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Purpose of the report 
This report has been prepared for the Secretary of the NSW Department of Planning and Environment 
(the department). It details the investigation into a diagnosed case of mixed dust pneumoconiosis by the 
Resources Regulator’s Major Investigation Unit (MIU).  

The purpose of the report is to assist the Secretary of the department, as the regulator of work health 
and safety at mines, to share safety information with industry and the community. 

Introduction 

Coal workers’ pneumoconiosis 
Coal workers’ pneumoconiosis (CWP) is a disease of the lungs resulting from chronic exposure to coal 
dust, its inhalation and deposition, and the lung tissue immune response to its presence.1  CWP is 
sometimes known as black lung disease because of the presence of charcoal dust causing the lungs to 
turn black in colour. The disease typically has a very long latency period (usually 10-20 years or more). 
Workers exposed to chronic levels of coal dust may not show symptoms of the disease for a very long 
time. In many cases, diagnosis does not occur until well after the coal mine worker has left the industry, 
making it essential that coal mine workers continue to undergo regular lung health checks post-
employment. 

Medical studies suggest that CWP mainly affects underground coal workers due to past mining 
techniques which created chronic levels of dust in a confined atmosphere. Over the past decades it was 
believed that CWP was eradicated from the NSW mining industry with the introduction of contemporary 
mining techniques, dust suppression systems, coal worker health monitoring, personal protective 
equipment and a greater medical and scientific understanding of the disease.  

Mixed dust pneumoconiosis 
As the name suggests, mixed dust pneumoconiosis is a disease of the lungs resulting from chronic 
exposure to more than one type of mineral dust. For coal miners, this dust mixture is generally coal dust 
and silica dust. There is some evidence to suggest the toxicity of mixed dust is greater than coal dust 
alone. This is because rapid progression and progressive massive fibrosis is more likely with silicosis 
than with CWP.2  

This case, the first reported in NSW since the 1970s, was diagnosed as mixed dust pneumoconiosis.  

  

  

                                                
1 Wallaert, B. and Leroy, S. (2008) Clinical Respiratory Medicine (Third Edition) Chapter 64 – Silicosis and Coal Workers Pneumoconiosis, 
Mosby p 809. 
2 Laney, A. S., Petonsk, E. L., Attfield, M. D. (2010) Pneumoconiosis among underground bituminous coal miners in the United States: is 
silicosis becoming more frequent. Occup Environ Med p 652. 
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Progressive massive fibrosis 
Progressive massive fibrosis (PMF) is the debilitating end-stage of mixed dust pneumoconiosis and 
CWP. Irreversible lung damage from silica and coal dust causes an inflammatory response within the 
lung tissue. This inflammatory response creates congestion and activates a range of immunological 
pathways. The inflammatory response is followed by a reparative phase, where growth factors stimulate 
tissue regeneration. During the regeneration phase, abnormal or uncontrolled regeneration of tissue can 
occur. This results in fibrotic nodules forming on the lungs.3  The characteristics of these fibrotic nodules 
are characteristic of the mineral that initially caused the damage. Specialist radiologists who are trained 
in the appropriate techniques can distinguish between CWP and mixed dust pneumoconiosis.4 

Symptoms 
Symptoms of pneumoconiosis are similar to many other known lung diseases. A strong, persistent 
cough, a noticeable wheeze and shortness of breath can all be symptoms of pneumoconiosis. 
Unexplained weight loss, clubbed fingernails and breathlessness during mild or moderate exertion can 
be signs of a potential issue. Notably, during latency periods (10 - 20 years or more) no symptoms may 
be present, which means that workers should not rely on waiting until symptoms develop before they 
seek medical assistance. NSW coal workers should contact Coal Services or their GP for regular check-
ups and discuss openly with their physicians the potential for dust exposure. Workers should also seek 
medical assistance if they are concerned they may be showing symptoms of the disease.    

  

                                                
3 Wallaert, B. and Leroy, S. (2008) Clinical Respiratory Medicine (Third Edition) Chapter 64 – Silicosis and Coal Workers Pneumoconiosis, 
Mosby p 809. 
4 Guidelines for the use of the ILO international classification of radiographs of pneumoconiosis (revised edition 2011) International Labour 
Office, Geneva. 
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Investigation parameters 

The Major Investigations Unit (MIU) 
The MIU investigates the nature, circumstances and cause of major incidents in the NSW mining, 
petroleum and extractives industry. The unit’s role is to carry out a detailed analysis of incidents and 
report findings to enhance industry safety and to give effect to the department’s Enforcement Policy.  

Privacy considerations 
Before his death, the worker expressed a wish that his privacy be maintained. Accordingly, the regulator 
will not disclose the identity or personal health records of the deceased worker. For the purpose of this 
report the worker will be referred to as Worker X. 

Authority to investigate 
The MIU had authority to investigate this matter because the alleged exposure to risks occurred at 
mining workplaces regulated by the department. The investigation was conducted under the Work Health 
and Safety Act 2011 (WHSA) and the Work Health and Safety (Mines and Petroleum Sites) Act 2013 
(WHSMPSA).  

MIU investigators are appointed as government officials under the WHSMA and, therefore, are deemed 
to be appointed as inspectors for the purposes of the WHSA and have the powers of an inspector under 
that Act. The regulator has also delegated some additional functions to inspectors, including exercising 
the power to obtain information for the purposes of monitoring compliance with the WHSA. 

Notification of the diagnosis 
On 19 December 2016, NSW Coal Services Pty Ltd notified the regulator that Worker X was diagnosed 
with mixed dust pneumoconiosis. Worker X retired in 2014 after more than 30 years working in the open 
cut coal mining industry.  

Worker X was employed at various open cut operations in NSW. The onset of Worker X’s disease was 
rapid, with his health deteriorating significantly between 2015 and 2016.  

This caused Worker X to seek medical assistance from his general practitioner. Worker X then contacted 
the CFMEU and subsequently Coal Services for assistance.  

On 16 January 2017, a formal investigation was commenced by the MIU.  

The MIU contacted all mining work places where Worker X had worked during his career.  

On 22 March 2017, the MIU published an information release about the investigation. 
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Investigation activities 
The MIER investigation activities included: 

 conducting an interview with Worker X 

 identifying the mining workplaces where Worker X was employed 

 identifying the timeframes Worker X was employed at those workplaces 

 issuing statutory notices to all mine operators of those workplaces to produce information 
and documents 

 obtaining Coal Services dust monitoring records and data for those workplaces  

 analysing information and records obtained during the investigation 

 identifying controls that may have prevented the exposure from occurring 

 engaging an Occupational and Industrial Hygienist to provide a report to the regulator in 
relation to this matter.  

 referring the Occupational and Industrial Hygienist’s report to NSW Coal Services to assist 
them with their duties under the Coal Industry Act 2001.  

 Analysing autopsy results following the death of Worker X.   

Worker X 

Employment history  
Worker X was born in 1965 and was raised in Muswellbrook NSW. His father, an electrical fitter, worked 
at the adjacent Muswellbrook Coal Mine, which supplied coal to Muswellbrook power station. His family 
house was provided by the mining company and was located near Muswellbrook number one 
underground coal mine where his father worked. 

At the age of 16, Worker X left school and took up employment with an electrical wholesaler between 
1981 and 1983.  

Between 1983 and 1984, Worker X was employed as a storeman at the Bayswater Power Station. 

Between 1985 and 1999, Worker X was employed at Muswellbrook Coal as an operator in the open cut 
mine and undertook duties such as haul truck operator and dozer operator. His duties included 
transporting coal and over burden and cross ripping sandstone and other inter-burden materials.     

Between 2000 and 2005, Worker X was employed as a contractor at several Hunter Valley open cut 
mines where he primarily worked as a haul truck operator. 

Between 2005 and 2011, Worker X was employed at Ashton Coal open cut coal mine primarily as a haul 
truck operator. 

Between 2011 and 2014, Worker X undertook contract work at several Hunter Valley open cut mines as 
a haul truck operator.  
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Progression of the disease  

Worker X was a non-smoker. 

Worker X undertook regular health monitoring as part of his employment.  

Worker X did not notice any symptoms of respiratory disease until 2014. During this time, he noted some 
shortness of breath and was not initially concerned.  

In 2016, Worker X became concerned after noticing changes in his health. Symptoms included 
significant and unexplained weight loss, shortness of breath and difficulty with day-to-day activities such 
as walking, climbing stairs and physical exertion.  

Worker X visited his general practitioner and was referred for an X-ray. The results indicated the possible 
presence of coal workers’ pneumoconiosis. Worker X was referred for a CT scan, which determined the 
diagnosis as complicated pneumoconiosis.  

Worker X was provided with ongoing support and medical treatment by Coal Services Health. 

In January 2018, Worker X succumbed to the disease and died. 

Investigation findings 

Coal Services Health 

In November 2016, Coal Services Health was notified of the diagnosis. Coal Services Health referred 
Worker X to a respiratory specialist for further assessment. The specialist concluded that Worker X had 
developed complicated pneumoconiosis, compatible with his past occupational exposure to coal dust 
and mixed dusts including silica. 5 

Coal Services Health and the respiratory specialist assessed Worker X to determine how his condition 
developed to such a serious state in a relatively short time. The respiratory specialist opined that while 
not considered a normal progression of the disease, it was not unprecedented.  

The specialist noted that there were documented cases in the United States of coal mine workers 
progressing from a seemingly normal medical condition to serious illness in as little as three years. The 
specialist also noted that individuals are different and some individuals may be more susceptible to 
respiratory disease for no apparent reason. 

Occupational hygienist  
The regulator retained an occupational hygienist to assist the investigation. Dust monitoring data was 
obtained and provided to the occupational hygienist for analysis. 

Following and analysis of the data and risk factors for CWP the occupational hygienist said: 

“The rapid onset and progression of the medical symptoms and radiological evidence from 
Worker-X do not fit comfortably with the tasks undertaken as listed in the employment 

                                                
5 Name redacted (2016) Medicolegal report p5   
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history, they do not fit comfortably with the associated measured exposures for haul truck 
operators in the Singleton district, they do not fit comfortably with the various risk estimates 
for pneumoconiosis, do not fit comfortably with the findings of Coal Services medical 
surveillance program, and do not fit comfortably with the published epidemiological studies 
on coal miners. Alternative aetiology is likely.” 6      

A copy of occupational hygienist’s report is provided at Appendix A of this report. 

Autopsy Report 

Following the death of Worker X, an autopsy was performed by a qualified Pathologist. The autopsy 
results found no evidence of black pneumoconiosis. Rather, the results suggest an alternative diagnosis 
of idiopathic pulmonary fibrosis (IPF) may be likely. 

IPF is a debilitating and life limiting disease that causes irreversible scarring of the lung tissue. The 
cause of IPF is not known. The scarring continues to worsen over time, making it difficult to breathe. The 
diagnosis of IPF can be challenging because it can be confused with other lung conditions. 7 

Conclusion 
No evidence was identified to support a finding that Worker X was exposed to hazardous levels of 
atmospheric contaminant (silica or coal dust) at any of his workplaces. Airborne dust level data at the 
workplaces was found to be generally less than the specified regulatory exposure standards in effect at 
the time. As such, no breaches of the work health and safety legislation were identified during the 
investigation. 

The Occupational Hygienist’s findings and the autopsy results support the conclusion that Worker X had 
a spontaneous, also known as idiopathic, form of lung disease known as IPF, and not mixed dust 
pneumoconiosis as first diagnosed.  

Therefore, based on the available information and in the absence of further medical evidence, the 
Regulator does not consider Worker X’s death to be workplace related.  

Health and Dust Monitoring 

Risk to other workers  

Even though the occupational hygienist’s report showed there was a low likelihood of similar exposure 
groups contracting the disease, all coal mine workers should remain vigilant to symptoms of this disease.  

Both existing and former coal mine workers are remined to consult regularly with their health care 
professional, physician and/or Coal Services Health in relation to their ongoing respiratory health.  

 

                                                
6 Rogers A (2017) Worker X Respirable dust exposure and the associated risk of pneumoconiosis Alan Rogers OH&S Pty Ltd p3 
7 Lung Foundation Australia, 2018, https://lungfoundation.com.au/patient-support/rarelung/idiopathic-pulmonary-fibrosis-ipf/ 
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Contemporary risk controls measures  
Contemporary risk controls such as particle matching sprays, dust filtering, enclosed cabs, 
housekeeping, operator positioning, road maintenance, ventilation and improved dust extraction on 
drilling equipment can assist to control of respirable dust.  

The ongoing maintenance of dust-related controls is important as effectiveness of the controls may be 
diminished if they are not properly maintained. Mine operators are reminded that management systems 
must consider ongoing control maintenance as part of their assessment of risk in the workplace. 

Effective dust monitoring programs such as those identified in Order 42 must be implemented.  

Operators should consult with industry experts such as Coal Services and the standing dust committee 
to ensure that effective monitoring programs are in place to highlight potential issues. 

Regulatory activities 

Targeted assessment reports by the regulator 
In September 2017, the regulator published a fact sheet highlighting the risks associated with airborne 
contaminants in open cut coal mines (Appendix B).  

The fact sheet identified the exposure standards for respirable coal dust and silica as well as identifying 
health risks, elimination and control measures and obligations of duty holders. The fact sheet also 
identified the regulatory program for the control of airborne contaminants in open cut coal mines. 

Over the next 12 months, the Resources Regulator will be conducting targeted assessments at 
open cut coal mines and associated coal processing plants to ensure these workplaces are 
employing a range of measures to control the exposure risks of workers. 

The assessments will focus on how the mine prevents worker exposure to harmful airborne dust 
in respirable fraction, specifically coal and crystalline silica. 

Key categories assessed are: 

1. identification, assessment and risk controls for airborne contaminant hazards; 

2. preventative controls (controlling dusts at the source); 

3. mitigating controls (controlling exposure to airborne contaminants); 

4. monitoring (worker exposure); and 

5. verifying the effectiveness of controls.8 

The targeted assessment program (TAP) began in March 2016 providing a planned, intelligence-driven 
and proactive approach to assess how effectively mine operators were managing the principal hazards 

                                                
8 NSW Resource Regulator (2017) Airborne Contaminants – Open cut coal mines p2 
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defined in the Work Health and Safety (Mines and Petroleum Sites) Regulation 2014 (WHS (M&PS) 
Regulation).  

The TAP is an in-depth look at the control measures for airborne contaminants and their implementation. 
The TAPs are undertaken by a multi-disciplined team of inspectors using both desktop and on-site 
assessments.9 

The regulator has conducted TAPs at underground coal mines (Appendix C) and underground 
metalliferous mines (Appendix D).  

Although the work environment differs significantly from open cut mines, these TAPs provide general 
guidance about effective elimination and control of airborne hazards in open cut coal mines.  

Appendices  
A) Rogers A (2017) Worker X Respirable dust exposure and the associated risk of pneumoconiosis 

Alan Rogers OH&S Pty Ltd 

B) NSW Resource Regulator (2017) Airborne Contaminants – Open cut coal mines 

C) NSW Resource Regulator (2017) Targeted Assessment Program Consolidated report – Worker 
exposure to respirable dust, NSW underground coal mines, final report 

D) NSW Resource Regulator (2018) Targeted Assessment Program Consolidated report –   
Airborne contaminants in underground metalliferous mines 

 

                                                
9 NSW Resource Regulator (2018) Targeted Assessment Program Consolidated report –   Airborne contaminants in underground metalliferous 
mines p3 
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Airborne contaminants - open cut coal mines
Airborne contaminants are generated during coal mining activities such as extraction, drilling, 
crushing, hauling and stockpiling of coal and other rock containing minerals. Workers in coal 
mines may be exposed to both coal dust and crystalline silica.  


