. 65) Diesel exhaust 
particulates nay also reduce visibility over Long 
distances. 

B. The Study 

The U.S. Environmental Protection Agency addres
sed this problem with an initial proposal that 
1981 and 1982 light duty vehicles =mit no more 
than 0.6 grams per mile of particulates and that 
light duty vehicles in model year 1983 and later 
meeta standard of 0.2 grams per mile. These levels 
were apparently chosen because they represented 
the standards that the EPA believed could be met 
by the best available technology on the worst 
polluting vehicle. The U.S. National Academy of 
of Sciences was asked to study the diesel exhaust 
problem including an examination of the costs and 
feasibility of particulate controls. The Diesel 
Impacts Study Committee (DISC) was created to 
manage the study in 1979, reporting in 1982. 
In February, 1980, while the study was half com
pleted, the Environmental Protection Agency pub
lished particulate standards of 0.6 grams per 
mile for 1982 vehicles, and 0.2 grams per mile 
for 1985 vehicles. 

The DISC established a Technology Panel to exa
mine the cost and feasibility of particulate 
controls. A variety of technological alterna
tives are potentially available for controlling 
diesel exhaust particulates. These include 
changing the design of the combustion chamber in 
the engine, changing the chemical composition of 
the fuel, modifying the timing and design of the 
fuel injection process, and removing the parti
culates from the exhaust stream once they have 
been generated in the engine. The methodology 
used by the Technology Panel to review the fea
sibility of each of these options and to assess 
their cost was first to assemble the available 
literature on these topics, and second to con
duct interviews and site.visits with the auto 
industry in North America, Europe and Japan, 
including the automobile manufacturers themselves, 
and various suppliers, independent engine manu
facturers, and oil companies. The process of 
site visits was more than simply a survey, 
because the Panel members and their consultants 
had considerable expertise in the technology of 
pollution generation and control. 

The methodology used by the Technology Panel of 
the DISC study was very similar to that used by 
the Technology Panel of the Committee on Motor 
Vehicle Emission Study in 1974. (Committee on 
Motor Vehicle Emissions, 2) One important dif
ference was that the 1974 CMVE Technology Panel 
had access to a model that was capable of cal
culating the costs of adding specific pollution 
control technology to a vehicle. The cost model 
included an inventory of virtually every part 
that could conceivably be used in an automotive 
engine and emission control system, and various 
data regarding that part including its cost. 
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One could start with a basic automobile arid add 
to it a combination of pollution control compo
nents designed to achieve a given level of pol
lution control. The model would calculate the 
increased manufacturing cost resulting from this 
pollution control system. This model was relied 
ii-jcn heavily by the CMVE to generate the per 
vehicle costs of the alternative pollution con
trol systems that were analyzed. Such a model 
'•£••» not available co the Technology Panel of 
DÏ3C, nor was any -substitute costing expertise 
avai Table. Thus *h€' cost estimates for pollu
tion control device? vete derived largely from 
»¥,t.,.nates by \r,dj&zxy or the Environmental Pro
tect, e.i Agency J 5 the cost of manufacturing one 
or t»". particular systems. 

One reason for the reduced economic capability 
oï tl-i Tichn-i'-j-.y Panel of DISC was that the 
•.-schnology itstjC was less fully developed than 
tl-Mt be.vr.'j evaluated by the CMVE in 1974. The 
re.", jtiorishi? between combustion chamber design 
and omis:;-'.en rates was poorly understood in 19S0. 
This irâi-.t that it was not possible to predict 
what ucsi-j.-' changes should be adopted, nor the 
ex-.ent to which they might reduce emissions. 
With only guess-work available regarding the 
physical relationships, there is little point 
in performing detailed economic calculations. 
Similarly, the most promising technology for 
achieving substantial reductions in particulate 
emissions appeared to involve adding a filter 
or trap to the exhaust system. While consider
able research was underway regarding such traps, 
a large variety of materials had been tested 
and all had been found to be deficient. When 
the Technology Panel reported, no trap had 
operated at high efficiency under realistic 
operating conditions for more than a few thou
sand miles. It was therefore very difficult to 
predict the ultimate efficiency of such traps, 
their initial manufacturing cost, and the main
tenance cost required to keep their efficiency 
high. Once again detailed economic analysis 
seemed unwarranted. Similar uncertainties sur
rounded the impact of fuel composition on emis
sion characteristics. 

C. The Results 

Some conclusions based upon discussions with the 
Technology Panel regarding the technological 
feasibility and costs of particulate control 
from 1980 through 1990 are summarized in Table 4. 
This table shows the cost of controls to achieve 
different particulate levels through that time 
period for three car sizes. In general, it was 
concluded that the major expense for particulate 
controls would be for the use of regenerative 
traps in the exhaust. It was concluded that 
small cars could be controlled to lower emission 
rates than could large cars. All of these esti
mates of control costs are uncertain, and figures 
in the table might be half as large or twice as 
large as the costs that will actually be incur
red. As the table suggests, the Technology 
Panel focussed on the feasibility of achieving 
emission rates of .6 and .2 grams per mile of 
particulates. The modest attention given to 

the feasibility of control beyond .2 arams per 
mile might be justified in part by the enormous 
uncertainty regarding the technology that would 
be used to move beyond that level. Interesting
ly, the Technology Panel was sufficiently uncer
tain about costs that their report contains no 
estimate of the costs of controlling diesel 
particulates, and no tables like Table A. 

What can we learn from the cost data in Table AT 
The 0.6 gram per mile particulate standard is 
shown to cause no costs in 1982/84, and a 0.5 
gram per mile particulate standard is costless 
by 1985. The 0.2 gram particulate standard is 
infeasible in 1985, but feasible by 1987. In 
1987, the control cost increases with the site 
of the vehicle. By 1990, the cost of the same 
control has dropped 20%, and a more stringent 
0.1 gram per mile standard has become feasible. 
Thus the minimum feasible emission rate is 
reduced over time from .6 gram in 1982 to .1 
gram in 1990. In addition, in any given year, 
such as 1990, the cost of control rises with a 
reduction in the allowed emission rate. 

It would be a mistake to plot the data of Table 
•1 on a graph like Figure 2 showing the cost of 
various degrees of control. A plot of the cost 
of control as a function of the emission rate 
should represent choices from a given menu of 
technology at a given time. Only the 1990 data 
provide two control levels at a single time. 
Comparing the 1987 data with the 1990 data 
would suggest that more stringent control (0.1 
grams) is no more costly than less stringent 
control (0.2 grams). This is an incorrect con
clusion because the state of technological capa
bility has changed in the three year period. 
(Dewees, 3) showed that for auto pollution 
controls in general, the marginal cost curve in 
any given year will be shaped rather like that 
in Figure 2. If technology progresses over 
time, this will have the effect of shifting the 
curve in Figure 2 downward and to the left. 
This effect is assumed away in considering 
asbestos fibre control, in part because all data 
were generated for a single year, and in part 
because Bragg does not forsee substantial tech
nological change in asbestos fibre control and 
manufacturing. 

The Technology Panel concluded that both the 
feasibility and the cost of diesel particulate 
control were subject to considerable uncertainty. 
While they were confident that the .6 gram per 
mile standard could be met by 1982, there was 
genuine uncertainty whether and how the .2 gram 
standard could be met for large cars in the late 
1980's. The Technology Panel (6_, p. 25) con
cluded that it was unlikely that the .2 standard 
could be met by 1985 for all but the smallest 
vehicles. The possibility that considerably 
lower emissions levels might be achieved through 
as yet undeveloped technology was not ruled out, 
but there was no assurance that such developments 
sould occur. 

These results may be contrasted somewhat with 
the results of the 1974 CMVE study. Much of 



r-.he technology being reviewed by the CMVE had 
2ii*ady be~n developed ar.c operatei m iabcra-
•.oiias, it not en the rond before that study vas 
completed. Suppliers ccjld quote prices for 
manufacturing large quantities cf fuel injection 
systems, exhaust gas recirculation components, 
.stratified charge engine components, air injec
tion pumps, and most other control system ele
ments. Even the catalyst systems which cane to 
dominate the control of the pollutants from 
gasoline engines were subject to reasonably 
accurate predictions about cost and performance. 

Aj « s the case with asbestos control, there 
was some uncertainty about the benefits of any 
specific reduction in particulate emission that 
might be achieved. It is not clear that a gram 
of particulates is a perfect proxy for the car
cinogenicity of the exhaust. Thus it is pos
sible that some strategies for particulate con
trol such as a regenerative trap that burns up 
the accumulated particulates on a regular basis, 
would greatly reduce the amount of particulate 
emitted, but increase the toxicity of the carci
nogens that are bound on those remaining par
ticulates. One cannot rule out the possibility 
that some forms of control which reduce the par
ticulate emission rate measured in grams per 
mile might actually lead to greater health pro
blems . 

V. COMCLUSIOHS 

This review of two very different studies of the 
cost of reducing health risks suggests sever-.1 
important conclusions. First, the study of the 
costs of reducing asbestos fibre exposure shows 
clearly the increase in the marginal cost of 
control as the degree of control is increased 
for a given state of technology. This confirms 
what economists have generally predicted for 
both occupational and environmental protection 
costs. In this case, the rapid rise in costs 
is directly in the range of control level that 
is under consideration in Canada and in Europe. 
Thus the ultimate cost of control will be quite 
sensitive to the control level chosen. 

Second, the study of the cost of controlling 
diesel exhaust particulates shows the difficul
ties of estimating technical feasibility and 
costs for new problems where the technology is 
not already developed. The Technology Panel was 
very reluctant to attribute costs to control 
levels, and expressed substantial uncertainty 
about the question of the feasibility of achie
ving strict controls at any particular time. 
The uncertainty associated with the diesel 
exhaust calculations seems to be far greater 
than that associated with the asbestos control. 

A third conclusion seems appropriate. The con
trol of asbestos fibres in the workplace has 
been required for many years, and the technology 
seems to be well-established and not subject to 
substantial change. Thus we may expect that 
the cost curve traced in Figure 2 will remain 
relatively stable for the forseeable future, 
and may not be substantially affected by regula

tory requirements. The cost and feasibility of 
reducir.a diesel exhaust particulates however, 
will depend considerably upon research and dev
elopment efforts ever the next few years. These 
in turn will likely be dictated primarily by the 
regulatory environment. If no regulations aie 
in place, there is no incentive to develop bet
ter technology. If regulations are too strict, 
there may also be no incentive to develop tech
nology on the grounds that the standards must be 
relaxed in any event. It seems likely however 
that some regulatory regime will lead to serious 
efforts by the auto manufacturers to develop new 
methods or controlling die=>c:i «xhau^t particu
lates. Thus the regulations themselves may 
cause substantial shifts in the location of the 
control cost curve. 

Finally, the estimation of control costs seems 
to be valuable even when substantial uncertainty 
exists. In both of the studies reviewed, there 
are reasons for attaching a wide confidence 
interval around any given cost estimate. None
theless , the numbers do provide a basis for 
comparison of policy alternatives, and for 
understanding the impacts of those alternatives. 
Furthermore, the requirement that costs be esti
mated imposes a discipline upon thinking about 
the policy problems that is useful for organi
zing the available data, and for determining 
what additional data may be useful. 
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TABLE 1 

PRINCIPAL STATISTICS, AS3EST0S MANUFACTURING: ONTARIO 

.'.'iraher of Establishments 

Value of Shipments (S x 10 ) 

>!fg. Value Added (S x 10°) 

. 6 
Total Value Added (> x AU ) 

Quantity of Asbestos Fibre 
(000 Metric Tonnes) 

Value of Asbestos Fibre (S x 10 ) 

Employees Administration 
Employees Production 

Total Salaries s Management 
($ x 10°) 

.952 

8 

NA 

NA 

I*A 

NA 

423 

1955 

S 

NA 

9.8 

785 

1960 

3 

12.6 

7.2 

789 

1964 

S 

22.1 

13.0 

*t "J t 

237 
938 

1969 

7 

28.5 

18.0 

la.l 

306 
123 

1974 

9 

53.3 

32.2 

35.5 

35.1 

3.9 

383 
1389 

1977 

9 

65.1 

41.3 

4] .7 

27.5 

6.6 

319 
1199 

197? 

10 

97.7 

63.4 

66.9 

29.5 

6.9 

375 
1345 

1930 

10 

95.1 

57 .5 

58.2 

8.0-

4.0 

385 
1195 

1.4 3.3 3.6 9.9 18.2 21.4 26.7 27.3 

SOURCE: Statistics Canada - Industry includes only firms for which over 50 percent of total product 
value is in products containing asbestos 

N7.: Not.available 
1 from industry survey 

TABLE 2 

SUMMARY OF ASBESTOS DUST LEVELS IN ONTARIO MANUFACTURING 

MEASURED BY MEMBRANE FILTER (FIBRES/CUBIC CENTIMETER» 

ASBESTOS-CEMENT PIPE 
PRODUCT 

Year 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

Source: 

1 From 

: FRICTION 

Ave. 

1.9 

4.1 

3.4 

4.0 

1.5 

1.2 

1.3 

1.5 

3.1 

2.4 

1.6 

.3 

.6 

Mini 

Johns-

PRODUCTS 

% Greater than 
2 Fibres 

stry o 

33 

66 

63 

68 

30 

21 

15 

15 

36 

29 

23 

10 

20 

f Labour, 

Manville Company 

GASKETS AND PACKINGS H I N I S T R y 0 F IMO0R 

% 
Ave. 

4.3 

NA 

1.2 

2.2 

HA 

NA 

1.0 

NA 

1.2 

3.1 

.4 

.6 

1.0 

Greater than 
2 Fibres 

50 

MA 

0 

40 

NA 

NA 

24 

NA 

0 

22 

0 

6 

0 

Occupational Health 

• Records 

Ave. 

5.7 

NA 

1.3 

1.4 

1.6 

1.8 

.55 

.54 

.49 

.68 

.98 

.09 

NA 

and Safety 

NA: Not avail. 

DATA 

% Greater 
2 Fibre 

40 

NA 

1.7 

4.8 

25 

26 

0 

5.0 

22 

9 

5 

0 

NA 

Division 

iblo 

than 
!S 

COMPANY DATA/PERSONAL SAMPLES1 

Wet End 
% Greater than 

2 Fibres 

89 

62 

46 

67 

18 

16 

0 

0 

0 

0 

0 

Finishing End 
% Greater than 

2 Fibres 

92 

51 

31 

55 

a 
6 

4 

2 

0 

4 

0 



TABLE 3 

COSTS OF ASBESTOS FIBRE CONTROL IS FKICTICH 
PRODUCTS MANUFACTURING* 

Fibre 
Level 
X(i) 

Description of 
Control 

Capital Annual # of Annual Total 
Cost Oper. Cost Operators Cost/Operator 

CCi) 

Storage, Receiving Manual bag opener ?I2,ûûO 

2 f/cc 

s Mixing 

Preform S Press 

Drilling 

with local exhaust 

No local exhaust 
required 

Minimal Exclosure 41,160 
design with exhaust 

Grinding s Finish Minimal Enclosure 41,160 
design with exhaust 

4,036 

44,321 

44,321 

55,143 

448 

5,782 

5,782 

TOTALS $94,920 $100,602 29 $4,083 
(Average) 

Storage, Receiving Bag repair; house- $11,025 
i Mixing 

Preform s Press 

1 f/cc 
Drilling 

keeping; with good 
hood or enclosure; 
increased face val. 

Minimal local 
exhaust 

Good enclosure 
surrounding work 
place 

Grinding •; Finish Full enclosure 

32,393 

47,784 

59,202 

$3,665 

28,710 

45,978 

45,978 

$5,366 

3,865 

6,104 

6,342 

TOTALS $150,404 $129,331 29 $5,432 
(Average) 

Storage, Receiving Bag repair; house- $128,951 
& Mixing 

0.5 f/cc 
Preform & Press 

Drilling 

keeping; tighter 
enclosures about 
the entry port and 
debagger; larger 
general hood 

Full local exhaust 44,130 

Full enclosure 65,926 

Grinding s Finish Full enclosure 65,926 

$32,098 $28,134 

26,718 

57,343 

57,343 

9 

9 

9 

3,388 

7,744 

7,744 

TOTALS $304,933 $173,502 29 $7,954 
(Average) 
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TABLE 3 (Contd) 

;OSTS OF ASBESTOS FIBRE CONTROL IN FRICTION 
PRODUCTS MANUFACTURING* 

Fibre 
Level 
(Xi) 

Process Description of 
Control 

Capital 
Cost 

Annual * of Annual Total 
Oper. Cost Operators Cost/Operator 

(Ci) 

Storage, Receiving Covered (protected) $228,952 $32,096 
S Mixing 

0.1 f/cc 
Preform s Press 

Drilling 

Grinding s Finish 

storage containers,-
increased floor space 
fully automated 
debagger and mixing 
set vith large 
exhaust hood 

special equipment 

îJ7,507 

Full enclosure 

Full enclosure 

Full enclosure; 

79,262 

141,207 

1,676,150 

26,718 

57,343 

57,343 

9 

9 

9 

4,619 

9,312 

41,280 

TOTALS $2,125,571 $173,502 29 $19,721 
(Average) 

1 This level may not be achievable in practice. 

Source : Bragg (1_, Table 4.2) 

TABLE 4 

FEASIBILITY AND COST OF PARTICULATE CONTROL 1980-1990 

(Cost per vehicle, 1980 U.S. dollars) 

'/ear 

Standards (g/mi) 

Vehicle Size 

Large 

Medium 

Small 

1980-81 

Uncontrolled 

0 

0 

0 

1982-84 

.6 

0 

0 

0 

1985 

.5 .2 

0 N.F. 

0 N.F. 

0 N.F. 

1937 

T 

500 

400 

300 

.1 

500 

400 

300 

1990 

.2 

400 

320 

240 

.05 

N.F. 

N.F. 

500 

Source: Dewees, October 10, 1980, Costs Memo, Tables 1-3. 

N.F. means this degree of control is Not Feasible at this time. 
The allowable emissions of oxides of nitrogen are reduced from 1.5 grams/mile to 
1.0 grams/mile in 1982. 



FIGURE i FIGURE 2 

Frocuct 
Price 

Cost of Risk Avoidance 

Consumer Cost 
Increase 

Consumer 
Surplus 
Lost 

Mar-unal Coot of Fibro Control 

Hypothetical Brake Plant 

S30,000 

Marginal 
Cost * 

S20,000 

S10.000 

5 5,000 

Product Sales 

0 0.5 1.0 1.5 2.0 

Fibre Level Achieved (f/cc) 

1 Marginal total cost per year per operator per 
fibre of fibre control 

1 
Data: f/cc Marginal Cost 

2.0 227 

1.0 

0.5 

0.1 

1,349 

5,044 

29,418 

DISCUSSION 

F.C. Boyd 

I inferred from the case study on Diesel 
vehicles that if judged not technologically 
feasible, the standard should not be applied. 
However, if a risk is deemed not acceptable, 
a lack of technical feasibility does not 
justify continuation of the activity. 

Reply 

The question posed to the Technology Panel 
was to determine the cost and feasibility 
of alternative levels of particulate 
emission control, but not to determine whether 
the feasible control level was acceptable. 
The Diesel Impacts Study Committee as a whole 
did consider both the cost and feasibility 
of control and the estimated health and other 
impacts of particulate emissions in trying to 
decide what course of action to recommend. 
The final recommendations, however, took the 
form of a projection of the possible impacts 
of alternative policies, rather than advice 
that a specific control level was necessarily 

Certainly the choice of control level could 
not be made on the basis of technical feasi
bility alone. 

D.A. Meneley 

With respect to the title, "Cost of Risk 
Avoidance" how do you know when your posi
tive cost is producing a positive avoidance? 

Clearly, the individual risk of death is 
unity. The only questions of interest are 
"When?" and "How?". A selfless individual 
may voluntarily take on the ultimate con
sequence on behalf of her child, for 
example. The point is that overall societal 
risk and benefit must, at some point, be 
considered. 

Could it be that the incremental $29,000 
per asbestos fibre per year which you 
mention might be better spent on some other 
risk-reduction or benefit-producing acti
vity? 
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Reply 

The studv reported here examined only a part 
of the problem you have raised, the problem 
of estimating control costs. Furthermore, 
these costs are presented only as the cost 
of achieving a given level of fibre control, 
and not as the cost of achieving a given 
health outcome. If one applied a dose-
response model to the exposure data, one 
might estimate the amount of disease avoided 
by the expenditures discussed here. This 
might present a basis for comparing the 
health benefits from reducing asbestos ex
posure tbrmieh .1 certnin expenditure with 
the benefits from some other health expen
diture. These matters, however, are beyond 
the scope of this paper. 

