
133© Springer Nature Switzerland AG 2020
A. Weissferdt, Diagnostic Thoracic Pathology, https://doi.org/10.1007/978-3-030-36438-0_4

Occupational Lung Disease

Annikka Weissferdt

Occupational lung disease (OLD) refers to a variety of disor-
ders that affect the lungs following inhalation of dusts or 
chemical antigens in the work setting. OLD is an important 
public health issue and responsible for approximately 70% 
of all deaths from occupational diseases [1]. Pneumoconioses 
comprise a subset of OLD that is defined as an interstitial 
lung disease caused by the inhalation of inorganic mineral 
dust. Other common work-related lung diseases include 
occupational asthma and hypersensitivity pneumonitis (see 
Chap. 3) secondary to the exposure to dusts or antigens from 
a growing list of inciting agents. Most pneumoconioses 
develop over the course of several decades and may have 
long latency periods between dust exposure and onset of dis-
ease. On the other hand, some individuals are more suscep-
tible to occupational respiratory hazards because of 
differences in their genotype. For instance, the human leuko-
cyte antigen (HLA)-DPB1 (E69) allele has been closely 
associated with sensitivity to beryllium, and individuals with 
such genotype are at increased risk to develop beryllium-
induced disease among exposed workers [2]. Recognition of 
a causal relationship between dust exposure in the workplace 
and respiratory disease and subsequent implementation of 
effective workplace preventive measures has led to a major 
shift in the incidence and prevalence of respiratory disease 
over recent decades. For example, coal workers’ pneumoco-
niosis associated with high-level coal mine dust exposure 
was once the most prevalent occupational lung disease, but 
increased automation in the coal mining industries and the 
implementation of efficient preventive exposure control 
measures have significantly reduced dust levels and thus the 
associated respiratory disease burden. Likewise, global con-
sumption of asbestos has decreased following recognition of 
asbestos-related disease, and the incidence of asbestosis and 
malignant mesothelioma has since plateaued in developed 
countries although exposure to the fibers continues to be a 
threat during repair, maintenance, and demolition of 
asbestos-contaminated constructions [3]. Conversely, con-
stant progress and technological developments in the work 
environment will lead to emerging new hazards for occupa-

tional respiratory disease requiring close monitoring to pre-
vent adverse health effects [4]. OLD also includes lung 
diseases other than pneumoconioses. The histopathological 
characteristics of many of the pneumoconioses are quite 
characteristic allowing confident diagnosis in the presence of 
compatible occupational history and clinical features. Others, 
on the other hand show reaction patterns that are less specific 
and indistinguishable from non-occupational lung disease. 
In such cases, the diagnostic approach may require not only 
close correlation with vocational background and clinical 
presentation but also ancillary analytical methods. Correct 
interpretation of the disease process is particularly important 
not only for possible workers’ compensation but also for 
prognosis and potential risk for development of neoplasia. 
Mineralogical analysis is not generally required in the diag-
nosis of most pneumoconioses as simple light microscopic 
observation and polarization is generally sufficient to charac-
terize the particulate material. Analytical electron micros-
copy using a combination of electron microscopy and 
energy-dispersive spectrometry allows identification of par-
ticles in lung tissue that are too small to be identified by con-
ventional light microscopy. Identification of the elemental 
composition of the dust is most often achieved with energy-
dispersive X-ray analysis (EDXA). Newer methods, such as 
in-air microparticle-induced X-ray emission analysis, are 
also available but are currently only used in the research set-
ting. A summary of the most pertinent findings of pneumo-
conioses is summarized in Table 4.1.

4.1	 �Silicosis

Silicosis is a fibrotic lung disease caused by the inhalation of 
crystalline silicon dioxide and is one of the most common 
occupational diseases worldwide [5]. The most important 
forms of silica in the workplace are quartz, tridymite, and 
cristobalite, and exposure to these particles occurs in many 
industries and occupations, including mining, quarrying, 
drilling, and tunneling operations, or among sandblasters, 
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Table 4.1  Summary of pertinent findings in occupational lung diseases

Occupational lung 
disease Inciting agent Main pathological pattern Imaging pattern Additional features Carcinogenic
Silicosis Crystalline 

silica
Acute silicosis: alveolar 
proteinosis-like changes
Chronic silicosis: silicotic 
nodule, progressive 
massive fibrosis

Acute silicosis: perihilar GGO 
and consolidation
Chronic silicosis: small, well 
circumscribed centrilobular and 
perilymphatic nodules with 
upper lobe predominance; 
lymphadenopathy with eggshell 
calcification

Weak birefringent 
crystals

Yes (lung 
carcinoma)

Coal workers’ 
pneumoconiosis

Coal dust Simple CWP: coal dust 
macule, centriacinar 
emphysema; coal dust 
nodules (Medusa head)
Complicated CWP: 
progressive massive 
fibrosis

Simple CWP: small, less 
well-defined centrilobular and 
perilymphatic nodules in mid 
and upper portions of lung; 
eggshell calcification uncommon
Complicated CWP: large 
opacities with round or lentiform 
appearance

Mix of dim to 
bright birefringent 
crystals

Yes (lung 
carcinoma)

Asbestosis Asbestos fibers Paucicellular and 
collagenous interstitial 
fibrosis; bronchiolar wall 
fibrosis; asbestos bodies; 
honeycombing

Subpleural dot-like opacities and 
curvilinear lines; pleural-based 
irregular nodules; interstitial 
thickening; traction 
bronchiectasis; honeycombing

Asbestos bodies in 
lung tissue

Yes 
(mesothelioma, 
lung 
carcinoma)

Hard metal lung 
disease

Tungsten 
carbide/cobalt

Bronchiolitis obliterans; 
DIP-like reaction; GIP; 
collagenous fibrosis; 
honeycombing

Bilateral GGO; small 
centrilobular nodules;
consolidation; reticulation; 
traction bronchiectasis; 
honeycombing

Emperiopoletic 
giant cells on 
BAL; urine or 
serum cobalt 
testing

No

Mixed dust 
pneumoconiosis

Crystalline 
silica and 
non-fibrogenic 
dusts (coal, 
iron, silicates)

Dust macules, mixed dust 
fibrotic lesions, silicotic 
nodules

Reticular, reticulolinear, or 
reticulonodular opacities; 
honeycombing; emphysema

Mix of dim to 
bright birefringent 
crystals

No

Beryllium lung 
disease

Beryllium Acute beryllium disease: 
acute bronchitis, acute 
pneumonitis (diffuse 
alveolar damage)
Chronic berylliosis: 
non-necrotizing 
granulomatous 
inflammation in 
bronchovascular 
distribution

Acute beryllium disease: 
airspace opacities
Chronic beryllium disease: 
small parenchymal nodules in 
perilymphatic and septal 
distribution

Beryllium 
lymphocyte 
proliferation test 
on BAL

Yes (lung 
carcinoma)

Talcosis Talc Inhaled form: foreign 
body-type granulomatous 
response; progressive 
massive fibrosis; lower 
lobe emphysema
Injected form: vascular and 
perivascular foreign 
body-type granulomas

Small centrilobular and 
subpleural nodules; GGO; 
irregular crescent-shaped large 
opacities; non-calcified pleural 
plaques; lymphadenopathy

Brightly 
birefringent 
needle-shaped 
crystals

No

Aluminosis Aluminum Dust-laden macrophages; 
UIP- or DIP-like patterns; 
non-necrotizing 
granulomas; alveolar 
proteinosis

Small rounded opacities with 
upper lobe predominance; 
thickening of interlobular septa; 
pulmonary fibrosis; 
honeycombing

Gray-black 
variably 
birefringent 
particles

No

Siderosis Iron oxide Dust-laden macrophages; 
DIP-like reaction; 
interstitial fibrosis; 
emphysema

Diffuse, ill-defined nodules; 
extensive GGO; emphysema; 
fibrosis; honeycombing; 
conglomerate masses

Ferritin levels in 
serum or BAL

No

4  Occupational Lung Disease
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stonecutters, and foundry or brick workers [6–9] (Table 4.2). 
Although interstitial lung disease is the most common patho-
logic effect of silica, a number of other conditions may also 
be attributed to the mineral, including infectious disease 
(especially tuberculosis and atypical mycobacterial infec-
tion), small airway disease, autoimmune diseases, chronic 
renal disease, and lung cancer [6, 7] (Table 4.3). The devel-
opment and severity of silicosis depends on the total amount, 
intensity, and duration of exposure to the agent and is usually 
associated with long duration (>10 years) and a dust content 
of 18–30% of crystalline silica [9]. Clinically, silicosis can 
be divided into several distinct forms, including acute (sili-
coproteinosis), accelerated, and chronic (or classic) silico-
sis. The latter can be further subdivided into simple and 
complicated (or massive progressive fibrosis) variants 
according to the radiologic impression [6, 10–12] (Table 4.4). 
As with other occupational lung diseases, the diagnosis of 
silicosis relies on a history of substantial exposure to silica 
dusts together with corresponding radiological features and 
the results of lung biopsy in selected cases.

4.1.1	 �Clinical Features

The presentation of patients with silicosis depends on the 
type of exposure to silica dust. In acute silicosis, individu-
als with heavy exposure to silica in enclosed spaces present 
with constitutional symptoms and rapidly progressive dys-
pnea which may result in respiratory failure and death [13, 
14]. Patients with accelerated silicosis typically have suf-
fered short but intense exposure (4–10 years); their clinical 
and radiographic presentation however is similar to patients 
with chronic silicosis [11]. Clinical presentation of patients 
with chronic silicosis can range from no symptoms in mild 
disease to cough and progressive dyspnea in advanced dis-
ease. The radiographic findings of acute silicosis consist of 
bilateral consolidation or ground glass opacities in a perihi-
lar distribution, while high-resolution computed tomogra-
phy (HRCT) scanning will show numerous bilateral nodular 
ground glass opacities in a centrilobular pattern as well as 
areas of consolidation [15, 16]. Radiographically, simple 
silicosis is characterized by multiple nodular opacities that 
are uniform and well circumscribed and range in size from 
1 to 10  mm. These nodules are typically located in the 
upper posterior lungs and can show calcification in 10–20% 
of cases [10]. HRCT findings include the presence of mul-
tiple small nodules, 2–5 mm in diameter, in a centrilobular 
or perilymphatic distribution. These can be diffusely dis-
tributed throughout both lungs but tend to be more numer-
ous in the upper lobes; calcification and subpleural 
clustering forming pleural pseudoplaques are common. 
Hilar and mediastinal lymphadenopathy is a frequent find-
ing as are calcifications in an “eggshell pattern.” Large 
symmetric bilateral opacities (>1  cm) as a result from 
coalescence of smaller nodules are characteristically seen 
in complicated silicosis. These are commonly observed in 
the middle lung zone or peripheral lung and often have 
irregular and ill-defined margins. Cavitation and calcifica-

Table 4.1  (continued)

Occupational lung 
disease Inciting agent Main pathological pattern Imaging pattern Additional features Carcinogenic
Silicatosis Silicon dioxide Dust macules; progressive 

massive fibrosis; 
occasional multinucleate 
giant cells; emphysema; 
pleural fibrosis

Linear or nodular shadowing; 
diffuse irregular opacities; 
conglomerate masses

Brightly 
birefringent 
particles

No

GGO ground glass opacities, CWP coal workers’ pneumoconiosis, BAL bronchoalveolar lavage, UIP usual interstitial pneumonitis, DIP desqua-
mative interstitial pneumonitis, GIP giant cell pneumonitis

Table 4.2  Occupational activities with exposure to crystalline silica

Construction
Mining
Quarrying
Milling
Sandblasting
Agriculture
Ceramics and pottery
Shipbuilding
Foundry work
Arts, craft, and sculpture
Production of cement, plastics, and rubber
Stone masonry

Table 4.3  Disorders associated with exposure to silica

Silicosis
Infections (tuberculosis, atypical mycobacterial infection)
Neoplasia (lung carcinoma)
Chronic obstructive pulmonary disease (COPD)
Autoimmune diseases (rheumatoid arthritis, scleroderma)
Chronic renal disease

Table 4.4  Subtypes of silicosis

Acute silicosis (silicoproteinosis)
Accelerated silicosis
Chronic silicosis (classic silicosis) - Simple silicosis and 
complicated silicosis (massive progressive fibrosis)

4.1 � Silicosis
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tion may occur suggesting ischemic necrosis or superim-
posed tuberculosis. Paracicatricial emphysema is another 
common CT finding of complicated silicosis [10, 11]. Acute 
silicosis is a rapidly progressive disease that is frequently 
fatal within 1  year of the onset of symptoms due to cor 
pulmonale and respiratory failure despite medical therapy 
with corticosteroids [13, 17, 18]. Patients with chronic sili-
cosis usually develop slowly progressive pulmonary fibro-
sis which can result in end-stage lung disease. Proven 
curative treatment currently does not exist for the chronic 
forms of the disease. Except for measures to avoid further 
exposure, the only other treatment consists of supportive 
therapy as other approaches, such as whole-lung lavage and 
corticosteroids, have failed to provide sustained improve-
ment in lung function. Lung transplantation has been suc-
cessfully performed in patients with end-stage lung disease 
[6, 8]. Of note, patients with silicosis are not only consid-
ered high risk for tuberculosis (silicotuberculosis) and 
other mycobacterial infections [6] but also have an 
increased risk for the development of lung cancer. Hence, 
tuberculin skin test and close radiological follow-up is indi-
cated in all patients with silicosis [19].

4.1.2	 �Pathological Features

Gross examination of lungs with simple silicosis typically 
shows discrete nodules that are very firm in consistency and 
gray-blue or black in color scattered in the lung parenchyma. 
In the complicated form, the lungs will demonstrate larger 
confluent nodules that are densely collagenous as well as 
areas of fibrosis. Histopathologic analysis of acute silicosis 
(silicoproteinosis) will display features reminiscent of pri-
mary alveolar proteinosis, i.e., granular lipoproteinaceous 
material filling the alveolar spaces along with severe alveoli-
tis [15, 20] (Fig. 4.1). The histological hallmark of chronic 
silicosis is the silicotic nodule. Silicotic nodules are usually 
found in the respiratory bronchioles and are composed of 
concentric fibrotic and hyalinized laminar layers of collagen, 
fibroblasts, and lymphocytes surrounded by a peripheral 
zone of dust-laden macrophages [9, 21, 22] (Fig.  4.2a–c). 
Polarized light microscopy will usually reveal weakly bire-
fringent silica crystals and more strongly birefringent silicate 
crystals measuring approximately 1–3  μm in length [23] 
(Fig. 4.3a, b). With continued exposure to the mineral, the 
small nodules of simple silicosis will enlarge and coalesce 
resulting in conglomerate fibrosis (progressive massive 
fibrosis) (Fig. 4.4). Focal necrosis may occur especially in 
the central portions of the lesion and may occasionally be 
associated with granulomatous inflammation or cavitation 
[9, 10, 24, 25].

4.1.3	 �Mineral Analysis

Scanning electron microscopy will reveal an angulated shape 
of the silica particles. Analytical electron microscopy with 
EDXA can be used to identify the composition of the inhaled 
dust.

