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EXPOSITION GENERALE DE LA SOCIETE AUX RISQUES

par

R.F. Lidstone

RESUME

Les analystes de risques se sont souvent servis du degré
d'acceptation par la société des dangers courants naturels et provoqués
par l'homme comme base afin de juger l'acceptabilité des dangers nucléaires
et d'autres dangers associés à l'énergie. Toutefois, il est bien établi
que l'opinion du citoyen moyen en ce qui concerne les risques ne correspond
ni à celle des experts sur la sûreté ni aux niveaux de risques individuels
qui existent. Ceux qui croient que l'évaluation des risques -'oit jouer
un vrai rôle dans la prise de décisions du public sont forcés à chercher
des solutions possibles à cette énigme. A cet égard, l'étude systématique
de l'exposition générale de la société aux agents nocifs complète l'étude
des facteurs purement perceptuels.

L'expérience du Canada et du monde avec les accidents et
maladies est examinée afin d'identifier les données sur les risques qui
pourraient porter la perspective de la société quant aux dangers pour la
santé au-delà des soucis quotidiens. Le niveau d'exposition aux risques
catastrophiques est comparé à celui associé aux risques normalement
subis. Un examen des niveaux actuels et antérieurs du risque de mort-
alité au Canada y est inclus. Le lien entre le risque de mortalité et
l'activité industrielle canadienne est également examiné. Ensuite, on
examine quelques possibilités d'utilisation de ces valeurs-repères de
risques.
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ABSTRACT

Risk analysts have frequently used societal acceptance of
common man-made and natural hazards as a frame of reference for judging
the acceptability of nuclear and other energy-related risks. Yet, there
is considerable evidence that the hazard judgements of average citizens
correlate neither with those of safety professionals nor with prevailing
levels of individual risk. Those who believe that risk assessment must
play a legitimate role in public decision making are compelled to search
for possible answers to this conundrum. In this regard, the systematic
examination of society's general exposure to harmful agents complements
the study of purely perceptual factors.

Canadian and world experience with accidents and disease is
reviewed in order to identify risk information that might extend the
societal perspective on health risk beyond daily concerns. The level of
exposure to catastrophic risks is compared to that associated with
commonly experienced risks. An examination of current and historical
levels of Canadian mortality risk is included. The association between
mortality risk and Canadian industrial activity is 1 Lso examined. Some
prospects for utilizing these risk benchmarks are then discussed.
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1. INTRODUCTION

One might expect the systematic consideration of society's

general exposure to harmful agents to form a reasonable basis for

judging technological risk. Indeed risk analysts^ frequently rely

on societal acceptance of common man-made and natural hazards as a frame

of reference for the acceptability of nuclear and other energy-related

risks. The major assessment of accident risks associated with commercial

American power reactors, the Rasmussen Study , has utilized an anal-

ysis of U.S. and world experience with large accidents and natural

disasters to place perspective on its nuclear risk estimates. Yet,

there is evidence that the hazard judgements of average citizens corre-
(8)

late neither with those of professional safety advisers , nor with

actual levels of individual mortality risk . Those who believe

that risk assessment must play a legitimate role in public decision

making are compelled to search for possible answers to this conundrum.

While the study of purely psychological and sociological

factors is undoubtedly fruitful, one ought first to examine worldwide

experience with harmful agents. It is important to identify information

that is remote from public awareness, though it may be quite accessible

to safety researchers. Of particular interest are risk data that might

extend the societal perspective beyond daily concerns.

Before proceeding, it is necessary to deal witfc the semantics

of risk. Like many other four-letter words, "risk" is most often em-

ployed without definition, in the hope that the listener will understand

the gist of the concept through the gusto of delivery, with some clues

offered by neighbouring phrases. Even a dictionary does not totally

alleviate the confusion because of a gap in emphasis between the two

common definitions of risk:
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- possibility of harm or loss, which is closest to the general

perception of risk, and

- chance of harm or loss, the Canadian vernacular equivalent

of a careful scientific definition such as a measure of the

probability and severity of undesirable consequences.