E.D. Dunnett 

What steps do you feel risk-benefit analysis 
should take to ensure that all possible 
strategies for reducing risks from a par
ticular problem are considered for costing? 

Reply 

I agree that all reasonable strategies should 
be reviewed, but do not have any formula 
to ensure that a list of strategies is 
indeed complete. 
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RISK AND THE GOVERNMENT PROCESS 

I.C. Munro A.B. Morrison L. Sradshaw 

Health Protection Branch 
Health i Welfare Canada 

Ottawa, Ontario 

ABSTRACT 

Responsible regulatory decisions by governments 
regarding environmental hazards require careful 
evaluation of potential risks to human health. Animal 
studies serve as a qualitative surrogate for human 
experience, but quantification of human risk on the 
basis of animal data is open to serious question. 

In addition to risk assessment, many other health, 
economic and social factors must be considered by 
governments in making regulatory decisions about 
environmental hazards. These include, in non-priority 
order: consumer expectations; costs to industry and 
ultimately to consumers; impact on trade; availability 
of less hazardous substitutes; impact on future regula
tory policy; feasibility and cost of consumer education 
programmes to permit informed choice; ability to 
control expenses to within necessary l imits; ability to 
enforce the law; trade-off with other health prog
rammes. It is essential that governments develop 
regulatory policies which are flexible and can function 
in the presence of uncertainty about health, economic 
and social aspects of complex decisions. 

The process is made more dif f icult , in some instances, 
by the sharing of responsibilities between departments 
and levels of government. 

INTRODUCTION 

3y virtue of their responsibilities and powers, govern
ments at all levels are inevitably involved in the 
management of environmental risks. The effectiveness 
with which they carry out this important job is increas
ingly being scrutinized by the public, as well as by 
students of government administration, law and public 
health. Our task today is to discuss the management of 
risk with respect to government processes. We wi l l 
draw heavily upon our experience with a national health 
regulatory agency - the Health Protection Branch (HPB) 
of the Department of National Health and Welfare. 
Since HPB is concerned about public health, rather than 
environmental management per se, our experiences may 
not be fully applicable to other aspects of the manage
ment of environmental risks. We believe, however, that 
they illustrate the complexities, uncertainties and 
difficulties involved in the management of risks by 
national governments. 

national problem, with ramifications which transcend 
national boundaries. I t is of course obvious that many 
national environmental problems may be transported 
by air, water, food or other vectors to other countries. 
In addition, transborder problems such as diox:n or 
acid rain, may require regulatory agencies in several 
nations, and at several levels of government, to work 
closely together in order to achieve acceptable solu
tions. Decisions taken in one country may have almost 
immediate repercussions in others, leading to econo
mic problems, public anxiety and political consterna
tion. In recognition of these mutual interdependenc-
ies, much effort has been expended in recent years by 
international agencies such as WHO, FAO and OECD 
to develop acceptable international standards of 
safety for products subject to international trade 
agreements. National regulatory agencies are in close 
and continuing contact with each other, knowing that 
decisions taken in London, Ottawa or Washington wi l l 
have an impact in the other countries involved, as well 
as in the country of origin. Considerable progress has 
been made in harmonizing national approaches to the 
identification and estimation of risk. Despite these 
advances, however, international accord on the 
management of risk has been diff icult to achieve. 
What is considered by one society to be a reasonable 
decision may, on the basis of risk assessment, social, 
economic, political and legal considerations, be 
unacceptable to another. The reasons are often 
di f f icul t to explain to the press and the public, who 
may hBve unrealistic expectations of the science base 
which underlies risk assessment and inadequate under
standing of the factors other than risk which must be 
taken into account by governments in making regula
tory decisions about environmental hazards. 

Fundamental to an examination of the role of govern
ment in this area is the question of whether regulatory 
agencies should be isolated, or at least insulated, from 
the political process. We think i t is obvious that 
regulatory agencies, i f they are to do their work 
effectively, must not become victims of partisan 
politics. But partisan politics and the political process 
are not necessarily synonymous, if we define the latter 
as those mechanisms, devices, processes and proce
dures by which society chooses between the alterna
tive courses of action available to i t for solving any 
given problem. The value judgements of society must 
be taken into account in reaching final decisions about 
the management of risks. 

Risk management is, increasingly, becoming an inter- Ult imately, i t is the people of this country - not the 
officials, in spite of their competence, whatever that 
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may be - who must make the decision about the kind of 
society they want. If society wants to accept, or 
reject a given degree of risk, so be it; if it wants to 
change what now is being done, it has the power to do 
so. through its elected representatives. At some point, 
the amount of risk a society is willing to assume in 
order to achieve a certain benefit becomes a matter for 
the public at large to decide. In the final analysis, risk 
management involves political, rather than scientific 
decisions. It is fondamental to the system of oarlia-
mentary responsibility that political judgement, rather 
than professional expertise, must decide policy. The 
dictum that experts should be on tap and not on top 
remains valid. 

It is seductively easy for a regulatory agency -despite 
genuine needs and good intentions - to become more 
concerned with the interests of the industries it regu
lates than those of the public it serves. In some 
countries, regulated industries may become, in effect, 
federal protectorates. Unless regulatory agencies are 
careful they may, in turn, become an arm of the 
industry they regulate. 

Fortunately, the principle of ministerial responsibility 
before Parliament provides, at least in theory, the 
protection needed in Canada to ensure that regulators 
do not become too cozy with the industries they regu
late. Under our parliamentary system of government, 
the action - or lack of it - by a regulatory agency such 
as the Health Protection Branch can be and often is 
questioned on the floor of the House of Commons. It 
must be admitted, however, that exchanges in Question 
Period are almost always attack - and - defend in 
nature, and are unlikely to result in a full disclosure of 
all of the facts about a complex situation. Never
theless, these exchanges or the threat of their occur
rence do help to ensure the accountability of regulatory 
agencies to Parliament and to keep them on the i r toes 

The parliamentary system involves input to decision
making from both officials and politicians, with the 
Minister involved bearing final responsibility before 
Parliament and therefore the people for the actions of 
his or her Department, and the quality of the decisions 
made. In practise, senior officials share in the deci
sion-making process, with the Minister having,as he or 
she should, the final word on policy matters. If this 
system is to work, there are distinct and definite 
responsibilities which fall on politicians and on offi
cials. To be blunt, Ministers, who cannot have the 
necessary scientific expertise, would be quite vulner
able, personally and politically, if they attempted to 
second-guess their technical advisers on sc ien t i f i c 
grounds. They do, however, have every right, for other 
legitimate reasons, to reach final decisions different 
than those suggested by their advisers. It is obvious 
that Ministers have the right to expect an extremely 
high degree of scientific and technical competence on 
the part of their officials. Ministers understandably 
become more than a little anxious if they doubt the 
scientific calibre of their advisers. Officials must, 
therefore, set the highest standards of scientific excel
lence for their organization. They must present the 
evidence on a given problem, as fairly, fully and 
factually as possible to their Minister, to assist him or 
her in reaching final decisions on policy issues. They 
must not attempt to give partisan political advice, nor 
tell their Minister what they think he or she wants to 

hear. The competence and integrity of officials must 
be above reproach. 

Officials must recognize that, in the management of 
risks there are other issues which must be considered, 
in addition to the purely scientific factors in question. 
These issues must be presented to .Ministers along with 
the scientific data on risk, to assist them in arriving at 
policies which balance all of the factors involved. 

Some of these other factors which must be considered 
by governments in making regulatory decisions about 
risk management include the following. The weight 
given to each will vary according to the particular 
circumstances involved. 

CONSUMER PERCEPTIONS AND EXPECTATIONS 

Consumers obviously do not consider all risks to be 
equal. There seems, in general, to be a perception 
that risks are more serious if they are immediate, 
direct or involve an element of ronal fear than if 
they are delayed in onset, i" -.<-£ or impersonal. 
Thus, for example, the recent wwely reported poison
ing episodes involving deaths of several people in the 
United States from ingestion of acetaminophen cap
sules (Tylenol) deliberately contaminated with cyanide 
undoubtedly elicited much more public fear and 
anxiety than if the same numbers of people had died 
from lifestyle-related cardiovascular disease. The 
poisoned Tylenol episode contains elements almost 
guaranteed to raise public anxieties almost to the 
level of terror: the apparent random nature of the 
crime, which meant that anyone using the drug pro
duct was potentially at risk; sudden, agonizing death 
from an unusual (and to the public) sinister cause, and 
the fact that a simple, ordinary, innocent act, taking a 
painkiller to relieve a headache, was suddenly fraught 
with menace. The now-famous Three Mile Island 
nuclear power plant accident tended to be perceived 
as much more serious by the public than, for example, 
a train accident, perhaps in part because it was 
unusual, conjured up visions of nuclear war with all its 
horrors, induced feelings of helplessness on the part of 
those involved, and had potential long-term effects 
lasting many years. The role of the media in escalat
ing public fears, as a result of emphasis on superficial 
sensationalism rather than careful, objective (and 
hence perhaps tedious) presentation of all of the facts 
and uncertainties, bears close scrutiny in both the 
poisoned acetaminophen and Three Mile Island affairs. 

The characteristics of the population perceived to be 
at risk also can influence public concern. Risks 
affecting children, pregnant women or other popula
tion groups, generally considered to be particularly 
vulnerable, are viewed with special concern, not only 
because of any extra risk, but also because of emo
tional factors rooted in our culture. 

Public perceptions of the relative importance of risks 
can shift dramatically from time to time. The Missis-
sauga chlorine tank car derailment in 1979, and recent 
widespread reports about dangers from acid-rain have 
focussed public attention on pre-existing risks which 
had previously largely been unnoticed. 
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Differences in perceived and actual risks may reflect 
public understanding of the scientific and technical 
aspects of risk, and the well-known human tendency to 
overlook potentially harmful behaviour by oneself or 
deny its consequences at the personal level if that 
behaviour is pleasurable in the short-run. For example, 
although cigarette smoking is clearly one of the major 
causes of preventable death and illness in our society, 
there are many who voluntarily accept the risks inher
ent in smoking, and may, indeed, deny their existence. 
In fact, public ranking of risks may not be consistent 
with scientific knowledge. 

The public perception of the role of government in 
managing risk is not always consistent with the ability 
of government to actually perform as expected. For 
instance, there appears to be a widespread belief 
amongst Canadians that all drugs, foods, cosmetics, 
medical devices, industrial and household products, 
etcetera, have been examined by "the Government" for 
safety, and given "a clean bill of health" prior to 
marketing. This perception has never been supported 
by the facts, is not now, and is unlikely to be in the 
future unless massive financial and personnel resources 
•3re provided. Furthermore, the public may demand 
that governments guarantee there will be zero risk 
associated with use of a product -something which they 
obviously can't do. 

As a general rule, governments are guided to a con
siderable degree by consumer expectations, reflected, 
in part, through elected parliamentary representatives. 
Thus, regulatory decisions are made with serious con
sideration of consumer's interests and expressed desires 
and attempts are made to encourage consumer inpi. is 
into decision-making processes. These include partici
pation of consumer representatives on advisory com
mittees, seeking the opinions of consumer organizations 
on proposed regulatory changes affecting their 
members, etcetera. It would, however, be naive to 
assume that consumers are fully informed about the 
nature and extent of risks to which they are exposed, 
the options open to governments and to themselves, and 
even the ways by which their concerns can best be 
expressed to governments. Creative ways must con
tinue to be sought to improve procedures to assess 
consumer views and attitudes. 

FEASIBILITY AND COST OF 
CONSUMER EDUCATION PROGRAMS 

Efforts to educate the public about risks and how to 
manage them are made more difficult by public doubts 
that scientific research will yield public benefit. As 
Handler (1) has pointed out, for the first time in several 
hundred years thoughtful persons now are not morally 
certain that scientific achievements really represent 
progress. Skepticism about the ability of science to 
provide guidance to the public on risk is, without doubt, 
fueled by newspaper and television reports about pur
ported hazards resulting from premature disclosures by 
scientists, and by the failure of many scientists to 
explain their work adequately to the public, and to 
admit its shortcomings ^nd assumptions. 

Education of the general public, or selected segments 
thereof, is an important technique of risk management. 

It includes programs designed to inform affected 
parties of government policies and proposals, product 
labelling, information programs related to safe hand
ling and use of consumer products, discussions with 
affected industrial segments, and so on. Information 
to consumers must have as its ultimate objective that 
of permitting informed judgements to be made regard
ing risks. Continued attention must be paid by govern
ments to the assessment of the value of consumer 
education programs in current use, and to the develop
ment of more effective ways to inform the public 
about risks and how to manage them. 

COSTS TO INDUSTRY 

Canadian government policy (2) requires that a de
tailed socio-economic impact statement be prepared 
to support major regulatory proposals relating to 
health, safety or fairness. Regulatory agencies are of 
course concerned about the need to avoid unnecessary 
adverse effects on a company's reputation or economic 
well-being. Effects on industry thus are included in 
the factors considered in making regulatory decisions. 
These effects can be significant. Several years ago 
for example, salmonella contamination of chocolate 
products produced by a Canadian company resulted in 
large-scale recall of the products involved from the 
U.S. and Canadian markets. The company concerned 
recalled approximately 2 million pounds of chocolate 
products in Canada and <> million pounds in the United 
States. Its fixed asset losses were estimated at 
approximately $27 million, not including losses on 
finished product sales of approximately $5-6 million. 
To this must be added losses sustained by shipping 
companies and distributors, and the economic loss in 
the immediate community where the product was 
produced. 

Under such intense economic pressure, the company 
involved went out of business as such, and was reor
ganized eventually under another name. The new 
owners received a Federal grant of nearly $1 million 
and a Provincial grant of somewhat less. 

In the Quebec City beerdrinkers' cardiomyopathy epi
sode of the mid-60's, a local brewery, whose product 
had been reported to be linked with the disorder, 
dumped approximately 1 million gallons of beer into 
the St. Lawrence river. Its sales dropped precipi
tously, as consumers hesitated to purchase a product 
which had been associated publicly with reports of 
hazards. One hesitates to even consider the long-term 
effects of the recent macabre poisoned Tylenol epi
sode on the good name of the product and the financial 
fortunes of the manufacturer. Of course, if a product 
represents a serious hazard to public health, prompt 
action is required to protect the public, regardless of 
whether this adversely affects industry. 

IMPACT ON TRADE 

Regulations enacted in a given country can have 
significant effects on trade with other countries. The 
potential for deliberate or accidental establishment of 
non-tariff barriers to trade, in contravention of inter 
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national agreements, is of course obvious. Major inter
national efforts are underway to reduce the possibility 
of such happening. Canada is committed, through the 
Codex Alimentarius Commission to harmonize food 
standards where possible, thus eliminating non-tariff 
barriers. 

An example wil l suffice to illustrate the important 
effect regulatory decisions can have on international 
trade. Early in Feb., 1982, -a Belgian couple became i l l 
and the husband subsequently died of botulism (3). The 
intoxication was traced to a can of salmon processed in 
Alaska. A worldwide recall of Alaskan canned salmon 
resulted in removal from the market of 50 million cans, 
representing almost 20% of 19S0 and 1981 canned 
salmon production, and economic loss at the retail level 
of approximately 50 million dollars. This recall action 
had a severe economic impact on the Alaskan industry 
and reduced consumer confidence in the product. Sub
sequently, some defects were found in cans of Canadisn 
salmon, and the government of the United Kingdom 
issued a public warning against the consumption of 
Canadian salmon in 7 ounce cans. Coming on the heels 
of the previous warning against the U.S. product, this 
action effectively stopped all sales in Britain of North 
American canned salmon in 7 ounce cans. The loss to 
the Canadian industry was estimated at nearly 9 million 
dollars, and fisheries experts estimate that sales of 
Canadian salmon in the British market wi l l be reduced 
for at least another year. 

The impact of proposed regulatory changes on trade 
may be diff icult to assess accurately. Affected coun
tries, in response to their own polit ical, legal and policy 
priorities, may take unanticipated action, including 
reprisals against Canadian goods. The complex inter
play of economic, political and technical issues involved 
may be extremely diff icult for regulatory agencies to 
interpret, and provide advice on to their Ministers. 

AVAILABILITY OF LESS HAZARDOUS SUBSTITUTES 

Availability of a less hazardous substitute for a product 
ingredient or component with known or suspected 
adverse effects on health can have an important impact 
on regulatory decisions, since banning or restricting the 
use of the more hazardous ingredient can be done 
without markedly affecting the availability of the final 
product. This assumes, of course, that the substitute 
ingredient or component is effective technologically, 
economically feasible to use and otherwise acceptable 
to consumers. For example, the use of diethylpyrocar-
bonate as a preservative in wines could be discontinued 
because of the availability of other cheap and effective 
substances, such as sorbic acid. The decision in 1969 to 
restrict use of cyclamates in Canada was undoubtedly 
made easier by the fact that another art i f ic ial sweet
ener, saccharin, was available for use, particularly in 
soft drinks. When, however, saccharin use was marked
ly restricted in 1977, no other art i f icial sweetener was 
immediately available in Canada to f i l l the gap, and 
some consumers complained about the lack of accept
able so-called "diet" soft drinks. The approval for 
marketing in 1981 of yet another art i f ic ial sweetener, 
Aspartame, which had been extensively tested for 
safety, has meant that Canadian consumers again have 
"diet" soft drinks available for use. 

The comolex nature of decisions regarding the acceDt-
ability of substitutes is indicated by experience with 
ni tr i te, used as a preservative in certain processed 
meat and poultry products. When a preliminary report 
[à) suggested that sodium nitr i te might induce tumors 
of the lymphatic system in test animals, attempts 
were made to find substitutes which would provide the 
same convenience, esthetic appeal and health benefits 
as does nitr i te. Alternative procedures considered to 
prevent production of botulinum toxin in processed 
meat products included refrigeration and freezing, 
thermal processing, irradiation, freeze-drying and 
chemical substitute: such as potassium ^ rbs tp . 
Factors to be considered in evaluating those and other 
alternatives included efficacy, cost, technological 
feasibility on a commercial scale, safety, and impact 
on existing food supplies during the implementation 
period. Interestingly enough, a subsequent review of 
the 3afety of nitr i te (5) failed to confirm preliminary 
suggestions of its carcinogenicity, and i t sti l l is in use 
today. In Canada, however, permitted levels in pro
cessed meat products have been reduced to those 
considered j u s t s u f t i c i e n t to prevent cotu l ism 
from the products invo lved. 

IMPACT ON FUTURE REGULATORY POLICY 

Regulatory policies often are built up over many 
years, in an incremental fashion, and with close atten
tion paid to previous experience and actions. The 
impact of decisions on future policies and how such 
policies wil l be administered is invariably considered 
by regulatory agencies. For example, a food regula
tory agency may have a long-standing policy not to 
allow blending of contaminated food with uncontamin-
ated food in order to produce a final product with 
acceptable levels of the contaminant involved. This 
policy usually has its origins in a desire to prevent sale 
of food containing f i l th, such as insect infestation, rat 
droppings, etcetera. A decision to depart from i t in a 
specific instance - e.g. to permit blending of fish with 
varying levels of mercury contamination, can put into 
jeopardy policies and administrative practises built up 
over many years. Regulatory agencies may be reluct
ant to take such a step, while admitting that in a 
particular instance, the policy change to permit blend
ing could be justified on safety and technological 
grounds and would prevent wastage of food which in 
most parts of the world would be considered as of 
acceptable quality. 

ABILITY TO ENFORCE THE LAW 

It is counterproductive to put into place regulations 
which cannot be enforced. An inability to enforce the 
law may arise from resource constraints, the unwil l
ingness of the public j ene ra l l y to corrplyvoluntarily, 
technological l i m i t a t i o n s etcetera. Thus, despite the 
fact that cigarette smoking is a major cause of 
premature death and disease in Canada, attempts to 
ban the sale of tobacco products would seem i l l -
advised because a law to this effect simply could not 
be enforced effectively. Similarly, i t obviously makes 
l i t t le sense to l imit by law the maximum concentra
tion of a chemical in a product if appropriate analytic-
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al methods are not in pl.ice, or resources are not 
available for inspection, sampling, monitoring and sur
veillance activities. 