 


Exposure standards 
In NSW mines no person is to be exposed to 
airborne dust that exceeds in total1:  


 3 mg/m3 (or 2.5 mg/m3 in the case of a 


coal mine) for respirable dust  


 10 mg/m3 for inhalable dust.  


Exposure standards for individual substances 
also must be satisfied within these overall limits. 
For example, the exposure standard for 
crystalline silica is 0.1 mg/m3


.  


Health risks 
In open cut coal mining, coal and crystalline silica 
dust occur at both an inhalable and respirable 
fraction. Normally dust of the larger inhalable 
fraction is considered an irritant as it is deposited 
in the upper respiratory tract. At the smaller 
respirable fraction, these dust contaminants 
represent a serious health risk to those exposed.  


The smaller sized particles can penetrate into the 
lower regions of the lung where gas exchange 
takes place. As such, coal and silica dusts at the 
respirable fraction can cause pneumoconiosis (in 
the case of coal) or silicosis (in the case of 
crystalline silica). Both conditions are debilitating 
and often fatal lung diseases2.  


Your obligations 
Under the Work Health and Safety Act 2011 
(WHS Act), a person conducting a business or 
undertaking has the primary duty to ensure, so far 
as is reasonably practicable, workers and other 
people are not exposed to health and safety risks 
arising from the business or undertaking. 


 


 


This duty includes eliminating exposure to 
airborne dusts, so far as is reasonably 
practicable, for example by using alternative 
mining processes. If it is not reasonably 
practicable to do so, then risks must be minimised 
so far as is reasonably practicable.  


The Work Health and Safety Regulation 2017 
prescribes exposure standards3 for substances 
that must not be exceeded in respect of a person 
at any workplace (clause 49).  


The Work Health and Safety (Mines and 
Petroleum Sites) Regulation 2014 requires a mine 
operator to manage risks and implement a range 
of control measures including:  


 implementing a principal hazard 


management plan for air quality or 


dust or other airborne contaminants 


(clauses 23-25)  


 implementing a health control plan that 


sets out the means by which the 


operator will manage the risks to 


health associated with mining 


operations (clause 26) 


 ensuring the exposure standards for 


respirable and inhalable dust is not 


exceeded (clause 39) 


 implementing air quality, monitoring 


and ventilation arrangements (clauses 


38-42).  


 


 


 


 



http://www.cdc.gov/niosh/mining/topics/RespirableDust.html

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part2/div2/subdiv1/sec23

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part2/div3/sec26

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part2/div4/subdiv2/sec39

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part2/div4/subdiv2/sec38

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part2/div4/subdiv2/sec38
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Additionally Order 42, issued under the Coal 


Industry Act 2001 provides for Coal Services Pty 


Ltd to conduct dust monitoring at coal mines 


consistent with the provisions for sampling and 


analysis under the Work Health and Safety 


(Mines and Petroleum Sites) Regulation 2014. 


Elimination and control 
To reduce worker exposure to appropriate levels, 
more than one control measure may be required. 
Control measures fall into three categories, which 
are minimising:  


1. dust generation at the source  


2. dust generation throughout the work 


environment  


3. exposure to individuals at risk.  


Whatever strategy is adopted, it should be under‐ 
pinned by the hierarchy of controls, so that 
occupational exposure to dust can be controlled. 
The process used to extract coal is an important 
consideration in minimising the dust generated. 


The design, implementation and operation of 
ventilation systems also play a critical role in 
minimising the risk posed by airborne 
contaminants. 


Dust suppression and separation/positioning of 
people by distance or barriers from the airborne 
contaminants generated may also prevent or 
minimise exposure, such as positively 
pressurised and filtered operator cabs.  


The above methods to control workplace 
exposure to airborne contaminants are now 
readily available, as are commonly employed 
atmospheric monitoring and health surveillance 
strategies. 


 


 


 


 


 


Targeted assessment 
program 
Over the next 12 months, the Resources 
Regulator will be conducting targeted 
assessments at open cut coal mines and 
associated coal processing plants to ensure these 
workplaces are employing a range of these 
measures to control the exposure risks of 
workers.  


The assessments will focus on how the mine 
prevents worker exposure to harmful airborne 
dust in respirable fraction, specifically coal and 
crystalline silica.  


Key categories assessed are:  


1. identification, assessment and risk 


controls for airborne contaminant hazards  


2. preventative controls (controlling dusts at 


the source)  


3. mitigating controls (controlling exposure to 


airborne contaminants)  


4. monitoring (worker exposure)  


5. verifying the effectiveness of controls. 


What you should do 
Review your strategy and capacity to manage 
respirable coal and crystalline silica airborne 
contaminants immediately to ensure it complies 
with the legislation. Sites should ensure their 
approach to the management of this hazard is in 
line with the available guidance material and 
reflects accepted, effective control practice. 
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More information 
For more information and guidance on managing 
mining hazards and risks associated with 
exposure to airborne contaminants view the 
following resources:  


 Focus on: Atmospheric contaminants 


causing respiratory illness(NSW Mine 


Safety) 


 Guidance about dust and other airborne 


contaminants (WA Department of Mines 


and Petroleum) 


 Position Paper: Dusts not otherwise 


specified (dust NOS) and occupational 


health issues (Australian Institute of 


Occupational Hygienists) 


 Guidance on the Interpretation of 


Workplace Exposure Standards for 


Airborne Contaminants (Safe Work 


Australia) 


 Mining topic: respirable dust (National 


Institute of Occupational Safety and 


Health) 


 Workplace atmosphere - method for 


sampling and gravimetric determination of 


respirable dust (Australian Standard AS 


2985-2009, infostore.saiglobal.com) 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 Workplace atmosphere - method for 


sampling and gravimetric determination of 


inhalable dust (Australian Standard AS 


3640-2009, infostore.saiglobal.com) 


 Coal worker’s pneumoconiosis (QLD 


Department of Natural Resources and 


Mines) 


 Fact sheet - Prevention of 


pneumoconiosis in NSW (Coal Services) 


 Booklet - Protecting against airborne dust 


exposure in coal mines (Coal Services) 
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of Planning and Environment or the user’s independent advisor. 
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http://www.resourcesandenergy.nsw.gov.au/__data/assets/pdf_file/0010/463609/Focus-On-Atmospheric-Contaminant-110613.pdf

http://www.resourcesandenergy.nsw.gov.au/__data/assets/pdf_file/0010/463609/Focus-On-Atmospheric-Contaminant-110613.pdf

http://www.resourcesandenergy.nsw.gov.au/__data/assets/pdf_file/0010/463609/Focus-On-Atmospheric-Contaminant-110613.pdf

http://www.dmp.wa.gov.au/Safety/Guidance-about-dusts-and-other-6856.aspx

http://www.dmp.wa.gov.au/Safety/Guidance-about-dusts-and-other-6856.aspx

https://www.aioh.org.au/documents/item/16

https://www.aioh.org.au/documents/item/16

https://www.aioh.org.au/documents/item/16

https://www.safeworkaustralia.gov.au/doc/guidance-interpretation-workplace-exposure-standards-airborne-contaminants

https://www.safeworkaustralia.gov.au/doc/guidance-interpretation-workplace-exposure-standards-airborne-contaminants

https://www.safeworkaustralia.gov.au/doc/guidance-interpretation-workplace-exposure-standards-airborne-contaminants

https://www.cdc.gov/niosh/mining/topics/RespirableDust.html

https://www.business.qld.gov.au/industries/mining-energy-water/resources/safety-health/mining/medicals/pneumoconiosis

http://www.coalservices.com.au/MessageForceWebsite/Sites/340/Files/Prevention-of-Pneumoconiosis-in-NSW-information-for-workers-February-.pdf

http://www.coalservices.com.au/MessageForceWebsite/Sites/340/Files/Prevention-of-Pneumoconiosis-in-NSW-information-for-workers-February-.pdf

http://www.coalservices.com.au/MessageForceWebsite/Sites/340/Files/NEW%20CS%20Dust%20Booklet_Final%20artwork.pdf

http://www.coalservices.com.au/MessageForceWebsite/Sites/340/Files/NEW%20CS%20Dust%20Booklet_Final%20artwork.pdf
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Executive summary 
The targeted assessment program (TAP) began in March 2016 providing a planned, intelligence-driven 
and proactive approach to assess how effectively mine operators were managing the principal hazards 
defined in the Work Health and Safety (Mines and Petroleum Sites) Regulation 2014 (WHS (M&PS) 
Regulation). 


This report summarises the findings of assessments undertaken in relation to the hazard of airborne 
contaminants in underground metalliferous mines. These assessments began in August 2017 and have 
been completed at five mines.  


The targeted assessment is an in-depth look at the control measures for airborne contaminants and their 
implementation. The assessments are undertaken by a multi-disciplined team of Resources Regulator 
inspectors using both desktop and on-site assessment. 


The findings of the assessments are grouped into those that are specific to the hazard of airborne 
contaminants, and those that could be generally applied to all aspects of critical control measure 
implementation. 


General findings identified that: 


→ most mines had implemented recommendations provided in previous diesel exhaust 
emissions targeted assessments. Consequently, improvements were observed in mine 
documentation, static monitoring and health monitoring. 


→ broad brush risk assessments did not consider all areas of the mine and tasks undertaken, 
including all surface processing areas such as chemical storage, laboratory and maintenance 
activities.1 


Specific findings identified: 


→ some mines did not comply with legislated requirements in relation to storage, labelling and 
use of hazardous chemicals.2 


→ training for maintenance personnel in relation to servicing sealed pressurised cabins fitted to 
mobile plant did not fully capture the complexity of the sealing system.3 


Targeted assessments are a valuable process and a powerful analytical tool capable of identifying 
critical risk control issues not previously uncovered by conventional inspection regimes. This approach 
also highlights the benefits of using a multi-disciplined inspection team to identify issues across a range 
of areas through one activity. 


 


                                                 
1 Clause 9, WHS (M&PS) Regulation 
2 Chapter 7, Part 7.1, WHS Regulation  
3 Clause 39, WHS Regulation, clause 104, WHS (M&PS) Regulation  
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Background 
The targeted assessment program (TAP) provides a planned, risk-based and proactive approach to 
assessing how effective an operation is when it comes to controlling critical risk. The TAPs apply the 
following principles:  


→ A focus on managing prescribed ‘principal hazards’ from the WHS (M&PS) Regulation. 


→ Evaluation of the effectiveness of control measures implemented through an organisation’s 
safety management system.  


→ Consideration of the operation’s risk profile and the targeting of operations deemed to be 
highest risk.  


The objective of the risk profiling is to identify the inherent hazards and the hazard burdens that exist at 
individual operations in each mining sector in NSW. The information is used to develop the operational 
assessment and inspection plans that inform the program.  


Each TAP is undertaken by a team of inspectors from various disciplines, such as electrical and 
mechanical engineering, who work together with the operation’s management team to undertake a 
thorough assessment of the control measures associated with the relevant hazard and their 
implementation. 


Scope 
The scope of the targeted assessment included two elements: 
A desktop assessment of: 


→ compliance against legislation with respect to the management of risks to health and safety 
associated with airborne contaminants at the mine 


→ controls the mine uses to prevent and mitigate the risks to health and safety associated with 
airborne contaminants 


→ means the mine uses to monitor the effectiveness of those controls 


→ a workplace assessment of the implementation of those controls. 


The process 
The process for undertaking a TAP generally involves the following stages:  


 1. Preliminary team meetings and the preparation of documents.  


 2. Information and assessment requirements are discussed and supplied to the relevant mine.  


 3. Execution of an on-site assessment involving:  


→ a site desktop assessment of all relevant plans and processes  


→ a discussion with the mine management team on the legislative compliance of the relevant 
plans  
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→ the inspection of relevant site operations.  
4. Discussion and feedback to the mine management team on the findings and actions that need 
to be taken by the operators in response. 


Airborne contaminants in underground 
metalliferous mines 
Under the Work Health and Safety Act 2011 (WHS Act), a person conducting a business or undertaking 
(PCBU) has the primary duty to ensure, so far as is reasonably practicable, workers and other people 
are not exposed to health and safety risks arising from the business or undertaking. This duty includes 
eliminating exposure to airborne contaminants, so far as is reasonably practicable, for example by using 
alternative mining processes. If it is not reasonably practicable to do so, then risks must be minimised so 
far as is reasonably practicable.  
The Work Health and Safety Regulation 2017 prescribes exposure standards4 for substances that must 
not be exceeded in respect of a person at any workplace (clause 49). 
Airborne contaminants are generated by mining activities such as drilling, extraction, crushing, hauling, 
stockpiling and processing of minerals. Workers in mines and processing plants may be exposed to 
crystalline silica and other potentially harmful airborne contaminants. 


Assessment findings 
The targeted assessments of the risks of airborne contaminants in underground metalliferous mines 
highlighted some issues with the implementation of critical controls to manage the hazard and more 
generally with the process of developing, reviewing and implementing controls. While the highlighted 
issues were not identified at all the sites assessed, the findings provide valuable information that should 
be considered when developing critical controls. 


The assessment process highlighted that: 


→ broad brush risk assessments must consider all areas of the mine and tasks undertaken, 
including all surface processing areas such as chemical storage and laboratory, and 
maintenance activities5 


→ mine operators must ensure legislative compliance in relation to hazardous chemicals 
including, storage, use, labelling, notification of manifest quantities and obtaining and 
providing worker access to safety data sheets (SDS).6 


                                                 
4 Workplace Exposure Standards for Airborne Contaminants published by Safe Work Australia on its website with a 
date of effect of 18 April 2013 as in force or remade from time to time.   
5 Clause 9, WHS (M&PS) Regulation 
6 Chapter 7, Part 7.1, WHS Regulation  
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Areas of good practice 
During this round of targeted assessments in relation to the hazard of airborne contaminants, it was 
noted that mines had implemented many of the recommendations provided in diesel exhaust emissions 
targeted assessments, conducted in early 2017. Consequently, improvements were observed in mine 
documentation, static monitoring and health monitoring. 


As a general observation, most workers interviewed demonstrated a good understanding of the risks that 
dust and airborne contaminants pose to human health. 


The findings of this assessment are grouped into two categories: 


→ General findings that can be used to inform all aspects of an operation’s safety management 
and provide valuable information and insight across all sectors and operation types. 


→ Specific findings should be used to inform and improve safety management systems to 
address this principal hazard. 


General findings 


Risk assessment 


Issue Response 


Some mines did not 
address all lead risk work 
areas, with contract truck 
drivers sampling, loading 
and hauling lead 
concentrate not adequately 
assessed. 


Broad brush risk assessments should consider all areas of the mine and 
tasks undertaken, including all surface processing areas and 
maintenance activities.7 


Mobile plant, both with and 
without sealed pressurised 
cabins, were operating in 
underground areas 
performing similar tasks, 
without additional controls 
being implemented to 
manage additional risks to 
operators of plant with 
exposed cabins.   


