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[bookmark: _Toc219216850]Executive Summary
This Decision Regulation Impact Statement (Decision RIS) is intended to support work health and safety (WHS) ministers’ decision on appropriate workplace exposure limits for 9 chemicals – benzene, chlorine, copper, formaldehyde, hydrogen cyanide, hydrogen sulfide, nitrogen dioxide, respirable crystalline silica and titanium dioxide. It follows on from the 2019 Decision regulation impact statement: Workplace exposure standards framework under the model Work Health and Safety laws (WES Review Decision RIS). 
Workers in a broad range of industries are required to engage with one or more of these chemicals as part of their work. Exposure to airborne contaminants above health-based exposure limits places workers at risk of occupational disease and illness and can have significant adverse health effects including:
· respiratory diseases like asthma, pneumoconiosis and silicosis
· cardiovascular diseases, and
· cancers like mesothelioma, leukaemia and lymphoma.
Background 
In response to the WES Review Decision RIS, WHS ministers agreed in 2019 to review the Workplace exposure standards for airborne contaminants (WES list) to ensure that the WES adequately protect workers from the adverse health effects from exposure to the airborne hazardous chemicals.  
Stakeholder feedback that informed the WES Review Decision RIS confirmed that to reduce the risks to workers from potentially harmful airborne hazardous chemicals, Australia’s WES need updating in-line with current scientific knowledge and community expectations. There was some support for maintaining the status quo – that is retaining existing WES, with the most significant support coming from industry, however, this is unlikely to offer the most optimal protection against adverse health effects. 
An expert review was undertaken of available evidence for over 600 chemicals and chemical groups to determine health-based limits (i.e. exposure levels that would be protective of adverse health effects). Evaluation reports including the recommended health-based limits were published and stakeholder feedback sought.  
Safe Work Australia Members (Members) considered the expert review reports, together with stakeholder feedback, and recommended to WHS ministers that the proposed health-based limits for all chemicals included in the Workplace exposure limits for airborne contaminants (WEL list) be implemented. WHS ministers agreed to implement all of the health-based limits with the exception of the 9 chemicals that, based on stakeholder feedback, they had previously requested additional impact analysis be undertaken (this Decision RIS). To assist persons conducting a business or undertaking (PCBUs) in complying with the new requirements, WHS ministers agreed implementation of the new health-based limits would be from 1 December 2026.  
Current impact analysis 
This Decision RIS analyses the impacts of implementing the health-based limits agreed by Members to be recommended to WHS ministers, for each of the 9 chemicals (Option 2), compared to maintaining their current WES (base case/status quo; Option 1). Regulatory and non-regulatory options that did not include implementation of health-based limits were not considered as this would be inconsistent with WHS ministers’ decision, from the WES Review Decision RIS, to ensure adequate protection of workers from the adverse health effects from exposure to these hazardous chemicals. However, it should be noted that Safe Work Australia is undertaking extensive education and awareness activities (a non-regulatory option) to support the implementation of the WEL list prior to the end of the transition period on 30 November 2026. 
The net benefit for each option has been determined based on both quantifiable and non-quantifiable costs and benefits. Some costs and benefits were not able to be quantified due to a range of data limitations outlined in section 5 of this Decision RIS. The quantifiable and non-quantifiable costs and benefits have been assessed for each of the 9 chemicals for each option. 
Preferred option 
Safe Work Australia recommends Option 2 be implemented for each chemical, consistent with WHS ministers' previous decision on the WEL, on 1 December 2026
The preferred option is to implement the following health-based limits for each of the 9 chemicals (Option 2), as agreed by Safe Work Australia Members. This analysis has determined that Option 2 will represent a net benefit, following implementation, for all 9 chemicals, based on an assessment of the quantifiable and non-quantifiable benefits and costs. The reasons for this determination of a net benefit for Option 2 are outlined below. 
	Recommended WELs for the 9 chemicals: 
	Benzene
	TWA: 0.2 ppm (0.7 mg/m3)

	Chlorine
	TWA: 0.1 ppm (0.29 mg/m3)
Peak limitation: 0.4 ppm (1.16 mg/m3)

	Copper
	TWA: 0.01 mg/m3 (respirable; all forms)

	Formaldehyde
	TWA: 0.3 ppm (0.369 mg/m3)
STEL: 0.6 ppm (0.738 mg/m3)

	Hydrogen cyanide
	TWA: 0.9 ppm (1 mg/m3)
STEL: 4.7 ppm (5 mg/m3)

	Hydrogen sulfide
	TWA: 1 ppm (1.4 mg/m3)
STEL: 5 ppm (7 mg/m3)

	Nitrogen dioxide
	TWA: 0.2 ppm (0.38 mg/m3)

	Respirable crystalline silica
	TWA: 0.025 mg/m3

	Titanium dioxide
	TWA: 0.3 mg/m3 (respirable; ultrafine/nanoscale particles)
TWA: 2.4 mg/m3 (respirable; fine/pigmentary grade particles)


.



Option 2 ensures workers are adequately protected from adverse health effects 
Option 2 is assessed as providing the optimum level of protection for workers based on quantifiable and non-quantifiable benefits and costs. While businesses across multiple industries have indicated there would be significant, economy-wide costs associated with implementation of Option 2 (implementing the health-based limits) for each of the chemicals in comparison with the quantifiable benefits (based on available burden of disease and workers’ compensation data), these cannot outweigh the significant non-quantifiable and qualitative benefits to workers, their families, the broader community and the economy. Given the long latency between exposure to these chemicals and the development of disease, the benefits may not be realised within the 10-year period that this analysis is based on.
Based on the analysis in this Decision RIS, it is anticipated that the quantified gross benefit for each of the proposed WELs is as follows:
	Quantified gross benefit of the proposed WELs
	Chemical
	($, millions, discounted), FY27 to FY36

	
	Benefits
	Costs
	Quantified gross benefit ** 

	Benzene
	439
	840
	-401

	Chlorine
	9
	968
	-959

	Copper
	ND*
	1,709
	-1,709

	Formaldehyde
	45
	1,669
	-1,624

	Hydrogen cyanide
	ND*
	318
	-318

	Hydrogen sulfide
	7
	1,907
	-1,900

	Nitrogen dioxide
	ND*
	2,703
	-2,703

	Respirable crystalline silica (excl. mining)
	10,145
	3,448
	+6,697

	Respirable crystalline silica (mining)
	2,490
	18,483
	-15,993

	Titanium dioxide
	ND*
	62
	-62


  ND = Not determined due to insufficient data
  * Benefits exist but were unable to be quantified. This should not be read as an absence of benefits. 
  ** The quantified gross benefits should be read in conjunction with the non-quantifiable benefits set out below. 



In addition to the quantified costs and benefits set out above, there are a number of non-quantifiable and qualitative benefits that should be considered.
Implementation of the health-based limits is expected to lead to a range of long-term benefits for workers including reduced financial and non-financial costs due to illness and disease (physical and mental), reduced disability and death, increased quality of life, and improved workplace productivity. It is also expected there will be reduced costs to the public health system in relation to diagnosis, treatment and disease management. The actual benefit, considering reduced costs to the health system, would be greater than what was quantified in this Decision RIS. There are also direct and indirect benefits to workers’ families, friends and communities. As part of the public consultation for this Decision RIS, stakeholders also suggested qualitative benefits from the proposed WELs, such as promotion of healthier and safer workplaces; opportunities for innovation, new technology and research; use of products free of the 9 chemicals, etc.
Due to data limitations, benefits were not quantifiable for 4 of the 9 chemicals (copper, hydrogen cyanide, nitrogen dioxide and titanium dioxide). Thus, a net quantified benefit could not be determined for these chemicals. However, this lack of quantifiable data does not mean the significant benefits from preventing occupational disease will not be realised by implementing the proposed WELs for these chemicals. Further, continuing to implement current WES, which are not health-based, poses an unacceptable risk to workers, and is counter to a modern approach to preventing injury and illness arising from work, as outlined in the model WHS framework. In contrast many of the costs to businesses, such as costs of implementing controls to comply with the proposed WEL, were able to be better estimated. Given this, it is not appropriate to determine the net benefit for the proposed WELs using a simple comparison of quantifiable costs and benefits. 
The significant qualitative benefits must also be considered, as well as the fact that independent expert review of evidence informed the health-based limits for these chemicals, consistent with Members and WHS ministers’ agreed WES review methodology[footnoteRef:2]. The WES review evaluation reports[footnoteRef:3], published for each chemical, outline how the agreed data sources were used in the independent expert review. These limits are based on the current, established evidence and provide for optimum protection of workers from adverse health effects. Taken together, Option 2 meets the objective agreed by WHS ministers that the proposed WEL adequately protect workers from the adverse health effects from exposure to the airborne hazardous chemicals.   [2:  WES Methodology - Recommending health-based workplace exposure standards and notations]  [3:  Consultation on the workplace exposure limits for 9 chemicals - Safe Work] 