TRADE-OFFS WITH OTHER HEALTH PROGRAMS 

In a fully rational world, managers of risk would be able 
to set priorities based on clearly identifiable and 
quantifiable criteria, and then to concentrât? 1̂1 th<?ir 
efforts on controlling those risks deemed most import
ant. In practise, however, i t is extremely diff icult to 
carry out such analyses. Data for risk and benefit 
assessment are rarely adequate, either qualitatively or 
quantitatively, and decisions between competing risks 
usually involve subjective value judgements, made more 
diff icult because comparisons seem to be between 
"apples and oranges". Furthermore, responsibility for 
the management of al l , or even a majority of major 
risks does not reside in one Department of government. 
Because they serve different clienteles, and have 
necessarily different perspectives, all government 
Departments may not look at a risk in the same way. 
For example, perceptions about the risk from pesticides 
may be different if considered by an off ic ial in a Health 
Department than if considered by someone whose 
primary concern is the need to produce more food. Yet 
both viewpoints may be valid. Similarly, levels of lead 
in gasoline are perhaps more of a concern to officials 
involved with environmental protection than to others 
who are responsible for efficient use of supplies of non
renewable energy. Even within a single Department of 
government, the levers for control of a given risk may 
exist in different branches or agencies. Regulatory and 
enforcement mechanisms may exist in one unit and 
educational activities in another, for example. Bureau
cratic empire-building may on occasion, hinder rational 
assessment of options and assignment of resources 
where they will be most effective in controlling a 
problem. Of much more importance, however, is the 
sheer technical diff iculty of assigning objective priori
ties to competing alternatives. How, for example, does 
one decide, on fully objective grounds, between an 
immunization program for children and the provision of 
increased day care facilities for their working mothers? 
At this point in time it simply cannot be done on any 
basis other than subjective value judgments. Perhaps 
this is just as well. We do not long for the day when 
such decisions are made by compute! s. Wise, 
compassionate judgements by those who understand the 
aspirations and values of society are what is needed in 
such instances. 

CONSTRAINTS ON DECISION-MAKING 

Decisions on the safety of a product or component can 
be extremely diff icult and complex to carry out in 
practise. Those involved with making them face a 
number of powerful constraints, including the following: 

a) there i3 never just enough data to satisfy crit ics of a 
decision. Some consider too much data i3 available, and 
castigate the decision-makers for being slow in acting. 
Others consider there is less data than needed, and 
complain that the agency should not have acted at all. 
Legal action may be threatened, on one side or the 

other. A case in point: some individuals and groups 
who now are concerned about health effects of urea 
formaldehyde foam insulation (UFFH believe the 
Federal government should have acted before it did to 
ban UFF1 in buildings. Others, including both some 
health professionals and UFFI manufacturers, com
plain that the government acted capriciously, arbitrar
ily, and without good scientific evidence. 

The cyclamate episode of 1969 illustrates the dilemma 
of reaulatory agencies besieged on both sides, by those 
who claim the agency acted too quicltly or not quickly 
enough. In the wake of the decision to restrict use of 
cyclamate, the Crown was sued by a company (Berry-
land Farms) which claimed that the then Food & Drug 
Directorate had acted with impropriety, and in negli
gent and precipitous manner, without advance notice 
to the trade. 

In commenting on the government's actions regarding 
cyclamate, the Honourable Mr. Justice Heald of the 
Federal Court of Canada stated as follows (6): 

"Considering all of the evidence adduced, I am satis
fied that the officials of the Food and Drug Director
ate acted prudently, expeditiously and reasonably in 
the public interest. To have acted otherwise, in the 
circumstances herein related, might well have exposed 
them to a charge of negligence or a breach of duty. I 
have no hesitation in rejecting the plaintiff's allega
tions of impropriety in the actions of the Food and 
Drugs Directorate. For the above reasons, the plaint
iff's action is dismissed without costs." 

This is a classic example of the "damned if you do and 
damned if you don't" dilemma in which regulatory 
agencies may find themselves. The agency was sued 
for having acted, and, at least in the view of Mr. 
Justice Heald might well have been charged with 
negligence or breach of duty had i t not acted. 

Human data on risk are often not available, and what 
data there are nay be inadequate to reveal the vulner
ability of special groups such as children or pregnant 
women. Deficiencies in available data may makein 
te rp re ta t ion extremely d i f f i c u l t . There are def in i te 
limitations to our system tor reporting adverse effects 
from chemicals, and the cause and effect linkage may 
be extremely dif f icult to construct, given the l imita
tions of the tools at our disposal. Effects of chronic 
low-level exposure are particularly dif f icult to identi
fy and assess. To illustrate, an agent which reduced 
the general level of intelligence in a large segment of 
society by 10-20 I.Q. points would probably never be 
detected except by chance. Similarly, an agent whose 
effects were expressed only 40 year3 later, in the 
second generation, would probably never be connected 
with the adverse effects involved, except under 
extremely unusual circumstances. Such delayed-
action effects, which are seen only in the next genera
tion, are already known, as witnessed by the occurr
ence of a rare form of cancer of the vagina in girls 
whose mothers received diethylstilbestrol (DES) for 
threatened miscarriage during pregnancy, 15 to 22 
years previously. 

b) There is often controversy about the interpretation 
of the scientific data underlying regulatory action to 
remove a product from the market. In part, this is 
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related to the fact there often is less data than ideally 
would be desired to meet rigid criteria of proof. Even 
the best studies suggest avenues and possibilities for 
future work, and there is no perfect experiment which 
answers all questions and provides unequivocal proof 
leading to a perfect solution. This fact is, of course, 
well known to those who may wish, for perhaps less 
than noble reasons, to discredit a study. At the height 
of the saccharin controversy, for example, attempts 
were made by a U.S. Senator to discredit the wGrk done 
by HPB which provided the basis for restricting use of 
this art i f icial sweetener, by claiming that studies done 
.vith "Canadian rat:" were irrelevant. In point of fact, 
the animals used were of U.S. origin, but the whole 
tenor of the Senator's argument was irrelevant. 

c) there is an expectation on the part of the public that 
government wil l act promptly if there is a perceived 
danger found. No indecision, foot-dragging or waffl ing, 
please - and don't be behind the Americans! As a result, 
decision-makers almost invariably are required to make 
decisions under extreme conditions of time constraint. 
In certain instances, of course, speed in warning the 
public is vitally important, from a public health point of 
view. Those situations test the competence, judgement 
and nerve of the regulatory agency involved. 

d) Consultations with non-governmental experts on 
technical aspects of a problem must be done with 
extreme discretion, in order not to precipitate pre
mature leaks of information which may send shock 
waves through the affected industry, impede investiga
tions, unnecessarily alarm consumers, and even encour
age financial speculation. The decision to restrict use 
of saccharin, for example, was announced by tiie 
.Minister of National Health 4 Welfare after the stock 
markets had closed for the day, in light of evidence 
that stocks of soft-drink companies had already dropped 
significantly in response to rumors originating in the 
U.S. about impending Canadian action. 

e) Decision makers who take positive action against a 
chemical wi l l repeatedly be faced with the "greater 
evil" argument, by those opposed to the action. "Why 
do anything about UFFI if you won't han smoking, which 
you admit is more dangerous?", I was asked the other 
day by a Member of Parliament, It seem3 obvious that 
the existence of one hazard hardly justifies unnecessary 
tolerance of another. Because more people are killed in 
road accidents, than in airline crashes, should we 
neglect aircraft safety? Furthermore, one can bleed to 
de3th from a thousand small cuts as surely (though 
perhaps less dramatically) than from one major wound. 
Nevertheless, this type of fallacy must constantly be 
countered. It represents a spurious rationalization. To 
go back to the UFFI versus smoking srguement, even if 
people choose to smoke, why should they wish to 
concomitantly accept an increased risk at all from 
UFFI? What has UFFI in his home got to do with an 
individual's choice to smoke? 

RISK ASSESSMENT 

Attempts by regulatory agencies to make risk assess
ment a totally rational process have not been very 
successful to date. We have great diff iculty in quanti
fying any of the three components of risk - probability, 

t ime, and conse-quences. The process of risk assess
ment is sti l l full of uncertainties and value judge
ments. Naive notions that the whole process can be 
reduced to one of sweet reason have given way to 
more sober realizations of the technical difficulties 
involved. Even if and when these can be dealt with 
satisfactorily, there remain the other components of 
final decision-making mentioned previously in this 
paper, which must be considered, 3nd they are far 
from being quantifiable at present. 

RISK - BENER F 

The problem of determining an acceptable risk would 
be made much easier if we were able to relate a given 
level of risk to the benefits to be obtair.uri "torn 
accepting i t . The theory is sound, but i t is exu i-vneiy 
di f f icul t to .carry out in practice. Many benefits are 
well-nigh impossible to measure quantitatively. True, 
a dollar value can be placed on some, but intangible or 
indirect benefits often cannot be assessed objectively 
in dollar terms. These latter benefits may, however, 
be the most important of al l . How does one assign a 
dollar value to happiness, or freedom from fear? 
Another crucial aspect of risk/benefit assessment is 
that those who may be at risk may not be the same 
individuals as those who may benefit. So, despite its 
theoretical attractiveness, use of risk/benefit analysis 
has definite practical limitations at present. 

CONCLUSIONS 

Where then do we go from here? It is clear that 
management of risks by governments is a complex and 
dif f icult task, involving consideration of many socio
economic factors in addition to those of risk itself. I t 
is also clear that none of the components involved is 
readily quantified, and that as currently practised, risk 
management involves many uncertainties and value 
judgements. Perhaps at present the best that can be 
asked is that i t be a "reasonable" process, which may 
be an art, but is certainly not a science. 

We obviously do not, and cannot, speak for Ministers. 
Given the intrinsic and inevitable involvement of the 
political process in risk management, we do not 
consider i t very likely, however, that Ministers would 
be willing to abdicate their political responsibilities in 
favor of some sort of high level non-governmental 
udvisory group of "wise men", who would pronounce on 
what should be done about specific hazards. 
Government must continue to util ize experts to 
provide specific technical advice, but integration of 
all factors involved in decision-making can best be 
done by the staff of a competent regulatory agency, 
which bears the legal responsibility. Nor do we think 
the public would permit Ministers to hand their 
responsibilities over to someone else, but would 
continue to hold them accountable. 

For the same reason, we do not think that instituting 
special courts independent of regulatory agencies to 
resolve uncertainties involved in risk management, as 
has been suggested in the U.S. (7), has much of a 
future in this country. 
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Yet it is obvious tha i risk management in Canada, as 
elsewhere, is far from perfect . Public perceptions 
about the actions of governments in managing risks are 
often less than laudatory, and it is clear that public 
understanding of risks and what to do about them is 
often murky and confused. Many people seem to worry 
needlessly about risks which, on the basis of the best 
scientific evidence available, have a very low proba
bility of occurrence, while ignoring others of much 
greater importance. 

Much more needs to be done to develop procedures for 
identifying, ranking and analyzing risks, both perceived 
and quantifiable, and for weighing risks against bene
fits. Deficiencies in the capaci ty to assess risk are 
more than matched by problems in assessing s o c i o 
economic factors important in risk management . In 
both categories , the most pressing need is for more and 
bet ter data upon which to base conclusions and act ions. 
Conclusions reached and the da ta , assumptions and 
value judgements upon which they are based, should be 
made available to the public for scrutiny and comment. 
The Information Let ter on Aspartame produced by HPB 
(S), and previous Ministerial pronouncements on ni t r i tes 
(9) and Amaranth (10) represent a t t emp t s , which 
undoubtedly can be improved on, to convey such infor
mation to the public. In the final analysis I believe that 
education and information which raises public and pro
fessional understanding of risk management is the best 
guarantee that the public interest will be well served. 
To the solution of this task many part ies , such as those 
represented a t this meeting, have the opportunity -
indeed the duty - to contr ibute . 
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DISCUSSION 

A. Sundaram 

Reply 

In relation to educating the public, this 
morning the credibility ptoblem was raised. 
It was mentioned that the public has a high 
level of trust in university professors, 
more so than in government and industrial 
scientists. Do you not think, that we, the 
scientists from all institutions and govern
ment agencies have the obligation to take a 
unified approach in educating the public con
cerning the safety evaluation and risk assess
ment procedures? 

Yes, we should take a unified approach. 
However there are bound to be differences 
of opinion and interpretations of scien
tific data. It will not be easy to take 
a totally unified approach. 

D.V. Bates 
The problem in the process of decision
making you have outlined is that the informed 
individual outsider does no., 'enow the com
ponents which have determine., a decision to 
set a given level or, on the other hand, 
not to set a standard. Given the integrity 

of those making such decisions, which I do 
not question, the 'Ottawa Porridge' process 
prevents the components from being under
stood. For example, when the Administra
tor of the U.S. EPA had to defend the 
changing of the ozone standard from 0.08 ppra to 
.12 ppm, he had to weigh publicly the 
scientific evidence, the economic consequence 
of not changing the standard, etcetera. No 
one could be ignorant of the relative weights 
of these factors. Is the Canadian process 
comparable? 

Reply 

The Department has provided extensive informa
tion on the medical and scientific information 
which led to such regulatory decisions as the 
ban on UFFI and the restrictions on saccharin. 
We do not believe that a formal statistical 
risk assessment can be given more weight than 
that of an aid to decision making. The 
economic factors are even more difficult but 
provision is made to provide such information 
through the socio-economic impact analysis 
procedure. 
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5.R. Darrah 

In issuing Information Letter H627 re plastic 
medical devices, did the Health Protection 
3ranch have access to any risk/benefit data 
which formed part of the basis for deciding 
to issue directives» to the manufacturers of 
plastic medical devices. 

If the answer is 'no', are you then looking 
to industry to supply this data? 

If 'yes', how can this be done within the 
time frames given.' 

Reply 

The Health Protection Branch used a great 
deal of information on the potential hazards, 
derived from hospitals, health professionals 
and the literature. The Information Letter 
drew attention to the problem of drug inter
action with plastics- We seek to diminish 
a hazard rather than label the product. 

My impression from your presentation and 
comments made thereafter, is that public 
information concerning risk is very important. 

Why therefore in a recent article in the 
International Journal of Health Education 
(HÏGIE) does Mr. Palko, et al-, list risk 
assessment as one of Health and Welfare's 
lowest priorities for the near future? 

fleply 

.Mr. Palko was referring to the situation 
in the Health Promotion Directorate of the 
Department in 1980. Since then, risk assess
ment has become one of the priorities re
flected in the various program components 
and activities of that unit. Insofar as 
Health Protection Branch is concerned, risk 
assessment is the very life blood of the 
Branch. It is our highest priority, and I 
expect it will remain so for the foreseeable 
future. 
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are similar. Each level of government exer
cises its powers either directly by an Act 
of the legislature of by delegated autho
rity to the Executive Council (the Cabinet) 
or governmental agencies. 
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The regulatory scheme on hazard to public 
health is not legally standardized and it 
is difficult to distinguish and determine 
the role of science and technology as well 
as the role of the public in the regula
tory process. 

The effectiveness of the management of 
risk depends upon openness to social va
lues, receptivity of proper advice, per
spicacity in the assessment of risk and 
transparency; as well regulations must 
be drafted in a manner which facilitates 
inspections and enforcement. 

INTRODUCTION 

Je dois dire au départ que je n'ai pas 
l'intention de m'aventurer dans une ana
lyse en profondeur du régime juridique de 
santé publique, mon expérience étant prin
cipalement reliée au domaine du risque pro-
fessi onnel. 
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seront nécessairement de nature coercitive 
et prohibitive, alors qu'3 l'égard du ris
que, une législation efficace prévoit la 
recherche scientifique, l'établissement de 
programmes de prévention et la formulation 
de normes de sécurité et de santé. 

On a déjà écrit quelque part que le Canada 
s'est doté d'un vaste empire thérapeutique. 
Les politiques de santé publique, tant fé
dérales que provinciales, ont. dans le 
passé axé les I ey i s I a L ions , (• L uoi conse
quent l'octroi de subvention, sur le ser
vice hospitalier et sur la médecine cli
nique. Cet effort, bien que souhaitable 
et valable, eut quand même pour conséquen
ce de faire oublier l'aspect préventif. 
Si bien que lorsque j'ai acquis mes pre
mières connaissances et fait mes premières 
expériences dans le domaine de la santé au 
travail (c'était en 1975), j'ai constaté 
qu'une mentalité existait encore dans le 
milieu médical, a l'effet que la prévention 
des maladies professionnelles ne pouvait 
être envisagée comme valable sans une 
action clinique et curative efficace. 

L'enquête sur la salubrité dans l'indus
trie de l'amiante, que j'ai eu le privi
lège de présider, avait pour fonction de 
recommander au gouvernement les meilleurs 
moyens d'assurer la salubrité dans l'in
dustrie de l'amiante. Or, cette mentalité, 
dont je viens de parler, on la rencon
trait également au sein des dirigeants 
d'entreprises et, même dans la fonction 
publique; elle me semblait faire obsta
cle a la promotion de la santé des tra
vailleurs, donc a l'organisation de la 
prévention. En effet, au moment de la 
découverte d'un cancer du poumon ou d'un 
mésothëliome (cela est admis scientifique
ment) il est déjà trop tard pour "prévenir". 
L'action thérapeutique est forcément limi
tée a soulager le malade et a prolonger la 
vie. D'un autre côté, les études et recher
ches scientifiques sur l'amiantose con
cluent unanimement qu'il s'agit d'une mala
die latente, irréversible et progressive. 
Il ne reste plus beaucoup de place pour 
la prévention a l'égard des personnes dé
clarées atteintes de cette maladie. L'ac
tion thérapeutique peut alors, encore 13, 
concourir au soulagement de la maladie et 
au prolongement de la vie. 

Mais, sans pour autant minimiser la quali
té, ni la nécessité de l'action thérapeu
tique, il devenait de plus en plus convain
quant d'insister sur la mise en oeuvre 
d'un système de prévention par la perception, 
l'analyse et l'évaluation des risques pro
fessionnels, le développement de la meil
leure technologie disponible, l'établisse
ment de normes strictes et exécutoires et la 
mise en place d'un système de participation. 

Globalement, un tel système de prévention 

des risques professionnels implique une 
politique d'intervention du gouvernement 
et de la législature (donc intervention 
de l'Etat), une politique de la recherche 
scientifique systématisée, une politique 
de participation des spécialistes de la 
santé et de la technologie, des travail
leurs, de l'industrie, des unions ouvriè
res et associations patronales, et même 
des groupes de pression intéressés. 

La même formule doit "win*; finutr. nouvernor 
la promotion do la santé publique. La 
aussi l'action multidisciplinaire est 
essentielle. Et cette participation doit 
s'exercer dans un contexte d'éthique pro
fessionnelle et sociale. 

LE RÔLE SOCIAL DE LA SCIENCE 

J'ai remarqué, en plusiers occasions, une 
certaine réticence du milieu scientifique 
3 s'impliquer dans la portée sociale de 
son activité (scientifique), réticence qui 
se révèle plus perceptible chez le scien
tifique dont l'action se situe au niveau 
de la recherche. Cette attitude me semble 
assez bien exprimée par le docteur Julian 
Peto, Epidemiologiste S l'Impérial Cancer 
Research Fund, a l'Université d'Oxford, 
lors du dernier Symposium international 
sur l'amiante â Montréal, en mai dernier. 
Voici ce qu'il dit : 

" The only proper role of the scien
tist is to provide the estimates of 
risk on which decision-making is 
based, and to prevent misrepresenta-
tat ion of these data. Science cannot 
and should not take any position 
on the discussion of rights or res
ponsibilities, except to insist that 
factual claims are well founded. 
This is an important role, as govern
ment, labour and management have all 
at various times exaggerated the 
security or danger of asbestos expo
sure. A scientist who holds strong 
views on what level of risk is accept
able, what price should be paid to 
achieve it, and how regulations should 
be implemented will however be perceiv
ed, probably correctly, as too biased 
to fulfill this role sa t i sf ac tori 1 y ." ( 1 ) 

Or, je le dis en toute humilité, cette at
titude me laisse perplexe. Je crois que 
la société a besoin d'une plus grande impli
cation de l'homme de science dans la portée 
sociale des activités de prévention des 
maladies et, davantage sans doute, dans 
l'analyse et la gestion des risques 3 la 
santé. 

En effet, il n'y a pas de cloison étanche 
entre l'analyse des risques et la gestion 
des risques. Jerome J. Ravetz, un philo
sophe anglais impliqué dans les problèmes 
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socio-scientifiques, écrit ceci : 

" The problems involving technological 
risk cannot be reduced to exercices, 
puzzles or solutions in one or two 
established exact sciences. The va
rious thoughts of fragmented, certi
fied expertise are no longer compe
tent to predict or control all the 
manifold, unexpected and undesirable 
outcomes of new devc 1 opmcnt:,. The 
problem should be seen necessarily 
as a dialogue rather than as a linear 
demonstrative style. The greater the 
variety of view points the more effec
tive, imaginative insights will be 
achieved. "(2) 

Un biologiste de grande réputation, le pro
fesseur Sinsheimer, croit que les hommes 
de sciences devraient éveiller l'attention 
du public aux répercussions sociales de 
leurs travaux.(3) 

Je n'insite pas. Je me propose tout sim
plement d'attirer l'attention des intéres
sés sur l'importance et la nécessité de 
l'effort multidiscipiinaire, non seulement 
en matière d'évaluation mais aussi en ma
tière de gestion du risque. 