Where exposed cabin mobile plant is used to undertake similar 
underground tasks as plant with sealed pressurised cabins, mine 
operators should undertake a risk assessment to identify and implement 
effective control measures to manage the risk of exposure to airborne 
contaminants to operators in exposed cabin mobile plant.  


Additionally, where the integrity of sealed cabins is known to be 
compromised, mine operators should identify and implement additional 
control measures to manage the risk of operator exposure to airborne 
contaminants.8  


                                                 
7 Clause 9, WHS (M&PS) Regulation 
8 Clause 9 and 39 of WHS (M&PS) Regulation  
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Filtration for pressurised 
sealed cabins was not 
assessed against types of 
airborne contaminants and 
particle size generated from 
mining operations. 


When sealed cabins are fitted to mobile plant, mine operators should 
assess the cabin filtration against types of airborne contaminants and 
particle size generated from mining operations to ensure that filtration is 
effective.9   


Training 


Issue Response 


The documented training 
system for maintenance of 
sealed pressurised cabins 
on mobile plant did not 
capture the complexity of 
sealing components, or 
include the identification 
and selection of available 
qualified trades personnel.   


Mine operators should consider reviewing and updating training and 
maintenance procedures to include all sealing and filtration components 
of cabins on mobile plant.10 
 
Mine operators should consider reviewing procedures to limit the 
undertaking of complex tasks associated with the maintenance of 
mobile plant pressurised cabins to trades personnel with a recognised 
certificate of competence. 


Ventilation control plan 


Issue Response 


Ventilation control plans 
(VCP) did not include all 
requirements identified in 
legislation.  


Mine operators should review their ventilation control plans (VCP) to 
ensure that all requirements identified in clause 62(2) and 62(3) of WHS 
(M&PS) Regulation are included within the plan. The VCP should be 
subject to ongoing review and be updated as required to ensure it 
maintains currency with the status of operations.   


 
  


                                                 
9 Clause 39 WHS (M&PS) Regulation 
10 Clause 39 WHS Regulation 
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Specific findings 


Hazardous chemicals  


Issue Response 


Some mines did not comply 
with legislated 
requirements in relation to 
hazardous chemicals used, 
handled or stored at the 
workplace.   


Mine operators must ensure that hazardous chemicals that are used, 
handled or stored at the workplace are labelled11 appropriately. The 
mine operator must obtain the safety data sheet (SDS) for each 
hazardous chemical, and must ensure the SDS is accessible to workers, 
emergency service workers and anyone else likely to be exposed to the 
hazardous chemical at the workplace.12  The mine operator must 
maintain a register of hazardous chemicals used, handled or stored at 
the workplace13, and must prepare a manifest of hazardous chemicals 
used, handled or stored that exceeds the manifest quantity stated in 
Schedule 11 of WHS Regulation14. The mine operator must provide 
written notice to the regulator if a quantity of a Schedule 11 hazardous 
chemical or group of Schedule 11 hazardous chemicals exceeds the 
manifest quantity used, handled or stored at the workplace.15 


Dust suppression  


Issue Response 


Manually activated dust 
suppression sprays fitted in 
the decline were placed at a 
height not accessible to light 
vehicle operators. 


Mine operators should ensure that manually activated dust suppression 
sprays fitted as a control for airborne contaminants are accessible to all 
workers who work or travel in that area of the mine.16   


 
  


                                                 
11 Clause 341-343, WHS Regulation 
12 Clause 344, WHS Regulation 
13 Clause 346, WHS Regulation 
14 Clause 347, WHS Regulation 
15 Clause 348, WHS Regulation 
16 Clause 9 and 54, WHS (M&PS) Regulation 
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Inspection and maintenance of sealed cabins on mobile plant 


Issue Response 


Pre-start inspection and 
maintenance checklists did 
not include 
inspection/maintenance 
requirements for cabin 
sealing components or 
integrity.   


Mine operators should ensure that the components and integrity of 
sealed pressurised cabins fitted to mobile equipment as a control to 
manage worker exposure to airborne contaminants is included in pre-
start and routine maintenance documentation to ensure that the control 
measure remains effective.17  


Procurement of mobile diesel equipment    


Issue Response 


Procurement process for 
diesel equipment did not 
include formal 
consideration of lower 
emission (Tier 4) engines.  


In managing risks to health and safety mine operators should include 
formal consideration of lower emission diesel engines in the mine 
procurement process.  


Health monitoring  


Issue Response 


Mine operators had not 
checked the calibration of 
spirometry equipment used 
by third party medical 
providers.  


Mine operators should seek evidence to ensure, so far as is reasonably 
practicable, that any third party medical provider contracted to monitor 
the health of workers is using equipment that is fit for purpose and 
appropriately calibrated.18 The use of uncalibrated equipment by third 
party medical providers was identified as a contributory factor in the re-
emergence of pneumoconiosis in the Queensland coal industry.19 


Mine operators had not 
informed third party medical 
providers of the purpose for 
the health monitoring and 


Mine operators must advise medical providers of the work that the 
worker is, or will be, carrying out that has triggered the requirement for 


                                                 
17 Clause 9, WHS (M&PS) Regulation 
18 Clause 109 and 111, WHS (M&PS) Regulation 
19   Black lung white lies, Inquiry into the re-identification of Coal Workers’ Pneumoconiosis in Queensland, Report 
No.2, 55th Parliament, Coal Workers’ Pneumoconiosis Select Committee, May 2017 
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the relevant occupational 
health risks.  


health monitoring, and if the worker has commenced the work, how long 
the worker has been carrying out the work.20   


Mine operators should also consider informing medical providers of the 
known specific health risks of the work performed by the worker which 
may assist to determine symptomology and diagnosis. The inaccurate 
interpretation of chest X-rays by third party medical providers was 
identified as a contributory factor in the re-emergence of 
pneumoconiosis in the Queensland coal industry.21  


Where to now? 
Targeted assessments provide an account of the issues observed at particular sites at a particular time. 
Some of the findings resulted in notices being issued, including notices of concern, under section 23 of 
the WHS (M&PS) Act, and improvement notices, under section 191 of the WHS Act.  


The matters addressed by the notices reflect the findings of the Resources Regulator inspectors. In 
summary, these findings are: 


Notice In relation to 


Improvement notices, s 191 → Non-compliance with provisions relating to Work Health 
and Safety Regulation 2017, Part 7.2 Lead. Breaches 
related to personal monitoring of contractors, training 
workers, systems and controls for spillage, food storage in 
lead process area, provision of clean change area for 
workers, storage of contaminated clothing and PPE, and 
notification of lead risk work to the regulator. 


→ Non-compliance with provisions relating to Work Health 
and Safety Regulation 2017, Part 7.1 Hazardous 
chemicals. Breaches related to training workers in use of 
safety data sheets, pipeline not adequately labelled, use of 
hazardous chemicals, as well as failure to notify the 
regulator of manifest quantities listed in Schedule 11 of the 
Regulation. 


Notices of concern, s 23 → No program of testing/inspection of safety shower/eye 
wash stations. 


                                                 
20 Clause 109 and 113, WHS (M&PS) Regulation 


21 Black lung white lies, Inquiry into the re-identification of Coal Workers’ Pneumoconiosis in Queensland, Report 
No.2, 55th Parliament, Coal Workers’ Pneumoconiosis Select Committee, May 2017 
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→ Safety shower exposed to direct sunlight without insulation 
creating a hazard from heating of water by direct sunlight.  


→ Underground diesel fleet not monitored for diesel 
particulate matter (DPM).   


→ Airborne contaminants and tier 4 diesel engines not 
considered as part of mine procurement process. 


→ Side walls underground not washed down creating a 
source of airborne dust when disturbed. 


→ Filters in air-conditioned cabins on mobile fleet not 
assessed against type and size of airborne contaminants 
generated during mining operations. 


→ No calibration standard to determine accuracy of 
spirometer.   


All mine operators involved in this targeted assessment indicated that they would respond to the notices 
and other issues identified through the inspections. Where significant issues were identified, these will be 
followed up with the individual mines. 


The TAP process identified many common issues around the approach taken by the sites to manage the 
hazard of airborne contaminants. It also highlighted broader issues that were common across mine sites 
associated with the process of developing, implementing and reviewing the risk assessments, 
management plans and procedures. 


The regulator expects that all underground mines will review their procedures and practices in 
consideration of the findings of this summary.  


The requirement for principal hazard management plans to comply with legislative requirements, reduce 
risk to as low as reasonably practicable and give appropriate consideration to the implementation and 
management of critical controls apply at all types of mining operations. 


Plans are being developed for follow-up by the regulator on the issues and concerns raised. 


Issued by 


Dave McLean 
Chief Inspector of mines 
NSW Resources Regulator 
NSW Planning and Environment 
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Further information 
For more information on targeted assessment programs, the findings outlined in this report, or other 
mine safety information, please contact the Resources Regulator’s Mine Safety branch. You can find the 
relevant contact details below. 


Type Contact details 


Email mine.safety@planning.nsw.gov.au 


Incident reporting To report an incident or injury call 1300 814 609 


Website resourcesandenergy.nsw.gov.au/safety 


Address Resources Regulator, Mine Safety  


516 High Street 


Maitland NSW 2320 


 
  



mailto:mine.safety@planning.nsw.gov.au

http://www.resourcesandenergy.nsw.gov.au/safety
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Appendix A: Legislative requirements relating to 
the management of airborne contaminants 
The appendix provides a list of certain legislative requirements for the management of [hazard] referred 
to in this report as provided by the Work Health and Safety (Mines and Petroleum Sites) Act 2013, Work 
Health and Safety Act 2011, Work Health and Safety (Mines and Petroleum Sites) Regulation 2014 and 
Work Health and Safety Regulation 2017.  


Legislation, section/clause Legislative requirements 


WHS (M&PS) Regulation,  
clause 9 


Management of risks to health and safety 


WHS (M&PS) Regulation,  
clause 39 


Ensuring exposure standards for dust not exceeded 


WHS (M&PS) Regulation,  
clause 54 


Air quality—airborne contaminants 


WHS (M&PS) Regulation,  
clause 104 


Duty to provide information, training and instruction 


WHS (M&PS) Regulation,  
clause 109 


Health monitoring of worker 


WHS (M&PS) Regulation,  
clause 111 


Duty to ensure health monitoring is carried out or supervised by 
registered medical practitioner with experience 


WHS (M&PS) Regulation,  
clause 113 


Duty to provide registered medical practitioner with information 


WHS Regulation,  
Clause 39 


Provision of information, training and instruction 


WHS Regulation, 
Chapter 7, Part 7.1 


Hazardous chemicals 


WHS Regulation, 
Chapter 7, Part 7.2  


Lead 


 



https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part2/div1/subdiv1/sec9

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part2/div4/subdiv2/sec39

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part2/div5/subdiv2/sec54

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part2/div7/sec104

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part3/sec109

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part3/sec111

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part3/sec111

https://www.legislation.nsw.gov.au/#/view/regulation/2014/799/part3/sec113

https://www.legislation.nsw.gov.au/#/view/regulation/2017/404/chap3/part3.2/div1/sec39

https://www.legislation.nsw.gov.au/#/view/regulation/2017/404/chap7/part7.1

https://www.legislation.nsw.gov.au/#/view/regulation/2017/404/chap7/part7.2
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Executive summary 
This report summarises the findings of the targeted assessment program in relation to the hazard of worker 
exposure to respirable dust in underground coal mines. Assessments were undertaken at 15 mines in the 
period October 2016 to August 2017.   


The targeted assessment is an in-depth look at the control measures for the management of worker exposure 
to respirable dust and their implementation. The assessments are undertaken by a multi-disciplined team of 
Resources Regulator inspectors using both desktop and on-site assessment.  


During this program, mine operators were assessed for compliance to legislation in force at the time of the 
assessment, including the Work Health and Safety Regulation 2011. References to that Regulation are made 
in this report. It should be noted that the Regulation was repealed on 31 August 2017, and replaced by the 
Work Health and Safety Regulation 2017, which commenced on 1 September 2017.   


The findings of the assessments are grouped into those that are specific to the principal hazard of worker 
exposure to respirable dust, and those that could be generally applied to all aspects of critical control measure 
implementation. 


The assessment program identified that at many sites there were opportunities to improve the effectiveness of 
principal hazard management plans, procedures and trigger action response plans (TARPs).  


In particular, procedures did not always mandate the use of personal protection equipment (PPE) and/or 
respiratory protective equipment (RPE), even though the assessment teams observed worker use of PPE was 
widespread. 


Another common issue was the failure to involve an appropriate cross-section of workers exposed to the 
hazard in risk assessments.  


Targeted assessments are seen as a valuable process and a powerful analytical tool capable of identifying 
critical risk control issues not previously uncovered by conventional inspection regimes.  
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Background 
The targeted assessment program (TAP) provides a planned, intelligence-driven and proactive approach to 
assessing how effective an operation is when it comes to controlling critical risk. The TAPs apply the following 
principles:  


• A focus on managing prescribed ‘principal hazards’ from the Work Health and Safety (Mines and 
Petroleum Sites) [WHS (M&PS)] Regulation. 


• Evaluation of the effectiveness of control measures implemented through an organisation’s safety 
management system.  


• Consideration of the operation’s risk profile and the targeting of operations deemed to be highest risk.  


The objective of the risk profiling is to identify the inherent hazards and the hazard burdens that exist at 
individual operations in each mining sector in NSW. The information is then used to develop the operational 
assessment and inspection plans that inform the program.  


Each TAP is undertaken by a team of inspectors from various disciplines, such as electrical and mechanical 
engineering, who work together with the operation’s management team to undertake a thorough assessment 
of the control measures associated with the relevant hazard and their implementation. 


Scope 
Involving a multidisciplinary team of inspectors, the scope of the targeted assessment included two elements: 


• A desktop assessment of: 


o compliance against legislation with respect to worker exposure to respirable dust. 


o controls the mine utilises to prevent and mitigate worker exposure to respirable dust. 


o means the mine utilise to monitor the effectiveness of those controls. 


• A workplace assessment of the implementation of those controls. 


The process  
The process for undertaking a TAP generally involves the following stages:  


1. Preliminary team meetings and the preparation of documents.  


2. Information and assessment requirements are discussed and supplied to the relevant mine.  


3. Execution of a two-day on-site assessment involving:  


o a site desktop assessment of all relevant plans and processes  


o a discussion with the mine management team on the legislative compliance of the relevant plans  


o the inspection of relevant site operations.  


4. Discussion and feedback to the mine management team on the findings and actions that need to be taken 
by the operators in response. 
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Worker exposure to respirable dust 
Airborne contaminants are generated during coal mining activities such as extraction, drilling, crushing, hauling 
and stockpiling of coal and other rock containing minerals. Workers in coal mines may be exposed to both coal 
dust and crystalline silica. 


In NSW mines, the operator of a mine or petroleum site must, so far as is reasonably practicable, minimise the 
exposure of persons at the mine or petroleum site to dust and must ensure that no person is exposed to eight-
hour, time-weighted average atmospheric concentrations1 or airborne dust that exceeds2: 


• 3mg/cubic metre  (or 2.5mg/cubic metre in the case of a coal mine) for respirable dust 


• 10mg/cubic metre for inhalable dust. 