Costs and benefits must also be considered in the context of the object of the model WHS Act and the existing requirements in the model WHS Act and Regulations. 
Option 2 is consistent with the object and requirements of the model WHS laws 
One of the key objectives of the model WHS Act is to protect workers and other persons against harm to their health, safety and welfare through the elimination or minimisation of risks arising from work, including from hazardous chemicals. 
The model WHS Act specifies that regard must be given to the principle that workers and other persons must be protected against harm to their health, safety and welfare from hazards and risks arising from work (including from hazardous chemicals) as is reasonably practicable. 
Further, section 19 of the model WHS Act establishes the primary duty of care for persons conducting a business or undertaking (PCBUs) to ensure, so far as is reasonably practicable, the health and safety of workers and others in the workplace. In fulfilling this duty, section 17 of the model WHS Act requires a PCBU to eliminate risks to health and safety, so far as is reasonably practicable. Where elimination is not reasonably practicable (e.g. eliminating the use of a hazardous chemical at the workplace), a PCBU must minimise risks to health and safety so far as is reasonably practicable. 
The model WHS Regulations require PCBUs to review and as necessary revise control measures so as to maintain, so far as is reasonably practicable, a work environment that is without risks to health or safety. This includes reviewing control measures when new information about a hazard or risk is available, such as current evidence relating to the health effects from exposure to the hazardous chemicals. 
In considering what is reasonably practicable, PCBUs must take into account and weigh up all relevant matters, including what they know, or ought reasonably to know, about the hazard or the risk. This includes information about level of exposure to a hazardous chemical that can cause adverse health effects. 
Retaining the current WES (Option 1) would be inconsistent with the requirements of the model WHS laws and does not adequately assist PCBUs in meeting their obligations. Further, it would lead to regulatory confusion.  
The requirement in the model WHS Regulations for a PCBU to ensure a person is not exposed to a level of hazardous chemicals above its WES is intended to clarify the requirements in the Act and does not introduce new regulatory requirements. This regulation is intended to assist PCBUs in minimising risk from exposure to hazardous chemicals so far as is reasonably practicable. However, evaluation of the current WES for each of the 9 chemicals has determined they are not health-based.   
Retaining the current WES (or even implementing another limit that is not health-based) is likely to imply (erroneously) to PCBUs that exposure to those levels of the hazardous chemicals is consistent with the obligations to minimise risk so far as is reasonably practicable, when the current evidence demonstrates otherwise.  
Retaining the current WES is likely to imply to workers a false sense of safety – that exposure at the level of the WES will not cause adverse health effects. 
As noted in the WES Review Decision RIS, the WES list referenced in the model WHS Regulations does not adequately protect workers from adverse health effects based on current scientific evidence. Based on the outcomes of the expert review, exposure to some chemicals at their current WES could cause adverse health effects in workers. These adverse health effects are avoided if the health-based limits (Option 2) are implemented.  
WHS ministers have agreed the health-based limits for all chemicals in the WES list, with the exception of the 9 chemicals. Some stakeholders proposed alternative exposure limits for one or more of the 9 chemicals in their submissions. These suggested alternative exposure limits were considered against the criteria contained within the WES review methodology agreed by WHS ministers and the analysis is outlined in the chemical specific chapters of this Decision RIS.
 
[bookmark: _Toc194509989][bookmark: _Toc219216851][bookmark: _Toc193192515]Introduction and background 
Many Australian workers encounter chemicals in their workplace in some form every day. Some chemicals can cause harm to workers, particularly if not used or handled safely. Harmful effects can range from physical hazards (such as fires) to health hazards (such as cancer). 
Airborne contaminants exist in the form of dusts, gases, fumes, vapours and mists, many of which are not visible to the naked eye. Airborne contaminants are potentially harmful in work environments where they do not occur naturally in the air and/or where they present in unnaturally high concentrations. People exposed to airborne contaminants at work may be at risk of adverse health effects, ranging from irritation of the skin and upper respiratory tract to chronic respiratory disease and cancers, and ultimately death. The impacts of exposure can have both short- and long-term consequences for workers, as well as their families and friends, businesses and the broader community. Further, due to long latency periods, the health impacts of exposure may not become evident until many years following exposure.  
The model Work Health and Safety (WHS) legislative and regulatory framework seeks to secure the health and safety of workers and workplaces. This includes protecting workers and other persons from harm by requiring persons conducting a business or undertaking (PCBUs) to eliminate or minimise risk. Workplace exposure standards (WES) that are health-based provide important information for PCBUs in minimising risks to workers and others from exposure to airborne contaminants in the workplace.
This Decision RIS focuses on the WES (from 1 December 2026 to be known as the workplace exposure limits (WEL)) for the following 9 chemicals: benzene, chlorine, copper, formaldehyde, hydrogen cyanide, hydrogen sulfide, nitrogen dioxide, respirable crystalline silica and titanium dioxide. The Decision RIS is intended to support WHS ministers to determine the appropriate exposure limit for these 9 chemicals. 
[bookmark: _Toc219216852]Businesses are responsible for the health and safety of their workers
Under the model Work Health and Safety laws (model WHS laws), which have been implemented in all Australian jurisdictions except Victoria (noting Victoria’s laws have similar duties and responsibilities), PCBUs have a primary duty of care to ensure the health and safety of workers and other persons. This duty is founded on a key objective of the model Work Health and Safety Act 2011 (WHS Act) to protect workers and others against harm to their health, safety and welfare through the elimination or minimisation of risks arising from work, including from hazardous chemicals.
The model WHS Act specifies that regard must be given to the principle that workers and other persons should be given the highest level of protection against health and safety risks as is reasonably practicable. To comply with this, PCBUs must eliminate risks to health and safety. Where it is not possible to eliminate risks, PCBUs must minimise risks so far as is reasonably practicable. 
These requirements include the elimination or minimisation of risks from exposure to airborne contaminants. PCBUs must also regularly review and revise control measures to maintain a work environment that is without risks to health and safety, particularly when new information on hazards becomes available. In determining what is reasonably practicable, PCBUs must consider what they know, or ought reasonably to know, about hazards or the risk, including information on the level of exposure to an airborne contaminant that can cause adverse health effects.
[bookmark: _Toc219216853]Workplace exposure standards should protect workers against airborne contaminants
Under the model WHS Regulations, PCBUs must ensure that no workers or other persons at the workplace are exposed to levels of airborne contaminants above their WES. The WES represents the airborne concentration of a particular substance or mixture, which must not be exceeded. Exposure to airborne contaminants above their WES may result in the worker developing adverse health effects.
WES play a key role in helping to minimise the risks of workplace illness and disease by:
· providing information to PCBUs, unions and workers about the health risks of workplace exposures to chemicals
· providing limits for WHS professionals, and
· assisting in selecting effective control measures or checking the effectiveness of controls.
[bookmark: _Toc219216854]Maintaining an evidence-based approach to Australia’s workplace exposure standards
Australia first adopted a WES list for airborne contaminants in 1995, and the WES list has continued to be reviewed to ensure it remains current and reflects the latest evidence, including in relation to the harmful effects, and the thresholds below which no adverse effects are observed. A comprehensive review was undertaken in 2003 and a preliminary review of the WES list in 2016 suggested that:
· some WES values were under-protective or over-protective
· some airborne contaminants were no longer relevant to Australian workplaces
· some airborne contaminants are present in Australian workplaces and do not have a WES (Safe Work Australia, 2019).
This meant Australian workers faced an increased risk of illness and disease from exposure to airborne contaminants where the WES was not at an appropriate health-based level and therefore under-protective, or where the airborne contaminant is present and no WES for that airborne contaminant existed. 
In 2018, Safe Work Australia (SWA) commenced a review of the WES list to ensure that the WES are based on contemporary health evidence and provide the best protection of workers. As part of that review, SWA procured a business survey, a baseline regulatory burden measurement tool and an impact analysis. This informed the development of SWA’s Decision regulation impact statement: Workplace exposure standards framework under the model Work Health and Safety laws (WES Review Decision RIS). 
In response to the WES Review Decision RIS, in 2019 WHS ministers agreed to maintain the mandatory nature of the WES under the model WHS laws and to update the WES. WHS ministers also agreed to change the name from WES to workplace exposure limits (WEL) to better communicate that the values are limits not to be exceeded and to align Australia with language used internationally. 
To support the development of recommendations to WHS ministers on updates to the WES, Safe Work Australia engaged independent experts to review and make health-based recommendations for each chemical using the WES review methodology agreed by WHS ministers. The evaluations undertaken using this methodology employed a weight of evidence approach considering available information from agreed primary sources, supported by information from agreed secondary sources. The WES review evaluation reports[footnoteRef:4], published for each chemical, outline the data from agreed sources that informed the recommendation. A summary of primary and secondary sources, and how their evidence was used in the evaluations, is provided in Appendix B.  [4:  Consultation on the workplace exposure limits for 9 chemicals - Safe Work] 

