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Abstract

Introduction: We report the first case of hard metal lung disease in Singapore and the occupational investigative work and control
measures that were undertaken. Clinical Picture: A 38-year-old machinist in the tool manufacturing industry presented with exertional
dyspnoea and cough. Chest X-ray revealed bilateral reticulonodular infiltrateswith honeycombing. High resolution computed tomography
scan of the thorax confirmed the presence of interstitial fibrosis. Open biopsy of the lung showed features of pneumoconiosis. Particle
induced X-ray emission (Pl XE) analysis, arelatively new elemental analysistechnique, performed on the lung biopsy specimen confirmed
the presence of tungsten and titanium; and he was diagnosed to have hard metal lung disease. Microbiologic, serologic and histologic
investigations excluded an infective cause. Serial pulmonary function tests on follow-up showed no progression. He presented with
haemoptysis 10 months later and was diagnosed to have tuberculosis on the basis of positive sputum and bronchoalveolar lavage cultures
for Mycobacterium tuber culosis complex. Treatment: Preventive measures and permanent transfer to non-cobalt work were instituted.
Outcome: Theinterstitial fibrosis appearsto have stabilised. Conclusion: The diagnosis of hard metal lung disease must be considered in

a worker exposed to cobalt presenting with interstitial fibrosis.
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Case Report

A 38-year-old Chinese man and lifetime non-smoker,
whohad previously beenwell, wasreferredfor investigation
of bilateral reticulonodular infiltrates noted on his chest
roentgenogram. He had experienced progressive dyspnoea
on exertion associated with cough productive of whitish
sputum for 6 months preceding this evaluation in April
1998. There was no past history or family history of
tuberculosis. He did not keep any pets. He worked as a
machinist in a machinery manufacturing wood-working
toolsfor the past 10 years. Hisduties consisted of grinding
the cutting surfaces of the cutting tools and welding the
cutting parts of the tool.

Clinical examination was unremarkable. He was neither
clubbed nor cyanosed. There was no significant lympha-
denopathy. Auscultation of the lungs revealed normal

bronchovesicular breath sounds with no added sounds.
Chest roentgenogram revealed bilateral reticulonodular
infiltrates with honeycombing (Fig. 1). Full blood count,
liver function tests, prostatic specific antigen,
carcinoembryonicantigenanda phafetoproteinwerewithin
normal limits. Mantoux test was negative. Human
immunodeficiency virus (HIV) serology was negative.
Lung function tests showed disproportionate reduction in
forcedvital capacity (FV C) ascomparedtoforcedexpiratory
volumeinonesecond (FEV ) and nosignificantreversibility
following bronchodilator administration (Table ). The
total lung capacity (TL C) waslow normal withair trapping.
High resolution computed tomography scan (HRCT) of
the thorax showed predominantly diffuse interstitial
thickening with some traction bronchiectasis (Fig. 2).
Bronchoscopy revealed no endobronchial lesion.
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TABLE I: SERIAL PULMONARY FUNCTION TESTS

Initial Initial 9 months
pre- post-
bronchodilator  bronchodilator

FEV, (L) 1.65 (54.3) 1.75 (57.8) 1.80 (59.9)
FVC (L) 1.79 (47.4) 1.83 (48.3) 2.09 (55.1)
FEV,/FVC (%) 91.8 95.5 86.6
RV (L) 2.19 (168.6) 1.84 (139)
TLC 4.10 (81.6) 4.08 (81.9)
RV/TLC (%) 53.5 (216) 45.1 (220)
KCO (mmol/min/kPa/L) - 1.94 (109)

Figuresin () represent % of predicted normal values.

Bronchoalveolar lavagewasnegativefor bacterial cultures,
respiratory viruses, cytomegal ovirus, herpessimplex virus,
legionella, acid-fast bacilli, mycobacteria cultures,
Pneumocystis carinii, fungal cultures and malignancy.
Bronchoscopic lung biopsy showed chronic inflammation

Fig. 1. Chest roentgenogram showing bilateral reticulonodular infiltrates with
honeycombing.