La proposition d'un tribunal scientifique 
qui fait l'objet d'une sérieuse controver
se aux États-Unis tire son origine de l'op
position entre deux options : d'une part, 
la spécificité du langage et de la techni
que scientifique et, d'autre part, l'inter
dépendance requise entre les disciplines 
scientifiques, sociologiques et juridiques 
dans le processus législatif et réglemen
taire. Monsieur Arthur Kantrowitz, l'un 
des promoteurs d ' un tribunal scientifique 
(Science Court) réfère dans le "Bulletin 
of the Atomic Scientists" aux principales 
critiques qui sont adressées de manière gé
nérale en regard de cette suggestion : 

" Perhaps the most fundamental criticism 
of the Science Court has been the as
sertion that facts and values are not 
separable in the consideration of pu
blic policy issues. " (4) 

De son côté, le juge en chef de la Cour 
d'appel du district Columbia, monsieur le 
juge David L. Bazelon, lui aussi favorable 
à l'institution du tribunal scientifique 
insiste toutefois sur la multidisciplinari-
té de la législation d'origine scientifi
que : 

" Recently, however, we have begun to 
reexamine our relationship with the 
so-called "republic of science". Since 
World War II, government, science, 
and technology have become increasing
ly interdependent. THe Manhattan Pro
ject, Sputnik, the Apollo program, and 
most recently, the enactment of signi
ficant environmental legislation, are 

some of lhi> fiimiliiir landmarks along 
this road towards increasing interde
pendence. " (5) 

On a l'habitude, dans la société en géné
ral, de concevoir la santé en rapport avec 
son antinomie, la maladie. Est en santé 
celui qui croit ne pas être malade, ou ce
lui qui ne se sent aucun malaise physique, 
ou celui à qui un médecin dit qu'il n'est 
pas malade.(6) Mais attention, on a ten
dance â oublier la nature sournoise et im
prévue des maladies résultant des conta
minants de l'environnement. La latence dans 
le cas des maladies associées à l'amiante 
en est un exemple frappant. 

Si ,par contre, on essaie d'établir la re
lation juridique qui existe entre l'homme 
et ce "produit" humain que représente la 
santé, on peut, je crois, affirmer que la 
santé est objet de droit et objet de de
voir. En effet, la santé est un droit in
hérent à la vie humaine, et la maladie en 
constitue la transgression. On peut pré
tendre aussi que la "santé" est objet de 
droit collectif en ce qu'elle constitue 
"un bien public", alors que la "maladie" 
conduit à l'appauvrissement de la société. 
Ne pourrait-on pas suggérer que la santé 
est objet de droit social, en ce qu'elle 
constitue l'objectif des organismes poli
tiques et sociaux de la qualité de la vie, 
alors que la maladie représente les con
trariétés dont les mêmes organismes cher
chent à déterminer les causes, la nature 
et les effets? 

Et, comme à tout droit correspondent des 
devoirs, la santé exige un comportement 
individuel axé sur le devoir d'être sain, 
une action politique orientée vers la pro
motion de l'hygiène et de la santé publi
que et, enfin, une action communautaire 
comportant l'insertion des agents sociaux 
dans les objectifs de santé par l'évalua
tion et la gestion des risques pour la 
santé. 

On constate d'ailleurs, depuis quelques 
décades, un nombre croissant de comités" 
d'études, de colloques et de symposiums 
favorisant les échanges entre les divers 
éléments de la société intéressés aux pro
blèmes reliés aux politiques de santé. 
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LES CONTROVERSES 
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II s'agit d'un processus économique d'éva
luation des bienfaits d'une législation, 
qui ne tient pas nécessairement compte des 
besoins de la collectivité. 
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" ...on the basis of the best available 
evidence, that no employée will suffer 
material impairment on health or func
tional capacity even if such employee 
has regular exposure to the hazard 
dealt with by such standard for the 
period of his working life... " (9) 

Dans une sorte de livre blanc proposé en 
Suède en 1976, pour la promulgation d'une 
législation révisée en 1978, une Commis
sion sur l'environnement de travail, éta
blissant, les objectifs Je la legislation, 
s'exprime à peu près dans les termes sui
vants: le projet de législation est prin
cipalement fondé sur l'objectif d'établir 
des conditions de travail en vertu des
quelles les travailleurs peuvent accom
plir leur travail "as a meaninful and re
warding part of their life", c'est-à-dire 
comme une partie singificative et bénéfi
que de leur vie. 

En France, la publication récente d'une 
étude sous la direction de Emile Levy en 
arrive à la conclusion que l'évaluation 
coûts-bénéfices devrait être considérée 
davantage comme procédé d'analyse des 
coûts de santé plutôt que comme un procé
dé d'imputabi1ité.(10 ) 

Au Canada, je ne connais aucune législa
tion adoptée pour le^ fins de santé et 
de sécurité qui ait écé précédée d'une 
étude coùts-bénëfices approfondie. 

Donc, ayant à l'esprit que la santé et la 
sécurité des citoyens constitue un bien 
public inappréciable en argent sonnant, 
il me semble que le principal principe 
directeur de l'adoption des lois et des 
règlements de santé et de sécurité doit 
reposer sur l'équation "responsabilités-
bénéfices", c'est-à-dire sur le rapport 
qui doit exister entre la prise en char
ge des responsabilités â tous les niveaux 
et les bénéfices qui doivent, en résulter 
pour la société toute entière, même s'il 
faut reconnaître que les politiques qui 
en résultent impliquent un coût pour la 
société. 

Car, étude économique ou pas, si une poli
tique sociale relative à la sécurité et â 
la santé doit être élaborée dans l'inté
rêt de la société, mais qu'il n'y est pas 
donné suite, la société devra quand même 
supporter les conséquences de son inaction 
sur les plans économique et social. On 
peut logiquement penser que les conséquen
ces de l'inaction seront probablement plus 
grandes et plus onéreuses que celles résul
tant de T acti on . 

De la même façon, dans le passé, Ton n'a 
pas invoqué le fardeau économique pour ë-
viter de mettre en place l'empire thérapeu
tique dont on dit qu'il est un tonneau 
sans fond. 
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J'ai pu constater l'existence d'un autre su
jet de controverse au cours de l'enquête 
que j'ai présidée sur la salubrité dans 
l'industrie de l'amiante. Elle oppose la 
médecine et la technique. 

Devant l'évidence de la nocivité d'un pro
duit ou d'une substance, tel que l'amiante, 
la "médecine" fera reproche à la "techno
logie" d'exposer l'activité humaine à un 
risque connu pour la santé. Elle fera por
ter le fardeau de l'agression sur l'insuf
fisance de la technicité du l'environne
ment, far contre, les techniciens affir
ment que les conclusions médicales ne sont 
pas le fruit d'une certitude scientifique, 
mais plutôt le résultat de probabilités ou 
d'extrapolation. Le fardeau de la preuve 
appartiendrait donc à la science médicale. 

Je ne suis pas en mesure de me poser en ar
bitre d'une telle controverse. Je nie de
mande encore quel serait le meilleur moyen 
de reconcilier les deux opinions? 

Il m'apparaït logique de penser cependant 
que l'application du principe de la "meil
leure technologie disponible" est priori
taire à l'établissement de normes de santé 
et de sécurité, lorsque la recherche médi
cale est assise sur une évaluation scien
tifique du risque selon les méthodes scien
tifiques les plus récentes. 

La controverse et l'incertitude scientifi
que auront pour résultat de faire porter 
les politiques de santé sur d'autresfac-
teurs, c'est-à-dire sur les pressions so
ciales et politiques, ou encore, sur des 
considérations purement économiques. 

L'ASPECT SOCIO-POLITIQUE DE LA GESTION 
DU RISQUE 

Toute société démocratique assume sa gou
verne par un ensemble d'institutions lé
gislatives et administratives qui consti
tuent l'État. Je ne pense pas qu'il soit 
nécessaire, ici, de présenter une thèse 
pour démontrer que le bien-être physique 
des citoyens doit être assumé par l'ensem
ble des institutions que la société se don
ne pour assurer sa survie et son évolution 
C'est donc à l'État que revient le rôle 
premier de procurer aux citoyens un régi
me de santé publique et, par conséquent, 
une approche positive à l'égard de l'appli
cation du principe de l'intégrité physi
que de l'ensemble de la population. 

a) L'Etat a le devoir d'adopter des politi
ques conformes aux plus récentes valeurs 
sociales, c'est-à-dire en accord avec la 
prise de conscience collective des citoy
ens . 

b) L'Etat doit légiférer de manière à dé

velopper la recherche soit par l'expansion 
des moyens existants, soit par la crëaHon 
de moyens nouveaux. 

c) L'État doit se charger de concevoir une 
structure de participation des organismes-
conseils, des institutions de santé et des 
groupes de pression. 

d) L'État doit aussi légiférer et régle
menter de manière à ce que les droits et 
obligations qui en résultent puissent être 
compris, interprêtés et mis en application 
e f f i Laceiiien t. 

La aestion du risque fait appel à un en
semble de niveaux d'intérêts et de parti
cipation aux structures décisionnelles et 
opérationnelles des politiques de santé 
et de sécurité de l'État. Les principaux 
niveaux d'intérêts et de participation 
sont les orqanismes administratifs, les 
organismes-conseils, les collectivités 
scientifiques et médicales et les groupes 
de pression. Remarquez que je n'ai rien 
inventé. Je me permets d'insister parce 
que j'ai constaté en plusieurs occasions 
de profondes difficultés inhérentes au 
système organisationnel et juridictionnel 
dans le processus de participation. 

La gestion du risque n'est pas étrangère 
à l'élaboration et la mise en oeuvre de 
l'ensemble de la réglementation au Canada. 
Or, cette réglementation est assumée par 
les ministères et, par voie de législation 
déléguée, à différentes agences de la Cou
ronne. La sanction du Cabinet n'est géné
ralement qu'une formalité, à cause de l'ex
pertise requise pour formuler la réglemen
tation. 

La principale difficulté inhérente au sys
tème provient de la multiplicité des or
ganismes de régulation et du manque notoi
re de collaboration entre ces divers orga
nismes. Ce problème a été souligné avec 
insistance dans le rapport du Comité d'é
tude sur la salubrité dans l'industrie de 
l'amiante en octobre 1976,(11) dans le 
rapport de la Commission royale sur la 
salubrité et la sécurité du travail mi
nier, le rapport Ham, en Ontario, en juin 
1976, (12) dans le rapport numéro 28 du 
Conseil des sciences du Canada sur l'am
biance et ses contaminants, en octobre 
1977, (13) dans une étude sur le mécanis
me réglementaire et la répartition des 
compétences en matière de réglementation 
des agents toxiques au Canada par Brucc 
Doern, en mars 1980.(14) Cette liste de 
références n'est pas exaustive. 

Au surplus, les difficultés résultant de 
l'isolement des organismes de régulation 
des différentes juridictions législatives, 
fédérales et provinciales, ajoutent un 
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élément additionnel de difficultés dans promoteurs de la prévention par l'action 
l'organisation de la gestion des risques sur l'environnement, et les principaux ins-
au Canada. tigateurs de la santé communautaire et pré

ventive. On doit aussi au mouvement ouvri-
I? est donc urgent que cet aspect de la er la mise en oeuvre de politique de santé 
gestion du risque soit pris en charge par et de sécurité du travail. 
les gouvernements. J'ai constaté un ef- n i 4.4. • T • 4. • 4. T • •< 

«.„„,•„ < „ „ , ,,. ,,., Dans le contexte socio-politique actuel.il 
tort positiî en ce sens, uaiiï l i n s t t u - „.. „ ,-.,,, „ , ' . ,.'•,... , , { 
«••:„„ l<n -\ 1 n „ r , . . R * r . fRAA l t „ „ ,• ,-i est souhaitable, pour la stabilité des ira-1 0

6 l 3 e, d ' " "P 6 titutions gouvernementales, que les instau
ra sécurité dans les mines et les usines ces d o c 1 Sionnelles q o u v ernènt avec le con-
de mines en Ontario, au sujet de la protec- C Q U r s des c i t o y e n s/ En e f f e t r a c t 1 o n so_ 
tion des mineurs oeuvrant dans les mines c i a l e d,un q o u^ e r n e m e n t n.est rien d' a u tre 
a uranium. lis| qu'une activité politique dont les objec-
Les études sur le processus légal de ré- tifs correspondent avec les besoins et les 
glementation ayant pour toile de fond objectifs généraux de la collectivité, 
l'analyse et l'expérience scientifique 
ne sont pas nombreuses. Je m'inspire M a i s dans le domaine de la gestion du ris-
largement des récents travaux du Conseil q u e ) r a ction gouvernementale doit être 
des sciences du Canada sur ce brûlant formulée sel on'certains critères qui m'ap-
sujet, ayant participe a a recherche du paraissent essentiels, en pratique. Je pen-
Cormte sur la science et le mécanisme se en particulier aux critères qui permet-
législatif, dont le rapport sera rendu tent de consolider la gestion du risque, 
public bientôt. Remarquez que je me réfère ici à l'aspect 
Il résulte de cette étude que les facteurs pratique de la gestion du risque, 
scientifiques et technologiques jouent un 
important rôle dans l'évaluation et la ges- LES PRINCIPAUX CRITERES DE GESTION 
tion des risques. Cependant, les mécanis
mes décisionnels sont l'objet de tiraille- Située dans le contexte juridique, il n'est 
ment et de confusion face aux controverses pas possible de concevoir une saine gestion 
scientifiques et techniques. Les progrès du risque sans se référer au procédé légal 
ultra-rapides des sciences et de la tech- qui en constitue le substractum, c'est-â-
nologie sont la raison même de difficultés dire aux règles édictées Dour assurer la 
ressenties par les organismes de régulation. mise en application de la volonté légis

lative. Les lois et les règlements ne 
Il faut alors souhaiter que les gouverne- sont-ils pas en effet, le cadre juridique 
ments adoptent les mesures nécessaires pour ^ sert a determiner les droits et les 
renforcer les mécanismes d'évaluation scien- responsabilités spécifiques a leur mise 
tifiques et technologiques, en procurant en application! Dans le cas contraire, 1 es 
aux organismes-conseils et aux instituts ° ^ f i

e t 1eS reqlements seraient vite iden-
nationaux de recherche des moyens plus ef- giflés au vide juridique. Or, dans le 
ficaces pour résoudre les controverses et langage courant comme dans les textes ju-

favoriser la mu. tidiscipl inaritë. r'î\*Tll 1 9 " *de "" 6t de S 6 C H " 
v rite font appel aux termes bien connus de 

En dernier lieu, il me semble de plus en plus "norme", de "standard" ou de "directive", 
évident que les organismes de réglementa- qui sont l'équivalent en langue anglaise 
tion doivent rechercher et accueillir de des termes "guideline" et "standard". 
manière positive la participation du public 
dans le processus réglementaire de santé. Ces termes ne oeuvent pas être utilisés in-
Les collectivités scientifiques, médicales distinctement dans le langage juridique. 
et techniques sont aujourd'hui mieux struc- En effet, comme vous le savez sans doute, 
turées, les groupes de pression (associa- il existe un principe d'interprétation des 
tions de travailleurs et d'employeurs, mou- lois sociales et des règlements en vertu 
vements pour la protection de l'environne- duquel l'autorité législative s'exprime 
ment et autres) disposent de meilleures res- dans le sens du langage utilisé dans la 
sources humaines et techniques. La parti- société. 
ci pat ion du public favorise la concertation 
et permet de cerner plus correctement les En vertu de ce principe, les tribunaux, 
implications sociales de la réglementation. tant en matière de droit commun (Common 

Law) d'origine anglaise qu'en matière de 
Il faut reconnaître que le mouvement social, droit'civil français, se référeront même 
auquel s'est ajouté plus récemment le mou- aux dictionnaires régulièrement en usage 
vement écologique, tous deux timidement pour rechercher le sens commun des termes 
appuyés jusqu'à ces derniers temps par une utilisés dans les textes légaux. 
minorité de la communauté scientifique, ces 
mouvements, dis-je, sont effectivement les Or, il existe, à mon avis, une différence 

http://actuel.il
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f o n d a m e n t a l e en d r o i t e n t r e l e t e r m e " n o r m e " 
en a n g l a i s " s t a n d a r d " , e t l e te rme " d i r e c t i 
v e " en a n g l a i s " q u i d e l i n e " . 

Le te rme " d i r e c t i v e " , ou " g u i d e l i n e " , f a i t 
a p p e l à l a mise en a p p l i c a t i o n "de bonne 
f o i " , à l ' o b l i g a t i o n m o r a l e de f a i r e q u e l -
qtip c h o s e , a l o r s que l e t e rme " n o r m e " , ou 
" s t a n d a r d " , ^ P r é f è r e au r e s p e c t d ' une o -
b l i q a t i o n l é g a l e . 

Je vous p r i e de c r o i r e que j e ne m'aventure 
pas i c i dans l e j e u de l a s é m a n t i q u e . A-
v a n t l ' a d o p t i o n de l a L o i s u r l a s a n t é e t 
l a s é c u r i t é du t r a v a i l en décembre 1 9 7 9 , 
l e r è g l e m e n t r é g i s s a n t l a q u a l i t é de l ' a i r 
dans l ' i n d u s t r i e m a n u f a c t u r i è r e de l ' a m i a n 
t e ( l e Règ lement no 2087) d é t e r m i n a i t l e 
n i v e a u de p o u s s i è r e s d ' a m i a n t e dans l ' a i r 
a m b i a n t par une s i m p l e r é f é r e n c e à l a " n o r 
me' de 1 ' A m e r i c a n A s s o c i a t i o n o f I n d u s t r i a l 
H y g i e n i s t s . Or , on s a i t que c e t t e a s s o c i a 
t i o n n ' é d i c t e pas de no rme , e l l e n ' e s t pas 
un o r g a n i s m e de r é g u l a t i o n . I l s ' a g i t 
d ' u n e a s s o c i a t i o n bona f i d e q u i e f f e c t u e 
un t r a v a i l éminemment s é r i e u x e t p r o f i t a 
b l e , mais ses c o n c l u s i o n s s o n t en f a i t des 
d i r e c t i v e s , des p r o p o s i t i o n s basées s u r 
des a n a l y s e s e t des e x p é r i e n c e s s c i e n t i f i 
q u e s . I l en e s t r é s u l t é , i n é v i t a b l e m e n t , 
que ce r è g l e m e n t n ' a j a m a i s é t é mis en a p 
p l i c a t i o n . Une t e l l e r é g l e m e n t a t i o n e s t 
i n e f f i c a c e p a r c e q u ' e l l e e s t i m p r é c i s e , 
p a r c e q u ' i l n ' e s t pas c e r t a i n que l e j u s 
t i c i a b l e , à l ' i n t é r i e u r d ' u n e e n t r e p r i s e , 
a i t eu l ' o p p o r t u n i t é de se p r o c u r e r l e d o 
cument de r é f é r e n c e , e t pa r ce que l a mé
t h o d e d ' é v a l u a t i o n de 1 ' empouss ié rage n ' y 
e s t pas p r é c i s é e . 

Une norme de s a n t é e t de s é c u r i t é , c ' e s t 
d ' a b o r d e t a v a n t t o u t une " r è g l e j u r i d i q u e " , 
une o b l i g a t i o n l é g a l e é d i c t é e pou r p r é v e 
n i r t o u t e fo rme d ' a t t e i n t e à l ' i n t é g r i t é 
p h y s i q u e des i n d i v i d u s c o n c e r n é s . I l ne 
s ' a g i t donc pas d ' u n e l i g n e de p a r t a g e e n 
t r e ce qu i e s t b i e n e t ce q u i e s t m a l , e t 
enco re moins un usage p e r m i s s i f d ' e x p o s i 
t i o n à des f a c t e u r s de r i s q u e . Une norme 
de s a n t é e t de s é c u r i t é d o i t n é c e s s a i r e 
ment pou r ê t r e a p p l i c a b l e , c o m p o r t e r l a mé
thode de s u r v e i l l a n c e e t de c o n t r ô l e q u i 
l u i e s t s p é c i f i q u e . 

Les c o n c l u s i o n s s c i e n t i f i q u e s en m a t i è r e 
de s a n t é e t de s é c u r i t é n ' é t a n t pas géné
r a l e m e n t d é f i n i t i v e s , l e s normes d o i v e n t 
ê t r e l ' o b j e t d ' u n e permanente r é é v a l u a t i o n 
basée s u r l e s é t u d e s s c i e n t i f i q u e s e t t e c h 
n o l o g i q u e s l e s p l u s r é c e n t e s . I l s ' e n s u i t 
que l e s o rgan i smes de r é g u l a t i o n d o i v e n t 
se t e n i r à 1 ' a f f û t du p r o g r è s s c i e n t i f i q u e 
e t t e c h n o l o g i q u e , sans quo i l a r é g l e m e n t a 
t i o n s e r a v i t e d é p a s s é e . 