The emphasis gap closes when one is willing to quantify risks rather

than to simply discuss their existence. Note that one must determine

the degree of "possibility or chance" as well as the degree of "harm" in

order to quantify "risk". For simplicity in this report, only human

mortality risk is discussed, so that "risk" is equivalent to "chance of

death".

2. AN HISTORICAL PERSPECTIVE

In modern developed countries, where fewer than one in fifty
(12)

infants die during their first year and expected life spans average
(12)

about 72 years , it is difficult to comprehend the arduous circum-

stances of ancient and not-so-ancient peoples. For the pre-historic

period, scientific conjecture suggests average lifetimes of 15-20
(13)

years . During the Greek and Roman periods, life expectancy was 20-
(13)

25 years . From then to the Middle Ages and the Renaissance, there
(13)

was a slow increase to about 35 years . In North America about a

thousand years ago, roughly one baby in five perished before its first

birthday and the average life span was about 20 years . As of 1700

in Canada, infant mortality rates remained at about one death in the

first year for every five live births, although the average life ex-
(14)

pectancy had increased to the 35 years mentioned above.

The Canadian health risk trend since the late 1920's is pre-

sented in Figure 1 in terms of annual deaths per million population.
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The overall death rate has decreased from about 11 500 per million

Canadians (five-year average , 1926-1930) to just over 7000 per

million Canadians (1976 average( ' '). It is readily apparent that

today's major causes of death, accounting for 84 percent of the current

deaths, were, responsible for less than half of the deaths between 1926

and 1930. While some of the changes may be ascribed to gerontic factors,

the table accompanying Figure 1 shows that improved care for infants and

the near eradication of tuberculosis, enteritis and various communicable

diseases have also been important.

Communicable diseases were a prime factor in mankind's histor-

ical exposure to risk. The first great bubonic plague and smallpox

pandemic reportedly killed millions in Europe, Asia and Africa during

the mid-sixth century . The Black Death killed an estimated 75

million in the 14th century , including 25 million in Europe
(13)(i.e., a quarter to a third of the population ). Cholera pandemics

caused death tolls in the millions on three separate occasions in the

19th century . Bubonic-plague outbreaks early this century in China
(1 8^

and India left about eight million dead . An influenza pandemic

compounded the destructive effects of war between 1917 and 1919 by

killing 20 to 30 million^1 '. During the Russ:

epidemic led to about 2.5 to 3 million deaths.

killing 20 to 30 million . During the Russian Revolution, a typhus

What led to the elimination of these colossal scourges? As
(12)

Dr. Halfdan Mahler ', Director General of the World Health Organi-

zation, points out, "The improvement in health standards that began in

western Europe and the U.S. in the 19th century owed more to rising

living standards than to medical care as such. Death rates began to

drop in northern Europe early in the 19th century, long before medicine

could prevent many diseases. The incidence of cholera and typhoid fell

in Britain long before there were effective methods of treatment. In

the U.S., the tuberculosis death rate dropped from [2000 per million]

population in 1900 to [700] in the 1930's before lung-collapse therapy

or even rest in sanitoriums was widely prescribed; the rate had declined
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to [300 per million] before a definitive chemotherapy became available

during the 1950's."

Thus, historical experience reinforces the concept that the

strong correlation between material wealth and improved health status

stems from the promotion of good health via economic growth and subse-

quent feedback contributions to general socioeconomic advance. Not-

withstanding contemporary efforts to decouple economic growth from

increased energy utilization in developed countries, the historical and

projected connection between worldwide energy usage and worldwide eco-

nomic growth firmly establishes the role of energy production as a

promoter of worldwide health improvements.

3. A GEOGRAPHICAL PERSPECTIVE

Among modern nations that have benefitted most from the devel-

opment of energy and other technologies are Canada, the United States,

and Great Britain, whose current levels of health risk ' ' are

compared in Figure 2. Note that Figure 2 depicts the relative societal

health burdens rather than a particular individual's chance of death;

one must allow for significant differences in the age distribution of

the respective populations to assure fair comparisons of the latter.