Fig. 3. Lung showing emphysema with focal fibrosis and interstitial pneumonitis (H &
E x40).

and was negative for malignancy, fungi, acid-fast bacilli,
granulomata and viral inclusion bodies. He underwent
open biopsy of theright lungin May 1998. Histol ogy of the
lung showed diffuse emphysematous changes with focal
fibrosis centred mainly around bronchovascular structures
(Fig. 3). Thealveolar spacesinthevicinity of thesefibrotic
foci were destroyed and thethickened inter-alveol ar septae
showed abundantinfiltratesof pigment-laden macrophages,
several of which were multinucleated (Fig. 4).
Multinucleated giant cell sarepresent withinal veol ar spaces
aswell asintheinteral veol ar septae. Pol arising microscopy
revealed presence of fine birefringent particles within the
macrophages as well as loose within the inter-alveolar
septae. Thefeaturesarethoseof apatchy giant cell interstitial
pneumonitis and non-specific interstitial pneumonia with
fibrosis and excess macrophages. Histologically, these
featuresarenot diagnosticfor ahard metal pneumoconiosis.
There was no evidence of granuloma or malignancy and
specia stainswere negative for fungi and acid-fast bacilli.
Lung tissue for mycobacteria and funga cultures were
negative.

Fig. 2. Diffuseinterstitial thickening confirmed on highresol ution computed tomogr aphy
scan of the thorax.

Fig. 4. Thickenedinter-al veolar septa showing abundant pigment-ladened macrophages.
An occasional multinucleated macrophage is present (see arrow head)
(H & E x400).
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Fig. 5a. PIXE elemental maps froma 4 mm x 4 mm scan over a section of the patient’s lung tissue.
P: phosphorus; S sulphur; Ca: Calcium; Ti: Titanium; Fe: Iron; W: Tungsten

Fig. 7a. PIXE elemental maps from 400 um x 400 um scan over the tungsten rich area of the big scan. P: phosphorus; S: sulphur; Ca: Calcium; Ti: Titanium; Fe: Iron; W: Tungsten
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Fig. 5b. PIXE spectrumof theregionreferredtoin Figure5a. P: phosphorus; S sulphur;
Cl: Chlorine; K: Potassium; Ca: Calcium; Fe: Iron; W: Tungsten

Fig. 7b. PIXE spectrumof the areareferred to in Figure 7a. P: phosphorus; S sulphur;
Cl: Chlorine; K: Potassium; Ca: Calcium; Ti: Titanium; Fe: Iron; W: Tungsten

Elemental Analysis

Particle induced X-ray emission (PIXE) analysis on the
lung biopsy specimen confirmed the presence of tungsten
andtitanium. Theelemental mapsand corresponding PIXE
spectrum (Fig. 5) indicate that there are several heavy
metal elements present in the tissue at concentrations that
arenot found in normal lung tissue (Fig. 6). Theseinclude
iron, tungsten and asmall amount of titanium. Inthehigher
magnification maps of Figure 7 (the area depicted by the
squared regionon Figure5), thetungsten, iron and titanium
profilesaresimilar, implying that these contaminant heavy
metal elements are co-localised. Although the presence of
cobalt was investigated, its concentration was found to be
below the detection limit (approximately 100 ppm) under
theexperimental conditionsemployedinthemeasurements.
Theratio of cobalt to tungsten in thisregion was estimated
to be less than 1 part in 500.

Hewas diagnosed to have hard metal lung disease. Skin
patch test for cobalt sensitivity was negative.

In March 1999, 10 months after the diagnosis of hard

Fig. 6. PIXE spectrum of a 4 mmx 4 mm scan over normal lung tissue section.
Zn: Zinc; Br: Bromine

metal lung disease, he presented with haemoptysis. His
chest roentgenogram showed new patchy opacities over
theright apical region. Bronchoscopy reveal ed haemorrhage
in the right upper lobe. There were no endobronchial
lesions. Bronchoalveolar lavage showed an acute
inflammatory yield. Sputum and bronchoalveolar lavage
were negative for bacterial cultures and acid-fast bacilli.
He was started on antituberculous treatment comprising
isoniazid, rifampicin and pyrazinamide based on the
presumptive clinical diagnosis of tuberculosis. Sputum
and bronchoalveolar lavage subsequently grew
Mycobacterium tuberculosis complex resistant to
streptomycin but sensitive to rifampicin, isoniazid and
ethambutol. He completed 6 months of antituberculous
treatment and repeat chest roentgenogram upon compl etion
of treatment showed clearing of the right apical opacities
and persistence of bilateral reticulonodular opacities.

Occupational History and Exposure

Heworked asamachinistinafactory whichmanufactures
saw blades and cutters for woodworking machines for the
past 10 years. He has no past or current exposure to silica
or asbestos. Therewasno other significant exposureto dust
or fumesin his previous jobs.