4.1.4	 �Differential Diagnosis

The differential diagnosis of silicosis includes other types of 
fibrotic lung disease. First and foremost, detailed clinical and 
occupational history usually allows for separation from other 
types of interstitial lung diseases, especially the idiopathic 
forms. Distinction from other forms of occupational lung 
disease may be achieved on the basis of a combination of 
occupational exposure, radiological appearance, and histo-
pathological evaluation. For instance, asbestosis can be 
differentiated from silicosis by the presence of diffuse pul-
monary fibrosis, pleural plaques, and the presence of asbes-
tos bodies in bronchoalveolar lavage fluid or tissue 
specimens. In coal workers’ pneumoconiosis, the parenchy-
mal deposits consist of coal macules rather than silicotic 
nodules; the former are less well-defined and consist of coal 
dust-laden macrophages intermixed with collagen. Abundant 
free pigment, lack of eggshell calcifications in the lymph 
nodes, and more dot-like calcifications as opposed to diffuse 

Fig. 4.1  Acute silicosis (silicoproteinosis) histologically characterized 
by granular lipoproteinaceous material within alveolar spaces

4  Occupational Lung Disease
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calcifications within the parenchymal deposits in silicosis 
are other distinguishing features. On the other hand, the nod-
ules in mixed dust pneumoconiosis often have a stellate-
shaped appearance and a more linear arrangement of collagen 
fibers than silicotic nodules. Silicotuberculosis can be sepa-
rated from pure silicosis by the presence of superimposed 
necrotizing granulomatous inflammation; such a finding 
should also prompt re-evaluation of the silicotic nodules in 
order to exclude the possibility of miliary tuberculosis.

4.2	 �Coal Workers’ Pneumoconiosis

Coal workers’ pneumoconiosis (CWP) develops in individu-
als exposed to washed coal or mixed dust containing coal, 
silica, kaolin, and mica [10], generally in the mining envi-
ronment. The development of CWP usually requires an 
exposure time of more than 20 years and depends on several 
factors, including the concentration of the coal dust, type of 
coal, mine configuration, and personal protective measures 

a

c

b

Fig. 4.2  (a) Low power view of a silicotic nodule located in the subpleural lung parenchyma; (b) silicotic nodules are composed of concentric 
layers of collagen; (c) the periphery of the nodules often contains a zone of dust-laden macrophages

4.2 � Coal Workers’ Pneumoconiosis
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among which the inhaled quantity of coal dust particles 
appears to be the most important factor [26]. Like silicosis, 
CWP can be divided into simple and complicated forms, and 
imaging findings closely resemble those of silicosis. 
Interstitial fibrosis develops in less than 20% of at-risk coal 

miners, usually in the form of usual interstitial pneumonitis 
(UIP) or non-specific interstitial pneumonitis (NSIP) [27]. 
Implementation of the 1969 Federal Coal Mine Health and 
Safety Act [28] which introduced a limit of respirable dust in 
the air of US coal mines led to a significant decrease in the 
prevalence and severity of CWP; however, a considerable 
burden of disease remains in miners working entirely under 
the new standards, suggesting that further measures to reduce 
the dust burden in coal mines remain indicated [29].

4.2.1	 �Clinical Features

Coal workers with CWP may be entirely asymptomatic or 
present with slowly progressive dyspnea and decline in pul-
monary function. Chronic bronchitis, emphysema, and 
chronic obstructive pulmonary disease (COPD) are other 
conditions associated with coal dust exposure, and emphy-
sema rather than the nodular changes of CWP is more likely 
the major contributing factor to the decline in lung function 
in these patients [30]. Patients with complicated CWP may 
also report coughing up black sputum (melanoptysis). 
Rheumatoid pneumoconiosis or Caplan syndrome describes 
a characteristic imaging pattern in coal miners suffering 
from rheumatoid arthritis characterized by the presence of 
large and clustered nodules (0.5–5 cm) predominantly in the 
periphery of the lungs that appear very suddenly [31]. The 
imaging features of CWP are indistinguishable from silicosis 
and consist of small nodules in a perilymphatic or centrilob-

a b

Fig. 4.3  (a) The hypocellular nodules in chronic silicosis contain (b) a mix of weakly and strongly birefringent crystals using polarized light 
microscopy. (Courtesy of Dr. K Syred, Plymouth, UK)

Fig. 4.4  Large confluent areas of fibrosis can be seen with progressive 
silicosis (progressive massive fibrosis). (Courtesy of Dr. K Syred, 
Plymouth, UK)

4  Occupational Lung Disease
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ular distribution in the mid and upper portions of the lungs in 
simple CWP. These nodules typically measure 1–5 mm in 
diameter and tend to be less well-defined than in silicosis. 
Pseudoplaques can result from aggregation of subpleural 
nodules, and calcification is present in up to 20% of patients. 
Notably, the characteristic “eggshell” pattern of calcification 
affecting mediastinal lymph nodes in silicosis is uncommon 
in CWP.  HRCT of complicated CWP will display one or 
more large opacities (>1 cm) that typically arise in the lung 
periphery as round or lentiform nodules and that have a lat-
eral border that parallels the chest wall. As these opacities 
enlarge, pericicatricial emphysema typically results. Like in 
silicosis, calcification and cavitation of the nodules may 
occur, either due to superimposed infection or ischemic 
changes [10, 11]. There is no effective specific treatment for 
CWP, and prevention and removal of the source of the incit-
ing agent remains the best therapeutic option for patients 
with this disease [24]. Analogous to silicosis, patients with 
CWP have a higher incidence of mycobacterial infection and 
development of lung cancer than the normal population [32, 
33].

4.2.2	 �Pathological Features

Although radiologically silicosis and CWP are often indistin-
guishable, the pathological findings are quite distinct. The most 
characteristic histological feature of simple CWP is the coal dust 
macule. Grossly, these macules can be identified as small foci of 
black pigmentation that predominantly involve the upper lobes 
and upper zones of the lower lobes (Fig. 4.5). Pigmentation of 
pleural lymphatics can also be noted and is one of the character-
istic gross features of CWP. Microscopically, coal dust macules 
consist of small aggregates of dust-laden pigmented macro-
phages that vary in size from 1 to 5 mm and are often found in 
the walls of respiratory bronchioles and adjacent alveoli 
(Fig. 4.6). Associated collagen deposition is minimal; however, 
centriacinar emphysema is common and in fact required for 
pathologic diagnosis [29, 34–37]. Coal nodules are slightly 
larger than macules (up to 10 mm) and tend to occur in a back-
ground of CWP. These are fibrotic nodules consisting of mixed 
coal and fibrogenic dusts (often silica) and irregular collagen 
fibers (Fig. 4.7). Contrary to silicotic nodules, coal dust nodules 
often have irregular contours (Medusa head) and lack the hyalin-
ized and laminated collagen core of the former (Fig.  4.8). In 
complicated CWP, gross examination of the lungs will show 
large confluent areas of pigmented fibrosis that are typically 
bilateral and upper zone predominant. Microscopically, compli-
cated CWP is characterized by progressive massive fibrosis 
(PMF). This can take the form of uniform areas of pigmented 
fibrosis with irregular or whorled appearance or coalescence of 
coal nodules exceeding a diameter of 1 cm. The fibrosis typically 
destroys and replaces the underlying lung architecture. The large 

fibrotic lesions of complicated CWP may develop features of 
degeneration, such as liquefactive necrosis or cavitation; the lat-
ter should raise the suspicion for superimposed mycobacterial 
infection [35, 38–40]. Ferruginous bodies may be present and 

Fig. 4.5  Black macules are grossly apparent in this lung of a patient 
with coal workers’ pneumoconiosis. Note the large cavitating pigmented 
lesion in the apex. (Courtesy of Dr. G Langman, Birmingham, UK)

Fig. 4.6  Coal dust macules in coal workers’ pneumoconiosis consist-
ing of accumulations of dust-laden pigmented macrophages in the walls 
of respiratory bronchioles associated with little fibrosis

4.2 � Coal Workers’ Pneumoconiosis
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will usually be found within alveolar spaces. Contrary to true 
asbestos bodies, these are typically composed of a straight black 
core fiber. Examination under polarized light shows a range of 
dim to brightly birefringent crystals representing the mixed char-
acter of the dust (Fig. 4.9). Other forms of diffuse interstitial lung 

disease can develop in approximately 20% of patients, usually in 
the form of UIP or NSIP [27]. Moreover, the presence of classic 
silicotic nodules is not an uncommon finding in CWP due to the 
common occurrence of silica among the inhaled coal dust. The 
nodules of rheumatoid pneumoconiosis (Caplan syndrome) 
closely resemble the rheumatoid nodules of rheumatoid arthritis 
[31]. These are typically of larger size (up to 5 cm or more), 
mostly found in a subpleural location, and composed of a core of 
fibrinoid necrosis surrounded by a layer of fibroblasts, palisading 
histiocytes, and inflammatory cells, including lymphocytes, 
plasma cells, eosinophils, and giant cells. Rings of coal dust can 
often be appreciated in the periphery of these nodules. Since the 
nodules can closely mimic infectious granulomas, close correla-
tion with clinical history, serologic, and culture studies is neces-
sary before a diagnosis of rheumatoid pneumoconiosis can be 
confirmed [40].

4.2.3	 �Mineral Analysis

Coal dust is usually composed of a mixture of carbon, sili-
cates, and silica. Although mineral analysis is not generally 
required, analytical methods, such as analytical electron 
microscopy or EDXA, may be used to support the diagnosis.

4.2.4	 �Differential Diagnosis

The pathologic differential diagnosis of CWP primarily 
includes silicosis, infectious lung disease, or involvement 

Fig. 4.7  Coal dust nodules are larger than macules and composed of 
collagen mixed with coal and fibrogenic dusts. (Courtesy of Dr. G 
Langman, Birmingham, UK)

Fig. 4.8  Coal dust nodules often have a Medusa head appearance with 
irregular extensions into the surrounding parenchyma

Fig. 4.9  A mix of dim to brightly birefringent crystals is a characteris-
tic finding in coal dust macules and nodules under polarized light

4  Occupational Lung Disease
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of the lung by rheumatoid arthritis. Silicotic lung disease 
often produces clinical and radiological signs and symp-
toms that are indistinguishable from CWP. At a histologi-
cal level, however, coal dust macules or nodules differ 
from silicotic nodules based on their irregular borders and 
irregular arrangement of collagen fibers, whereas in sili-
cotic nodules the contours are usually well-defined and the 
collagen bundles are concentrically arranged. Use of polar-
ized light microscopy may identify crystalline silica or 
silicate minerals in the latter. Infectious granulomas may 
pose a diagnostic difficulty, especially if associated with 
pigmentation and after special stains have failed to iden-
tify any infectious organism. In this scenario, close atten-
tion should be paid to the more random distribution of the 
lesions in infectious disease and an absence of any other 
identifying features of coal dust exposure, such as coal 
dust macules. Rheumatoid nodules of the lung unrelated to 
occupational lung disease typically lack the ring-like dust 
deposition of nodules in rheumatoid pneumoconiosis.

4.3	 �Asbestosis and Benign Asbestos-
Related Lung Disease

Asbestos-related lung disease (ARLD) continues to be a 
significant health burden despite the ban of asbestos use in 
most developed countries. The long latency between asbes-
tos exposure and manifestation of disease is the reason why 
the incidence of ARLD keeps increasing worldwide. Along 
with the malignant conditions linked to asbestos exposure – 
malignant mesothelioma and lung carcinoma (discussed in 
chapters 22 and 12, respectively) – inhalation of the fibers 

can result in benign pleuropulmonary disease, including 
pleural effusions, pleural plaques, rounded atelectasis, dif-
fuse pleural thickening (DPT), and diffuse pulmonary 
fibrosis (asbestosis) (Table  4.5). Collectively, the term 
asbestos refers to a group of naturally occurring fibrous 
silicates with high durability, tensile strength, and heat 
resistance. Based on these qualities, asbestos has been used 
in many industries, such as shipyards, construction and 
electrical industry, thermal insulation, and car manufactur-
ing among others. Asbestos can be grouped into two differ-
ent categories, amphiboles and serpentines depending on 
their mineralogical properties. The amphibole group incor-
porates the commercially exploited crocidolite (blue asbes-
tos) and amosite (brown asbestos) along with other 
non-commercial forms. The serpentine group only consists 
of a single variety, chrysotile or white asbestos, which rep-
resents >90% of the asbestos used worldwide [41] 
(Table 4.6). Epidemiologic studies have demonstrated that 
the risk of developing ARLD is not only dependent on the 
cumulative asbestos dose [42] but also on the fiber type and 
its aerodynamic properties. As such, the curly and short 
fibers of the serpentine chrysotile have been shown to be 
less fibrogenic and tumorigenic than the straight and long 
fibers of the amphiboles crocidolite and amosite [43–46]. 
Despite the ban of asbestos use in most developed coun-
tries, the effects of occupational exposure in the 
1960s–1980s are manifesting themselves today, and many 
countries are currently experiencing a peak of 
ARLD.  Despite its well-known adverse health effects, 
asbestos mining and processing still continues in develop-
ing countries, among which Russia and China now belong 
to the leading producers and consumers [41]. Consequently, 

Table 4.5  Asbestos-related lung disease

Asbestos-related 
lung disease Latency period Radiology Pathology Prognosis
Benign pleural 
effusion

5–10 years Unilateral pleural effusion Serosanguinous exudate Benign, usually 
asymptomatic

Pleural plaques 20–30 years Pleural plaques along basolateral chest 
wall and diaphragm

Hyalinized fibrous tissue 
+/− calcification

Benign, usually 
asymptomatic

Rounded 
atelectasis

20–40 years Subpleural lung mass with comet tail 
sign

Atelectasis; pleural fibrosis; 
pleural invagination

Benign, usually 
asymptomatic

Diffuse pleural 
thickening

15 years Irregular pleural shadowing with 
blunting of costophrenic angles

Pleural fibrosis +/− lymphoid 
aggregates

Benign

Asbestosis 20–40 years Subpleural dot-like opacities and 
curvilinear lines; pleural-based 
irregular nodules; interstitial 
thickening; traction bronchiectasis; 
honeycombing

Paucicellular and collagenous 
interstitial fibrosis; bronchiolar 
wall fibrosis; asbestos bodies; 
honeycombing

May lead to respiratory 
failure or malignant 
asbestos-related lung 
disease

Mesothelioma/
lung carcinoma

20–40 years Pleural effusion; diffuse nodular 
pleural thickening; solitary lung lesion

Mesothelioma: epithelioid, 
sarcomatoid, or biphasic 
malignancy
Lung carcinoma: usually 
non-small cell lung carcinoma 
(NSCLC)

Malignant; usually fatal
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an increase in the incidence and prevalence of ARLD is 
expected in these countries in the next few decades.

