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The etiology of occupational pulmonary aluminosis — the past and the present

Petra Smolkova?, Marie Nakladalova?

Background. The authors review pulmonary aluminosis caused by exposure to dust containing aluminium and its
compounds, mainly oxides. Special attention is paid to various factors of occupational exposure as to an important
etiologic issue. The condition has a rich and interesting history dating back to the 1930s. The most significant occu-
pational exposures are associated with processes in bauxite smelting, the use of fine aluminium powder, exposure to
aluminium welding fumes, grinding and polishing of aluminium materials.

Methods and Results. A literature search for relevant scientific studies in English was performed using the following
internet databases: relevant sections of The Cochrane Library, EBSCO Discovery Service, Ovid, ProQuest Science Journals,
PubMed, ScienceDirect, Scopus and Web of Knowledge. The initial clinical manifestations of pulmonary aluminosis are
exertional dyspnea with dry, non-productive cough. Depending on the type and length of the occupational exposure,
ventilatory defects may vary considerably from restrictive to obstructive pattern. Radiographic findings commonly
showing nodular or slightly irreqular opacities are predominantly located in the upper, less frequently in the lower
lung fields, or can have a diffuse pattern. In advanced stages, severe pulmonary fibrosis with honeycombing occured.
Conclusions. Although pulmonary aluminosis is a very rare disease, it still occurs. Since the industrial importance
and use of aluminium continue to rise, lung damage from exposure to respirable aluminium particles should not be
overlooked but monitored and prevented. Even today, the pathophysiology of pulmonary aluminosis has not been

explained as yet.
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INTRODUCTION

As early as in 1936, the effect of aluminium-containing
dust inhalation on human health was studied in Great
Britain. At that time, however, no relationship with
pulmonary fibrosis was found'. Currently, there is no
doubt about the existence of lung damage from inhala-
tion exposure to dust containing aluminium particles or
compounds. Pulmonary aluminosis is defined as pneu-
moconiosis caused by the presence of dust containing
aluminium in the lung tissue?. The condition is clinically
and prognostically significant in that it may result in pul-
monary fibrosis including all its consequences. There
were reports of cases of death even after few years from
the onset of symptoms, e.g. after 3 or 5 years>*.

As in other pneumoconioses, there is no effective
causal therapy for aluminosis.

This review article aims at drawing attention to and
summarizing information on pulmonary aluminosis as
a rare work-related damage to the lung parenchyma of
the pneumoconiosis type caused by exposure to dust con-
taining aluminium and its compounds. The review also
focuses on various factors of occupational exposure.
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REVIEW OF KNOWLEDGE ON PULMONARY
ALUMINOSIS, ESSENTIAL STUDIES

The first cases of lung damage from work-related ex-
posure during aluminium processing were reported in the
1930s in Germany. In 1934, Baader reported the first case
ever of pulmonary fibrosis associated with the above ex-
posure, as mentioned in a 1938 study by Doese’. In the
1940s, damage to the lungs from aluminium-containing
dust inhalation was studied by Goralewski who first used
the term “aluminium lung”®. In his work, he discussed
several pathophysiological mechanisms. He admitted that
other environmental factors and mixed exposures may
contribute to the etiology of the condition. However, he
had no doubts that dust containing aluminium may cause
severe progressive lung disease. For example, he found
signs of pulmonary aluminosis in 26% of 628 workers
from 6 plants producing aluminium powder for ammuni-
tion; his patients presented with cough, dyspnea, rather
reticular opacities in the apex or middle lung fields and
pulmonary fibrosis®’. He considered the use of stearic
acid as an additive in aluminium powder production as
safer than e. g. the use of mineral oil, with this opinion be-
ing supported by other experts in the following decades’®.

Also in the 1940s, thirty-five cases of pulmonary fi-
brosis were reported among 344 Canadian aluminium
potroom workers with exposure in the manufacture of
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alumina abrasives by Shaver and Riddel. Of those, ten
died due to respiratory failure*. Moreover, Koelsch (in
1960) reported that between 1943 and 1960, twenty-seven
cases of pulmonary aluminosis were recognized and com-
pensated in Germany”’.

Generally, over the past years, pulmonary diseases
caused by occupational exposure to aluminium and its
compounds have been gradually reported in association
with the following diagnoses: pulmonary fibrosis (alumi-
nosis), asthma, alveolar proteinosis, lung cancer, granu-
lomatosis, chronic bronchitis, acute tracheobronchitis
and pneumonitis'®*. Among these diseases pulmonary
fiborosis has been the most frequently discussed disorder.

