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Study to determine the Critical Groups and the Size of

the Population for Pollution Criteria.

Introduction

The Action Programme of the European Communities re-
quires the compilation of a bibliography, which should
be as complete as possible, on the effects of pollutants
on health, on rzn and his environment, and states that

a critical analysis of this information should be under-
taken. The pollutants for prinrity investigation irclude
hydrocarbons with known or probable carcinogenic effects,
sulphur compounds and suspended particles, nitrogen

oxides, carbon monoxides, and photochemical oxidants.

Other studies had been carried out to determine the dose-
effect relationships (criteria) for these pollutants.

The present report concentrates on those diseases that
correlate with air pollution, cause his mortality, and
affect a large number of people, for instance bronchitis,

certain cancers, and ischaemic heart-disease.



SUMMARY

In this report mortality and hcspital morbidity statistics

in the United Kingdom and Ireland have been used to determine

as far as is practicable the critiéal groups and the size of the
populations affected by air pollution. It has been shown that
the effects of air pollution influence profoundly both mortality
and morbidity, particularly for certain conditions such as

lung cancer, chronic bronchitis, ischaemic heart attacks and
stroke, major causes of sickness and death in the countries

of the European Economic Community.

General pollution criteria cannot be considered without also

taking into account how the individual lives his life, for instance
whether or not he smokes. A balance has to be reached between
the standard of living that is desired and the degree of

pollution in the environment that will be acceptable. In this

report the concept of the acceptable risk is considered.

It is suggested that this pilot study should be extended to include
other countries of the Community and a concensus reached as to

what recommendations should be made for further action by the

European Community.



CHAPTER 1l: THE PROBLEM

Contrary to popular belief, the expectation of life for middle-

aged men in the western world is shorter to-day than it was 10 years
ago. As a result, the difference in the expectation of life between
men and women is increasing, and in many western countries women now

(1)

live on average three or six years longer than men .

TABLE 1
Increase in mortality trends in middle-aged men but not in women
Rates/1,000
_Men England and Wales. Women
1946-50. 51.6 Aged 65-74 34.4
1956-60 53.7 Increasing death rate 30.7
1961-65 54.2 in men 29.6 Falling
death rate
in women

Republic of Ireland

1951-60 48.9 Following trend in 38.8

1961-¢66 49.3 England and Wales 34.3
Aged 55-64

1951-60. 19.3 14.1

1961-66 20.1 12.5

Before World War Two, we lived with the belief that removing

poverty would solve most urgent medical problems; malnutrition,
tuberculosis and other infections. We also believed that with
detailed attention to the sick patient and to his symptoms, signs

and pathology, the answer to most medical problems would be found.
This indeed was true in the days when deaths from infections were very
common. However, despite improved medical care and the disappearance
of most infectious conditions, and greatly improved standards of

living, new problems have developed which are causing a completely new

shift in emphasis - a shift in emphasis from study of the individual



who is sick to studies of illness in population at risk. There
is also a major shift of emphasis from the treatment of es-
tablished disease to the need for the prevention of illhealth,
particularly the major causes of mortality and morbidity among
the developed nations, ischaemic heart disease, stroke, chronic

(2)

bronchitis and the cancers, particularly lung cancer.

Inheritance and Environment;

All illnesses result from an interaction of the seed and the soil =~
the inherited characteristics we receive from our parents and the

environment in which we have lived from conception onwards. Twenty
or thirty years ago it was believed that most chronic diseases were
due to inherited factors and therefore beyond our control. Studies
by such epideniologists as Hill(B)and D011(4)in the United Kingdom
and Hammond(s)in the United States have showr that the environment

and the way we live our lives are the major factors responsible for

the major diseases affecting us to-day.

Among examples of chronic diseases with a large variation in pre-
valence between different countries are, for instance, deaths from
chronic bronchitis which is. very common in England and less than a
quarter as common in an equally cold country, Norway!é) Multiple
sclerosis is another good example with a prevalence of at least 50
per 100,000 in Europe, and yeat no single patient with multiple
sclerosis has yet been found among South Africa's 17 million Bantu,
and it is only one-eleventh as common in Africaans-speaking white

South Africans as it is in Europe.(7)

Great light on the environmental causes of diseases can be obtained
by studying people who have migrated from one environment to another.
For instance, the immigrants from Europe who carry with them a high
risk of lung cancer of multiple sclerosis when they emigrate to
South Africa but lose most of their risk of dying from chronic
bronchitis. (8)

What is the Good News?

If the major diseases of modern man are due to the environment, they
are therefore potentially preventable as long as we are prepared to

change the environment and to pay the necessary cost. This cost has
to be assessed by the community for the general environment - such



factors as clean water, untainted food, clean air, and freedom
from excess noise, and by the individual as far as his own life
is concerned, for example his cigarette smoking, alcohol con-

sumption, the food he eats, and the stress to which he subjects
himself.

How can these changes be brought about?

In order to change the environment it is necessary that we should
undertake studies which show clearly and conclusively how the en-
vironment does affect health and then to educate the general popu-
lation so that they can understand the risks they are taking if the
environment is not changed. The information on the environmenti is
also necessary for politicians so that they can take into account
public opinion and instigate the necessary changes in policy and

environmental control.

The Need for a Balanced Worild.

If we are to improve the environment there is a need for a balance

in the world between ourselves, homo sapiens, and other forms of
animal and vegetable life. This means that in improving the en-
vironment it is necessary to consider such questions as family
planning and the necessity that the number of people in a particular
area should not use up the available resources faster than they can
be replaced. Perhaps we necd to change our attitudes to consumer
goods, to consume less of the resources which have been built up in
this world over many millions of years, such as our coal and oil
resources. A need for a change in our philosophy towards the way we
live is required if we are to improve the quality of life with all
this entails. Perhaps this is one of the reasons why many eyes to-
day are turned to non-capitalist societies, such as some of the
societies of the East, where the emphasis is less on consumer goods
and more on maintaining the balance of nature. For example, the more
frequent use of a bicycle rather than a motor car. There is little
doubt that at present the philosophy and the materialistic way of life
of western society is being very much questioned, and also our in-

stitutions of health and of education.(g)

Environmental pollution plays a major contribution to illhealth and
a Royal Commission in the United Kingdom has recently published

their fifth report entitled "Air pollution Control: An Integrated



Approach, 1976"(10) and recommended that there should be domestic

and industrial smoke control and that a study of the effectiveness
of different countries systems of air pollution control through an
international organisation should be undertaken, and that air

quality quidelines should be developed and enforced by the necessary
legislation.
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CHAPTER 2: HOW W2 AS INDIVIDUALS LEAD OUR LIVES.

Smoking and its inter-relationship with air pollution.

The pollutants reaching the lungs come from various sources,
such as city air, the working atmosphere and cigarette smoking.
The inter—rélationship between atmospheric pollution and
cigarette smoke is particularly important as cigarette smoke
contains many of the principal pollutants; such as carbon

monoxides, nitrogen oxides and carcinogenic hydrocarbons.

Cigarette smoking is primarily of concern for the individual,
although pollutiocn of the atmosphere in restaurants, public
transport etc., constitute a source of pollution for the general
public. The risks to health that result from smoking have been
described in various publications, including the Report of the

Royal College of Physicians '"Smoking and Health Now".(l)

The inter-~relationship between smoking and air pollution is
shown in many studies and two good examples are the studies on
air pollution and health in Northern Ireland and Teesside in
1962 and in Teesside in 1974.(2’3’4) (Figs. 1 and 2).

In these studies the risk of lung cancer increased with the num-
ber of cigarettes smoked but at all levels of smoking, including
the non-smokers, the risk of lung cancer was higher in the urban
areas than in the rural areas. In chronic bronchitis the urban

factor was even more marked.

10



FIGURE 1

NORTHERN IRELAND.

LUNG CANCER IMORTALITY RATES OF MSN IN
INNER BELFAST AND TIlE TRULY RURAL DISTRICTS

Per 100,000 per year, age standardised, 1€60-1962
among men aged 35+
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Social Class

Social class is also related to air pollution and to smoking.

For instance the upper social class who tend to live away from
the centre of the city in pleasant residential areas are less
inclined to be affected by repeated attacks of bronchitis in
childhood and when they do get bronchitis is is more effectively
treated so that they recover quicker and have less permanent lung

damage.

Social class changes are very clear in Teesside.(4) Mortality
rates in Teesside have been calculated for social classes defined
in terms of the Registrar General's categories based upon occu-
pation. For this purpose decedents' last occupation and living

persons! current or last occupation were taken into account.

Table 1
Men 35+ Women 35+ Men 35-64
Social Class Lung Lung Heart
Cancer Bronchitis | Cancer Bronchitis | Attack Stroke
Professional/ + + + + + +
intermediate | 156-42 43=-24 16-16 23-27 337-82 52-19
Skilled 209525  142%23 sgto1 39%23 373%41 54% o
Partly Skilled| 240541  153%33 4723 55508 45572 49%14
Unskilled 297Y57  197%42 47t22 30%04 576%122 135533
Overall 225%17  207%16 30t 6 s58% 7 401t 31 60% o

For males the difference in mortality rates between the highest and
lowest of the social groups is significant in the case of all four
causes of death. There is an increase from one group to another in
all cases except stroke, where the unskilled are sharply distinguished
from the rest. For women the differences are not significant; and it
should be noted in interpreting this, that only 47% of the female
population were classifiable by the criteria used for social class
distribution. The unskilled have a very much higher mortality for

all four causes, and by far the highest death rates are from heart
attacks.