Exposure standards for individual substances also must be met within these overall limits3. For example, the 
exposure standard for crystalline silica is 0.1 mg/m3. 


In underground coal mining, coal and crystalline silica dust occur at both an inhalable and respirable fraction. 
Normally dust of the larger inhalable fraction is considered an irritant as it is deposited in the upper respiratory 
tract. At the smaller respirable fraction, these dust contaminants represent a serious health risk to those 
exposed. 


The smaller-sized particles can penetrate into the lower regions of the lung where gas exchange takes place. 
As such, coal and silica dusts at the respirable fraction can cause pneumoconiosis (in the case of coal) or 
silicosis (in the case of crystalline silica). Both conditions are disabling and often fatal lung diseases.4 


Under the Work Health and Safety Act, a person conducting a business or undertaking has the primary duty to 
ensure, so far as is reasonably practicable, workers and other people are not exposed to health and safety 
risks arising from the business or undertaking. This duty includes eliminating exposure to airborne dusts, for 
example, by using alternative mining processes. If it is not reasonably practicable to do so, then risks must be 
minimised so far as is reasonably practicable. 


The Work Health and Safety Regulation 2017 (WHS Regulation) prescribes exposure standards5 for 
substances that must not be exceeded in respect of a person at any workplace (clause 49). 


The WHS (M&PS) Regulation requires mine operators to manage risks and implement a range of control 
measures including: 


• implementing a principal hazard management plan for air quality or dust or other airborne contaminants 
(clause 23-25) 


• ensuring the exposure standards for respirable and inhalable dust is not exceeded (clause 39) 


• implementing a ventilation control plan to ensure effective ventilation (clause 62) 


• implementing air quality, monitoring and ventilation arrangements (clauses 38-42, 54-64 and 71). 


Also, operators of underground coal mines must: 


• undertake certain actions if air quality or safety standards are not met, such as withdrawing workers from a 
place of risk and preventing re-entry (clause 76) 


                                                
1Measured in accordance with Australian Standard AS2985-2009  
2 Clause 39(1) WHS(M&PS)R 
3 Clause 49 WHSR 
4 The National Institute of Occupational Safety and Health (NIOSH)  
5 Workplace Exposure Standards for Airborne Contaminants published by Safe Work Australia on its website with a date of effect 18 April 2013 as in 
force or remade from time to time 
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• ensure sampling and analysis of airborne dust is carried out under, and in accordance with, a licence, and 
at the locations and frequency as prescribed (clause 86, part 9 and schedule 6). 


Elimination and control 
To reduce worker exposure to appropriate levels, more than one control measure may be required. 


Control measures fall into three categories, which are minimising: 


• dust generation at the source. 


• dust generation throughout the work environment. 


• exposure to individuals at risk. 


Whatever strategy is adopted, it should be under-pinned by using the hierarchy of controls, so that 
occupational exposure to dust can be controlled. 


The process used to extract coal is an important consideration in minimising the dust generated. 


The design, implementation and operation of ventilation systems also play a critical role in minimising the risks 
posed by airborne contaminants. 


Dust suppression and separation/positioning of people by distance or barriers from the airborne contaminants 
generated may also prevent or minimise exposure (for example, use of remote controlled equipment). 


The above methods to control workplace exposure to airborne contaminants are now readily available, as are 
commonly employed atmospheric monitoring and health surveillance strategies. 


Bow-tie risk assessment  
When developing this targeted assessment program, the Resources Regulator completed a bow-tie risk 
assessment of the hazard of respirable dust in underground coal mines. The bow-tie risk assessment was 
facilitated by appropriately qualified external facilitators, and involved both Resources Regulator inspectors, 
and external representatives with appropriate technical expertise. 
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Bow-tie risk assessment – outcome  
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Assessment findings 
The program identified issues with the implementation of critical controls to manage the hazard, and more 
generally with the process of developing, reviewing and implementing controls. While the issues were not 
relevant at all of the sites assessed, the findings provide some valuable information that should be considered 
when developing critical controls. 


The assessment process identified that: 


• where specific procedures, triggers, and other information was included in more than one document within 
the safety management system, the stated information must be consistent. In particular, information must 
not conflict in relation to controls such as operator positioning, requirements for PPE, required ventilation 
quantities for specific mining tasks, and inspection and maintenance requirements for equipment that 
captures or suppresses dust, or is used in dust-generating activities  


• procedures and standards must address the principal mining hazard of air quality or dust or other airborne 
contaminants, and include all mining operations and locations where airborne dust is present    


• operator positioning/safe standing zones in particular were sometimes developed with a specific focus on 
risks associated with the hazards of gas and interaction between workers and equipment, without specific 
consideration or reference to the hazard of airborne dust  


• appropriate consultation was not always undertaken with workers in all aspects of the development, 
implementation and review of the safety management system for the mine6. This included the process of 
identifying principal hazards, assessing and managing risks associated with principal hazards, and 
developing principal hazard management plans. In general, the assessment team considered there was 
insufficient consultation with workers between conducting risk assessments and the development of related 
principal hazard management plans.  


The findings of this assessment are grouped into two categories: 


• General findings that can be used to inform all aspects of an operation’s safety management and provide 
valuable information and insight across all sectors and operation types. 


• Specific findings should be used to inform and improve safety management systems to address this 
principal hazard. 


General findings 


Areas of good practice 
During the program it was identified that some mines had implemented initiatives including engaging 
consultants and/or forming project teams to develop and trial controls. These included a longwall automation 
project, and development and trial of water spray types and configurations for equipment in longwall and 
development panels, conveyor belt systems, and for roadways.      


Most mines implemented static and real-time dust sampling regimes above statutory requirements. Some 
mines implemented similar exposure group (SEGs) programs for some or all mining operations.  


Several mines initiated dust mapping to determine the source of airborne dust, to identify areas of high levels 
of airborne dust, and establish a baseline for monitoring and measuring change. This has assisted mine 
operators to develop and monitor the effectiveness of controls including, safe standing zones/worker 
positioning, PPE/RPE requirements, and controls for working on the return side of dust-generating activities.  


                                                
6 Part 4, WHS (M&PS) Regulation 
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At most mines, workers demonstrated an appropriate level of understanding of procedures and systems 
relating to managing the risks associated with airborne dust, indicating training programs were effectively 
implemented.  


Consultation 
 Issue Response 


Risk assessments for principal 
hazards did not always include 
consultation with workers who 
are likely to be directly 
affected by the hazard subject 
of the risk assessment.  


The mine operator must ensure that risk assessments include 
participants who are likely to be directly affected by the hazard subject 
of the risk assessment, including operators and trades personnel 
where appropriate7.  


Most mines were unable to 
produce evidence of 
consultation with workers 
between the completion of risk 
assessments and the 
development of related 
principal hazard management 
plans.   


Mine operators must consult with workers in relation to the 
development, implementation and review of the safety management 
system, including principal hazard management plans8.   


Trigger action response plans 
Issue Response 


Risk assessments undertaken 
generally identified appropriate 
controls for reducing exposure 
to respirable dust. However, 
there were no TARPs in place 
to initiate the implementation 
of these controls. 


Mine operators should determine the appropriate responses to 
foreseeable failures of dust reduction or mitigation controls and 
document those actions to provide clear instructions for all workers. 


Mine operators did not 
consider the impacts of strata 
in determining risk controls. 


TARPs should consider the impact of poor strata conditions on 
longwall faces, and minimise the risk of worker exposure to dust when 
workers are manually operating powered roof supports in these 
conditions. 


 
  


                                                
7 Clause 47, clause 49 WHS Act, clause 120, clause 121 WHS (M&PS) Regulation 
8 Part 4, WHS (M&PS) Regulation 
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Personal protective equipment 
Issue Response 


Workers did not always carry or 
wear appropriate PPE when 
working in areas of the mine 
where respirable dust was 
present. 


Mine operators must ensure that workers are provided with 
appropriate PPE9 and are provided with information, training and 
instruction in the proper use of the equipment.10 The worker must, as 
far as the worker is reasonably able, use or wear the PPE in 
accordance with the information, training or instruction provided. 


Procedures did not always 
clearly state when the use of 
respiratory protection 
equipment is mandatory, and 
did not address all mining 
operations and locations where 
respirable dust is present. 


Mine operators must ensure that procedures clearly identify the 
circumstances when wearing RPE is mandatory. The PPE procedure 
must address all mining operations and locations including longwall 
and development panels, and return airways.11     


Requirements for principal hazard management plan 
Issue Response 


The principal hazard 
management plan (PHMP) did 
not set out the reasons for 
adopting or rejecting each 
control measure considered. 


In assessing risk and selecting controls to implement, the reasons for 
adopting or rejecting controls to manage principal mining hazards 
must be documented in the PHMP12.  


The PHMP did not contain 
performance standards, or was 
not reviewed and/or audited as 
per legislated requirements.  


Mine operators must ensure that PHMPs include performance 
standards and that plans are audited against the performance 
standards13. Principal hazard management plans must also include 
provisions for review, and as necessary revision of the plan14.  


Several mines had stated an 
incorrect workplace exposure 
standard within the PHMP in 
relation to respirable crystalline 
silica. 


Mine operators must ensure that in relation to respirable crystalline 
silica no person at the mine is exposed to an eight-hour, time-
weighted average atmospheric concentration that exceeds 
0.10mg/m315 


 
                                                
9 Clause 36, WHS Regulation 
10 Clause 44, WHS Regulation 
11 Clause 44, WHS Regulation 
12 Clause 24(3)(i), WHS (M&PS) Regulation. 
13 Clause 15, WHS (M&PS) Regulation 
14 Clause 25, WHS (M&PS) Regulation. 
15 Clause 39, WHS (M&PS) Regulation 
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Document control 
Issue Response 


Documents within the safety 
management system including 
management plans, work 
procedures, and other documents 
were not always consistent in 
relation to stated information.   


Where specific procedures, requirements or other information 
appears in more than one document within the safety management 
system, mine operators must ensure that information is consistently 
stated. Mine operators should review management plans, work 
procedures and other documents to ensure that information is 
consistently stated in relation to RPE/PPE requirements, safe 
standing zones, required ventilation quantities for specific mining 
operations and inspection and maintenance of equipment, including 
triggers for replacing picks and sprays on longwall shearers and 
continuous miners. 


Documents contained within the 
safety management system, 
including risk assessments, 
management plans and control 
plans did not always address all 
mining operations at mine sites.   


Mine operators must establish a safety management system that 
provides a comprehensive and integrated system for the 
management of all aspects of risks to health and safety in relation 
to the operation of the mine.16 


Respirable dust - specific findings 


Worker positioning/safe standing zones 
Issue Response 


Worker positioning/safe standing 
zones contained in management 
plans and work procedures often 
addressed other principal mining 
hazards, but failed to consider 
the principal mining hazard of air 
quality or dust or other airborne 
contaminants appropriately.   


Ensuring appropriate consultation, mine operators are required to 
develop documented procedures to control the positioning of 
workers on and around mining machinery while it is operational. 
The procedures must clearly address all hazards, including the 
risks associated with the principal mining hazard of air quality or 
dust or other airborne contaminants.17 All workers potentially 
exposed to the hazard are to receive information, training and 
instruction in the procedures as appropriate.18 


Worker positioning procedures 
not developed for all cutting 
sequences in mining operations 
and not identified in relevant 
management plans and work 
procedures. 


When developing controls for minimising worker exposure to 
airborne dust, mine operators should ensure that operator 
positioning procedures are developed for all cutting sequences in 
mining operations in both longwall and development. Procedures 
should be documented in the PHMP, or otherwise the PHMP 
should directly reference documents where the specific procedures 
are stated.    


                                                
16 Clause 13, WHS (M&PS) Regulation 
17 Clause 5, WHS (M&PS) Regulation  
18 Clause 104, WHS (M&PS) Regulation, clause 39 WHS Regulation 
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Ventilation quantities 
Issue Response 


Ventilation control plans (VCP) 
specify legislated minimum 
quantities for ventilation19 but in 
practice some areas of the mine, 
for example the longwall face, 
require much higher minimum 
ventilation quantities for safe 
production to occur. 


Mine operators must ensure the VCP accurately records the 
ventilation quantities required for safe production to occur, and 
must ensure that the ventilation system provides air that is of 
sufficient volume, velocity and quality to ensure that the general 
body of air in the areas in which people work or travel has dust 
levels that are as low as is reasonably practicable, and do not 
exceed the relevant levels specified in clause 39.20 


Procedures relating to the use of 
cement products were identified 
as being deficient. There was no 
standard for ventilation of areas 
where cement products were 
being mixed or sprayed. 


Procedures relating to the construction of stoppings and seals 
should be reviewed. Mine operators should develop a standard for 
ventilation where cement products are used in underground coal 
mines that considers the hazard of respirable dust. Work 
procedures should identify appropriate controls including ventilation 
quantities required21, and consider whether an exclusion zone is 
necessary on the return side of this work. 


Restricted zones 
Issue Response 


Management plans did not 
adequately define what activities 
were permitted in the restricted 
zone and the time limits for those 
activities. Workers were unsure 
of restrictions for working on the 
return side of dust generating 
activities. 


It is recommended that mine operators review procedures for 
when, how long and under what conditions workers can be on the 
return side of dust generating activities. Mine operators must 
ensure that workers are aware of the procedures and audit 
compliance with the procedures. Mine operators should carry out 
sampling of air in restricted zones to confirm that the time limits for 
exposure are appropriate. 


 
  


                                                
19 Clause 71, WHS (M&PS) Regulation 
20 Clause 55, WHS (M&PS) Regulation 
21 Clause 55, WHS (M&PS) Regulation 
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Dust sampling and health monitoring records  
Issue Response 


Most mines incorrectly 
documented that worker health 
monitoring records and dust 
sampling results are kept for a 
period of seven years.  


Mine operators must ensure that for hazards known to have a 
cumulative or delayed health effect, health monitoring reports for 
workers must be kept for least 30 years after the record is made.22 
In relation to air monitoring results, mine operators must ensure 
that results are recorded and kept for 30 years after the date the 
record is made.23 


Where to now 
Targeted assessments provide an account of the issues observed at particular sites at a particular time. Some 
of the findings resulted in notices being issued, including notices of concern, under section 23 of the WHS 
(M&PS) Act, and improvement notices, under section 191 of the WHS Act.  


The matters addressed by the notices reflect the findings of the Resources Regulator inspectors.  


Notice In relation to 


Improvement notices, s 191 • VCP does not identify actual quantities of air required for specific 
mining operations and does not address all mining operations.  


• A standard is required for ventilation where cement products are 
used.  


• Inadequate or no procedures for when, how long and under what 
conditions workers can be on the return side of dust generating 
activities.  


• Health monitoring reports of workers not kept for thirty years as 
required by legislation. 


• Safety management system documents do not address all mining 
operations undertaken at the mine site. 


• Safe standing zones/worker positioning procedures not developed 
for all cutting sequences for continuous miner and longwall 
operations; worker positioning procedures not identified in relevant 
plans and work procedures, and worker positioning procedures 
that do not address the principal hazard of respirable dust.  


• No documented procedure for cutting stone in first workings and 
no documented procedure for replacing picks and sprays on 
shearer cutter drums. 


• PPE procedure does not mandate circumstances when respiratory 
protection must be worn during mining operations in longwall and 
development areas.  