Normalizing the age-specific U.S. mortality statistics to the Canadian

population distribution removes the disparity between the American and

Canadian risk levels for cardiovascular disease, cancer, accidents, and

pneumonia. However, similar treatment of the British information does

suggest substantially higher individual mortality risk from pneumonia

and much lower individual accident risk levels, compared to the U.S. and

Canada. In Great Britain, up to the age of 65, mortality risk from

pneumonia is twice, and the accident risk is half, the corresponding

individual risk in Canada.

Figure 3 compares several types of accident risk for the three
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countries. The markedly lower motor vehicle risk in Great Britain

probably reflects a greater reliance on public tiansportation. Interest-

ingly, the chance of pedestrian death from motor vehicles is similar in

the U.S.A., Canada, and Great Britain (40, 38 and 45 annual deaths,

respectively, per million population). The contemporary overall acci-
(23)

dent mortality risk of other nations ranges from about 22 annual

deaths per million population in the city states of Hong Kong and

Singapore to 718 annual deaths per million population in France.

(21)
The correlation between life expectancy and mortality risk ,

shown in Figure 4, provides a more complete geographic perspective on

current worldwide exposure to risk. The data scatter, attributable

mostly to differences in the proportion of particular age groups with
(24)

high susceptibility to disease , fails to obscure dramatic disparities

among nations. For example, the present life expectancy in Afghanistan

is comparable to that of Canada in the year 1700 (as are the infant

mortality rates: one in four or five children dying in their first

year). The relatively low average life expectancies of 49 years in
(12)

Africa and 51 years in southern Asia stem primarily from the high

infant mortality rate in most developing countries (between one and two
(12)

deaths for every ten births ).

(12)
According to Mahler , the root cause of high exposure to

health problems in the developing countries is poverty. The inability

of poverty-stricken nations to provide sufficient nourishing food pre-
(12)

disposes between 450 million and a billion people to disease and

death through low birth weight and impaired immune processes. About

two-thirds of the population in the poorest countries have unreliable
(12)

access to safe water supplies . Inadequate sanitation practices

facilitate the transmission of infectious and parasitic diseases, which,

with respiratory diseases, account for

deaths in typical developing countries

with respiratory diseases, account for more than 40 percent of the
(12)



Clearly, measures that enhance economic growth are capable of

reducing worldwide exposure to risk. Consequently, national and inter-

national energy strategies can be associated with global as well as region-

al and national health impacts. Consider, for example, some of the third-

world ramifications of the OPEC oil-supply strategy, which quintupled

prices between 1972 and 1978. By markedly worsening trade balances in

seven developing Asian countries, especially Bangladesh, Pakistan, the

Philippines and Thailand, this strategy has undoubtedly compromised at-
(25)

tempts to diminish rural poverty . Because of the link between poverty

and disease, it has probably also sustained or aggravated health problems.

Moreover, the best prospects for alleviating the third-world situation

are largely controlled by the developed nations . These prospects
(26)

include such measures as energy conservation , the development of
(26)

unconventional energy sources and the substitution of other energy
(27)

sources, for example nuclear power , for oil.

4. THE ROLE OF DISASTER

The prospects for developing the nuclear-power option have

become uncertain in Canada and other industrial countries, in large

measure because of vigorous opposition which relies on popular concern

over disaster. This popular concern may be. approached by examining the

historical role of disaster in society.

As author Frances Kennett puts it, "Disaster is unlike any-

thing else in human experience. It strikes quickly, it changes the

lives of all it touches. And, perhaps more important, its forces are
(28)

largely outside the control of the people whom it most affects'

From time to time throughout history, natural disasters have

caused immense human death tolls. Earthquakes have killed hundreds of

thousands, e.g., 830 000 in Shensi Province, China in 1 5 5 6<
1 3> 1 6> 1 8> 1 9> 2 9> >
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(29)
and recently 655 235 in Tangshan, China, in 1976V . Floods have

(iq 29")
killed as many as 3.7 millionv ' ' in China (1931 August). The worst

f18 19 29
cyclone is reported variously to have killed 300 000 to 1 000 000^ ' ' '

in Bangladesh on 1970 November 13. A large landslide is estimated to

have left 180 000 dead '' in Kansu Province, China, in 1920. Volcanoes

have killed up to tens of thousands in a single eruption, e.g., Krakotoa-

more than 36 000 in 1883 , and Mount Pelee - more than 30 000 in

1902 ( 1 8' 2 8 ). Famines have killed millions, e.g., 9 to 9.5 million(13'19)

in Northern China during 1877 and 1878, and 1.5 to 3 million in

Bengal, India, during 1943-1944.

