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TABLE XVII
CHRONIC BRONCHITIS (DEFINITION I) IN SILICOTICS AND
NON-SILICOTICS IN THE DUST-EXPOSED GROUP

Silicotic Non-silicotic

Chronic bronchitis . . 12 (44 4%) 209 (39-1%)
No bronchitis.. .. I5 (55-6%) 326 (60o9%)
Total . .. .. 27 535

X2 = 0-3I2, I degree of freedom: the
significant.

difference is not

TABLE XVIII
CHRONIC BRONCHITIS (DEFINITION II) IN SILICOTICS AND

NON-SILICOTICS IN THE DUST-EXPOSED GROUP
Silicotic Non-silicotic

Chronic bronchitis . . 4 (I4-8%) 55 (10-3%)
No bronchitis.. .. 23 (85 2%) 480 (89 7%)

Total .. .. .. 27 535

X2 = O-I83, I degree of freedom: the
slgmficant.

difference is not

Discussion

The average stem height of the two groups is in
fact identical.

Personal and Family History of Allergy Of the
dust-exposed group 6o07% and of the non-dust-
exposed group 55-I% gave affirmative responses to
one of the questions directed to eliciting the presence
of some aspect of personal or family history of
allergy. These differences are not significant at the
5% probability level.

Smoking Habits There are more current smokers
and fewer non-smokers in the dust-exposed group,
the incidence of past smoking being very similar in
the two groups.
The quantitative distribution (g./day) of the

smokers in the two groups is very similar, and there
is a negligible difference of I-5 g. between the
average daily tobacco consumption of the two
groups.
The difference in the percentage of present

smokers in the two groups is, however, significant
at the I% probability level and the need for careful
standardization for smoking before any difference
in prevalence is attributed to other factors, such as
dust exposure or exposure to the general under-
ground environment, is obvious.

Comparability of the Two Groups Of the
various personal factors which might influence the
prevalence of chronic bronchitis, age, somatotype,
personal and family history of allergy, and smoking
habits might be considered as important.

Age Table I shows that although the dust-
exposed group is slightly younger, this is by only
i-6 years in average age. Further, the distribution
of ages in quinquennial steps in the groups is com-
parable. The slightly smaller percentages of older
subjects in the dust-exposed group would tend to
reduce the prevalence of chronic bronchitis in this
group.

Somatotype The dust-exposed group is on
average slightly shorter (by o04 in.; io mm.) and
heavier (by 4-6 lb.; 2 kg.) than the non-dust-exposed
group. The distribution of the different weight
groups in the dust-exposed and non-dust-exposed
samples is, however, reasonably similar. Even
should somatotype be a factor of significance in the
prevalence of chronic bronchitis, these differences
are not likely to be significant in this regard. The
differences are actually less than expected as the
dust-exposed population had been subject to a pre-
employment examination and medical selection.

Awareness of Chest Symptoms Another factor,
which may be different in the two groups might be
called 'awareness of chest symptoms'. The dust-
exposed group, apart from being exposed to a pre-
employment examination, is regularly questioned
about chest symptoms including cough, sputum,
dyspnoea, wheezing, etc., during the course of a
compulsory annual examination. This procedure
might well heighten awareness of these symptoms
and increase the likelihood of positive answers or
increase the grade of symptoms and sharpen the
memory for episodes of exacerbation or loss of work
due to such exacerbations.

In order to examine this, Table XIX was
constructed. This records for each grade of phlegm
production, as deduced from the answers in the
questionnaire, the actual amount of sputum pro-
duced in the first hour after rising. Phlegm was
graded as follows. Grade o comprises those who
disclaim they produce phlegm on most days for as
much as three months a year. Grade i comprises
those who claim this but in addition usually bring
up phlegm from the chest first thing in the morning
or during the day or at night in the winter. Grade 2
comprises those who produce phlegm first thing in
the morning and during the day or at night in the
winter for as much as three months a year.
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TABLE XIX
COMPARISON OF SYMPTOMATIC PHLEGM GRADE AND MEASURED ONE-HOUR SPECIMEN