Inhispresent workplace, tungsten carbidealloy iswelded
onto the cutting edges of the blades and cutters. Hisjob is
to grind the tungsten carbide edges. He does this for about
8 hoursaday and hisjob has been the same for the past 10
years. The grinding is done with coolant being sprayed
(wet machining). This serves as alubricant but also helps
to reduce the dust. However, mist containing tungsten
carbide is generated in this process. The material safety
data sheet of the alloy confirmed that it contained about
10% cobalt and 90% tungsten. We anal ysed two specimens
of tungsten carbide alloy taken from the factory for the
cobalt to tungsten (Co:W) ratio using the PIXE technique
and found the ratios to be 6:100 and 34:100.
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There is no local exhaust ventilation provided, as the
processis not visibly very dusty. He started to use a dust
respirator during grinding operations about one year ago
after he started to have symptoms of cough and shortness
of breath.

Personal cobalt-in-air monitoring over a full work shift
showed that he was exposed to 0.003 mg/m?of cobalt. The
current occupational permissible exposure level (PEL) for
cobalt is 0.02 mg/m?.! End-of-shift urine cobalt was 1.95
ug/L. The current occupational biological threshold limit
value is 15 ug/L.! His personal exposure to cobalt was
about 15% of the current occupational exposure limitsfor
cobalt. However, it is possible that exposures may have
been higher in the past prior to the regular usage of dust
respirator, when the volume of grinding work was higher
and he had more overtime work to do.

Screening of Other Exposed Workers

There were another 5 workers potentially exposed to
tungsten carbide from grinding or welding operations in
thefactory. Thelongest exposed was 15 years, followed by
8 years and then 2 years. The other two were exposed for
less than 2 years. All the grinding operations were using
coolant.

All' 5 workers were interviewed, examined and had a
chest X-ray examination and full lung function testing.
None had any symptoms, signsor radiological evidence of
hard metal lung disease. Their lung function tests were all
within normal limits.

Personal cobalt-in-air levels measured on 3 of these
workers ranged from 0.004 to 0.008 mg/m? (20% to 40%
of the PEL). The end-of-shift urinary cobalt levels ranged
from not detected to 20 ug/L. Two of these workers had
urinary cobalt levels which exceeded the biological
threshold limit value (BTLV) of 15 ug/dL. However, this
waslikely to be due to skin contamination and ingestion of
cobalt as there was a lot of direct skin contact with the
coolant (contaminated with the tungsten carbide) and the
cobalt-in-air levels were within the PEL.

Implementation of Control Measures

Although the cobalt-in-air levels were below the PEL,
control measures were recommended to the factory for the
protection of their workers. The factory installed local
exhaust ventilation systems to reduce exposure to coolant
mist. Dust respirators were issued to all workersinvolved
inthegrinding operations. Workerswereto be educated on
the hazards of tungsten carbide and theimportance of good
personal hygiene such as washing hands before meals and
keeping their fingernailsclean and short to minimise cobalt
ingestion. The patient was transferred out permanently to
another job which did not involve exposure to tungsten
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cobalt dust. A medical surveillance programme was
introduced for all theexposed workers. They wererequired
to undergo an annual chest X-ray (full size) and urinary
cobalt examination.

Other factories where workers may be exposed are
currently being identified from the suppliers of tungsten
carbide. A survey would be conducted to assess the hazard
in these factories.

Discussion

Toour knowledge, thisisthefirst case of hard metal lung
diseasein Singapore. There have been no previous reports
of hard metal lung diseaselocally and previousnotification
of the disease to the Department of Industrial Health. The
manufactureof hard metal alloysbeganin Germany shortly
after thefirstworldwar withthediscovery of ametallurgical
process for the production of hard metals. Hard metals,
characterised by extreme hardnesswhich is 90% to 95% to
that of diamond, are typically aloys of tungsten carbide,
titanium carbide and cobalt, to which small amounts of
nickel, chromium, niobium, vanadium or molybdenum
may be added.? The earliest report of pneumoconiosis due
to hard metal wasfirst described in Germany in 1940.2 The
initial observation described a diffuse, progressive
pulmonary fibrosis associated with occupational exposure
in the cemented tungsten carbide industry. Hard metal
disease has subsequently been characterised in detail.
Respiratory diseases occur in susceptible workers exposed
to airborne dusts and aerosols containing cobalt.
Occupations at risk include tungsten carbide producers,
diamond polishers, grinders and sharpeners of tungsten
carbide tools and metal coaters utilising powdered hard
metal .4

The disease affects only susceptible subjects, and has
varied clinical manifestation: (@) acute — rhinitis, asthma,
acute pneumonitis (b) subacute — fibrosing alveolitis and
(c) chronic — diffuse and progressive interstitial fibrosis.>¢
While the disease may appear 6 months to 2 years after
exposure, it isnot uncommon to observe disease only after
20to 25 years. It isnotable that, asin this patient, the long
latency period between the onset of exposure and clinical
manifestation of diseasethat istypical of pneumoconioses
suchassilicosisand asbestosis, may not apply to hard metal
disease.” Diffuseinterstitial pulmonary fibrosismay progress
torespiratory failureand death.8Thefibrosis observed may
regress after removal from exposure.