Worldwide experience with natural disasters between 1946 and

1975 is presented in Figure 5. Data from a UKAEA report on the incidence

of multiple-fatality accidents have been reanalyzed according to

severity of harm and normalized to show the average annual risk and fre-

quency per million population. The dominance of storms and floods over

earthquakes, slides and volcanoes is readily apparent. The large contri-

bution to annual risk from the most severe (10 000 or more deaths per

event) category is the least certain from the point of view of project-

ing experience, being dominated by the 1970 cyclone in Bangladesh.
(18 19 29 30^

Based solely on the differing reports of severity ' ' ' ', the

average risk statistic ranges from 8.3 to 16. To put this experience in

perspective, the average annual mortality is 5 000 to 30 000 deaths per

million population (Figure 4). Natural disasters killing 20 or more

account for, at most, a few tenths of a percent of all deaths between

1946 and 1975.

It must be pointed out that the cause classification is some-

what arbitrary, because the effect of natural events tends to be exac-

erbated by human activity. For example, there has been a historical

tendency for cities to develop on the flood plains of rivers, in zones

of high seismic activity and near recently inactive, volcanic mountains.

In the above analysis, the "storms" category includes extreme weather

conditions, such as smogs, with a distinct degree of human causation.

Also, as Frances Kennett states "...modern technology is capable of
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predicting hurricanes, tornadoes and even earthquakes. As often as not

the warr

degree"

the warnings issued before such an event are ignored to a notorious
(28)

World experience with so-called man-made disasters is shown in

Figure 6 for the period 1946 to 1975. The UKAEA data^ ' have been re-

analyzed in the same fashion as the natural disaster statistics. About

half of the average 0.97 annual deaths per million population fall in

the least severe (20-99 deaths/accident) category and a third in the

middle (100-999 deaths/accident) category with transport accidents being

most frequent. Although man-made disasters killing 20 or more were over

twice as frequent as natural disasters between 1946 and 1975, the corre-

sponding man-made risk has averaged about one-tenth that of natural

calamities and represents less than 0.02 percent of all deaths during

the period.

Historically, Canada has been no stranger to disaster. A par-

tial listing of Canadian experience is presented in Table 1. Although

it sometimes appears that disasters cause an inordinate fraction of

accidental deaths, such is not the case. Consider, for example, the

death toll of 419 in five, commercial, Canadian air crashes between 1956

and 1970; the corresponding average annual death rate amounts to about

1.5 per million Canadians over the fifteen-year period, i.e., approxi-

mately 0.3 percent of the overall annual accidental-death rate (see

Figure 1).

Recent U.S. experience with accidents killing five or more

confirms that, in general, catastrophes account for only a small fraction

c£ accidental deaths. Figure 7 shows the comparison between catastrophic
(21)

risk , defined as that risk due to accidents killing five or more,
(21)

and overall accident risk , for road, water and air transportation,

and fires and explosions between 1971 and 1977. Not shown is the 1971-

1977 experience with tornados, floods and hurricanes amounting to 1.1

annual deaths per million population from natural catastrophes killing

five or more, or the average 6.9 annual deaths per million population,
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during the same period from all natural and environmental factors. In

total, accidents killing five or more Americans account for about one

percent of all accidental deaths between 1971 and 1977.

So, a review of society's exposure to man-made and natural

disasters demonstrates that the occurrence of such accidents has been

sufficiently remote to limit the corresponding societal burden of harm

to a small fraction of the burden resulting from common accidents and

disease. In contrast with the general perception of risk, experience

with risk teaches that the remoteness of the "chance" of catastrophic

harm is far more important than the existence of the "possibility".