• Documented PPE procedures to reflect actual practice of workers 


                                                
22 Clause 119(2)(a), WHS (M&PS) Regulation 
23 Clause 50 WHS Regulation 
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at the mine site.  


• Workers not provided with appropriate PPE for respirable dust 
hazard and no refresher training for PPE, including fit-testing. 
Training should be included in the mine’s documented training 
system.  


• Work procedure documents do not reflect actual practice of 
longwall operator.  


• Inadequate access for mining supervisors to handheld air 
measurement devices in production areas. 


Notices of concern, s 23 • Documents identify incorrect workplace exposure standard for 
respirable crystalline silica. 


• TARPs not developed for all foreseeable failures of controls for 
airborne dust. 


• Reasons for adopting or rejecting control measures not 
documented in the Principal hazard management plan (PHMP) as 
required by legislation. 


• Risk assessments did not include a reasonable mix of workers 
likely to be subject to the hazard being assessed, including 
operators and trades personnel. 


• PHMPs not audited against performance standards and not 
reviewed by triggering events identified in plans and legislation.  


• Safety management system documents did not state consistent 
information in relation to PPE requirements and operator 
positioning during mining operations, and triggers for replacing 
picks and sprays on longwall shearers and continuous miners.    


• Induction training does not include health consequences of 
exposure to airborne dust. 


• Frequency of air quantity measurements insufficient to detect rapid 
change in circumstances.  


• Insufficient resources allocated to implement proactive road works.  


• No documented standard for water sprays on conveyor belt 
installations. 
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The TAP process identified many common issues around the approach taken by the sites to manage the risk 
of worker exposure to respirable dust. It also highlighted broader issues that are common across mine sites 
associated with the process of developing, implementing and reviewing the risk assessments, management 
plans and procedures. 


The regulator expects that all underground mines, not only underground coal operations, will review their 
procedures and practices in consideration of the findings of this report.  


The requirement for principal hazard management plans to comply with legislative requirements, reduce risk to 
as low as reasonably practicable and give appropriate consideration to the implementation and management 
of critical controls apply at all types of mining operations. 


Issued by 


Garvin Burns 
Deputy Chief Inspector 
NSW Resources Regulator 
NSW Department of Planning and Environment 
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Further information 
For more information on targeted assessment programs, the findings outlined in this report, or other mine 
safety information, please contact the Resources Regulator’s Mine Safety branch. You can find the relevant 
contact details below. 


Type Contact details 


Email mine.safety@industry.nsw.gov.au 


Phone 02 4931 6666 


Incident reporting To report an incident or injury call 1300 814 609 


Website resourcesandenergy.nsw.gov.au/safety 


Address Resources Regulator, Mine Safety  


516 High Street 


Maitland NSW 2320 


 


  



mailto:mine.safety@industry.nsw.gov.au

http://www.resourcesandenergy.nsw.gov.au/safety
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Appendix A: Legislative requirements relating to 
worker exposure to respirable dust 
The appendix provides a list of certain legislative requirements for the management of worker exposure to 
respirable dust referred to in this report as provided by the Work Health and Safety (Mines and Petroleum 
Sites) Act 2013, Work Health and Safety (Mines and Petroleum Sites) Regulation 2014, and Work Health and 
Safety Regulation 2017. 


Legislation, section/clause Legislative requirements 


WHS Regulation,  
clause 36 


Hierarchy of control measures 


WHS Regulation,  
clause 44 


Provision to workers and use of personal protective equipment 


WHS Regulation,  
clause 49 


Ensuring exposure standards for substances and mixtures not 
exceeded 


WHS (M&PS) Regulation,  
clause 15 


Performance standards and audit 


WHS (M&PS) Regulation,  
clause 23 - 25 


Principal hazard management plans 


WHS (M&PS) Regulation,  
clause 38 - 42 


Air quality and monitoring 


WHS (M&PS) Regulation,  
clause 54 - 64 


All underground mines—air quality and ventilation 


WHS (M&PS) Regulation,  
clause 71 


Ventilation 


WHS (M&PS) Regulation,  
clause 76 


Requirements if air quality or safety standards not met 


WHS (M&PS) Regulation,  
clause 86 


Sampling and analysis of airborne dust 


WHS (M&PS) Regulation,  
Part 9 


Licensed activities at coal mines 


WHS (M&PS) Regulation,  
Schedule 6 


Sampling airborne dust at coal mines 


  



https://www.legislation.nsw.gov.au/%7E/view/regulation/2017/404/chap3/part3.1/sec36

https://www.legislation.nsw.gov.au/%7E/view/regulation/2017/404/chap3/part3.2/div5/sec44

https://www.legislation.nsw.gov.au/%7E/view/regulation/2017/404/chap3/part3.2/div7/sec49

https://www.legislation.nsw.gov.au/%7E/view/regulation/2017/404/chap3/part3.2/div7/sec49

https://www.legislation.nsw.gov.au/%7E/view/regulation/2014/799/part2/div1/subdiv2/sec15

https://www.legislation.nsw.gov.au/%7E/view/regulation/2014/799/part2/div2

https://www.legislation.nsw.gov.au/%7E/view/regulation/2014/799/part2/div4/subdiv2

https://www.legislation.nsw.gov.au/%7E/view/regulation/2014/799/part2/div5/subdiv2

https://www.legislation.nsw.gov.au/%7E/view/regulation/2014/799/part2/div5/subdiv3/sec71

https://www.legislation.nsw.gov.au/%7E/view/regulation/2014/799/part2/div5/subdiv3/sec76

https://www.legislation.nsw.gov.au/%7E/view/regulation/2014/799/part2/div5/subdiv4/sec86

https://www.legislation.nsw.gov.au/%7E/view/regulation/2014/799/part9

https://www.legislation.nsw.gov.au/%7E/view/regulation/2014/799/sch6
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WHS (M&PS) Regulation,  
clause 119 


Health monitoring reports kept as records 


WHS (M&PS) Regulation,  
clause 121 


Mine operator must consult with workers 


 



https://www.legislation.nsw.gov.au/%7E/view/regulation/2014/799/part3/sec119

https://www.legislation.nsw.gov.au/%7E/view/regulation/2014/799/part4/sec121
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1.  EXECUTIVE SUMMARY 
 
This report has been prepared so as to address the case of Worker-X and his exposure to respirable 
dust and the associated risk of lung disease. During 1985-2014 Workers-X was employed for 27 years 
as an operator with duties of driving a haul truck, with a small amount of dozer and push cut work in 
open cut coal mines in the Singleton mining district. In late 2016 he developed rapid onset and severe 
lung fibrosis with a considerable loss of lung function. The symptoms mimicked more closely those of 
silicosis rather than coal workers pneumoconiosis and hence were labelled as mixed dust 
pneumoconiosis. An alternate diagnosis of idiopathic pulmonary fibrosis was provided from another 
practitioner. 
 
The occupational history and comments on dust provided by Worker X are unremarkable in that they 
reflect the standard work activities and actions undertaken by haul truck drivers in the mining industry.  
 
The personal respirable dust and respirable crystalline silica (quartz) results obtained by occupational 
hygienists from Coal Services were collated for the mine sites relevant to the employment periods for 
Worker X, in addition the results from Truck and Dozer operators from all OC in the Singleton District 
were obtained for the relevant periods from 1985 to 2014. The two sets of exposure data were 
essentially similar. The mean and range of the respirable ‘mixed coal’ dust samples from 1985-2014 
was much less than the regulatory exposure standard. The mean of the respirable quartz dust samples 
from 1985-2014 was less than the regulatory exposure standard, a small number of respirable quartz 
samples from the first employment period pre 2000 exceeded the regulatory exposure standard.  
 
The cumulative exposure for the 6 employment periods amounted to 6.8mg/m3.years of respirable 
‘mixed coal’ dust which included 1.55 mg/m3.years of respirable quartz.  In overview, Worker X 
commenced in the industry in 1985 initially experiencing to 2005, 19 years of possibly the highest 
respirable dust, with the highest % quartz (25-30%) in the respirable dust samples producing highest 
respirable quartz exposure periods (83% and 90% of his working life respirable dust and respirable 
quartz exposures respectively).  Followed by a further 6 years of lesser exposures (now at 96 % and 
98% of his working life respirable dust and respirable quartz exposures). 
 
Worker X’s cumulative respirable dust and respirable quartz exposure was used to estimate the 
following levels of risk;   
 


 Considering respirable coal dust (<5% quartz) by itself - around 1 in 10,000 for developing CWP 
Category 2, and 1 in 6,600 of developing PMF. 


 Considering respirable quartz by itself - 1 in 500 for developing Silicosis 1/0 or higher.  
 Considering a mixture of respirable coal dust and elevated respirable quartz dust, after 


applying the IOM 1997 multi opencast mine model predicts ~ a 1 in 200 risk of category 2/1+ 
mixed dust pneumoconiosis and a risk of ~ 1 in 400 for developing PMF. 


 
The rapid onset and progression of the medical symptoms and radiological evidence from Worker-X 
do not fit comfortably with the tasks undertaken as listed in the employment history, they do not fit 
comfortably with the associated measured exposures for haul truck operators in the Singleton district, 
they do not fit comfortable with the various risk estimates for pneumoconiosis, do not fit comfortably 
with the findings of Coal Services medical surveillance program, and do not fit comfortably with the 
published epidemiological studies on coal miners. Alternative aetiology is likely. 
 
Alan Rogers 
Company Director 
MSC, CIH, COH, FAIH.  
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2.  SCOPE OF THE REPORT  
 
A request was received from the Major Investigations and Emergency Response Unit, NSW 
Resources Regulator to conduct an examination of the exposure risk to respirable silica and 
respirable coal dust at Hunter Valley open cut coal mines specifically as it relates to the 
employment duties carried out by Worker X.  Specifically to; 
 


i. Review interview plan for the injured party (interview transcript - 63 pages)  
 


ii. Review the brief of evidence consisting of approximately 200 separate relevant 
documents and determine the exposure risk profile for the injured party. 


 


iii. Create a report that assesses the risk controls at the workplaces and compare to 
industry best practice  


 
 
 
3.  WORKER X - OCCUPATIONAL HISTORY: 
 
[The following information has been pieced together from information contained in the Record of 
Interview conducted by Inspector Tomas Richards on 22 May 2017 and contained in the medical 
records of Worker X recorded periodically by Coal Services. There are some minor discrepancies 
between the dates and durations worked post 2000 but it is considered they are unlikely to effect the 
overall exposure and risk assessment process since Worker X maintained the same style of work during 
his employment during this time]. 
 
Worker X was born in 1965, he resided and was schooled at Muswellbrook NSW. His father 
was an electrical fitter at the adjacent Muswellbrook Coal Mine which fed coal to 
Muswellbrook power station. Their family house was provided by the mining company, it was 
in Midanga Avenue located at the back of Number One underground coal mine where his 
father worked. 
 
Worker X claims he has never smoked tobacco. 
 
Worker X progressed through the following employment periods. 
 
 


1981-1983 - TLE Electrical wholesalers. Worker X left school in year 10 (at age ~16), and 
took up employment in the stores for TLE. There was no coal dust exposure, possibly 
occasionally very low exposure to asbestos when handling electrical gear that may have 
contained bonded asbestos.  


 
 


1983-1984 - Toshiba Bayswater Power Station. He was working in the power station 
store during construction phase and prior to the stations commissioning. 
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3.1     February 1985-June 1999 - Muswellbrook Coal - he was employed as an Operator by at 
Muswellbrook Number 2 Open-cut. Initially work for around the first 10 years involved 
haul Truck Driver duties, initially he did two weeks training in a 35 tonne Euclid truck 
under the bins and then commenced working night shifts driving a 190 Euclid. He drove 
the truck up to the shovel/excavator in the pit where it was loaded then hauled 
overburden to the waste dump or hauled coal to the bins (the crusher was not 
operational during night shift). He estimated ratio overburden stripping to coal as 
around 8 to 1.  The dozers were used for clean up around the shovel and for cross 
ripping sandstone and limestone beds. After the amalgamation of unions in 1993, he 
undertook additional duties in 1994 on dozers (D9’s, D10’s, D11’s) and a push Cat and 
obtained his training ticket, later there were Komatsu 730E trucks. As well as mainly 
trucking in this later period he also became a first aider and spend time working in, and 
cleaning out the bath house. During the entire period all vehicles he worked in were 
enclosed cab types, Worker X commented that some of the earlier ones leaked dust 
and there was mud and dust taken into the cabs on operator’s boots. 


 


Duration of employment 14 years 5 months. The first 9-10 years he did night shift as a 
truck driver them for 4 ½ years on rotating shifts on a mixed range of vehicles consisting 
of trucks, dozers and push Cats, not all shifts or part shifts involved driving these 
vehicles.  


 
 
3.2      November 2000- 2005 - United Mining Support Services employed as a contractor at 


various mines (Drayton, Liddell and Mt Owen). Worked as an Operator hauling 
overburden and also coal to the crusher.  
 


Duration of employment ~4 ½ years as a haul truck driver. 
 
 
3.3    2005-August 2011  - Pegasus (Ashton Coal)  The mine ran as a truck and excavator 


operation, with only two shifts per day and no nightshift.  He was a contracted Operator 
and ran one of the newer Komatsu 730E haul trucks. He was a contractor on site from 
start up to completion of the mine.  
 


Duration of employment ~6 years as a haul truck driver. 
 


 
3.4      August 2011-October 2012 - Bulga Coal   Operator for crib relief, 4 days a week 


between shifts, did other odd jobs apart from crib relief trucking. It appears he took a 
four month break during this period. 
 


Duration of employment ~10 months crib relief haul truck driver. 
 
 
3.5      October 2012-October 2013 - Mt Owen Mine (Thiess)  he was a full time Operator 


including at Mt Ravensworth (Tessa, Skilled, One Key, Chandler) Then he took a 5-6 
month break went up the coast. 
 


Duration of employment 1 year haul truck driver. 
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3.6      2014 - Chandler MacLeod (Mt Arthur Mine)   For 3 months he did Crib Relief for truck 
drivers on rotating shifts including night shifts. He was made redundant and took off up 
the coast towards Queensland, he made it to Ballina where he had previously lived but 
felt ill so he stayed there 12 months then went back down to ?Anna Bay. Has not worked 
since. 
 


Duration of employment 3 months as haul truck driver. 
 
 
Worker X commenced as a truck driver hauling coal and overburden in an open cut coal mine 
at age 20, continued in this line of work in an enclosed air conditioned cabin, ceasing around 
mid 2014, allowing for various breaks his duration of exposure amounted to around 27 years.  
 
 


 
4.  RESPIRABLE DUST EXPOSURE DATA 
 
Occupational exposure to airborne dust in the NSW coal industry is required to be kept below 
certain limits. The limits relevant to this investigation are based on the 8 hour Time Weighted 
Average (TWA) concentrations of dust, collected and analysed according to Australian 
Standard AS 2985 -2004 Workplace Atmospheres – Method for the Sampling and Gravimetric 
Determination of Respirable Dust, and where required the crystalline silica content measured 
according to Methods for Measurement of Quartz in Respirable Airborne Dust by Infra-red 
Spectroscopy and X-ray Diffractometry, NHMRC 1994. The numeric values for respirable dust 
and respirable quartz in NSW Open Cut Coal are as follows;  
 
Respirable Coal Dust -  1983-2004       3.0 mg/m3     2005 – Current      2.5 mg/m3  


[This is measured as the total mass of respirable aerosol particulate and is not 
necessarily pure coal dust but consists of a varying mix of coal, silicates from over and 
inter burden, and crystalline silica/quartz from sources such as coal, overburden and 
geological intrusions. The coal dust standard applies to dust with less than 5% quartz.] 