The diagnosis of hard metal lung disease is made on the
basis of the occupationa history, radiologic evidence of
interstitial lungdiseaseandwherepresent, abronchoal veolar
lavage showing thetypical giant cell alveolitis, comprising
of upto 15% inthedifferential count.® Thefinding of giant
cell interstitial pneumonia is considered almost
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pathognomonic of hard metal disease. Similar
multinucleated giant cells can be seenin viral, tuberculous
and fungal infectionsand in foreign body reactions.*®Hard
metal lung disease may sometimes mimic the features of
stagell sarcoidosis, whenthehilar lymphnodesareenlarged
secondary to the drainage of hard metals from the lung
tissue via the lymphatics.** Although giant cells may be
present as high as 13% in the bronchoal veol ar lavage fluid
of patientswith sarcoidosis, the giant cellsaretypically of
the Langhan’ stype and not foreign body type.*? Hard metal
pneumoconiosis can be present without giant cells being
present.®® I nfective causeswere ruled out by bacteriologic,
serological and histological studies. X-ray microanalysis
of the deposited dust particles in the fibrotic regions
typically shows the presence of hard metal elements
(tungsten, titanium, cobalt, nickel).*

Inthispatient, weprimarily employedthe Pl X Etechnique
to extract elemental information from sections of lung
tissue. Nuclear microscopy is a relatively new, highly
sensitive and quantitatively accurate analytical method,
based around theinteraction between ahigh-energy proton
beam and thesample. Nuclear microscopy utilisesavariety
of ion beam techniquesat sub-micron spatial resolutionsto
provide structural and quantitative elemental analysis of
biological tissue down to the parts per million level of
analytical sensitivity.™ The elemental analysiswas carried
out using 2 MeV protonsat the nuclear microscopefacility
of the Centre for Nuclear Microscopy Research, National
University of Singapore.’s!

Cobalt, rather than other componentsof hard metal, isthe
causative agent of hard metal lung disease.’®° Individual
susceptibility to cobalt is variable. Some exposed workers
will develop hard metal disease after brief, low cobalt
exposures, whilst others develop the disease after higher
cobalt exposures of longer duration.*'2° Qur patient
developed hard metal lung disease even though his current
exposureto cobalt was only about 15% of the PEL. Hewas
not the highest or longest exposed worker in the factory,
athough he was exposed for 10 years. The other workers
did not show any evidence of the disease. Cobalt
concentrations in biological samples are not significantly
differentinthosewho havethe pathol ogy and thosewho do
not have and thereisno correl ation of dose and response at
the tissue level .2t Concentrations of cobalt in lung tissue
have been reported as being low to absent in some patients
and increased in others.’® The variable results of the tissue
concentrations of cobalt may be due not only to the
different analytical methods employed, but also to the
latent period between the last exposure and the time when
tissuesamplesareobtainedfor analysis. Studiesof incubated
|abelled metal s and human lung homogenates have shown
that cobalt is highly soluble, particularly in lung cytosol

and plasma, in comparison with tungsten. Tungstenisvery
insoluble and once present in tissue, usually remains.?? An
association of susceptibility to hard metal lung disease and
the presence of glutamate 69 in HLA-DP beta chain was
reported recently.?

The interstitial fibrosis may regress by removal from
exposure at an early stage. In some cases, the disease
progressesdespitediscontinuation of exposure.” Treatment
with corticosteroid may control the progression of fibrosis
in some patients, but not in others.®% Urinary cobalt
serves as an index of exposure to hard metal dust and
cobalt.? Cobalt patch test may be positivein patients with
alvedlitis or fibrosis.

In patients with chronic interstitial lung disease, thereis
a 4.5 times higher incidence of pulmonary tuberculosis.?®
Diffusely damaged lung increases the susceptibility to
tuberculosis. We believe this predisposition underlies the
association of hard metal lung disease with tuberculosis
present in our patient.

Conclusion

This case illustrates the importance of taking the
occupational history inaworker who presentswith chronic
respiratory symptoms or a chest X-ray showing diffuse
reticulo-nodular shadowing. Inan older worker, onewould
have suspected silicosis or asbestosis and looked for past
occupational exposure to silica or asbestos. In a younger
worker presenting with chronic cough and shortness of
breath, a diagnosis of hard metal lung disease should be
excluded. A chest X-ray examination should be done and
adetailed occupational history to look for work involving
grinding or machining. Early confirmation of thediagnosis
and removal from further exposure may prevent or delay
the progression to respiratory failure and death. It would
also result in the protection of other exposed workers.
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