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Silicosis is an entirely preventable, fibrotic occupational respiratory disease, which
is specifically caused by inhalational exposure to silica dust. In recent years, there
has been a major re-emergence of silicosis in Australia, particularly associated with
the engineered (artificial) stone benchtop industry.
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1.1 What is silica?

Silica or silicon dioxide (SiO2) is one of the most abundant minerals on earth, accounting for 60% of the mass of
the earth’s crust. Silica is the main constituent of more than 95% of the known rocks. Silica exists in both
crystalline and amorphous forms. Inhalation of the crystalline form (e.g. quartz, cristobalite, and tridymite) is
associated with a spectrum of occupational diseases.

Quartz is the most common type of crystalline silica and is a major component of rocks, including granite,
slate and sandstone. Granite contains about 30% free silica, slate about 40% and sandstone is almost
pure silica®. “Free” crystalline silica is unbound to other minerals. “Combined” forms of silica, called
silicates, are compounds in which silica is bound to other minerals. Examples of silicates used in industry
include asbestos, talc and kaolinite, a major component of kaolin (China clay).

Crystalline silica is highly toxic to the lungs, however particles must be small enough to penetrate deep into
the lungs where they can do damage. These particles need to be less than 10um in diameter, and this size is
defined as “respirable”. This form of dust is referred to as “respirable crystalline silica” or RCS.
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1.2 Which workers are at risk of exposure to silica dust?

Occupational exposure to silica dust is one of the oldest known causes of lung disease®3 and remains a
risk in many Australian industries and workplaces ®. Recently, due to the identification of numerous
workers contracting silicosis in the stone benchtop fabrication and installation industry, the very high risk
of exposure to silica dust from engineered stone has become apparent( 3 ¢1),

Generally, workers are at risk of silica exposure if a dust is created from any material containing silica (such
as mining and quarry work), or when silica is used in industrial and manufacturing processes.

Silica is used in an ever-expanding range of industrial processes and materials due to its inherent chemical
properties but also its abundance and low cost. Examples of industrial uses include concrete, tiles, foundry
casting, dental castings, and water filtration. Silica flour is an extremely fine, highly purified form of
crystalline silica, which is still actively produced in Australia through a process of sand milling. Silica flour is
used as an abrasive additive in soaps, skin care products, toothpastes and paints, and as a filler in paints,
plastics and rubber, and a number of pharmaceuticals. The risk associated with silica flour production is
notable and has been well established for many decades". A paper published in 1981 described 23 / 86
workers at two southern Illinois silica mining and milling operations (producing silica flour) to have
radiological features of silicosis, (26%) with simple silicosis and 7 (11%) with complicated silicosis
(Progressive Massive Fibrosis - PMF)(2.

Due to the content of silica in the earth’s crust historically, workers at risk of silicosis have been employed
in occupations where silica is naturally encountered, such as construction, tunnelling, mining and quarry
work. Workers are also at risk in industries where relatively low amounts of crystalline silica are present.
One example is workers in the demolition sector who are exposed to relatively low silica containing dust
(an average of 7%), and yet those exposures are routinely above the Workplace Exposure Standard. It is
probable that workers in the demolition sector are exposed to silica at levels that would cause silica-
related diseases but many of those workers are not captured in health monitoring programs at present®)

Force is required to produce respirable sized crystalline silica particles. Activities where silica containing sand,
ceramics, stone or rock is moved, crushed, milled, processed, drilled, polished, broken or cut have the potential
to produce silica dust.

Between the 1970s and mid-2010s, industries most frequently associated with silicosis in Australia were
foundries, brickworks/furnace construction, mining/quarries, and excavation/tunnelling 2. During that
period, exposure of miners and construction workers to high levels of silica dust typically occurred when
performing tasks with concrete and cement or working near crushers® ). Between 2000 and 2019,
accepted silicosis compensation claims recorded by Safe Work Australia were predominantly in the
manufacturing and construction industries (41% each), followed by mining (8%), and electricity, gas, water
and waste services (5%), with other industries accounting for the remainder".

The Australian Work Exposures Study, a 2012 cross-sectional survey of the Australian working population
aged 18-65 years, estimated that 6.6% of Australian workers were exposed to silica dust and 3.7% were
exposed to high levels when carrying out tasks at work®. Occupations with the highest exposure, in order
of mean exposure, were miners, construction workers, engineers, plumbers, handypersons, heavy vehicle
drivers, farmers, machine operators, animal and horticultural workers, scientists, metal workers, and
electrical workers. Those with the highest proportion of workers exposed to high levels of silica dust were
miners, construction workers, plumbers, handypersons, engineers®.

A complete, up-to-date understanding of which Australian industries currently expose workers to harmful
levels of silica dust is lacking.
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Table 1: Example occupations and tasks at risk of silica dust exposure

Underground coal mining Excavation

Surface coal mining Earth moving

Hard rock mining Drilling

Tunnelling Clay and stone processing

Hydraulic fracturing of gas and oil wells Cutting and laying pavers or tiles

Quarrying and stone cutting Mineral ore-treating processes
Foundry work Fabrication and installation of stone benchtops
Stonemasonry Demolition
Blast furnaces Abrasive blasting
Agricultural earthworks
Steelworks Hydraulic fracturing of gas and oil wells
Rolling and finishing mills Pottery
Road construction and repair Rock crushing
Building Cement and concrete production
Construction Brick manufacturing
Paint manufacturing
Production or use of silica flour Glass manufacturing
Dental prosthesis production Ceramics production
Jewellery polishing Teachers (ceramics)

1.3 The engineered stone benchtop industry

Silicosis has rapidly emerged as a major occupational disease among workers cutting and grinding stone for
domestic kitchen, bathroom and laundry benchtops in Australia and worldwide( 3 ©10.22,

Engineered stone (also referred to as artificial, agglomerated or reconstituted stone and quartz
conglomerate) is a very high silica containing material primarily used for the fabrication of household
benchtops. Slabs of stone are manufactured by mixing finely crushed rock with a polymeric resin and
pigments, then molded into shape and heat-cured®). The silica content of engineered stone slabs is
typically over 90%, which is far higher than the natural stones which have traditionally been used to
produce benchtops (marble 3% and granite 30% on average).