The independent experts determined that the current WES for a number of chemicals was not health-based (i.e. not sufficiently protective against adverse health effects). This includes the WES for the 9 chemicals that are considered in this Decision RIS.
Over 600 evaluation reports, covering each chemical or chemical group, including the health-based recommendations, were made available for public feedback on SWA’s website between 2019 to 2021. Stakeholders were invited to provide feedback on the recommendations and the evidence used to determine the limits. Safe Work Australia received more than 1,100 submissions throughout the public consultation period. 
All recommendations for changes to the WES, along with stakeholder feedback, were considered by Safe Work Australia Members (Members) throughout 2021. Members recommended that WHS ministers adopt the health-based limits as the WES. In 2024, WHS ministers agreed to the health-based recommendations (except for the 9 chemicals where WHS ministers had requested further impact analysis be undertaken – this Decision RIS). 
The new health-based limits are included in the Workplace exposure limits for airborne contaminants (WEL list). The WEL list will only become mandatory once implemented in the WHS laws of the Commonwealth, states and territories. WHS ministers have agreed to a harmonised date, for implementation of the WEL list in the jurisdictions, of 1 December 2026. This transition period allows PCBUs and regulators to prepare and implement any changes necessary to comply with the exposure limits in the WEL list.
[bookmark: _Toc219216855]Additional impact analysis for nine airborne contaminants 
This Decision RIS focuses on exposure limits for 9 chemicals: benzene, chlorine, copper, formaldehyde, hydrogen cyanide, hydrogen sulfide, nitrogen dioxide, respirable crystalline silica and titanium dioxide. 
As noted above, WHS ministers had requested further impact analysis for these chemicals moving to health-based exposure limits. 
To support this, Safe Work Australia engaged Nous Group to undertake impact analysis of the costs and benefits of moving to health-based limits for the 9 chemicals that are considered in this Decision RIS and summarised in section 4.4. The Agency has also undertaken additional consultation to support this analysis, which is outlined further throughout this Decision RIS.
[bookmark: _Toc219216856]What is the problem?
Australia’s current WHS policy and regulatory framework requires that workers are protected at work, including from exposure to hazardous chemicals. The WES list is a critical component of this framework, by setting the limit of exposure that must not be exceeded for workers.   
Safe Work Australia’s review of the WES list identified that the current WES for the 9 chemicals that are considered in this Decision RIS do not sufficiently protect workers who are at risk of exposure to the chemicals from adverse health effects. 
WHS ministers have requested that further impact analysis on implementing the proposed health-based exposure limits for the 9 chemicals be undertaken to inform their consideration of the proposed WEL. 
[bookmark: _Toc219216857]Workers in a broad range of industries are exposed to these chemicals 
Workers are at risk of exposure to one or more of the nine chemicals in a broad range of workplaces through regular operations, spanning tasks including handling and processing, resource and mineral extraction and manufacturing. As of June 2024, it is estimated that up to 3.11 million workers across 373,800 businesses in Australia may be exposed to these chemicals. These estimates represent the sum of businesses and workers across all 9 chemicals that are considered in this Decision RIS. The actual number of businesses and workers is likely to be significantly lower, because not all workers within a business may be exposed to one of the 9 chemicals and some workers may be exposed to more than one of the 9 chemicals in their workplace, however it was not possible to ascertain this from data sources to inform this analysis.
Some workers are exposed to airborne contaminants on each working day, while others are exposed periodically. Workers may be exposed to more than one airborne contaminant in the workplace. For example, workers in the mining industry may be exposed to one or more of benzene, copper, hydrogen cyanide, hydrogen sulfide, nitrogen dioxide, RCS and titanium dioxide during their operations. Workers are exposed to the chemicals considered in this Decision RIS at different points of businesses operations. Some chemicals are used as inputs, ingredients and additives in industrial processes, while others are naturally occurring in work environments or emitted as byproducts. 
The industries where exposure to these chemicals may occur is broad and represent some key sectors across the Australian economy. Table 1 below outlines some of the primary industrial uses and key industries for the 9 chemicals. 
[bookmark: _Ref199834518]Table 1 - Industrial uses and key industries for the 9 chemicals[footnoteRef:5] [5:  This industry list has been informed by the National Pollutant Inventory (NPI) and stakeholder engagement at the Australian and New Zealand Standard Industrial Classification (ANZSIC) industries at the ANZSIC Division level. The NPI emissions data records pollutants released by Australian industrial facilities, with mandatory reporting required when chemical emissions exceed NPI-set thresholds, supporting environmental monitoring and regulation. Industries not evident in the NPI were identified and informed by stakeholder engagements with academic experts, jurisdictional WHS and workers’ compensation agencies, occupational hygiene experts, unions and industry associations. ] 

	Chemical 
	Primary industrial uses or risk of exposure
	Key industries where workplace exposure may occur

	Benzene
	· Manufacturing of organic chemicals to make plastics, rubber, resins, synthetic fibres, lubricants, dyes, detergents, pharmaceutical drugs, pesticides and explosives. 
· Manufacturing of tobacco products.
· Production of petrochemicals. 
· Extraction and production of crude oil and natural gas.
· Combustion of organic matter such as wood, coal and petroleum products, which may occur in a fire, coke and steel manufacturing, and vehicle and machinery operation.
	· Mining
· Manufacturing
· Electricity, Gas, Water and Waste Services
· Public Administration and Safety

	Chlorine
	· Chemical manufacturing, as a raw material and additive in cleaning products, PVC materials, plastics, solvents, pharmaceuticals and metallurgy and mineral processing. 
· Common disinfectant, cleaning and bleaching agent in water, sewage systems, electrical and paper and pulp industries.
	· Manufacturing
· Electricity, Gas, Water and Waste Services 
· Administrative and Support Services 
· Arts and Recreation Services

	Copper
	· Primary input for mining operations including the extraction of copper ore and fabrication of metal products (smelting and welding).
· Input to wastewater treatment processes to remove contaminants. 
· Common element in the production of electronics, pipes, roof coverings, pharmaceutical manufacturing, coins and dyes. 
· Manufacturing of many agricultural and environmental products such as fertilisers, animal food, pesticides and antifouling agents, where the chemical is a common ingredient.
	· Mining
· Manufacturing 
· Electricity, Gas, Water and Waste Services

	Formaldehyde
	· Common preservative used in hospitals, pathology, anatomy laboratories, museums and funeral homes. 
· Use of wood-pressed products including plywood and particle board and adhesives. 
· Binding resin for foam insulation and fibreglass.
· Manufacturing and use of disinfectant in primary industry and agricultural settings. 
· Component ingredient in some explosives. 
· Introduced into the air through forest fires.
	· Agriculture – Manufacturing
· Construction
· Professional, Scientific and Technical Services
· Public Administration and Safety
· Health Care and Social Assistance
· Other Services

	Hydrogen cyanide
	· Input to extract gold and silver from ore, and electroplating applications. 
· Component in the manufacturing of plastics and nitrites. 
· Manufacturing of pest control (fumigation and extermination), where the chemical is a common ingredient. 
· Released during fires and machinery overhaul activities.
	· Mining
· Manufacturing
· Public Administration and Safety

	Hydrogen sulfide
	· Input to petroleum industry, particularly during refining and processing. 
· Manufacturing of dyes, fertilisers and pharmaceuticals, as the chemical is a frequent ingredient
· Byproduct from resources and mining sector 
· Byproduct from sewerage treatment. 
· Byproduct from the manufacturing of pulp and paper products. 
· Civil and infrastructure work, including drilling of extraction bores and excavation.
	· Mining
· Manufacturing
· Electricity, Gas, Water and Waste Services
· Construction

	Nitrogen dioxide
	· Emitted by chemical manufacturing, welding, agriculture, mining and any industry and activity that burns fossil fuels. 
· Emission from diesel engines, gas stoves and un-flued gas heaters. 
· Released through smoke emissions generated by fires.
	· Agriculture
· Mining
· Manufacturing
· Electricity, Gas, Water and Waste Services
· Transport, Postal and Warehousing
· Public Administration and Safety

	RCS
	· Common component of construction materials, including mortar, stone, brick, concrete, glass and ceramic products (including dental prosthesis).
· Generated during cutting, grinding and polishing in engineered stone benchtop fabrication and natural stone (sandstone) processing.
· Component of industrial sand used in foundry work and hydraulic fracturing (fracking) of gas and oil wells. 
· Generated through drilling, blasting and crushing rock in mining, exploration, quarrying and tunnelling operations.
· Generated through cutting concrete pipes, and handling dry sludge or dust in water facilities.
	· Mining
· Manufacturing
· Electricity, Gas, Water and Waste Services
· Construction

	Titanium dioxide
	· Manufacturing of paints, varnishes, lacquers, paper, ink, where the chemical is used as a pigment and brightener.
· Manufacturing of sunscreen and cosmetics, where the chemical is a common ingredient.
· Manufacturing of medical surgical equipment including titanium pins and replacement joints.
· Manufacturing of wire coating for electrical components, other self-cleaning coatings, and PVC piping for water transfer.
· Catalyst properties at nanoscale grade.
	· Mining
· Manufacturing
· Electricity, Gas, Water and Waste Services
· Construction