4.3.1	 �Clinical Features

ARLD primarily affects patients with direct occupational 
exposure to raw asbestos or asbestos products such as min-
ers, shipyard workers, electricians, construction or industrial 
workers, and firefighters among others. Indirect exposure is 
attributed to exposure to asbestos that occurs through con-
tamination of the worker’s clothing or hair and most often 
affects members of the same household that come into con-
tact with the fibers [47–49]. Another non-occupational 
source of asbestos exposure has been identified in relation to 
home renovation or car maintenance practices with increas-
ing rates of ARLD among occupants or renovators of build-
ings that contain asbestos [50]. All types of ARLD typically 
develop after a long latency period from time of initial expo-
sure to clinical onset of the disease, which is usually in 
excess of 20 years. Pleural effusion on the other hand is often 
the first thoracic manifestation of asbestos exposure and typ-
ically occurs after a latency period of 5–10 years [51]. Benign 
pleural effusions occur in approximately 0.7% of workers 
exposed to asbestos [52]. The diagnosis can only be made 
after careful exclusion of other causes of pleural effusion as 
the clinical signs and symptoms are indistinguishable from 
other underlying etiologies. The effusion is typically asymp-
tomatic; more rarely patients present acutely with fever, 
pleuritic chest pain, and elevated inflammatory markers in 
the serum [53]. The process is mostly unilateral and resolves 
after 3–4 months, although recurrent effusions can be seen in 
30–40% of cases, and in half of the patients, progression to 
DPT will ensue [54]. Pleural plaques are the most common 
manifestation of asbestos-related pleural disease (up to 80% 
of exposed workers) occurring 20–30 years after exposure 
[55]. They usually do not cause any symptoms and are typi-
cally an incidental finding on imaging procedures performed 
for unrelated reasons. In contrast to DPT, pleural plaques are 
only infrequently associated with respiratory impairment. 
Rounded atelectasis is caused by invagination of an area of 

visceral pleural thickening into the underlying parenchyma 
causing atelectasis of that portion of the lung. Rounded atel-
ectasis can also occur secondary to other benign causes of 
pleural thickening and is not specific to ARLD; however, it 
should be noted that in isolated cases, the process may be 
seen in association with mesothelioma [56]. DPT affects 
2–6% of asbestos-exposed patients and is often a sequel of 
recurrent pleural effusions [57]. The process often affects the 
visceral pleura, especially along the lung bases and often is 
bilateral in distribution. Breathlessness on exertion and pleu-
ritic chest pain are the most common clinical findings along 
with a restrictive ventilator defect. Like most other manifes-
tations of ARLD, DPT is not necessarily asbestos-induced 
but can be seen in many other conditions, such as empyema, 
tuberculosis, connective tissue diseases, or drugs among oth-
ers. Asbestosis, defined as a diffuse interstitial pulmonary 
fibrosis due to inhalation of excess asbestos fibers, has a 
latent period of more than 20 years and primarily occurs in 
workers with heavy and prolonged exposure to asbestos [58, 
59]. Progressive dyspnea and dry cough are the most com-
mon presenting symptoms of the disease, and finger club-
bing may be seen in severe cases. Lung function tests will 
show a restrictive ventilatory pattern and reduced gas trans-
fer [60]. The diagnosis of asbestosis often relies on clinical 
history, exposure history, and radiological findings and only 
rarely requires lung biopsy; however, if the disease is sub-
clinical or if clinical and radiological features are atypical or 
non-diagnostic, lung biopsy may be helpful to resolve other 
diagnostic considerations. Radiologic imaging of pleural 
effusions in ARLD will most often demonstrate a unilateral 
effusion with a left-sided predominance and possible resid-
ual blunting of the costophrenic angle [54]. Pleural plaques 
are more easily detectable on high-resolution computed 
tomography (HRCT) scans of the chest than chest X-ray and 
most commonly develop along the posterolateral chest wall 
between the sixth and tenth ribs and along the diaphragm 
[61]. The HRCT signs of rounded atelectasis include the 
presence of a peripheral lung mass that abuts the pleura and 
that has a characteristic curving tail of invaginated broncho-
vascular structures spiraling into the mass (“comet tail sign”) 
[55, 62]. On chest radiographs, DPT presents with irregular 
pleural shadowing that extends to both chest walls and can 
result in blunting of the costophrenic angles. According to 
Lynch et al. [63], DPT is defined on HRCT as a contiguous 
sheet of pleural thickening 3 mm thick and more than 5 cm 
wide on traverse images and 8 cm or greater in craniocaudal 
extent. HRCT findings of asbestosis include subpleural cur-
vilinear opacities, ground glass opacities, subpleural poorly 
defined centrilobular nodules, thickening of the interlobular 
septa, parenchymal bands, traction bronchiectasis, and hon-
eycombing [10, 55, 62, 64]; especially, the presence of pleu-
ral disease in combination with subpleural centrilobular 
nodules is indicative of asbestosis rather than other forms of 

Table 4.6  Mineralogic types of asbestos

Amphiboles Serpentine
Commercial: Amosite (brown asbestos), 
crocidolite (blue asbestos)
Non-commercial: Tremolite, actinolite, 
anthophyllite

Chrysotile (white 
asbestos)

<10% >90%
Long thin fibers Short curved fibers
Stable in lung Unstable in lung
Highly fibrogenic and carcinogenic Less fibrogenic and 

carcinogenic
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pulmonary fibrosis [10, 64]. The treatment of the group of 
benign ARLD is non-specific and largely limited to support-
ive or symptomatic care. Drainage of pleural effusion or 
decortication of DPT may be helpful in some patients. For 
patients with asbestosis, no effective therapy currently exists, 
and management usually follows the guidelines for patients 
with other interstitial lung diseases with focus on surveil-
lance, prevention, and symptom abatement. Aside from 
malignant mesothelioma, asbestos exposure also predisposes 
affected individuals to develop lung cancer with asbestos-
related lung cancer accounting for 5–10% of all lung cancer 
cases [65]. The risk of developing lung cancer not only 
appears to depend on cumulative asbestos exposure (≥25 
fibers/ml-years) [65] but also on the smoking status of the 
patient, as tobacco use has been associated with a multiplica-
tive synergistic effect on the incidence of lung cancer [66, 
67]. For this reason, smoking cessation plays a major role in 
the surveillance and treatment of individuals with a past his-
tory of asbestos exposure.

4.3.2	 �Pathological Features

Benign pleural effusions associated with asbestos exposure 
are composed of a sterile serosanguinous exudate, and pleu-
ral biopsy may show normal histological findings or an acute 
fibrinous pleuritis. Fibrotic pleural changes may develop 

with recurrent disease [66]. Pleural plaques can vary in size 
and number and are pale yellow or white in appearance and 
usually found on the posterolateral chest wall, dome of the 
diaphragm, and mediastinal pleura (Fig. 4.10a, b). They are 
sharply demarcated from the surrounding pleura and sub-
pleural tissue and have a tendency to calcify. Microscopically, 
they are hypocellular lesions composed of hyalinized fibrous 
tissue with collagen bundles arranged in a “basket weave” 
pattern [62, 66, 68, 69] (Fig. 4.11a, b). Rounded atelectasis 
grossly shows an ill-defined area of atelectasis with a deeply 
invaginated pleural fold; microscopically, it is characterized 
by a combination of atelectasis, pleural fibrosis, and pleural 
invagination [70]. Unlike pleural plaques, DPT is character-
ized by a diffuse process involving the pleural surfaces, 
mainly at the lung bases and often bilateral in distribution. 
Involvement of the fissures is commonly seen. Light micros-
copy will show a basket weave type of fibrosis with occa-
sional lymphoid aggregates [71]. The macroscopic features 
of asbestosis are variable and may range from grossly unre-
markable lungs to small and fibrotic lungs in advanced stages 
of the disease. Honeycomb change in the form of subpleural 
cystic spaces may be seen (Fig.  4.12). These findings are 
generally more common in the lower lobes and the periphery 
of the lungs. Fibrotic changes can be seen as areas of firm 
gray tissue with accentuation of secondary lobular septa. 
Although the airways are typically unremarkable, areas of 
traction bronchiectasis can be noted in advanced cases. 

a b

Fig. 4.10  (a) A calcified pleural plaque is apparent on the inferior surface of the right lung. (Coutesy of Dr. G Langman, Birmingham, UK); (b) 
prominent pleural fibrosis with plaque formation on the surface of the lung forming a pleural rind. (Courtesy of Dr. G Langman, Birmingham, UK)
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Parietal pleural plaques are present in most cases of asbesto-
sis. All cases of suspected asbestosis require thorough tissue 
sampling, and current guidelines recommend sections from 
central and peripheral lung parenchyma from each lobe in 
autopsy cases (10 blocks minimum). Likewise, for pneumo-

nectomy or lobectomy specimens, sampling should include 
central and peripheral sections from each lobe [66, 67]. 
Microscopically, the diagnosis of asbestosis requires recog-
nition of an appropriate pattern of interstitial fibrosis and the 
presence of asbestos bodies (either as seen by light micros-
copy or as counted by mineral dust analysis). Early asbesto-
sis is characterized by fibrosis limited to the alveolar septa 
immediately adjacent to bronchioles. With disease progres-
sion, the fibrotic process extends outward to eventually 
include adjacent bronchioles largely obscuring the initial 
peribronchiolar changes. In later stages of the disease, the 
fibrosis can assume variable patterns and can closely resem-
ble usual interstitial pneumonitis (UIP) (Fig. 4.13) or non-
specific interstitial pneumonitis (NSIP) or other forms of 
interstitial fibrosis (Fig. 4.14). Contrary to UIP though, fibro-
blastic foci are uncommon in asbestosis, and honeycombing 
is not as severe as in UIP. In general, the fibrosis in asbestosis 
is always paucicellular and collagenous, lacking any signifi-
cant inflammation or fibroblastic response (Fig. 4.15a–c). In 
some cases, asbestos exposure may elicit a fibrotic response 
limited to the respiratory bronchioles and alveolar ducts 
without any interstitial involvement (bronchiolar wall fibro-
sis). Bronchiolar wall fibrosis in the presence of asbestos 
bodies has recently been termed asbestos airway disease 
rather than asbestosis after recognizing that similar changes 
may be seen in the lungs of elderly smokers who have no 
history of occupational exposure [66, 67] (Fig.  4.16). In 
addition to the changes described above, there are several 
other histologic changes, albeit non-specific, that can be seen 
in asbestosis, including type II pneumocyte hyperplasia, 

a b

Fig. 4.11  (a) Microscopically, pleural plaques are hypocellular fibrous lesions with (b) basket-weave appearance of the collagen

Fig. 4.12  Subpleural areas of fibrosis and honeycomb change with 
sparing of more central portions of the lung are grossly noted in this 
case of asbestosis. (Courtesy of Dr. G Langman, Birmingham, UK)
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small bony spicules, variable numbers of alveolar macro-
phages, laminated concretions (pulmonary blue bodies), and 
perivascular fibrosis. Several grading schemes have been 
presented for grading the extent and severity of asbestosis 

[72, 73] of which a modified version has recently been pro-
posed by the Asbestosis Committee of the College of 
American Pathologists and Pulmonary Pathology Society 
(CAP-PPS) [67] (Table 4.7). Identification of asbestos bod-
ies can be achieved by using routine hematoxylin- and eosin-
stained sections (Fig. 4.17), Perl’s iron stain (Fig. 4.18) or 
unstained thick sections (20–25 μm) (Fig.  4.19). Asbestos 
bodies are golden-brown, beaded linear structures with a thin 
translucent core that are formed after deposition of an iron 
coating on the surface of inhaled asbestos fibers. Based on 
CAP-PPS criteria, a minimum of two asbestos bodies per 
cm2 of lung tissue is required in addition to diffuse interstitial 
fibrosis for a reliable diagnosis of asbestosis [67]. Of note, 
the presence of asbestos bodies alone only indicates asbestos 
exposure and in isolation is insufficient for a diagnosis of 
asbestosis.

4.3.3	 �Mineral Analysis

Fiber analysis provides an opportunity to measure the cumu-
lative mineral fiber burden in lung tissue and can be used as 
an adjunct technique in the assessment of asbestosis, espe-
cially in cases where asbestos bodies cannot be identified in 
tissue sections by conventional light microscopy or to 
exclude a diagnosis of asbestosis in individuals with pulmo-
nary fibrosis and history of asbestos exposure who lack the 
required diagnostic criteria [74, 75]. Various methods for 
mineral fiber analysis exist, including phase contrast light 
microscopic, electron microscopic, and ashing analytical 
techniques [76–78]. Optimal samples for mineral analysis 
consist of 2 cm3 blocks from three different anatomic sites 
from apical upper, apical lower, and basal segments of the 
lung; these samples should not contain tumor or large areas 
of pleural fibrosis [67]. Of note, reference values for the 
interpretation of results may vary depending on the method 
and laboratory used. Within these limits, concentrations 
exceeding 1 asbestos body/ml bronchoalveolar lavage 
(BAL), 1000 asbestos bodies/g dry lung tissue, 1 × 106 
amphibole fibers (>1 μm)/g dry lung tissue, and 0.1 × 106 
amphibole fibers (>5 μm)/g dry lung tissue are levels consid-
ered as non-trivial asbestos exposure [79].

4.3.4	 �Differential Diagnosis

Pleural effusions, rounded atelectasis, and DPT are condi-
tions that are not necessarily asbestos-induced and often the 
result of other benign or malignant processes, most often 
fibroinflammatory in nature. In this context, close attention 
to clinical and occupational history as well as laboratory 
parameters is crucial to elicit the underlying etiology. 
Pleural plaques on the other hand almost always develop 

Fig. 4.13  The histological appearance of asbestosis can vary signifi-
cantly. In this case, the lung shows fibrotic changes similar to those seen 
in usual interstitial pneumonitis (UIP)

Fig. 4.14  In other cases of pulmonary asbestosis, the changes can be 
more non-specific, such as in this case that is characterized by irregular 
thickening of the alveolar walls
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secondary to prior asbestos exposure, and the likelihood 
increases even more if multiple and bilateral pleural plaques 
are identified. Other rare causes for pleural plaques include 
trauma to the chest wall, empyema, and hemothorax [66]. 
Asbestosis needs to be distinguished from idiopathic forms 
of pulmonary fibrosis as well as from other occupational 

lung diseases, such as silicosis or mixed dust pneumoconio-
sis. Especially in cases of advanced fibrosis, asbestosis may 
be difficult to distinguish from idiopathic pulmonary fibro-
sis, most commonly UIP. Clinically, apart from history of 
asbestos exposure, patients with UIP typically progress 
more rapidly, whereas the clinical course of asbestosis is 

a

c

b

Fig. 4.15  (a) The fibrosis in asbestosis is generally hypocellular without a significant infiltrate of inflammatory cells; (b) pleural and subpleural 
fibrosis in asbestosis without cellular infiltration; (c) irregular interstitial fibrosis lacking a corresponding inflammatory reaction
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more protracted and usually occurs over decades. In addi-
tion, lung tissue from patients with advanced asbestosis 
characteristically contains numerous asbestosis bodies, 
which allow distinction from other forms of interstitial lung 
disease. On the other hand, the fibroblastic foci often seen in 
UIP should be rare in asbestosis and if present in greater 
numbers provide evidence against a diagnosis of asbestosis 
[66, 67]. Silicosis is a disease process consisting of multiple 
small hyalinized collagenous nodules that tend to affect the 
upper lobes, whereas asbestosis predominantly affects the 
lung bases [72]. Mixed dust pneumoconiosis is character-
ized by an irregular bronchiolocentric interstitial fibrosis 
associated with dust particles; identification of asbestos 
bodies and a more diffuse fibrotic process are features that 
can distinguish asbestosis from mixed dust pneumoconiosis 
[80].