It is possible to compare the social class variation reported above

for males with data for all causes of death among men aged 15-64
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years in England and Wales during the period 1959-1963. The
following table shows percentage variations from the rate for

all social classes.

Table 2
Men 15-64 Men 35+ Men 35-64
Lung Heart

All causes| Cancer | Bronchitis|{ Attack | Stroke
% variation from
mortality rate fon
all classes: (approx.)
Professional/

intermediate -20 -38 -31 =17 - le6

Skilled (6] - 4 + 4 - 8 - 13
Partly Skilled + 5 +10 +12 + 8 - 21
Unskilled +45 +36 +44 +43 +118

For lung cancer, bronchitis and stroke the variation between
social classes is similar to that for all causes; and thus appears
to reflect a general factor. The results for stroke do not fit
this pattern and may thus reflect a special factor asscciated par-

ticularly with men at the lower end of the social scale.

Ischaemic Heart Attacks

Two recent reports have shown that Ischaemic Heart Disease has
fallen among those who take out life assurance with the Metro-
politan Life Assurance Company who, by and large, would be among
the better off members of the community although it has also fallen,
though to a lesser extent, in the general white population of the
United States.(s)



Table 3

Ages 35-64

Age-adjusted death rates per 100,000

15

Metropolitan

Standard Ordinary . United States

Policy holders White Population
Year Male Female Male Female
1962 350.1 69.8 381.4 97.0
1967 336.1 72.4 381.2 93.7
1969 311.2 69.9 374.8 95.5
1973 258.0 . 68.1 344.6 89.5

Just as there are certain communities which by tradition are par-
ticularly liable to smoke and have high heart attack and lung
cancer rates, for instance in the Channel Islands where the
cigarette tax is low. In these islands,(é)not only are there
high death rates from ischaemic heart attacks and lung cancer but
also, because alcohol is also not taxed and it is therefore cheap,
cirrhosis of the liver. Among women doctors in South Africa and
Israel there is a very high death rate from ischaemic heart
attacks, lung cancer, and chronic bronchitis because, unlike the
men, they have remained heavy cigarette smokers.(7) Another well-
known group of people with a high death rate from lung cancer and
heart attacks are the Fins, particularly those living on the
Karelian penninsula.(s) |
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Lastly there has been a swing from Plain to filter cigarettes

and a fall in the standard tar/cigarette since 1965 (Fig. 3).(9)

FIG. 3

Index of standard tar per cigarette, 1965 =100, and U.K. cigarette
consumption per adult, aged 15 or over, in terms of both current
and constant tar cigarettes
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In England and Wales, in the Republic of Ireland and in the
other countries of western Europe, unlike the United States,
there is still a continuing increase in deaths from ischaemic
heart attacks at all ages. The death rates are higher in

Scotland than in England and Wales (Fig.4)

R
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High Risk Occupations

Certain occupations by their nature subject those who take part
in them to considerable air pollution. For example, those who
work in radio-active mines, such as the Joachimstal mines of
Czechoslovakia, and the uranium mines in the United States and
elsewhere. They inhale radio-active radon and as a result have
high lung cancer rates. Coal miners inhaling coal dust and
silica on the other hand, are particularly liable to silicosis
although because they do not smoke while down the mines, their
lung cancer rates of each age group are not unduly high.

Asbestos workers who inhale asbestos fibres have a greater risk

This risk is so great that even those working in the neighbouirnood
of certain asbestos mines have higher lung cancer and mesothelioma

(10)

rates. The risk of lung cancer in these examples is affected

by personal factors, particularly the number of cigarettes smoked.

It is not only the urban dweller whose health can be affected by
either the air pollution at work or the air pollution of the
ambient air. The country dweller and farmer are also at risk, for
instance from asthma due to péllen in the air, or in their occu-
pation from inhaling fungal spores that can cause the very dis-
tressing illness allergic alveolitis, or farmer's lung, due
generally to the fungus micropolyspora faemi which flourishes in
mouldy hay.(ll) There are other occupational ricks for the rural
dweller such as pigeon fancier's lung and histoplasmosis, or cave

disease.(lz)

In contrast to these high risk groups there are those who because
of religiousreasons do not smoke and do not take alcohol. For
instance, among the Mormons many causesof death are lower than for
the general population, and the expectation of life is above
average. Their death rates from lung cancer, chronic bronchitis

and ischaemic heart attacks are particularly low.

All illnesses result from the interaction of inhéritance and en-

vironment, the seed and the soil, in lung cancer the environmental
factor appears to be by far the most important, i.e. various forms
of air pollution and cigarette smoking. In chronic bronchitis air

pollution and cigarette smoking are about equally to blame.



We do not know all the factors responsible for coronary throm-
bosis but a number of prospective studies have made it clear

which are the important ones; the best known is the Framingham

study.(13)
i. Genetic factors:
(a) a genetic tendency towards high blood cholesterol and
triglycerides. '
(b) a geretic tendency to hypertension.
(c) a genetic tendency to diabetes.
(d) a genetic tendency to gout.
(e) a genetic tendency to be more extroverted and therefore
more liable to take risks.
ii. Environmental factors:

Studies comparing, for instance, the different groups in
South Africa, have shown very clearly that the environmental
factors are generally the more important. Those in South
Africa who live on a diet low in animal fats and low in sugar,
for instance the Bantu, have a negligible ischaemic heart
rate in comparison with those on a white man's diet.(14)
Indians in India do not develop diabetes or become overweight
and have a low risk of ischaemic heart attacks. Indians in
South Africa, who have high fat and sugar intake, have a high
incidence of diabetes, obesity, ischaemic heart attacks and

strokes. Other factors such as exercise may also play a paxrt.

Conclusion

It is noteworthy that whereas 20 years ago heart attacks were most
common among upper social class males, they are now less common
amongst this group because of the changes in their environment, in
particular the reduction in cigarette smoking, and the change of
diet, for example the reduction in the intake of cream, animal fats,
and sugar. This is evidence that by making the effort to change
the environment, ischaemic heart attacks can be greatly reduced.
However, high the inherited tendency, the chance of having a heart

attack is largely a matter of how we live our lives.
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CHAPTER 3: CIGARETTE SMOKING

Changes in Smoking Habits

The changes in smoking habits ir the United Kingdom between
1920 and 1975 are shown in Figs. 1 and 2.(1)

Insert Figs. 1 and 2.

21



U.K. cigarette consumption per adult - aged 15 orover
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There has been a great increase in the percentage of young

Figure 4 shows the increase in

girls smoking since 1961.
England and Wales.(l)

= FIG. 4

Percentage of boys and girls aged 14 who smoked at least one cigarette a day
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Death Rates in Relation to Smoking Habits

(2)

. 3 . . .
American veterans,( ) on men and women in twenty-five States in

Large surveys have been carried out on British doctors, on

the U.S.A.(4) (the largest of them all), and on Canadian veterans.(s)
These four investigations all tell the same stbry. Cigarette
smokers have shorter lives than non-smokers, and heavy cigarette
smokers have shorter lives than lighter smokers. Those who smoke
only pipes or cigars have death rates only a little higher than
those of non-smokers (Fig. 5); most men who smoke only pipes or
cigars are moderate smokers who do not inhale, and they have death
rates similar to non-smokers; but the minocrity who smoke heavily
(ten or more cigars or twenty or more pipes daily) and inhale, in-

cur the same risk to life as do lighter cigarette smokers.(4’5)

20

o
(1]
T

G5 G

iy

G
%

o e 7.
T PR
G e P v

3
T
iy
7

]
T
|

0L
{
ot
it

it 4 e

7

DEATIHIS PLR 1,000

~
ST

2;,7;;_ 5

,,
F/,/« s

3 ~
.
RS \\\\ \ B
(9] 5% o S ),

I-14 15-24 25-/day

Pipes/
Cigarettes cigars
NON- v J
SMOKERS SMORERS

Number of deaths each year per thousand in
male British doctors according to their
smoking habits.



27

The percentage increase in death rates of cigarette smokers is
higher at younger than at older ages, but the total number of
excess deaths is higher at older ages. Thus in the largest
American study,(4)from which Fig. 6 is derived, the number of
deaths per thousand each year in men aged 35 to 44 is 2.1 in
non-smokers and 5.5 in smokers of forty or more cigarettes a
day. The rate is thus two and a half times higher in the heavy
smokers, but because death rates at this age are low there are
only 3.4 extra deaths per thousand each year. In men aged 65
to 74, the respective rates are 31.2 for non-smokers and 56.4
for the heaviest smokers. The heavier smokers' rate is less
than twice that of non-smokers, but there are 25.2 extra deaths
per thousand each year. Death rates for the heaviest smokers

are similar to those of non-smokers ten years older.

The earlier in life cigarette smoking begins the bigger the risk.
Those who inhale run a greater risk to life than those who do not,

but the latter have a greater risk than those who do not smoker at
(3,4)
al. ?
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Figure . Number of deaths each year per thousand in American men at
various ages according to numbers of cigaretles smoked ’

"Excess of Deaths in Cigarette Smokers in the United Kingdom

The total number of excess deaths each year in male smokers com-
pared with male non-smokers in the United Kingdom may be estimated
from the prospective study of British doctors.(z) From this source
it is estimated that in 1968 in Britain there were some 31,000 more
deaths in men aged 35 to 64 than would have occurred if they had

all been non-smokers, and that some 20,000 of these deaths would not

have occurred. Another estimate is that some 27,500 deaths would
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not have occurred in men and women aged 35 to 64 in 1968, if

cigarettes had not been smoked.