Engineered stone materials were introduced into Australia in the early 2000s and since then have become an
extremely popular choice for benchtops. In comparison to marble, engineered stone is generally cheaper, is
stain resistant and is available in a wide range of colours. By 2010, engineered stone accounted for 32% of all
new benchtops in Australig, increasing to 45% in 20164,

Most Australian stone benchtop companies import slabs of engineered stone from overseas
manufacturers. The benchtop fabricators will then process the slab of stone based on client specifications.
Workers cut the slabs to the required size, create cut-outs for sinks and tap wear, and polish the final
product. Commonly workers will use high powered hand tools such as grinders. Cutting and grinding
engineered stone without water dust suppression (dry processing) has been noted to be an extremely
common practice in the industry?.

Since the increase in cases of silicosis from the engineered stone industry, studies have investigated the
levels of silica dust produced when fabricating benchtops from engineered stone. A study performed by
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the US National Institute of Occupational Safety and Health (NIOSH) noted that the dust generated during
grinding of engineered stone had a mean silica content of 62%®. A study of personal exposure to silica
dust to stone fabrication workers found exposures exceeded the Workplace Exposure Standard by orders
of magnitude when using dry cutting methods, and exceeded the standard when using wet cutting
methods also®®. A small 2015 study noted that dry cutting of engineered stone generated levels of silica
dust 150 times above the recommended limit of exposure for a 30 minute period®. Although there were
limitations to this study, it also suggested that even with the use of water and local exhaust ventilation
during cutting, the silica level was still double the recommended limit.

Other studies have indicated that engineered stone dust has particular properties which are likely to
influence its toxicity. Both experimental and field studies have demonstrated generation of nanosized
particles when working with engineered stone®® 2. A recent experimental study reported that in addition
to the high concentrations of very fine particles (<1 um) emitted during cutting, that dust emissions from
engineered stones had both larger surface areas and higher surface charge in comparison to natural
stonet?). The presence of very fine particles (<1um) and nanoparticles is an important finding because it
influences the effectiveness of control measures and is potentially associated with effects beyond the
respiratory system such as autoimmune disease. The increased surface area and charge are also important
factors relating to toxicity©. The types of tools used during fabrication and the composition of water
used for dust suppression also influences the composition of the dust, such as the presence of a range of
metals including iron, zirconium, titanium and aluminium®?.

Engineered stone also typically contains epoxy resins used as a binding agent. These resins may form a
protective coating over freshly produced silica particles increasing their toxicity, and have also been described in
association with other occupational lung diseases including asthma and hypersensitivity pneumonitis®.

The surge in cases has highlighted inadequate dust control measures, ineffective health monitoring and
insufficient enforcement of existing occupational health and safety laws in the engineered stone
benchtop industry® ).

1.4 What is silicosis and what are other diseases associated with silica exposure?

Silicosis refers to a range of fibrotic (scarring) lung diseases caused by the inhalation and deposition of RCS
particles in the lungs. Although there are likely to be individual levels of susceptibility due to genetic
factors, the cumulative dose of silica exposure (the level of silica dust exposure and exposure duration) is
the most important factor in the development of silicosis®?.

Silicosis is one of the oldest known occupational diseases. The term silicosis was first used by Achille
Visconti in 1871, however the association of silica containing dust and lung disease dates back to
Hippocrates (460-375 BCE)®?. In 1690 Lohneiss recorded that “... the dust and stone fall upon the lungs,
the men have lung disease, breathe with difficulty and at last have consumption.” In 1713 Rammazini
described silicotic nodules in post mortems of stone cutters presenting with respiratory symptoms®3.

Some of the most tragic and wanton examples of occupational disease have been due to silicosis, such as
the Hawks Nest, Gauley Bridge disaster in West Virginia (1931)“. This is considered to be one of the worst
industrial disasters in American history. Congressional hearings placed the death toll at 476 for 1930-35, but
some estimate 1000 deaths®4. The tragedy brought recognition of acute silicosis as occupational lung
disease and compensation legislation to protect workers. Australia is not absent of these tragic examples,
with numerous men succumbing to silicosis from constructing our nations earliest sewer tunnels in the
early 1900s).
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There are three described forms of silicosis primarily related to the characteristics of occupational exposure
and radiological characteristics:

1. Acute silicosis (also known as silicoproteinosis), associated with very high intensity exposure and may
present within a range of weeks to five years from the time of initial exposure®

2. Accelerated silicosis, develops within ten years of moderate to high level exposure

3. Chronic silicosis, occurs after ten or more years typically at a low to moderate exposure dose.
a) Chronic simple silicosis (also known as nodular silicosis): characterised by multiple discrete lung
nodules 1-10 mm in size

b) Chronic complicated silicosis (also known as PMF): coalescence of lung nodules causing
conglomerated masses 10 mm or more in size.

Table 2: Forms of silicosis

Form Duration of  Radiological features
RCS exposure

Acute silicosis Weeks to 5 + Numerous bilateral, multi-focal nodular ground-glass opacities

(silicoproteinosis) | years + Areas of consolidation

Accelerated Less than 10 * Variable features

silicosis years + May include combination of features of acute silicosis, simple
silicosis and complicated silicosis

Chronic simple Over 10 years |« Multiple discrete lung nodules 1-10mm

silicosis + Predominance in upper lobes

+ Enlarged mediastinal/hilar lymph nodes, sometimes with calcification

Chronic Over 10 years |+ Conglomerated masses (coalescence of nodules) over 10mm (PMF)
complicated + Upper lobe predominance
silicosis

« Distortion of surrounding lung parenchyma

+ Cavitation of masses

+ Emphysema

* Pleural thickening

+ Enlarged mediastinal/hilar lymph nodes, sometimes with calcification

Acute silicosis (also known as silicoproteinosis) may develop within a few weeks to less than five years of
high intensity silica exposure and presents with shortness of breath which may progress rapidly to
respiratory failure and death®?. The dose of exposure required to develop acute silicosis is poorly studied
but thought to be in the order of 1-10 mg/m?*/yeart”). Acute silicosis has been described most commonly in
sandblasters, but also in tunnel workers and silica flour processing©®®“°). Acute silicosis is a progressive
condition with non-specific symptoms including dyspnoea, cough, fatigue, weight loss, fever, and pleuritic
chest pain®*“). Disease progression may be rapid and there is high associated mortality©> “2.