[bookmark: _Toc219216858]Exposure to these chemicals can have severe and lifelong impacts on workers’ health 
The object of the model WHS Act is to ensure the health and safety of workers by protecting workers and other persons against harm to their health, safety and welfare through the elimination or minimisation of risks arising from work.  
Adverse health effects including occupational illnesses or diseases are preventable by limiting workers’ exposures to the agents that causes them, such as hazardous chemicals and airborne contaminants.
Adverse health effects from exposure to airborne contaminants includes occupational illness or diseases like (outlined further below in Table 2):
· respiratory diseases including asthma, pneumoconiosis and silicosis
· cardiovascular diseases, and
· cancers including mesothelioma, leukaemia and lymphoma.
Exposure to these chemicals can have lifelong, detrimental impacts on workers. For example, exposure can cause irritation of the respiratory tract, that reduces work capacity and quality of life in the short-term for the worker, and long-term can cause lung diseases such as cancer, and ultimately premature death of the exposed worker. 
Globally, the International Labour Organisation estimated over 1 billion workers annually are exposed to hazardous substances in their workplace, including pollutants, dusts, vapours and fumes. From these exposures, almost 1 million work-related deaths were attributed to workplace exposures to a hazardous substance (International Labour Organization, 2021). The ILO has estimated that the majority (approximately 88.7%) of work-related deaths are caused by occupational diseases like circulatory diseases, cancers and chronic obstructive pulmonary disease (International Labour Organization, 2023). 
Table 2 below summarises a number of the reported health impacts of exposure to each of the 9 chemicals considered in this Decision RIS. Sections 9 to 17 outlines the specific health impacts of each chemical. The existing WES provides some protection for workers from adverse health impacts from the 9 chemicals. However, the best available evidence indicates that the existing WES for the 9 chemicals does not provide workers with the optimum level of protection from adverse health effects arising from exposure to these chemicals.
[bookmark: _Ref199835096]Table 2 - Health impacts of the 9 chemicals
	Chemical
	Health impacts 

	Benzene
	Leukaemia, like acute myeloid leukaemia, chronic myeloid leukaemia, acute lymphocytic leukaemia, chronic lymphocytic leukaemia, non-Hodgkin lymphoma, multiple myeloma (International Agency for Research on Cancer, 2018; Safe Work Australia, 2019) 
Lung cancer 
Anaplastic anaemia 
Changes to haematologic parameters (Safe Work Australia, 2019). 

	Chlorine
	Eye and respiratory tract irritation - high exposure can also result in acute bronchial inflammation (Safe Work Australia, 2019)
Respiratory tract irritation and impaired lung function (Safe Work Australia, 2019)
Exacerbate occupational asthma (Canadian Centre of Occupational Health and Safety, 2025)
Increased phlegm production, painful breathing, wheezing, shortness of breath, impaired neurobehavioural functions, skin rashes and burns (Canadian Centre of Occupational Health and Safety, 2025; Australian Industrial Chemicals Introduction Scheme, 2016)

	Copper
	Upper respiratory tract irritation and potential inflammatory reactions in the lungs
Impaired liver and kidney function 
Other symptoms, like nausea, metal fume fever, irritation of the eyes and skin in humans (Safe Work Australia, 2019) 
Dermal sensitisation (allergic reaction on the skin caused by repeated exposure to a sensitising substance,
Lung and stomach cancer (Directorate-General for Employment, Social Affairs & Inclusion, 2014).

	Formaldehyde
	Nasal cancer, following irritation of the eyes and upper respiratory tract
Sensory irritation (Safe Work Australia, 2019)
Leukemia, particularly myeloid leukaemia (International Agency for Research on Cancer, 2006)
Dermal sensitisation (Directorate-General for Employment, Social Affairs and Inclusion (European Commission), 2016; Safe Work Australia, 2019)

	Hydrogen cyanide
	Thyroid enlargement, neurological symptoms and central nervous system symptoms that can lead to chronic neurological symptoms
Severe health effects, like respiratory failure, coma or death
Other symptoms, like headaches, light-headedness, loss of consciousness, change in taste and smell, irritation in the throat, vomiting, effort dyspnoea, nasal irritation and septum ulceration (Safe Work Australia, 2020)
Skin and nasal irritation, and ulceration of the nasal septum lining and mucosa (European Commission Directorate-General of Department of Employment, Social Affairs and Inclusion, 2009; Health Council of the Netherlands, 2002)

	Hydrogen sulfide
	Irritation to eyes and upper respiratory tract, and effects on corneas (Safe Work Australia, 2020)
Central nervous system impairment (Safe Work Australia, 2020)
Lung function impairment, olfactory fatigue and persistent neurological and neuropsychological abnormalities like hazy sight and photophobia (Directorate-General for Employment, Social Affairs and Inclusion, 2007; Health Council of the Netherlands, 2014)

	Nitrogen dioxide
	Lower respiratory tract irritation and tissue damage. Exposure may further negatively impact asthmatics (Safe Work Australia, 2020)
Eye irritation
Changes in lung morphology that resembles lung fibrosis
Other respiratory and cardiovascular diseases like chronic obstructive pulmonary disease (COPD) and hypertension
Exacerbate pre-existing heart disease in workers (Health Council of The Netherlands, 2004; Sell, Plass, Kienzler, & Zeeb, 2025; Safe Work Australia, 2020)

	RCS
	Adverse effects on the lungs, including silicosis, fibrosis, lung cancer and/or tuberculosis 
Renal disease or disorders
Autoimmune diseases such as scleroderma, rheumatoid arthritis and/or sarcoidosis (Safe Work Australia, 2019) 
Chronic obstructive pulmonary disease (Safe Work Australia, 2024; Lung Foundation Australia, n.d.) 
Activation of latent tuberculosis (Safe Work Australia, 2024)
Eye irritation and eye damage (Occupational Safety and Health Adminstration, n.d.)

	Titanium dioxide
	Cancer and reduced lung function (Safe Work Australia, 2021) 
Pulmonary inflammation (National Insitute of Occupational Safety and Health, 2011)
Respiratory tract irritation and pulmonary overload (Safe Work Australia, 2021)



[bookmark: _Toc219216859]Occupational disease has direct and indirect impacts on workers, their families, PCBUs and the broader community 
Occupational disease has both direct and indirect impacts on workers, their families, PCBUs and communities. Many occupational diseases, particularly those resulting from chemical exposures, have long latency periods, sometimes developing years or decades after exposure, which complicates prevention efforts and extends the timeline of impacts.
As noted above, the direct impact of occupational disease is a reduction in both the quality and length of life of affected workers. Affected workers will also need to seek care and treatment for the adverse health impacts, creating costs to them and to the Australian health care system. Occupational disease can also lead to additional and ongoing physical and mental health impacts on workers. For example, in a case study that explores the quality of life of a patient who developed acute leukemia, which can be caused by work-related exposure to benzene and formaldehyde, it was observed that the patient faced psychological distress from the diagnosis and living with acute leukaemia (Charalambous, et al., 2024). The patient gave account that their diagnosis created barriers to social interaction, leading to impacts on their physical and mental health. The patient also indicated that following treatment for the acute leukaemia, they experienced persistent fatigue and insomnia. There was also the “substantial medical bills and treatment costs” that the patient and their family described as “unexpected” financial strain, which led to them making sacrifices and trimming certain expenses (Charalambous, et al., 2024).
There are also a range of indirect impacts on affected workers, their support networks, employers and the broader community, as a result of occupational disease. 
Indirect impact on affected workers
Affected workers often experience reduced workforce participation and earning capacity, leading to financial instability. They may also face increased financial pressures from medical expenses and reduced income. Some workers may face social isolation due to disability or illness, along with mental health challenges such as depression and anxiety, all contributing to an overall decreased quality of life beyond the direct health effects.
Indirect impact on businesses
Businesses can experience reduced productivity as a result of exposed workers’ reduced ability to work, absenteeism and presenteeism. Absenteeism represents the additional time off work a worker may take due to their work-related injury or illness and contributed towards an equivalent loss of 835,770 full time workers in the Australian labour supply between 2008 to 2018 (Safe Work Australia, 2022). Workers may need additional time off to seek medical treatment or recover from their work-related injuries or illness, which impacts business productivity.
Presenteeism (where workers are present for work, but functioning at reduced capacity due to illness) due to work-related injuries and illnesses led to the loss of 331,000 full-time workers in the Australian labour supply between 2008 to 2018 (Safe Work Australia, 2022). A key challenge of linking workplace exposures to occupational disease is that initial adverse effects from occupational exposures, such as headaches, eye and respiratory tract irritation may not be perceived as being serious or work-related. Consequently, the worker may continue to attend work. However, these symptoms can result in productivity losses when at work, including reduced outputs, not meeting deadlines, difficulty concentrating, not thinking clearly, making mistakes or not being able to undertake physical requirements of their job (Sanderson & Cocker, 2013).
Businesses can also experience an increase in insurance premiums due to an increase in workers’ compensation claims in either their business or across the industry. 
Other indirect impacts (including indirect impact on families, friends and communities who support affected workers)
There are also broader impacts on the community and economy, including increased costs for government in terms of health spending to support affected workers. Helping keep workers in the workforce and the job for longer also represents savings and gains in the Australian economy, such as additional economic growth (Safe Work Australia, 2022).
When a worker becomes unwell due to an adverse health impact, this can also result in additional strain on their families and networks. Families and close support networks can often shoulder additional unpaid care responsibilities. In the case study mentioned above about the patient with acute leukemia, their caregiver (the patient’s partner) also gave account of the impacts the patient’s diagnosis had on them. Like the patient, it was observed that the caregiver also undergoes psychological distress, which has also been observed in other studies. The caregiver also mentioned that they too have experienced a reduced social life due to the patient’s compromised immune system, that they had to find a job that allows the flexibility to care for the patient, changes to their daily routine and relationship with the partner and the uptake of new responsibilities (such as administering medication) and household chores (Charalambous, et al., 2024).
Many families face financial strain, although these impacts may be partially addressed through workers’ compensation claims (if accepted), which provides payments to affected workers or their families to at least partially cover lost wages, medical expenses, rehabilitation and legal costs (Fair Work Ombudsman, 2024). 
Estimating costs of occupational disease associated with 9 chemicals
Costs were able to be estimated for 5 of the 9 chemicals considered in this Decision RIS (benzene, chlorine, formaldehyde, hydrogen sulfide and RCS). The estimated costs to workers, businesses, government and the wider community from exposure to 5 of these chemicals at current permitted exposure levels is $13.1 billion over the 10 year appraisal period (FY27 to FY36). However, the costs of occupational disease associated with exposure to all 9 chemicals is expected to be significantly greater as: 
· many of the costs for the 5 chemicals, particularly indirect impacts, were unable to be quantified, 
· there was insufficient data to quantify any costs for the remaining 4 chemicals, and
· where costs were able to be quantified, they are likely underestimated. 
For example, between 2017 and 2021, there were 668 workers’ compensation claims relating to the work exposures for benzene, chlorine, hydrogen sulfide and RCS, which totalled $219 million and resulted in a combined 29,000 weeks of absenteeism (Safe Work Australia, 2023). However, considering the results from the Australian Bureau of Statistics’ Work-Related Injuries Survey 2021-22 below and that these claims are only associated with 4 of the 9 chemicals considered in this Decision RIS, the number of workers’ compensation claims is likely to significantly under-represent the scale of workplace injury or illness attributable to the 9 chemicals, and thus the associated costs. 
The Australia Bureau of Statistics (ABS) Work-Related Injuries Survey 2021-22 stated that 96.7% of individuals that experienced a work-related injury or illness attributable to contact with a chemical or substance did not receive workers’ compensation (Australian Bureau of Statistics, 2023). Among those who did not apply for workers’ compensation, the survey identifies that:
· 39 per cent considered their injury too minor or did not believe workers' compensation was necessary.
· 14 per cent did not think they were eligible.
· 10 per cent were either not covered or unaware of workers' compensation (Australian Bureau of Statistics, 2023)[footnoteRef:6]. [6:  Unincorporated enterprises and independent contractors are generally not covered under workers’ compensation schemes. Approximately 12 per cent of Australian workers are employed in this way] 

