Mini-lecture on……

Silicosis

Silica (silicon dioxide- SiO2) is formed from the two most abundant elements in the earth's crust, oxygen and silicon and is the earth’s most abundant mineral. SiO2 occurs in a non-crystalline (amorphous) or a crystalline form. Crystalline silica is found in seven forms (polymorphisms) of which quartz, cristobalite, and tridymite are the most common. The quartz form is an abundant component of soil and rock; the term is often used to refer to crystalline silica. Silica is either free (unbound to other minerals) (quartz has a high amount of free silica) or combined with other mineral and are called silicates (i.e. asbestos, talc).
It is when the crystalline silica-containing rock and sand is used or processed (i.e., mining, milling, quarrying, drilling, sand blasting, tunneling operations, foundry and boiler work, pottery and glass making operations) and work with concrete, brick, block, mortar, tile grout, and numerous materials made with silica and then disturbed such as sawing, hammering, crushing and grinding that workers can be exposed to airborne dust levels of respirable crystalline silica 

(0.5 – 5.0 micrometers in diameter) that can cause respiratory and other diseases. 

Occupational exposure to respirable crystalline silica is associated with a spectrum of respiratory diseases, including silicosis (acute, accelerated, and chronic), progressive pulmonary fibrosis, chronic obstructive pulmonary disease (e.g., chronic bronchitis, emphysema), and lung cancer, and places workers with silicosis at higher risk for tuberculosis and atypical (non-tuberculosis) mycobacterial disease.
Although the most common health effect of silica exposure are the lung diseases 

occupational exposure to respirable crystalline silica is also associated with a number of other diseases, including systemic autoimmune diseases, such as rheumatoid arthritis, scleroderma, systemic lupus erythematosus (SLE), and some of the small vessel vasculitides and with renal  diseases i.e. rapid progressive glomerulonephritis, nephrotic syndrome, and end stage real disease. 
Silicosis – a spectrum of pulmonary diseases was first reported by ancient Greeks. Hippocrates reported that miners developed dyspnea with exertion. Bernardo Ramazzini, the father of occupational medicine, recognized the relationship between dust exposure in the mining trades and the development of dyspnea among miners. Although the prevalence peaked during the late 19th century in the industrial countries of the world developing countries still have outbreaks of the disease among exposed workers and the developed countries have not totally eliminated this preventable disease. 

Silica exposure and its health effects were responsible for the largest industrial disaster in American history. The events took place in Gauley Bridge, West Virginia during the Great Depression from 1930 - 1932. Union Carbide and its subsidiary power company were building a hydroelectric project along the New River and the Kanawha River in southern West Virginia and were building a tunnel, the Hawk’s Nest Tunnel, to divert water near the town of Gauley Bridge, WV. 

The subcontractor for the tunnel construction project recruited workers from the rural hill country of WV and from out of state. Many workers out of work and suffering during the Great Depression came to work at the construction site. Black workers from the South were brought in and paid as little as 30 cents an hour.

Working conditions in the tunnel were very bad. Drilling operations with no suppression of the dust and with no ventilation exposed hundreds of workers to high concentrations of dust. The crystalline silica (quartz) content of the rock was greater than 90%. As the project continued increasing numbers of workers became short of breath and died within only a few months of exposure. It was estimated that 169 black workers who died in the tunnel were buried in a mass grave in nearby fields. It is estimated that more than 475 workers – both black and white- died during the project and that 1,500 workers contracted silicosis and were disabled from the disease.

In 1936 New York Congressman Vito Marcantino held hearings on the disaster. The public outcry led to increasing attention on the health hazards of silica exposure.

Years later historians discovered the blueprints for the tunnel project. The original plans called for a 28 foot diameter tunnel. However, when the companies involved in the project found that the rock was almost pure silica, they decided to build a wider tunnel to mine the silica and sell it to the local glass making industry. However, workers were not warned of the health risks and provided no protection from the dust exposure. 