Radiological features are limited to small case series and reports. Chest computed tomography (CT)
findings include numerous bilateral centrilobular nodular opacities, focal ground glass opacities, and patchy
areas of consolidation“),

Accelerated silicosis has historically been described as a more rapidly progressive disease compared to
chronic silicosis. The presenting features however depend on the stage at which disease is identified.
Initially there may be a similar pattern to simple silicosis, followed by more rapid development of
coalescent masses, parenchymal distortion and fibrosis®?. Silica exposure is usually of moderate to high
intensity, over 2-10 years. Currently there is a gap in knowledge regarding the dose of exposure associated
with accelerated silicosis. There may be an overlap with acute and accelerated silicosis, and both are
associated with risk of developing PMF®, even without ongoing exposure to RCS“.
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The radiological features of accelerated silicosis vary depending on the stage when the condition is identified
and have not yet been well described. In the early stages of accelerated silicosis, plain chest x-ray may not
detect diagnostic features. A study of Chinese miners noted 26.9% had a negative result on chest x-ray
screening despite findings for pneumoconiosis on high-resolution computed tomography (HRCT)®“®.

Chronic silicosis is the most common form of silicosis and develops following 10 years or more from the
time of initial silica exposure. It has two forms: simple (or nodular) silicosis and complicated silicosis (or
PMF). Chronic silicosis has typically been associated with long latency, often over 20 years, therefore may
only become apparent after workers leave employment©®).

Large retrospective cohort studies demonstrate that the progression from simple silicosis to PMF occurs in
18-37% of workers over an average of five years“”“®. Ongoing silica exposure and smoking are significant
factors that increase the risk of radiological progression from simple to complicated silicosis, as well as
progressive loss of lung function®?. Mortality is increased for those diagnosed at a younger age, the
presence of conglomerate disease, history of smoking and co-existent tuberculosis®.

Chronic simple silicosis is characterised by discrete nodules (up to 1cm in size), usually in an upper lobe
predominant distribution on chest radiology. Patients may be asymptomatic although up to 70% of
patients in some case series report exertional dyspnoea, chronic cough and sputum production®.

Chronic complicated silicosis where silicotic nodules may coalesce to form conglomerate masses (>1cm
in size) which is characteristic of PMF. Central cavitation may occur, leading to increased risk of
mycobacterial infections®?. Enlarged hilar or mediastinal lymphadenopathy may be seen in up to 75% of
silicosis patients®2. Significant distortion of surrounding lung parenchyma and peribronchial vessels occurs
in PMF and increases the risk of spontaneous pneumothoraces. Pleural thickening is often present®.

It may be difficult to differentiate radiological features from lung cancer, tuberculosis and sarcoidosis.
Lymph node enlargement is common. Calcification may also develop within the conglomerated masses
and in lymph nodes. Destruction of lung tissue results in impaired lung function and elevated pulmonary
vascular resistance.

Clinically, patients may experience progressively worsening shortness of breath, low blood oxygen levels,
respiratory failure and death. Following development of pulmonary silicosis, the disease may progress even
after cessation of RCS exposure. Risk of progression has been associated with cumulative RCS exposure,
younger age, lower lung function and larger size and extent of lung opacities on chest radiology at time of
initial visit and follow-up duration®s5455),

Other conditions associated with silica exposure

In addition to silicosis, occupational silica exposure is associated with a range of other respiratory and
non-respiratory conditions including autoimmune disease, lung cancer and pulmonary infections, as
detailed in Table 3.

Internationally, one of the primary causes of morbidity and mortality in silica exposed workers is the
development of Mycobacterium tuberculosis infection®®. The risk of a patient with silicosis developing
tuberculosis (TB) is higher (2.8 to 39 times, depending on the severity of the silicosis) than for healthy
controls®®. TB rates are extremely high in silica-exposed workers from regions with high background rates
of TB and HIV. South African gold miners have pulmonary TB rates of 3000 per 100,000¢". TB infection is
associated with increased risk of silicosis progression and disease severity©”. The effects of TB are also
aggravated by HIV infection and smoking which commonly coexist, especially in developing countries, such as
South Africa®257), Silica exposure increases the risk of TB, even without silicosis, and continues after exposure
has ceased®.

Clinical management can be difficult as the radiological features of silicosis and TB frequently overlap®®.
International guidelines recommend TB screening for silica exposed workers (especially over 10 years of
exposure) and chemoprophylaxis for latent TB in the setting of silicosis®”.

RCS (a-quartz and cristobalite) has been classified as a human carcinogen by the International Agency
for Research on Cancer (IARC) since 1997 and since that time there has been increasing evidence of a
dose-response relationship®®-¢). An analysis of 65,980 workers from pooled cohort studies found
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cumulative exposure, with a 15-year lag, was a strong predictor of lung cancer®. The estimated excess
risk (through age 75) of lung cancer for a worker exposed from age 20 to 65 at 0.1 mg/m?* RCS was
1.1-1.7%, above background risks of 3-6%®". There is a significant additive, and close to multiplicative,
joint effect of silica exposure and cigarette smoking with lung cancer® ¢%¢2_ There is also increasing
evidence that the risk of lung cancer can increase in those working with RCS in the absence of
radiological features of silicosis“® ¢, It has been suggested through animal models that initial
inflammation induced by silica exposure is followed by the development of an immunosuppressive
microenvironment that supports the growth of lung tumours®.

Silica is associated with several autoimmune diseases such as systemic sclerosis (SSc), rheumatoid arthritis
(RA), systemic lupus erythematosus and antineutrophil cytoplasmic antibody (ANCA)-related vasculitis©®.
Postulated mechanisms include increased levels of autoantibody production, immune complexes and
excess production of immunoglobulin. A meta-analysis of 242 silica exposed RA cases indicated that
disease risk for exposed individuals was more than three times that of unexposed individuals (3.43, 95% Cl
2.25-5.22), and the risk appeared to be higher in males®?. Although SSc is less common than RA, several
studies have demonstrated an increased risk of SSc in association with silica exposure. A meta-analysis of
16 studies examined the association between SSc and occupational exposure to silica, noting a RR of 3.02
(95% Cl11.24-7.35) for males®®. The risks in the three cohort studies included were extremely high, with
over 15-fold higher risks®®. Patients with silica-associated SSc had greater prevalence of anti-DNA
topoisomerase 1 autoantibodies compared to those with idiopathic disease®” ¢®).