Further, long latency periods between exposure and the observable onset of disease may result in individuals not linking the disease to work-related exposure or having insufficient evidence to link the disease to work-related exposure. 
[bookmark: _Toc194509994][bookmark: _Toc219216860]Why is government action needed?
The development of adverse health effects for workplace exposures to airborne contaminants, such as occupational diseases and illnesses, is an unacceptable health risk to workers. 
Governments, through the establishment of the model WHS framework, have recognised the need to eliminate, and where this is not possible, minimise risks to workers, including from airborne contaminants. The establishment of appropriate WEL is a key part of this. 
WHS ministers have agreed to maintain the mandatory nature of the WES under regulation 49 of the model WHS Regulations and to update the WES list – this recognises the established, critical role the WES list has in protecting workers. The 9 chemicals considered in this Decision RIS will form part of the (renamed) WEL list when it commences from 1 December 2026. 
[bookmark: _Toc219216861]Existing legislative and regulatory requirements for airborne contaminants aim to protect workers from occupational illness 
The model WHS legislative framework seeks to protect workers from developing adverse health effects, like occupational illness and diseases due to exposure to hazardous chemicals and airborne contaminants. The Commonwealth, and all state and territory governments have implemented the mandatory workplace exposure standards in the WES list under their WHS laws (or equivalent). 
The model WHS laws, in both the WHS Act and WHS Regulations, set out obligations for employers to manage these hazards in the workplace. Section 19 of the model WHS Act establishes the primary duty of care for PCBUs to ensure, so far as is reasonably practicable, the health and safety of workers and others in the workplace. In fulfilling this duty, PCBUs must ensure risks to the health and safety of workers and others at the workplace is eliminated or minimised, so far as is reasonably practicable (section 17 of the model WHS Act). This includes eliminating or minimising the risks that arise from hazardous chemicals and airborne contaminants. They are required to provide and maintain a workplace environment that is without risks to health and safety, and provide any information, training, instruction, or supervision necessary to protect people from risks to their health and safety. 
Further, employers must ensure workers and others at the workplace are not exposed to an airborne concentration of the chemical that exceeds the workplace exposure standard (WES) for that chemical (regulation 49). If an employer is not certain whether or not the airborne concentration of the substance or mixture at the workplace exceeds the WES, or monitoring is necessary to determine whether there is a risk to health, then the PCBU must ensure that air monitoring is carried out to determine the airborne concentration of the substance or mixture at the workplace (regulation 50).
The model WHS Regulations also have specific requirements which apply to managing airborne contaminants and hazardous chemicals more broadly. Part 3.1 of the model WHS Regulations requires the PCBU to identify hazards that could give rise to risks to health and safety and apply the hierarchy of controls to minimise the risks to health and safety if it is not reasonably practicable to eliminate the risks. This can include substituting the hazard with something with a lesser risk, isolating the hazard from workers, or implementing engineering controls. Where the risk remains, the PCBU must minimise the remaining risk, so far as is reasonably practicable, by implementing administrative controls, and then by ensuring the provision and use of suitable personal protective equipment, including respiratory protective equipment. 
[bookmark: _Toc219216862]Objective of government action  
Government action to ensure evidenced-based WES for these 9 chemicals is critical to reduce the risk of harm to workers and protect them from potentially harmful airborne contaminants. As outlined above, the impact of occupational disease and illness from exposure to hazardous chemicals in the workplace can be significant, particularly to workers and their families. As noted previously, it is estimated up to 3.11 million workers may be exposed to these chemicals in their workplace. 
Further, to support PCBUs in meeting their WHS requirements, and to achieve the object of the WHS Act, it is important that the WES is set at a level informed by the latest evidence. This will ensure that the WES is not under-protective (whereby the WES is not sufficiently protective for workers) or over-protective (potentially creating unnecessary burden)[footnoteRef:7]. [7:  In agreeing the WEL list, where evidence suggested the current WES was overprotective, WHS ministers agreed to increase the limits to reduce unnecessary burden. Ministers also agreed to remove chemicals from the WEL list that were prohibited for import, manufacture or use in Australia. The full list of changes can be found on the Safe Work Australia website. ] 

It is important to note that given the overarching duty to eliminate or minimise risk so far as is reasonably practicable, WES should not be considered as representing an acceptable level of exposure to workers. They establish a statutory maximum upper limit. To comply with their WHS duties, PCBUs must implement all reasonably practicable control measures to minimise exposure, which may be to a level well below the WES. 
The proposed health-based exposure limits have been developed based on current available evidence (both in Australia and internationally) and to reflect contemporary Australian settings. They have been developed based on a considered, evidence-informed approach, and reflect extensive consultation. Reference to international limits, and their status as mandatory or advisory, is made throughout this Decision RIS to provide context, noting that WHS ministers decided that in Australia the WEL should continue to be mandatory.
[bookmark: _Toc219216863]Government action supports harmonisation of WHS requirements
In 2008 WHS ministers agreed (as part of the Inter-Governmental Agreement for Regulatory and Operational Reform in Occupational Health and Safety), where they have approved an amendment to legislation or new legislation, that each jurisdiction would undertake all necessary steps to introduce those changes to their WHS or OHS legislation with a view to ensuring they remain nationally consistent (Department of the Prime Minister and Cabinet, 2008). 
Since this time the model WHS laws have been developed and implemented in all jurisdictions except Victoria. This includes harmonised implementation across all jurisdictions (including Victoria) of the WES list published by Safe Work Australia.
WHS ministers have demonstrated their ongoing commitment to ensuring the WHS laws remain harmonised across jurisdictions in agreeing the WEL list and a harmonised implementation date of 1 December 2026. Inclusion of the proposed WEL for the 9 chemicals in the harmonised WEL list represents a continued benefit for industry and jurisdictions through national consistency in implementation. 
Failure to maintain the WES/WEL list at the national level could result in jurisdictional differences in exposure limits. This would not only be inconsistent with the agreed harmonisation of WHS laws but may also create confusion and additional complexity for PCBUs where work is occurring across multiple jurisdictions. 
[bookmark: _Toc219216864]There is strong community support to ensure the WES reflect latest scientific evidence
Community expectations, as reflected in the 2019 WES Review Decision RIS, showed that most stakeholders supported the option for governments (through Safe Work Australia) to update workplace exposure standards using a streamlined methodology to align with current scientific knowledge and to maintain the mandatory status of the workplace exposure standards under the model WHS laws. 
Further, as part of consultation to inform this impact analysis, there was general agreement of the need to ensure WES are set at a suitable protective level (see consultation below).

