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Objectives The purpose of this report is to present a case of hard-metal disease in which the synlptoms and 
findings were minimal early in the disease, but further exposure rapidly led to a fatal outcome. 
History A 22-year-old nonsmoking white male, employed for over four years in hard-metal tool grinding, 
started experiencing a dry cough and shortness of breath during exercise. Preliminary investigations did not 
reveal any cause for these symptoms, and the patient continued to work. Several months later he developed 
clinically apparent alveolitis with recurrent pneumothorax. Pulmonary infiltrates in chest radiographs did not 
disappear during corticosteroid treatment. Soon it was evident that the patient had irreversible pulmonary 
failure, and a bilateral lung transplantation was performed. No signs of rejection were seen in the resected lungs. 
The patient died of pneumonia five months later, but no signs of hard-metal disease were found in the 
transplanted lung. 
COIIC~US~OIIS This fatal case of hard-metal lung disease demonstrates that symptoms and findings in pulmonary 
function tests or chest radiographs may be minimal or misleading in the early stages of the disease. Cobalt- 
exposed workers with inexplicable respiratory symptoms should be closely monitored and the exposure should 
be suspended. 
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Pulmonary diseases caused by exposure to hard-metal 
dust can be classified into two ( I )  or three groups (2). In 
cases of pulmonary asthma, cobalt exposure can be fol- 
lowed by immediate, late, or dual asthmatic reactions 
(3). Sometimes a type I allergic reaction has been as- 
sumed to be the cause, and specific immunoglobulin E 
(IgE) antibodies against a complex composed of cobalt 
and albumin have been detected (3). Cases of acute pneu- 
monitis ( 2 ) ,  alveolitis (4) or interstitial pneumonia (5) 
have also been reported. It is not known whether repeat- 
ed acute phases of the disease are the cause of hard-metal 
pneumoconiosis or whether the fibrosis, which is rare 
among hard-metal workers, is a separate disease (2). The 
finding of giant cell interstitial pneumonia is considered 
almost pathognomonic of hard-metal disease even though 
hard-metal pneumoconiosis can also be detected without 
giant cells being present (5). 

The pathogenetic mechanism of pulmonary diseases 
caused by occupational exposure to hard-metal dust is 

not clear. Workers are not only exposed to cobalt, but 
also to several other substances, such as tungsten car- 
bide, titanium carbide, iron, silica, and diamond (6). 
Hard-metal grinders are also often exposed to coolant 
mists that can cause asthma (7) or alveolitis (8). The 
few studies that have been carried out in cobalt refiner- 
ies, where exposure involves only cobalt, have not 
found typical cases of interstitial pulmonary disease 
(6, 9, 10). Some experimental studies have shown in 
vivo and in vitro that biological reactivity to a mixture 
of cobalt and tungsten carbide is much greater than that 
to cobalt alone (1 1-13). Even if exposure to airborne 
cobalt dust is essential in the pathogenesis of hard- 
metal lung fibrosis, it is not necessarily a sufficient 
cause (6). 

The purpose of this report is to present a case of hard- 
metal disease in which the symptoms and findings were 
minimal early in the disease, but further exposure rapidly 
led to a fatal outcome. 
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Case history 

The patient, a Finnish man 22 years of age, had been 
employed for almost 4.5 years in a company maintaining 
hard-metal blades. Only two people worked for the com- 
pany, the patient and the owner. Hard-metal blades were 
sharpened with two semi-automatic machines for wet 
grinding and one manually operated machine for both 
wet and dry grinding. The patient worked with the semi- 
automatic machines. In addition to grinding the hard- 
metal tips of the blades, he brazed new tips to the blades 
for 1 to 2 h a day. 

Over the first four years of employment, including 
the time when the patient started having symptoms and 
was first examined, the work was done in an old black- 
smith's workshop about 60 m2 (210 m3) in size. The 
workshop had natural ventilation with one local exhaust 
hood in the area where hard-metal tips were brazed. No 
occupational hygiene measurements were made on these 
premises. However, according to several measurements 
in similar small workshops, the ambient cobalt concen- 
trations could have exceeded the Finnish occupational 
exposure limit (0.05 mg . m-3) (14). 