 
Respirable Quartz Dust -   1983-2004       0,15 mg/m3    2005 – Current      0.1 mg/m3. 
 
Order No 42 of the Coal Industry Act 2001 requires the regular collection and analysis of 
samples of airborne dust from the breathing zone of people whose health may be affected by 
the dust. For open cut operations sampling is to be conducted at intervals not exceeding 
twelve months and samples of respirable dust, inhalable dust and respirable quartz containing 
dust is to be collected from the breathing zone of at least five persons including, where 
possible: drill operators, shotfirers and stemmers and mobile equipment operators. 
 
The personal respirable dust and respirable crystalline silica (quartz) results obtained by 
occupational hygienists from Coal Services and also taken by occupational hygienists at one of 
the sites were collated for the mine sites relevant to the employment periods for Worker X. 
Further exposure data was provided by Coal Services on all Truck and Dozer operator dust 
samples from the Singleton District OC mines in the relevant periods from 1985 to 2014.  
 







Alan Rogers OH&S Pty Ltd                   Worker X – Dust Exposure & Risk of Pneumoconiosis                        Page  7. 


 


Occupational hygiene data tend to follow a log-normal distribution hence log-normal 
statistical treatment and descriptors is applied to determine compliance, however as the 
average exposure data is used in epidemiological studies and risk assessments, the average 
(arithmetic mean) exposure to coal and quartz dust was derived from the available data sets 
supplied by Coal Services and the on-site Occupational Hygienists. Some of the respirable dust 
results were listed to 1 decimal point others to two, less than values were taken as ½ values 
for calculation of the mean. Two dust and corresponding quartz results were excluded as they 
were well out of character with the remaining results and had possibly been tampered with. 
 
 
4.1   February 1985-June 1999 - Muswellbrook Coal –  
 


Truck drivers   0.9 (‘86) 0.35(‘87) 0.44 (’90) 0.06 (’90) 0.23 (‘92) 0.1 (’95) 0.1 (96) 0.1 (’97)  
0.7 (’97) 0.1 (’99)  mg/m3     
n=10,     = 0.31 mg/m3  range 0.06-0.9 mg/m3 


 
Dozer drivers  0.23 (‘84) 1.62 (’86) 0.28 (’87) 0.96 (’93) 0.24 (’93) 0.9 (’94) 0.2 (’94) 0.1 (’94) 


0.2 (’95) 0.3 (’95) 0.3 (’96) 0.2 (’96) 0.9 (’99) mg/m3 
n=13,     = 0.49 mg/m3   range 0.1-1.62 mg/m3 


   Respirable quartz 6-7% 2 samples loader drivers (1 coal, 1 inter-burden) 
 


Trucks - All Singleton District    Dust n= 160,    = 0.31 mg/m3   range 0.1-1.5 mg/m3 
Trucks - All Singleton District  Quartz   n= 4,   = 0.13 mg/m3  range 0.04-0.33 mg/m3 


             Respirable quartz on the 4 samples 10-25% , all from high dust samples and working  
             overburden, to allow for coal haulage apply   = 0.07 mg/m3  as per next work period 
 
             Dozer - All Singleton District   Dust    n= 169,   = 0.36 mg/m3   range 0.01-1.6 mg/m3 
             Dozer - All Singleton District  Quartz   n= 5,     = 0.10 mg/m3  range 0.06-0.17 mg/m3 
 
 
4.2   November 2000- 2005 United Mining Support Services –  


contractor at various mines (Drayton, Liddell and Mt Owen).  
Drayton           n=13,     = 0.17 mg/m3   range 0.1-0.4 mg/m3 
Liddell  OC       n=3,       = 0.20 mg/m3   range 0.2-0.2 mg/m3 
Mt Owen         n=11,     = 0.21 mg/m3   range 0.1-0.7 mg/m3  
Combined 3 mines        = 0.19 mg/m3 


  
            Truck - All Singleton District   Dust     n= 91,   = 0.23 mg/m3   range 0.1-2.0 mg/m3 
            Truck - All Singleton District  Quartz   n= 4,     = 0.07 mg/m3  range <0.01-0.11 mg/m3 
  
 
4.3   2005-August 2011   Pegasus (Ashton Coal)   
 


Truck Drivers  0.1 (’06) 0.1 (’08) no result (’09) 0.1 (’11) mg/m3 all working overburden. 
            n=2,     = 0.1 mg/m3   range 0.1-0.1 mg/m3 


                         Respirable Quartz 7.5 – 22%  (mean 15%) in 4 samples taken on drillers. 
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            Truck - All Singleton District        Dust n=195,   = 0.14 mg/m3   range 0.1-0.8 mg/m3 
            Truck - All Singleton District   Quartz   n=37,    = 0.02 mg/m3 range <0.01-0.08 mg/m3 
 
 
4.4   August 2011-October 2012 Bulga Coal   Operator for crib relief 
 


Truck Drivers 0.1 (’11) 0.1 (’12) 0.1 (’12) 0.1 (’12) 0.1 (’12) 0.1 (’12) 0.1 (’12) 0.2 (’12) mg/m3    
all samples when hauling coal 


n=8,     = 0.11 mg/m3   range 0.1-0.2 mg/m3 
Respirable crystalline silica 2% crystalline on 2 samples taken on shot-firers 


 
            Truck - All Singleton District     Dust   n= 81,   = 0.17 mg/m3   range 0.1-1.0 mg/m3 
            Truck - All Singleton District   Quartz n= 19    = 0.01 mg/m3   range <0.01-0.06 mg/m3 
 
 
4.5   October 2012-October 2013 Mt Owen Mine (Thiess)  full time haul truck Operator 
 


Truck Driver 0.08 (’13) mg/m3 
Respirable crystalline silica 8% crystalline silica taken on grader driver, & 2 excavator  
Drivers 
 


            Truck - All Singleton District     Dust n= 38,     = 0.17 mg/m3   range 0.02-0.61 mg/m3 
            Truck - All Singleton District  Quartz n= 13,     = 0.01 mg/m3  range <0.01-0.05 mg/m3 
 
 
4.6   2014  Chandler MacLeod (Mt Arthur Mine)   Worker X did Crib Relief haul trucks 
 


No samples taken by CS on truck drivers in 2014,  dozer drivers 0.1, 0.02, 0.37 mg/m3 
Respirable crystalline silica 3% for samples taken on dozer driver, 


 
Mt Arthur Occupational Hygienist dust results sampling first 6 months 2014 –  
Operator Mining -  0.1, <0.1, <0.1, 0.3, 0.4, 0.1, 0.1, 0.4 mg/m3 
n=8,     = 0.19 mg/m3  range <0.1-0.4 mg/m3 


 
            Truck - All Singleton District     Dust n= 21,     = 0.11 mg/m3   range 0.01-0.15 mg/m3 
            Truck - All Singleton District  Quartz n=  4,     = 0.02 mg/m3   range <0.01-0.02 mg/m3 
 
 
For the period 1985 to 2014 there were 755 respirable dust sample results relating to haul 
truck drivers of which 84 were analysed for quartz and the results provided. For the period 
1985- to 2000, 169 respirable dust results were available for dozer drivers of which 5 were 
analysed for respirable quartz. 
 
On the sites during the periods when Worker X was employed there was 56 truck driver 
respirable dust samples, but no respirable quartz results were available for truck drivers 
during these sites for the employment periods. For the first period of Worker X’s employment 
he did some work on dozers, and there were 13 dozer driver respirable dust samples recorded 
for this site, no quartz analysis was conducted on these samples. 
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1985-1999  Muswellbrook Coal  -  The mean of the truck driver site respirable dust samples 
0.31 mg/m3 was the same as the all Singleton truck driver respirable dust samples indicating 
consistency. The respirable quartz levels were higher than all other periods for Worker X with 
mean value of 0.12 mg/m3 (39% quartz in the respirable dust). This may be an artefact of the 
small number of only 5 samples tested and the samples for quartz analysis appear to be 
selected from the highest respirable dust samples, if more respirable dust samples had been 
analysed for quartz to cover more typical work activities, the mean respirable quartz levels for 
truck drivers would have been much lower.   
 
For dozer drivers the mean exposure on site is 36% higher than for the dozer drives on all 
Singleton OC sites in the period, again reflecting selective sampling. 
 
2000-2005 contractor at various mines  -  The mean of the truck driver respirable dust samples 
0.19 mg/m3 for three of the sites remembered by Worker X is 83% of the mean of 0.23 mg/m3 
for all truck driver samples for Singleton sites in the period. The mean respirable quartz 
exposure 0.07 mg/m3 is less than for the previous employment period but higher than for the 
next employment period. 
 
2005-2011 Pegasus  -  The mean of the truck driver respirable dust samples 0.10 mg/m3 for 
the site is 71% of the mean of 0.14 mg/m3 for all truck driver samples for Singleton sites in the 
period, this is likely to be an artefact since there was only two samples taken on the site during 
the period. The mean respirable quartz exposure 0.02 mg/m3 is less than for the previous 
employment period but slightly higher than for the next employment periods. 
 
2011-2012 Bulga Coal  -  The mean of the truck driver respirable dust samples 0.11 mg/m3 
for the site is 65% of the mean of 0.17 mg/m3 for all truck driver samples for Singleton sites 
in the period. 
 
2012-2013 Mt Owen Mine  -  Only one respirable dust sample was taken on a truck driver in 
the period and this was 47% of the mean of 0.17mg/m3 for all truck driver samples for 
Singleton sites in the period. 
 
2014 Mt Arthur -  The mean of the operator respirable dust samples taken by the site 
occupational hygienists 0.19 mg/m3 for the site is 173% of the mean of 0.11 mg/m3 for all 
truck driver samples for Singleton sites in the period. 
 
 
It is not possible to determine if the differences listed above are artefacts due to the 
differences in the number of samples taken between mines or due to better controls and work 
practices on the various mine sites. 
 
The occupational history and comments on dust provided by Worker X are unremarkable in 
that they reflect the standard work activities and actions undertaken by haul truck drivers in 
the mining industry. The levels of respirable dust recorded in open cut haul truck operators in 
the Singleton District and Hunter Area is similar to the levels of respirable dust I have 
monitored over a number of decades on haul truck drivers in open cut, underground & waste 
dump operations associated with metalliferous and extractive industry mines. 







Alan Rogers OH&S Pty Ltd                   Worker X – Dust Exposure & Risk of Pneumoconiosis                        Page  10. 


 


5.  WORKER X - CUMULATIVE RESPIRABLE DUST EXPOSURE 
 
The epidemiological evidence indicates that risk of developing pneumoconiosis (e.g. silicosis, 
coalminers’ pneumoconiosis, mixed dust pneumoconiosis etc,) is best represented by a dose 
response relationship. The higher the dose of dust the higher the risk of disease. The dose is 
expressed as a working life cumulative exposure obtained by multiplying the long-term 
average daily dust exposure of the workforce, by the proportion of time they are exposed in 
the week or year and also by the number of years that they are so exposed. The resultant 
value is expressed in milligram of respirable dust per cubic metre of air x years (mg/m3.years). 
One hundred mg/m3.years is the cumulative dose that would result from, for example, 
exposure to a constant 8 hours a day 5 days a week average respirable dust concentration of 
10 mg/m3 over 10 years, or 2.5 mg/m3 over 40 years (i.e. 2.5 mg/m3 x 40 years = 100 mg/m3.years). 
 
The site specific and working life cumulative exposure for Worker X is calculated as follows; 
 
 
5.1   February 1985-June 1999 - Muswellbrook Coal 


Duration of employment/exposure 14 years 5 months. The first 9-10 years he did night 
shift as a truck driver them for 4 ½ years on rotating shifts on a mixed range of vehicles 
consisting of trucks, dozers and push Cats, not all shifts or part shifts involved driving 
these vehicles. Mean exposure trucks 0.31 mg/m3, mean exposure dozers 0.49 mg/m3 
 


Cumulative Respirable Dust Exposure Period 1: 
 


Site Dust samples  -                   10yrs x 0.31 mg/m3  + 4.5yrs x (0.31 + 0.49) ÷ 2 mg/m3  
= 3.1 + 1.8 mg/m3.years  
 = 4.9 mg/m3.years respirable dust 


 
Singleton Dist. Dust Samples - 10yrs x 0.31 mg/m3  + 4.5yrs x (0.31 + 0.36) ÷ 2 mg/m3  


 = 3.1 + 1.5 mg/m3.years  
 = 4.6 mg/m3.years respirable dust 


 
 
5.2   November 2000- 2005 United Mining Support Services  


Duration of work/exposure ~4 ½ years as a contractor truck driver various mines 
hauling overburden and also coal to the crusher. The 3 mine combined average 
exposure data for truck drivers of 0.19 mg/m3 was used. 
 


Cumulative Respirable Dust Exposure Period 2 
 


Truck- Site Dust samples  -   4.5 yrs x 0.19 mg/m3 = 0.86 mg/m3.years 
 Truck- Singleton District Samples - 4.5 yrs x 0.23 mg/m3 = 1.04 mg/m3.years 
 
 
5.3   2005-August 2011   Pegasus (Ashton Coal)   


Duration of work/exposure ~6 years as contractor truck driver. Mean exposure truck  
drivers on this site 0.1 mg/m3. 
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 Cumulative Respirable Dust Exposure Period 3 
 


 Truck- Site Dust Samples -   6 yrs x 0.1 mg/m3   = 0.60 mg/m3.years 
Truck- Singleton District Samples - 6 yrs x 0.14 mg/m3 = 0.84 mg/m3.years 


 
 
5.4   August 2011-October 2012 Bulga Coal    


Duration of work/exposure ~10 months crib relief trucking. Mean exposure truck 
drivers on this site 0.11 mg/m3    


 


 Cumulative Respirable Dust Exposure Period 4 
 


Truck- Site Dust Samples -  10/12 yrs x 0.11 mg/m3 = 0.09 mg/m3.years 
 Truck- Singleton District Samples -  10/12 yrs x 0.17 mg/m3 = 0.14 mg/m3.years 
 
 
5.5   October 2012-October 2013 Mt Owen Mine (Thiess)   


Duration of work/exposure 1 year as truck driver. Only one sample taken in the 
period on a truck driver  0.08 mg/m3 


 


Cumulative Respirable Dust Exposure Period 5 
 


Truck- Site Dust Samples -   1 yr x 0.08 mg/m3 = 0.08 mg/m3.years 
 Truck- Singleton District Samples -  1 yr x 0.17 mg/m3 = 0.17 mg/m3.years 
 
 
5.6   2014  Chandler MacLeod (Mt Arthur Mine)    


Duration of work/exposure 3 months crib relief truck driver. Mean exposures on 
truck drivers 0.19 mg/m3. 