1. [bookmark: _Toc194509995][bookmark: _Toc219216865]What policy options are being considered?
Two options are being considered as part of this Decision RIS:
Option 1 – retain current WES for each of the 9 chemicals considered in this Decision RIS (status quo), and
Option 2 – change to the proposed health-based WEL for the 9 chemicals. 
[bookmark: _Toc219216866]These options reflect previous decisions from WHS ministers 
In 2024, WHS ministers agreed to the health-based recommendations for the WEL, except for the 9 chemicals where WHS ministers had requested further impact analysis be undertaken – this Decision RIS.
The options included recognise that consideration of limits outside a health-based approach would be inconsistent with previous decisions by WHS ministers. Specifically, their decision as part of the WES Review Decision RIS, where WHS ministers agreed to changes to exposure standards for other chemicals to reflect the health-based WEL. This decision was made on the basis of ensuring adequate protection of workers from adverse health effects from exposure to the chemicals.  
These options are also consistent with the recommendations from Members. The health-based limits were recommended as they were considered protective of workers and others in the workplace from the adverse health effects from exposure.
A policy option that did not align with the health-based limits would be counter to the object and requirements of the model WHS Act to protect workers from developing adverse health effects. Alternative WEL were suggested by stakeholders for some of the chemicals considered in this Decision RIS. These suggestions were considered against the criteria contained within the WES review methodology agreed by WHS ministers (see Appendix B).
It is also important to note that as part of previous consultation on the proposed health-based limits, stakeholders were asked to provide evidence in support of any proposed alternate health-based limits. For formaldehyde and titanium dioxide, stakeholders did suggest alternate health-based limits supported by evidence. Members were able to consider these alternate health-based limits alongside the recommendations from the WES review prior to agreeing the WEL for consideration in this Decision RIS. 
[bookmark: _Toc219216867]Making the WEL advisory would not achieve suitable protections
This option was previously considered by WHS ministers in the WES Review Decision RIS but not supported because it did not sufficiently meet their objective of reducing the risk of harm to workers. As such, it was not considered in this Decision RIS. 
[bookmark: _Toc219216868]Non-regulatory mechanisms would not achieve suitable protections 
Non-regulatory options, such as guidance, education and awareness raising, were not considered as part of this Decision RIS. It is important to note that while non-regulatory options would complement implementation of either option, and are a core function for Safe Work Australia, on their own these activities would not satisfactorily meet the object of the model WHS Act, nor provide appropriate protections to workers. 
Guidance, education and awareness raising are already in train as part of the broader transition from the WES and WEL that WHS ministers agreed would come into effect from 1 December 2026.  
[bookmark: _Toc219216869]Overview of options
Table 3 below provides an overview of the current WES and proposed WEL for each of the 9 chemicals considered in this Decision RIS. 
There are three types of exposure standards used within the WES and WEL lists:
· Eight-hour time weighted average (TWA) is the maximum average airborne concentration of an airborne contaminant when calculated over an eight-hour working day, for a five-day working week. 
· Short term exposure limit (STEL) is the time weighted average maximum airborne concentration of an airborne contaminant calculated over a 15-minute period.
· Peak limitation is the maximum or peak concentration of an airborne contaminant measured over the shortest analytically practicable period of time and not exceeding 15 minutes.
The limits are present as either parts per million (ppm) or milligrams per cubic metre (mg/m3).
[bookmark: _Ref199839947]Table 3 - List of 9 chemicals subject to a regulatory impact analysis, their current workplace exposure standards and proposed work exposure limits
	Chemical
	Current WES (Option 1)
	Proposed WEL (Option 2)

	Benzene
	TWA: 1 ppm (3.2 mg/m3)
	TWA: 0.2 ppm (0.7 mg/m3)

	Chlorine
	Peak limitation: 1 ppm (3 mg/m3)
	TWA: 0.1 ppm (0.29 mg/m3)
Peak limitation: 0.4 ppm (1.16 mg/m3)

	Copper 
	TWA: 0.2 mg/m3 (for fumes)
TWA: 1 mg/m3 (for dusts and mists)
	TWA: 0.01 mg/m3 (respirable; all forms)

	Formaldehyde
	TWA: 1 ppm (1.2 mg/m3)
STEL: 2 ppm (2.5 mg/m3)
	TWA: 0.3 ppm (0.369 mg/m3)
STEL: 0.6 ppm (0.738 mg/m3)

	Hydrogen cyanide
	Peak limitation: 10 ppm (11 mg/m3)
	TWA: 0.9 ppm (1 mg/m3)
STEL: 4.7 ppm (5 mg/m3)

	Hydrogen sulfide
	TWA: 10 ppm (14 mg/m3)
STEL: 15 ppm (21 mg/m3)
	TWA: 1 ppm (1.4 mg/m3)
STEL: 5 ppm (7 mg/m3)

	Nitrogen dioxide
	TWA: 3 ppm (5.6 mg/m3)
STEL: 5 ppm (9.4 mg/m3)
	TWA: 0.2 ppm (0.38 mg/m3)

	Respirable crystalline silica[footnoteRef:8] [8:  Respirable crystalline silica includes respirable cristobalite, quartz, tridymite and tripoli. ] 

	TWA: 0.05 mg/m3
	TWA: 0.025 mg/m3

	Titanium dioxide
	TWA: 10 mg/m3
	TWA: 0.3 mg/m3 (respirable; ultrafine/nanoscale particles)
TWA: 2.4 mg/m3 (respirable; fine/pigmentary grade particles)


