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Summary 

Mining and quarrying operators are potentially exposed to freshly cut quartzite (alpha quartz) 
in the form of crystalline silica.  Exposure to fine particles of airborne quartz, at sufficient 
concentrations, may result in the operators developing silicosis, a debilitating respiratory 
condition which may not be diagnosed during their working lifetime.  There are approximately 
33,000 people employed in the Queensland mining industry and to date there has been no 
extensive research to quantify the levels of exposure to crystalline silica, and therefore the 
risk of contracting silicosis, using standard air sampling and health assessment methods.  
The fieldwork for this project will use data collected from a survey undertaken by the 
Queensland Department of Mines and Energy, and dust monitoring in mines, quarries and 
mineral exploration sites. The questionnaire, distributed by the DME to approximately 400 
mines, quarries and explorations sites in March 2008, was designed to assess how well silica 
dust is being managed in Queensland.  The survey has had a 25% return rate in the first 6 
weeks.  Information from the questionnaires will be used to select potential sites for 
quantitative exposure assessment.  The Queensland, Mining and Quarrying Safety and 
Health Regulation 2001, puts the onus on the Site Senior Executive (SSE) to assess the risk 
and ensure that appropriate control measures are in place. Preliminary analysis of the 
questionnaires revealed that many work sites do not know the concentration of airborne 
crystalline silica present in a range of work stations and that no routine monitoring takes 
place.  Nearly 50% of the responses also indicated that there is no ongoing health 
surveillance of employees even though there may be a risk of workers breathing crystalline 
silica dust.  This study will provide the Queensland mining industry with information that will 
assist development of workplace practices to reduce the risk of exposure of workers to 
crystalline silica. 
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Background 

The research is demonstrating that adverse health outcomes are predicted from exposure to 
airborne dust at levels previously considered as acceptable.  Driscoll et al (2005), quantifies 
the risk for occupational asthma, pneumoconiosis and chronic obstructive occupational 
disease.  This paper reports a higher level of risk of morbidity and mortality for workers in the 
mining industry.  Driscoll et al (2005), qualifies the information as being based on exposure 
estimates prior to 2001, which will include historically, high exposures. Driscoll et al (2005), 
also implies that, estimating exposures and risk for specific groups is not possible because 
there is a lack of exposure data.  Not withstanding, the prediction is documented for low level 
cumulative exposure to respirable crystalline silica.   

Respirable crystalline silica is a lung damaging disease.  Metalliferous mines, quarry and 
exploration site workers are regularly exposed.  The senate inquiry workplace exposure to 
toxic dusts May 2006 identified respirable crystalline silica and potential adverse health 
outcomes as a high priority, as has the Australian Safety and Compensation Council.  
Additionally there is substantial literature to indicate that RCS is a cause of chronic 
obstructive pulmonary disease (COPD).   

A search through the Queensland Government Department of Mines and Energy Merlin data 
base has shown that 304 tenure leases have been granted for quarry operations.  Another 
search has demonstrated 290 mining leases, of these, 81 are actively carrying out 
exploration.  Quarries are the primary source for “extractive materials” or “aggregates” used 
for building roads, ports, airports, bridges, railways, factories, hospitals and homes.  Crushing 
operations in quarries are potentially dusty operations and the crusher operator has potential 
to be exposed to respirable airborne dust including respirable crystalline silica.  To secure 
future reserves in Queensland there is considerable exploration being carried out for mineral 
resources. 

Gemstones are also mined including sapphire, opal, chrysoprase, agate, topaz and zircon 
(Queensland Government, DME, 2006).  Reverse circulation drilling (RCD) is commonly used 
in exploration activities which may generate airborne respirable dust containing respirable 
crystalline silica.  Small operations including opal mining, also has the potential to expose 
opal miners to respirable dust and crystalline silica. 

This study will approximate the exposure to airborne quartz (crystalline silica) and determine 
whether there is potential for subsequent adverse respiratory health by carrying out a 
quantitative exposure assessment.  
 