Risk to Individual Cigarette Smokers

Statistics of excess deaths among cigarette smokers as a group
may not give the individual smoker a clear idea of how much worse
off he is than his non-smoking contemporaries. Table 1 derived
from the study of British doctors, shows the chances that an
average cigarette smoker who consumes various numbers of cigar-
ettes per day has of dying within the next ten years, calculated
for four decades between the ages of 35 and 74. The significance
of these figures may be illustrated in terms of a lottery by
supposing that for each ten-year period a man draws a ticket from
a box containing one ticket marked 'Death!' among a number of blanks.
If he draws the marked ticket he dies within the next ten years.
The ratios in Table 1 indicate the number of tickets among which
the one marked ticket is placed. Thus, for a non-smoker aged 35,
there is one marked ticket for the next ten years in a box of 75
tickets but for a heavy smoker of this age the marked ticket is

one among 22.

Table 1
Decade Non-Smokers Smokers of:
: . 1-14/Day 15/24/Day 25 or more/Day
35-44 1 in 75 1 in 47 1 in 50 1 in 22
45~54 1 in 27 1 in 19 1 in 13 1 in 10
©55-64 1 in 9 1 in 6 1 in 5 1 in 4
65-74 1 in 3 1 in 2 1 in 2 1 in 2

Another point worth stressing is the chance of survival to the
customary retiring age of 65. Figure 7 also based on the study of
British doctors, shows the proportion of non-smokers and of light,
moderate, and heavy smokers aged 35 whco will survive to this age.
The heavy smoker has a two in five chance of dying before the age

of 65 while for a non-smoker the risk is only one in five.
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_ TABLE 2.
Life expectancy of imerican r.eq at various ages, and ‘years of life lost’ by
cigaresie smokers 4]

; Present age
Cigaretles Life

per duy | Expectation 23 3 3% 40 4 30 55 60 &
Ycurs
0 expected 436 439 332 3+3 300 256 214 176 I1+:
Years .

1-9 expected | 440 393 347 302 2359 218 170 145 1i°
Years Jost* 46 46 43 43 41 38 35 31

Years 431 384 338 293 250 210 174 141 11°

10-19 | Years lost* 55 55 54 52 50 46 40 35 219
Years !
20-39 | expreted | 42-4 378 332 237 244 205 170 137 110
Yearslost® | 62 61 66 58 56 51 44 39 31}

[ep——

* The decrease in the number of years of life lost by cigarette smokers as they
get older fwhich may suguest that their otlook iinproves as they continue 1o
smoke) i, of course, due 1o the shortening expectation of life, Ve percentage
reduction of expectation of life gets greawer with advanecing age. Thns the
smoker of 1019 cigarcttes per day has an repectation reduced by 1 per cent
whea e is 25, but by 21 per cent when he is 65,
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Between 19051 and 1965 about half of British doctors who useé to
smoke cigarettes stopped smoking them. Many of them did this
because of the evidence that it is harmful to health. A com-
parison of the years 1953~1957 with the years 1962-65 shows

that the death rate of the sample of doctors aged 35 to 64 fe%l
from 853 to 747 per 100,000, a reduction of 12.4 per cent, while
in the total male populaticn of England and Wales at the same
ages it fell from 994 to 965 per 100,000, a fall of only 2.? per
cent (Table 3). That this contrast was due to the changes %n
doctors' smoking habits is indicated by the fact that for diseases
which are not related to cigarette smoking the change in death
rates was almost identical in both doctors and other men, while
for diseases related to smoking the doctors' mortality fell by

(7)

10 per cent while the general mortality rose by 7 per cent.

TABLE 3

Changes in death rates per 100,000, standardized for age in doctors and in all
men aged 35 to 64 in England and Wales 1953-1957 and 1962-1965

e

All men in
Male doctors England and Wales
Cause of death —
Period % Period %
1953-57 1962-65 |Change| 1953-57 1962-65 (Change
Coronary heart diease 294 277 - 6 219 290 +32
Other cardiovascular
discases 167 157 — 6 185 152 —18
All cardiovascular diseases 461 434 - 6 404 442 + 9
Cancer of the lung 60 37 -38 113 120 + 6
Chronic bronchitis 12 14 —22 74 71 -— 4
Major diseases rclated
to cigarette smoking 539 485 -10 591 633 + 7
QOther cancers* 130 99 —24 152 145 -5
Other causes® 184 163 -11 250 188 —25
All unrelated causes 314 262 -17 402 332 —-17
All causes 853 747 -12 993 966 -3
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CHAPTER 4: THE INFLUENCE OF THE COMMUNAL [NV IRONMENT

Air Pollution

For four days in December, 1952, London was enclosed in still, cold
air. The result was a dense fog in whichair pollution reached an
unusually high level. There was an immediate increase in the

number of people dying in Greater London, and the mortality remained
higher than was normal for the season (Fig. 1 ). It was estimated
that the fog was responsible for the deaths of from 3,500 to 4,000
people either during the fog or soon afterwardsg1 In the week

ending 13th December deaths in the Administrative County of London
alone, at 2,484, were about three times the number that might have
been expected at that time of the year. <Table 1 shows that the
largest relative increases were in deaths from bronchitis; pneumonia,
and tuberculosis and other diseases of the 1ungs; with bronchitis
heading the list. There was also an increased number of deaths

from heart disease. Most of these deaths were in old people and the
pollution probably hastened their end, but it should be noted that
during December 1952 the number of persons under the age of 45

dying from bronchitis and pneumonia was also three times higher

than was expected. The winter of 1952 provided a dramatic example
of the deadly effect of air poilution; and was the starting point

of a number of inquiries into the subject. (Table 1, Figure 1)

Table 1
Mortality Increase in the London Smog of 1952

Seasonal No of deaths in Relative
Cause Norm the week after increase

: smog
Bronchitis 75 704 9.4
Coronary disease 122 281 2.3
Myocardial degeneration 84 244 2.9
Pneumonia 37 168 . 4.5
Vascular Lesions of CNS 98 128 1.3
Respiratory tuberculosis 17 77 4.5
Cancer of 1lung 36 69 1.9
Other respiratory diseases 8 ‘ 52 6.5
Other causes 410 761 1.9

All causes 887 2,484 2.8
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The fog lasted from 5th December to 9th December. The graphs
show the increased number of deaths during this period and
also the rise in the amounts of sulphur dioxide (SO,) and
smoke in the air.(l) The pollution levels were measured at

twelve different stations in London. (Fig.l)
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As a consequence of the 1952 fog in London the Clean Air Act was
passed in 1956.(2) The Beaver Rcport, which formed the basis of
the Government action, had stressed the risk to health from a

(3)

similar relationship, for instance in 1930 sixty people died

heavily polluted atmosphere. Other episodes indicated a

after a period of intense pollution of the air in a small Belgian
village in the Meuse Valley.(4) In 1948 a similar episode had
occurred in Donora, near Pittsburgh(s)and this, with the emergence
of a lachrymatory haze of a different type of pollution in Los
Angeles(é)stimulated the publication in the USA of a number of
papers on the effects of air pollution on health.(7’8)

Pollution of urban air is almost entirely due to the combustion
of carbonaceous fuels. For centuries raw coal was the main source

of heat and other forms of energy in home and factory.

Electricity, gas, and oil now play an increasing part in meeting

the need for energy, fuel o0il being more and more used in central
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heating plants and in industry and petrol in cars.

Other Pollutants

Most of the particles in the air come from the combustion of fuel.
Even with apparently complete combustion most fuels still pollute
the air, particularly with sulphur dioxide. Practically all the
sulphur in o0il, and between 80 and 90 per cent of that in coal and
coke go up the chimney as sulphur dioxide, one of the most impor-
tant gaseous contaminants in urban air. Some of it - up to 5 per

cent - may be further oxidised to sulphuric acid.

Some other pollutants of interest in relation tc health are emitted
by motor vehicles, for instance all oxides of nitrogen. Contamin-
ation of the air by unburnt or by -cracked hydrocarbons is serious
in Los Angeles and other cities where strong sunlight and stable
air produce a ‘'photochemical smog'. Petrol engines emit large
quantities of carbon monoxide. In Britain, concentrations of 10

to 20 ppm are usual in busy streéts, with occasional peaks up to
100 ppm.(g) Organic lead compounds are commonly added to petrol

as 'anti-knock' agents. Much of the lead is emitted with the
exhaust in inorganic form; the concentrations found in busy streets
are very small. Those in the air of Fleet Street in London have
been found to be about 3 ug/m3. The concentration of pollutants in

urban air may increase rapidly when 'temperature inversion' occurs.

Only since 1961 have stations for sampling the aimosphere been
systematically set up throughout the United Kingdom. The Warren
Spring Laboratory of the Ministry of Technology organises and

publishes regular reports of this National Survey.(lo)

Chronic Bronchitis and Allied Diseases

Of diseases affecting the lungs, chronic bronchitis is one of the

major causes of disablement and death in Britain, particularly

" among middle-aged and elderly men. In 1967; 5;253 deaths in men

aged 45 to 64 (6.8 per cent of all male deaths in the same group)
were attributed to bronchitis, and 1,134 deaths in women of the
same age (2.6 per cent of all female deaths in this group)!ll)



Just over thirty million working days are lost to industry each

year because of bronchitis,(lz)and the consequent cost of lost

production and medical care has been estimated to amount to £65

million a year. It is therefore of great importance to the

public health and to the economy to discover the causes of the

disease and the effects on it of contamination of the air.
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It will be seen that the number of deaths from bronchitis, pneu-
monia and the two forms of heart disease rose during the fog and

continued in excess for the rest of the month. (Fig.2)

The effects on bronchitis of sudden changes in weather and conta-

mination of the air have been shown in other ways. Patients with

bronchitis have been asked to record in a diary changes in their

symptoms from day to day.(l3) Figure 3 shows that deterioration

coincided with increase in the concentration of both smoke and

sulphur dioxide; it was less closely related to either falls in

temperature or variations in relative humidity.

