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Respiratory disease in non-smoking Western
Australian goldminers
A William Musk, Ian L Rouse, Bing Rivera, Nicholas H de Klerk, James C McNulty

Abstract
Respiratory symptoms, spirometry, and
transfer factor were measured in 208 nonsmoking Western Australian underground
goldminers (mean age 32) to identify the
presence of respiratory abnormalities resulting from underground work. These subjects
were part of a larger group of 771 subjects
attending for statutory periodic chest x ray
examinations in the industry. They had worked
underground for a median of three years. The
prevalence odds ratios of bronchitis, dyspnoea,
wheeze, and asthma all tended to be related to
duration of underground employment, even
after adjusting for age, those for wheeze and
asthma reaching statistical significance. After
adjusting for age and height the duration of
employment also had a significant effect on TL/
VA but not on FEVI, FVC, or TL. These changes
are consistent with the presence of airway
narrowing and non-specific lung fibrosis
or emphysema in non-smoking underground
goldminers.
(British Journal of Industrial Medicine 1992;49:750-754)

Previous prevalence surveys of respiratory disease in
Kalgoorlie goldminers were performed in 1961-2'
and 1985.2 In 1961-2, 22% of subjects had radiographic signs of silicosis but in 1985 this prevalence had
fallen to only 1%. In 1961-2, 10% of surface workers
and 27% of underground workers had chronic cough
and sputum (chronic bronchitis) and the prevalence
of chronic bronchitis increased with the number of
years of mining. The relation between mining and
bronchitis was confounded, however, by the effects of
smoking as 73% of underground miners but only
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64% of surface workers smoked. In 1985 the overall
prevalence of "chronic bronchitis" was 14% with
11 % of workers having spirometric evidence of
airflow obstruction. Chronic bronchitis with or without abnormality of pulmonary function was determined by age, smoking habit, and underground
mining experience with an odds ratio of 51 after
more than 20 years of mining when compared with a
lifetime non-miner. Surface mining activities had no
significant effect on respiratory symptoms or lung
function. It was estimated that 50% of cases of
chronic bronchitis in working underground miners
were due to occupational factors.
The aim of the present study was to identify the
presence of respiratory abnormalities in underground goldminers from Western Australia with
particular emphasis on the presence and nature of
disease in non-smokers.

Subjects
The study was performed in Kalgoorlie between
20 November 1989 and 1 December 1989 in conjunction with the compulsory chest x ray screening
programme required under the Mines Regulation
Act for miners renewing their miners' certificates.
Seven hundred and fifty five men and 16 women were
included. Based on company employment records,
these represented 90% of all eligible employees in the
industry. The mines sites of Cassidy, Chaeffers,
Croesus, Fimiston, Lake View, Main, Paringa,
Perseverance, and Oroya were included in the
survey.
Methods
The 1976 British Medical Research Council
questionnaire on respiratory symptoms and smoking
history3 was answered at interview. Chronic
bronchitis was defined as cough and sputum on most
days for as much as three months each year for more
than one year. Breathlessness was graded 1-4.4
Non-smokers were defined as never having smoked
one cigarette a day, or one cigar a week, or one ounce
of tobacco a month for as long as a year. Levels of
rolled tobacco and pipe tobacco were corrected to
their cigarette equivalents on the basis of one
cigarette for 1 g of tobacco. Ex-smokers had stopped
smoking at least three months before the survey.
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Duration and type of underground exposure was
determined from self completed questionnaires.
Subjects who worked underground for less than one
month were classified as never having worked underground. All men in the survey had been passed fit to
work underground.
Forced expiratory volume in one second (FEV,)
and forced vital capacity (FVC) were measured
standing with a dry bellows spirometer (Vitalograph
S), the calibration of which was checked daily. The
best FEV, and the best FVC at ambient temperature
and pressure saturated with water vapour were taken
from three technically satisfactory forced expiratory
manoeuvres in which the best two were within 5%
for FEV1 and FVC.' Transfer factor (TL) and single
breath alveolar volume (VA) were measured in
duplicate by the single breath carbon monoxide
method.4 Predicted levels of FEV, and FVC were
obtained from Morris et alP and predicted levels of
gas transfer from Cotes.4 Height was measured
without shoes using a stadiometer.
STATISTICAL METHODS