Health Effects 

Silicosis is considered to be a slowly developing and progressive disease, not always 
diagnosed during a working life.  Personal exposure monitoring and evaluating the efficacy of 
controls will provide a better estimate of the extent of exposure during working life and will 
guide development of standards to assist with assessment of the risk of developing silicosis.  
Early detection of lung disease is crucial to survival.  There are a number of studies that 
demonstrate the relationship between loss of lung function and cumulative exposure to 
respirable dust and respirable crystalline silica (Ulvestad et al 2001, Wang et al 1997, Meijer 
et al 2001).  Some studies demonstrate a loss of lung function well below the current 
Australian Safety and Compensation Council (ASCC) exposure standard – time weighted 
average of 0.1 mg m-3 (Kim et al 2002).  Other studies note that silicosis can be symptomatic 
where there is no significant effect on lung function (de Klerk et al 2002).  Exposure to 
respirable crystalline silica, a common contaminant of mining and quarry operations, results in 
the lung damaging diseases known as silicosis and chronic obstructive pulmonary disease 
(NIOSH 2002).  Long-term exposure to respirable crystalline silica can lead to an increased 
risk of lung cancer.   
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The International Agency for Research on Cancer (IARC 1997) published a monograph which 
reported that respirable crystalline silica was a cause of lung cancer in humans (Group 1).  
According to the National Occupational Health and Safety Commission Exposure Standards 
for Atmospheric Contaminants in the Occupational Environment (NOHSC 3008, NOHSC 
1003: 1995), exposure standards, “according to current knowledge, should neither impair the 
health of nor cause undue discomfort to nearly all workers” (NOHSC 1995 p4 ). The current 
Australian Safety Compensation Commission exposure standard for the most common form 
of crystalline silica is 0.1 mg/m3 (measured as respirable crystalline silica).  In a review of 
causes of silicosis (Health and Safety Executive 2002), it was acknowledged that exposure to 
crystalline silica at concentrations below 0.1 mg m-3 over a long period could lead to 
silicosis.).  This review presented quantitative risk estimates for silicosis (EH75/4 Respirable 
Crystalline Silica – Phase 1 Hazard Assessment Document).   The risk estimates were based 
on a study of hundreds of workers from a Scottish coalmine where major seams of sandstone 
were encountered in one part of the mine.  Of particular significance in this study was the 
need for workmen to cut through the sandstone for a period of about 10 years in order to get 
to the coal.  

Statistical analyses showed that the risk of contracting silicosis could be largely explained by 
exposure to respirable crystalline silica during the 1970s, and were not strongly related to 
previous exposures to workplace dusts. Therefore, in order not to extrapolate beyond the 
region of relevant data, the risk estimates from this study refer only to a 15-year period of 
exposure, and not to the more traditional 40-year working lifetime occupational risk estimates 
which are shown in Table 1. 

Table 1: Estimated quantitative risks of developing silicosis 
(Source: Health and Safety Executive 2002, p 73) 

15 years daily exposure to respirable 
crystalline silica dust at average airborne 
concentrations for an 8-hour shift of  mg 

m-3

Risk of developing silicosis within 
15 years following cessation of 

exposure 

0.02 0.25% 

0.04 0.5% 

0.1 2.5% 

0.3 20% 
 

In this review only workers exposed to freshly cut surfaces of respirable crystalline silica 
generated by mechanical cutting into sandstone were included. The United Kingdom Health 
and Safety Executive (HSE) consider that the risk estimates presented in Table 1 are likely to 
have widespread relevance and applicability.  The National Institute for Occupational Health 
and Safety (NIOSH, 2002) have also estimated the prevalence of silicosis in the United States 
of America.  NIOSH have provided a number of studies that predicted the incidence of 
silicosis of approximately 1 to 7 silicosis cases per 100 workers at respirable quartz 
concentrations of 0.025 mg m-3.  Cumulative exposure, not average exposure, has also been 
noted as the best predictor for disease (Steenland 1995). 

Ongoing health surveillance should involve lung function tests (spirometry), although this test 
cannot be used alone to diagnose any particular disease.  NIOSH (2002) suggests that 
although lung function tests can measure impairment, the test is not a diagnostic tool for 
silicosis alone or a measure of silica exposure, because no single pattern of abnormality 
exists.  However NIOSH (2002) refer to studies which prove that cumulative exposure to 
respirable dust containing silica does lead to loss of lung function and adverse health effects.  
Research is needed to determine the relationship between occupational exposure to silica 
dust and clinically significant changes in the lung function of non smokers. 