Autoantibodies (blood markers associated with autoimmune diseases) have been noted to occur at higher
frequency in silica exposed individuals without autoimmune disease compared to the general
population®”. Autoimmune disease can also occur with silica exposure, but in the absence of silicosis,
suggesting that the development of fibrosis and nodular lesions may not be required for development of
autoimmunity©-),
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Table 3: Diseases apart from silicosis associated with RCS exposure“©

Disease Comment
Other pulmonary conditions
Lymphadenopathy |« With or without co-existent parenchymal silicosis
+ Calcification may be present
Chronic Obstructive |« Association with chronic bronchitis, emphysema and airflow obstruction

Pulmonary Disease . cOPD association independent of smoking and silicosis©2 7
(COPD)

Pulmonary fibrosis | Case control studies have demonstrated association between silica exposure and
pulmonary fibrosis"7?

Sarcoidosis May be difficult to differentiate from complicated silicosis
Lung cancer + Close to multiplicative increased risk if co-existent smoking
+ May develop in absence of silicosis

Caplan’s syndrome | Combination of rheumatoid arthritis or elevated rheumatoid factor with
pneumoconiosis

Mycobacterial disease

Pulmonary 2.8-39 times higher risk of TB, depending on silicosis severity
tuberculosis

Autoimmune disease

Rheumatoid arthritis | 3 times increased risk compared to non-RCS exposed, especially males.

Systemic lupus Dose-response associations with increasing intensity or duration
erythematosus
Scleroderma + Development of systemic sclerosis with or without silicosis

(Erasmus syndrome) . Risk Ratio (RR) 3.02 for males with RCS exposure
+ Greater prevalence of anti-DNA topoisomerase 1 autoantibodies

ANCA-associated Exposure to RCS associated with Odds Ratio (OR) 2.56 (95% Cl 1.51-4.36)7
vasculitis

Renal disease
Chronic renal disease | Histopathology varies from focal to crescentic and necrotizing
glomerulonephritis with aneurysm formation( 79
+ May occur without pulmonary disease”®

* Suggested to be a result of a direct nephrotoxic effect by the microcrystalline
silica particles and immune-mediated processes in the context of autoimmune
diseasel’”7®

1.5 Engineered stone silicosis

The first cases of silicosis associated with engineered stone were reported in 2010 in three male Spanish
workers in their 30s. Silicosis in young workers following short exposure periods have since been
reported numerous times subsequently®?. In 2020, Ledn-Jiménez and colleagues published details of 106
male workers with engineered stone silicosis. They reported a mean age of 36 years and an average of 12
years duration of engineered stone associated work. 28 workers had exposure of less than 10 years,
consistent with accelerated silicosis®".

The sentinel Australian case was reported by Yates and colleagues in 2015, and was a 54 year old Vietnamese
refugee who developed complicated silicosis due to extremely poor working conditions®?. Subsequently a
case series described 7 male patients from various regions of Australia, with an age range as young as 26
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(median 44 years)®. All were involved in dry cutting and ventilation typically relied on ceiling extraction fans
or passive airflow through open doors. Only 3 were provided any respiratory protection, which was usually in
the form of a disposable mask. None had previously been screened for lung disease through a health
surveillance program. The findings demonstrate an exceedingly poor understanding of the risk and
regulations associated with working with a high silica containing material since its introduction into Australia.

The Queensland and Victorian Governments have operated large scale screening programs open to
stonemasons exposed to crystalline silica dust from engineered stone®?. The Queensland program
provided the first credible insight into the prevalence of disease in this industry. As of March 2022, the
program has completed assessments of 1053 workers and identified 238 with silicosis, including 35 with
PMF. This suggests a 23% prevalence of silicosis in this industry.

These enhanced assessments have demonstrated poor chest radiography and spirometry sensitivity for
screening silica exposed stone benchtop workers. In Victoria, initial results indicated 23 of 65 (35%)
workers with simple silicosis had “normal” chest radiographs (ILO category 0) but had consistent CT chest
features®. Mean forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) percentage
predicted values were noted to be over 80% for both simple and complicated silicosis®.

Emerging evidence indicates engineered stone silicosis differs from silicosis acquired from working with
natural stone, such as mining or quarry work, in particular a higher risk of disease progression. A small case
series from Australia noted a rapid decline in lung function®. Over a median follow up of 16 months a
decline in FEV1 of 386 mL/year (SD 204 mL) and FVC of 448 mL/year (SD 312 mL) was observed®. The
largest cohort with engineered stone silicosis (106 patients) and the longest duration of follow up was
recently reported from Spain®". Over a median follow up of 4 years there was an average yearly decrease in
lung function of 83.4 mL FEV1and 86.8 ml FVC. However, 25% of patients had an annual decrease of > 133
mL in FEV1and > 157 mL in FVC®). After 4 years, 56% of patients had progressed two or more International
Labour Office chest x-ray subcategories, and the number with PMF had increased from 7 to 40.
Multivariable analysis showed that lower FVC at diagnosis and longer duration of exposure to silica were
associated with progression to PMF®",

In a recent study of 18 engineered stone workers with silicosis from China followed over 6-12 months, a
subgroup of workers experienced similar rapid deterioration in lung function, with median declines in FEV1 of
625 mL/year and FVC 587 mL/year®¥. This study also noted a much shorter duration of exposure at diagnosis
compared to patients with silicosis associated with natural stone work (6.4 vs 29.3 years, P < 0.01)®4.

1.6 What is the epidemiology of silicosis in Australia?

Although in many countries there has been a decline in silicosis-related mortality due to improved dust
control measures over the last 50 - 100 years, silicosis remains a major public health issue internationally
and outbreaks of severe silicosis continue to occur®. In 2017, the Global Burden of Disease (GBD) study
identified 23,695 incident cases of silicosis (age-standardized incidence rate (ASIR) = 0.30 per 100,000),
which represents 39% of the 60,055 incident cases of pneumnoconiosis®®.