LA RELATION SCIENCE-DROIT 

Les m i l i e u x s c i e n t i f i q u e s e t j u r i d i q u e s , 
don t l e s a c t i v i t é s s o n t o r i e n t é e s ve rs l a 
p r o m o t i o n du b i e n - ê t r e p h y s i q u e des c i 
t o y e n s , s o n t à l a r e c h e r c h e de moyens c o n 
c r e t s e t e f f i c a c e s d ' i n t e r a c t i o n e n t r e l a 
s c i e n c e e t l e p r o c e s s u s l é g a l . La r é c e n t e 
é tude du C o n s e i l des s c i e n c e s du Canada 
f a i t é t a t des d i f f i c u l t é s que compor te c e t 
e x e r c i c e , p a r t i c u l i è r e m e n t r e l a t i v e m e n t 
au p r o b l ê m e des v a l e u r s s o c i a l e s que ce 
p r o j e t i m p l i q u e . 

En c o n c l u s i o n de c e t t e é t u d e , au c h a p i t r e 
des s t r a t é g i e s , l e r a p p o r t du C o n s e i l f a i t 
r é f é r e n c e , e n t r e a u t r e s , à l ' u t i l i t é des 
c o m m i s s i o n s d ' e n q u ê t e . Je v o u d r a i s , a v a n t 
de c o n c l u r e , vous f a i r e p a r t de mon e x p é 
r i e n c e à ce s u j e t . J ' a i e u , en deux o c c a 
s i o n s , l a t âche de p r é s i d e r une commiss ion 
d ' e n q u ê t e don t l ' o b j e c t i f c o m p o r t a i t des 
recommanda t i ons à i n c i d e n c e s s c i e n t i f i q u e s 
e t j u r i d i q u e s . La p r e m i è r e c o m m i s s i o n 
d ' e n q u ê t e a v a i t t r a i t aux p rob lèmes de s a n 
t é dans l ' i n d u s t r i e de l ' a m i a n t e . La d e u x i è 
me é t a i t r e l i é e aux p rob lèmes de s é c u r i t é 
dans l e s mines s o u t e r r a i n e s . C ' e s t d ' a i l 
l e u r s en v e r t u de ces e x p é r i e n c e s q u ' i l 
m ' e s t pe rm is d ' e x p r i m e r i c i c e r t a i n e s c o n s 
t a t a t i o n s e t c e r t a i n s p o i n t s de vue s u r 
l ' i m p o r t a n t p rob lème de l a g e s t i o n du r i s 
q u e . 

En p r e m i e r l i e u , j ' e x p r i m e l ' o p i n i o n que 
t o u t e commiss ion d ' e n q u ê t e . c o m p o r t a n t l a 
r e c h e r c h e de s o l u t i o n s à des p rob lèmes de 
r é g l e m e n t a t i o n basée s u r des c o n c l u s i o n s 
s c i e n t i f i q u e s , d e v r a i t ê t r e f o rmée de p e r 
sonnes a y a n t une e x p é r i e n c e reconnue dans 
chacun des domaines s c i e n t i f i q u e s e t j u 
r i d i q u e s c o n c e r n é s . A i n s i , comme l a ges 
t i o n du r i s q u e dans l ' i n d u s t r i e de l ' a 
m i a n t e i m p l i q u e des c o n n a i s s a n c e s m é d i c a 
l e s , t e c h n i q u e s e t j u r i d i q u e s , l e Comi té 
d ' é t u d e s u r l a s a l u b r i t é dans l ' i n d u s t r i e 
de l ' a m i a n t e f u t donc fo rmé d ' u n m é d e c i n , 
d ' u n i n g é n i e u r m i n i e r e t d'un j u r i s t e . Dans 
l e cas de l ' e n q u ê t e s u r l a t r a g é d i e de l a 
mine B e l m o r a l e t l a s é c u r i t é dans l e s mi-.-
nés s o u t e r r a i n e s , 1 a Commiss ion é t a i t f o r 
mée d ' u n i n g é n i e u r m i n i e r e t d ' u n j u r i s 
t e . 

Ces e n q u ê t e s b é n é f i c i a i e n t donc du c a r a c 
t è r e de m u l t i d i s c i p i i n a r i t é . En c e t t e qua 
l i t é , l a r é p a r t i t i o n du f a r d e a u de l a r e 
c h e r c h e , l e r e c o u r s aux e x p e r t i s e s , l ' a n a 
l y s e des é l émen ts de c o n t r o v e r s e , l ' i n t e r -
r e l a t i o n des f a c t e u r s de r i s q u e , l a c o o r 
d i n a t i o n de moyens de r e d r e s s e m e n t e t l a 
f o r m u l a t i o n des méthodes p r é v e n t i v e s é-
t a i e n t rendus p l u s f a c i l e s , p l u s adap tés 
aux é l é m e n t s de l ' e n q u ê t e e t p l u s o r i e n 
t é s v e r s des recommanda t ions p r a t i q u e s e t 
r é a l i s a b l e s . P e r s o n n e l l e m e n t , j ' a u r a i s 



198 

refusé d'agir seul comme commissaire dans 
une enquête sur des problèmes de cette im
portance dans la gestion du risque profes
sionnel . 

En second lieu, par une large ouverture à 
la parti cipation du public et aux média 
<J ' i h fui 'iiia t i on aux travaux de ce: commis
sions d'enquête, nous avons réussi, et 
j'en suis heureux, à alerter le public aux 
problèmes de santé et de sécurité et sou
tenir l'attention du gouvernement et des 
membres de l'Assemblée nationale sur la 
nécessité de l'évaluation des risques et 
sur le déclenchement du processus régle
mentaire à l'égard do la gestion des ris
ques de santé et de sécurité pour les tra
vailleurs de l'amiante et des mines sou
terraines. Le rapport sur la salubrité 
dans l'industrie de l'amiante a été reçu 
positivement par le public, les média d'in
formation, les travailleurs, les syndicats, 
les employeurs et le gouvernement. Dans un 
délai de trois ans, célérité remarquable 
dans l'achèvement du processus réglementai
re, l'ensemble des recommandations de la 
Commission d'enquête était mis en applica
tion. Le rapport sur l'affaire Belmoral 
et la sécurité dans les mines souterraines 
a été remis au mois de mai dernier. Compte 
tenu de la période estivale, il serait er
roné de penser que le processus réglemen
taire soit déjà mis en oeuvre. Toutefois, 
le rapport a été bien reçu par le public, 
les média d'information, les travailleurs 
et les syndicats. Les employeurs miniers 
contestent avec vigueur une recommandation 
relative à l'élimination du salaire au ren
dement (le boni de production); ils esti
ment, contrairement aux conclusions de la 
Commission, qu'il n'y a pas de relation en
tre ce système de rémunération et le taux 
de fréquence des accidents et ils ajoutent 
qu'il s'agit-là d'une recommandation malé
fique à l'égard du droit de gérance. Par 
contre, au nom du gouvernement du Québec, 
le ministre responsable de l'enquête a 
fermement assuré le public et les travail
leurs de la volonté politique d'appliquer 
les recommandations de la Commission.(16) 

En dernier lieu, je voudrais souligner 
qu'une commission d'enquête, constituée en 
vertu de la Loi des commissions d'enquête, 
est et doit se considérer indépendante dans 
son action de toute intrusion politique. À 
cette fin, il importe qu'elle puisse repo
ser ses activités de recherche, d'enquête, 
d|expertise et de soutien par une alloca
tion adéquate de ressources financières. 
En Colombie-Britannique, une Commission 
royale d'enquête sur les minesd'uranium a 
dû abréger son enquête par suite de diffi
cultés en ce genre. 
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C O N C L U S I O N 

En c o n c l u s i o n de cet e x p o s é d é j à t r o p l o n g , 
et p e u t - ê t r e trop o n é r e u x en fin de s y m p o 
s i u m , j ' e x p r i m e le voeu q u e la r é f l e x i o n 
m u l t i d i s c i p i i n a i r e a p p r o f o n d i s s e la n a t u r e 
et les e f f e t s de la n o t i o n de r i s q u e a c c e p 
t a b l e non s e u l e m e n t en r e g a r d de la p e r c e p 
tion et de l ' é v a l u a t i o n des r i s q u e s , m a i s 
aussi en r e g a r d de la g e s t i o n des r i s q u e s 
p o u r la s a n t é et la s é c u r i t é . 

J e s o u h a i t e é g a l e m e n t q u e n o s g o u v e r n e m e n t s 
f é d é r a l e t p r o v i n c i a u x r e c o n n a i s s e n t la 
n é c e s s i t é de c o o r d o n n e r et m ê m e , d a n s la 
m e s u r e du p o s s i b l e , d ' u n i f i e r les o r g a n i s 
m e s de r é g u l a t i o n en m a t i è r e de r i s q u e . 
J ' a j o u t e q u ' i l y a p l a c e dans le p r o c e s 
sus r é g l e m e n t a i r e p o u r la d é c o u v e r t e de 
m é t h o d e s f a v o r i s a n t le c o n s e n s u s s c i e n 
t i f i q u e l o r s q u ' i l y a c o n t r o v e r s e ou in-
ce r t i t u d e . 

E n f i n , j'ai a c q u i s la c o n v i c t i o n que la 
g e s t i o n des r i s q u e s ne peut b a s e r son 
e f f i c a c i t é s u r un r é g i m e j u r i d i q u e de 
vo e u x p i e u x , de p r o p o s i t i o n s v a g u e s et 
i m p r é c i s e s et m ê m e s u r de s i m p l e s d i r e c 
t i v e s . La m i s e en a p p l i c a t i o n c o n c r è t e 
et p r a t i q u e de la r é g l e m e n t a t i o n i m p l i q u e 
la c l a r t é , la p r é c i s i o n , les m é t h o d e s de 
c o n t r ô l e e t , en d e r n i e r r e s s o r t , la s a n c 
tion judi ci ai r e . 
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B.R. Darrah 

1) You said that you hope Federal and Pro
vincial Legislators would cooperate in ad
ministering regulations and guidelines in 
an effort to have uniform implementation. 
This is not possible with the current 
Bill 17 arrangement through sectorial-based 
association^ Comment please; 

2) Do you visualize deep legal implica
tions associated with the implementation 
of Bill 17? 

Reply 

1) B i l l 17 provides f o r a global s t r uc 
tu re at the p rov inc ia l l e v e l , f o r the orga
n i za t i on of hea l th and safety prevent ion. 
The establishment of a sector ia l -based asso
c i a t i o n is not a hindrance to government 
cooperation because i t s ob jec t i ve i s l i m i t e d 
to educational and informat ion serv ices , 
research and advice. 

2} B i l l 17 creates the Commission on 
health and safety at work, determines the 
power to make regu la t ions , assigns the du t ies 
of the inspectors and determines the r i g h t s 
and r e s p o n s i b i l i t i e s of a l l concerned. One 
can rea l i ze the importance and the profound
ness of i t s imp l i ca t ions . 

11. Comité d'étude sur la s a l u b r i t é dans 
l ' i n d u s t r i e de l ' am ian te , Rapport 1976 
Editeur o f f i c i e l du Québec 

12. Royal Commission on the Health and Safe
t y of Workers i n Mine, Report 1976, 
Min is tère de la J u s t i c e , Ontar io 

13. Conseil des sciences du Canada, Rapport 
no 28, l'Ambiance et ses contaminants, 
octobre 1977. 

14. Doern, G.B., Conseil des sciences du 
Canada, l e mécanisme réglementaire des 
agents toxiques au Canada, Etude de do
cumentation no. 4 1 , approvisionnements 
et serv ices , Ottawa 

15. The Jo in t Federa l -Prov inc ia l Inqu i ry 
Commission i n t o Safety in Mines and Mining 
Plants i n Onta r io , Report Toward Safe Pro
duc t i on , a v r i l 1981. 

16. Commission d'enquête sur l a t ragédie de la 
mine Belmoral e t sur les cond i t ions de 
sécur i té dans les mines souter ra ines , 
rapport 1981-82, Vol . 1-2-3, Edi teur o f f i c i e l 
du Québec. 

A. Sundaram 

As with the extensive data available on 
synergism between asbestos exposure among 
workers and cigarette smoking, resulting 
in very high risk and incidence for lung 
cancer, are there extensive studies being 
carried out on synergistic effects on lung 
cancer incidence among the general popu
lation with smoking habits who have de
finite exposures to low level asbestos and 
other particulate matter? 

Reply 

As far as the current literature indicates, 
I do not think that this topic has been 
studied extensively. 

S. Mills 

What consideration is given to scientific 
evidence by courts of justice? 

Reply 

To answer shortly a question of such an 
importance, I must say that scientific evi
dence is always given by individuals ad
mitted as experts before the court. If 

DISCUSSION 
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there is contradictory evidence by experts 
the courts have power, at the costs of the 
parties, to nominate a third person who is 
generally known as expert in the particular 
matter to be decided. It becomes a matter 
of credibility. 

G. Butler 

Maître Beaudry. I l me semble q u ' i l ex i s t e 
une d i f f i c u l t é dans la gest ion des r isques 

chez les t r a v a i l l e u r s de l 'amiante . Nous 
entendons tou jou rs , même h i e r , que l e r isque 
pour les t r a v a i l l e u r s qui fument l a c i ya -
r e t t e est t r o i s f o i s ce lu i de ceux qui ne 
fument pas. Que peut-on f a i r e j u r i d i q u e 
ment pour exercer un con t rô le sur les 
fumeurs de c igare t tes? 

Réplique 

La gestion de l'usine peut interdire de 
fumer des cigarettes dans l'usine. 
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Chairman : 

li. Rocke Rober tson 

P a n e l l i s t s : 

Harold Scli iff , P ro fe s so r of Chemis t ry , York U n i v e r s i t y 

Karen liireliarci. Sc ience and Technology Repo r t e r , CBC Radio News 

Wallace liair.en, Sc ience W r i t e r , Globe and Mail 

J.yd ia Do t to , F r e e l a n c e Sc ience Wr i t e r 

Dr. Rober t son: 

Tlie Organizing Committee anticipated that 
communication of information between the experts 
and the general public in matters of risk would 
come up repeatedly during the Symposium, and in
deed it did. Time and again it was pointed out 
by the speakers and the discussants that the gene
ral public, indirectly, and the legislators, di
rectly, are ultimately responsible for making the 
decisions. Scientists play a vital role in the 
process but that role ceases at the point where 
psychological, political and other largely im
measurable and unpredictable factors enter the 
picture. 

Where, one asks, is the decision maker (who
ever lie or she may be)going to look for the facts 
or fancies upon which to form an opinion, or to 
.ict; Some will be a lie and willing to seek the 
scientific information at its source, in reports, 
in scientific journals and so on, but many (1 ven
ture to say most) rely on the facts and opinions 
that appear in the media. It is for this reason 
that it was thought important to have representa
tives of the science writers fully involved in 
this Symposium. We have here a panel of four 
whom I'll introduce at once and then invite each 
in turn to take the floor for a few minutes to 
make a preliminary statement on whatever subject 
related to this symposium he or she wishes to 
bring forward. 

On my far left is Ms. Lyd ia Dotto, a graduate 
in journalism, who has published extensively in 
Canadian journals and newspapers. Her interest 
in space, aviation and the environment have 
brought lier into close contact with the problems 
of risk. 

Next to her is Mr. Wallace Immen, a science 
writer on the staff of the Globe and Mail, with 
whose reports on scientific subjects practically 
all of the audience will be familiar. 

Next to him is Ms. Karen Birchard, a specia-
1ist reporter on science and technology for the 
CBC. Many of you will recognize her voice, par
ticularly as it came to us from Cape Kennedy 
where she spent a good deal of time explaining 
to eager listeners why the space ship was slow 
in taking off. 

The fourth member of the panel, Dr. Harold 
Schiff, is primarily an academician, a distin-
tinguished professor of chemistry at York Univer
sity. He has been close to the work in the 
chemical effects on our health and has published 
extensively in that area. Not the least renowned 
of his publications is a book that he and Lydia 
Dotto co-authored, entitled "The Ozone War". 

Indies and gentlemen, these are your pane
lists, and I will now ask Professor Harold Schiff 
to lead off. 

Dr. Harold Schiff 

We heard yesterday that we can define what 
risk means in scientific terms. Today, however, 
we heard that it doesn't really matter much what 
the scientific definition is. The fact that li
ving 50 years within 5 miles of a nuclear plant 
is equivalent to having half a litre of wine or 
smoking 1.4 cigarettes really isn't the impor
tant thing. It's not what the real risk is (we 
learned today), it is what the perception of 
risk is. And certainly the media takes a large 
part in providing that perception. A few years 
ago Paul Slovic did a very interesting study in 
which he evaluated what the public thought were 
the ranking causes of death. Then he compared 
this ranking with the actual statistics for 
these deaths and found a very bad correlation. 
For example, people were not aware that strokes 
caused more deaths than all forms of accidents, 
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that suicides are more prevalent than homicides, 
and that asthma causes core deaths than tornadoes. 
But lie also did a correlation of what the public 
perceived this ranking to be with the number of 
articles in newspapers on particular kinds of 
death. That correlation was excellent,so the me
dia, you see, play a v?ry important role. It's 
obvious that newspapers are not going to write 
headline stories about somebody dying of asthma, 
but they will write one about people dying in 
tornadoes. 

It. ::" .'' tr',:!'"-, o f '*'-,,iri-o, that- rlv n^rHn 
tend to go for the dra:::.ilic, .sons.iIioii.il deaths, 
and that they are going to play the numbers game, 
that 100 people ki1 !ed in a single plane crash is 
certainly much more newsworthy than 101) separaLe 
car accidents. 

But 1 wonder whether we don't feel that we 
are above all that - we are scientists, we are 
people who are in the field and we can appreciate 
these differences. But let me give you another 
statistic or two and see how you would guess on 
these. We all, I think, know that a fireman's 
job is more risky than average. But do you rea
lize that a policeman has a more risky job than a 
fireman? And that, for a cook, the risk is about 
three times higher than for either of those two? 
And that for a waiter in an establishment that 
serves alcoholic beverages the risk is about five 
times higher than for a detective? At the top of 
the list is the risk of a beggar or a huckster. 

I am sure that my fellow panelists are going 
to bring up the old cry of politicians and regula
tors "please give us the one-armed scientist - we 
are tired of scientists saying to us on one hand 

this, but on the other hand that". So let 
me try to respond to that right now. This is my 
answer. One the one hand, you see, the scientist 
doesn't have these answers, he has uncertainty. 
But on the other hand the media doesn't have the 
time or the interest to get into long elaborations 
of the uncertainties. 

We heard this morning from Ms. Why te that te
levision is the source of information for most 
people, but that the university scientist is the 
source people feel has the greatest credibility. 
Well, as a university scientist appearing on tele
vision, I found that, yes, the TV people wanted 
to hear me, and hear my uncertainties, and they 
had made special arrangements to increase the 
time I was allotted from one minute to 2î, and 
therefore they wanted to know immediately — was 
it going to be good news or bad news? Was every
body going to live or was everybody going to die? 
They don't mix with anything in between. And this 
is, I think, the major problem that we have in 
trying to appreciate the table that Ms. Whyte 
gave this morning. 

We heard from Judge Beaudry that scientists 
should be involved in the decision making process. 
I am going to point out that when uncertainties 
are large one does not get scientists agreeing 
among themselves. They are not even as objective 
as they like to pretend they are. They too 

can become emotionally involved in a subject. 

Who gets the ear of the decision- maker reiv
ing on scientific input? 1 think it is not ne
cessarily the scientist with the best technical 
information that is going to influence the de
cision, but the most eloquent one, the most cha
rismatic one, the one who presents his case best. 
The media certainly know about that situation. 
I heard yesterday from my fellow panelists that 
the people they wore going to interview in this 
conference were not the ones with the best inlor-
Kit ion but the ones who "have the best quote". 

Ms. Karon liirchanl 

Before 1 leave the house in the morning 1 
always check my Murphy's haws calendar; this 
month there have been a couple of laws that might 
apply to this gathering. I'd like to share them 
with you. The one from Friday, October 8th is 
called the Unspeakable Law: As soon as you men
tion something, if it's good it goes away, if 
it's bad it happens. The one from last Friday-
is called the Eleventh Law for Naive Engineers: 
if more than one person is responsible for a mis
calculation, no one will be at fault. 