In New England workers involved in the granite stone-cutting in the tombstone industry were another group of workers who contracted silicosis at a high rate. The expression “carving your own tombstone” came from this group of workers. Public concern about silica exposure and the health risks to workers led to the creation of some of the first state based occupational health and safety agencies in Massachusetts and Vermont in the 1940’s.

In the United States, it is estimated that 200,000 miners and 1.7 million workers outside the mining industry have potential exposure to silica dust. Better dust suppression and ventilation systems have decreased the number of cases in the United States. However, new cases are still reported both in the developed countries as well as the developing countries and silicosis remains a disease among many groups of workers. Rosenman et al. reported in 1997 of 577 US workers who were identified with silicosis between 1987 and 1995 through a state surveillance system.

Silicosis is a pulmonary disease caused by the inhalation of silica particles of respirable size (0.5 – 5.0 micrometers in diameter).  The presentation and severity of the disease depends on multiple factors – concentration of free silica dust exposure, physical characteristics and innate fibrogenic properties of the dust (fraction of crystalline silica), and the duration of dust exposure. Host factors such as cigarette smoking, underlying disease and genetic characteristics of the worker may also play a factor in the disease presentation. 

Silicosis- 3 clinicopathologic types

Chronic (classic) silicosis is the most common presentation of silicosis. The disease results from low to moderate exposure to dust containing respirable crystalline silica (typically <30% crystalline silica) for 15-20 years or more.

Accelerated silicosis, a form of classic silicosis, results from higher levels of crystalline silica dust exposure over a period of five to ten years.

Acute silicosis is the least frequent but the most devastating form of the disease. The disease results from overwhelming excessive concentrations of free crystalline silica dust exposure for as little as few months to a few years. 

Pathogenesis of silicosis begins with inhalation of crystalline silica particles. Particles less than 3 micrometers and greater than 0.5 micrometers have the best chance of entering and being retained in the pulmonary acini. The interaction between the silica particle and the alveolar macrophage (the main phagocytic cell in the alveolar space) starts the process of silicosis. Inhaled silica particles are phagocitized by macrophages – the alveolar macrophages become activated and an intense inflammatory response ensues – the macrophages secrete mediators ( interleukin-1, macrophage-derived growth factor, fibronectin, tumor necrosis factor) that perpetuate the inflammatory response and initiate the process of fibrosis. The macrophage ultimately ruptures and dies releasing the unaltered silica particle into the pulmonary interstitium to be taken up by another macrophage. The recurrent cycle of macrophage phagocytosis, cell death, release of cellular enzymes, and the reuptake of silica perpetuates the inflammatory and fibrotic process. 

Recent studies suggest that cell injury may be a more crucial factor than cell death in the pathogenesis of silicosis. 

The ongoing inflammatory process produces the silicotic nodule, the histologic hallmark of silicosis. Silicotic nodules usually form near the small bronchioles. Nodules begin to form by an arrangement of dust laden macrophages surrounded by a reticulum of fibrous tissue. The central zone of the silicotic nodule is a mixture of hyalinized connective tissue and silica dust. It surrounded concentrically by fibrous tissue in an onionskin like pattern. Active inflammation and fibrosis occurs at the periphery of the nodule. As the periphery expands the central region enlarges involving and destroying small airways, pleura, and blood and lymph vessels.

Depending on the dust burden and the rate of development of the disease, nodules may continue to develop after exposure ceases.

The histological pattern of acute silicosis differs from chronic silicosis – classic and accelerated. Silicosis nodules are rarely seen or if seen poorly developed. The interstitium is thickened with inflammatory cells. There is alveolar filling with proteinaceous material consisting of phospholipids or surfactant. The histiologic appearance resembles idiopathic alveolar proteinosis. The process occurring in a background of overwhelming crystalline silica dist exposure has also been called silicoproteinosis.
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