4.4	 �Hard Metal Lung Disease

Hard metal lung disease is a form of interstitial lung disease 
caused by the inhalation of tungsten carbide dust. Hard metal 
is an alloy of tungsten carbide (80–95%), cobalt (5–20%), 

Fig. 4.16  Asbestos airway disease is histologically characterized by 
dust-laden macrophages surrounding distal bronchioles. In some cases, 
asbestos bodies may be identified within the macrophage infiltrate

Table 4.7  Histologic grading for asbestosis

Grade Histology
0 No peribronchiolar fibrosis or fibrosis confined to 

bronchiolar walls
1 Fibrosis confined to the walls of respiratory bronchioles and 

first tier of adjacent alveoli
2 Extension of fibrosis to involve alveolar ducts and/or ≥2 tiers 

of alveoli adjacent to the respiratory bronchiole with sparing 
of at least some alveoli between adjacent bronchioles

3 Fibrotic thickening of the walls of all alveoli between ≥2 
adjacent respiratory bronchioles

4 Honeycomb changes

From Roggli et al. [67], with permission

Fig. 4.17  Asbestos bodies are golden-brown, beaded, linear structures 
located in the lung parenchyma in routine hematoxylin-eosin section

Fig. 4.18  Deposition of an iron coating around the surface of the struc-
tures can be highlighted using histochemical stains for iron (Perl’s 
stain)
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and occasionally minor amounts of other metals, such as tan-
talum, titanium, and vanadium oxides [81–83]. The metal 
generated is characterized by its resistance to high tempera-
tures and extreme hardness equivalent to 90–95% of that of 
diamonds. As such, hard metal is used in the production of 
tools designed to machine, grind, or cut metals or in drilling 
technologies [84, 85]. Hard metal lung disease occurs in 
workers exposed to hard metal dust through the manufactur-
ing or use of tools created by the process of powder metal-
lurgy or the formation of materials from the metal powders 
[84, 86–88]. The causative agent for hard metal lung disease 
appears to be cobalt rather than tungsten carbide, and the 
condition has been variously referred to in the medical litera-
ture as cobalt lung, giant cell interstitial pneumonitis, hard 
metal pneumoconiosis, and hard metal lung disease [87]. 
The underlying mechanism of hard metal lung disease 
appears to be an immunologic one and depends on whether 
an individual activates an adaptive immune response to 
cobalt which can lead to active inflammation and pulmonary 
fibrosis [89]. Clinically, cobalt exposure can present in two 
forms, as occupational asthma or as interstitial lung disease 
[81, 90–95], although the term hard metal lung disease is 
usually reserved for the latter. Giant cell interstitial pneumo-
nitis (GIP) is the most common and characteristic histopath-
ological finding in the condition and was first described by 
Liebow in 1969 [96] as a form of idiopathic interstitial fibro-
sis until the association with hard metal dust led to the exclu-
sion of giant cell interstitial pneumonitis from the 
classification of interstitial pneumonias [97]. According to 
several authors, the diagnosis of hard metal lung disease 

requires the following criteria: (a) a history of exposure to 
hard metal dust, (b) clinical features characteristic of the dis-
ease, (c) radiological findings of interstitial lung disease, (d) 
histological findings of interstitial fibrosis, and (e) identifica-
tion of hard metal dust in the lung tissue [81, 98].

4.4.1	 �Clinical Features

Hard metal lung disease can present in a subacute or chronic 
manner [84]. Dyspnea, cough, fever, chills, and weight loss 
characterize the subacute form and typically occur during or 
months to years after exposure and usually improve with 
cessation of the inciting agent [84, 99, 100]. Allergic mani-
festations, such as allergic rhinitis and wheezing, may coex-
ist [86]. The chronic form often presents with shortness of 
breath, dyspnea on exertion, and cough; in long-standing 
cases, cyanosis, weight loss, and clubbing may occur [84]. 
In contrast to the subacute form, removal from exposure 
fails to alleviate symptoms in chronic hard metal lung dis-
ease [84]. The occupational histories reveal individuals that 
work in grinding, cutting, shaping, or repairing hard metals 
or diamond polishing [101]. As opposed to other occupa-
tional lung diseases, hard metal lung disease shows no dis-
tinct relationship between the duration of occupational 
exposure and severity of the disease supporting a role for 
hypersensitivity and individual susceptibility in the patho-
genesis in the condition. Pulmonary function tests often 
show a restrictive pattern [101, 102]. Results of chest radio-
graphs can range from normal to bilateral reticulonodular 
infiltrates and end-stage interstitial fibrosis [10]. HRCT 
findings include bilateral ground glass opacities, areas of 
consolidation, reticular opacities, and traction bronchiecta-
sis. In advanced disease, parenchymal distortion and honey-
combing may be identified [103, 104]. The management of 
hard metal lung disease primarily consists of removal from 
exposure [89]. This can lead to improvement or remission in 
patients with the subacute type of the disease, while in 
patients with chronic hard metal lung disease, remission 
may be more difficult to achieve and patients may progress 
to end-stage pulmonary fibrosis and death [105, 106]. In 
addition to cessation of exposure, treatment with inhaled or 
systemic steroids has proved successful in several cases 
[106, 107]. Lung transplantation may be indicated for 
advanced disease; however, disease recurrence in the trans-
planted lung has also been reported [108].

4.4.2	 �Pathological Features

Histopathologically, the spectrum of hard metal lung disease 
ranges from bronchiolitis obliterans to interstitial mononu-
clear infiltrates with desquamation of mononuclear or giant 

Fig. 4.19  Asbestos bodies can also be identified in thick unstained 
sections
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cells into the alveolar spaces to diffuse interstitial fibrosis. 
Bronchiolitis obliterans is usually the earliest manifestation 
of the disease and is characterized by organizing fibroblastic 
tissue filling up the alveolar spaces and ducts. Desquamative 
interstitial pneumonitis (DIP)-like features with desquama-
tion of mononuclear cells into the alveolar lumina in a peri-
bronchial distribution can also be noted. The pathological 
hallmark of hard metal lung disease, however, is GIP in 
which air spaces are expanded by mononuclear or multinu-
cleate giant cells demonstrating cellular cannibalism, i.e., 
engulfment of up to three macrophages or neutrophils in the 
cytoplasm of the giant cell. Particulate material may also be 
identified in these cells. Overall, the process is often patchy 
in distribution and temporally heterogeneous with alternat-
ing areas of interstitial injury, old fibrosis, active interstitial 
organization, interstitial inflammation, and areas of normal 
lung. In some instances, type II pneumocytes may appear 
hyperplastic and become detached; however, these are rarely 
multinucleated and fail to show any engulfment of cells or 
particulate matter within their cytoplasm. Interstitial inflam-
mation in the form of lymphocytes and plasma cells and 
scant eosinophils or neutrophils may also be appreciated. In 
advanced lesions, there is patchy distribution of dense col-
lagenous fibrosis and honeycombing with or without any 
underlying areas characteristic for hard metal lung disease 
and closely resembling the changes typically attributed to 
usual interstitial pneumonia (UIP). Additional histopatho-
logic changes include paucicellular granulomas, alveolar 
damage, occasional fibroblastic foci, and diffuse lymphoid 
hyperplasia with reactive germinal centers. These compo-
nents however should not be the predominant histological 
features [85, 92, 101].

4.4.3	 �Mineral Analysis

If an occupational history is difficult to obtain, several labo-
ratory investigations may be used to confirm ongoing expo-
sure to cobalt, such as serum or urine testing [109]. 
Bronchoalveolar lavage may reveal multinucleated giant 
cells showing emperipolesis, and in the right context, this 
finding is diagnostic of cobalt-induced lung disease [110, 
111]. Tungsten, cobalt, and other minerals of the hard metal 
group can also be identified using scanning electron micros-
copy or spectroscopic analysis, although these techniques 
are often reserved for research purposes [85, 112].

4.4.4	 �Differential Diagnosis

Pathologically, hard metal lung disease needs to be differen-
tiated from other conditions that can present with giant cell 
pneumonitis. Among these, several viruses can produce a 

pneumonic process characterized by giant cells, including 
measles, respiratory syncytial, and parainfluenza virus [113, 
114]. In contrast to hard metal lung disease, the virus-induced 
giant cell pneumonias contain giant cells that are smaller and 
show less emperipolesis than the ones in hard metal lung dis-
ease. In addition, the giant cells in viral giant cell pneumo-
nias will characteristically contain viral inclusions within 
their nuclei. In cases of doubt, serologic studies, tissue cul-
tures, or histochemical/immunohistochemical analysis may 
be used to distinguish these entities [101]. In cases, in which 
paucicellular granulomas are identified within the intersti-
tium, hypersensitivity pneumonitis may enter the differential 
diagnosis; in such cases, serology, occupational, and envi-
ronmental history becomes crucial. In advanced cases of 
hard metal lung disease, the histological changes may be 
indistinguishable from UIP. Identification of additional areas 
characteristic of hard metal lung disease may aid in the dif-
ferential diagnosis; if such features are not identified, a com-
bination of occupational history, clinical features, and 
identification of hard metal dust in lung tissue may confirm 
the diagnosis [81, 98].

4.5	 �Mixed Dust Pneumoconiosis

Mixed dust pneumoconiosis (MDP) is generically defined as 
a pneumoconiosis caused by simultaneous exposure to crys-
talline silica and various non-fibrogenic dusts, such as coal, 
iron, or silicates [80]. The diagnosis requires documentation 
of occupational history of exposure to mixed dust and exclu-
sion of other forms of occupational lung disease. Occupations 
associated with MDP include quarry workers, foundry work-
ers, metal miners, pottery workers, ceramics workers, and 
stonemasons [80]. The clinical course of MDP is slower than 
that of silicosis, which is attributed to the modifying effect of 
the non-fibrogenic dusts on the strong fibrogenic potential of 
the crystalline silica. Early reports of MDP had described the 
condition as siderosilicosis [115] or anthrasilicosis [116, 
117] depending on the composition of the lesions before the 
more unifying term Mischstaubpneumokoniose (mixed dust 
pneumoconiosis) was introduced in 1946 [118].

4.5.1	 �Clinical Features

Like most other occupational lung diseases, patients with 
MDP present with non-specific respiratory symptoms, such 
as cough and dyspnea [80] requiring thorough knowledge of 
patients’ occupation and history of dust exposure to raise the 
suspicion of MDP. Pulmonary function tests may show vari-
able patterns, including restrictive, obstructive, mixed, or 
even normal patterns. On chest radiographs, MDP presents 
with a mixture of small rounded and irregular opacities; if 
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ill-defined opacities predominate, as opposed to the small 
round lesions of silicosis, a diagnosis of MDP becomes more 
likely especially in the presence of occupational history to 
mixed dust [119]. HRCT will demonstrate reticular, reticulo-
linear, and reticulonodular opacities; honeycombing and 
areas of emphysema may also be seen [119]. The prognosis 
for MDP is generally better than for silicosis or asbestosis; 
however, diffuse interstitial fibrosis resembling UIP may 
also be encountered in some cases [80]. As with other occu-
pational lung diseases, removal from exposure to dust is the 
most important step in management.

4.5.2	 �Pathological Features

The pathological features of MDP typically include a mix-
ture of dust macules, mixed-dust fibrotic lesions, and sili-
cotic nodules [17]. Macules are collections of dust-laden 
macrophages in the interstitium usually in a peribronchial or 
perivascular distribution and without any significant fibrosis 
(Fig.  4.20). Mixed-dust fibrotic lesions are stellate-shaped 
nodules with a central collagenous core surrounded by linear 
or radial collagen fibers admixed with dust-laden macro-
phages (Fig.  4.21). Both, macules and mixed-dust fibrotic 
lesions are often associated with centrilobular emphysema-
tous changes which may be so prominent as to obscure any 
other features of MDP (Fig. 4.22). As described above, sili-
cotic nodules are well circumscribed, small round firm nod-
ules consisting of whorled hyalinized collagen. When viewed 

under polarized light, the lesions of MDP often contain 
numerous birefringent crystals due to the high number of 
silicates [17] (Fig. 4.23a, b). Larger lesions resembling pro-
gressive massive fibrosis or superimposed patterns of UIP 
may also be observed. According to the definition by Honma 

Fig. 4.20  Dust-laden macrophages in a peribronchial or perivascular 
distribution forming macules is characteristic of mixed dust 
pneumoconiosis

Fig. 4.21  Mixed dust fibrotic lesions have a nodular shape and consist 
of a central collagenous core surrounded by collagen fibers admixed 
with dust-laden macrophages. (Courtesy of Dr. G Langman, 
Birmingham, UK)

Fig. 4.22  Emphysematous changes associated with the macules or 
fibrotic lesions are not uncommon in mixed dust pneumoconiosis
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et al. [80], if silicotic nodules are present, these should be 
outnumbered by the macules and mixed-dust fibrotic lesions; 
if silicotic nodules predominate, the more appropriate diag-
nosis would be silicosis.

4.5.3	 �Mineral Analysis

Confirmation of the diagnosis can be achieved using mineral 
dust analysis. Several methods can be used to detect the pres-
ence of silica, silicates, and various metal particles, each 
requiring different amounts and types of tissue specimens. 
These include techniques such as tissue ashing, X-ray dif-
fraction analysis, and analytical electron microscopy 
[120–122].

4.5.4	 �Differential Diagnosis

There are several other occupational and non-occupational 
lung diseases that enter the differential diagnosis of MDP, 
including silicosis, coal workers’ pneumoconiosis, and 
UIP. Pure silicosis is composed of small round densely hya-
linized nodules only and will lack a significant number of 
macules or mixed-dust fibrotic lesions. In a similar manner, 
coal workers’ pneumoconiosis is characterized by coal dust 
macules and nodules but will lack the silicotic nodules that 
would indicate a diagnosis of MDP. UIP-type changes can on 
occasion be superimposed and replace the underlying mix-
ture of nodules in MDP.  In this instance, close attention 

should be paid to areas unaffected by the diffuse fibrosis to 
identify the nodular deposits typical for MDP. As with all 
other occupational lung disease, thorough knowledge of 
occupation and dust exposure will help confirm the diagno-
sis; mineral dust analysis can support the diagnosis in cases 
where clinical findings are inconclusive or exposure history 
is not convincing.

4.6	 �Beryllium Lung Disease

Beryllium is a metal that is known for its lightness, high 
rigidity, high melting point, and good conductivity for heat 
and electricity [123]. Due to these properties, beryllium has 
become an important component in the manufacture of aero-
space, military, nuclear power, and electronics industries 
[124]. Inhalation of beryllium particles, dust or fumes – usu-
ally in the workplace – can cause adverse pulmonary effects, 
including an acute chemical pneumonitis or chronic beryl-
lium disease (CBD) [125–127]. Acute chemical pneumonitis 
is usually the result of inhalation of high concentrations of 
beryllium particles and is caused by direct toxicity of the 
metal on the respiratory tract [128]. The incidence of this 
type of injury has been markedly reduced by implementation 
of workplace measures and establishment of permissible 
exposure limits [129]. However, beryllium is still being used 
for many applications, and it is estimated that between 
200,000 and 800,000 individuals are at risk of exposure in 
the USA alone [130]. Lung injury in CBD is characterized 
by non-necrotizing granulomatous inflammation that is 

a b

Fig. 4.23  (a) The lesions of mixed dust pneumoconiosis often show (b) strongly birefringent crystals when viewed under polarized light
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thought to be the result of an antigen-driven, delayed-type 
hypersensitivity reaction [124, 131, 132]. This is supported 
by the fact that only a small proportion of individuals 
(1–15%) exposed to beryllium actually develop the disease 
and that amount and length of exposure do not correlate with 
the incidence and severity of the disease [133, 134]. CBD 
may also occur in individuals with minimal exposure, such 
as staff not directly in contact with the metal, those living in 
the vicinity of beryllium factories, or household contacts 
[135]. Clinically, histologically and radiologically, CBD can 
show striking similarity to sarcoidosis often requiring the use 
of additional testing, including tissue beryllium levels or 
beryllium lymphocyte proliferation testing to establish the 
final diagnosis. Although the lung is the primary organ of 
involvement, the granulomatous reaction can also involve 
other organs, such as the skin, lymph nodes, salivary glands, 
liver, spleen, kidney, and bone [127].