Internationally, silicosis is most prevalent in countries of low and middle income, where the burden is often
under-reported because of poor surveillance. China has the most patients with silicosis, with more than
500,000 cases recorded between 1991 and 1995, and 6000 new cases and more than 24,000 deaths
reported annually. The problem is particularly acute for workers in small-scale mines, who often have an
accelerated form of disease. In the Brazilian gold-mining area in Minas Gerais alone, more than 4500 workers
were reported to have had silicosis between 1978 and 1998. Of gold miners in South Africa dying from
external causes (e.g., injuries, burns, poisoning, and drowning), proportions with silicosis identified at autopsy
increased from 3% to 32% for black miners and from 18% to 22% for white miners between 1975 and 2007.

Accurate Australian data regarding the prevalence and incidence of silicosis is not available. Most data are
sourced from workers’ compensation claim statistics and cause-of-death statistics® ”. As such, the full scale
and impact of silicosis in Australia is unknown. However, available data indicate that numbers are increasing.

A 2003 review of 1467 compensated silicosis cases in New South Wales indicated a significant decline in
incidence during the 20th century@). While 63% of the cases were compensated before the end of the
1960s, only 9% were compensated between 1979 and 2000®°). Retrospective analysis of national
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mortality data between 1979 and 2002 noted the crude mortality rates for silicosis showed a sustained
decline, from 1.8 per million in 1982-1984 to 0.5 per million in 1997-1999(%. An accurate understanding of the
epidemiology of silicosis in Australia has however been limited, due to reliance on worker’s compensation
and mortality statistics.

In recent years there has been a major increase in the number of workers diagnosed with silicosis® 82 83.88)_|n
New South Wales for example, the annual number of certified silicosis cases increased from 9 in 2015-2016, to
107 in 2019-2020®?). This surge has primarily been driven by the stone benchtop industry and handling of
engineered stone, however almost half of the cases of silicosis reported to June 30 2021 were from industries
outside of stone benchtop fabrication therefore highlighting the wide-spread nature of this issue® .

Following recognition of the initial cases of engineered stone silicosis, some Australian governments have
offered enhanced screening for workers. As of March 2022, the Queensland program has completed
assessments of 1053 workers and identified 238 (23%) with silicosis, including 35 with PMF. Similar results
have been noted in Victoria with 108 workers confirmed to have silicosis during the first year of
screening®?. All Victorian workers diagnosed were male with a mean age of 42 years, 62% had been born in
a country other than Australia®) and 26% had worked in the stone benchtop industry for less than 10
years, consistent with the accelerated form of silicosis®.

The National Occupational Respiratory Disease Registry (NORDR)

As part of the Australian Government’s response to the re-emergence of silicosis, a National Occupational
Respiratory Disease Registry (NORDR) is in development®. Occupational disease registries are well
established overseas and provide valuable insights into causes and trends in occupational respiratory
diseases, and are a means of early identification of new exposures or industries of concern. It is planned that
the NORDR wiill require mandatory notification of all cases of silicosis by clinicians and encourage the
voluntary notification of all other occupational respiratory diseases, such as work-related asthma. For an
occupational respiratory disease registry to be effective it will require ongoing close engagement with
stakeholders including physicians, workers, unions, occupational hygienists and government agencies. To
assist in targeting and monitoring the effectiveness of interventions and prevention strategies, the registry
will need to capture and report data on the numbers of new cases, causative exposures, industries of
exposure, occupations and job tasks where the exposure occurred, and determine incidence trends®®.

It is anticipated the NORDR will initially focus on the medical specialties that are most likely to diagnose
occupational respiratory diseases: respiratory and occupational physicians. It is expected that the NORDR
will be operational by late 2022.

1.7 What are the health, social and economic impacts of silicosis?

Silicosis is irreversible and generally has a poor prognosis. The National Dust Disease Taskforce has
described the impact of a diagnosis of an occupational respiratory dust disease ‘on all aspects of people’s
lives’ as ‘terrible’®.

Health impacts

Qualitative research undertaken for the National Dust Disease Taskforce among Australians with silicosis or
other dust diseases, and their families, reported psychologically debilitating fluctuations in health from day
to day®. People described experiencing breathlessness and weakness, chest pains, flu-like symptoms, and
coughing, and significant concerns about their increased susceptibility to other conditions such as
influenza or COVID-19¢%. Family members reported that, in the later stages of the disease, supplemental
oxygen and mobility aids such as scooters and handles in the home were needed®.

The report described significant adverse effects on mental health for the person with silicosis and their
family®. Workers with silicosis reported fear and anxiety about their condition, their future, and their
family, feelings of guilt about being unable to work, feelings of hopelessness about having a terminal
illness and the lack of control over the prognosis, anger, sadness, boredom and frustration at having to rely
on others for help®?.
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Social impacts

Australians with silicosis and other dust diseases have described their uncertainty and inability to plan for
the future as deeply debilitating®?. Many reported damage to relationships due to their anger, frustration,
and physical limitations such as being unable to play with their children or grandchildren®.

Economic impacts

Australians with silicosis and other dust diseases participating in research for the National Dust Disease
Taskforce have reported immediate termination from their job role, with few offered a replacement role by
their employer®. The period of compensation was limited, as was assistance in finding other employment®?.

Those able to work are often unable to find alternative work®?. National workers’ compensation data
show that respiratory system diseases were responsible for a sharp increase in lost working weeks
between 2017-18 and 2018-19°%.

Safe Work Australia reported that, among workplace injury other than nerve and spinal cord injury, respiratory
system diseases were responsible for the greatest cost increase (473%) from 2000-01 to 2018-19¢4,

1.8 What measures are there to prevent silicosis?

Silicosis is an entirely preventable lung disease. Silicosis is caused by failure to protect workers from
exposure to RCS dust.

In the stone benchtop sector, there have been numerous failures of control documented associated with
the surge in cases. Some of these failures include the use of a high silica content material and the failure to
identify the hazard of crystalline silica, failure to manage the risk of exposure, failure to provide training in
the use, maintenance and storage of personal protective equipment, failure to provide the correct
respiratory protective equipment, failure to conduct personal air monitoring and a failure to provide health
monitoring for workers®?.