[ R



CONCENTRATION OF 50,

CONCENTRATION OF SMC«E

28
24
20
" ;’;
W :° "
«I\-‘\-«J‘}

DEGREE OF ILLNESS

. ' MINIMUM DAY TEMPERAT_RT
54
NWWW&“ °
. to
MAXIMUM DAY HUMIDITY

e R T L VAT it

I nov ] ceC. T JaN [ fEB | MAR T APAR | maY ,'
1955 1954 .

'/.

FIGURE 3 _EFFECTS OF CHANGES IN WEATHER AND POLLUTION
ON PATIENTS WITH BRONCHITIS



38

It will be noted that the sharp peak in concentrations of smoke and
sulphur dioxide coincided with aggravation of the disease. Changes

in temperature and humidity had little effect.
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Figure 4 shows the great excess of bronchitis in men as
compared with women. The absolute difference in the death rate as
between rural areas and conurbations is particularly striking among
men. ( 14)

Statistics of sickness absence have been related to atmospheric
changes. For example; in London during the last war the monthly
absence rate of postmennwith bronchitis rose sharply when fog cut
visibility below 1,000 metres,(ls) A study of factory and office
workers in London showed that rates of absence from work began to
rise when 24~hour averages of 200 ug of smoke or 250 ug/m3 of
sulphur dioxide were reached.(lé) And temperature changes had no
additional effect. A review of medical certificates in Salford(17)
disclosed that there was a doubling of the rate of absence
attributed to bronchitis after periods when smoke concentration

exceeded 1,000 ug/m3.

The changes over a period of time in deaths frcm bronchitis among
men and women can be looked at in another way. The ratio of male

to female deaths at ages 55 to 59 in people born in successive



39

five-year periods from 1866-70 onwards is illustrated in Fig.5
The change in mortality from bronchitis in middle-aged men first
appeared in 1935 among those born around 1880; and increased
steadily to a peak in those born in succeeding five-year periods.
Yet the relative exposure to air pollution between men and women

was unlikely to have varied during this time.
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RELATED TO CONSUMPTION OF COAL AND TO CICARETTE SMOK

Between 1858 and 1940 the death rates from bronchitis in men and
women fell steeply. After 1940 the death rate from bronchitis

in males rose again. In the preceding forty years, cigarette
smoking among men had increased rapidly.

One study has shown that British physicians; when certifying death
from the same clinical condition; usually state *chronic bronchitis!?
on the certificate, whereas American and Norwegian physicians use
terms such 'emphysema' or 'bronchiectasis'.(18) These and similar
differences in diagnostic classification and differences in
certification limit the value of international comparisons. A
detailed comparison of the hospital and postmortem records of
patients dying from all causes in Bristol and San Francisco has
shown, however; that when the same diagnostic conventions are used
there remains an excess in the death rate from chronic disease of
the lung in Bristol.(lg) Britain has the highest death rate in
the world from chronic lung disease in middle-aged men.(20)

In rural districts air is cleaner, and there are fewer people among
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whom infection might spread. The death rate from bronchitis of
men and their wives, standardised for age, is about five times
greater in the unskilled working classes than in the professional

classes, and intermediate classes have an intermediate mortality.(ZI)

Whatever the index of air pollution employed, all investigations in
Britain have so far shown a close correlation between presumptive

pollution level and mortality from bronchitis in middle life.

Another approach is to compare the frequency of absence of postmen
from work because of bronchitis in different parts of the country
with widely differing conditions of pollution; as indicated by the
frequency of thick fog in the districts where they worked.(zz)

Even after density of population and donestic overcrowding were
taken into account, the rates for premature death or disablement
and for absence from work because of bronchitis were highest among
those working in the most polluted areas. The same method of study,
with uniform occupational groups, disclosed that among both postmen
and bus crews the highest rates of disability from bronchitis were
among men working in the centre and north-east of London, where

the concentration of air pollution was highest compared with the

rest of london.(23’24)
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The frequency of absence from work because of bronchitis increases
as men grow older. Within the London area, climate is uniform but
inception, i.e. attack, rates are higher in every age group in

districts where smoke concentrations in winter are also high.(zs)

(Fig.6) .



A nation-wide survey of symptoms by standardised techniques
conducted by the Royal College of General Practitioners in 1961
showed that after age, sex, social class, and tobacco smoking
had been taken into account, bronchitis was twice as frequent

(26)

in large towns as in the rural areas of Britain.

Effects of Air Pollution and Cigarette Smoking

In Northern Ireland a retrospective inquiry into mortality from
bronchitis gave useful information on exposure to different urban
and rural environments as well as to dustiness of occupation,
smoking habits, social class, and other personal factors.(27’28)
Questions about these aspects of life were put to the relatives

of patients who had died from chronic bronchitis and to relatives
of a representative control sample of the population matched for
sex and age. The death rates in the two groups illustrated the
major importance of smoking habit and social class in this disease;
but even when age and smoking differences were taken into account
there remained a marked residential gradient in mortality ranging
from 73 per 100,000 in rural districts to 310 per 100,000 for the

centre of Belfast.

The immediate effects of a rise in pollution above normal winter
levels have been seen in the aggravation of existing bronchitis,
increased sickness absence, more demand for hospital beds, and
greater mortality among patients already suffering from chronic
disorders of the lung. Results from the many studies on these
acute effects reviewed here point to the direct influence of
pollution in addition to any attributable to low temperatures; but

the actual pollutant responsible have not been identified.

Respiratory Disorders in Young People

- TADLE T -
DEATH RATES (PER 100.000) FROM INFLUENZA, BRONCHITIS o
‘ AND PNEUMONIA AT AGES o-14 YEARS, 19537-61 .

Males Females
Northern Ireland 40 3t
Scotland T 31
England and Wales 35 28
France 33 1y
Norway . 20 16
Denmark 18 3.1
Netherlands S 7 12
TABLE 3 . .

BRONCHITIS DEATH RATES (PER 100,000},
ENGLAND AND WALES (MALES AND FEMALES;, 1960-63

o4 5714 154t 4504
Conurbations and Urban i00,0004- 16 04 22 75
Urban 50,000 to less than 100,000 13 05 1'g 61
Rural 18 o8 4 43




42

Table 2 shows that the death rates from respiratory disease in
children are higher in England and Wales than elsewhere in North
West Europe, and double the rates in Scandinavian countries.

Excess of deaths from bronchitis in pre-school years in British
towns is shown in Table 3; and the same trend is observed in those

over the age of fifteen years.
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The diagram shows that the percentage of chlldren hav1ng repeated
attacks of bronchitis increases with the amounts of air pollutlon.(zg)
Death rates from respiratory diseases (influenza, bronchitis, aad
pneumonia) in British children up to the age of 14 are about double

those i1 Scandinavian countries and the Netherlands.

Surveys in Britain have shown that bronchitis in children is
especially frequcnt in areas where there is much air pollution. But
it is also common in South Wales, where pollution is relatively low.
There is some evidence that air pollution particularly affects

children from working-class homes.

Children with bronchitis are more liable to disease of the ear and
nose than children free from bronchitis. Discharging ears or

damaged ear drums are commoner among urban than in rural children.
Evidence that air pollution affects the upper as well as the lower

respiratory tract is suggestive but not, as yet, conclusive.

Field Surveys of Lung Cancer

In Northern Ireland, for people with similar smoking habits the risk

of dying from lung cancer rose from 47 per 100,000 per annum in the
rural areas consistently through urban districts to a maximum of
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- *The death rates from lung cancer for non-smokers and those smoking

43
157 per 100,000 among those who had spent most or all of their

(27,28) From the results obtained it was

lives in central Belfast.
calculated that if the death rate from lung cancer for a symptomless
non-smoker 1living in a rural area is taken as the irreducible minimum,
the risk of death from the disease would be about doubled for a man
living in an urban area, but increased twenty-fold if he smoked more
than 20 cigarettes a dayo(BO)
Among cigarette smokers the death rate from cancer of the lung in
doctors under the age of 65 rises from 40 per 100,000 in rural areas

. c s 31
to 64 per 100,000 in the conurbations of Brltaln.( )

These results, and those of retrospective inquiries and comparisons
of mortality statistics; demonstrate that there is an association
between urban residence and the risk of dying from lung cancer,
independent of the influence of current smoking habits.
- i ' ) " rame 4 ’ T e e
RURAL/URBAN GRADIENTS IN LUNG CANCER MORTALITY

IN THE UNITED STATES AND ENGLAMND AND WALES
ADJUSTED FOR AGLE AND SMOKING

STANDARDISED MonrtaLiTy RATIOS (per cont)® -

. Males Females oL i
.- Population (US national male rate . (US national female rete L |
of area .. =100%) =100%,) . A
US  England & Wales US  England & Wdles -
500,000+ 123 231 132 236
50,000— 1 195 - 144 ¢ 216
* _ <50,000 107 T 194 306 149
Rural 79 177 78 134

varying numbers of cigarettes each day found in a US national
survey (32)have been used to calculate the numbexr of deaths in
corresponding smoking groups 1n each type of area in England and
Wales that would have occurred if the inhabitants had the same
risk of dying from lung cancer as the Americans as a whole. The
Standardised Mortality Ratio expresses the number of deaths from
lung cancer actually reported in these areas as a ratio to the

number that would have been expected on this basis.