4.6.1	 �Clinical Features

Exposure to beryllium primarily occurs in the workplace 
environment, such as in the aerospace, nuclear, military, 
automotive, metal, electronics, and telecommunications 
industries. Beryllium-associated disease can also be con-
tracted through indirect contact, such as by workers and 
staff not directly working with the metal. Patients with acute 
beryllium disease, induced by inhalation of high concentra-
tions of the metal dust, typically present with dyspnea, 
cough, and chest pain of rapid onset approximately 
1–3 weeks after exposure [128]. In contrast, development of 
CBD requires very little cumulative exposure for sensitiza-
tion and depends on individual susceptibility. The latency 
period between sensitization and CBD is highly variable 
and can range from 3 months to more than 30 years [136]. 
Signs and symptoms of CBD include insidious onset of dys-
pnea on exertion, cough, chest pain, fatigue, weight loss, 
and anorexia [137, 138]. Lung function tests may be normal 
or show restrictive, obstructive, or abnormal gas exchange 
patterns [139]. Widespread air space opacities are the main 
radiological feature in acute berylliosis, while HRCT find-
ings of CBD are similar to those of other granulomatous 
diseases. Common findings include parenchymal small nod-
ules, predominantly located along bronchovascular bundles 
or interlobular septa. Other findings include interlobular 
septal thickening, ground glass opacities, conglomerate 
masses, and honeycombing. Hilar or mediastinal lymphade-
nopathy may also be observed [140, 141]. The clinical 
course of acute berylliosis ranges from self-limited to rap-
idly progressive and fatal; some cases can progress to CBD 
[138]. The treatment of CBD usually involves prolonged 
administration of corticosteroids with excellent results; 
however, cases that progress to end-stage lung disease do 
occur. In such cases, progression to cor pulmonale portends 

a grave prognosis. Like silicosis and asbestosis, a well-rec-
ognized association with beryllium exposure is the occur-
rence of lung carcinoma, especially in cases following acute 
berylliosis [142, 143].

4.6.2	 �Pathological Features

The histopathological correlate of acute beryllium disease 
is characterized by an acute bronchitis and pneumonitis. 
The latter shows alveolar septa that are widened by intersti-
tial edema accompanied by an inflammatory infiltrate of 
lymphocytes and plasma cells. Type II pneumocyte hyper-
plasia, foamy macrophages in alveolar spaces, and hyaline 
membranes can be observed (acute alveolar damage). Focal 
areas of organization, vascular congestion, and occasional 
multinucleate giant cells are further findings [127, 144]. 
Grossly, the lung parenchyma in CBD shows a gray and 
nodular cut surface and rubbery consistency. The hallmark 
of CBD on microscopic examination is the presence of 
non-necrotizing granulomatous inflammation that tends to 
involve the interstitium with preferential distribution along 
the bronchovascular bundles and occasionally also the 
pleura (Fig. 4.24). The granulomas are composed of epithe-
lioid histiocytes, multinucleate Langhans-type giant cells, 
and lymphocytes (Fig. 4.25). Inclusions resembling aster-
oid or Schaumann bodies are also a frequent finding. In 
some cases, clearly defined granulomas are not always 
present, and histiocytes are rather scattered diffusely 
throughout the interstitial spaces. Interstitial fibrosis, areas 

Fig. 4.24  The lesions in chronic beryllium lung disease consist of non-
necrotizing granulomas, histologically indistinguishable from those of 
sarcoidosis
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of honeycomb change, and cystic changes are found in 
lungs that have progressed to end-stage lung disease [127, 
144]. Examination with polarized light microscopy may 
demonstrate small round birefringent particles within the 
granulomas [145].

4.6.3	 �Mineral Analysis

Several techniques for detecting beryllium in tissue sections 
or beryllium-specific immunologic responses are currently 
available and can be used in support of a diagnosis of 
beryllium-associated lung disease. Beryllium patch test or 
beryllium lymphocyte proliferation testing on lymphocytes 
from blood and bronchoalveolar lavage are currently the pre-
ferred methods and assess the immune response of a patient 
suspected to be sensitized to beryllium [146]. Alternative 
approaches include spectrographic or fluorometric analyses 
of beryllium in lung tissue. More recently, energy-dispersive 
X-ray analysis has been shown to be a reliable tool for detect-
ing the metal in lung tissue, with the added benefit of using 
routine paraffin sections [145].

4.6.4	 �Differential Diagnosis

The main differential diagnosis for CBD is sarcoidosis which 
clinically and histologically can be virtually indistinguish-
able. Ultimate diagnosis will therefore often have to rely on 
careful environmental and occupational history as well as 

additional analyses, such as sensitization tests to beryllium 
or lung tissue analysis for the metal. As such, a combination 
of history of exposure, granulomatous inflammation on lung 
biopsy, and positive lymphocyte proliferation test makes a 
diagnosis of CBD most likely [127]. Another condition caus-
ing a similar granulomatous response is hypersensitivity 
pneumonitis. In the latter, however, the granulomas are not 
well-defined and accompanied by bronchiolocentric intersti-
tial pneumonia and chronic bronchitis. In cases of doubt, 
once again close attention should be paid to the patient’s 
occupation or environmental exposure accompanied by the 
results of clinical or laboratory testing as specified above.

4.7	 �Talcosis

Talc is a hydrous magnesium silicate that is widely used in 
milling, paper, plastics, rubber, ceramic, paint, and cosmetic 
industries [147, 148]. Talc is not always used in its pure form 
but more often also contain various other minerals account-
ing for a heterogeneous mineral composition [149]. 
Therefore, the pulmonary changes attributed to talc inhala-
tion are often caused by contaminants or other minerals, 
such as silica or asbestos. Pulmonary disease induced by 
inhalation of talc dust can take three different forms: (1) talc-
osilicosis, caused by talc mixed with high silica content; (2) 
talcoasbestosis, due to inhalation of talc containing asbestos 
fibers; and (3) talcosis (talc pneumoconiosis), secondary to 
pure talc exposure. The clinical, radiologic, and pathological 
abnormalities of talcosilicosis and talcoasbestosis are virtu-
ally identical to silicosis and asbestosis, respectively. A 
fourth form of pulmonary disease is seen in drug users who 
administer crushed drug tablets containing talc as a filler or 
binding agent intravenously [150, 151]. Talc is also fre-
quently used for pleurodesis to treat recurrent pleural effu-
sions due to different causes. As such, talc deposits are often 
seen in decortication or extrapleural pneumonectomy speci-
mens in patients with mesothelioma.

4.7.1	 �Clinical Features

Talcosis most commonly affects male patients between the 
4th and 6th decade of life [148, 152, 153]. For talcosis to 
develop, a relatively short but strong exposure to talc dust 
may be necessary [154]. Accidental massive inhalation of 
talc dusting powder (baby powder) has been reported in sev-
eral infants and children, with development of acute respira-
tory distress syndrome and fatal outcome [155]. Patients 
with occupational exposure can be asymptomatic or present 
with non-specific symptoms, such as exertional dyspnea, 
cough, night sweats, and weight loss [156, 157]. Late com-
plications include chronic respiratory failure, pulmonary 
arterial hypertension, and cor pulmonale [148, 152, 153, 

Fig. 4.25  High power view of a non-necrotizing granuloma in chronic 
beryllium lung disease shows an accumulation of Langhans-type giant 
cells and epithelioid histiocytes
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157]. Pulmonary disease in intravenous drug abusers pres-
ents with progressive dyspnea, fever, and signs and symp-
toms of obstructive lung disease due to the development of 
emphysema [152, 158, 159]. The HRCT findings of pulmo-
nary talcosis include diffuse well-defined centrilobular nod-
ules or ground glass opacities. During disease progression, 
the nodules can become confluent and form large heteroge-
neous conglomerate masses. The intravenous form of the 
disease will show very similar findings on HRCT with the 
addition of lower lobe emphysema [160, 161]. Aside from 
avoidance of exposure to talc dust, there is no definitive 
treatment for talcosis. Corticosteroids and immunosuppres-
sants have been used with variable success but no clear ben-
efits. Lung transplantation can be considered for treatment of 
end-stage lung disease. Overall, the prognosis is poor with 
progressive decline of pulmonary function [154, 156, 162].

4.7.2	 �Pathological Features

Grossly, macules and nodules can be identified in the pulmo-
nary parenchyma in cases of talcosis. Additionally, fibrotic 
areas as well as foci of honeycombing may be present. 
Lesions resembling progressive massive fibrosis (>1 cm in 
diameter) may be observed in some cases. Microscopically, 
a granulomatous response dominates the picture in the 
inhaled and injected forms of the disease. In talcosis induced 
by inhalation, multiple small foreign body-type granulomas 
are identified predominantly in the alveolar septa and air 

spaces (Fig.  4.26). These consist of multinucleated giant 
cells containing brightly birefringent needle-shaped crystals 
when examined under polarized light (Fig. 4.27a, b). These 
granulomas can merge producing fibrotic lesions resembling 
progressive massive fibrosis. In the injected form of talcosis, 

Fig. 4.26  In inhalation talcosis, multiple foreign body-type granulo-
mas are scattered in the lung parenchyma, mainly along alveolar septa 
and air spaces

a b

Fig. 4.27  (a) Higher magnification of the foreign body-type granulomas in inhalation talcosis shows the presence of (b) refractile material under 
polarized light
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the granulomatous response is largely centered on the ves-
sels and perivascular tissues with subsequent development of 
pulmonary arterial hypertension (Fig.  4.28a, b). 
Emphysematous changes, primarily affecting the lower 
lobes, are another typical finding of this disease form. Of 
note, talc particles in the vascular form of pulmonary talcosis 
are usually larger (>10 μm) than their inhaled counterparts 
(<5 μm) [149]. In long-standing cases of either form, areas of 
interstitial fibrosis and honeycombing may develop [148, 
150, 153, 160].

4.7.3	 �Mineral Analysis

Although the histopathological picture of pulmonary talcosis 
is quite characteristic, mineral dust analysis can be used to 
confirm the diagnosis in equivocal cases or to assess the dif-
ferent components of inhaled dust. Such analysis can be per-
formed with a combination of analytical transmission 
electron microscopy and X-ray diffraction, scanning electron 
microscopy, or X-ray microanalytic techniques [148, 150].

4.7.4	 �Differential Diagnosis

Pulmonary talcosis must be distinguished from other non-
necrotizing granulomatous diseases, most importantly sar-
coidosis. The granulomatous response in talcosis as 
compared to sarcoidosis is of foreign body cell type and con-

tains numerous bright needle-shaped crystals as opposed to 
the rare and small crystalline calcium carbonate inclusions 
sometimes identified in sarcoidosis. Although rarely 
required, analytical mineral dust analysis can help support 
the diagnosis in difficult cases. As with all occupational lung 
diseases, pertinent history relating to all possible environ-
mental, occupational, or recreational exposures in every 
patient is very important and should be performed 
thoroughly.

4.8	 �Aluminosis

Lung damage caused by exposure to aluminum has been 
known since the 1930s when the first such cases were 
reported in Germany [163]. Pulmonary aluminosis is a very 
rare disease compared to other occupational lung diseases. 
As use of aluminum in the industries continues to rise, lung 
damage should be monitored and prevented. The exact 
pathogenesis of aluminum-induced lung is still under inves-
tigation, in particular which forms of aluminum can cause 
lung disease. Potential influencing factors that are thought to 
contribute to antigenicity include the existence of fibrous 
particles of alpha aluminum oxide [164], role of aluminum 
oxides and their low-temperature transitional forms [164, 
165], the impact of additives and lubricants in the processing 
of aluminum powder [166], and aluminum particle size 
[167]. More recent debate has focused on a possible contri-
bution of genetic predisposition and individual susceptibility 

a b

Fig. 4.28  (a) The injected form of talcosis demonstrates foreign body material eliciting a granulomatous response in the lumina and walls of the 
pulmonary vasculature; (b) the material is strongly birefringent under polarized light
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in the development of aluminum-induced lung disease [168]. 
Inhalation of aluminum or its compounds occurs primarily 
during processes in bauxite smelting, use of fine aluminum 
powder in the manufacture of explosives, aluminum welding 
or grinding, and polishing of aluminum materials 
[169–171].

4.8.1	 �Clinical Features

Patients with aluminosis present with exertional dyspnea and 
dry non-productive cough. Restrictive or obstructive ventila-
tory defects and decreased diffusion capacity often accom-
pany these symptoms [167, 169, 170, 172]. Radiographic 
findings include nodular, slightly irregular opacities that may 
merge into larger nodular lesions with predominance in the 
upper lung fields. Subpleural bullous emphysema, spontane-
ous pneumothorax, pulmonary fibrosis, and honeycombing 
are other possible findings [165, 167, 169, 171–175]. Small 
rounded opacities (up to 3 mm), mainly in the upper lobes, 
and thickening of interlobular septa are typical findings on 
HRCT [171]. As for other pneumoconiosis, no effective ther-
apy exists for the treatment of aluminosis. Therefore, avoid-
ance of exposure and supportive treatment along with 
preventative measures in the workplace are recommended.

4.8.2	 �Pathological Features

Grossly, the lungs in aluminosis often show cobblestoning of 
the pleura and fibrotic changes or areas of honeycombing 
involving the lung parenchyma, preferentially in the upper 
zones [164, 173]. Histologic examination of the lungs in alu-
minosis shows highly variable changes. Perivascular and 
peribronchial accumulation of dust-laden macrophages is 
one of the earliest findings microscopically. The dust is gray-
black and variably birefringent when examined under polar-
ized light. Diffuse interstitial fibrosis resembling usual 
interstitial pneumonitis (UIP), a non-necrotizing granuloma-
tous process, alveolar proteinosis, and desquamative intersti-
tial pneumonitis-like changes are patterns associated with 
pulmonary aluminosis [164, 169, 173, 176].

4.8.3	 �Mineral Analysis

Energy-dispersive X-ray spectroscopy and tissue digestion 
methods are available for the analysis of particle classifica-
tion in aluminosis [164, 173]. More recently, irradiation with 
a proton microbeam (in-air microparticle-induced X-ray 
emission analysis) was successfully used for elemental anal-
ysis in a case of aluminosis; however, this method is cur-
rently mainly restricted to the research setting [177].