There are four key steps involved in managing risks to health and safety of workers. They are to a) identify
the hazard, b) to assess the risks if necessary to understand the nature of the harm that could be caused
by the hazard, how serious it could be and the likelihood of it happening, ) to control the risks, and d) to
review the control measures to ensure they are working as planned®®.

Identifying the hazard for products that are procured by businesses, such as engineered stone, is
performed through obtaining the Safety Data Sheet (SDS) as a tool to provide important information
pertaining to composition, health risks and control measures. In the case of a complex mixture such as
engineered stone, SDSs may be problematic in terms of specific information on overall health risks. A
recent study compared empirically-determined mineral, metallic and organic resin content of 25 individual
engineered products across six suppliers, with the corresponding SDS information®”. Although the resin
content for all engineered stone samples was within the SDS reported ranges for most suppliers, there was
considerable variability in the crystalline silica content when comparing with supplier’s SDS. Potentially
toxicologically relevant metallic and mineral constituents were not reported. Some supplier SDSs were
found to provide more information than others. Only one of the six suppliers provided crystalline mineral
content other than silica, and only two suppliers provided any information about metals.

It has been reported that SDSs are not always available in the engineered stone sector, which presents a
significant challenge®®. Identifying the hazard for silica-containing products, whether they be procured or
in-situ, without an SDS is significantly more difficult as it relies on the knowledge of the concentrations of
silica in the various products used as part of the work.

Challenges also exist with risk assessment. There is no national requirement for persons to have obtained a
specific competency in order to undertake a risk assessment for RCS. Therefore, it is possible for these to
be conducted by persons with limited knowledge of the degree of risk. The flow on effect is that if the risk
of exceeding the Workplace Exposure Standard is not appropriately assessed, then the requirements for
exposure monitoring or health monitoring for crystalline silica as required under most work health and
safety legislation would not routinely occur. Further, there is currently no standardised training required for
workers to enable an understanding of the linkage between exposure to silica dust and their common
sources, and the development of occupational illness and disease. The importance of education and
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training to prevent silicosis, particularly around control measures, has been highlighted by findings that
most early cases of engineered stone-associated silicosis occurred in small businesses with deficiencies in
workplace control measures, including inadequate ventilation, lack of provision of appropriate respiratory
protection, and ‘dry-processing’ of engineered stone(®. Some workers had never heard of silicosis before
their diagnosis®.

A recent editorial noted that, ‘Of the few reports on silicosis ... most circle back to education as a tool in
the fight against the disease.®?.

The prevention strategies needed all have the same principles based on the hierarchy of control measures
as a layered approach. There are some differences in the specific control measures used across different
industries which take into consideration the differences in the source, the type of work environment and
the type of work performed. Notwithstanding, relying on one control measure such as water suppression
or personal protective equipment alone, does not adequately protect workers from the risk of RCS®©.

Hierarchy of controls

Aside from elimination of the source, a single combination of controls has not been shown to guarantee
exposure below the current Workplace Exposure Standard when working with silica-containing materials.
The ways of controlling risks are ranked from the highest level of protection and reliability to the lowest.
This ranking is known as the hierarchy of risk control. Table 4 provides some common examples of
measures as per this hierarchy®®.

Table 4: Hierarchy of controls in order of effectiveness for silicosis prevention

Elimination

+ Animport ban is under consideration for materials with very high silica content

+ Sometimes unfeasible, such as presence of silica in the mining, construction, tunnelling, and demolition
environment due to it being naturally occurring

Substitution

Substitute silica-containing materials with low or non-silica-containing materials

* Use silica-containing materials that do not need to be cut, ground or polished

Design buildings with pre-built recesses so there is no/less need to cut or drill masonry
+ Use materials for production of benchtops with no or less silica

Isolation

+ Enclosed room with restricted access for dust-generating activities (fitted with appropriate ventilation
systems)

+ Enclosures around transfer points (crushers, conveyor systems, etc)

* Enclosures around drop chutes and waste bins

+ Enclosed cabins fitted with filtration systems for heavy plant and machinery operators
* Physical barriers between different workers

+ Shielding around automated processes

+ Designating a separate area for changing and amenities

Engineering controls

+ Automated cutting, grinding and drilling
+ Wet-cutting methods
+ Dust suppression systems

* Ventilation and dust capture systems
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* Local exhaust ventilation to remove silica dust close to the source before it reaches the breathing zone
of a worker

+ On-tool dust extraction and filtration
* H-class industrial vacuum cleaners for cleaning

To note: Wet-cutting and exhaust ventilation may not sufficiently control silica dust levels to below the
Workplace Exposure Standard alone

Administrative controls

+ Obtaining the Safety Data Sheet for all materials used and informing and consulting with workers of the
hazards and necessary controls to be applied

+ Written rules and policies for handling silica-containing materials and disposing of waste

+ Planning to minimise the number of cuts performed by workers that are necessary

« Shift rotation policies to avoid extended exposure

* Restricted area access policies

* Policies for wetting down dusty areas

 Regular housekeeping, including a prohibition of dry sweeping or dry cleaning methods

+ Inspection and testing programs (e.g. reqular inspection and testing of ventilation systems)

« Corrective action programs in circumstances where non-compliant monitoring results are reported

« Training in the hazards and risks of RCS, the health effects of exposure, the control measures needed
to eliminate or otherwise minimise exposure, methods applied to monitor the effectiveness of
control measures

* Supervision of workers

+ Frequent cleaning and changing of uniforms to avoid contaminating
non-work areas, providing washing and showering facilities

+ Respiratory protection programs which include respiratory fit-testing for close-face fitting
respiratory protection

+ Clean shaven policies mandated for workers who are required to wear close-face fitting
respiratory protection

+ Exposure monitoring program

+ Health monitoring program

Personal protective equipment

+ Includes use of a well-fitting, appropriately selected respirator
+ Close face-fitting respiratory protection with an effective face seal, correctly fitted and fit-tested

Sources: References® 610,21

Monitoring exposure

Measuring workers’ exposure to silica dust via air monitoring is necessary to establish compliance with the
Workplace Exposure Standard and to determine if control measures are working as planned. Exposure
monitoring to determine a worker’s exposure involves measuring the level of silica dust in the breathing
zone of workers using a personal sampler during their usual shift activities (including routine breaks) and is
performed by an occupational hygienist®.