Experience of Migrants

The death rates from cancer of the lung among British-born people
living in the less polluted atmospheres of New Zealand, South
Africa, the United States, and Canada, lie between the lower rates
of those born in these countries and the higher rate for Britain
itself.(33’34’35’36’37) This suggests that there is an enduring
effect of British conditions or habits on the risk of developing
lung cancer; and this might be due to exposure to high levels of
air pollution in early life. In South Africa the British immigrant,

with apparently identical smoking habits and living in the same
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areas as his South African-born contemporary, still has a higher
rate of mortality from cancer of the lung.(34) Table 5 shows
death rates from lung cancer for British and Norwegian migrants

to the United States, for residents in the United States born there,
and for Britons and Norwegians staying in their own countries.(36)
The rates are highest for Britons and lowest for Norwegians staying

in their own countries, with United States citizens coming in

between.
Table 5
Age-Standardised Lung Cancer Death Rates,
Per 100,000 per Annum
(Males aged 35-74)

Norwegian-born residents in Norway 31
Norwegian-born residents in the United States 48
US-born residents in the United States 72
British-born residents in the United States 94
British-born residents in Britain 151

While British emigrants to South Africa had a higher lung cancer

risk than the white South Africans, who had smoked more; they had
(38) On the other
hand, the British immigrants lost most of their high risk of dying

a lower risk than if they had stayed in Britain.

from chronic bronchitis and in-South Africa had only onc third of

the risk occurring in England and Wales.(34)

Other Effects of Air Pollution

The effects of relatively high amounts of carbon monoxide in the
blood are well documented; but recently there has been a renewal
of interest in the possible effects of concentrations below those
causing symptoms such as headache. In such instances, visual
threshold and discrimination may be impaired, as; it is suggested,
may be the performance of various other tests of psychomotor

performance and perception.(sg’-4o’41)

Cardiovascular Disease

During the intense fog of December 1952 the death rates from
degenerative heart diseases increased above the normal. An analysis

of the death rates from cardiovascular disease in larger county
boroughs of England and Wales showed little correlation with the
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11,

index of air pollution as measured by local coal consumption,

. . 4
once social and other factors were taken into account.( 2)

Cancer of the Stomach

Death rates from cancer of the stomach and intestine have been
found to be significantly related to levels of atmospheric
pollution in thirty English county boroughs.(43) In South
Africa, British migrants have a lower death rate from gastric
cancer than white South Africans presumed to have been less
exposed to air pollution.(34) In the absence of further
evidence a causal link between air pollution and gastric cancer

must remain no more than a speculation.

Effects of the Clean Air Acts

In London, implementation of the Clean Air Act of 1956 has
markedly reduced the amount of smoke emitted and lowered its
concentration. The emission of sulphur dioxide in the air has
changed little, but better dispersion has also produced lower

concentration of this pollutant in London air.
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FIGURE 8 CHANGES IN THE EMISSION OF SMOKE AND SULPHUR RN
DIOXIDE AND THEIR CONCENTRATION IN LONDON AIR R

The Clean Alr Act has been applied most effectively in London.

The most striking result was seen in December 1962 when the
atmospheric conditions that caused the fog of December 1952 were
closely similated, but there were not the deaths that occurred in

1953 because the air pollution was much less.

45
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Since the passing of the Clean Air Act in 1956 & close watch has
been kept on the relation between fogs and mortality from bronchitis
in London. The definite association observed in the previous
decade between excessive mortality and peaks in air pollution can
no longer be demonstrated. During bad fogs there used to be
more calls for emergency admission to London hospitals. The
correlation between air pollution and demand for beds has now

virtually disappeared.

Recent advances in the Assessment of Health Effects of Environmental
Pollution were reported at an International Symposium held by the
Commission of the European Communities, the World Health Organisation
and the United States Environmental Protection Agency in Paris in

June 1974 (45). We would like to acknowledge the assistance of

the Air Pollution Control Unit of the Medical Research Council of'
Great Britain and the report by the Royal College of Physicians on Air

(46) .
Pollution and Health.
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CHAPTER 5: THE ACCEPTABLE RISKV

It is not always easy emotionally to accept the theory of
probability. Most of us have heard the story "My uncle smoked
40 cigarettes a day and lived to be 85, therefore cigarette
smoking cannot be responsible for the deaths from lung cancer
or chronic bronchitis". This argument, which is very often
used, occurs because of a lack of understanding of the theory
of probability. While it is true that some people may smoke
heavily, eat too much, take no exercise, and still live to a
good age, the probability of their doing so is very much less
than those who do not. A good example of this is that those
who smoke 20 cigarettes a day have only half the probability
of reaching retirement age of 65 as those who do not smoke at
all.(l) In order to study the risks, it is valuable to compare
the population living in an ideal community with those living
in a most adverse community, and this can be done with each of

the diseases under consideration.

Lung Cancer

If we take the example of lung cancer or bronchial carcinoma, the
risk of the non-smoker living in a truly rural area developing
lung cancer is extremely low, perhaps at the risk of 10 per
100,000 per year, but nevertheless there is this risk. A further
complicating factor is that the type of cancer occuring in a
non-smoker in an ideal situation is often different to that
occuring amongst the smokers. It is more likely to be an adeno-
carcinoma than a squamous carcinoma. These differences were very
well illustrated by the studies in Northern Ireland;(Z)in South
Africa,(B)and in North East England,(4)and by the studies compaiing
mortality among the British immigrants to the United States with
that of the Norwegians.(s)

Chronic Bronchitis

Chronic Bronchitis, which is known as the English disease, is

undoubtedly associated with air pollution and with cigarette

~smoking, but climate alone does not appear to be the important

factor, for instance Nérway has a worse climate than that of

England and yet the chronic bronchitis rates are much lower there

than they are in England, and Reed and his co-workers have shown
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that this is also true of the Norwegian immicvraits to the
United States in comparison to the immigrants to the United
Kingdom.(s) Chronic bronchitis appears to result in about
equal measure from cigarette smoking and from the various

'

factors that pollute urban air.

Ischaemic Heart Attacks

It has often been commented that ischaemic heart attacks must
have been rare 100 years ago. It is, for instance, of great
interest that they are not recorded in any detail by Osler in

his text book of medicine;(é)and yet he was such a keen

observer that if it had occurred he would certainly have

noticed it. As has been stated already, heart attacks are
milti-factorial - a combination of geretic and environmental
factors. Some people are born into a family with a greater

risk, perhaps because of a high blood fat of one type or another,
or perhaps for hypertension or diabetes. Nevertheless, however
adverse the genetic factors; whether or not the attack takes
place depends to a very great extent on the environment; and

this has been well illustrated in South Africa where ischaemic
heart attacks were almost unknown among the Bantu until recently;
and are very common, more commcn than in most European countries;
amongst the South African white population.(7) Today, ischaemic
heart attacks are starting to occur among the well-to-do Bantu

traders who are smoking cigarettes and earing a white man's diet.
Stroke

Stroke cannot be considered as one condition as there are two
major types of stroke; cerebral haemorrhage and cerebral throm-
bosis, there is a less common type often affecting young people

which is the rupture of a congenital aneurysm.

Cerebral haemorrhage is strongly related with high blood pressure
and while high blood pressure in its essential form usually occurs
in families, although it may develop from diseases such as renal

disease, if it is controlled by the use of modern anti-hypertension

drugs, the risk of cerebral haemorrhage can be greatly reduced.(s)

Cerebral thrombosis, although the reasons are not very clear, is

not only strongly associated with.lower social class males, it is



53

also associated with cigarette smoking. Those who smoke 20

cigarettes a day have twice the risk of cerebral thrombosis.

The rupture of a cerebral aneurysm is much less common than
the other two forms of stroke and in this form, unlike the
other two, the genetic factor would appear to be of primary

importance.

An Acceptable Model

In practice, there is acceptance of a threshold of acceptable
risk and this threshold will change with increasing knowledge
and increasing standard of living and ability tc alter the
factors concerned. For an example of how the acceptable
threshold works, whilst urban air pollution is a major factor
contributing to chrcnic bronchitis, and to a lesser extent to
lung cancer it was, during the 1939/45 Was; a deliberate policy
in the United Kingdom to encourage the factories to produce as
much smoke and air pollution as possible so as to blanket the

cities from air attack.

Another example which comes to mind is the high level of cancer
of the oesophagus that occurs at epidemic proportions in certain
areas such as the Transkei of South Africa and in parts of Iran,
and to a lesser extent in Brittany. But these risks are still

accepted.

Perhaps the most important breakfhrough in our understanding of
many of the cancers and the intractable neurological diseases
such as multiple sclerosis and Parkinson's disease is an appre-
ciation that these diseases, while they may have a genetic com-
ponent, are in the main environmental. The evidence for this is
the huge difference in the incidence of disease in people of the
same genetic stock living in different environments, and how they
carry with them when they move from one environment to another
the higher or lower risk of the area from which they came. Some
examples of this are the British immigrants to South Africa, who
carry with them a high risk of lung cancer and colon and rectum
cancer, whether they settle in cities, in other urban areas, or

in rural areas.(7)
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Lead Poisoning

(9)

Lead absorption is among the most important hazards to health.
Lead may be absorbed from the atmosphere, for instance from
the exhaust gases of cars and in the vicinity of lead mines
and smelters. It can also be absorbed by mouth from food,

water and, for example, paint containing lead in children.
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CHAPTER 6: CRITICAL GROUPS AND THE SIZE OF 1OV ATION AFFECTED

Definitions of Various Areas

The intensity, and therefore the effects of air pollution, tend
to increase as population density increases. Population areas
can be classified so that they cover as wide a range as practical
of population densities from the most concentrated to the least

concentrated population aggregates.

