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hard metal alloys.5 The high solubility of cobalt in
plasma prevents it from accumulating in tissues.
Thus in many instances cobalt cannot be identified in
biopsy specimens of lung tissue from subjects who
were not exposed at the time of the acquisition of the
tissue sample.'326
Our present investigation was prompted by the

finding of two cases of hard metal disease in workers
who had been diagnosed with the disease after four
and five years of employment during the 1960s in a
hard metal manufacturing plant.'3
The results of this investigation of a group of 41

workers with previous employment in hard metal
processing plants indicate that adverse pulmonary
effects of excessive exposure to hard metals can occur
with appreciable prevalence even in the modem
industry. Almost one third of the examined workers
had radiographic evidence of interstitial lung disease;
in two instances the diagnosis had been confirmed by
histopathological analysis and identification of hard
metal components in the lung tissue. It is of interest
to note that a third subject from our study popula-
tion, in whom we did not find any certain radio-
graphic or pulmonary function abnormalities, but
who presented with respiratory symptoms, had a
transbronchial biopsy taken which showed features
typical of hard metal disease by electron micro-
scopy and microchemical analysis of lung tissue
(Abraham J. Personal communication). The pre-
sence of respiratory symptoms such as productive
cough and shortness of breath in the absence of
radiographic abnormalities has been reported in
workers exposed to hard metals and it is likely that
this combination represents the bronchitic and
inflammatory stage of the disease process.27 The
presence of other interstitial lung diseases in the
absence of radiographic abnormalities has also been
reported.28
Of special note is our finding that almost halfofthe

examined workers with abnormal chest radiographs
had been employed in hard metal manufacturing for
less than 10 years. This observation explains the lack
of association between x ray film abnormalities,
duration of employment and duration from onset of
employment. The impairment in pulmonary func-
tion, however, was more closely related to duration of
employment and duration from onset of work.
Although the lack of information on industrial

hygiene prevents any conclusions with regard to
dose-response relations, it is a widely held opinion
that the handling and pressing of the metal powders
(pre-sintered) is the more hazardous activity com-
pared with the grinding of the finished hard metal
object (sintered). Those with the most severe
radiographic abnormalities in our study population
had, at one time or another, directly handled the
metal powders. The proximity of the various opera-
tions to each other in the factory makes it difficult,

however, to associate a certain manufacturing
process with the development of clinical abnor-
malities in this group of workers.
The high prevalence of respiratory symptoms in

the studied group is remarkable. The examined
subjects were volunteers, however, and the study
group should not be considered as a population
selected from the total workforce by specific criteria.

Despite this, a high prevalence of abnormalities in
pulmonary function was found; one third of those
examined had evidence of a restrictive pattern of
impairment, and 28% had low DLCO. Abnormalities
in FVC and DLCO were more common among those
with abnormal chest radiographs. Furthermore, the
workers with abnormal chest radiographs had a
significantly lower mean value of diffusing capacity
compared with those with normal x ray films
(p < 0-01). The prevalence of obstructive impair-
ment among this group ofworkers was low-namely,
15%. Logisitic regression analysis showed an as-
sociation between chest radiographic abnormalities
and diffusing capacity. Moreover, thefindingsonx ray
film were associated with right ventricular ejection
fraction and with the change in ejection fraction
recorded on exercise. Thus an increase in ILO
profusion score was accompanied by a decrease in
right ventricular ejection fraction suggesting a patho-
physiological correlate to the observed radiological
findings.

Various abnormalities ofpulmonary function have
been reported among hard metal workers by several
investigators. The irritative or allergic effects
associated with exposure to cobalt are usually mani-
fested by obstructive patterns of impairment.'3
Detailed studies of workers with well defined
exposures (mean air cobalt concentration of
60 pg/m') have shown primarily obstructive abnor-
malities in the absence ofradiographic findings. Such
impairment was noted to occur during a single eight
hour day with further decrease in function over the
next few days. Comparison between exposed and
control groups also showed significant differences
after a period of four weeks away from exposure.
Therefore a chronic effect on pulmonary function was
suggested.3' In a five year follow up study, the
occupationally exposed smokers were found to have a
more significant decrement in lung function than
non-smokers.32
Acute respiratory symptoms and pulmonary dys-

function consistent with occupational asthma have
been reported among hard metal workers. Positive
bronchial provocation tests to cobalt and the
presence of specific antibodies have also been des-
cribed.33 '3 Acute and short term responses were not
investigated in the present study as our study
subjects had a history ofpast exposure to hard metals.
The results of our study suggest, however, that

most of the abnormalities observed by us are mani-
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festations of hard metal disease-that is, interstitial
pulmonary fibrosis whereas signs ofthe asthmatic and
bronchitic manifestations of hard metal lung disease
were less prevalent. The radiographic findings and
results of pulmonary function tests are consistent.
The high prevalence of radiographic abnormalities in
our investigation differs from those reported in other
recent studies of larger populations.35 '3 It should be
noted that our study population consisted of workers
who had been employed in hard metal manufacturing
previously and that they were not selected from a
currently employed work population. They were
examined because of concern over the presence of
health effects potentially related to their previous
employment. This is by contrast with the study
populations of other recent investigations, which
were concerned with the prevalence of health effects
among workers actively employed in hard metal
manufacturing, without including persons who
might have retired or left their employment because
ofintolerance to the work environment; this situation
may be particularly relevant to those who developed
occupational asthma. It should be noted, however,
that in one of the recent cross sectional studies, in
which findings among 425 exposed hard metal work-
ers were reported,36 the prevalences of radiographic
abnormalities in two subgroups of workers employed
in the powder and press workshops were 24% and
19 5% respectively.

In two of our cases lung biopsies had been taken
because of previously noted abnormal chest
radiographs and respiratory symptoms; hard metal
disease was diagnosed by the characteristic features
of giant cell interstitial pneumonia and fibrosis. The
association between the histopathological observa-
tions and the exposure source was strengthened by
the findings obtained by energy dispersive x ray
microanlysis of lung tissue.'337

Inferences should not be drawn from this study as
to the prevalence of hard metal disease in the United
States in general. The results suggest, however, that
further epidemiological studies are warranted and
that industrial hygiene control measures are needed
to minimise the future occurrence of this occupa-
tional lung disease, the history of which now enters
the sixth decade since its first published description.
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