Ghotkar et al (1995) noted that even when stone quarry workers are exposed to silica dust at 
concentrations within the permissible range, and measured as cumulative dust exposure, 
there is a risk of impaired lung function.  Although there are numerous studies that quantify 
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the annual loss of lung function in mL per year, the values are inconsistent and in most cases 
the dose response curves are based on exposure estimates made from non statistically valid 
occupational hygiene monitoring data. 

The ACOEM (2006) and NIOSH (2002) note that significant decrements in neither lung 
function, nor respiratory symptoms are likely in the early stages of silicosis.   

ACOEM (2006) also recommended that both cross sectional and longitudinal spirometry 
needs be carried out to provide better estimates of risk.  Longitudinal spirometry will monitor a 
worker’s health over time which means that their lung function tests can be compared with 
their baseline test, whereas cross sectional testing is carried out to assess lung function 
against predicted values.  It should be noted that spirometry needs to be undertaken in 
conjunction with an exposure study. 

In cases where occupational exposures to respirable crystalline silica have been estimated, 
no statistically valid exposure monitoring data was found nor was any comparison undertaken 
with loss of lung function.  Buchanan et al (2003) expands on this by noting that quantification 
of the risk of silicosis should take into account the variations of quartz exposure intensity, 
particularly for exposure to concentrations of greater than 1 or 2 mg m-3, even if exposure is 
for relatively short periods.  Buchanan (2003) implies that the risk of silicosis can rise 
dramatically with even brief exposures to high quartz concentrations.  Real time monitoring is 
therefore required to characterise exposures and identify events and duration of high 
exposure.     

Evaluation of sampling methods to understand particle size distribution and the relationship of 
crystalline silica in the host rock and respirable crystalline silica is required.   Real time 
analysis of PM2.5 and PM1.0 will identify processes and activities that produce airborne dust 
within these size fractions.  The intensity of exposure can then be quantified. Gupta et al 
(2006) has noted that crystalline silica less than 1 µm is believed to be most pathogenic.   

Characterisation of particle size distribution will assist in providing control technology, 
designed specifically to wet and suppress respirable dust, such as fogging systems.   

  

Page 4 of 10 



Some findings from Questionnaire Feedback 
The questionnaire sent to sites is provided in appendix I. 
 
Figure 1: has been provided to compare what controls are used to reduce exposure to 
respirable crystalline silica: 
 

Queensland the Smart State

Controls

√

√

√

√

√

√

√

√

√

√

√

Screen deck covers

Stockpile sprinklers

Muck pile watering

Remote monitoring of crusher 

Air-con vehicle cabins

Air-con control rooms

RPE

Conveyor covers

Curtains

Stockpile discharge socks

Wetting agent

Enclosure

Rotation

Wind barriers

Road watering

Dust extraction 

Fogging sprays

Water sprays

 
From the above it can be noted that there is a lot of reliance on road watering, air conditioned 
vehicle cabins and air-conditioned control rooms.  What is uncertain is whether the air is fan 
forced and HEPA filtered.   
   
Respiratory protective equipment 
 
When asked how often respiratory protective equipment is worn most responses noted 
“respirators or dust masks are worn when it is dusty”.  It should be noted that respirable silica 
containing dust is hazardous to the lung and less than 7 micrometres in aerodynamic 
diameter – this fraction of dust is invisible.  Relying on “individual’s perception” of dusty 
conditions as a precursor to the use of respirators won’t allow adequate protection. 
 
Health Surveillance 
 
One of the main findings to come out of the survey was that nearly 50% of respondents noted 
that health surveillance wasn’t carried out.  Considering that respirable crystalline silica or 
quartz is present in most rock types, operators may be at risk without health surveillance 
being conducted. 
 
The Australian Institute of Occupational Hygienists (AIOH) recently drafted a position paper 
on respirable crystalline silica. 
 
In this document the AIOH notes that 
 
“Where there is a likelihood of 50% of the exposure standard being exceeded, control 
strategies and health surveillance should apply”. 
 