If exposure monitoring demonstrates that a worker has been exposed to silica dust above the Workplace
Exposure Standard there are existing legal requirements for that exceedance to be reported and acted
upon in the resources sector(®. However, work health and safety legislation, which covers most at-risk
workers listed in Table 1 contains no such provisions.

Preventing worker exposure to silica dust (8-hour TWA of 0.05 mg/m?)© "V is difficult to achieve in some
workplaces where workers handle materials with a very high silica content, if only one control measure is
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used). A layered approach to controlling exposure is needed which includes implementing all reasonably
practicable controls in the above-mentioned hierarchy of controls.

Workplace Exposure Standard

The current national Workplace Exposure Standard for quartz (respirable dust) (in force from 1)uly 2020 in
most jurisdictions)? is a time-weighted average (TWA) of 0.05 mg/m3°?, reduced from the previous
standard of 0.1 mg/m?. The TWA is based on exposure occurring over an 8-hour working day followed by 16
hours of no exposure, over a 5-day working week® %3, A Workplace Exposure Standard is an airborne
concentration that must not be exceeded.

However, the standard itself is contested, given evidence that a lower standard of 0.02 mg/m? has been
reported to be optimal for health®" 4. Adoption of this lower exposure standard is supported by Cancer
Council Australia™® and by some jurisdictions. For example, WorkSafe Victoria recommends that
employers take a precautionary approach and reduce workers’ exposure to an 8-hour TWA average of
below 0.02 mg/m? to prevent silicosis©®. In contrast, the Australian Institute of Occupational Hygienists
(AIOH) together with the National Association of Testing Authorities (NATA) have stated that there are
known challenges in measuring silica dust levels at this low concentration consistently and accurately
using currently available technology(®”.

Despite exposure monitoring being the key way that businesses determine compliance with the exposure
standard, very few businesses in the stone benchtop industry have undertaken the necessary monitoring®?.

1.9 How can workers be screened for silicosis?

In recent years, several jurisdictions in Australia have provided health screening programs for workers in the
stone benchtop industry. These programs have been extremely important, in particular as a means to
identify workers with silicosis (who are often asymptomatic) and provide them with appropriate
management. The programs have also provided further knowledge about the benchtop industry in
Australia and engineered stone silicosis. As an indication of the extent of silicosis in the benchtop industry,
in March 2022 the Queensland program had completed assessments of 1053 workers and identified 238
(23%) with silicosis, including 35 with PMF.

The standard means of health monitoring of RCS exposed workers includes a standardised respiratory
questionnaire, spirometry (FEV1, FVC and FEV1/FVC) and a chest x-ray (full PA view). Results from the first
year of screening benchtop workers in Victoria however indicated mean spirometric parameters were well
above 80% for workers identified to have silicosis, and 36% with simple silicosis were noted to have a
normal (ILO category O) chest x-ray®?. These findings call into question the sensitivity of standard
screening techniques for this industry. In January 2021, legislation was passed in Western Australia for low
dose CT scan to replace chest x-ray as the radiological screening test for occupational exposure to silica.

The purpose of occupational health monitoring (or surveillance) is to detect an adverse effect from a
workplace’s exposure at an early, pre-clinical stage which allows interventions to protect the health of the
worker. The identification of any worker with an adverse health effect is also an indicator of failure to
control the exposure at the workplace, thereby putting other workers at risk and requires thorough review
of prevention measures at the workplace.

A ‘person conducting a business or undertaking’ (PCBU), usually the employer, has a legal obligation under
Work Health and Safety Regulations to monitor the health of workers where there is ‘significant risk’ to
health because of exposure. RCS is identified under Schedule 14 of the WHS Regulations to be a hazardous
substance requiring provision of health monitoring®. The PCBU has a duty to determine if significant risk
is present and to decide if health monitoring is necessary. Significant risk decisions are made taking into
consideration the likelihood of exposure to a hazardous chemical in conjunction with the known health
effects of the chemicals.

Despite the prevalence of occupational RCS exposure in Australia and internationally, the evidence base
supporting standard screening methods is limited, and outside of the stone benchtop industry, there has been
little research of the role of modern lung function testing and radiological techniques, such as CT imaging.

Appendix - NSPS Scientific and Evidence Report - Silicosis in Australia



Multidisciplinary meetings

Multidisciplinary meeting (MDM) discussion has been internationally recommended for the diagnosis and
management of interstitial lung diseases (ILDs)(% "9, A review of the evidence showed MDMs improve
inter-observer agreement, increases the proportion of high confidence diagnoses and reduces the
frequency of unclassifiable diagnoses. The typical constitution of a MDM for ILDs include respiratory
physicians, radiologists and pathologists. In the setting of occupational respiratory diseases, such as
silicosis, an occupational physician would have valuable input into an MDM discussion such as the suitability
of return-to-work options. Some patients with silicosis may have associated health issues requiring
involvement of other specialities such as rheumatologists and mental health professionals™. For patients
with severe and progressive disease, the MDM discussion can assist with determining appropriateness of
other interventions such as anti-fibrotic drugs, whole lung lavage and lung transplantation.

1.10 What are the treatment options for silicosis?

There is no currently available treatment to reverse silicosis. General management measures are similar to those
for other chronic lung diseases, and include:

+ Smoking cessation

* Vaccinations, including COVID-19, influenza and pneumococcal

+ Screening for tuberculosis (TB) and consideration of treatment of latent TB

+ Disease education

+ Exercise programs

+ Psychological support

+ Consider enrolling in clinical trials, if available

* Have a plan to manage flare-ups of the disease

+ Oxygen support or other ways to manage chronic respiratory failure, may be needed
* Regular review with general practitioner and respiratory physician

+ Palliative care

+ Lung transplantation: For those with near fatal respiratory failure, lung transplantation remains the only
option. Currently approximately 200 lung transplantations are performed in Australia annually and the
reported survival of bilateral lung transplant recipients at 1, 3 and 5 years is 90%, 74% and 68%,
respectively™?. Limited data suggests that survival in silicosis patients following lung transplantation
was not reduced compared to idiopathic pulmonary fibrosis(™.