4.8.4	 �Differential Diagnosis

The range of histopathologic changes in pulmonary alumi-
nosis raises the possibility of other disease processes. The 
non-specific features of the interstitial fibrosis can be indis-
tinguishable from those of idiopathic pulmonary fibrosis 
(UIP). In the latter, however, the lung damage is predomi-
nantly found in the lower lobes, while the changes in alumi-
num-associated lung disease are upper zone predominant. 
The granulomatous form of aluminosis may closely resem-
ble tuberculosis, fungal infection or sarcoidosis. The former 
often show a necrotizing process, and special stains or tissue 
cultures should be able to rule out an infectious process. 
Sarcoidosis on the other hand may be more difficult to 
exclude; however, crystalline inclusions in sarcoidosis are 
rare while dominant in aluminosis. Definitive diagnosis may 
require analytical methods to exclude or confirm the pres-
ence of aluminum particles in tissue specimens as well as 
close correlation with occupational history.

4.9	 �Siderosis (Arc Welder 
Pneumoconiosis)

Siderosis is caused by inhalation of dust or fumes of metallic 
iron oxide that is encountered in various industries, such as iron 
and steel rolling mills, steel grinding, mining and crushing iron 
ore, or silver polishing [178–180]. The condition is most com-
monly seen in workers exposed to metal fumes during welding, 
and the disease is therefore also known as welder siderosis or 
arc welder pneumoconiosis. Siderosis was initially believed to 
be an asymptomatic non-fibrogenic pneumoconiosis without 
functional impairment, unless inhaled simultaneously with sil-
ica in which case a silicosiderosis with fibrosis and disability 
can develop [181, 182]. However, experimental studies have 
shown that pulmonary fibrosis can develop in lungs with ongo-
ing welding fume exposure and in the absence of concomitant 
crystalline silica or asbestos fibers [183–185].

4.9.1	 �Clinical Features

Symptoms of patients with siderosis can range from asymp-
tomatic to dyspnea and persistent cough [186]. Likewise, 
pulmonary function tests can show normal, restrictive, 
obstructive, or mixed patterns. HRCT is characterized by 
widespread small ill-defined centrilobular nodules and less 
commonly patchy ground glass opacities, mild reticulation, 
and emphysematous changes [10, 187]. Other than cessation 
of exposure, no specific treatment exists for patients with 
siderosis. In contrast to silicosis, radiographic changes may 
almost completely resolve with time as the iron dust is 
cleared from the lungs.
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4.9.2	 �Pathological Features

Grossly, siderotic lungs contain numerous brown- or black-
colored macules, 1 mm to 4 mm in diameter and evenly dis-
tributed [188]. Microscopic analysis reveals that these 
lesions consist of aggregations of pigmented iron oxide par-
ticles within macrophages involving respiratory bronchioles 
and alveolar ducts. Along with the interstitial accumulation, 
dust-laden macrophages may also be found in alveolar 
spaces, generating a desquamative interstitial pneumonitis 
(DIP)-like pattern. Histochemical stains for iron usually dis-
play a diffuse and intense reaction with Prussian blue. High 
exposure to welding fumes over a prolonged period of time 
may also lead to variable degrees of fibrosis, affecting the 
interstitial, peribronchial, and perivascular tissues. 
Emphysema may be present and is usually associated with 
current or prior smoking history. Other particulate material, 
such as silica or asbestos fibers, may show respective super-
imposed changes [180, 183, 186].

4.9.3	 �Mineral Analysis

The diagnosis of pulmonary siderosis is usually easily 
accomplished on the basis of occupational history, radiologi-
cal findings, and results of lung biopsy. Aside from iron his-
tochemical stains which may be useful to confirm the nature 
of the pigment, analytical energy-dispersive X-ray spectros-
copy may identify the element in question in difficult cases 
[178]. In addition, elevated ferritin levels in serum and bron-
choalveolar lavage fluid have been described in patients with 
siderosis compared to a control group [179].

4.9.4	 �Differential Diagnosis

The histopathological findings of siderosis by itself usually 
do not cause significant diagnostic difficulties, especially if 
occupational history, clinical presentation, and radiological 
findings are taken into account. Occasionally, however, sid-
erosis may be accompanied by other particulates which may 
modify the histologic changes. In this context, siderosis is 
often seen as part of a mixed dust pneumoconiosis requiring 
close attention to morphologic detail.

4.10	 �Silicatosis (Silicate Pneumoconiosis)

Silicates are a group of minerals which consist of silicon 
dioxide combined with other elements, such as aluminum, 
magnesium, or calcium [189]. Silicates are some of the most 
common minerals in the earth crust, and exposure typically 

occurs in the mining and quarrying industries or in agricul-
ture [190]. This group of minerals includes mica, kaolin, ver-
miculite, feldspar, bentonite, fuller’s earth, and talc (see Sect. 
4.7) [191–195]. Exposure to silicates is often associated with 
exposure to other minerals, such as silica and asbestos, how-
ever, clinically significant pneumoconioses have also been 
associated with exposure to pure silicates. The development 
of silicatosis appears to be directly related to intensity and 
years of exposure, although the prevalence of the disease is 
generally low [190–195].

4.10.1	 �Clinical Features

Development of clinical disease requires chronic exposure 
and long latency. In mild disease, patients can be asymp-
tomatic but demonstrate abnormalities on chest radiograph. 
In more severe cases, patients typically present with 
increasing dyspnea, cough, and wheezing and a restrictive 
pattern on pulmonary function tests [190–195]. Radiologic 
abnormalities can range from fine linear or nodular shad-
ows to diffuse small irregular opacities and large conglom-
erate masses [190–195]. Silicate pneumoconiosis is 
generally a slowly progressive disease but may occasion-
ally result in end-stage lung disease with progressive mas-
sive fibrosis. Cessation of dust exposure is the mainstay of 
therapy in the absence of more specific treatment. In iso-
lated cases, corticosteroid therapy has been attempted 
[190–195].

4.10.2	 �Pathological Features

Gross examination of the lungs in silicatosis shows small ill-
defined gray-brown nodular lesions within the lung paren-
chyma that are often more pronounced in the lower lobes and 
widespread fine fibrosis. Larger masses of firm and rubbery 
consistency may also be seen replacing the normal lung. 
Focal emphysematous changes are not uncommon [191, 
193]. Microscopic findings include macules, nodules, and 
large confluent masses and variable degrees of collagen 
deposition, primarily in a peribronchiolar or perivascular 
distribution. The macules consist of aggregates of golden-
brown dust-laden macrophages, and particle-filled macro-
phages can be seen extending into and expanding the 
interstitium (Fig. 4.29). Nodules and large confluent masses 
(progressive massive fibrosis) consist of fibrosis intermixed 
with mineral dust. Occasional multinucleate giant cells may 
be present, but granulomas are not typically seen. Brightly 
birefringent particles within the macrophages and fibrotic 
lesions can be identified with the use of polarizing micros-
copy (Fig.  4.30a, b). Emphysema, pleural thickening, and 
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pleural fibrosis are other findings that can be seen in pulmo-
nary silicatosis [190–195].

4.10.3	 �Mineral Analysis

Analytical electron microscopy reveals single or stacked 
sheets of crystalline material [189]. Energy-dispersive spec-
troscopy can be used to identify the exact elemental compo-
sition of the silicate [195].

4.10.4	 �Differential Diagnosis

The diagnosis of silicatosis can usually be established by a 
combination of occupational exposure and clinical and 
pathological findings. Since silicates are often admixed 
with other minerals, such as silica and asbestos, a diagno-
sis of mixed dust pneumoconiosis should be excluded. In 
such cases, close attention should be paid to the added 
presence of silicotic nodules or diffuse fibrosis that are 
typically associated with silica or asbestos exposure, 
respectively.

a b

Fig. 4.30  (a) Perivascular macule in silicatosis containing (b) birefringent particles when viewed under polarized light

Fig. 4.29  Pulmonary silicatosis shows aggregates of golden-brown 
dust-laden macrophages forming macules in the pulmonary 
interstitium

4  Occupational Lung Disease



159

References

	 1.	Weston A.  Work-related lung diseases. IARC Sci Publ. 
2011;163:387–405.

	 2.	Richeldi L, Sorrentino R, Saltini C. HLA-DPB1 glutamate 69: a 
genetic marker of beryllium disease. Science. 1993;262:242–4.

	 3.	Stayner L, Welch LS, Lemen R.  The worldwide pandemic 
of asbestos-related diseases. Annu Rev Public Health. 
2013;34:205–16.

	 4.	Guseva Canu I, Bateson TF, Bouvard V, et al. Human exposure to 
carbon-based fibrous nanomaterials: a review. Int J Hyg Environ 
Health. 2016;219:166–75.

	 5.	Wagner GR. Asbestosis and silicosis. Lancet. 1997;349:1311–5.
	 6.	Leung CC, Yu IT, Chen W. Silicosis. Lancet. 2012;379:2008–18.
	 7.	American Thoracic Society Committee of the Scientific Assembly 

on Environmental and Occupational Health. Adverse effects 
of crystalline silica exposure. Am J Respir Crit Care Med. 
1997;155:761–8.

	 8.	De Vuyst P, Camus P. The past and present of pneumoconioses. 
Curr Opin Pulm Med. 2000;6:151–6.

	 9.	Flynn MR, Susi P.  Engineering controls for selected silica and 
dust exposures in the construction industry--a review. Appl Occup 
Environ Hyg. 2003;18:268–77.

	 10.	Chong S, Lee KS, Chung MJ, et  al. Pneumoconiosis: com-
parison of imaging and pathologic findings. Radiographics. 
2006;26:59–77.

	 11.	Champlin J, Edwards R, Pipavath S. Imaging of occupational lung 
disease. Radiol Clin N Am. 2016;54:1077–96.

	 12.	Weil II, Jones RN, Parkes WR. Silicosis and related diseases. In: 
Parkes WR, editor. Occupational lung disorders. 3rd ed. London: 
Butterworths; 1994. p. 285–339.

	 13.	Goodman GB, Kaplan PD, Stachura I, et  al. Acute silicosis 
responding to corticosteroid therapy. Chest. 1992;101:366–70.

	 14.	Marchiori E, Souza CA, Barbassa TG, et  al. Silicoproteinosis: 
high-resolution CT findings in 13 patients. AJR Am J Roentgenol. 
2007;189:1402–6.

	 15.	Dee P, Suratt P, Winn W. The radiographic findings in acute silico-
sis. Radiology. 1978;126:359–63.

	 16.	Marchiori E, Ferreira A, Müller NL.  Silicoproteinosis: high-
resolution CT and histologic findings. J Thorac Imaging. 
2001;16:127–9.

	 17.	Silicosis and Silicate Disease Committee. Diseases associated 
with exposure to silica and non-fibrous silicate minerals. Arch 
Pathol Lab Med. 1988;112:673–720.

	 18.	Owens MW, Kinasewitz GT, Gonzalez E. Sandblaster’s lung with 
mycobacterial infection. Am J Med Sci. 1988;295:554–7.

	 19.	Karkhanis VS, Joshi JM.  Pneumoconioses. Indian J Chest Dis 
Allied Sci. 2013;55:25–34.

	 20.	Buechner HA, Ansari A. Acute silico-proteinosis. A new patho-
logic variant of acute silicosis in sandblasters, characterized by 
histologic features resembling alveolar proteinosis. Dis Chest. 
1969;55:274–8.

	 21.	Rimal B, Greenberg AK, Rom WN. Basic pathogenetic mecha-
nisms in silicosis: current understanding. Curr Opin Pulm Med. 
2005;11:169–73.

	 22.	Fujimura N. Pathology and pathophysiology of pneumoconiosis. 
Curr Opin Pulm Med. 2000;6:140–4.

	 23.	Curran RC. Observations on the formation of collagen in quartz 
lesions. J Pathol Bacteriol. 1953;66:271–82.

	 24.	Khalil N, Churg A, Muller N, et  al. Environmental, inhaled 
and ingested causes of pulmonary fibrosis. Toxicol Pathol. 
2007;35:86–96.

	 25.	Mossman BT, Churg A. Mechanisms in the pathogenesis of asbes-
tosis and silicosis. Am J Respir Crit Care Med. 1998;157:1666–80.

	 26.	Hurley JF, Burns J, Copland L, et al. Coalworkers’ simple pneu-
moconiosis and exposure to dust at 10 British coalmines. Br J Ind 
Med. 1982;39:120–7.

	 27.	Katabami M, Dosaka-Akita H, Honma K, et al. Pneumoconiosis-
related lung cancers: preferential occurrence from diffuse inter-
stitial fibrosis-type pneumoconiosis. Am J Respir Crit Care Med. 
2000;162:295–300.

	 28.	Federal Coal Mine Health and Safety Act of 1969. Pub L No. 
1969;91–173.

	 29.	Vallyathan V, Landsittel DP, Petsonk EL, et al. The influence of 
dust standards on the prevalence and severity of coal worker’s 
pneumoconiosis at autopsy in the United States of America. Arch 
Pathol Lab Med. 2011;135:1550–6.

	 30.	Bergin CJ, Müller NL, Miller RR. CT in the qualitative assess-
ment of emphysema. J Thorac Imaging. 1986;1:94–103.

	 31.	Caplan A. Certain unusual radiological appearances in the chest 
of coal-miners suffering from rheumatoid arthritis. Thorax. 
1953;8:29–37.

	 32.	Hosgood HD 3rd, Chapman RS, Wei H, et al. Coal mining is asso-
ciated with lung cancer risk in Xuanwei, China. Am J Ind Med. 
2012;55:5–10.

	 33.	Taeger D, Pesch B, Kendzia B, et al. Lung cancer among coal min-
ers, ore miners and quarrymen: smoking-adjusted risk estimates 
from the synergy pooled analysis of case-control studies. Scand J 
Work Environ Health. 2015;41:467–77.

	 34.	Fisher ER, Watkins G, Lam NV, et  al. Objective patho-
logical diagnosis of coal worker’s pneumoconiosis. JAMA. 
1981;245:1829–34.

	 35.	Kleinerman J, Green F, Harley RA, et  al. Pathology standards 
for coal workers’ pneumoconiosis. Arch Pathol Lab Med. 
1979;103:375–432.

	 36.	Ross MH, Murray J. Occupational respiratory disease in mining. 
Occup Med (Lond). 2004;54:304–10.

	 37.	Green FH, Laqueur WA. Coal workers’ pneumoconiosis. Pathol 
Annu. 1980;15:333–410.

	 38.	Heppleston AG. The pathological recognition and pathogenesis of 
emphysema and fibrocystic disease of the lung with special refer-
ence to coal workers. Ann N Y Acad Sci. 1972;200:347–69.

	 39.	Shennan DH, Washington JS, Thomas DJ, et al. Factors predis-
posing to the development of progressive massive fibrosis in coal 
miners. Br J Ind Med. 1981;38:321–6.

	 40.	Churg AM, Green FHY.  Occupational lung disease. In: Churg 
AM, Myers JL, Tazelaar HD, et al., editors. Thurlbeck’s pathol-
ogy of the lung. 3rd ed. New York: Thieme; 2006. p. 788–800.

	 41.	Ramazzini C. Asbestos is still with us: repeat call for a universal 
ban. Am J Ind Med. 2011;54:168–73.

	 42.	Wagner JC, editor. Biological effects of mineral fibers. Lyon: 
IARC Press; 1979.

	 43.	Stanton MF, Wrench C.  Mechanisms of mesothelioma induc-
tion with asbestos and fibrous glass. J Natl Cancer Inst. 1972 
Mar;48(3):797–821.

	 44.	Stanton MF, Laynard M, Tegeris A, et  al. Carcinogenicity of 
fibrous glass: pleural response in the rat in relation to fiber dimen-
sion. J Natl Cancer Inst. 1977;58(3):587–603.