The urban/rural aggregates currently adopted is that of the
analysis of mortality statistics published in the Registrar
General's annual "Statistical Review of England and Wales" and

it consists of:

Conurbations
Areas outside conurbations
Urban areas with population of 110,000 and over
" " " " n 50,000 and under 100,000
" " " " " under 50,000

Rural districts

Todd has used such a classification as follows:

London - Total
" - Central
" - North
" - South
Conurbations
County Boroughs
Other urban areas

Rural districts - Total
- Truly rural
- Other rural

"Truly rural" areas in this analysis were those which satisfied
the following three conditions as defined in the Registrar General's
"Statistical Review of England and Wales, 19531 (2)

i, Industrialisation index of one or less (i.e. not more than
1 per cent of total rateable value is assessed as industrial
property).

ii., Not contiguous with town or urban district, or group of such,

with population of 25,000 or more.
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iii. Density of population not greater than one person per four

acres.

It would certainly seem desirable, if it is practical, to include
these two extremes of central London boroughs and the truly rural
areas in any classification of urban/rural aggregates for the
purpose of pollution studies. Without these two categories the

. true range of variation in pollution in England and Wales could
be seriously under-stated. Further, the average so-called rural
area in England and Wales tends to have a greater population
density and to contain more industrial establishments than the
average rural area in other countries. For some international
comparisons, comparative studies on the basis of truly rural areas
are therefore to be preferred. Death rates for groups of London
boroughs and for truly rural areas of England and Wales have tazen
provided in the pas:. Table 1 shows a normograph of age stan-

dardised mortality ratios for cancer of the lung and bronchus.(s)

Table 1

Cancer of lung and bronchus: Standardised mortality ratios by
sex in the urban and rural aggregates, and in selected rural
("truly rural”) areas within regional groups, 1950-53 and 1954-57,
England and Wales.

Males Females
1950-5311954-57| 1950-53|1954-57
ENGLAND AND WALES 160 100 100 100
Conurbations 126 124 121 127
‘Areas outside conurbations
Urban areas with populations of )
- 100,000 and over 111 109 101 94
Urban areas with populations of .
50,000 and under 100,000 95 96 89 92
Urban areas with populations under
50,000 84 86 86 79
Rural districts _ 64 69 76 77
"Truly rural" areas
North of England 48 48 67 64
Midlands and Eastern 47 51 66 39
South of England 49 62 67 71
Wales 33 43 56 57




From these figures it can be seen
deaths are three times greater in
say in the "Truly rural'" areas of

cancer deaths are more than twice

that the male lung cancer
the urban conurbations than
Wales, and the female lung

as high in the conurbations

than in the "Truly rural" areas cf Wales.

The numbers of deaths and death rates from lung cancer and

bronchitis of men and women in truly rural areas of Northern

Ireland during the years 1960-62 were summarised and analysed
in a study by Dean (1966) and Wicken (1966).(5) This type of

analysis was of particular value in distinguishing between the

health effects of air pollution and cigarette smoking.
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TABLE 6

r>=standardised bronchitis mortality rates per 100,000 per year of women (aged
*) in various smoking-habit and area groups in Northern Ireland.

Belfast| Belfast{Districts Towns of Rural |Ireland

Inner Outer Urban Small (Environst Truly [Northern
% Belfast | Districty

1-smokers 116 (162)| 68(81)| 57(104) | 39(5) | 48(15) | 34(123) 58(490

ast and present
kers of cigarettes

ye
1-10 per day 112(19) |125(13)}| 72(12) - | 39(3) |46(10) | 77(57
T2z mw 323(7) |260(5) [126(5) - | 48(3) | 118(20

53(3) 63(1) |407(9) 355(1) - |40(1) | 201(15)

In all areas of residence the risk of dying from lung cancer increased
with the number of cigarettes smoked, but at each level of smoking the
cancer risk was greater in Inner Belfast than in the truly rural areas.

In chronic bronchitis the urban factor was even more marked.

Using these figures it is possible to calculate the number of lung}
cancer deaths expected (a) if no one smoked cigarettes, (b) if everyone
lived in the pollution-free truly rural areas and continued to smoke

as at present, (c) if everyone both stopped smoking and lived in the
clean atmosphere of the truly rural areas. Similar calculations can be
undertaken for chronic bronchitis.

For instance, if no one smoked cigarettes in Northern Ireland the

lung cancer rates would be reduced for males aged 35 and over from

100 to 18 per 100,000 per year - less than one-fifth - and for females
from 17 to 11 per 100,000 per year. For chronic bronchitis the
reduction for males would be from 144 to 64 per 100;000 per year - about
half - and for females from 63 to 58 per 100,000. If everyone lived
in pollution-free areas of truly rural Northern Ireland and smoked as

at present, the male lung cancer deaths would be reduced one-third, from
100 to 28.5, and the male chronic bronchitis deaths halved, from 144

to 67.4 per 100,000 per year.

Non-Smokers in Rural Areas

One of the important questions that have been asked in relation to
mortality from lung cancer and bronchitis is: "What is the death rate
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from lung cancer and bronchitis in the absence of both smoking

and urbanization?".

Table 7

Age-standardised lung cancer and bronchitis mortality rates per
100,000 per year among non-smokers (aged 35+) in Northern Ireland
1960-62

Lung Cancer Bronchitis

Males Females Males Females
Inner Belfast ‘ 36(6) 16(23) 216 (33) 116(162)
Outer Belfast 40(10) 11(12) 81(20) 68(81)
Total Belfast 38(16) 14(35) 137 (58) 94(243)
Urban districts 21(7) 12(17) 44 (16) 57(104)
Small towns - 15(3) - 39(5)
Environs of Belfast 16(1) 10(4) 68(5) 48(15)
Truly rural districts 10(9) 9(29) 42(45) 34(123)
N. Ireland (average) 18(33) 11(88) 64(124) 58(490)

Table 8 summarises the estimated of the lung cancer and bronchitis
mortality rates of non-smokers in rural areas that are available

from enquiries carried out in the United Kingdom.

Table 8

Lung cancer and bronchitis mortality rates of non-smokers per 100,000
per year

Lung Cancer Bronchitis

Truly rural districts N.Ireland, men aged 35+

age-standardised rate, 1960-62 10(9) 42(45)
Rural areas, U.K., male doctors aged 35+

standardised rate Nov. 1951-Oct. 1961 12(1)
Jersey men aged 35+, 1952-61 18(2)
North Wales seaboard men aged 35-74, standard-

ised rate 1952-55 22(5)
Four rural districts, N.Riding of Yorkshire;

men aged 35+ standardised rate 1952-62 29(5) 31(7)
Guernsey, Alderney, and Sark, men aged 35+ 33(4)

The figures in Table 8 are orders of magnitude. Although the
Channel Islands are not industrialised, it may not be wholly accurate

to regard them as rural areas. Even with these limitations on com-
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parability, the figures in Table 8 show more variation than might
have been expected, possibly as a result of the smallness of the
numbers on which the rates are based. According to the largest
study, however, the lung cancer mortality rate for non-smokers

in truly rural districts of Northern Ireland was 10 deaths per
100,000 per year. for men and 9 deaths per 100,000 per year for
women. The corresponding mortality rates for bronchitis were

42 for men and 34 for women.

It is of particular interest that the lung cancer mortality rate
for male non-smokers in the truly rural districts of Northern

Ireland - that is, in the presence of only minimal air pollutiocon
- should be as low as 10 deaths per 100,0C0 per year. 1In a study

(6

rate encountered was the rate for male non-smokers aged 45-64 who

of lung cancer in South Africa )the lowest lung cancer death

had been born in South Africa, who lived in 1ural districts, and
who were non-smokers. Their lung cancer mortality rate was 8 deaths
per 100,000 per year. However, the age groups covered by the South
African study - namely 45-64 ~ differed from those covered in the
Northern Ireland study (35+); but, putting the Northern Ireland
study on the same basis, there were only four male non-smokers aged
45-64 who lived in the truly rural districts of Northern Ireland
and who died of lung cancer in the period 1960-62. This number of
deaths is equivalent to a rate of 9 per 100,000 per year for men
aged 45-64. The lung cancer mortality rate of male non-smokers in
truly rural districts of Northern Ireland was therefore practically
the same as the South African figure for locally born men, despite
the great differences between the climates of the two areas. The
Northern Ireland rate was also not very different from the rate of
14 found by Mills (1960)(7)for male non-smokers aged 40-69 in rural
Ohio in 1947-55. '

If the male lung cancer mortality rate in the United Kingdom may be
taken, in the absence of smoking and air pollution and other con-
tributions by urbanization; as being about 10 deaths per 100,000

per year, then the higher mortality rates than this found for rural
non-smokers in the other surveys suggest that air pollution may have
had a more widespread effect, or that urban dwellers had moved to
rural areas to a greater extent, than had been previously appreciated,
even though the smallness of the numbers involved may also have con

tributed to some of the unexpectedly high figures.



It has been argued, for example, that in the absence of smoking,
an urban factor makes little or no significant contribution to

(8,9) Sufficient figures are now available for non-

lung cancer.
smokers to show that both the lung cancer and bronchitis mortality
rates of non-smokers are significantly higher in urban than in

rural areas.(4)

Social Class

In the Northern Treland enquiry the possible association of lung

cancer mortality and bronchitis mortality with four other factors

was examined. These factors were social class (as represented by

occupation), other chest illness, morning cough three years or
more prior to death, and frequency among relatives of deaths from
cancer or bronchitis. The association of male lung cancer and

bronchitis mortality rates with social class is shown in Table 9.