The data were analysed using computer packages
SPSS-PC7 and EGRET.8 The associations between
duration of employment and symptoms were
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examined by logistic regression to estimate
prevalence odds ratios. The effects of duration of
employment on measures of lung function were
estimated by least squares linear regression to
estimate linear regression coefficients with adjustment for age and height. The relations between
symptoms and measures of lung function were
examined in the same way but were also adjusted for
duration of employment; this was the only measure
of exposure used and was generally best expressed
as the logarithm to base e (ln) of years worked
underground.
Results
Seventy nine per cent of subjects were in the 20-49
year age group and 17% were older than 50 (fig 1).
Eighty three per cent of subjects currently worked
underground, and the remainder were employed in a
variety of surface occupations. Forty nine per cent of
subjects had worked underground for more than five
years (fig 2) and 41 % reported working in other mines
(mostly in the nickel industry). One third of miners
had never smoked (fig 3).
Fifteen per cent of the persons in this study had
chronic bronchitis. The frequency of chronic
bronchitis and a history of bronchitis were more
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Table I Prevalence of symptoms by smoking (755 men)
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Chronic bronchitis
Dyspnoea, grade 2-4
Wheeze
History:
Bronchitis
Pneumonia
Asthma
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Years of employment
Figure 2 Duration of employment (755 men) .

common among current smokers (table 1) and
increased with increasing age to over 60% at age 60.
In current and ex-smokers the prevalence of chronic
bronchitis, dyspnoea, and wheezing increased with
increasing cigarette consumption measured as
amount of consumption or duration of smoking.
Dyspnoea grades 2-4 and wheezing were also more
common in smokers and ex-smokers than in nonsmokers.
The mean age of the 208 non-smoking male miners
was 32 and they had worked underground for up to
38 years (median three years). Sixty one had had
previous exposure to nickel mining, four to coal
mining, three to tin mining, two to lead mining and
one to copper mining. Thirteen per cent of these
workers had a history of dyspnoea of grade > 2 and
11% a history of chronic bronchitis. A history of
asthma was present in 7% and wheeze in 15%.
Average levels of ventilatory capacity were greater
than published predicted values for non-smoking
men (table 2).
A history of bronchitis, asthma, or wheeze had no
significant effect on any parameter of pulmonary
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Figure 3 Daily cigarette consumption (755 men; 162 exsmokers, 331 current smokers).
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Discussion
This study shows an effect of smoking on airway
disease in Kalgoorlie goldminers. The overall
prevalence of chronic bronchitis was less than in the
1961 survey' but similar to the prevalence in 1985.2
Despite evidence of a healthy worker effect from the
greater than predicted normal levels of ventilatory
capacity in non-smokers there were small but
significant independent effects of duration of
employment on wheeze and gas transfer (TL/VA).
These changes, found in non-smokers, are consistent
with the existence of airway narrowing and emphysema or non-specific lung fibrosis (mixed dust
fibrosis). The findings for bronchitis are also similar to
those of the previous study in Kalgoorlie2 in which
the prevalence odds ratio for bronchitis in nonsmokers with underground exposure was 14 (95%
CI 05-41).
Table 2 Subject characteristics (208 male non-smokers)

Age(y)
Height (cm)
FEV (1)
FVC (1)

100

24
27
32

Current Smoker
(n = 331)

function. Subjects complaining of breathlessness
grade 2-4 had significantly reduced FEV,, FVC, and
VA but not FEV,/FVC or TL (table 3).
The prevalence odds ratios of bronchitis, dyspnoea, wheeze, and asthma all tended to be related to
duration of employment even after adjustment for
age, but only that for wheeze reached statistical
significance (table 4). After adjusting for age and
height duration of employment had a significant effect
on TL/VA but not on FEV,, FVC, or TL (table 5).

200

150

Prevalence (%)
Non-Smoker Ex-Smoker
(n = 262) (n = 162)
12
4
24
11
17
10

TL (ml/min/
mm Hg)
VA (1)

TL/VA
FEV/FVC
Dyspnoea
Bronchitis

Mean

SD

Range

32
177
447 (396)
5-39 (4-68)

12
7
0-80
0-98

16-62
160-197
215-6-50
2 30-800

35 2 (33-6)
6-05 (6-72)
5 86 (535)
0-83 (0-79)

5-8
0-86
0 79
0 07

204-52-3
3-71-9-10
3-66-8 11
0-47-099

Asthma
Wheeze

Predicted normal values46 in parentheses.

Prevalence of
respiratory

symptoms

28 (13%)
23 (11%)
14 (7%)
32 (14%)

Br J Ind Med: first published as 10.1136/oem.49.11.750 on 1 November 1992. Downloaded from http://oem.bmj.com/ on June 28, 2022 by guest. Protected by copyright.