	 45.	Pott F. Problems in defining carcinogenic fibres. Ann Occup Hyg. 
1987;31:799–802.

	 46.	Pott F, Huth F, Friedrichs KH.  Tumorigenic effect of fibrous 
dusts in experimental animals. Environ Health Perspect. 
1974;9:313–5.

	 47.	Donovan EP, Donovan BL, McKinley MA, et  al. Evaluation of 
take home (para-occupational) exposure to asbestos and disease: a 
review of the literature. Crit Rev Toxicol. 2012;42:703–31.

	 48.	Rake C, Gilham C, Hatch J, et  al. Occupational, domestic and 
environmental mesothelioma risks in the British population: a 
case-control study. Br J Cancer. 2009;100:1175–83.

References



160

	 49.	Ferrante D, Bertolotti M, Todesco A, et  al. Cancer mortality 
and incidence of mesothelioma in a cohort of wives of asbestos 
workers in Casale Monferrato, Italy. Environ Health Perspect. 
2007;115:1401–5.

	 50.	Olsen NJ, Franklin PJ, Reid A, et  al. Increasing incidence of 
malignant mesothelioma after exposure to asbestos during home 
maintenance and renovation. Med J Aust. 2011;195:271–4.

	 51.	Ahuja J, Kanne JP, Meyer CA. Occupational lung disease. Semin 
Roentgenol. 2015;50:40–51.

	 52.	Lilis R, Lerman Y, Selikoff IJ. Symptomatic benign pleural effu-
sions among asbestos insulation workers: residual radiographic 
abnormalities. Br J Ind Med. 1988;45:443–9.

	 53.	Hillerdal G, Ozesmi M. Benign asbestos pleural effusion: 73 exu-
dates in 60 patients. Eur J Respir Dis. 1987;71:113–21.

	 54.	Epler GR, McLoud TC, Gaensler EA. Prevalence and incidence of 
benign asbestos pleural effusion in a working population. JAMA. 
1982;247:617–22.

	 55.	Akira M.  High-resolution CT in the evaluation of occupational 
and environmental disease. Radiol Clin N Am. 2002;40:43–59.

	 56.	Munden RF, Libshitz HI. Rounded atelectasis and mesothelioma. 
AJR Am J Roentgenol. 1998;170:1519–22.

	 57.	McLoud TC, Woods BO, Carrington CB, et  al. Diffuse pleural 
thickening in an asbestos-exposed population: prevalence and 
causes. AJR Am J Roentgenol. 1985;144:9–18.

	 58.	Wagner JC, Moncrieff CB, Coles R, et  al. Correlation between 
fibre content of the lungs and disease in naval dockyard workers. 
Br J Ind Med. 1986;43:391–5.

	 59.	Roggli VL, Longo WE.  Mineral fiber content of lung tissue in 
patients with environmental exposures: household contacts vs. 
building occupants. Ann N Y Acad Sci. 1991;643:511–8.

	 60.	Lazarus AA, Philip A. Asbestosis. Dis Mon. 2011;57:14–26.
	 61.	Sirajuddin A, Kanne JP.  Occupational lung disease. J Thorac 

Imaging. 2009;24:310–20.
	 62.	Roach HD, Davies GJ, Attanoos R, et  al. Asbestos: when the 

dust settles an imaging review of asbestos-related disease. 
Radiographics. 2002;22:S167–84.

	 63.	Lynch DA, Gamsu G, Aberle DR.  Conventional and high reso-
lution computed tomography in the diagnosis of asbestos-related 
diseases. Radiographics. 1989;9:523–51.

	 64.	Akira M, Yamamoto S, Inoue Y, et al. High-resolution CT of asbes-
tosis and idiopathic pulmonary fibrosis. AJR Am J Roentgenol. 
2003;181:163–9.

	 65.	Henderson DW, Rödelsperger K, Woitowitz HJ, et  al. After 
Helsinki: a multidisciplinary review of the relationship between 
asbestos exposure and lung cancer, with emphasis on studies pub-
lished during 1997–2004. Pathology. 2004;36:517–50.

	 66.	Attanoos RL.  Asbestos-related lung disease. Surg Pathol Clin. 
2010;3:109–27.

	 67.	Roggli VL, Gibbs AR, Attanoos R, et al. Pathology of asbestosis- 
an update of the diagnostic criteria: report of the asbestosis com-
mittee of the College of American Pathologists and Pulmonary 
Pathology Society. Arch Pathol Lab Med. 2010;134:462–80.

	 68.	Chapman SJ, Cookson WO, Musk AW, et  al. Benign asbestos 
pleural diseases. Curr Opin Pulm Med. 2003;9:266–71.

	 69.	Huggins JT, Sahn SA. Causes and management of pleural fibrosis. 
Respirology. 2004;9:441–7.

	 70.	Menzies R, Fraser R. Round atelectasis. Pathologic and pathoge-
netic features. Am J Surg Pathol. 1987;11:674–81.

	 71.	Stephens M, Gibbs AR, Pooley FD, et  al. Asbestos induced 
diffuse pleural fibrosis: pathology and mineralogy. Thorax. 
1987;42:583–8.

	 72.	Craighead JE, Abraham JL, Churg A, et  al. The pathology of 
asbestos-associated diseases of the lungs and pleural cavi-
ties: diagnostic criteria and proposed grading schema. Report 
of the Pneumoconiosis Committee of the College of American 

Pathologists and the National Institute for Occupational Safety 
and Health. Arch Pathol Lab Med. 1982;106:544–96.

	 73.	Sporn TA, Roggli VL. In: Roggli VL, Oury TD, Sporn TA, editors. 
Pathology of asbestos-associated diseases. 2nd ed. New  York: 
Springer; 2004. p. 71–103.

	 74.	Roggli VL.  Scanning electron microscopic analysis of mineral 
fiber content of lung tissue in the evaluation of diffuse pulmonary 
fibrosis. Scanning Microsc. 1991;5:71–80.

	 75.	Gaensler EA, Jederlinic PJ, Churg A.  Idiopathic pulmonary 
fibrosis in asbestos-exposed workers. Am Rev Respir Dis. 
1991;144:689–96.

	 76.	Wagner JC, Newhouse ML, Corrin B, et al. Correlation between 
fibre content of the lung and disease in east London asbestos fac-
tory workers. Br J Ind Med. 1988;45:305–8.

	 77.	Ashcroft T, Heppleston AG.  The optical and electron micro-
scopic determination of pulmonary asbestos fibre concentration 
and its relation to the human pathological reaction. J Clin Pathol. 
1973;26:224–34.

	 78.	Roggli VL. Asbestos bodies and non-asbestos ferruginous bodies. 
In: Roggli VL, Oury TD, Sporn TA, editors. Pathology of asbestos-
associated diseases. 2nd ed. New York: Springer; 2004. p. 34–70.

	 79.	De Vuyst P, Dumortier P, Gevenois PA. Analysis of asbestos bod-
ies in BAL from subjects with particular exposures. Am J Ind 
Med. 1997;31:699–704.

	 80.	Honma K, Abraham JL, Chiyotani K, et al. Proposed criteria for 
mixed-dust pneumoconiosis: definition, descriptions, and guide-
lines for pathologic diagnosis and clinical correlation. Hum 
Pathol. 2004;35:1515–23.

	 81.	Coates EO Jr, Watson JH. Diffuse interstitial lung disease in tung-
sten carbide workers. Ann Intern Med. 1971;75:709–16.

	 82.	Barceloux DG. Cobalt. J Toxicol Clin Toxicol. 1999;37:201–6.
	 83.	Payne LR.  Manufacturing processes: hard metal. J Soc Occup 

Med. 1976;26:141–2.
	 84.	Nemery B, Verbeken EK, Demedts M. Giant cell interstitial pneu-

monia (hard metal lung disease, cobalt lung). Semin Respir Crit 
Care Med. 2001;22:435–48.

	 85.	Naqvi AH, Hunt A, Burnett BR, et al. Pathologic spectrum and 
lung dust burden in giant cell interstitial pneumonia (hard metal 
disease/cobalt pneumonitis): review of 100 cases. Arch Environ 
Occup Health. 2008;63:51–70.

	 86.	Demedts M, Gheysens B, Nagels J, et al. Cobalt lung in diamond 
polishers. Am Rev Respir Dis. 1984;130:130–5.

	 87.	Nemery B, Abraham JL.  Hard metal lung disease: still hard to 
understand. Am J Respir Crit Care Med. 2007;176:2–3.

	 88.	Nemery B, Casier P, Roosels D, et al. Survey of cobalt exposure 
and respiratory health in diamond polishers. Am Rev Respir Dis. 
1992;145:610–6.

	 89.	Maier LA, Glazer C, Pacheco K. Interstitial lung disease and other 
occupational exposures (hard metal lung disease). In: Schwartz M, 
King T, editors. Interstitial lung disease. 5th ed. China: People’s 
Medical Publishing House; 2011. p. 581–93.

	 90.	Anttila S, Sutinen S, Paananen M, et al. Hard metal lung disease: 
a clinical, histological, ultrastructural and X-ray microanalytical 
study. Eur J Respir Dis. 1986;69:83–94.

	 91.	Bruckner HC.  Extrinsic asthma in a tungsten carbide worker. J 
Occup Med. 1967;9:518–9.

	 92.	Davison AG, Haslam PL, Corrin B, et al. Interstitial lung disease 
and asthma in hard-metal workers: bronchoalveolar lavage, ultra-
structural, and analytical findings and results of bronchial provo-
cation tests. Thorax. 1983;38:119–28.

	 93.	Forrest ME, Skerker LB, Nemiroff MJ.  Hard metal pneumoco-
niosis: another cause of diffuse interstitial fibrosis. Radiology. 
1978;128:609–12.

	 94.	Gheysens B, Auwerx J, Van den Eeckhout A, et al. Cobalt-induced 
bronchial asthma in diamond polishers. Chest. 1985;88:740–4.

4  Occupational Lung Disease



161

	 95.	Sjögren I, Hillerdal G, Andersson A, et al. Hard metal lung dis-
ease: importance of cobalt in coolants. Thorax. 1980;35:653–9.

	 96.	Liebow AA, Carrington CB.  The interstitial pneumonias. In: 
Simon M, Potchen EJ, LeMay M, editors. Frontiers of pulmonary 
radiology. 1st ed. New York: Grune & Stratton; 1969. p. 102–41.

	 97.	Katzenstein AL, Myers JL.  Nonspecific interstitial pneumonia 
and the other idiopathic interstitial pneumonias: classification and 
diagnostic criteria. Am J Surg Pathol. 2000;24:1–3.

	 98.	Joseph M.  Hard metal pneumoconiosis. Australas Radiol. 
1968;12:92–5.

	 99.	Balmes JR.  Respiratory effects of hard-metal dust exposure. 
Occup Med. 1987;2:327–44.

	100.	Cugell DW, Morgan WK, Perkins DG, et  al. The respiratory 
effects of cobalt. Arch Intern Med. 1990;150:177–83.

	101.	Ohori NP, Sciurba FC, Owens GR, et  al. Giant-cell interstitial 
pneumonia and hard-metal pneumoconiosis. A clinicopathologic 
study of four cases and review of the literature. Am J Surg Pathol. 
1989;13:581–7.

	102.	Coates EO Jr, Watson JH. Pathology of the lung in tungsten car-
bide workers using light and electron microscopy. J Occup Med. 
1973;15:280–6.

	103.	Akira M. Uncommon pneumoconioses: CT and pathologic find-
ings. Radiology. 1995;197:403–9.

	104.	Choi JW, Lee KS, Chung MP, et al. Giant cell interstitial pneu-
monia: high-resolution CT and pathologic findings in four adult 
patients. AJR Am J Roentgenol. 2005;184:268–72.

	105.	Ruokonen EL, Linnainmaa M, Seuri M, et al. A fatal case of hard-
metal disease. Scand J Work Environ Health. 1996;22:62–5.

	106.	Maier LA.  Clinical approach to chronic beryllium disease and 
other nonpneumoconiotic interstitial lung diseases. J Thorac 
Imaging. 2002;17:273–84.

	107.	Nureki S, Miyazaki E, Nishio S, et al. Hard metal lung disease 
successfully treated with inhaled corticosteroids. Intern Med. 
2013;52:1957–61.

	108.	Tarabichi Y, Saggar R, Wallace WD, et al. Primary disease recur-
rence after single lung transplantation in a patient with prior hard 
metal exposure. J Heart Lung Transplant. 2015;34:1216–8.

	109.	Alexandersson R. Blood and urinary concentrations as estimators 
of cobalt exposure. Arch Environ Health. 1988;43:299–303.

	110.	Forni A. Bronchoalveolar lavage in the diagnosis of hard metal 
disease. Sci Total Environ. 1994;150:69–76.

	111.	Kinoshita M, Sueyasu Y, Watanabe H, et al. Giant cell interstitial 
pneumonia in two hard metal workers: the role of bronchoalveolar 
lavage in diagnosis. Respirology. 1999;4:263–6.

	112.	Adams TN, Butt YM, Batra K, et al. Cobalt related interstitial lung 
disease. Respir Med. 2017;129:91–7.

	113.	Delage G, Brochu P, Robillard L, et  al. Giant cell pneumonia 
due to respiratory syncytial virus. Occurrence in severe com-
bined immunodeficiency syndrome. Arch Pathol Lab Med. 
1984;108:623–5.

	114.	Weintrub PS, Sullender WM, Lombard C, et al. Giant cell pneumo-
nia caused by parainfluenza type 3 in a patient with acute myelo-
monocytic leukemia. Arch Pathol Lab Med. 1987;111:569–70.

	115.	Stewart MJ, Faulds JS. The pulmonary fibrosis of haematite work-
ers. J Pathol. 1934;39:233–53.

	116.	Theodos PA, Cathart RT, Fraimow W. Ischemic necrosis in anthra-
cosilicosis. Arch Environ Health. 1961;2:609–19.

	117.	Dreesen WC, Jones RR.  Anthracosilicosis. J Am Med Assoc. 
1936;107:1179–85.

	118.	Uehlinger E. Über Mischstaubpneumokoniosen. Pathobiology. 
1946;9:692–700.

	119.	Shida H, Chiyotani K, Honma K, et al. Radiologic and pathologic 
characteristics of mixed dust pneumoconiosis. Radiographics. 
1996;16:483–98.

	120.	Lange BA, Haartz JC.  Determination of microgram quantities 
asbestos by x-ray diffraction: chrysotile in thin dust layers of 
matrix material. Anal Chem. 1979;51:520–5.

	121.	Kohyama N. A new X-ray diffraction method for the quantitative 
analysis of free silica in the airborne dust in working environment. 
Ind Health. 1985;23:221–34.

	122.	Abraham JL, Burnett BR, Hunt A.  Development and use of a 
pneumoconiosis database of human pulmonary inorganic particu-
late burden in over 400 lungs. Scanning Microsc. 1991;5:95–104.

	123.	Lang L. Beryllium: a chronic problem. Environ Health Perspect. 
1994;102:526–31.

	124.	Meyer KC. Beryllium and lung disease. Chest. 1994;106:942–6.
	125.	Ordstrand HV, Hughes R, Carmody MG. Chemical pneumonia in 

workers extracting beryllium oxide: report of three cases. Cleve 
Clin Q. 1943;10:10–8.