Okay, straight off the bat, let me say that 
the media are far from perfect. You certainly 
notice the mistakes that are unwittingly made. 
But we do try to be fair and objective and accu
rate. The news reporter does not take sides. 
The commentator does, hut the news reporter has 
to present various views. However, it is almost 
an unwritten law of editors that the more complex 
the subject is, the shorter the final story must 
be. It's not unusual to walk into the newsroom 
after a meeting like this, where a wide variety 
of ideas have been flying around in a serious 
attempt to shed some understanding on a very 
complicated and significant issue, only to meet 
with an editor's question "Can you do this story 
in a minute and ten?" 

The same thing happens on the print side. 
And common sense will tell you that not much can 
he done in a minute ten, or in six paragraphs on 
a front page, except to bring some attention to 
an issue that will in turn stimulate more dis
cussion, or raise questions in the House, crea
ting more work for some of you, increasing the 
public's awareness on an issue, hut not necessa
rily its understanding. 

However, I'm sure you've all noticed how 
the media operates. An event happens or an 
issue surfaces. The bare hones are reported and 
then, when the issue doesn't go away, background 
pieces are done in an attempt to increase public 
understanding. Now T'll hazard a guess that 
there will be a number of backgrounders coming 
out of this particular meeting, and you'll also 
see, hopefully, the understanding and knowledge 
picked up by journalists during this Symposium 
reflected in future stories that are done invol
ving risk assessment and management. T don't 

http://sons.iIioii.il
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want to be a pessimist but I do wonder if public 
perception is c,oinc, to change n;uci:. .As UL-'VI- btvn 
told at this meeting, human beings have a need to 
ieel as if they .ire being taken care of, that they 
are being totally protected fron all these invo
luntary risks. When reality sinks in, it may be 
similar to that discovery we have all made that 
our parents ami teachers were not the source ol 
all knowledge and wisdom. Will that discovery 
lead to a further erosion of confidence in 
government and those agencies charged with respon
sibility in this area of risk assessment and 
.:.-».1.1(> M,i_i;f ? 

hast week I'm sure you all saw the news sto
ries quoting tiie federal minister of the environ
ment talking about the need for a new public so
phistication because safe levels of pollution 
rarely exist, and that Canadians will have to ad
just their notion of acceptable levels of risk. 
Now, three senior editors (the very people who 
determine the shape and the content and the lineup 
of the newscasts that many of you listen to) came 
to me separately, all worked up, because they 
thought the minister of the environment was saying 
that the public would no longer be protected at 
a]]. So 1 put to you that changing the public 
•perception is going to be a mammoth task. 

And 1 may be stating the obvious but I think 
it should go into the record of this meeting that 
science is also a victim of loss of public confi
dence. It cannot provide definitive answers, and 
this is understandably upsetting to some citizens 
who have traditionally looked to science to pro
vide those answers. So couple that with the prob
lem. It's particularly daunting from this side of 
the table because there seems to be an expectation 
here that the media are responsible for changing 
the public perception of risk. 

There are two other points I'd like to raise. 
The first one deals with openness. This meeting 
goes a long way in helping us understand how de
cisions are made. 1 think it's long overdue. For 
example, take the setting of dtoxin standards. 
You may remember that American and Canadian offi
cials met in Ottawa behind closed doors. Yesterday 
when Michael Keating, from the Globe and Mail, arid 
T were talking with Dr. Selikoff after the pre
sentation, a particular meeting was mentioned and 
the fact that reporters were not allowed to attend. 
Or. Selikoff was completely surprised; he said 
"You can't ban the press". But Professor Bates 
was also sitting in on the Interview and he ex
plained to Dr. Selikoff that there is a difference 
between Canada and the United States. According 
to the American constitution, the law court is the 
final arbiter for standards and that means a full 
Public record can be obtained by going through the 
judiciary. And this has led, possibly, to an at
mosphere of openness south of the border. Under 
the parliamentary system that's not the case and 
so the Canadian agencies and researchers have to 
develop a voluntary openness. To go back to the 
dioxin meeting in Ottawa; there was an immediate 
suspicion among the media that the standard set
ters were trying to hide something, and a 

definite feeling that the public was excluded 
i"iv>=: the decision r-.aking process. 

Two other quick observations; both hinge on 
the current economic situation. It is apparent 
that occupational health and safety is a field 
that is vital in risk assessment and management. 
Hut we're seeing companies cut back right now in 
that area in an attempt to save money. And it 
appears that unions are putting health and safety 
issues on the back burner as j0r>s are threatened. 

Tlv nr>vr observation relates to the econo-
:::irs of science reporting. Having admitted that 
science reporters are far from perfect, I think 
it can also be admitted that we have a little 
more understanding of how science works than do 
the general assignment reporters who cover a 
traffic accident one day, court the next, then a 
teachers' strike. But in talking with some col
leagues here in Canada who normally covered 
science and occasionally did some general repor
ting, their situation has been reversed recently. 
They now do a lot of general reporting and very 
little science reporting. Other media outlets 
have abandoned any plans for full-time science 
coverage, and most science freelancers will tell 
you that the market has almost dried up. Cover
ing science and the environment is expensive. 
These assignments are now being perceived almost 
like luxury bents because of the economic situ
ation facing media organizations. So it appears 
as if issues like risk assessment may get less 
coverage in the immediate future than in the 
past, and that science and environmental repor
ting in Canada is likely to decrease. We 
science reporters may end up being an endangered 
species. 

Wallace Immen 

When I was invited to participate in this 
conference I had two thoughts. The first was 
that I should get a rain slicker to fend off 
people with rotten "omatoes for the press. The 
second was that I should go to the library at 
the Globe and get a cartoon that appeared seve
ral years ago in Fanfare magazine. In it the 
then mayor of Toronto, John Sewell, was debating 
with an official from Ontario Hydro. Mayor 
Sewell says "You want to build a nuclear plant in 
Toronto?" 

Reply: "Just a small one, you'd hardly 
notice it". 

"No way", 

"Don't be like that; they are very safe. 
We'll put a fence around and keep the radiation 
in". 

"But this is a populated area, we have 
millions of people to think of". 

"Well, what if we built it in a funny shape, 
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you could say it was a tourist attraction like 
CN' tower". 

"The CN' tower doesn't pose a threat". 

"Have you eaten there':'" 

"But what about the statistics, what are the 
chances that something at a nuclear plant might 
go wrong?" 

"infinitesimal. Look, the odds are a million 
to one." 

"!!nw would you finance it?" 

"Sell lottery tickets." 

1 think this says something about the public 
perception of risk. In a lottery*a million to 
one sounds like a reasonable bet, but if we are 
talking about a potential hazard a million to one 
sounds reassuring. The chances of hitting a jack
pot are impossibly remote. A lot of people I 
know think that the media are in the business of 
promoting such lotteries. They point to head
lines that say things like,"You too can be struck 
dead by swine flu". 

Some of that criticism may be well-founded 
because the media tend to play up sudden or un
usual risks. Seven people die from taking poi
soned tylenol and the story is page one news. 
The same day seven people die in car accidents 
and their stories didn't make the paper at all. 
I would rather write a story about finding a cure 
for cancer than about a cause for it. 1 think 
most people would rather read about increased sa
fety rather than constantly being barraged by a 
new threat to their well-being. Unfortunately, 
the risks still outnumber the solutions. The 
main public sources of information about risks 
are still newspapers, magazines, radio and tele
vision. What these media say still strongly in
fluence the public debate about what risks are 
acceptable. 

I'd like to focus on a couple of case histo
ries that illustrate the problems of covering 
risk. As a reporter I try to be an objective ob
server; I'm a judge weighing the evidence. Some 
of you may not believe that we weigh it in the 
way you would like us to, but that's the nature 
of our job. It's very hard to be in the middle 
of a topic that raises strong emotions on both 
sides. Consider nuclear power as an example. 
Last month I was at a conference at Niagara Falls 
in which the clean-up of the Three Mile island II 
nuclear reactor was discussed. One of the 
speeches, by a representative from Bechtel Na
tional, which doing the cleanup work was descri
bing the worst case scenario, i.e. what could 
possibly go wrong while the cleanup was going on. 
He said that "A critical mass could be formed if 
some fuel spilled out of the core into the coo
ling water. If a large enough amount of fuel was 
collected in the water filters, in the right geo
metry, it could create what is called a blue 
flash. "It would be a blast that would be con

fined to the containment vessel, and no r.-.d:.i-
tion would escape"! quoted him as saying in the 
story that I wrote. As I was ready to file my 
story, a couple ol industry public relations 
people were leaning over my shoulder. The 
phrase one of them uxed was, "it couldn't happen", 
so I brought the person I was quoting into the 
press room, and he repeated the story. "The 
risk was low", lie said, "but, yes, the reactor 
was being carefully monitored because it was 
possible". When the story appeared 1 started 
getting calls from the nuclear lobby accusing me 
of reporting a scare story rather than how safe 
Three Mile Island was. Again, 1 heard "It 
couldii" L happon", T , "Tnpn-ss i hi c". The last 
Lime i heard sit ::t.my erio.s of "It couldn't Ivip-
pen" was during the accident at Three Mile Is
land in '79. That was what my editor said when 
I handed him a story about the possibility of 
a core meltdown. As we know, that mill ion to 
one chance almost came to pass. 

Meanwhile, I was getting calls from energy 
critics and anti-nuclear groups. One comment 
was, "You are dealing with a bunch of madmen, 
you should be skeptical of everything they say". 
So 1 was in the middle: was my story too strong, 
or not strong enough, or was it just an honest 
job of reporting what was said at a conference? 
Considering my deadlines 1 felt I was doing Lhc 
right thing. 

As Mr. Farmer put it yesterday, statistics 
are always based on historical assumptions. 
What went on in the past does not necessarily 
tell us what will happen in the future. If it 
did, we could tell that the Dow-Jones average 
vas going to be 2000 next week because of the 
rise in prices last week. But historical assump
tions can never be proved totally right or 
wrong. There are all those possibilities that 
haven't yet been considered. And it doesn't do 
any good to withhold information on the assump
tion that the media will only misinterpret the 
statistics. I believe the media can't do a 
proper job of evaluating unless they have the 
coopération of scientists. Withholding infor
mation on potential risk does not serve the 
public. Yet many scientists seem to be afraid 
to speak out on controversial issues because 
they don't have all the facts. 

Of course we know what happens to the cre
dibility of a weatherman who predicts a zero 
percent chance of rain just before a thunder
storm. If people aren't told why the assump
tion proved to be wrong, they assume the worst. 

Another example: last year I wrote a story 
on experts who were planning oil platforms on 
the east coast, near Hi hern in. They found in 
tests that the platforms should be able to wea
ther a wave that happens only once every hun
dred years. I don't know exactly how high that 
is, but it's a big wave. Well, two months 
later, a wave that was smaller than the big 
wave hit the Ocean Ranger and toppled it, and a 
number of people drowned. The statistics were 
right, but the extenuating circumstances had 



.'0 7 

.•ddcd a new factor to the equation. Of course, 
ni tibials were afraid of criticism for nil owl rift 
these platforms to be built in the way they were, 
and the industry refused comment» basically by 
keeping their experts convenient lv unavailable. 
So we were lefl to write a story that had conjec
ture in it about why the platform had failed, why 
the statistical possibility of the platform going 
under wasn't adequately measured. And the public 
was left to assume that oil exp ' -.ation was much 
more hazardous than we were pr*. • -jsly led to 
believe. 

Several speakers hero have said turn, rvsk is 
merely a matter of perception. People worry too 
much about risks that aren't worth worrying about. 
At the same time, the public is being accused of 
being ignorant of all the facts. If that is so, 
I think a major factor in the equation must be that 
there is a lack of public input in the risk 
assessment process. This is where an experienced 
science writer can be an importanl link between 
regulators and the public. Our knowledge «f 
every issue may be imperfect, but a science writer 
has experience in dealing with the issues involved. 
Our job involves going to conferences, hearing 
what scientists have to say, studying the litera
ture and, after a couple of years, gaining a fa
miliarity with the issues involved. The risk of 
having something misinterpreted is much lower with 
a reporter witli experience in the field than with 
one who is just writing a story today and going 
off to cover the hockey game tomorrow. I agree 
with Karen Birchard that science writers are an 
endangered species. Budget restraints are making 
it less possible for people to specialize and to 
get to know the subject. 

My editors get very nervous around stories 
that don't have a black and white conclusion. 
Statistically significant doesn't mean much to 
them. They worry when a few poeple are speaking 
out strongly on a issue and nobody in authority 
is willing to publicly support or refute them. 

A story on which 1 have perhaps collected 
more information than on any other is the ongoing 
debate about video display terminals. There is a 
lot of anecdotal evidence that VDT's affect at 
least some people adversely. But there is very 
little hard evidence. Yet every time a new threat, 
from cataracts to birth defects, is alleged to be 
linked to microwaves, we're left with only the 
people's fear that something's going on. Very 
little is coming from science. Scientists won't 
comment because they are afraid that if they say 
something now and facts come in later, they are 
going to look foolish. The debate appears to be 
stalled, and workers are afraid. 1 think that 
this certainly is the type of issue that should 
be debated more in public instead of being rele
gated to private reports. 

There are too many conflicting and interac
ting factors in the modern environment to ever be 
able to reduce the discussion to mathematical cer
tainties. I think the overwhelming drive in this 
conference has been to create risk assessment as 

a new field of science. The risk assessors should 
never expect that public debate is going to die 
away when nobody can ever say "It can never 
happen". So I think the debate must be kept as 
open a possible. Risk assessment shouldn't bo ne— 
rely an effort to prove the public still thinks 
scientists and officials are doing a good job. I 
believe it should provide information that people 
can use to make their own rational decisions. 

Ms._ Lydia..Bott:p, 

1 would like to make a couple oi ccuiuueUes 
concerning some of the problems that science wri
ters face in covering controversial subjects. And 
I should point out that, unlike some of my fellow 
panellists, I do magazine writing primarily, ra
ther than daily journalism. I did do newspaper 
writing for six years and can certainly sympathize 
with their time constraints, though I now write 
on a longer time frame. 1 write somewhat more in 
depth than one might be able to do in a newspaper, 
and I'll talk a little about that in a feu minutes. 

A couple of years ago 1 attended a press 
conference which was called to release a report 
that had been one of the earliest major risk 
assessment efforts. This was the Rasmussen Study. 
And the point was made by one of the speakers that 
one of the problems with the public was that, pro
bability and statistics aside, they tended to take 
the view that what can happen will happen. What's 
more, if it has happened it is more likely to 
happen again in the future. And there has been 
much discussion at this session on the two factors 
involved in risk: probability and consequences. 
I'd like to talk about the media treatment of 
these two aspects of the risk question. 

The media definitely skews the discussion 
toward the consequence end of the scale, there's 
no doubt about that. I think that their percep
tion and understanding in dealing with the whole 
area of probability has been inadequate. I'm not 
sure that there is much that can be done about 
that because of the nature of the media, particu
larly the news media. It is in the nature of news 
coverage to be covering events whose probability 
is 100%, given the fact that that event has just 
happened. At the time of covering an event, the 
probability that it would happen is a minor consi
deration. And usually, of course, the consequences 
are very severe and serious, and that is what is 
emphasized in the news story. 

Now, this leads to my second point, which 
has to do with what happens after you are past the 
immediate event. What about afterwards? There 
has been an attempt, I think, in recent years, and 
certainly on the part of beat reporters, people 
who are specialist reporters, to try to do some 
after-the-fact analysis or in-depth reporting. 
But, as Karen and Wally have pointed out, this 
costs a media organization money: it requires 
that the specialist reporter have time and re
sources. It's difficult to do even with the .best 
of wills, if you are a reporter with daily 
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responsibilities. You might want to sit down and 
do a four part series explaining all the conse
quences and the probabilities of an event, but the 
next 1007̂ . probability event has just happened. 
And you have to move on to that. So it is very 
difficult tor anybody to straddle that line. That 
was one o! the major reasons why I decided to get 
uut of daily journalism because 1 found, after six 
years of trying >o do both of those jobs, that it 
couldn't be don • . I felt that I had to make a 
choice. There is. ijora in the media, in documen
taries that you see on television, the in-depth 
articles that are in tile newspapers (although there 
tend to be less of those these days than there 
used to tie) aim LU uiâ .i.;iiic aL L it î .̂  :̂. ;^ ! ', L. 
provide some opporlui.iLy to talk about the 
probabilities. 

The complexity of the risk assessment subjects 
is something the media have a lot of trouble with, 
as both Karen and Kally have mentioned. The first 
question is - is the news good or is it bad? Is 
everybody soins to get killed or aren't they? 
There tends to be a black or white response on the 
part of tile media. And editors tend to want some 
sort of answer. They prefer, 1 suppose, an answer 
of gloom and doom because that makes big headlines, 
but they'll even be happy with good news if that is 
a definite answer. What they hate is no answer at 
all. And this makes it very difficult for the 
media to deal with uncertainty. 

1 am going to try and put you in the place of 
the science reporter who is dealing with a contro
versial and uncertain issue. You are not perso
nally an expert, although if you are a good science 
writer you have certainly made a diligent and 
honest attempt to do your homework. But you are 
faced with a situation in whicli the experts disa
gree. You tiave experts on this side and you have 
experts on that side and what do you do - take out 
the weigliscale and weigh their I'h.D.'s? 

The responsible media have concerns about a 
variety of thiags. One is crying wolf. The other 
is (when you are trying to decide whom to believe), 
being put in the pa.; it lor. of parsing j-idgc-ent . 
And this lias a lot to do, not only with paper cre
dentials, but tlie personal style of the source:;. 
There are people who are extremely articulate, ex
tremely forceful. There are scientists who are 
very emotional about what they believe, and will 
carry and persuade people on the basis of their 
emotional commitment. 

And there is also the problem of the availa
bility of sources. Sometimes the best scientists 
with the best credibility don't want f> talk to 
the press. What is the press' response in the face 
of a scientist who says that lie is not going to 
comment? The response is not to say, "Oh, well, I 
guess I won't write that story"; they go and find 
somebody who will comment. And the credibility or 
the credentials of the person who will comment may 
not be the best. 

Then there are the concerns about objectivity 

and even-handedness, and even fairness. There may 

be skepticism on this, but most responsible 

journalists are concerned about balance and nbje.--
tivity. If you are trying to give all sides 
their say, so as to avoid censorship of ideas, 
you get into pruSii-ns. Consider, for example, 
the so-called unconventional cancer cure, or the 
I'FO business, and the allegations that facts are 
being suppressed by establishment scientists who 
refuse to believe they've been proven wrong in 
the past. Inevitably at some noint the Galileo 
story will come out. The press gets caught in 
this. 

On the one hand you do not want to be caught 
In the position of making value, judgments, exer-
,:.:••::•. .-' • •.••v-r^'' i ;• roi,.. cm t-be other hand voir 
waul In bo reasonably ;u>"'' that t h" people that 
you are quoting are qualified to speak. 

Dr. Morrison talked earlier about the dangers 
of premature discussion with the press. By whoso 
definition is it premature? There is a certain 
right which the press takes fairly seriou^lv -
the public right to know. There is a warning 
role that I lit* press plays. And vim are sometime; 
trying to walk this line between unueccssnri1 y 
alarming people on the one hand, but on the other 
hand warning them about something they should 
know. 1 think the Tylenol case demonstrates this. 
There was a debate as to how much information the 
press should have given out. And the comeback on 
that was "Well, people should know". The extent 
to which this poisoning had happened across the 
United States, or even in Canada for that matter, 
was not known, so people should know that maybe 
they shouldn't be taking Tylenol. 

I am sure that you can appreciate that it is 
sometimes difficult to make decisions like those 
that I have just described in a matter of a few 
minutes, or a few hours. 

Dr. Robertson 

Thank you very much, panellists, for your 

contr ilmt ions. 
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Ladies anJ C'eiitleiiieu, it i.s now t i:::<_• to bring 
this symposium to a close. I have been deputed to 
summarize its main features. This is obviously an 
impossible task when all the points that have been 
raised during the past 48 hours are still buzzing 
about in my head, few having been captured and 
placed in the right order, i ara almost certain to 
do less than justice to most of the speakers by 
passing too lightly over their presentations and 
gross injustice to some whom 1 have misinterpreted. 
1 apologize In advance! Besides these misgivings 
] have also to realize that there is little need 
for me to attempt what all of you will have al
ready started to do and which you will complete 
when you read the published report of the sympo
sium, that is to digest the masses of valuable 
material with which ve have been inundated in the 
past two days. 