[bookmark: _Toc197676325][bookmark: _Toc197676324][bookmark: _Toc194509996][bookmark: _Toc196204603][bookmark: _Toc219216870]Option 1 – Retain the current WES as the WEL
Under this option, the current WES for each chemical, as outlined in Table 3, would be retained as the exposure limit in the WEL list. This option represents the status quo.
This option would represent minimal impact to affected businesses as the current workplace exposure standard would continue to apply (note, this assumes that all relevant businesses are currently meeting the existing regulatory requirements in relation to the WES).   
However, retaining the current WES for these chemicals is expected to expose workers to levels of hazardous chemicals that may cause adverse health effects, based on the latest available evidence. Therefore, this option would be counter to the object of the model WHS Act.
Retention of the current WES could also hinder PCBUs from complying with their primary duty of care under the model WHS Act, which requires PCBUs to ensure, so far is as reasonably practicable, the health and safety of workers and others in the workplace. This is especially true knowing that, based on current scientific evidence, the current WES for these 9 chemicals is not protective of workers. Businesses, workers and the broader community likely have an expectation that the WES is set at a safe level, however this option does not reflect current evidence for safe levels of exposure. 
Recognising this option is a continuation of existing arrangement, there are no specific timeframe considerations in relation to implementation.
[bookmark: _Toc194509997][bookmark: _Toc196204604][bookmark: _Toc219216871]Option 2 – Change to the proposed health-based WEL for the 9 chemicals
Under this option, the exposure limit for each of the chemicals would be reduced to the proposed WEL outlined in Table 3.
This option would ensure that the WEL reflect latest scientific evidence and therefore provide the greatest protection to workers. The health-based WEL for the 9 chemicals have been determined using the methodology agreed by WHS ministers and employed a weight of evidence approach, considering information from agreed primary sources, supported by information from agreed secondary sources as appropriate. This option would also support PCBUs in meeting their primary duty of care under the model WHS Act. Ensuring workers are not exposed to levels of these chemicals above the health-based WEL can be used to support compliance with the primary duty. 
It also ensures that Australia’s WEL for the 9 chemicals considered in this Decision RIS are aligned with international best practice. International limits, both mandatory and advisory, were considered for context.
While businesses have identified significant costs associated with implementation of Option 2 for each of the chemicals, these have been considered in light of the significant benefits to workers, their families and the broader community.  
This option is expected to lead to a range of long-term benefits for workers including reduced illness and disease (physical and mental), improved financial stability and outcomes, reduced disability and death, increased quality of life, and improved workplace productivity. 
It is also expected that there would be reduced costs for governments, including to the public health system, relating to diagnosis, treatment and disease management. There are also direct and indirect benefits to workers’ families, friends and communities.  
For consistency with the transition to the WEL for other chemicals, and to prevent potential confusion, implementation would be proposed to commence from 1 December 2026. Stakeholder suggestions for transitional timelines and arrangements are outlined in chemical specific sections of this Decision RIS. 
[bookmark: _Toc219216872][bookmark: _Ref194507512][bookmark: _Toc194509998]What is the likely net benefit of each option?  
This Decision RIS has identified that the quantified costs associated with Option 2 for each of the 9 chemicals outweighs the quantified benefits. Limited available data and documentation has affected the quantification of impacts, particularly in estimating the benefits through preventing adverse health impacts. It should be noted that for 4 of the 9 chemicals considered in this Decision RIS, it has not been possible to quantify the benefit of the proposed WEL. But this does not mean there is an absence of any benefits. 
Therefore, while estimated benefits and costs are included, noting they are still of value to the consideration, the limitations of the data used for the estimation are recognised below.
This section provides an overview of the two options considered in this Decision RIS. In addition, a detailed assessment of the options against each chemical is provided at Sections 9 to 17. 
Data limitations  
The costs and benefits in this impact analysis are estimated with low-medium confidence (see Appendix K) due to the significant gaps and limitations in the data and documentation available for the impact analysis through the desktop research and stakeholder engagement.
The key limitations to the cost estimates include:
· A lack of data on the actual number of businesses and workers that would be affected by the proposed WEL 
· A lack of reliable, verifiable and detailed industry-level cost data to implement the WEL
· Uncertainty regarding the nature of the flow-on impacts where businesses and workers are affected by the implementation of more than one WEL 
· Uncertainty regarding flow-on impacts where incremental costs incurred by businesses are passed onto consumers and/or other suppliers. These impacts may result in reduced competitiveness with international competitors, and therefore reduced demand for their goods and services, or alternatively adjustments to implement the WEL may provide efficiencies in operations and savings
· Limited information on the nature and extent of the actual changes that would be required at an individual business-level. 
The key limitations to the benefits estimates for the five chemicals (benzene, chlorine, formaldehyde, hydrogen sulfide and RCS) where benefits were able to be quantified, include:
· Limited data on the current health burden of workplace exposure. This includes the likely under-reporting of occupational disease in relation to workers’ compensation claims due to the long latency periods and difficulty attributing a particular individual’s disease to past workplace exposure to a specific chemical
· Uncertainty regarding the impact of the proposed WEL on the incidence of occupational disease in the future
· Uncertainty around the levels of exposure that have given rise to the observed incidences of occupational disease and whether these exposures were within the levels of the current WES
· The estimates do not capture the qualitative benefits associated with reduced occupational diseases related to the 9 chemicals considered in this Decision RIS such as increased confidence in safety and wellbeing for PCBUs, workers, their families and the broader community.
[bookmark: _Toc219216873]Option 1 – Retain the current WES as the WEL
With this option representing status quo and on the assumption that PCBUs are currently meeting their requirements under the model WHS laws, this option has no net impact (no new benefits or costs). 
There would be no additional costs to businesses in complying with the current WES for the 9 chemicals as they should have appropriate controls already in place. There would be no additional cost to government in administering the regulatory framework. However, as outlined in Section 2, there are significant costs to businesses, workers, their families and the broader community.
As this option does not reflect current scientific evidence on health effects from exposure it can reasonably be expected that workers will continue to experience adverse health impacts at rates similar to current levels, noting that the above data limitations and that occupational diseases are likely under-reported, there may even be increased costs into the future (e.g. due to increased workers’ compensation claims). 
Important risk of implementing Option 1 
It is important to note that retaining the current WES would be inconsistent with the requirements of the model WHS laws and therefore does not adequately assist PCBUs in meeting their obligations.
Retaining the current WES is likely to incorrectly imply to businesses that exposure to those levels of the hazardous chemicals is consistent with the obligations to minimise risk so far as is reasonably practicable, when the current evidence demonstrates otherwise.  
[bookmark: Section5_2][bookmark: _Toc219216874]Option 2 – Change to the proposed health-based WEL for the 9 chemicals. 
As outlined previously, this analysis could only quantify benefits for 5 (benzene, chlorine, formaldehyde, hydrogen sulfide and RCS) of the 9 chemicals and there were limitations to the analysis. Benefits could not be quantified for the remaining 4 chemicals, but this does not mean an absence of benefits. Further, cost estimates were made for all 9 chemicals, however there were also significant limitations in data underpinning this analysis. As such, both the costs and benefits estimates are made with low-medium confidence. 
Despite these limitations, a net quantified benefit figure for this option was determined for all chemicals that are the subject of this Decision RIS. However, these figures should be read in conjunction with the non-quantifiable and qualitative costs and benefits outlined in this section. Further detail on each chemical presented in subsequent sections (Sections 9 - 17). 
Approach to assessment  
To support as robust as possible an assessment of benefits and costs of this option, recognising the data limitations, SWA engaged Nous Group to undertake an impact analysis for each of the 9 chemicals subject to this regulatory impact analysis. Their analysis was informed by the approach taken for the WES Review Decision RIS, and involved desktop review, analysis of publicly available data sources and stakeholder consultation. 
The conceptual approach for this impact analysis, shown in Figure 1, focuses on three key measures of impact:
· The potential number of affected businesses, by business size category.
· The estimated costs that would be incurred by businesses relating to:
· additional control measures (isolation controls, engineering controls, administrative controls and personal protective equipment), and 
· management practices (expert occupational hygiene advice, air monitoring and health monitoring).
· The quantified and qualitative benefits to affected workers, their families, businesses or PCBUs, government and the broader community resulting from reduced workplace exposure to these chemicals, including (but not limited to):
· reduced occupational disease, which can contribute towards reduced cost to government and the health system, 
· reduced costs associated with workers’ compensation claims for businesses and PCBUs,
· improved health outcomes, including protection from adverse health effects caused by work-related exposure to the 9 chemicals,
· increased workplace productivity, including from a reduction in psychosocial hazards, and 
· improved quality of life of workers, their families and the broader community. 
[image: ]
[bookmark: _Ref202270119]Figure 1 - Conceptual approach to the impact analysis
This approach is applied for each of the 9 chemicals considered in this Decision RIS, although not all cost and benefit items were able to be estimated for each chemical due to limited publicly available data. For example, benefits for 4 of the 9 chemicals were not able to be quantified due to a lack of publicly available data, while certain cost estimates required industry-specific assumptions where sector-level data was limited. Where benefits were not quantifiable for any of the 9 chemicals, they were described qualitatively.
An absence of quantifiable benefits due to a lack of publicly available data does not mean the proposed WEL will not result in any benefits. For example, this Decision RIS recognises that the health evidence used to recommend the proposed WEL for each of the 9 chemicals shows that there can be a reduction in occupational disease as a result of implementing the proposed WEL, which can have flow-on impacts on other areas like reduced workers’ compensation claims and cost to government through savings in the health system. These are important considerations that should be considered when determining the net benefit of Option 2, as they impact affected workers, their families, businesses, the government and the broader community.  

The methodology and data sources underpinning the assessment of impact is included at Appendix C. Also included in Appendix C are details regarding the assumptions underpinning the assessment of benefits and costs under this option.
In estimating the costs, it has been assumed, for the purposes of setting a base case for this impact analysis, that:
· all businesses comply with the current WES for each of the 9 chemicals, 
· all businesses comply with the recent changes to regulations for the processing of silica-containing substances, and
· all businesses fulfill their obligations under the model WHS Act.
In estimating the benefits, it has been assumed that:
· the shift to the proposed WEL will avert all work-related disease attributable to workplace exposure due to the absence of data that estimates the reduction in occupational diseases that can be attributed to the proposed WELs,
· the full scale of benefits will be incurred from the first year following the adoption of the proposed WEL, noting that due to long latency of some occupational diseases caused by exposure to the 9 chemicals, it is more likely the benefits will be experienced beyond the 10-year period this analysis is based on, and
· all existing direct and indirect health impacts are due to exposure at levels within the current WES as the data used to quantify the benefits (i.e., burden of disease and workers’ compensation) does not identify the exposure levels that caused the adverse health effect.  
[bookmark: _Toc194509999][bookmark: _Toc196204605]Benefits
The primary benefit of the proposed health-based WELs is to protect workers from the adverse health effects that could develop if the current WES are retained. However, there are additional quantitative and qualitative benefits for individuals and the community because of the proposed WELs. The proposed WELs are based on expert review of available evidence which indicates that exposure of workers below the proposed WEL provides protection against adverse health effects. Based on the evidence used to determine the proposed WELs, there is a high degree of certainty that the benefit of worker protection will be realised.
The quantitative benefits have been estimated over a 10-year appraisal period (FY27 to FY36) for the purposes of this Decision RIS. However, it is expected that these benefits, as well as the non-quantified and qualitative benefits discussed throughout this section and in the chemical-specific sections, will continue to be realised beyond this period. 
Quantitative benefits
A summary of quantitative benefits for each of the 9 chemicals is found in Table 4. The total benefits represent the sum of the quantifiable health and financial benefits over the 10-year appraisal period and are presented in real, discounted present value terms. The 10-year appraisal period was assumed to begin in the financial year when the WEL list would come into effect (1 December 2026).
The benefits that were quantifiable in this analysis are made up of direct financial benefits[footnoteRef:9], improved health outcomes[footnoteRef:10] and indirect financial benefits[footnoteRef:11]. These estimates are indicative and only capture the incremental benefits of a shift from the current WES to proposed WEL for each chemical, in line with the definitions provided in Appendix C.  [9:  Direct financial benefits include reduced worker’s compensation claims and medical costs.]  [10:  Improved health outcomes include reduced years of life lost to the occupational disease or illness and reduced years lived with disability. ]  [11:  Indirect financial benefits include reduced loss of productivity. ] 

Results for RCS are split between the impacts on all industries (excluding mining) and the impacts on the mining industry only. This is due to the significant difference in the magnitude of the average impacts on businesses between the two groups.
[bookmark: _Ref199843207]Table 4 - Summary of total quantifiable benefits, FY27 to FY36
	Chemical
	Total quantifiable benefits ($, millions, discounted)

	Benzene
	439 

	Chlorine
	9 

	Copper
	ND

	Formaldehyde
	45 

	Hydrogen cyanide
	ND 

	Hydrogen sulfide
	7 

	Nitrogen dioxide
	ND 

	Respirable crystalline silica (excluding the mining industry)
	10,145 

	Respirable crystalline silica (mining industry)[footnoteRef:12] [12:  Benefits have been attributed to the mining industry on a pro-rata basis, based on the relative share of workers affected by the proposed WEL for RCS. The mining industry comprises approximately 19% of affected workers, and therefore, 19% of total RCS benefits have been attributed to the mining industry.] 