5. THE ASSOCIATION OF SOCIETAL RISK AND INDUSTRIAL ACTIVITY

One additional facet of society's exposure to risk merits

attention in a general review, namely, the association between societal

risk and industrial activity. Societal health impacts arise directly

from industrial activity, via occupational accidents and disease or

public transport accidents, and indirectly via industrial effluents,

particularly air pollutants. These have been analyzed for the Canadian

context of the mid-19701s.

The spectrum of occupational health risk associated with Cana-

dian industries in the first half of the decade is presented in Figure

8. Occupational fatalities per billion 1975 dollars of gross domestic

product (G.D.P.) have been calculated for eleven industrial groups,

using Labour Canada fatality statistics*' ' and Statistics Canada produc-
(32)

tivity statistics '. The occupational fatalities include commuting

deaths and deaths of pensioners suffering from occupational illnesses;

however, the total fatalities may be underestimated by as much as 20

percent because only the experience of workers covered by workers'

compensation is reported. The overall average risk is 9.2 occupational
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fatalities per billion 1975 dollars of G.D.P. Clearly, both the gener-

ation and the utilization of goods and services entail some degree of

occupational mortality risk.

In addition to occupational risks, industrial activities

involve direct public risk through road and rail transport of industrial

commodities. About 88 percent of the deaths ysscciated with railway

transport are public non-passengers, mostly motor vehicle occupants at

level crossings; the average annual toll as of the mid-1970's amounts to

about 150 (1.1 deaths per billion 1975 dollars of G.D.P.). A crude

estimate of the corresponding public risk of road transport may be

obtained from the following statistics: average fraction (1975-1977) of

Canadian occupational fatalities resulting from transport accidents
(31)

other than train accidents and fishing transport accidents: 0.24 ,
(23 33)

average U.S. fatalities per fatal accident: 1.1 ' ; truck-occupant
(23 33)

fatalities per fatal accident involving trucks: 0.4 ' . Assuming

that the value for the average fatalities per accident applies to

trucks, that the average truck-occupant fatality ratio applies to

occupational transport accidents, and that most of the above 24 percent

of occupational transport accidents are motor vehicle accidents, the

annual public fatalities associated with industrial road transport

amount to about 3.6 deaths per billion 1975 dollars of G.D.P. Thus,

public transport risk raises the average industrial health risk to 14

deaths per billion 1975 dollars of G.D.P.

A third important association between industrial activity and

societal health risk involves atmospheric emissions of particulate

matter, sulfur oxides, nitrogen oxides, hydrocarbons, and carbon monoxide.

While Canadian industries release substantial quantities of such air
(34)

pollutants , it is not yet possible to assign health damage to indi-
(35)

vidual, harmful chemical agents . State-of-the-art assessments of

the health risk of air pollution ' ' hypothesize that the principal

causative agents are sulfates produced by the oxidation of sulfur dioxide,

and treat sulfur oxide as a surrogate for all harmful, chemical air

pollutants. Accordingly, the present estimate of the mortality risk

associated with Canadian industrial-air emissions uses a grid repre-
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( 38}

sentation of Canadian sulfur-oxide sources together with 1976 pop-

ulation statistics ' ' and the available American calculational
_, -, (5,37)

models

The Brookhaven calculational model is described in References

5, 35 and 36; the median health risk per Tg SO- release is 51 deaths per

million of the surrounding population within 80 km. The North and
(37)

Merkhofer calculational model is interpreted in References 41 and 42;

for an urban source located in a metropolitan area, the estimated health

risk corresponds to 42 deaths per Tg SO. per million local population.

For a remote source located approximately 500 km upwind of a major

metropolitan area, the estimated health risk corresponds to 3.2 deaths

per Tg S0_ per million total population.

( 38)
Annual sulfur-oxide emissions for Canadian provinces and

(43)
American regions are summarized in Table 2. The present estimate

for local mortality risk associated with Canadian sulfur-oxide emissions

is summarized in Table 3. The median estimates obtained with the two

calculational models are remarkably similar: 200 annual excess deaths

with the Brookhaven model and 160 annual premature deaths with the North

and Merkhofer model (about 1.3 deaths per billion 1975 dollars of G.D.P.).