Later, the machines were transferred to larger pre- 
mises (180 m2, 630 m3) with mechanical ventilation. The 
patient worked on these premises for the last five months 
until April 1991. In this workshop, the air concentrations 
of cobalt dust were less than one-tenth of the Finnish 
occupational exposure limit. 

In February 1990, after more than four years of grind- 
ing tools containing hard metal, the patient started expe- 
riencing a dry cough and shortness of breath during exer- 
cise. Terbutaline, prescribed by an occupational health 
physician, produced some relief of the symptoms. The 
patient's chest radiographs were considered normal at 
the time, but minor central opacities were noticed when 
the radiographs were examined later. Because the symp- 
toms continued, the patient was referred to the pulmo- 
nary department of the local university hospital. 

On examination in October 1990, the patient was 
slim and asthenic, but his general condition was good. 
He had no history of atopy and he had never smoked. His 
heart and breath sounds were normal, and his breathing 
rate was 35 inhalations per minute. The peak expiratory 
flow rate (PEFR) was 525 1 . min-I. Despite repeated 
attempts to perform a spirometric test, the patient could 
not make a satisfactory expiration, and thus no spiromet- 
sic results were available. The resistance of the airways 
in body plethysmography was 73%, and the specific air- 
way conductance was 14 1 % of the respective reference 
value. The total lung capacity (TLC) and other lung 
volumes were very low because the patient was not able 
to make a forced expiration. 

The patient's condition was not considered to be 
work-related, and he continued to work. Because the 

symptoms worsened, he was referred again to the pul- 
monary department in April 1991. He had lost weight 
and was short of breath even at rest. His breathing rate 
was 40 inhalations per minute, his heart rate 100 beats 
per minute, and his blood pressure 120180 mm Hg 
(16.0110.7 kPa). Neither crepitations nor wheezing could 
be heard on auscultation. The chest radiographs revealed 
interstitial and alveolar infiltrates in both lungs, a par- 
tial pneumothorax, and pleural fluid posteriorly and pos- 
terolaterally on the right side (figure 1). Pleural aspira- 
tion yielded a few milliliters of a clear, yellowish fluid 
with negative bacterial cultures. Two days after the 
pneumothorax had been successfully treated with suc- 
tion, the patient complained of sudden and intense chest 
pain. In the chest radiographs, a tension pneumothorax 
delocating the mediastinum to the left was seen. This 
time, the pneumothorax was not completely cured by 
suction. 

The diffusing capacity of the lungs for carbon mon- 
oxide (DL,,) was 40%, and the transfer coefficient 
(DL,,/V,) 11 1%, of the respective reference values. The 
partial pressure of oxygen in the arterial blood was 12.4 
kPa, and that of carbon dioxide was 6.5 kPa. The abdom- 
inal ultrasonographic recording was normal. Because sar- 
coidosis or some allergic disease was suspected, oral 
corticosteroid treatment was started, and it relieved the 
symptoms somewhat. 

No abnormalities were observed in the broncho- 
scopic examination. A bronchial biopsy showed mild 
bronchitis. The cells in the bronchoalveolar lavage (BAL) 
fluid included 13% eosinophils and some multinucleated 
giant cells. On thoracoscopy, a lung biopsy was taken 

Figure 1. Chest radiograph taken in April 1991 when the patient came 
to the hospital. Interstitial and alveolar infiltrates in both lungs and a 
partial pneumothorax are seen on the right side. 

Scand J Work Environ Health 1996, vol22, no 1 63 



Fatal hard-metal disease 

Figure 2. Micrograph of the lung showing somewhat broadened and 
fibrotic alveolar septa. Some multinucleated giant cells are seen in the 
septa (arrow). In the alveoli, foreign material (metal particles) can be 
seen (M). (Hematoxylin-eosin staining, magnification 800 x) 

from a nodulus on the surface of the right lower lobe; it 
revealed allergic or hypersensitivity alveolitis with some 
multinucleated cells. 