	126.	Weber HH, Engelhardt WE. Über eine Apparatur zur Erzeugung 
niedriger Staubkonzentrationen von großer Konstanz und 
eine Methode zur mikrogravimetrischen Staubbestimmung. 
In: Anwendung bei der Untersuchung von Stauben aus der 
Berylliumgewinnung, vol 10; 1933, p. 41.

	127.	Freiman DG, Hardy HL. Beryllium disease. The relation of pul-
monary pathology to clinical course and prognosis based on a 
study of 130 cases from the U.S. beryllium case registry. Hum 
Pathol. 1970;1:25–44.

	128.	Eisenbud M, Berghout CF, Steadman LT. Environmental studies 
in plants and laboratories using beryllium; the acute disease. J Ind 
Hyg Toxicol. 1948;30:281–5.

	129.	Occupational Safety and Health Administration. Beryllium: 
proposed occupational safety and health standard. Fed Regist. 
1975;40:48814–27.

	130.	 Infante PF, Newman LS. Beryllium exposure and chronic beryl-
lium disease. Lancet. 2004;363:415–6.

	131.	Kriebel D, Brain JD, Sprince NL, et al. The pulmonary toxicity of 
beryllium. Am Rev Respir Dis. 1988;137:464–73.

	132.	Maceira JM, Fukuyama K, Epstein WL, et  al. 
Immunohistochemical demonstration of S-100 protein antigen-
containing cells in beryllium-induced, zirconium-induced and 
sarcoidosis granulomas. Am J Clin Pathol. 1984;81:563–8.

	133.	Kreiss K, Wasserman S, Mroz MM, et al. Beryllium disease screen-
ing in the ceramics industry. Blood lymphocyte test performance 
and exposure-disease relations. J Occup Med. 1993;35:267–74.

	134.	Kreiss K, Mroz MM, Zhen B, et al. Epidemiology of beryllium 
sensitization and disease in nuclear workers. Am Rev Respir Dis. 
1993;148:985–91.

	135.	De Nardi JM, Van Ordstrand HS, Curtis GH. Berylliosis. Summary 
and survey of all clinical types in ten year period. Cleve Clin Q. 
1952;19:171–93.

	136.	Kelleher PC, Martyny JW, Mroz MM, et al. Beryllium particulate 
exposure and disease relations in a beryllium machining plant. J 
Occup Environ Med. 2001;43:238–49.

	137.	Eisenbud M, Lisson J.  Epidemiological aspects of beryllium-
induced nonmalignant lung disease: a 30-year update. J Occup 
Med. 1983;25:196–202.

	138.	Sprince NL, Kanarek DJ, Weber AL, et  al. Reversible respi-
ratory disease in beryllium workers. Am Rev Respir Dis. 
1978;117:1011–7.

	139.	Mayer AS, Hamzeh N, Maier LA. Sarcoidosis and chronic beryl-
lium disease: similarities and differences. Semin Respir Crit Care 
Med. 2014;35:316–29.

	140.	Harris KM, McConnochie K, Adams H.  The computed tomo-
graphic appearances in chronic berylliosis. Clin Radiol. 
1993;47:26–31.

	141.	Newman LS, Buschman DL, Newell JD Jr, et al. Beryllium dis-
ease: assessment with CT. Radiology. 1994;190:835–40.

References



162

	142.	Sood A, Beckett WS, Cullen MR.  Variable response to long-
term corticosteroid therapy in chronic beryllium disease. Chest. 
2004;126:2000–7.

	143.	Steenland K, Ward E. Lung cancer incidence among patients with 
beryllium disease: a cohort mortality study. J Natl Cancer Inst. 
1991;83:1380–5.

	144.	Williams WJ.  A histological study of the lungs in 52 cases of 
chronic beryllium disease. Br J Ind Med. 1958;15:84–91.

	145.	Butnor KJ, Sporn TA, Ingram P, et  al. Beryllium detection in 
human lung tissue using electron probe X-ray microanalysis. Mod 
Pathol. 2003;16:1171–7.

	146.	Newman LS. Significance of the blood beryllium lymphocyte pro-
liferation test. Environ Health Perspect. 1996;104:953–6.

	147.	Nam K, Gracey DR.  Pulmonary talcosis from cosmetic talcum 
powder. JAMA. 1972;221:492–3.

	148.	Gibbs AE, Pooley FD, Griffiths DM, et  al. Talc pneumo-
coniosis: a pathologic and mineralogic study. Hum Pathol. 
1992;23:1344–54.

	149.	Abraham JL, Brambilla C.  Particle size for differentiation 
between inhalation and injection pulmonary talcosis. Environ Res. 
1980;21:94–6.

	150.	Feigin DS.  Talc: understanding its manifestations in the chest. 
AJR Am J Roentgenol. 1986;146:295–301.

	151.	Lockey JE.  Nonasbestos fibrous minerals. Clin Chest Med. 
1981;2:203–18.

	152.	Ward S, Heyneman LE, Reittner P, et al. Talcosis associated with 
IV abuse of oral medications: CT findings. AJR Am J Roentgenol. 
2000;174:789–93.

	153.	Marchiori E, Lourenço S, Gasparetto TD, et al. Pulmonary talco-
sis: imaging findings. Lung. 2010;188:165–71.

	154.	Gysbrechts C, Michiels E, Verbeken E, et al. Interstitial lung dis-
ease more than 40 years after a 5 year occupational exposure to 
talc. Eur Respir J. 1998;11:1412–5.

	155.	Hughes WT. Acute upper respiratory tract infections in children. 
GP. 1966;34:102–8.

	156.	Krimsky WS, Dhand S. Pulmonary talc granulomatosis mimick-
ing malignant disease 30 years after last exposure: a case report. J 
Med Case Rep. 2008;2:225.

	157.	Padley SP, Adler BD, Staples CA, et al. Pulmonary talcosis: CT 
findings in three cases. Radiology. 1993;186:125–7.

	158.	Ben-Haim SA, Ben-Ami H, Edoute Y, et al. Talcosis presenting 
as pulmonary infiltrates in an HIV-positive heroin addict. Chest. 
1988;94:656–8.

	159.	Stern EJ, Frank MS, Schmutz JF, et  al. Panlobular pulmo-
nary emphysema caused by i.v. injection of methylphenidate 
(Ritalin): findings on chest radiographs and CT scans. AJR Am J 
Roentgenol. 1994;162:555–60.

	160.	Marchiori E, Souza Júnior AS, Müller NL.  Inhalational pulmo-
nary talcosis: high-resolution CT findings in 3 patients. J Thorac 
Imaging. 2004;19:41–4.

	161.	Marchiori E, Franquet T, Gasparetto TD, et al. Consolidation with 
diffuse or focal high attenuation: computed tomography findings. 
J Thorac Imaging. 2008;23:298–304.

	162.	Chau CH, Yew WW, Lee J.  Inhaled budesonide in the treat-
ment of talc-induced pulmonary granulomatosis. Respiration. 
2003;70:439.

	163.	Doese M. Injuries to health caused by aluminium and particularly 
the effect of aluminium dust on the lungs. Arch f Gewerbepath u 
Gewerbehyg. 1938;8:501–31.

	164.	Gilks B, Churg A.  Aluminum-induced pulmonary fibrosis: do 
fibers play a role? Am Rev Respir Dis. 1987;136:176–9.

	165.	Townsend MC, Sussman NB, Enterline PE, et  al. Radiographic 
abnormalities in relation to total dust exposure at a bauxite refin-
ery and alumina-based chemical products plant. Am Rev Respir 
Dis. 1988;138:90–5.

	166.	Dinman BD. Aluminum in the lung: the pyropowder conundrum. 
J Occup Med. 1987;29:869–76.

	167.	Guidotti TL.  Pulmonary aluminosis—a review. Bull Soc 
Pharmacol Environ Pathol. 1975;3:16–8.

	168.	Kelleher P, Pacheco K, Newman LS. Inorganic dust pneumonias: 
the metal-related parenchymal disorders. Environ Health Perspect. 
2000;108:685–96.

	169.	Krewski D, Yokel RA, Nieboer E, et al. Human health risk assess-
ment for aluminium, aluminium oxide, and aluminium hydroxide. 
J Toxicol Environ Health B Crit Rev. 2007;10:1–269.

	170.	De Vuyst P, Dumortier P, Rickaert F, et al. Occupational lung fibro-
sis in an aluminium polisher. Eur J Respir Dis. 1986;68:131–40.

	171.	Kraus T, Schaller KH, Angerer J, et al. Aluminosis--detection of 
an almost forgotten disease with HRCT.  J Occup Med Toxicol. 
2006;1:4.

	172.	Goralewski G. The aluminium lung: a new industrial disease. Br J 
Ind Med. 1948;6:53–4.

	173.	Jederlinic PJ, Abraham JL, Churg A, et  al. Pulmonary fibrosis 
in aluminum oxide workers. Investigation of nine workers, with 
pathologic examination and microanalysis in three of them. Am 
Rev Respir Dis. 1990;142:1179–84.

	174.	Edling NP.  Aluminium pneumoconiosis. A roentgendiagnostic 
study of five cases. Acta Radiol. 1961;56:170–8.

	175.	Mitchell J, Manning GB, Molyneux M, et al. Pulmonary fibrosis 
in workers exposed to finely powdered aluminium. Br J Ind Med. 
1961;18:10–23.

	176.	Chen WJ, Monnat RJ Jr, Chen M, et al. Aluminum induced pul-
monary granulomatosis. Hum Pathol. 1978;9:705–11.

	177.	Chino H, Hagiwara E, Sugisaki M, et al. Pulmonary aluminosis 
diagnosed with in-air microparticle induced X-ray emission anal-
ysis of particles. Intern Med. 2015;54:2035–40.

	178.	Guidotti TL, Abraham JL, DeNee PB, et al. Arc welders’ pneumo-
coniosis: application of advanced scanning electron microscopy. 
Arch Environ Health. 1978;33:117–24.

	179.	Yoshii C, Matsuyama T, Takazawa A, et al. Welder’s pneumoco-
niosis: diagnostic usefulness of high-resolution computed tomog-
raphy and ferritin determinations in bronchoalveolar lavage fluid. 
Intern Med. 2002;41:1111–7.

	180.	Cosgrove MP. Pulmonary fibrosis and exposure to steel welding 
fume. Occup Med (Lond). 2015;65:706–12.

	181.	Harding HE, Grout JL, Davies TL. The experimental production 
of x-ray shadows in the lungs by inhalation of industrial dusts: 
I. Iron oxide. Br J Ind Med. 1947;4:223.

	182.	Harding HE, McLaughlin AI, Doig AT. Clinical, radiographic, and 
pathological studies of the lungs of electric-arc and oxyacetylene 
welders. Lancet. 1958;2:394–9.

	183.	Müller KM, Verhoff MA.  Gradation of sideropneumoconiosis. 
Pneumologie. 2000;54:315–7.

	184.	Hicks R, Al-Shamma KJ, Lam HF, et al. An investigation of fibro-
genic and other toxic effects of arc-welding fume particles depos-
ited in the rat lung. J Appl Toxicol. 1983;3:297–306.

	185.	Yu IJ, Song KS, Chang HK, et  al. Lung fibrosis in Sprague-
Dawley rats, induced by exposure to manual metal arc-stainless 
steel welding fumes. Toxicol Sci. 2001;63:99–106.

	186.	Buerke U, Schneider J, Rösler J, et  al. Interstitial pulmonary 
fibrosis after severe exposure to welding fumes. Am J Ind Med. 
2002;41:259–68.

4  Occupational Lung Disease



163

	187.	Flors L, Domingo ML, Leiva-Salinas C, et al. Uncommon occu-
pational lung diseases: high-resolution CT findings. AJR Am J 
Roentgenol. 2010;194:W20–6.

	188.	Billings CG, Howard P. Occupational siderosis and welders’ lung: 
a review. Monaldi Arch Chest Dis. 1993;48:304–14.

	189.	Roub LW, Dekker A, Wagenblast HW, et  al. Pulmonary silica-
tosis. A case diagnosed by needle-aspiration biopsy and energy-
dispersive x-ray analysis. Am J Clin Pathol. 1979;72:871–5.

	190.	Skulberg KR, Gylseth B, Skaug V, et al. Mica pneumoconiosis--a 
literature review. Scand J Work Environ Health. 1985;11:65–74.

	191.	Davies D, Cotton R.  Mica pneumoconiosis. Br J Ind Med. 
1983;40:22–7.

	192.	Morgan WK, Donner A, Higgins IT, et al. The effects of kaolin on 
the lung. Am Rev Respir Dis. 1988;138:813–20.

	193.	Lapenas D, Gale P, Kennedy T, et  al. Kaolin pneumoconiosis. 
Radiologic, pathologic, and mineralogic findings. Am Rev Respir 
Dis. 1984;130:282–8.

	194.	Wagner JC, Pooley FD, Gibbs A, et al. Inhalation of China stone 
and China clay dusts: relationship between the mineralogy of 
dust retained in the lungs and pathological changes. Thorax. 
1986;41:190–6.

	195.	Landas SK, Schwartz DA. Mica-associated pulmonary interstitial 
fibrosis. Am Rev Respir Dis. 1991;144:718–21.

4  Occupational Lung Disease


	4: Occupational Lung Disease
	4.1	 Silicosis
	4.1.1	 Clinical Features
	4.1.2	 Pathological Features
	4.1.3	 Mineral Analysis
	4.1.4	 Differential Diagnosis

	4.2	 Coal Workers’ Pneumoconiosis
	4.2.1	 Clinical Features
	4.2.2	 Pathological Features
	4.2.3	 Mineral Analysis
	4.2.4	 Differential Diagnosis

	4.3	 Asbestosis and Benign Asbestos-Related Lung Disease
	4.3.1	 Clinical Features
	4.3.2	 Pathological Features
	4.3.3	 Mineral Analysis
	4.3.4	 Differential Diagnosis

	4.4	 Hard Metal Lung Disease
	4.4.1	 Clinical Features
	4.4.2	 Pathological Features
	4.4.3	 Mineral Analysis
	4.4.4	 Differential Diagnosis

	4.5	 Mixed Dust Pneumoconiosis
	4.5.1	 Clinical Features
	4.5.2	 Pathological Features
	4.5.3	 Mineral Analysis
	4.5.4	 Differential Diagnosis

	4.6	 Beryllium Lung Disease
	4.6.1	 Clinical Features
	4.6.2	 Pathological Features
	4.6.3	 Mineral Analysis
	4.6.4	 Differential Diagnosis

	4.7	 Talcosis
	4.7.1	 Clinical Features
	4.7.2	 Pathological Features
	4.7.3	 Mineral Analysis
	4.7.4	 Differential Diagnosis

	4.8	 Aluminosis
	4.8.1	 Clinical Features
	4.8.2	 Pathological Features
	4.8.3	 Mineral Analysis
	4.8.4	 Differential Diagnosis

	4.9	 Siderosis (Arc Welder Pneumoconiosis)
	4.9.1	 Clinical Features
	4.9.2	 Pathological Features
	4.9.3	 Mineral Analysis
	4.9.4	 Differential Diagnosis

	4.10	 Silicatosis (Silicate Pneumoconiosis)
	4.10.1	 Clinical Features
	4.10.2	 Pathological Features
	4.10.3	 Mineral Analysis
	4.10.4	 Differential Diagnosis

	References