Table 9

Lung cancer and bronchitis mortality rates per 100,000 per year
among men (aged 35+) in various social class groups in Northern
Ireland, 1960-62

Social Class Lung Cancer Bronchitis
Professional and intermediate occupations 75(144) 98(221)
Skilled occupations 121(362) 154(434)
Partly skilled and unskilled occupations 114(285) 199(534)

There are significant social class differences in the incidence of
both lung cancer and bronchitis in men. A social class gradient in
male lung cancer mortality rates in all or parts of England and

Wales has also been found by the Registrar-General.(4)

Statistical Conclusions of the Northern Ireland Study and their
Implications

The main statistical conclusions that emerged from this enquiry

were:

1. The male and female lung cancer mortality rates and the male

bronchitis mortality rate, but not the female bronchitis mortality
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rate in Northern Ireland were substantially below the corres-

ponding rates for England and Wales.

2. The range of variation between the lowest and the highest
lung cancer mortality rates found in the various sub-groups of
the adult population of Northern Ireland indicated that lung
cancer mortality among both men and women during the years
1960-62 was more strongly associated with smoking than with

any other environmental factor examined.

3. Bronchitis mortality in Northern Ireland among both men and
women during the years 1960-62 was associated mainly with urban-

ization and smoking habits.

4. Among male non-smokers lung cancer and bronchitis mortality
rates in Northern Ireland were three to four times as high in
Belfast as in truly rural districts; but the trend was not com-
pletely consistent for intermediate levels of urbanization,

possibly owing to the smallness of the numbers.:

5. The lung cancer mortality rates of male non-smokers aged 45-64
in truly rural districts of Northern Ireland were about the same
as those for South Africa, despite the differences in climate

between the two countries.

6. Both the lung cancer and the bronchitis mortality rates of
men in Northern Ireland were inversely associated with social
class, but the association was much greater for bronchitis than

for lung cancer.

7. Morning cough at least three years before death was much more
common in lung cancer subjects of both sexes than in the controls,
and the percentages in both groups having cough increased with the

number of cigarettes smoked per day.

8. No association was found between month of birth and mortality

from lung cancer or bronchitis.

9. The association of male bronchitis mortality with smoking
habits and social class was confined to the chronic form of bron-

chitis. Deaths from acute bronchitis were not associated with
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these factors.

10. Bronchitis was the cause of almost twice as many deaths in
Northern Ireland as lung cancer, and, in addition, bronchitis

as a secondary cause of death further contributed to about two-
thirds as many deaths as those of which it was a primary cause.
Bronchitis as a contributory cause of death was also associated

with urbanization in Northern Ireland.

11. The group of men characterised by heavy cigarette smoking,
chronic morning cough, residence in Belfast, and partly skilled
or unskilled occupation had the highest mortality rates for both

lung cancer and bronchitis.

These statistical conclusions followed fairly directly and
objectively from the figures emerging from the study. Subjective
factors were involved in the main only in assessing the prob-
abilities of possible errors or biases. But; in considering
whether the statistical associations reflect cause-and-effect
relationships or can be used in preventive medicine, personal
characteristics can unconsciously give different weight to
different parts of the evidence. Sir Austin Bradford Hill (1965)(10)
rightly suspected that deductions about causation from the evidence
relating to an observed association '"must turn upon personalities'".

I have assessed the evidence with, like many others, a profound
concern for human health and well-being and this concern has in-
evitably affected the deductions made.(4)

England and Wales 1971

Using the figures from the Registrar General's Statistical Review
1971 (Table 10)(11)it is possible to calculate the number of deaths
that would be reached in 1971 for cancer of the lung and bronchus,
ischaemic heart disease, cerebrovascular disease, and bronchitis
and emphysema. The standardised mortality ratios (S.M.R.) are much

lower in the rural districts than in the conurbations.
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Number of deaths and standardised mortality ratios by region (1971)

1igland & M
wales F
yrth M

F

»rkshire & M
imberside F

] rth West M
F

Fast Mid- M
.ands F
West Mid- M
.ands F
East Anglia M
F

bsouth East M
F

L.outh West M
. F

Il les 1 M
(South East)F
| les 11 M
{remainder) F
nurbationsM

. F

ban areas M
p.100,000 F

ban areas M

p.50-100,000 F 6,119

J-ban areas M
p.50,000 F

jural M
1 stricts F

Ischaemic Cerebrovascular Cancer of lung Bronchitis
heart disease disease and bronchus emphysema
N SMR N SMR N SMR N __SMR
83,036 100 31,049 100 25,142 100 20,481 100
60,088 100 | 48,878 100 5,612 100 6,690 100
6,284 114 2,386 117 1,834 110 1,499 111
. 4,684 126 3,356 112 394 108 417 100
8,907 110 3,380 113 2,540 103 2,312 116
6,622 115 5,107 110 514 94 757 118
12,308 112 4,714 117 3,793 113 3,391 127
8,984 109 7,393 111 792 101 1,323 144
5,466 926 2,218 105 1,555 90 1,343 96
3,739 98 3,040 98 334 92 411 96
7,679 98 3,114 110 2,301 95 2,083 110
5,115 96 4,439 103 440 84 616 103
2,751 87 1,086 89 819 87 518 65
1,865 87 1,711 97 145 75 164 69
27,113 92 9,472 85 9,208 104 6,518 89
20,102 90 16,426 90 2,371 117 2,277 92
7,013 95 2,635 92 1,751 80 1,425 76
5,133 95, 4,365 99 410 85 369 62
3,872 118 1,324 109 886 88 1,056 131
2,769 125 1,941 108 153 70 258 103
1,643 106 720 120 365 79 336 86
1,075 95 1,100 119 59 57 98 78
26,565 102 9,206 97 9,653 121 7,424 118
19,369 99 15,003 95 2,230 121 2,762 127
111,703 105 4,180 101 3,706 110 2,970 108
8,646 105 6,703 100 748 98 920 100
8,239 100 3,079 99 2,327 94 1,996 98
97 | 5,036 98 568 100 691 99
19,559 103 7,730 107 5,111 90 4,512 95
14,285 102 12,101 106 1,129 88 1,349 87
16,970 90 6,854 96 4,345 77 3,579 77
11,669 96 10,035 102 947 81 268 71
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Hospital Morbidity

Information about hospital discharges in ithe United Kingdom and
Ireland can be obtained from the hospital in-patient enquiry

scheme (H.I.P.E.). It has two main purposes, for administrative
use and for epidemiological use, i.e. to provide information on

a national and regional basis about illness among hospital patients

as a guide to morbidity occuring in the community.

The enquiry system in England and Wales is based upon a one-in-
ten sample of in-patients' records from the National Health
Service (N.H.S.) hospitals in England and Wales, excluding hos-
pitals confined to the treatment of psychiatric diseases but in-
cluding mental handicap.(lz) The enquiry data relates to hospital
discharges and deaths during the year and not to individual
patients. In Scotland and in the Republic of Ireland a similar
system is used but which in addition separate out persons admitted
to hospital from total admissions.(l3) One great difficulty in
making comparisons with hospitalised morbidity is that the number
of beds occupied depends to a great extent on the number of beds
available in an area and this can account for greater admissions
for some conditions in one area than in another. However, in all
areas patients requiring admission for serious conditions, for
instance most cancers, would be admitted although their length of

stay might be reduced if beds were greatly needed.

The hospital in-patient enquiry system has been used in this re-
port to study diseases of the respiratory system, heart disease,
and lung cancer; conditions which appear~to be related to air
pellution.

Table 11 shows the estimated total discharges by diagnostic group
from 1963 to 1972 and it also shows for 1972 the number in a
sample by diagnostic group and the estimated discharge rate per
10,000 population. It can be seen that while there is an increase
in acute respiratory infections and influenza, there has been

some fall between 1963 and 1972 in admissions for bronchitis and
emphysema but not for asthma. Admissions for all diseases of

the respirafory system remain fairly constant during the ten-year

period, 1963 to 1972. For heart disease, admissions for acute
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myocardial infarction increased from 57,000 in 1963 to 93,000

in 1972, and for other ischaemic heart disease from 25,000 in

1963 to 41,000 in 1972. Rheumatic heart disease on the other

hand has fallen somewhat during the ten-year period. Admissions
for lung cancer increased from 37,000 in 1963 to 45,000 in 1972
Annex 1 and for ischaemic heart attacks from 82,000 in 1963 to
136,000 in 1972 and during the same period deaths from both causes

have also increased.

Annex 2 shows the rates for all discharges from hospital for 1972
by diagnostic group and region of residence, and shows the mean
waiting time in weeks per 10,000 population. The variations in
discharge rates for the various areas of residence can be seen.
The Table also shows a high mean waiting time in areas with low

discharge rates.

Table 13, Annex 3 shows the discharges from hospital by sex, age-
group, region of residence, and diagnostic group, and also shows
the number of deaths and hospital fatality ratios for all regions.
There are differences in the age distribution of the patients
between the various areas of residence. East Anglia and Wessex
are two good examples of areas of low atmospheric air pollution

when comparisons are made with other areas of residence.

It is possible to calculate the admission rates to hospital which
could be expected if all admissions were those that are occuring
in Bast Anglia and Wessex - areas of low air pollution - that is
to say, the best picture, and they could also be used to calculate
the rates if all of England had the same admission rates as the

North West Metropolitan area, an area of high pollution.