Because the infiltrates in the chest radiographs did 
not disappear during corticosteroid treatment, a thoraco- 
tomy with open lung biopsy was performed in May 1991. 
In the operation, the lung tissue was contracted and did 
not expand even with high ventilatory pressure. The lung 
biopsy showed typical findings of hard-metal lung dis- 
ease with interstitial fibrosis and alveolar infiltration with 
macrophages and giant cells (figure 2). Carbon and bire- 
fringent crystals were found in the macrophages and the 
fibrotic tissue. In the particle analysis, the total number 
of particles was about 600 million in one gram of dry 
lung tissue; this value is about 10-fold higher than the 
normal level obtained with the method used. About 75% 
of the particles were tungsten carbide, but no cobalt was 
found. The BAL and the lung biopsy findings indicated 
an occupational etiology for the disease and the diagno- 
sis of hard-metal disease. 

Following the thoracotomy the state of the patient 
deteriorated. A bilateral lung transplantation was per- 
formed in January 1992. The operation itself was suc- 
cessful with no complications, but five months later the 
patient died of pneumonia. The autopsy revealed pulmo- 
nary infection, but no signs of rejection or hard-metal 
disease in the transplanted lungs. 

Discussion 
This patient continued his work with exposure to hard- 
metal dust for over a year after experiencing his first 
respiratory symptoms. The occupational cause of his dis- 
ease was not noted until the lung biopsy findings in May 
1991. Afterwards it became clear that the small central 
pulmonary opacities should not have gone unnoticed in 
the first chest radiographs in February 1990. The peri- 

pheral alveolitis type of infiltrates were seen a year later 
in April 199 1. Since the consistency of the lung tissue in 
the thoracotomic specimen was, according to the per- 
forming surgeon, "similar to that of the parenchymal 
organs," the fibrosis must have progressed. It is possible 
that the patient had a subacute fibrosis that was compli- 
cated by an alveolitis type of acute reaction in April 
1991. Multinucleated giant cells and interstitial fibrosis 
were seen in the histopathological examination. Similar 
giant cells can be seen in some viral and fungal infec- 
tions, in tuberculosis, and in foreign body reactions (15), 
but these diseases were ruled out by other histological, 
serological, and bacteriological examinations. Ohori et 
a1 (5) have indicated that giant cell interstitial pneumonia 
is almost pathognomonic of hard-metal disease. The lung 
biopsy specimens of our case included high concentra- 
tions of tungsten in the X-ray microanalysis and particle 
analysis and thus supported the diagnosis of hard-metal 
disease. The lack of cobalt particles has been attributed 
to the rapid dissolution and clearance of cobalt from lung 
tissue (1 6). 

A case of recurrent giant cell pneumonitis in a trans- 
planted lung, in the absence of further hard-metal expo- 
sure, has been published (17). Two years after a suc- 
cessful lung transplantation the patient had typical fea- 
tures of giant cell pneumonitis but no evidence of inor- 
ganic particles in the transplanted lung. Our patient sur- 
vived only about five months after the transplantation, 
and the transplanted lungs had no signs of hard-metal 
disease at death. 

In the preliminary examinations, the patient's poor 
performance in the lung function tests was considered to 
be due to his asthenic status and lack of coordination, 
and his symptoms seemed to be caused by hyperventila- 
tion and anxiety. Symptoms of hard-meal disease can 
vary and are often misleading. Cugell (15) has described 
the diagnostic procedures in his review. In several cases, 
the symptoms have been present for years (2, 18-20), 
and many symptomatic treatments have been tried, for 
example, antibiotics, bronchodilators, and corlicosteroids 
(21). In other cases, such as the present one, the findings 
are minimal early in the disease, but further exposure 
leads to a fatal outcome (16). In our case, even though 
the machinery was transfel~ed to a larger and better ven- 
tilated workroom, where the hygienic conditions were 
satisfactory, the patient's symptoms and state deteriorat- 
ed. It is evident that a worker's exposure to cobalt should 
be suspended if there is even a slight suspicion of hard- 
metal disease (18). Exposure to hard-metal dust should 
always be as low as possible. Even with cobalt dust 
concentrations that are lower than 0.05 mg . m3, grind- 
ing machines should be enclosed and equipped with a 
local exhaust system (22). The fact that cobalt also in- 
duces allergic asthma (3) adds importance to the need to 
control even low exposures. 
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