But I would like to make a few general remarks: 
first about the concept of the symposium: having 
played no part .->(. all in the conception and a neg-
gliglble part in the organization 1 am f,.ce to say 
that I think that the concept was excel ^nt; the 
time was right, I believe, for the experts to meet 
and to discuss the vexed and still only partially 
explored problems of 'Risk' . 1 am confident that 
the hopes of the originators were fulfilled by the 
large attendancs which includes the whole g.vnut of 
disciplines concerned with 'Risk'. 1 was particu
larly impressed by the appearance of philosophers, 
psychologist s and psychiatrists who. no doubt, 
will become increasingly engaged as the complexity 
of the problems of 'Risk' assessment and management 
become more fully recognized. The introduction of 
their interests by Dr. Stuart Smith got us off to 
a good start. 

Dealing with the organization of the symposium 
1 would say that I, like all of you, fully aware 
of the difficulties in arranging any large meeting, 
believe that this symposium gave rise to more prob
lems in planning than most. 1 think that 
Dr. Philip Hill and his team have done a most re
markable job. 

As to the speakers, I would say that they were 
well chosen and that they performed extremely well. 
Their papers evoked lively discussion - unusually 
brisk on occasions, I thought. Let me then dis
charge a sort of shot-gun shell of congratulation 
to the organizers and all the participants. 

Tf T had to describe in a word the impression 
foremost in my mind as this meeting ends, the 
word would be encouragement. This is not to say 
that 1 was much encouraged by such progress as 
was reported in 'Risk' assessment and management, 
for without being unduly critical I can say that 
there were no great leaps-forward revealed - iio 
full solutions. What was encouraging was the 
display of talent in research in practically 
all the fields concerned with 'Risk'. The speak
ers at this symposium alone represent a very con
siderable body of talent and the literature to 
which they referred is broad and impressive. My 
encouragement, then, stems from the realization 
that these enormous and vitally important prob
lems are being tackled well. 

1 was impressed, too by t>-« sensj.ble approach 
that all the speakers adopted. The subject of 
'Risk' carries with it the tendency to drive 
people into extreme positions. At one end we see 
those who adopt the 'To Hell with the torpedoes' 
attitude. 'The life expectancy at birth continues 
to increase' they say, 'so don't fuss'. At the 
other extreme, of course, are those who are so 
sensitive to an alarm, no matter how faint it may 
be, that they not only spoil their own chances 
of enjoying life but sometimes interfere with 
others' and, as well occasionally prevent things 
that should be done. Neither extreme was apparent 
in this meeting, I am glad to say. 

So much for the general comments. In searching 
for a way to deal with the specifics I came to the 
conclusion that my best course might be to recall 
the six questions that were posed in the 'Overview 
Paper' and, in a sentence or two for each give an 
opinion as to how, and how well these were an
swered. 

The first question was: 'What are the greatest 
risk» to society'-' This question was well an-
wered. Most of the currently 'great risks' were 
mentioned and well described. It was clear, 
however, that it is not yet possible to decide on 
an order of severity for, as Dr. Whyte pointed 
out, the grading that any person would give depends 
not only on whose ox is being gored but who is doing 

the goring. In this connection I was particular
ly taken with Drs. Miller, Wliyte and Stuart 
Smith's observations that we, the people, over
estimate tl'.'. dangers when someone else is 
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responsible (as in public transport ;ind factories) 
and underestimate the danger when the decisions 
are entirely of our ovm (as in seat belts and ssio*"-
ing). Tlieir figures show that humans are very 
inclined to <io, as the words of the old song go, 
"that what come H naturally," to tie, Ln fact irra
tional. 

The second question was: 'How well are these 
risks understood scientifically? 'How can the 
harm be measured and e>.pi essed'." ' All of ^ 1 IL :;;T:: — 
ers on the tirst day dealt witli this question. 
Dr. Sumers described the methods of analysis of 
the risks imposed by chemicals; Dr. A.B. Mil'HT 
spoke of the carcinogens; later, Drs. Burton and 
Dooley reported on their work on the risks from 
the transportation of hazardous materials and 
Dr. Paskievici gave his considered views on the 
value of risk assessment analysis of various ener
gy sources. Dr. Farmer gave us a first rate de
scription of risk analysis as it confronts the 
engineer. Having reviewed most of the things that 
have to be taken into account in assessing a risk 
he posed the haunting question: 'How do you deal 
with the problem you haven't thought about?' It 
occurred to me that the theoretician does not have 
the sort of crutch upon which the practic;tl engi
neer occasionally leans so strongly - the contin
gency fund. The theoretician can only pray that 
he hasn't left anything out. 

Dr. Farmer struck a more cheerful note than most 
when he pointed out that while, risk analysis is 
still not a precise technique, and not the only 
pathway to the right decision, a consensus had 
been reached over the approach to risk analysis 
amongst engineers - a claim that few others would 
have been able to make for their own field. 
Dr. Selikoff, you will all recall, was quick to 
observe that risk analysts in the field of biology 
were, of necessity, much less confident than the 
engineer., He then proceeded, with the greatest 
confidence to give a -aste.-ful .imjysis of the 
risks of asbestos, smoking, etc. 

It was from this group of papers that my encour
agement began as I came to realize the depth and 
quality of the research that was being carried out 
in these wide-ranging fields. It was sufficient, 
in my mind, to -often the obvious fact, advanced 
implicitly, if not explicitly by every speaker 
that the art and science of risk analysis (and 
much more so of risk management) are still in 
their infancy, or, as Dr. Bates would have it, in 
their teens - a most dangerous age, he said. 

Concerning the birthday of risk assessment 
(given as 1969, I think, when Starr's landmark 
paper was published) it occurred to me that it 
would have been interesting to have had a repre
sentative of Lloyd's of London at this meeting. 
I think it likely that he might have had some 
enlightening things to say about risk assessment 
which, I am sure, has been one of the most impor
tant activities of his company for r.ore than a 
century and is, in its hands, a highly sophisti
cated function. Others too have been involved 

heavily in risk assessment for a long time. To 
cite my own experience 1 might point out that 
assessing the risks to their patients has been one 
of the prime duties of physicians and surgeons 
from time immemorial. 1 admit .it once that the 
assessments have until recently been often in
formal and intuitive but I would say that doctors 
are now taking leaves out of other assessors' 
hooks. There are reports now of the most sophis
ticated analyses being carried out in order to 
rli'tiriiiiii- flv risk that a patient (for instance 
one for when: a rornn.irv hvpass operation is lie mi1 

considered) may he subjected. 

The question on the state of the public's under
standing of risks was addressed head-on bv 
Dr. Whyte. She pointed out that often public con
cerns dirfer from those of scientists engaged in 
risk analysis; that the public's concerns vary 
from day to day as each major accident or revela
tion occurs, .and she gave a useful analysis o! 
the factors involved in the public's understand
ing of the risks that threaten. She emphasized 
the difficulties involved in assessing the publ it-
awareness resulting from the necessity to disen
tangle the factors of awareness, knowledge, and 
attitude as they combine to give different results 
in various economic and geographic populations. 

Dr. Kasperson touched upon this theme, amongst 
others, in his paper on risk tolerabil. i ty, and he 
introduced the important topic of ethics into t lie 
debate. 

The sixtli question, a most difficult one was: 
'How can social values and preferences be deter
mined'? was, so far as 1 recall, scarcely touched, 
and I can fully understand why. 

The first part of question five, 'What are tin-
most important needs for new knowledge'? also was 
skirted. It seemed to me that no attempt was 
made to compare the needs for further knowledge. 
Each speaker pointed out the gaps in his or net 
field and left it at that. The second part -
'What are most important needs for communication 
of that knowledge?' has been dealt witli in the 
last few minutes in the panel discussion. My 
hastily contrived notes, of necessity made 
before the event, were: n this symposium there 
have been many changes levelled against the media 
(radio, press, television and periodicals). It 
has been stated that news reports are inaccurate; 
that the selection of material to publish is 
often unbalanced in terms of emphasis (good news 
is less 1 ikely to be published than bad news; 
sensational information squeezes out the mundane, 
often disregarding their relative merits ...etc.). 
It lias been charged that the media frequently 
give the public the wrong impression, usually by 
publishing only part of the case - and so on. 
You have heard the members oi the panel defending 
themselves and, as I was glad to see, making an 
occasional sortie by way of counterattack. 

Taking into account the limitations of time, 
of the very real difficulty of trying to find out. 
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in so ninny cases, what, the speaker or writer is 
really trying to put across, and the cli.-i I ) enge to 
these science writers who have to cover the delib
erations of experts in many fields and are expected 
to move from one expertise to another without 
losing anything, one can begin to appreciate the 
problems faced by them. The fact is, so far as 
I can judge from this experience, that there is 
no winner in the contest between author and 
reporter. Nor am I hopeful that there will soon 
be n resolution to the problems that give rise to 
the contest. I don't see how the science writers 
can do much better than they are now doing; nor do 
I think that the authors, naturally highly sensi
tive to the way that their work is dealt with (or 
worse, not dealt with) by the science writers, 
will ever cease to grumble if they feel that they 
have been poorly treated. 

The last question with which 1 must deal, number 
four, was: 'What is the relative distribution of 
expenditures on risk management'? Dr. Nieliaus 
introduced a depressing note at the outset by 
observing that safety expeditures generally follow 
a law of diminishing returns and 1 must say that 
much as 1 admired his work and that of Dr. Dewees 
that followed, 1 could not detect a single point 
at which cheerfulness crept in. Whatever the 
hopes for the future may be, the fact is that so 
long as it is impossible to arrange risks in 
order of priority (the factors - consequence, 
probability, value judgement and cost are so 

elusive) it is equally impossible to allocate 
funds according to formula. The very same diffi
culty faces those responsible for establishing 
regulations and the lawmakers and judges whose 
agonies were so well described by Dr. Morrison and 
Judge Beandry. 

In a way it is depressing to think that preci
sion in the field of risk assessment and manage
ment is unlikely ever to be achieved. Surely we 
can come closer to it; so much of the work de
scribed in this meeting gives hope for Luat. But 
the final step towards precision will probably 
always be blocked by the immeasureables - the 
political, social, psychological and other factors 
that have been mentioned so often. 

To ease one's depression about these apparently 
insurmountable immeasureables it is perhaps worth 
recalling what Kerr White once wrote, that 'roost of 
the important values in life and most of its en
during qualities can only be assessed subjectively: 
compassion, insight, love, creativity and beauty 
cannot be measured or counted.' 

Perhaps we shouldn't feel too badly about the 
immeasureables that have been occupying so much 
of our attention. If we can never put a firm 
figure on them, surely we can classify them 
(as Dr. Kasperson hinted we might) so that they 
may be useful, if not conclusive in calculating 
risk. 
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WKSUMFTS Dl.S COMMUNICATIONS 

A RISK PROFILE FOR CANADIANS l ' é v a l u â t i o n d e s p r o d u i t s c h i m i q u e s e t d e l e u r 
r é g l e m e n t a t i o n . 

U .K. M i l l e r e t J o a n n e M. Kidgeway 

Nous t e n t o n s d a n s l a p r é s e n t e coi:;n:un i c.i t ion d e 
p r é s e n t e r , s o u s d e s f o r m e s d i r e c t e m e n t c o m p a r a b l e s , 
l e s r i s q u e s d e m o r t p r é m a t u r é e a t t r i b u a b l e à u n e 
g r a n d e v a r i é t é d e c a u s e s e t d ' a c t i v i t é s , c o m p r e 
n a n t d i v e r s e s m a l a d i e s e t c a u s e s " n a t u r e l i e s " , 
c e r t a i n e s a c t i v i t é s v o l o n t a i r e s comme l e t a b a g i s m e 
e t l a consommât i o n e x c e s s i v e d ' a l c o o l , l e s s p o r t s 
e t l e s l o i s i r s d e même q u e l ' e x p o s i t i o n à d e s p r o 
d u i t s c h i m i q u e s e t à d e s a g e n t s p h y s i q u e s t o x i q u e s 
d a n s l e m i l i e u d e t r a v a i l e t d a n s l ' e n v i r o n n e m e n t . 

Les r é s u l t a t s i n d i q u e n t c l a i r e m e n t q u e l a r é 
p a r t i t i o n r é e l l e d e s r i s q u e s e s t t r è s d i f f é r e n t e 
île l a c o n c e p t i o n que n o u s a v o n s i n t u i t i v e m e n t e t 
q u i r e p o s e v.r.r l ' i m p o r t a n c e r e l a t i v e d e s r i s q u e s 
ou s u r l e s c e n t r e s d ' i n t é r ê t . A i n s i , n o u s t e n d o n s 
à s u r e s t i m e r l e s r i s q u e s q u a n d u n e a c t i v i t é ou 
u n e s é r i e d e n o r m e s d e s é c u r i t é n e d é p e n d a u c u n e 
ment, d e n o u s , connue d a n s l e c a s e d e s t r a n s p o r t s 
p u b l i e s , e t ?i s o u s - e s t i m e r l e s r i s q u e s q u a n d 
t o u t e s l e s d é c i s i o n s n o u s a p p a r t i e n n e n t , comme 
l e p o r t de l a c e i n t u r e d e s é c u r i t é . Une com
p a r a i s o n q u a n t i t a t i v e d e s r i s q u e s r é e l s p r o p r e s 
à d i v e r s e s s i t u a t i o n p e u t s e r v i r d e p o i n t d e d é p a r t 
à une r é p a r t i t i o n a p p r o u v é e d e s r e s s o u r c e s v i s a n t 
l a d i m i n u t i o n d e s r i s q u e s , c e c i d a n s p l u s i e u r s 
d o m a i n e s . 

RISKS FROM ENVIRONMENTAL CHEMICALS 

F . S o m e r s 

I.' . i ( i ; inonLal ion r a p i d e d e l a p o r t é e e t d e La 
n a t u r e - d e s p r o d u i t s c h i m i q u e s p r é s e n t s d a n s l ' e n 
v i r o n n e m e n t s u r v e n u e au c o u r s d e s 30 d e r n i è r e s 
a n n é e s a p r o v o q u é d e p l u s en p l u s d ' i n q u i é t u d e s 
c h e z l a p o p u l a t i o n q u a n t a u x r i s q u e s q u e p r é 
s e n t e n t c e s s u b s t a n c e s . Ces i n q u i é t u d e s o n t é t é 
e x a c e r b é e s p a r l a f o r t e p u b l i c i t é q u i e n t o u r e l e s 
a c c i d e n t s " c h i m i q u e s " . On d é c r i t l e s s o u r c e s 
d ' i n d i c e s s e r v a n t à d é t e r m i n e r s i un p r o d u i t c h i 
m i q u e p r é s o n t d a n s l ' e n v i r o n n e m e n t c o n s t i t u e un 
r i s q u e p o u r l a s a n t é . C e s s o u r c e s c o m p r e n n e n t l e s 
é t u d e s é p i d é m i o l o g i q u e s , d o n t l e s é t u d e s e n m i l i e u 
d e t r a v a i l , L e s e s s a i s c h e z l ' a n i m a l e t l e s e s s a i s 
in vitvo- On t r a i t e d e s a v a n t a g e s e t d e s l i m i t e s 
d e c e s t e c h n i q u e s e t d e l ' é l a b o r a t i o n d e n o u v e l l e s 
a p p r o c h e s r e p o s a n t s u r l e s r é a c t i o n s b i o l o g i q u e s 
a u x p r o d u i t s c h i m i q u e s t o x i q u e s . La f a ç o n d o n t l e s 
o r g a n i s m e s n a t i o n a u x e t i n t e r n a t i o n a u x é l a b o r e n t 
d e s s y s t è m e s o r d o n n é s d ' é v a l u a t i o n d e s r i s q u e s 
p r é s e n t é s p a r l e s p r o d u i t s c h i m i q u e s f a i t l ' o b j e t 
d ' u n e d e s c r i p t i o n g é n é r a l e . On p r é s e n t e a u s r i 
c e r t a i n s e x e m p l e s d e l ' e x p é r i e n c e c a n a d i e n n e d a n s 
l e d o m a i n e de l ' é v a l u a t i o n d e s r i s q u e s e n t e r m e s d e 

El'iDEMIOLOGÏ IN TUE ASSESSMENT OF RISK 

A . B . M i l l e r 

L ' é p i d ê m i o l o g i e p e r m e t d ' o b t e n i r d e s i n f o r m a 
t i o n s p r é c i s e s s u r l e s r i s q u e s q u e p r é s e n t e p o u r 
l ' h o m m e l ' e x p o s i t i o n à d e s a g e n t s d e l ' e n v i r o n n e 
m e n t . L e s p e t i t s e f f e t s p e u v e n t c e p e n d a n t ê t r e 
d i f f i c i l e s à d é c e l e r , s u r t o u t s ' i l s s ' a j o u t e n t 
à d e s t r o u b l e s c o u r a n t s , e t i l p e u t s ' é c o u l e r 
u n e p é r i o d e a s s e z l o n g u e a v a n t q u ' u n e f f e t s o i t 
d é c e l é . 

On p r é s e n t e q u a t r e e x e m p l e s d ' é v a l u a t i o n 
é p i d ê m i o l o g i q u e d e r i s q u e s . P l u s i e u r s é t u d e s 
é p i d é m i o l o g i q u e s , m a i s p a s t o u t e s , c o n c e r n a n t 
l a s a c c h a r i n e d o n n e n t à p e n s e r q u ' i l y a un 
r i s q u e d e c a n c e r d e l a v e s s i e , p a r t i c u l i è r e m e n t 
c h e z c e r t a i n s s o u s - g r o u p e s . L ' u t i l i s a t i o n r é 
p a n d u e q u e l ' o n p r é v o i t d a n s l e c a s d e l ' a s p a r -
t a m e , n o u v e l é d u l c o r a n t a r t i f i c i e l , r e n d s o u 
h a i t a b l e l e c o n t r ô l e é p i d ê m i o l o g i q u e d e c e s 
s o u s - g r o u p e s . 

Le c o n t r ô l e é p i d ê m i o l o g i q u e s ' a v è r e a u s s i n é 
c e s s a i r e l o r s d e l ' e x p o s i t i o n p r o f e s s i o n n e l l e a u x 
p r o d u i t s c h i m i q u e s . On v i s e , p o u r l e s c a n c é r o -
g è n e s c o n n u s , l a m i s e e n g a r d e c o n t r e l e s e x p o 
s i t i o n s t r o p i m p o r t a n t e s e t l ' i d e n t i f i c a t i o n d e 
l a m a l a d i e p o u r f i n s d ' i n d e m n i s a t i o n . Dans l e 
c a s d e s n o u v e a u x p r o d u i t s , 11 f a u t i d e n t i f i e r l e s 
r i s q u e s e n c o r e i n c o n n u s . On p r o c è d e en t e n a n t 
un r e g i s t r e d e l ' i d e n t i t é e t d e l ' e x p o s i t i o n d e s 
o u v r i e r s e t en r e l i a n t c e l u i - c i a u x d o s s i e r s 
n a t i o n a u x . 

L e s r e l a t i o n s f a i t e s e n t r e l ' a l i m e n t a t i o n e t 
l e c a n c e r p o r t e n t à s ' i n t e r r o g e r s u r l a v a l e u r 
d e s i n d i c e s n é c e s s a i r e s p o u r j u s t i f i e r u n e i n t e r 
v e n t i o n a u p r è s d e l a p o p u l a t i o n p o u r l ' i n c i t e r à 
m o d i f i e r s o n mode a l i m e n t a i r e , p a r e x e m p l e l a 
r é d u c t i o n d e l a c o n s o m m a t i o n d e m a t i è r e s g r a s s e s . 
Un p r o b l è m e du même g e n r e a t r a i t a u r i s q u e d e 
c a n c e r du s e i n l i é à l ' u t i l i s a t i o n d e l a mammo
g r a p h i e . 1 1 e s t n é c e s s a i r e d ' e x p o s e r d e s femmes 
a u x r i s q u e s d é c o u l a n t d ' u n e mammograph i e p o u r d é 
m o n t r e r q u e l e s a v a n t a g e s l ' e m p o r t e n t s u r l e s 
r i s q u e s . Des d o n n é e s r é c e n t e s i n d i q u e n t c e p e n d a n t 
q u e l e s r i s q u e s s o n t t r è s f a i b l e s c h e z l e g r o u p e 
d ' â g e v i s é p a r l e s p r o g r a m m e s d e d é p i s t a g e . 
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MULTIPLE FACTOR INTERACTION IN ENVIRONMENTAL 
DISEASE: POTENTIAL FOR RISK MODIFICATION AND 

RISK REVERSAL 

Irving J. Selikoff 

L'évaluation dus risques de maladies dues à 
l'environnement ou aux activités professionnelles 
subit actuellement des contraintes inévitables. 
Les données connues proviennent d'expériences an
ciennes ayant généralement une portée limitée et 
portant sur de petites populations et sur peu de 
paramètres env i ronueiitcntaux. La fiabilité des 
données antérieures n'étant pas JSSUIOL, UU ii.et 
l'accent sur les analyses statistiques qui per
mettront de définir les limitations et de déter
miner des limites de confiance. Cette méthode a bien 
réussi dans le cas de l'exposition à l'amiante et 
aux irradiations. Les limitations de cette approche 
excluent cependant les innovations biologiques 
très rapides et très profitables qui s'accumulent 
et peuvent modifier les risques. On compte parmi 
celles-ci les interactions à facteurs multiples 
entre les divers agents. L'utilisation de ce 
genre d'information permet non seulement de mo
difier les risques mais aussi, comme cela a été 
montré, de les inverser. L'évaluation des risques 
peut être perçue comme un processus dynamique 
en pleine évolution. La période de latence ne re
présente plus un retard exaspérant dans la cueil
lette des données, mais la possibilité de modifier 
les risques en utilisant les estimations initiales 
comme indicateurs des études cliniques et biologi
ques à effectuer. On peut donc s'attendre à ce 
que l'évaluation des risques comprenne le contrôle, 
l'enregistrement des modifications à long terme des 
études biologiques et leur appréciation, et la mo
dification des risques mêmes qui font l'objet de 
la mesure. 