With the local effects of air pollution added, the average industrial

health risk becomes about 15 deaths per billion 1975 dollars of G.D.P.

Estimation of the health effects of air pollution far from the

source is extremely difficult because of the complexity of transport

processes and the preliminary nature of the available calculational

models. Dr. L.D. Hamilton, Head of Brookhaven's Biomedical and Environ-

mental Assessment Division, has indicated that the estimated ratio of

distant effects to local effects varies from about 3 to 30, with the
(35)

ratio generally increasing from sast to west . Assuming that the

lower limit applies to eastern Canada and the upper limit to western

Canada, a total of approximately 1100 excess deaths might be ascribed to

long-range transport of air pollution from Canadian sources (approxi-
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mately eight deaths per billion dollars of G.D.P.) Assuming that the

North and Merkhofer remote-source calculation applies to Canadian and

American populations within 500 km to the east and southeast of Canadian

sulfur-oxide emissions, the annual number of premature deaths might be

about 200 in Canada and about 450 in the United States, i.e., about five

premature deaths per billion 1975 dollars of G.D.P. Thus, long-range

air pollution effects could add five to eight more deaths per billion

1975 dollars of gross domestic product.

Thus, a rough central estimate of the overall health risk

associated with Canadian industry is 19 to 23 deaths per billion 1975

dollars of G.D.P. This estimate should be viewed from two perspectives.

Firstly, the accident deaths account for less than one-fifth of acci-

dental Canadian deaths or slightly over one percent of all deaths and

the air pollution deaths form about 0.5 to 0.8 percent of all deaths.

(Note that it is virtually impossible to detect a sulfate effect if it
(44)

is less than four percent of total mortality ). Therefore, the

societal burden associated with industrial activity "'s relatively small.

Secondly, the generation of roughly 40 to 50 million (1975) dollars of

average Canadian gross domestic product entails a human cost of one life;
(45)

this provides a Canadian answer to the question "How Safe is Too Safe?"

6. PLACING NUCLEAR RISKS IN PERSPECTIVE

Recognizing that safety expenditures are potentially counter-

productive, one can see an opportunity for utilizing society's experience

with health risks to broaden the public perspective on nuclear risks. I

shall conclude this report by describing it and reviewing two other

prospects:

1. According to Siddall's recent analysis of the cost of

saving lives by improving power-reactor design, society may be

123 to 144 annual deaths per million population

** about 88 annual deaths per million population
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"spending" more lives than it can hope to save in avoiding

nuclear-power risks. If the estimated added cost of nine-

million 1979 U.S. dollars per reactor year has reduced risk by

a factor of two from early (pre-1969) to late reactors ,

the 188-million 1979 U.S. dollars spent to avert one

nuclear fatality has likely resulted in two or three non-

nuclear fatalities.

B.L. Cohen^ ' has identified U.S. costs for I emission

control and high-level defense waste options that are clearly

counter productive from the health risk viewpoint. Another

example of net additional harm through engineered safety fea-

tures is the use of hydrogen-recombiner systems on light-water

reactors .

2. Although low societal exposure to health risks is taken for

granted in developed countries, such as Canada, this is not

the case in much of Africa and southern Asia where poverty

predisposes up to a quarter of the world's population to

disease and premature death. We, in favored nations, should

consider the third-world health impacts of our energy strategies

and select energy options that are capable of alleviating the

present situation, e.g., large-scale substitution of nuclear

power for oil.

3. The general public must come to recognize that fears of catas-

trophic death are not supported by society's experience with

disasters. Recent worldwide experience with disasters killing

20 or more amounts to one annual death from human causes, and

13 annual deaths from natural causes, per million population.