Musk, Rouse, Rivera, de Klerk, McNulty

752

Table 3 Effect of symptoms on lung function (208 male
non-smokers) t
FEV, (1)
FVC (1)

FEV,/FVC(%)
TL (ml/min/

mm Hg)
VA (1)
TL/VA

Bronchitis
-0 05
-0 14
1 20

Asthma
Dyspnoea
0-02
-0 27*
-0 35* -0-04
0 81
0 82

0-33
0 12
-0 06

-1 40
-0 37**
0.19

2 10
0 09
0-24

0 50
0-08
-0-06

Review of current chest x ray films for the subjects
in this study is currently being undertaken with
particular emphasis on the presence of minor changes
consistent with diffuse fibrosis (small irregular
shadows of profusion 0/1 on the International
Labour Office (ILO) classification). This analysis may
provide further evidence concerning the presence
of pulmonary fibrosis although less than 1% of
participants had sufficient abnormality to indicate
silicosis (small rounded upper zone opacities of
profusion > 1/0) when reviewed by the state mines
medical officer.
The use of duration of employment as the sole
measure of exposure in this study has obvious
limitations, especially in regard to any associations
between exposure and cough and sputum. Some
index of intensity of exposure would be desirable as
current intensity of exposure to particulates rather
than duration of exposure is more relevant to the
presence of these symptoms. It would also be useful
to examine the nature of exposure as a further
determinant of symptoms and changes in lung function. Some of the Kalgoorlie mines have operated
underground diesel equipment for many years and
constituents of diesel emissions, particularly oxides
of nitrogen, may be more potent respiratory irritants
underground than the particulate matter arising from
rock.
Other studies of airway disease in miners have
been confounded by the known effects of smoking. In
a study of non-smoking miners in the Appalachian
coalfields in 1973,9 however, face workers had more
bronchitis than surface workers with lower dust
exposure, a finding consistent with the present study.
Table 4 Prevalence odds ratios (POR) for effect of duration
of employment on symptoms (adjusted for age)
Dyspnoea >grade 1* (n
Bronchitis* (n = 23)
Wheeze* (n = 32)
Asthma (n = 14)

=

28)

POR

(95% CI)

1-23t
1-57t
1-06t
1-59t

(0-75-202)
(0-89-2 77)
(1-00-112)
(0-78-326)

*Significantly associated with age.
tIncrease in POR per year of employment.
lIncrease in POR per In year of employment.

Regression Coefficients*

Wheeze
-0-03
0-06
-1 70

*p < 0 05; **p < 0 01.
tDifference in lung function between those without and those with
symptoms adjusted for age, height, and In years underground.

Symptoms

Table 5 Effect of duration of employment on pulmonary
function with adjustment for age and height
p Valuefor

Employment
(In y)

effect of
employment

FEV,/FVC(%)

Height
(cm)
-0-04 0-05
-0 04 0-07
-0 10 -0 16

0 09
0 09
-0-01

0 06
0-14
0-98

TL/VA

-017 031
-001 008
-0-02 -0-02

-046
006
-0-16

025
025
0 02

Age
(y)

FEV, (1)
FVC (1)

TL (ml/min/
mm Hg)
VA (1)

*Change in lung function measure per unit change in age, height,
or duration of employment, all variables controlled

simultaneously.

This effect was not seen in current smokers or exsmokers. In South African goldminers associations
between chronic bronchitis and airways obstruction
and exposure to dust containing up to 75 % free silica
have been found separately in current smokers, exsmokers, and non-smokers.'0
In early cross sectional surveys among dust
exposed workers large groups of miners and foundry
workers were examined and found to have excess
cough and sputum beyond rates attributable to
smoking alone," 12 and also small reductions in lung
function'3 14 that were not accounted for by the
presence of silicosis. In coal miners these changes
may be a result of subclinical emphysema'3"' and
Becklake et al '5 have presented pathological evidence
of emphysema in non-smoking goldminers. Abnormalities have also been described in the small airways
of workers exposed to mineral dust,'6 17 which may
relate to minor changes in ventilatory capacity. Gas
transfer changes found in the non-smoking gold
miners in this study require further assessment,
particularly with regard to their possible relations
with other evidence of emphysema or mixed dust
fibrosis.
This study was funded by the Western Australian
Department of Mines. We are grateful to the
members of the chronic obstructive airways disease
steering committee for initiating the project and to
staff members of the Epidemiology and Research
Branch of the Health Department of Westem
Australia for conducting the survey.
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