Phlegm Grade
Sputum
(ml.) 0 I 2

Dust-exposed No Exposure Dust-exposed No Exposure Dust-exposed No Exposure

Nil .. 309 (93-7%) 200 (95-2%) 22 (i8-2%) 9 (23-7%) 6 (5.4%) 3 (I7-6%)
0-2 .. 2 (o-6%) I (0o5%) 5 (4 I%) 2 (5 3%) 7 (6-3%) o (o%)
2-4 9 7 (2.I%) 8 (3-8%) 27 (22-3%) II (28-9%) I7 (I5-3%) I (5 9%)
5-9.9 .. 8 (2-4%) I (0-5%) 42 (34-7%) IO (26-3%) 38 (34-2%) 6 (35'3%)
IO+ .. 4 (I.2%) o (o%) 25 (20-7%) 6 (I5-8%) 43 (38-8%) 7 (4I 2%)

Total .. 330 210 121 38 III 17

It will be seen from Table XIX that the dust-
exposed and non-dust-exposed groups present
similar correlations for measured phlegm as against
grade of phlegm, and there is no indication in this
table that the dust-exposed group is exaggerating
this symptom to any marked extent.
A further examination into the possibility of such

bias in a separate paper does, however, present
evidence that in the symptom of dyspnoea a bias to
answering in a higher grade appears to be present
in the mining group (Sluis-Cremer, Walters, and
Sichel, I967).

Socio-economic Status Socio-economic status
may affect chronic bronchitis prevalence (Brown,
McKeown, and Whitfield, I958). It is, therefore,
important that the two groups are very similar in
this respect and represent a homogeneous com-
munity in socio-economic status and living con-
ditions.

Atmospheric pollution can be ignored as a factor
in this study.

Methodology The complete survey was carried
out by one interviewer and the problem of inter-
observer variation does not therefore arise.
The application of this questionnaire to another

language group has been successfully carried out
before (Olsen and Gilson, 1960).

Chronic Bronchitis Prevalence For both
definition I and definition II (Tables VIII and XIV
respectively) there is clearly a much higher rate of
chronic bronchitis in the dust-exposed.
The close relationship of chronic bronchitis to

smoking is clearly shown in Tables XI, XII, and
XIII for definition I and for the more severe form
as defined by definition II in Tables XV and XVI.

It is also clear that although smoking greatly

increases the prevalence of chronic bronchitis, the
actual amount smoked has little demonstrable in-
fluence. This finding applies to both definitions and,
in addition, suggests that the small difference in the
amount smoked between the dust-exposed and non-
dust-exposed groups is of no importance.
A significant difference between dust-exposed and

non-dust-exposed groups in prevalence of chronic
bronchitis (definition I) exists for both present
smokers and past smokers but not for persons who
had never smoked. This also holds for the different
grades of smokers where adequate samples exist
(Table XII).
The higher rates for non-smokers among the

dust-exposed group in Tables XI and XII are due
to the inclusion of the ex-smokers among the non-
smokers.

Tables IX and XVI show that the prevalence of
chronic bronchitis is far more dependent on age
among the non-dust-exposed than among the dust-
exposed group for both definitions of chronic
bronchitis. This suggests that in the dust-exposed
group the factors causing chronic bronchitis, i.e.,
smoking, act more rapidly and completely on the
susceptible section of the population. Similarly,
Table X indicates that chronic bronchitis has nearly
reached a maximum prevalence (5o05%) in the
II-I5 years' service group and that in the longer
service groups there is little tendency to increase.
This trend is present in most of the age groups with
the possible exception of those over 55 years.
That dust inhalation is not the sole and direct

cause of the differences in chronic bronchitis rate is
strongly indicated by the fact that miners who have
never smoked do not show an excess rate for chronic
bronchitis. The situation is similar to that in
Yokohama asthma where the majority of those
affected are smokers. Aerial pollution appears to
require the action of a co-factor, i.e., smoking, to

IO
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cause serious disease and disability (Phelps and
Koike, I962). That dust is not a major factor is
also suggested by the fact that the silicotics do not
have a further significant excess of chronic bronchi-
tis (Tables XVII and XVIII). However, the sample
is unfortunately rather small.
A comparison between the prevalence of chronic

bronchitis in those working on surface installations
exposed to dust only and those working underground
and exposed to the total underground environment
was not possible from our data. The majority of the
miners, however, had underground service, and it
seems reasonable to seek the factors causing the
prevalence of chronic bronchitis underground.
These factors may be physical, i.e., temperature

variations, or chemical, i.e., fumes. Nitrous fumes
have been shown to cause emphysema in experi-
mental animals at low concentrations and there are
indications that concentrations below 5 p.p.m. (the
maximal allowable concentration underground) are
not innocent, in this regard, in animals (Haydon,
Freeman, and Furiosi, I965). This concentration,
however, appears insignificant in comparison with
the ± 200 p.p.m. or more of nitrous fumes that are
found in cigarette smoke (Bokhoven and Niessen,
I96I).