Current American experience with natural and man-made acci-

dents killing five or more amounts to five annual deaths per

million population. In contrast, every year over 7000 Cana-

dians die from all causes, and nearly 500 are killed acci-

dentally, per million population. Until there is more wide-
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spread appreciation of such facts, the clash of public

and expert risk judgements is bound to continue and the

determination of acceptable nuclear risk levels is more likely

to be governed by fear than by scientific and technical

knowledge.

To summarize, society's general experience with risk under-

scores the need to evaluate the degree of possibility as well as the

magnitude of harm. Perhaps no one has expressed the necessity better

than Robert Frost did in his 1962 poem, Bravado:

"Have I not walked without an upward look

Of caution under stars that very well

Might not have missed me when they shot and fell?

It was a risk I had to take - and took."
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TABLE 1

SOME CANADIAN EXPERIENCE WITH DISASTERS

DATE

1711 Aug. 23

1846 June 12

1864 June 29

1877 June 20

1914 May 29

1917 Dec. 7

1942

1949 Sept. 14

1956 Dec. 9

1957 Aug. 11

1962 Jan. 16

1963 Nov. 19

1965 July 8

1966 Oct. 13

1969 Dec. 2

1970 July 5

TYPE OF

DISASTER

marine

fire

rail

fire

marine

marine
explos.

fire

marine
fire

aircraft

aircraft

explos.

aircraft

aircraft

explos.

fire

aircraft

900-2000

200

90

100

1024

1200-4000

100

128

62

79

19

118

52

11

54

108

DESCRIPTION

multiple shipwreck off Egg Island near Labrador

Quebec theatre fire

train ran through open switch near St. Hilaire, P.Q.

fire in St. John, N.B.

Empress of Ireland collided with collier in St. Lawrence
river

The Mont Blanc exploded in Halifax harbour following
collision with the Imo. Half the city was left in ruins

St. John's, Nfld. hostel

Noronic burned at Toronto pier

North Star crashed near Vancouver

DC-4 crashed in Quebec

gas pipeline explosion in Alberta

DC-8 crashed at Montreal

DC-6 crashed in British Columbia

chemical plant explosion in LaSalle, P.Q.

Notre Dame nursing home fire

DC-8 crashed north of Toronto

SOURCE

Ref. 13,

Ref. 18

Ref. 18

Ref. 18

Ref. 13,
29

Ref. 19,

Ref. 29

Ref. 18

Ref. 18

Ref. 18

Ref. 29

Ref. 18,

Ref. 18

Ref. 29

Ref. 29

Ref. 18,

18

18,

28

29

29

00

I



- 19 -

TABLE 2

ANNUAL CANADIAN AND AMERICAN SULFUR-OXIDE EMISSIONS*

. (38) D . (43)
Province or Region

British Columbia

Alberta

Saskatchewan

Manitoba

Ontario

Quebec

New Brunswick

Nova Scotia

Prince Edward Island

Newfoundland

Total for Canada

New England

Mid-Atlantic

South Atlantic

East North Central

East South Central

West North Central

West South Central

Mountain

Pacific

Annual Sulfur-Oxide Emissions

(Tg)

0.4

0.6

0.04

0.7

2.4

1.3

0.2

0.1

0.01

0.03

5.8

0.5

3.2

3.9

9.4

3.6

2.2

0.9

2.8

2.8

Total for United States 27.0

* in the mid-1970's.
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TABLE 3

ESTIMATED LOCAL HEALTH RISK ASSOCIATED WITH

CANADIAN SULFUR-OXIDE EMISSIONS

Province or Region

British Columbia

Alberta

Saskatchewan

Mani-toba

Ontario

Quebec

Maritimes

All Canadian Sources

Annual Local
Brookhaven
Model*

3.8

13.0

0.1

1.3

120.0

58.0

3.5

200.0

Mortality Estimate
North and Merkhofer
Model**

3.0

11.0

0.1

1.0

95.0

46.0

2.8

160.0

* upper and lower 10% confidence bounds: +400%, -100%

** uncertainty bounds: +100%, -90%

(5,35,36)
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* Gross Domestic Product at factor cost (1975$)

FIGURE 8: Occupational Health Risk for Canadian Industries.
Basis: (1971-1975 ave.)
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