It is quite likely that after a diagnosis of silicosis, a patient will not be able to return to their pre-injury
occupation, due to risk of further silica exposure. Following a diagnosis of silicosis, it is important to avoid
any further silica exposure, which is likely to contribute to worsening of disease over time. This can be a
very stressful experience for a patient and their family, and can be associated with significant disruption to
income. Usually, a patient will submit a workers compensation insurance claim, that will be assessed by the
relevant insurance agency.

The benefits of work to physical and mental health are well established. If a patient is physically and mentally
fit enough, then the insurance agency or work, health and safety regulator may engage the worker in a
return-to-work program. The treating doctor will play an important role in determining if a patient is fit
enough to return to work and if any identified work options are suitable.

Other treatment options for silicosis that have undergone limited studies include:

* Whole lung lavage
+ Immunosuppression

+ Anti-fibrotic drug therapy.

Whole lung lavage

Given the pathological similarities with pulmonary alveolar proteinosis, whole lung lavage has been trialled
for acute silicosis, and more recently for engineered stone silicosis* ™). Whole lung lavage has been
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demonstrated to decrease the presence of dust particles, macrophages, and cytokines on subsequent
bronchoalveolar lavage (BAL) analysis, and may slow lung function decline in the short term(4. The impact
on long term outcomes or mortality is unclear). There is however recent emerging evidence regarding the
role of whole lung lavage specifically for engineered stone associated silicosis, which has indicated it to be
a well-tolerated and potentially useful treatment for this condition(.

Immunosuppression

Immunosuppression has also been trialled in chronic silicosis, with little success. Older studies"® report a
transient improvement in lung function with prednisolone but with no apparent sustained benefit or
reduction in mortality. There is limited evidence that prednisolone reduces dyspnoea and cough,
although benefits appeared to be associated with longer periods of exposure(". In a case series of
patients with accelerated silicosis undergoing lung transplantation, it was observed that almost all were
previously treated with prednisolone, which did not change the clinical course(. Infliximab reduced the
histological inflammatory and fibrotic response in silicosis-induced rats("®, but this is yet to be
translated into human studies.

Antifibrotic drug therapy

Given the relative success of the use of anti-fibrotic therapy in idiopathic pulmonary fibrosis (IPF), the use
of nintedanib has been tested in experimental silicosis animal models 9. In March 2022, nintedanib was
added to the Australian Pharmaceutical Benefits Scheme for people with progressive fibrosing interstitial
lung disease, in addition to the existing listing for IPF. Other antifibrotic agents including tadalafil and
relaxin are also being trialled in animal models?" 122,

Cell-based therapy including bone-marrow derived mononuclear cell and mesenchymal cell
transplantation® have both demonstrated some benefit in animal models and are currently undergoing
trials in humans(™2).

1.11 What are the gaps in knowledge related to silicosis, and its prevention
and management?

There are major gaps in the epidemiological understanding of silicosis, especially in Australia.

Reasons for these gaps include:

+ Poor awareness of occupational lung diseases and complacency with regard to these diseases

+ Lack of an operational National Occupational Respiratory Disease Registry (NORDR) that links with
State-based registers

+ Lack of an Australian air monitoring exposure registry

* Reliance on workers compensation and death certification data which has been repeatedly demonstrated
to severely under report cases

+ Delayed recognition of occupational respiratory diseases by medical professionals

+ Delayed case identification due to deficiencies in occupational health monitoring programs and the use of
low sensitivity methods.

Current evidence gaps regarding measures to prevent silicosis include:

« Level of compliance with health monitoring being undertaken by employers across all at-risk sectors,
and the sensitivity of currently recommended health monitoring requirements, including effectiveness
of screening

+ Level of non-compliance with the current Workplace Exposure Standard for RCS, and industries where
non-compliance is occurring most frequently

« Verification of the Workplace Exposure Standard for RCS of less than 0.05mg/m?, and its evidence-based
impact on workers’ risk exposure

+ Understanding of the differences in requlatory compliance activities in different Australian jurisdictions
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Understanding the level of employer and PCBU awareness and methods of implementation of WHS
regulations specific to RCS exposure

Understanding how employers and PCBUs determine if “significant risk” of employee exposure to RCS is
present and decide if exposure monitoring and health monitoring is provided

The adequacy of low levels of exposure monitoring techniques and technology, including their
long-term viability

Impact of the concentration of exposure versus intensity, e.g. the effect of ambient exposure, impact of
exposure during longer shifts, impact of specific tasks, etc

Understanding the frequency that education related to the risk associated with RCS exposure and
appropriate control measures is provided to employees and technical college students

Generation of behavioural insights to build evidence of the best ways to prevent or reduce behaviours
that increase risk of workplace RCS exposure

Research to determine how the generation of dust particles which are in the nanoparticle size range
influences effectiveness of control measures (e.g. ventilation, use of water, respirators)

Research into development of alternative low-silica content materials to substitute those currently in
use, including materials currently available and new products under development

Hazard of materials with different levels of silica, resin components, and other composites of
engineered stone

Research to determine the effectiveness of control measures when processing silica containing materials
(e.g. ventilation, use of water, respirators)

Further research to understand the toxic properties of dust generated from engineered stone, in addition
to the presence of silica

Additional strategies for improving dust control, uptake of control measures, safe work practices and
WHS duties.

Current evidence gaps regarding the management of silicosis include:

Research into optimal, modern health monitoring techniques (such as the role of CT imaging) to aid early
detection of disease

Development and validation of a protocol for Occupational Respiratory Disease specific
multidisciplinary meetings

Research into the longitudinal risk of disease development following hazardous RCS exposure, in particular
workers from the stone benchtop industry formerly exposed to dry processing of engineered stone
Incidence and prevalence of lung disease related to silica exposure, and level of impairment

Factors which influence return-to-work, including review of return-to-work support services available to
workers and how workers interact with these services

The impact of non-respiratory adverse health outcomes associated with RCS exposure and silicosis
including mental health and rheumatological disease

Research into potential disease modifying therapies for silicosis, such as anti-fibrotic drugs
Lived experience of affected workers and their families, including health, social and economic impacts.

Version: 1.6
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