The initial clinical manifestations of pulmonary alu-
minosis are exertional dyspnea with dry, non-productive
cough®251%  Crepitation is also reported!. Restrictive
ventilatory defects are observed, sometimes accompa-
nied by decreased diffusing capacity'>!>'#2°, On the other
hand, Townsend et al. reported a relationship of impaired
lung function to a higher prevalence of small opacities
and a decrease in FEV, in workers with increasing du-
ration and cumulative total dust exposure (in one study
exposure of 20 or more years) (ref.2??). A clear obstruc-
tive pattern of pulmonary ventilation parameters was
repeatedly found in aluminium potroom workers?%2+25,
Radiographic findings may vary considerably, showing
nodular or slightly irregular opacities that may merge into
more prominent formations, most frequently in the up-
per lung fields'>'%2'26, Some authors also reported their
distribution in the lower lung fields or, less frequently, a
diffuse pattern*!*?'2¢, Possible mediastinal enlargement
was also mentioned by some authors?. Later, subpleural
bullous emphysema is frequent, potentially complicated
by spontaneous pneumothorax, with recent studies sug-
gesting possible association with higher serum aluminium
levels®!>282° In advanced stages, severe pulmonary fibrosis
with honeycombing was described®!>!416.30-32,

Traditionally, the highest risk with respect to potential
Iung damage is reported to be associated with processes in
bauxite smelting, the use of fine aluminium powder in the
manufacture of explosives and, last but not least, exposure
to aluminium welding fumes, as shown in more recent
case reports**¥. Some studies reported occasional cases
of aluminosis from grinding and polishing of aluminium
materials'>!728, The authors of this review dealt with a
case of pulmonary aluminosis in an aluminium polisher
whose disease was aknowledged as an occupational one.

In 1986, De Vuyst and colleagues published a case of
a metal polisher doing his job for 24 years, using abrasives
to polish aluminium materials mainly in the second half
of his exposure'. He worked in a high concentration of
aluminium dust. At the age of 51 years, he developed the
first symptoms in the form of exertional dyspnea and non-
productive cough, and within 5 years, he could not do his
job any longer. Another five years later, he was diagnosed
with lung adenocarcinoma that progressed, causing the
patient’s death in the same year. It must be noted, how-
ever, that he was a heavy smoker. Apart from prominent
opacity in the right upper lung field due to tumor, a chest

radiograph showed numerous interstitial infiltrates that
were predominant in the mid lung fields, hilar enlarge-
ment, and honeycombing and emphysema in the bases.
There was mild restriction of pulmonary function and
marked reduction in transfer factor. Analysis of mineral
particles in the lung tissue, bronchoalveoalar lavage, and
lymph nodes revealed that most foreign particles pres-
ent were of metallic aluminium (their size was 0.5 um -
5 um). An important role in the extensive deposition of
aluminium material in the worker’s lungs was very likely
played by his massive exposure to dust.

The pathophysiological basis of aluminosis was dis-
cussed, for instance, by Gilks and Churg in 1987 (ref.).
The authors used a case report of an aluminium smelt-
ing industry worker to ask what is behind the ability of
aluminium to cause lung tissue fibrosis. In the patient’s
autopsy material, they found huge amounts of both non-
fibrous and fibrous particles of aluminium, namely alpha
aluminium oxide (ALQO,). Logically, this finding subse-
quently led to a question whether fibrous aluminium par-
ticles are responsible for the fibrogenicity. However, the
question still remains unanswered. They suggested that
the rare incidence of aluminosis may be caused by rare
and poorly studied presence of aluminium and its oxides
in the form of fibers.

It is aluminium oxide used in the production of and
work with abrasives that is often reported to be associated
with fibrogenicity in lung tissue. Jederlinic et al. presented
a series of cases of workers engaged in the production of
grinding wheels and tools using aluminium oxide?. From
one thousand workers in that plant examined in the study,
three were diagnosed with severe, histologically confirmed
pulmonary fibrosis, and another six with abnormalities
suggestive of interstitial processes. According to the
authors, this prevalence was 300-fold that of idiopathic
pulmonary fibrosis. Although mixed dust exposure could
not be completely excluded, dust containing aluminium
oxide was the most likely cause. There were more studies
documenting the dangers of exposure to aluminium oxide
published in the past. As early as in the 1940s, Shaver and
Riddel described signs of interstitial fibrosis in approxi-
mately 10% of workers exposed to aluminium oxide*!2.
In the 1980s, Wegman and Eisen reported an increase in
both non-malignant and malignant diseases in a plant pro-
ducing abrasives from aluminium oxide. The authors used
data from death certificates and employment records?®.
Townsend et al. studied the risks of dust exposure in a
company refining bauxite to produce aluminium. In 7-8%
of 788 workers in the cohort, irregular opacities mainly in
the lower lung fields were detected, together with a moder-
ate increase in the prevalence of opacities associated with
high cumulative exposure in non-smokers. Smokers then
had a significantly higher prevalence of opacities?'.