 


Cumulative Respirable Dust Exposure Period 6 
 


Truck- Site Dust Samples -  3/12 yrs x 0.1 9 mg/m3 = 0.05 mg/m3.years 
 Truck- Singleton District Samples - 3/12 yrs x 0.1 1 mg/m3 = 0.03 mg/m3.years 
 
 
Worker X - Total Cumulative Respirable Dust Exposure in Open Cut Coal Mining Industry 
 
The sum of the ~27 years in total work duration/exposure for the cumulative exposure 
employment periods 1 to 6 amounting to;  
 
Site OC Mine truck driver Respirable Dust Samples 


Period 1 (4.9 mg/m3.yrs) + Period 2 (0.86 mg/m3.yrs) + Period 3 (0.60 mg/m3.yrs) + 
Period 4 (0.09 mg/m3.yrs) + Period 5 (0.08 mg/m3.yrs) + Period 6 (0.05 mg/m3.yrs) 
=  6.6 mg/m3.years    


 
All Singleton District OC mine truck driver Respirable Dust Samples 


Period 1 (4.6 mg/m3.yrs) + Period 2 (1.04 mg/m3.yrs) + Period 3 (0.84 mg/m3.yrs) + 
Period 4 (0.14 mg/m3.yrs) + Period 5 (0.17 mg/m3.yrs) + Period 6 (0.03 mg/m3.yrs) 
=  6.8 mg/m3.years    
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6.  WORKER X - CUMULATIVE RESPIRABLE QUARTZ EXPOSURE 
 
There was no respirable quartz measurements made on truck drivers at the time for the mine 
sites relevant to the employment periods of Worker X. The CS respirable quartz 
measurements made on truck drivers for all Singleton District OC mines during the relevant 
times as listed in Section 4 were applied in the following estimated cumulative exposures.  
 
6.1   February 1985-June 1999 - Muswellbrook Coal 


 
Cumulative Respirable Quartz Exposure Period 1 
 


Singleton - Quartz Samples   - 10yrs x 0.07 mg/m3  + 4.5yrs x (0.07 + 0.10) ÷ 2 mg/m3  
= 0.7 + 0.38 mg/m3.years  
= 1.08 mg/m3.years  respirable quartz 


 
 
6.2   November 2000- 2005 United Mining Support Services  
 


Cumulative Respirable Quartz Exposure Period 2 
 


 Truck- Singleton District Quartz Samples - 4.5 yrs x 0.07 mg/m3 = 0.32 mg/m3.years 
 
 
6.3   2005-August 2011   Pegasus (Ashton Coal)   
 
 Cumulative Respirable Quartz Exposure Period 3 
 


Truck- Singleton District Quartz Samples - 6 yrs x 0.02 mg/m3 = 0.12 mg/m3.years 
 
 
6.4   August 2011-October 2012 Bulga Coal    
 
 Cumulative Respirable Quartz Exposure Period 4 
  


Truck- Singleton District Quartz Samples - 10/12 yrs x 0.01 mg/m3= 0.01 mg/m3.years 
 
 
6.5   October 2012-October 2013 Mt Owen Mine (Thiess)   
 


Cumulative Respirable Quartz Exposure Period 5 
 


 Truck- Singleton District Quartz Samples -  1 yr x 0.01 mg/m3 = 0.01 mg/m3.years 
 
 
6.6   2014  Chandler MacLeod (Mt Arthur Mine)    
 


Cumulative Respirable Dust Quartz Exposure Period 6 
 


 Truck- Singleton District Quartz Samples - 3/12 yrs x 0.02 mg/m3= 0.005 mg/m3.years 
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Worker X - Total Cumulative Respirable Quartz Exposure in Open Cut Coal Mining Industry 
 
The sum of the ~27 years in total work duration/exposure for the cumulative respirable 
quartz exposure employment periods 1 to 6 amounting to;  
 
Singleton District Respirable Quartz Truck Driver Samples - 


 
Period 1 (1.08 mg/m3.yrs) + Period 2 (0.32 mg/m3.yrs) + Period 3 (0.12 mg/m3.yrs) + 
Period 4 (0.01 mg/m3.yrs) + Period 5 (0.01 mg/m3.yrs) + Period 6 (0.005 mg/m3.yrs) 
 
=  1.55 mg/m3.years respirable quartz   


 
 
 
The 14 ½ years working at Muswellbrook OC is the dominant quartz exposure period in Worker 
X’s employment history amounting to around 70% of his cumulative respirable quartz 
exposure. The following period of 4 ½ years working as a contractor at various sites added 
around another 21% of respirable quartz exposure to the cumulative amount. 
 
 
The cumulative respirable quartz amounts to around 23% of the overall cumulative respirable 
dust value and reflects the influence of a mix of work involving removal, hauling and dumping 
highly siliceous overburden and intrusive seams such as sandstone (>80% quartz) along with 
a similar process of coal which has a much lower quartz content (3-6%). 
 
 
The interpretation of the level of quartz across sites and over long periods needs to be 
approached with some caution as the results are likely to be effected by a number of factors 
such as the work activities which are chosen to be sampled, and whether the respirable dust 
sample is selected to be sent to a specialised laboratory for quartz analysis. 
 
Routine respirable quartz sampling in the coal industry commenced in 1983 with the 
introduction of the quartz exposure standard. Initially selective sampling for quartz analysis 
was targeted at high respirable dust samples and also in work situations where it was likely 
that there would be elevated quartz levels such as when cutting into stone roof and floors in 
underground and removal of overburden in open cut operations.  
 
A second consideration was that for coal dust samples with a typical 3-5% quartz content, 
there is a requirement for the 8 hour sampling duration the respirable dust level needs to be 
higher than around 0.2 mg/m3 to provide a result which is greater than the analytical detection 
level. Hence low respirable dust levels such as found with a large proportion of truck driver 
samples were not sent for quartz analysis and consequently the reporting of respirable quartz 
levels for haul truck drivers and many other occupational groups is heavily biased towards the 
higher dust level samples. 
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7.  WORKER X - PREDICTED RISK - COAL WORKERS PNEUMOCONIOSIS & PMF  
 
Pneumoconiosis an interstitial lung disease associated with exposure to coal dust is termed 
coal workers pneumoconiosis (CWP). The cumulative respirable dust exposure result 
determined in Section 5 allows for the assessment of the level of risk for Worker X of 
developing CWP. The line for the pneumoconiosis categories, 1, 2 and PMF for 83% carbon 
coal can be extrapolated to mean exposure levels of less than 1 mg/m3 and indicated in the 
following graph.  
 


 
                                                        Average Respirable Coal Dust Exposure over 30 years 
 


Risk - Radiological Category v’s Mean Dust Exposure 30 years 
          Miner commencing age 18 risk at age 48 - 83% Carbon coal 


CMP Cat. 1  


CMP Cat. 2  


PMF  


0.5 mg/m3 1.0 mg/m3 1.5 mg/m3 2.0 mg/m3 


0.5 % 


1.0 % 


1.5 % 
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For the range of average exposures of 1.0 to 3 mg/m3 the risk line or coefficient for each 
pneumoconiosis category is linear.  If this linear extrapolation is extended to average 
exposures lower than 1 mg/m3 down to the zero risk Y axis, the extrapolated line intersects 
the X (exposure) axis at a value above zero exposure indicating the presence or at least an 
appearance of a threshold below which the exposure results in no observed or no measurable 
level of risk.  
 
The linear threshold model produces no-effect average exposures for 30 year duration of;  
 


           - 0.25 mg/m3, (cumulative exposure 7.5 mg/m3.years) for CWP Cat 1 
- 0.40 mg/m3, (cumulative exposure 12 mg/m3.years)  for CWP Cat 2  
- 0.40 mg/m3, (cumulative exposure 12 mg/m3.years)  for PMF 


 
 
An alternative analysis of the data is to assume there is no threshold and then apply curve 
fitting to the lower end of the IOM model data extending it through zero risk and exposure as 
shown by the broken lines on the dose response risk graph. Such an approach requires that 
firstly the effect is biologically plausible and secondly the effect be detectable given the 
potential variability in interpretation of the diagnostic criteria between readers. 
 


at 0.1 mg/m3 (cumulative exposure 3 mg/m3.years)  
- Risk of developing CWP Cat 1 becomes   0.1 %,  
- Risk of developing CWP Cat 2 becomes   0.025 %,  
- Risk of developing  PMF becomes less than 0.01% . 


 
 
The relevant factors that closely match those for Worker X are age 20 at entry into the 
industry, 27 years of work in the industry mostly as haul truck driver, the cumulative respirable 
dust exposure after applying the relevant exposure data and employment time at the relevant 
mine sites of 6.8 mg/m3.years, then his average exposure over the 27 years;  


 
6.8 mg/m3.years ÷ 27 years = 0.25 mg/m3 average respirable dust level. 


 
For the non-threshold estimation; 
 


at 0.25 mg/m3  (cumulative exposure 7.5 mg/m3.years)  
- Risk of developing CWP Cat 1 becomes 0.3 %,         [ 1 in 330] 
- Risk of developing CWP Cat 2 becomes 0.075 %,   [ 1 in 1,300] 
- Risk of developing  PMF  becomes 0.015%,  [ 1 in 6,600] 


 
 
 
It is not possible in a practical sense to say with any degree of certainty if a threshold does or 
does not exist. A conservative approach is to lean towards non-threshold risk estimations. 
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8. WORKER X - PREDICTED RISK OF SILICOSIS &  
     MIXED DUST PNEUMOCONIOSIS  
 
8.1  Silicosis:  Pneumoconiosis an interstitial fibrotic lung disease associated with exposure to 
crystalline silica such as quartz is termed ‘silicosis’. Using the mean quartz exposures obtained 
by Coal Services for OC truck drivers in the Singleton District in the relevant periods it is 
estimated in Section 6 that Worker X’s cumulative exposure to crystalline silica was around 
1.55 mg/m3 .years respirable quartz. 
 
Applying the silicosis risk data outlined in Appendix 2, for Worker X to his purely cumulative 
respirable quartz exposure determines that his risk of developing radiological silicosis of 
Category 1/1 or greater is around 0.25% or less  [1 in 400 or less].   
 
 
8.2  Mixed Dust Pneumoconiosis - Pneumoconiosis an interstitial fibrotic lung disease 
associated with exposure to mixed mineral dusts which contain crystalline silica such as quartz 
is termed ‘mixed dust pneumoconiosis’. 
 
Worker X’s cumulative exposure to respirable dust was estimated as 6.8 mg/m3.years and 1.55 
mg/m3.years of respirable quartz which was accumulated over 27 years of work. This amounts 
to an average rate of exposure of 0.25 mg/m3 respirable dust and 0.06 mg/m3 respirable 
quartz. This cumulative exposure is around half the exposure level at double the time than the 
example listed in Appendix A3.2 derived from the IOM study of Scottish coal miners which 
predicted a 2.5% risk of category 2/1+ pneumoconiosis (Buchanan, 2003).30 
 
The IOM 2003 risk model which uses data from a single underground mine, with its very high 
long term exposure scenarios produces 10 X high risk outcomes compared with the risk 
associated with pure quartz dust. Whether this is applicable to extrapolation to lower 
exposures found in contemporary mining situations remains subject to speculation. 
 
 
The IOM 1997 risk model based on studies in nine large and medium sized opencast sites in 
the UK produces a more realistic predicted risk which is closer to that produced by pure quartz 
exposure.  The example selected in Appendix A3.3 was for a non- smoker, age 55, with 20 
years in opencast preproduction area which is the highest respirable mixed dust and quartz 
exposure group, they would have experienced a 16% chance of pneumoconiosis category ≥ 
1/0. Based on a simple comparison of the ratio of 1:10 for category 1 to category 2 PMF, the 
risk of developing category 2 is 16%/10 = 1.6% and for developing PMF with a ratio of 1: 25 
the risk is 16%/25 = 0.6%.  
 
Worker-X  was age 51 at diagnosis, he was a non-smoker, and had 27 years in his job as a haul 
truck operator which meant he had lower exposures, around 30-50% less than the 
preproduction group used in the IOM 1997 pneumoconiosis risk model. As such the risk is 30-
50% of the above example values of developing category 2, around 0.5-0.8 %, and the risk of 
PMF with such exposures is around 0.2-0.3%. 
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9.  WORKER X - SYMPTOMOLOGY v’s PREDICTED RISK 
 
The following sequence of Worker X’s sequence of lung function and chest X-ray findings 
have been extracted from information supplied by Coal Services. 
 
 
1985  231/1/1985 – employer listed as Muswellbrook Coal 


listed as Pneumoconiosis Category 0  
Lung Function   FEV1  - 3.9  (81.3% Predicted) 


    FVC   - 4.7  (82.5% Predicted)  
 
1998  28/1/1998 - employer listed as Muswellbrook OC 


‘last medical 13 years ago’ 
 Nil shortness of breath 


Lung Function   FEV1  - 3.7 (80% Predicted) 
    FVC   - 4.6 (86% Predicted) 
 
2000  4/12/2000 – pre-employment UMSS 


‘lung fields appear clear and no evidence of pulmonary or pleural disease’ 
‘Nil dyspnoea’  
‘Pneumoconiosis Grade 0/0’ 
Lung Function   FEV1  - 3.25  (73% Predicted) 


    FVC   - 4.10  (77% Predicted) 
 
2001 22/8/2001 – pre-employment employer listed as Mining & Earthmoving 
 Request by Worker X release JCB pre-employment medical to himself 


27/8/2001 Evaluation standardised functional capacity carried out JCB  
 
2004 2/9/2004  - pre-employment requested by UMSS 


Lung Function   FEV1  - 3.7  (88% Predicted) 
    FVC   - 4.4  (87% Predicted) 
 
2005 19/4/2005 – no employer listed 
 Request by Worker X to release pre-employment medical 2/9/2004 to himself 
 
2007 1/3/2007 – no employer listed 
 1 page with no comments relevant to lung condition. 
 
2009 7/8/2009 – no employer listed 
 Notification to Worker X recent health screening – now due for Chest X-ray. 
 Refer letter supplied, X-ray appointment not taken up? 
 
2010  24/2/2010 - – no employer listed 


Lung Function   FEV1  - 3.13  (88% Predicted) 
    FVC   - 3.47  (80% Predicted) 
    ‘normal respiratory function’, ‘stressed by spirometer testing’ 
 
2011 21/11/2011 – requested by Pegasus Employment 


Request made by CS for X-ray asked for ‘check for presence/absence fibrosis, or industrial 
lung disease or evidence dust exposure’ 
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Date of Chest X-ray 2/11/2011 ‘normal’ 
Lung Function   FEV1  - 3.19  83% Predicted 


    FVC   - 3.27  68.7% Predicted 
    ‘normal 


 
In 2011 - Dr John Rouse (FRANZCR Radiologist)  found the 2011 chest X-ray to be normal, the 
report stated that the lungs and pleural spaces appeared clear, with no evidence of diffuse 
interstitial pulmonary fibrosis or inhalational lung disease. 


 
In 2016 - Dr Michael Jones (Registered ILO Reader Radiologist) examined the 2011 Chest X-ray, 
he found no evidence of classifiable parenchymal abnormalities, no evidence of pleural 
abnormalities and no other general abnormalities. He did find mild diffuse bronchial wall 
thickening with ill defined bronchovascular structures. He noted though that the finding was 
indeterminate with a range of possible causes. 