Little is known of the relevant prevalence of viral
and other respiratory tract infections in miners and
whether underground conditions are more con-
ducive to the spread of these infections. Over-

TABLE XX
PREVALNCE OF CHRONIC BRONCHITIS IN VARIOUS COUNTRIES

Occupational No. in Chronic Age
Country Rural (R) or Urban (U) District Group Sample Bronchitis Group

(%) (yrs.)

Denmark .. (R) Bornholm Non-dusty I56 9-° 55-64
(Olsen and Gilson, I960)

SoDtland .. (R) Annandale Non-dusty 87 I9-5 55-64
(Higgins and Cochran, I958)

Wales .. (R) Vale of Glamorgan Non-dusty 86 25.6 55-64
(Higgins and Cochran, I958)

England .. (U) Leigh Non-miners 84 I79 55-64
(Higgins, Oldham, Cochrane, and Miners category 0 ioi 37-6 55-64

Gilson, I956) Simple C.W.P. 21 I9-0 55-64
England .. (U) Staveley Non-miners 8I 32-0 55-64

(Higgins, Cochrane, Gilson, and Miners category 0 96 39-6 55-64
Wood, I959) Simple C.W.P. 53 37.7 55-64

Wales .. Rhondda Fach Non-miners 86 29-1 55-64
(Carpenter, Cochrane, Gilson, and Miners category 0 25 48-0 55-64

Higgins, 1956) Simple C.W.P. 40 65-0 55-64
U.S.A. .. (U) Chicago Non-miners 1242 IO-7 45-54

(Sharp, Paul, Lepper, McKean, and
Saxton, I965)

U.S.A. .. (U) Jersey City Non-miners 59 24-0 55-59
(Gocke and Duffy, I962)

U.S.A. .. (U) Detroit Non-dusty 33I-0 60-64
(Brinkman and Coates, I962) Light dusty 23-D 60-64

Silica exposure I7.0 60-64
Silicosis - 36-o 60-64

U.S.A. .. (U) Berlin Mixed I57 33-7 55-64
(Ferris and Anderson, I962)

England .. (U) London Post-Office van drivers I37 38-7 50-59
(Holland, Reid, Seltser, and Stone,

I965)
England .. (R) Peterborough, Norwich, and Post-Office van drivers 159 I8-9 50-59

Gloucester
(Holland et al., I965)

U.S.A. .. (U) Washington, D.C., Baltimore, and Outside telephone 229 25-8 50-59
Westchester, N.Y. workers

(Holland et al., I965)
South Africa.. (U) Carletonville Non-miners 42 26-2 Over 55

(Present study) Miners category 0 54 44-4 Over 55
Silicosis 27 44.4 Average 495

C.W.P. = coalworkers' pneumoconiosis.
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crowding, i.e., in cages, may also be a factor in this
regard.
No factor or combination of factors can on present

evidence be indicated as the cause of the high rate
of chronic bronchitis in miners apart from the fact
that smoking is a sine qua non. Further studies into
this problem are clearly indicated.

International Comparisons of Chronic
Bronchitis Prevalence Table XX shows the
prevalence of chronic bronchitis reported in similar
surveys in several countries. Definition I, or some
closely related definition, was used in these surveys.
The prevalence of chronic bronchitis in non-

miners at Carletonville is similar to that in urban
populations in the United Kingdom and the United
States. Gold-miners (without silicosis) have a
similar incidence to coal-miners (without coal-
workers' pneumoconiosis) at Leigh, Staveley, and
the Rhondda Fach.
The fact that there is no significant air pollution

in Carletonville strongly suggests that smoking is a
far more significant factor in the causation of chronic
bronchitis than air pollution or climate.

This survey has produced no data about the
severity of chronic bronchitis in South Africa. It is
generally believed that the condition more often
takes a more serious course in the United Kingdom
than elsewhere. The relative severity of the condi-
tion in South Africa and whether there are in this
respect differences between miners and non-miners
requires further study.

We gladly acknowledge the outstanding manner in
which Mr. C. S. Rautenbach, the field officer for this
survey, acquitted himself of his task.
We appreciate the advice and assistance given by

Dr. J. C. Gilson at various times before and during the
survey.
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