There have been extensive discussions in the literature
regarding one of aluminium oxide low temperature range
transitional forms, gamma aluminium oxide, occurring at
temperatures between 250 °C and 500 °C (ref.?!). As early
as in the 1950s, a hypothesis was formulated based on
animal tests that gamma aluminium oxide is responsible
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for the development of pulmonary aluminosis*. Most of
the later studies, however, came to the conclusion that
gamma aluminium oxide is not the only noxious substance
causing pulmonary aluminosis, not even in plants where
it is known to be present?'.

In their aforementioned study, Gilks and Churg
stressed the fact that X-ray diffraction had demonstrated
only alpha but not gamma aluminium oxide or metal
aluminium in autopsy material. The authors concluded
that the previous suggestions relating aluminium-induced
fibrosis to the presence of gamma aluminium oxide had
not been correct®.

Similarly, Jederlinic et al. raised doubts over the dis-
cussed fibrogenic capacity of gamma aluminium oxide as
this low temperature range transitional form of aluminium
oxide is destroyed by high temperatures used in foundry
industry (approximately 960 °C) (ref.263%40),

According to Townsend et al., another problem is the
fact that even in plants known for the presence of low
temperature range transitional forms of aluminium oxide
such as bauxite refineries, it is impossible to either ac-
curately determine the amounts of these forms or select
workers with pure exposure to them. Therefore, the au-
thors consider specific effects of exposure to these forms
of aluminium oxide as speculative, which is even true for
the cohort in their study?'.

Another contribution to the discussion on the prin-
ciples of aluminium pathogenicity in the lung tissue is a
1987 study by Dinman’. It provided a detailed analysis of
the impact of processing aluminium powder, namely the
role of additives and lubricants, already discussed in ear-
lier studies. He documented that pulmonary aluminosis
cases associated with production of aluminium powder in
the past had been caused by the use of non-polar aliphatic
oils as lubricants, but never by the traditional use of polar
derivatives of stearic acid. Thus, the common denomina-
tors of hazardous exposure were exposure to very fine
respirable aluminium dust with a large total surface area
and the use of lubricants easily removable in biological
systems. Between exposed reactive surfaces of aluminium
particles and macrophages, these properties allowed in-
tracellular oxidative processes leading to overproduction
of oxygen free radicals and subsequent damage, with the
pro-oxidative property of aluminium being confirmed by
more recent studies as well*'. According to the author,
this hypothesis is supported by the fact that well docu-
mented cases of pulmonary aluminosis were associated
with periods when the non-polar lubricants were used in
specific regions, such as Germany in 1938 to 1945 and
Great Britain in 1950 to 1957 (ref.”).

More recently, Kraus et al. in their 2006 article re-
ported lung changes in workers in two German plants
producing aluminium powder who had been exposed to
a mixture of aluminium particles and various lubricants.
The changes were detected by HRCT in 15 out of 62 work-
ers, including 2 polishers?. These changes included small
rounded opacities up to 3 mm mainly in the upper and in
four cases also in the middle lung regions. There were also
signs of a thickening of the interlobular septae in three

cases. Patients with aluminium-induced HRCT findings
had higher concenrations of aluminium in plasma and
urine. They had lower vital capacity as well. According
to the results of the study smoking had no influence on
the prevalence of CT changes®.

CONCLUSION

Pulmonary aluminosis is defined as pneumoconiosis
caused by the presence of dust containing aluminium in
the lung tissue and may result in pulmonary fibrosis. It is
caused by the exposure to aluminium and its compounds
under diverse occupational circumstances and factors.
An important and dangerous role is said to be played by
inhalation of fine dust with respirable aluminium particles
sized 0.5 - 5 um'¢. Particular manufacturing technologies
using aluminium and its compounds have been found to
be crucial. And, last but not least, the level of exposure
is logically an important factor, with aluminium particles
being significantly persistent in the organism*2.

However, even today, the exact pathogenesis of alu-
minium-induced diseases of the lung parenchyma is un-
known, although some more recent sources pointed to a
potential contribution of individual genetic determinants
increasing the risk of their development, as shown, for
instance, in beryllium, suggesting a possible direction for
future research'’.

Although pulmonary aluminosis is a very rare disease,
it still occurs. Since the industrial importance and use of
aluminium continue to rise, lung damage from exposure to
respirable aluminium particles should not be overlooked
but monitored and prevented. Naturally, it is desirable
to try to detect early stages of the disease using modern
methods such as HRCT of the lungs, as recommended
mainly by more recent studies?®. Also valuable may be
exposed workers’ blood and urine aluminium concentra-
tion tests.

ABBREVIATIONS

FEVI, forced expiratory volume in 1 second;
HRCT, high-resolution computed tomography.
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