RISK ASSESSMENT FOR THE TRANSPORT OF HAZARDOUS 
MATERIALS 

.1. Doolev et I. Burton 

On décrit les risques que comporte le transport 
de substances dangereuses en utilisant comme toile 
de fond le déraillement survenu à Mississauga en 
novembre 1979 et l'évacuation de la population. 
Les substances dangereuses sont réparties en neuf 
classes et leur transport est effectué de cinq 
façons différentes. Les problèmes se sont accrus 
au cours des quatre dernières décennies à mesure 
que le volume total îles substances dangereuses et 
celui des cargaisons individuelles ont augmenté. 
Une plus grande diversité de produits dangereux 
sont maintenant transportés le long de voies de 
communication dont la construction a souvent pré
cédé un développement domiciliaire, industriel et 
commercial dense de même que la construction 
d'écoles de chaque côté apparue à la suite de 
l'accident de Mississauga et d'autres semblables. 
Nous croyons donc que le temps est venu de dresser 
l'inventaire des risques et les évaluer. Les pra
tiques actuelles concernant les risques sont décrits 
en faisant appel à divers exemples. Ces modes sont 

classés selon quatre grandes approches: l'en
quête publique, le compte rendu descriptif, 
l'analyse statistique et la model is;; t ion physique. 
L'étude des pratiques actuelles sert de base à 
la formulation d'une série de suggestions visant 
l'amélioration de l'évaluation des risques dans 
le domaine du transport des matières dangereuses. 

RISKS FROM ENERGY PRODUCTION AND SUPPLY 

V.. PasV ! .'V i.' i 

Ou décrit dans la présente rnwrouir.-itiim les 
méthodes d'évaluation des risques utilisées pour 
quantifier les dangers pour la santé découlant 
de la production d'énergie électrique et l'on 
présente les résultats d'études comparatives. 
On traite des types d'usines actuelles et des 
cycles des combustibles qu'elles utilisent: le 
charbon, le pétrole, le gaz naturel et l'uranium. 
Les éléments de chaque cycle sont analysés indi
viduellement, à savoir: l'extraction, le trai
tement, le transport, la transformation en 
électricité et la gestion des déchets. Les 
dangers pour la santé sont regroupés en deux 
grandes catégories: les maladies et les ac
cidents. Pour chaque catégorie, les dangers 
sont classés en fonction de leur importance 
(décès, maladies ou blessures) et en fonction des 
victimes (ouvriers et population en général, y 
compris les générations futures). Des problèmes 
d'ordre conceptuel et pratique limitent l'utilité 
des études comparatives. On compte parmi ceux-ci 
la délimitation des cycles de combustible, le 
choix des techniques, les relations dose-eftet 
et la détermination de valeurs équivalentes 
pour les risques réels et hypothétiques et les 
risques actuels ou futurs. Une revue des 
études comparatives montre que, en se basant 
sur les meilleures estimations actuelles, les 
risques normalisés, c'est-à-dire liés à la 
production d'une certaine quantité d'électricité, 
sont relativement faibles pour toutes les 
sources d'éneri'ie comparativement aux risques 
liés à l'utilisation de cette électricité, le 
niveau de sécurité décroissant dans l'ordre 
suivant: gaz naturel, uranium, pétrole et 
charbon. 

LIMITATIONS AND USEFULNESS OF METHODS FOR 
PREDICTING RISK OF RARE OR UNPRECEDENTED EVENTS 

!•'.K. Fanner 

Mon experience a trait aux risques de morta
lité, ou de blessures, dans les situations pré
sentant des dangers importants liés à des 
questions d'ingénierie. Les incidents dits 
majeurs sont ceux qui peuvent faire de nom
breuses victimes à la suite d'un seul incident 
mais les incidents peuvent ne pas se présenter 
sous la forme la plus extrême, et à ce titre 
sont donc pas identifiés comme étant rares ou 
sans précédent. Les incidents rares peuvent 
être une combinaison inusitée de conditions 
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apparaissant au moment où l'incident est reconnu 
comme tel, mais cela n'est pas toujours vai. 

Il existe plusieurs méthodes qui seront dé
crites. Une analyse de risques peut et devrait 
j'.énéra 1 enient la ire appel, dans une itiesure plus 
ou moins importante, à une série île techniques 
appropriées. i'armi les limitations figurent le 
manque de perception et d'information, la con
naissance limitée des phénomènes complexes, et, 
peut-être, le retard dans l'acceptation de l'ana
lyse quantifiée des risques. 

L'utilité de la demarche est centrée sur 
une mei11 euro appréciation du problème, sur une 
reduction ties risques par une amélioration de la 
conception et de l'exploitation, sur l'identi
fication des incertitudes nécessitant une clari
fication et sur l'élaboration d'un langage commun 
à tous les intervenants. 

PROBABILITIES, CONSEQUENCES AND 
VALUKS IN THE PERCEPTION 01' RISK 

Ann V. Whyte 

La définition do risques acceptable va au-
delà des calculs de riscpie du point de vue tech
nique. 11 s'agit d'un processus social et poli
tique où interviennent le gouvernement, le secteur 
privé et la population. ha première étape essen
tielle de la mise en oeuvre d'un tel processus 
consiste à expliquer les différences systématic les 
(pii semble exister entre le risque tel que mesuré 
simplement en ternies de "probabilité x effets" et 
la vision plus élaborée du risque tel que perçu. 
11 faut tenir compte: 1) des caractérisques in
dividuelles; 2) du contexte social et 3) des carac-
térisques du danger. 11 y a aussi les partis pris 
dans les jugements intuitifs ayant trait aux proba
bilités et le fait qu'on accorde plus d'importance 
aux conséquences des dangers qu'à leur probabili
té. La caractérisation des risques tels que perçus 
au travers des valeurs personnelles et sociales 
porte, par exemple, les gens à faire des distinctioi 
entre différentes causes et différents types de 
décès. 

La perception du risque présente trois volets: 
la conscience, la connaissance et l'évaluation 
subjective. La conscience est largement fonction 
du moment et de la publicité faite, tandis que la 
connaissance et l'évaluation subjective sont fonction 
de variables sociales et démographiques comme l'âge, 
le sexe et le niveau d'éducation. 

K'.ant donné l'urgence d'une meilleure compré
hension de la dynamique de la perception du risque, 
il est sug-éré: 1) d'effectuer un contrôle à long 
terme de la perception du risque chez la population; 
2) d'informer le public dans le domaine de l'éva
luation du risque; 3) d'élaborer un processus per
mettant à la population d'intégrer d'estimation 
scientificpie du risque et la perception du risque. 

DETERMINING THE ACCEPTABILITY OF RISK: 
ETHICAL AND l'OLICY ISSUES 

R.E. Kaspcrson et J.X. Kasperson 

La récente législation sur l'environnement et 
la sécurité a surtout mis l'accent sur le niveau 
de riscpie acceptable que devrait viser la régle
mentation. Ce problème est résumé par la question 
souvent posée: quand le risque cesse-t-il d'être 
trop risqué? L'élaboration de normes de sécurité 
pose des choix difficiles entre l'accroissement 
des bénéfices et la réduction des risques, entre 
un meilleur ni lieu de travail et plus de chômage 
et entre le bien-être actuel et le bien-être 
futur. L'évaluation de ces choix comporte des 
éléments de subjectivité qui sont souvent mal 
définis et que les preneurs de décisions con
naissent plus ou moins bien. 

L'expression "acceptabil: ce d'un risque" 
suppose que la société accepte, volontairement 
et en connaissance de cause, certains risques 
comme un prix raisonnable à payer pour une tech
nologie ou des activités dangereuses. Mais la 
plupart des risques sont imposés 3 des personnes 
mal informées qui, souvent, ne disposent pas de 
la liberté d'accepter ou de refuser. Les risques 
qui existent a l'heure actuelle reflètent donc 
beaucoup plus l'équilibre des forces politiques 
au moment où ces risques sont apparus que leur 
acceptabilité aux yeux de ceux qui les subissaient. 
Par conséquent, l'expression "tolérabilité du 
risque" décrit beaucoup mieux la nature du pro
blème. 

Des positions opposées ont été prises quant à 
la façon de déterminer les normes devant régir 
le nombre très élevé de risques que doit assumer 
la société. D'une part, il y a ceux qui proposent 
un mode de mesure commun pour tous les risques et 
une norme partagée pour la réduction des risques 
et, d'autre part, il y a ceux qui considèrent 
chaque risque comme étant unique et nécessitant 
une approche différente dans chaque cas. Ces 
deux positions découlent d'hypothèses indéfen
dables et il y a donc lieu de faire appel à une 
troisième approche reconnaissant les points communs 
entre les risques, mais tenant compte du fait que 
chaque décision relative à un risque donné présente 
des problèmes particuliers. Les progrès récemment 
réalisés en recherche taxonomique indiquent l'exis
tence de bases pour une telle approche. 

Les débats actuels sur l'évaluation des risques 
ne sont souvent que des vues conflictuelles portant 
sur la valeur des processus et des organismes 
responsables de l'élaboration des normes. La 
science peut contribuer à améliorer ces processus, 
surtout dans les domaines de l'analyse contextuelle 
des risques, de l'impartialité, de la faisabilité 
de la surveillance et des préférences de la popu
lation. Il est cependant essentiel que les scien
tifiques tiennent compte des limites de leur 
contribution et fassent In distinction entre la 
rigueur scientifique et les jugements de valeur. 
Il est aussi important que la population intéressée 
ait une participation directe quand il s'agit de 
sanctionner les décisions relatives à la "tolé
rabilité des risques". 
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OPTIMAL ALLOCATION OF RESOURCES FOR SAFETY 

K. Xiehaus ft A. Now ;;no 

Les dépenses de sécurité suivent généralement 
la règle du rendement décroissant: la suppression 
totale des risques est habituellement impossible à 
réaliser et les coûts marginaux de la réduction des 
risques augmentent (souvent de façon exponentielle) 
en fonction du degré de sécurité atteint. Il s'agit 
donc de savoir où tirer la ligne, ce qu'on détermine 
en faisant un compromis entre les deux objectifs, 
soit tirer le meilleur parti possible des ressources 
limitées (minimiser les frais) et s'assurer d'une 
sécurité maximale (minimiser les ri s pies). 

Dans le présent compte rendu, on indique qu'il 
existe une limite pratique à la réduction des 
risques, puisque des dépenses excessives à cetle 

accroîtraient en fait le risque total pour la 
société. L'analyse d'entrée-sortie a démontré que 
pour des coûts marginaux élevés engagés pour la 
réduction des risques ( 30 millions $ par vie 
sauvée), le risque lié à la production du matériel 
de sécurité serait plus élevé que les risques que 
l'on voulait prévenir. 

Les résultats des analyses coût-efficacité 
dépendent de la définition qu'on donne au terme 
"risque". Plusieurs études ont permis de déterminer 
les paramètres impôt tauts dont il faut tenir compte. 
Un de ces paramètres est le potentiel qu'ont les 
techniques modernes complexes d'engendrer des 
risques de faillie probabilité, mais lourds de con
séquences. On s'est servi comme exemple des acci
dents d'avion pour analyser ce genre de changement 
qualitatif dans les risques. 

On conclut en indiquant que l'analyse compa
rative coût-efficacité (analyse coût marginal-
avantage) constitue une base de décision appropriée 
pour une politique de la sécurité qui vise l'af
fectation optimale des ressources en matière de 
sécurité. 

COSTS OK RISK AVOIDANCE 

Donald N. Dewees 

Le présent document rend compte de deux études 
sur la réduction des risques liés aux agents cancé-
rogènes présents dans l'environnement ou au travail. 
Une étude, réalisée sous les auspices de la Com
mission royale sur l'amiante de l'Ontario, visait 
à déterminer la possibilité technique et le coût 
de réduire le risque, pour un travailleur, d'être 
exposé à des fibres d'amiante en suspension dans 
l'air, d'après des calculs d'ingénieur et les dé
penses faites à cette fin dans un certain nombre 
d'entreprises. Les coûts marginaux de prévention 
par unité de réduction d'exposition passent de 
quelques centaines de dollars par travailleur par 
année par fibre, aux degrés d'exposition actuels, 
à plusieurs milliers de dollars par travailleur 
par année par fibre, à la limite que permet d'at
teindre la technologie actuelle. Les coûts mar
ginaux de prévention varient peu d'un poste de 

travni à l'autre dans une même usine, mais ils 
different considérablement d'un type d'usine à 
un autre. On .'.iœc:!U' les f.icteirs d'incer
titude intervenant dans l'estimation des coûts. 

Le !>;,;•:•! />7.-wc'/.r ,<7i ;/„'_•/ fV.'.v.-;.' .'-/••<• de la !'.!'. 
National Aoadanu of .'V/ci.iV" a également estimé 
le coût de la réduction des risques en essayant 
de déterminer ce qu'il en coûterait pour réduire 
l'émission île particules présumées cnncorogeiH-s 
dans les gaz. d'échappement des véhicules à 
moteur diesel. Cette étude a montré que la meil
leure des analyses réalisées ne permettrait pas 
d e r e j o f e r l ' u n e 011 I ' m i t r » ' l i e s d o u x p o l i t i q u e s 

proposée;; an c o l i t e . L'un des p r i n c i p a u x pro
blèmes v e n a i t de l a d i f f i c u l t é qu 'on a v a i t à 
p r é v o i r t a n t l e coût que la f a i s a b i l i t é des 
p rogrès t echno log iques de l ' a v e n i r . 11 y a v a i t 
en o u t r e beaucoup d ' i n c e r t i t u d e quant à l ' e f f e t 
des p a r t i c u l e s ! provenant des gaz. d 'échappement 
sur la s a n t é . 

Le document indique quel type d ' a n a l y s e permet 
de f a i r e des e s t i m a t i o n s u t i l e s du coût de la r é 
d u c t i o n des r i s q u e s . On y commente a u s s i l e s 
problèmes de méthodologie qui l i m i t e n t la p r é 
c i s i o n des ces e s t i m a t i o n s . 

RISK AND THE GOVERNMENT l'ROCKSS 

l . C . Mur.ro A.li. Morr ison L. Brndshnu 

Tour i n s t a u r e r une ré}', i omenta t ion gouverne
menta le ronséquen t e sur l es dangers env i l 'onne-
mentaux, i l faut é v a l u e r soigneusement l e s 
r i s q u e s p o s s i b l e s pour la s a n t é p u b l i q u e . Les 
e x p é r i e n c e s r é a l i s é e s sur d e s animaux peuvent 
s e r v i r de s u b s t i t u t q u a l i t a t i f aux e x p é r i e n c e s 
r é a l i s é e s sur des ê t r e s humains, mais la quan
t i f i c a t i o n des r i scpies courus par l'homme à 
p a r t i r des données ob tenues par des e x p é r i e n c e s 
sur des animaux e s t for tement d i s c u t a b l e . 

En p lu s de 1 ' éva l uaf ien des r i s q u e s , l e s 
a u t o r i t é s gouvernementales qui é t a b l i s s e n t la r é 
g l e m e n t a t i o n sur l e s d a n g e r s environnementaux 
d o i v e n t t e n i r compte de b ien d ' a u t r e s f a c t e u r s 
l i é s à l a s a n t é , à l ' é conomie e t aux c o n d i t i o n s 
s o c i a l e s . Ce sont e n t r e a u t r e s , sans o r d r e de 
p r i o r i t é : l e s a t t e n t e s du consommateur; l e s 
c o û t s à payer par l es e n t r e p r i s e s e t , en f in de 
compte, par l e consommateur; l e s e f f e t s sur l e 
commerce; l ' e x i s t e n c e de suli.il: i t u t s r .ohis dange
reux; l ' e f f e t sur l e s p o l i t i q u e s de réglemen
t a t i o n u l t é r i e u r e s ; l a f a i s a b i l i t é e t l e coût 
de programmes d ' i n f o r m a t i o n du consommateur a f i n 
que c e l u i - c i s o i t en mesure de f a i r e un choix 
é c l a i r é ; la c a p a c i t é de r e s t r e i n d r e l e s dépenses 
dans c e r t a i n e s l i m i t e s n é c e s s a i r e s ; l a c a p a c i t é 
d ' a p p l i q u e r l a l o i ; l e s échanges avec d ' a u t r e s 
programmes de s a n t é . 11 e s t e s s e n t i e l que l e s 
gouvernements me t t en t au p o i n t des p o l i t i q u e s 
de r é g l e m e n t a t i o n soup le s qu i demeurent a p p l i 
c a b l e s même dans l e c a s de d é c i s i o n s complexes 
comportant des i n c e r t i t u d e s du po in t de vue 
s a n i t a i r e , économique e t s o c i a l . 
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Les processus gouvernementaux se compliquent 
J.ins certains cas on raison du partage Ues respon
sabilités outre divers ministères et divers paliers 
de gouvernement s. 

VUE D'ENSEMBLE DE L'EVALUATION DES RISQUES ET DES 
PROCEDURES JURIDIQUES QUI S'Y RATTACHENT 

René I.eaudry 

Les problèmes d'orure juridique et iegisiaLÎ-i 
lies à l'évaluation des risques pour la santé pu— 
blitpie sont une source de préoccupât ion importante 
dans notre société. 

Des questions d'ordre scientifique, éthique, 
social et politique sont autant de facteurs inter
venant dans l'évaluation des risques ou interagissant 
de façon positive ou négative. 

Dans l'ensemble, le processus décisionnel dans 
ce domaine au Canada reflète l'organisation du 
système politique. 

Les controverses scientifiques et techniques 
de même que les incertitudes amènent les auto
rités à prendre des décisions basées sur d'autres 
fondements, qu'ils soient de nature sociale, poli
tique ou économique. De fortes pressions de l'opi
nion publique, surtout dans le domaine de la santé 
et de la sécurité au travail, peuvent mener à 
des décisions d'où sont exclues, ou mal compensées, 
les valeurs scientifiques et techniques. 

l'ar contre, on tire à partir des études socio-
économiques, et encore plus de l'incertitude scien
tifique, des conclusions sur la faisabilité qui 
souvent mènent à une évaluation des risques qui est 
basée sur la notion paradoxale île l'acceptabilité 
ilu risque. Le fait de reconnaître l'acceptabilité 
du risque, comme on l'a souvent signalé, a pour 
effet d'élargir le fossé qui sépare les objectifs 
de la promotion de la santé et la réalité des normes 
ou règlements sur la santé. En vertu du principe 
contraire, celui de la prévention, qui est à mon 
avis la voie à suivre, on se préoccupe de l'inté
grité de l'organisme au complet, ce qui suppose 
qu'il existe un lien bien établi entre les objectifs 
de prévention et la substance de In réglementation. 

Le système judiciaire canadien est défini dans 
l'Acte de l'Amérique du Nord britannique et les 
limites du pouvoir constitutionnel sont établies 
aux articles 91 et 92. Le cadre législatif et les 
processus de réglementation sont les mêmes aux 
niveaux fédéral et provincial. Chaque gouvernement 
exerce son pouvoir soit directement par l'adoption 
d'une loi, soit en déléguant son autorité au Conseil 
exécutif (Cabinet) ou aux ministères et autres or
gan ismes gouvernementaux. 

Le plan de réglementation sur les dangers pour 
la santé publioue n'est pas légalement normalisé 
et il est difficile de déterminer quel rôle revient 
à la science et à la technologie et quel rôle revient 
au public dans le processus de réglementation. 

Vour une gestion efficace du risque, il faut 
être ouvert aux valeurs sociales, être réceptif 
aux conseils judicieux et évaluer les risques 
avec perspicacité et transparence: les règlements 
doivent aussi être conçus pour faciliter les 
inspections et la mise en vigueur. 
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