The beds occupied per million population for the conditions under
study are shown in Table 14 and from this Table it is possible to
calculate the number of beds saved if the beds per million for

the whole country were the same as those for Wessex. For instance,
the beds occupied per million for Wessex in 1972 for bronchitis
and emphysema were 45.7 and for all regions of England and Wales
75.4. If all of England and Wales had the Wessex bed occupancy
the total average daily bed occupancy would be reduced from 3,696
to 2,240. Similarly for acute myocardial infarction and other

ischaemic heart disease combined, the bed occupancy for Wessex is
98.4 and. for England and Wales is 156.7, and if all of England



and Wales had the same heart attack bed occupancy as Wessex

the average number of beds occupied daily would be reduced from
7,681 to 4,823. For cancer of the lung, if all of England and

Wales had the same bed occupancy as Wessex the average daily bed

occupancy would be reduced from 2,380 to 1,315.

The Age Distribution of Hospital Admissions

Annex 4

The number of deaths increases understanding with the age of the

patient and the age distribution of the populations at risk must

be taken into account. Annex 5

The Cost

It is very difficult to cost the resuits of mortality and morbidity

suffered by the critical groups as a result of air pollution. Loss

of life expectancy and earnings - for instance cancer survival

rates - _.can be compared with the normal life expectancy tables.

1. Cancer Survival Rates

The latest cancer survival statistics were those published a short

time ago in the Registrar General's Statistical Review of England

and Wales.(ls)

tered in 1963 were:

Table 11

a. Number of cancer cases registered
b. Number dead at 5 years

c. Number alive at 5 years

d. Number lost at 5 years

e, Crude 5-year survival rate

f. Crude 5-year death rate

The relevant survival statistics for cases regis-

Male Female Total
64,884 61,907 126,791
54,200 43,419 97,709

9,337 16,858 26,195

1,257 1,630 2,887
14.5% 27 .5% 20.8%

85% 72% 79%
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The corresponding death rates in the latest available figures

of the Birmingham Cancer Registry were:

Male Female
Crude 5-year death rate 86% 71%

Corresponding figures are not available for the South West
Thames Region but the standardised registration ratios in
South West Thames in 1968-70 as a percentage of those in

Birmingham were:

Men 08%
Women 97%

The most illuminating survival figures from some points of view
are the median survival times = i.e. the time in months (from
diagnosis) at which half of the patients had died. The figures

of the Birmingham Cancer Registry were:

Men 5 months

Women 15 months

2. Hospital Care

The cost in hospital bed days can be estimated from the H.I.P.E.
scheme and how this can be done has already been shown. The cost
per bed day varies from condition to condition. It is, for
instance, greater in an intensive care unit after a heart attack

than in a general ward for a mild attack of chronic bronchitis.

3. Home Care

The cost of home care can be judged from the cost of the proportion

of general practitioner care given to patients at home suffering

from illness caused in whole or in part by air pollution.

4, Drugs

The cost of drugs, where there is a National Health Service or a

comprehensive insurance scheme, can be calculated.
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5. Time Lost from Work

Time lost from work can be calculated from the periods during

which sickness benefits are paid.

6. The Intangible Loss

The suffering and grief in the family after an early death is

very real although almost impossible to quantify.

Main Elements of a Future Control System

The Royal Commission on Environmental Pollution (Fifth Report
1976 HMSO United Kingdom) considered "that air quality guideline
bands should be established for suspended particulates (smoke),
sulphur oxides, nitrogen oxides, lead and carpbon monoxide, and

(16)

possibly some other pollutants. Such guidelines would give

the public, the controlling authorities, industry and government
a valuable indication as to whether or not the air at a particular

time and place should be considered unacceptable polluted.™

A Increasing pollutant concentration,

' b
selection of

Level above which
action to reduce
concentration should

be taken depend s

----- ) on evaluation
‘Average Target band which of th? cost
B pwmin might be sct by a benefit ratio.

local authority for

ncentration. . .
; concen an industrial area.

-

[ S . ¥

Target band which
might besetbya

b local authority for
a predominantly y
rural area.

. o

Lcvel below which
action to reduce !
concentration would -
not generally be
e . ) justificd.

Diagram illustrating use of proposed air quality guidelines.
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Conclusion

This study is largely based on information systems available
in the United Kingdom and Ireland. Similar calculations can
be undertaken in the other countries of the European Community
based on (a) the mortality statistics by place of residence,
(b) hospital statistics where they are available (hospital
statistics at a national level require further development

in some European countries), (c) the national health insurance
schemes and other schemes for payment to the house doctor which
are dependent on reporting the type of illness from which the
patient suffers, and (d) the cost of drugs estimated from the
consumption of various categories of drugs in different areas

subject to different atmospheric environmental conditions.

The analysis of discharges, bed occupancy, and deaths from the
hospital in-patient enquiry scheme of England and Wales shows
that there is great variation from area to area and that in
rural areas of clean air admissions to hospital for respiratory
infection, heart disease, and lung cancer are lower than they
are in areas of pollution. Of course, this is an over-simpli-
fication and many other factors have to be brought into account,
in particular bed availability, cigarette smbking, which is
greater in urban than in rural areas and has been so for many
years, social class, occupation, and even such factors as hard=-
ness or softness of the water, which may be relevant as far as
ischaemic heart attacks are concerned. Nevertheless, it is
possible to calculate very roughly the expected number of beds.
occupied if all areas of the country had the same admission rates
as those in a better area. The theoretical number of bed days
that would be saved can be calculated and no doubt the actuaries
could calculate from this the number of millions of pounds saved‘
for the Exchequer.

It is also possible in many countries to calculate the cost in
time off work, both for care at home and care in hospital. The
cost in loss of earning capacity from premature retirement and
early death can also be estimated by the actuaries for areas with

different degrees of air pollution.



The cost that cannot be calculated is the distrcss and
suffering of the men and women whose health is affected by

air pollution ani the sorrow of those they leave behind as
a result of premature death.
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CHAPTER 7: SUGGESTIONS FOR FURTHER STUDY.

This report has been in the main based on the mortality and
morbidity statistics of the United Kingdom and Ireland. Because
the United Kingdom has a state medical service and keeps

records of all hospital admissions though the Hospital Activity
Analysis scheme it is possible to compare the admissions to
hospitals of various population groups living in different

environments.

It is suggested that a working group represénting the Member
States should consider how this study should be extended to

the other Member States.

Air pollution causes much sickness which never reaches hospital
and it is suggested that studies should be undertaken on the
effect of air pollution on health using as a basis the
consultations by general practitioners recorded in the state

and private insurance schemes.

The national payment schemes for unemployment and time c¢ff work
due to sickness resulting from the effects of air pollution
should be utilised to study the populations most at risk from

basic air pollution.

In the countries where national hospital and general practice
statistics of morbidity are not available it may be possible to

use for study the national and private health insurance schemes.

The financial cost of air pollution to the community has not yet
been ascertained but it must be immense. Some of this cost
could be ascertained by actuarial studies based on time off work
and premature death and the cost to the community of loss of

working capacity and of medical treatment.
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CHAPTER 8: RECOMMENDATIONS.

It is recommended that a workshop should meet to consider
extending this pilot study in order to determine the critical
groups and the size of the populations affected by pollution

in the countries of the Community which do not yet have national

morbidity statistics.

Morbidity information systems should be developed which will

make further analysis of the effects of air pollution possible.

An E.E.C. workshop is being undertaken on hospital statistics

in Edinburgh from 2nd to 4th November,1976 in order to consider the
extension of the Hospital Activity Analysis Scheme to the other
countries of the Community and the minimum basic data that will

be required.

National and private insurance schemes should be utilised to
ascertain the time off work which results from illnesses caused

by air pollution.

The financial cost in time off work and medical treatment caused

by air pollution should be ascertained.

The E.E.C.has already undertaken a study on the effects of air
pollution on the health of schoolchildren and this study should

be continued and will make international comparisons possible.

The Community should continue to develop its policy of studying
the standardisation of air pollution monitoring.
The Community should continue its monitoring of certain dangerous

pollutants, for instance lead, asbestos and arsenic.

The effectiveness of different countries' systems of air pollution

control should be studied.
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Agreed enforcible pollution emission standards should be developed.
Suitable publicity should be undertaken to increase general

awareness in the public of the dangers of air pollution.

Comprehensive legislation to cover all aspects of industrial

air pollution should be a major objectiva.

The necessary inspectorate will be required to make sure that
the air pollution requirements are being kept and they will

require the support of the necessary fiscal policy.

Monitoring and research work into air pollution should continue

to be a major function of the European Community.



Annex Table
1, 11
2. 12
3. 13
4, 14

5. 15

England and Wales.

1963-1972 Enquiries-Estimated total
discharges by diagnostic group.

1972 Enquiry - Numbers in sample by
diagnostic group with estimated discharge
rates per 10,000 population.

England and Wales.

Discharge rates per 10,000 population

and mean waiting times in weeks by
hospital region of residence for all
discharges from hospitals included in the
Enquiry by diagnostic group for 1972.

England and Wales.

1972 Enquiry - Numbers in sample by sex,
age~group region of residence, and
diagnostic group. Number of deaths and
hospital fatality ratios (per cent) for
"all regions" totals.

1972 Enquiry - Numbers in sample, estimated
total discharges, mean and median waiting
time (weeks), mean and median duration of
stay (days) of sample cases, with estimated
average number of beds used daily, estimated
average number of beds used daily per million
population and estimated discharge rates

per 10,000 population. Analysed by hospital
region in which resident and diagnostic
group.

1972 Engquiry - Numbers in sample, number of
deaths in hospital in sample and mean
duration of stay (days) of sample cases with
estimated discharge rates per 10,000
population and estimated average number of
beds used daily. Analysed by sex and age
for each diagnostic group.
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