Rio Tinto also requires health surveillance at 50% of the exposure standard.  
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Conclusion 

Findings to date, along with some preliminary exposure monitoring (unpublished data) has 
indicated the potential risk for respirable crystalline silica to pose a risk for adverse health 
effects.  

Low level cumulative exposure to respirable crystalline silica may lead to chronic silicosis 
many years after a worker has retired.  Therefore, it is imperative that the level of awareness 
around health effects, dust control (effectiveness) and health surveillance be improved.  
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(Appendix I) Questionnaire to identify activities in Queensland mining sites 
where there may be potential exposure to respirable crystalline silica 

 
Many minerals contain silica, and produce silica dust known as Respirable Crystalline 
Silica (RCS). RCS is also known as respirable α-quartz, cristobalite, or ‘free silica’. 

Type of site?    □ Quarry   □ Mine   □ Exploration Site 

Number of workers on site?    □ Less than 10   □ 10 - 20 □ More than 20  

1.0 Silica content: 
1.1 Do you know whether the rock excavated on your site contains “free silica”? 
□ yes □ no □ don’t know  
1.2 If yes, how much free silica is there in the rock? 
□ < 10% □ > 10% < 50% □ > 50% □ don’t 
know  

2.0 Exposure: 
2.1 Are workers at your site exposed to airborne dust? 
□ yes □ no □ don’t know  
2.2 What do you consider is the dustiness of your operations? 
□ low □ medium □ high □ don’t know  
2.3 How many months a year does your site operate? 
□ up to 3-months □ 3 to 6 months □ 6 – 9 months □ full year □ don’t 
know  
 

3.0 Monitoring: 
3.1 Has your site had personal airborne exposure monitoring carried out? 
□ yes □ no □ don’t know  
3.2 If yes, have your workers been provided with their own personal results? 
□ yes □ no □ don’t know  
3.3 If yes, how often is monitoring conducted? 
□ Has only been done once. □ Yearly □ Every 1 - 3 months. □ Every 6 
months. 

4.0 Respiratory protective equipment: 
4.1 Do workers on your site wear respirators and if so what type? 
□ Dust masks (disposable). □ Cartridge (non disposable) □ Powered air 
purifying 
□ No they don’t wear respirators.  
4.2 Have your workers received training in the use of respirators/dust masks? 
□ yes □ no □ They don’t wear 
respirators.  
4.3 Where dust masks or cartridge type respirators are worn have the workers been fit 
tested? 
□ yes □ no □ Don’t know.  
4.4 How often are respirators worn? 
□ Always. □ Only when dust. □ Never.  
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5.0 Dust control: 
5.1  Please indicate what dust controls are present on you site? (tick as many as 
required) 
□ Water sprays. □ Curtains. 
□ Fogging sprays. □ Conveyor covers. 
□ Dust extraction systems. □ Respiratory protection. 
□ Road watering. □ Air-conditioned control rooms 
□ Wind barriers. □ Air-conditioned vehicle cabins 
□ Worker rotation between dusty and 

non-dusty jobs. 
□ Remote monitoring of crusher from 

camera within control room 
□ Enclosed crushing and screening plants □ Muck pile watering 
□ Wetting agent. □ Stockpile sprinklers. 
□ Stockpile discharge socks. □ Screen deck covers. 

6.0 Health Surveillance: 
6.1 Do your workers have regular health surveillance? 
□ yes □ no □ don’t know  
6.2 If yes, please indicate what health surveillance is conducted? 
□ Lung function tests. □ Full chest x-rays. □ Respiratory 
questionnaires.  
6.3 If yes please indicate how often this health surveillance is conducted? 
□ Yearly □ 2-yearly □ 3-yearly □ 5-yearly > 5-yearly  

7.0 Training and awareness. 
7.1 Do you provide workers with training to raise awareness about the hazards of 
crystalline silica? 
□ yes □ no □ don’t know  

8.0 Participation in study: 
Thankyou for providing this information and are you willing, for your site, to 

participate in the personal exposure monitoring study?  
□ yes □ no □ don’t know but am 
happy to discuss  
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