 
2012 22/5/2012 – pre-employment request by Thiess Mt Owen 


Date of Chest X-ray 2/11/2011 listed as ‘normal’ 
Lung Function   FEV1  - 2.69  72% Predicted   


    FVC   - 3.29   71% Predicted 
    ‘mild restriction’ 
 
2013  8/11/2013 – pre-placement Tesa Mining 


‘Do you require a Chest X-ray’ checked on the form as ‘required’,  
Date of Chest X-ray 1/5/2011 
‘Last CXR 18/12 ago normal’,  
‘no history of lung disease and normal CXR here in 2011’ 
Lung Function   FEV1  - 2.38  62.1% Predicted 


    FVC   - 2.65   55.8% Predicted 
    ‘poor technique today due to throat pain’ 
    Spirometry Results ‘restricted’ 


    
2014   2/6/2014 -  


request by Worker X for release of medical information to  
One Key Resources, Fortitude Valley Qld. 


 
2016   14/12/2016 - Professor Yates  


Chest X-ray (X2) -multiple bilateral small opacities 3/3  ILO t in shape, confluence of the 
opacities in the mid left zone with progressive massive fibrosis ILO category B. 
Lung Function   FEV1  - 1.83  57% Predicted   


    FVC   - 1.86   40% Predicted 
  


‘The changes are totally compatible with mixed dust fibrosis, or a mixture of coal workers’ 
pneumoconiosis and silicosis. There is more fibrotic change evident than is usual with coal 
workers pneumoconiosis and there is some mild emphysema. I do not agree with the report 
(Radiologist Dr Minh Truong) that the images are compatible with idiopathic pulmonary 
fibrosis.’ 


 
On the basis of the current information it was Dr Yates opinion that ‘Worker X has severe 3/3 
complicated pneumoconiosis which is compatible with his past occupational exposure to coal 
dust and presumably to mixed dusts as well, including silica, in his job as a surface cut operator 
over the last 30 years.’  
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A summary of the respirable dust and respirable quartz exposures from Sections 5 and 6 and 
the incremental increases in cumulative exposures for the sequence and each employment 
period for Worker-X, produces the following table;  
 
                             RD mg/m3                                       RQ  mg/m3                                      Ratio RD/RQ 
1 [1985-1999] 4.6/6.8   =68%       1.08/1.55 =69.7%                 1.08/4.6 = 23.5% 
       
2 [2000-2005] 1.04/6.8 =15.3%    83.3%       0.32/1.55 =20.7%    90.4%                 0.32/1.04 = 30.8% 
 
3 [2005-2011] 0.84/6.8 =12.4%    95.7%      0.12/1.55 =7.7%       98.1%              0.12/0.84 = 14.3% 
 
4 [2011-2012] 0.14/6.8 =2.1%      97.8%     0.01/1.55 =0.7%       98.8%                0.01/0.14 = 7.1% 
 
5 [2012-2013] 0.17/6.8 =2.5%      100.3%       0.01/1.55 =0.7%       99.5%              0.01/0.17 = 5.9% 
   
6 [2014]  0.03/6.8  =0.5%      100.8%          0.005/1.55 =0.3%     99.8%              0.005/0.03 = 16.7%
   
 
 
In overview, Worker X commenced in the industry in 1985 initially experiencing to 2005, 19 
years of possibly the highest respirable dust, with the highest % quartz 25-30% in the 
respirable dust samples producing highest respirable quartz exposure periods (83% and 90% 
of his working life respirable dust and respirable quartz exposures respectively).  Following a 
further 6 years of lesser exposures (now at 96 % and 98% of his working life respirable dust 
and respirable quartz exposures).  
 
His chest X-ray taken in late 2011 (at latency of 26 years since first exposure on entering the 
industry) was reported as showing no evidence of pneumoconiosis. His lung function tests 
indicated FEV1 remained at 83% of the predicted value (similar to when he commenced in the 
industry in 1985) and his FVC had reduced to 68% of predicted, the results at the time were 
determined as ‘normal’ lung function (presumably the value was above the lower limit of 
normal for the reference values). 
 
Worker-X continued to work as a haul truck driver for another 2¼ years (adding the final 4% 
respirable dust and 2% respirable quartz exposure) and during this period appears to have 
developed restrictive lung function. He ceased employment and within 2 years was diagnosed 
with severe mixed dust pneumoconiosis 3/3 with progressive massive fibrosis and 
experiencing severe loss of lung function. 
 
 
The remarkable rapid onset in 5 years with progression to a severe stage and respiratory 
disability is atypical of CWP and it has been postulated is mainly due to excessive respirable 
quartz exposure (Dr Yates) or idiopathic pulmonary fibrosis (Dr Minh Truong). 
 
 
This effect has been reported in a few cases from groups of coal miners the in the UK and USA 
who have been exposed for long durations to high levels of respirable coal dust along with 
high exposures to respirable quartz dust. The long term high exposure conditions to respirable 
coal dust and respirable quartz dust and the prevalence of CMP in these international studies 
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appear to be very different to the levels of exposure and the prevalence of pneumoconiosis 
in Singleton District coal mines. 
 
 
The medical symptoms and radiological evidence from Worker-X do not fit comfortably with 
the tasks undertaken as listed in the employment history, do not fit comfortably with the 
associated measured exposures for haul truck operators in the Singleton district, and do not 
fit comfortable with the various risk estimates for pneumoconiosis. This poses the following 
questions. 
 
 
 
9.1  Is the Rapid Progression and Severity Shown by Worker-X Typical? 
 
The study of underground coal miners exposed to high levels of quartz in the coal dust 
provides some information on progression of simple pneumoconiosis and also the 
development of large opacities. Radiographs taken in previous surveys 1970, 1974 and 1978 
were available for 1416 men, and 547 were traced and partook in the 1990/1991 follow up 
survey.  
 
Comparisons were made between the findings in the 1990/91 survey against the last 
radiological findings, a progression period of at least 10-12 years and in some cases 16 years. 
The progression of small opacities were presented in the following table. 
 


 
 
After 10 or more years progression of one step was found in 75 cases (14%), and of two steps 
in a further 55 cases (10%). In 128 cases (24%) there was progression of two or more steps. 
Only 4 (0.7%) cases progressed from category 0 to category 3 in 10 years or more. 
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There were 14 radiographs taken at follow up where at least two of the three readers recorded 
the presence of large opacities. Also shown in the following table are the median profusions 
of small opacities for the same radiographs. 
 


 
 
No cases with large opacities in the at least 10 year follow-up had progressed to small opacities 
category 3. For 6 of the 14 cases that had last radiograph indicated category 0, 1 had not had 
progressed in the follow-up, 2 had progressed to category 1, and 3 had progressed to category 
2 with one of these which had shown large opacities A on the last radiograph and had 
progressed to B on follow up. 
 
Even with the extremely high exposure to respirable quartz dust experienced by the 
underground coal miners, it was rare to find rapid progression in 10 years to a severe stage of 
pneumoconiosis and with severe respiratory disability. 
 
The rapid onset in only 5 years with Worker-X with progression to a severe stage and 
respiratory disability is atypical. 
 
 
 
9.2  Is the Dust Exposure of Worker-X a Valid Estimate? 
 
During Workers-X’s 27 years of employment he was a an open cut haul truck driver, apart from 
a brief period in his first employment where he was trained on dozers and a ‘push Cat’.  
 
Based on exposure data on haul truck drivers (and dozer operators) taken in the mines he 
worked and also in all Singleton district mines, the average exposure to respirable dust 
commenced at ~0.3 mg/m3 reducing down to 0.1 mg/m3 by the completion of his employment 
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(averaged 0.25 mg/m3 over the 26 years of employment or 8-10% of the allowable exposure 
standard). His average respirable quartz exposure commenced at around 0.07 mg/m3 
reducing down to 0.01 mg/m3 by completion (averaged 0.06 mg/m3 over the 26 years of 
employment or 50-60%  of the allowable exposure standard).   
  
A literature search of the published exposure data for operators in open cut coal mines 
indicates,  
 


USA - Open Cut Coal Haul Truck Operator Exposures 
 


Researchers reported respirable dust and respirable quartz exposures in US surface coal 
mines for period 1982-1986 ;  
 
Coal Truck Driver   -  Inspectors respirable dust samples n= 859,   1% > 1 mg/m3,  = 0.5 mg/m3 


-  Company respirable dust samples  n= 1597, 2% > 1 mg/m3,  = 0.4 mg/m3 
 
 - Inspectors respirable Quartz samples     n= 33, 40% > 0.1 mg/m3,  = 0.06 mg/m3 


 
Refuse Truck Driver -  Inspectors respirable dust samples n= 3044, 3% > 1 mg/m3,  = 0.6 mg/m3 
   -  Company respirable dust samples   n= 3464, 2% > 1 mg/m3,  = 0.4 mg/m3 
 


- Inspectors respirable Quartz samples     n= 329, 38% > 0.1 mg/m3,  = 0.07 mg/m3 
 
Published quartz exposures in US surface coal mining and surface facilities of underground 
coal operations in 1988-1992 for the relevant Designated Work Positions which were required 
by MSHA to be sampled bimonthly;  
 
Refuse/Backfill truck driver  n=244,  46% samples contained > 5% quartz, 22% > 0.1 mg/m3   
Coal Truck Driver                    n =28,   46% samples contained > 5% quartz, 22% > 0.1 mg/m3 .  
 
Additional samples outside the mandatory sampling requirements found slightly lesser exceedances 
for the two work activities  
 
Refuse/Backfill truck driver  n=538  45% samples contained > 5% quartz, 13% > 0.1 mg/m3   
Coal Truck Driver                    n =64   36% samples contained > 5% quartz, 16% > 0.1 mg/m3.  
 


UK - Open Cut Haul Truck Operators Exposures 
 


During the 1990 survey of 9 open cut coal mines in the UK, 626 personal respirable dust 
samples were taken across 26 occupational groups.  
 


Dumpers of Stone (95 samples) 
Respirable Dust       GM 0.43,   median 0.42,    10% 0.18,      90% 1.0 mg/m3 
Respirable Quartz   GM 0.03,   median 0.03,    10% 0.005,    90% 0.105 mg/m3 


 


Coal Haulage (25 samples taken) 
Respirable Dust       GM 0.32,   median 0.38,    10% 0.15,      90% 1.2 mg/m3 
Respirable Quartz   GM 0.01,   median 0.005,  10% 0.005,   90% 0.045 mg/m3 
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Uncertainties exist when comparing results from different jurisdictions as there is often a lack 
of information in the publications as to factors such as the dust monitoring techniques and 
sampling protocol, type and % quartz in the overburden and the use of micro-control systems 
such as enclosed cabs with filtered air conditioning systems. 
 


 US surface mines produce broadly similar results for respirable dust exposures and 
about 2X higher for respirable quartz 


 UK surface mines produce broadly similar results for respirable dust exposures and 
broadly similar results to Singleton district for respirable quartz. 


 
Based on the detail and quality of the Coal Services dust sampling program and the broadly 
similar results obtained in the UK and USA studies, the respirable dust and respirable quartz 
exposure estimates made for Worker-X appear to be reasonably valid. 
 
 
 
9.3  Is there an Expectation of Pneumoconiosis in similarly employed and exposed workers 
 
Worker-X comes is part of a group of low exposed trades yet he is at the extreme end of the 
pneumoconiosis progression escalator. If his medical condition were to be considered as due 
to the respirable dust and respirable silica exposures associated with his employment history 
as reviewed in Section 3, then based on the outcomes of epidemiological studies from the coal 
industry, we would expected a number of cases of simple CWP the other work groups from 
the same exposure level or greater levels of exposure.  
 
 
For example in 1990, nine large and medium sized opencast sites were investigated for 
evidence of pneumoconiosis and other respiratory health effects associated with exposure to 
respirable mixed dust and quartz. 
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The frequency of category ≥ 1/0 radiological abnormality found in this study was 4.4% (54 
cases) which is similar to the results of studies of opencast mineworkers (4%). Five cases had 
moderately severe profusions of pneumoconiosis (category 2) and there were two men one 
with category 2, who had PMF. 
 
The ratio of category 1 to category 2 was 1:9.8, and the ratio of category 1 to PMF was 1:24.5. 
Therefor it could be expected that if the exposure in the Singleton district open cut mines 
resulted in Worker-X developing pneumoconiosis category 3/3 and PMF, then there would 
likely be 25 times the number of cases of category 1/0 and 10 times the number of category 
2 cases present. 
 
Such a prediction of additional cases of lesser category pneumoconiosis is contrary to Coal 
Services records which indicate to date that there have been no cases of category 1 or 2 in the 
current workforce in the Singleton coal mining district. The case of Workers-X is an outlier. 
 
 
9.4  Are the Risk Estimates for Worker-X Valid? 
 
Worker X’s cumulative respirable dust and respirable quartz exposure was used to estimate 
his risk of pneumoconiosis, which was found to be is very low,   
 


 Considering respirable coal dust by itself - around 1 in 10,000 for developing CWP 
Category 2, and 1 in 6,600 of developing PMF. 


 


 Considering respirable quartz by itself - 1 in 500 for developing Silicosis 1/0 or higher.  
 


 Considering a mixture of respirable coal dust and elevated respirable quartz dust, then 
applying the IOM 1997 multi opencast mine model predicts ~ a 1 in 200 risk of category 
2/1+ mixed dust pneumoconiosis and a risk of ~ 1 in 400 for developing PMF. 


 
The level of estimated risk confirms the absence of other cases such as discussed in 9.3. 
 
 
9.5  Are there other Aetiological Factors which Explain the Condition of Worker-X? 
 
To get to the clinical stage of rapid onset 3/3 and PMF requires a considerably higher exposure 
to respirable quartz in particular in the period 10 years prior to diagnosis than that 
experienced during haul truck activities. For example a few months of paid or home handyman 
work using modern angle grinders or portable power saws on silica containing materials such 
as sandstone or concrete would create sufficient exposure to push someone like Worker-X 
over the edge into pneumoconiosis 2+ and PMF. 
 
The diagnosis of cryptogenic fibrosis (idiopathic pulmonary fibrosis a progressive fibrosing 
interstitial lung disease of unknown aetiology) has been offered by radiologist Dr Minh Truong. 
This may be possible but difficult to prove as part of the diagnostic criteria relies on exclusion 
of known aetiological agents such fibrosing dusts. However the fact that Worker-X was 
exposed to levels of coal and silica dust below that required to result in PMF, does not exclude 
idiopathic pulmonary fibrosis. 
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10. RISK CONTROLS AT THE WORKPLACES 
 
The modern system of occupational health and safety is one of a risk based approach. The 
contemporary documents supplied by the Singleton mines, lay out the array of occupational 
health and safety risks such as dust and provide generic approaches to ways by which these 
risks are to be managed and controlled. How well these systems are implemented and 
actioned on site remains unknown as there is limited supporting documentation and only site 
inspections would be able to determine the effectiveness. 
 
A review of the respirable dust and respirable quartz levels measured since 1985 show a 
decline particularly in the last 10 years or so to a level in almost all instances well below the 
regulatory exposure standard. However this is mostly likely driven by the direct involvement 
of the professionalism of Coal Services who conduct the statutory requirements for medical 
and occupational monitoring of the workforce, and in so doing enforce the application of dust 
controls. Another driver of dust control relates to concern and action from the local 
community in relation to the release of dust into the general environment, as the reduction 
of environmental dust also has a flow on effect in reducing occupational exposures in open 
cut mines. 
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