	2,490

	Titanium dioxide
	ND 


ND = Not determined due to insufficient data
Key results for each of the 5 chemicals where benefit was assessed included:
· Benzene: the estimated quantifiable benefits for workers, communities and businesses are $439 million over 10 years.
· Chlorine: the estimated quantifiable benefits for workers, communities and businesses are $9 million over 10 years.
· Formaldehyde: the estimated quantifiable benefits for workers, communities and businesses are $45 million over 10 years.
· Hydrogen sulfide: the estimated quantifiable benefits for workers, communities and businesses are $7 million over 10 years.
· RCS (excl. mining): the estimated quantifiable benefits for workers, communities and businesses are $10.1 billion over 10 years.
· RCS (mining only): the estimated quantifiable benefits for workers, communities and businesses are $2.5 billion over 10 years.
The most significant limitation of the benefits estimates is a lack of data on the current health burden of workplace exposure for the chemicals (which should not be used to infer the lack of a health burden). This is largely due to the likely under-reporting of occupational disease in relation to workers’ compensation claims due to the long latency periods and difficulty attributing a particular individual’s disease to past workplace exposure to a specific chemical. Furthermore, the Australian Bureau of Statistics’ Work-related injuries survey conducted in 2021-2022 found that 43% of those who experience a work-related injury or illness in 2021-22 did not apply for workers’ compensation. Reasons included they considered their injury or illness to be minor or that workers’ compensation was unnecessary, did not think they were eligible for workers’ compensation, or did not think their injury or illness would be covered or were not aware of their rights to workers’ compensation (Australian Bureau of Statistics, 2023). 
Reduced years of life lost due to occupational disease
The estimated benefits above have sought to capture available data related to reductions in a year of healthy life lost due to occupational disease, attributable to reduced workplace exposure to airborne contaminants. It is worth noting that as part of this assessment, the forecast fatal burden of disease for benzene, formaldehyde and RCS over the appraisal period were assessed, noting these 3 chemicals are classified as carcinogens under the GHS. The forecast burden of disease for RCS in FY27 (7,421 Disability-adjusted life years (DALY) or $1.82 billion), which was significantly higher than for benzene (270 DALYs or $66.1 million) and formaldehyde (28 DALYs or $6.9 million) (Institute For Health Metrics and Evaluation, 2024).
Other benefits not quantifiable in this analysis
There are additional quantifiable benefits that have not been captured in this analysis due to a lack of data that can attribute the benefits to reduced exposure to the 9 chemicals. However, this lack of data does not mean the benefits will not be realised by implementing the proposed WELs for the 9 chemicals. 
The actual benefit of the proposed WELs for all 9 chemicals, including the non-quantifiable benefits, are assessed to be greater than the quantifiable benefits outlined in this Decision RIS (Table 4). 
Importantly, it must be acknowledged that the proposed changes are expected to prevent most workers who are exposed to these 9 chemicals from developing occupational diseases, thus keeping workers in the workforce for longer, increasing workers’ and their family’s quality of life and saving workers’ lives. This also represents savings and gains in the Australian economy, such as additional economic growth (Safe Work Australia, 2022).
Increased economic growth, savings, jobs and wage growth in the Australian economy
Previous research by Safe Work Australia outlines a number of broader quantitative benefits that can be achieved through reducing work-related illness and injury. These include:
· Safe Work Australia’s Safer, healthier, wealthier: The economic value of reducing work-related injuries and illnesses identified that if work-related injuries and illnesses were absent, it would result in approximately 185,500 additional jobs per annum (Safe Work Australia, 2022). 
· Lowering the current WES to the health-based WEL for the 9 chemicals to reduce occupational diseases and illnesses is expected to have a positive impact on industries. Research suggests that there would be productivity gains, reduced employer overheads (such as from workers’ compensation claims and the costs incurred from hiring and training new staff to account for staff who are absent or withdrew from work due to an occupational illness or injury) and increased outputs to industries identified in this analysis, if occupational diseases and illnesses are reduced (Safe Work Australia, 2022). 
· The International Labor Organisation (ILO) describes occupational diseases as a ‘hidden epidemic’. The ILO estimated work-related accidents and diseases reduces the global gross domestic product (GDP) by 4% or about US$2.8 trillion in direct and indirect costs of injuries and diseases, and that 2.02 million workers die globally from work-related diseases each year (International Labour Organization, 2013). 
· Reduced absenteeism and presenteeism will increase productivity. Between 2008 and 2018,  2.2 million jobs (Full Time Equivalent) were lost due to work related injuries and illnesses (Safe Work Australia, 2022). By reducing work-related injuries and illnesses, there will be less workers seeking time off to attend medical appointments to seek treatment for, or to recover from, an occupational disease or illness. Further, workers will be able to perform at their full potential if they are not experiencing an adverse health effect, reducing presenteeism in the workplace and increasing business productivity. By avoiding productivity losses and costs from work-related injuries or illnesses, Australia’s economy would have been $28.6 billion larger each year (Safe Work Australia, 2022). 
Reduction in costs associated with worker compensation claims
· Workers who develop a physical injury or illness like an occupational disease or illness, or a psychological injury or illness from exposure to any airborne contaminant or hazardous chemical or from developing an occupational disease or illness, are able to seek workers’ compensation if the physical or psychosocial injury or illness can be linked to any workplace exposure to any airborne contaminant or hazardous chemical.
· Workers’ compensation can offer financial support to help affected workers to focus on getting better without having to worry about treatment costs or cover part of their wage whilst affected workers are recovering from the physical or psychological illness. It also provides rehabilitation services to ensure affected workers have a safe, durable and timely return to work. 
· Certain adverse health effects as a result of exposure to one or more of the 9 chemicals are part of Safe Work Australia’s List of Deemed Diseases in Australia (Safe Work Australia, 2024). Deemed diseases are conditions that are highly likely to be caused by work, based on scientific evidence. For workers’ compensation purposes, a worker with a relevant work-related exposure is assumed to have developed a deemed disease from their work, unless there is strong evidence to the contrary (Safe Work Australia, n.d.). This includes:
· Lung cancer and silicosis – caused by exposure to RCS
· Nasopharyngeal cancer caused by formaldehyde
· Leukemia (excluding chronic lymphatic leukemia) - caused by exposure to benzene and formaldehyde
· Acute poisoning / toxicity (includes acute damage to the heart, lungs, liver, kidney, nervous system and blood) – caused by exposures to benzene, copper, nitrogen dioxide, chemical asphyxiants (like hydrogen cyanide and hydrogen sulfide). 
· Workers’ compensation claims represent a cost to business, usually as an insurance premium. There are also certain circumstances where an insurance company chooses not to cover the workers’ compensation partly or in full, resulting in businesses carrying the remaining cost of the claim. This can include a direct compensation costs like benefits paid directly to workers or their family, costs paid to workers as income replacement, medical costs and costs involved with a worker returning to work or legal costs associated with compensation related expenses. 
· Reducing the number of workers’ compensation claims that are the result of work-related exposures to airborne contaminants, like the 9 chemicals considered in this Decision RIS, can also help make workers’ compensation schemes more sustainable and reduce cost to governments. Furthermore, reducing any costs with the workers’ compensation claims, like those outlined above, will make business premiums more affordable.  
Reduced costs to government and impacts on health system
· The Australian Institute of Health and Welfare web report states the healthcare expenditure on common diseases and illnesses linked to work-related exposures to airborne contaminants, such as cancers and other neoplasms, cardiovascular diseases and respiratory diseases, was approximately $40.5 billion in 2022-23 (Australian Institute of Health and Welfare, 2025). 
· The ABS Work-Related Injuries Survey 2021-22 stated 96.7% of individuals who experienced a work-related injury or illness attributable to contact with a chemical or substance did not receive workers’ compensation (Australian Bureau of Statistics, 2023). On this basis, it is likely that a large proportion of workers experiencing adverse effects from exposure to the 9 chemicals are seeking treatment or medical care directly from the health system and not through the workers’ compensation schemes, likely at significant cost to governments. 
· A reduction in workplace exposure to the 9 chemicals through implementation of the proposed health-based WELs is expected to result in a reduction of workers developing cancers and other neoplasms, cardiovascular diseases and respiratory diseases. As well as the obvious benefits for workers, this also represents potential savings for the health care sector and the government, recognising the significant and long-term medical interventions necessary to provide treatment to people experiencing these conditions.
· With this Decision RIS identifying that, in FY27, the forecast burden of disease for benzene is 270 DALYs (or $66.1 million), formaldehyde is 28 DALYs or ($6.9 million) and RCS is 7,421 DALYs (or $1.82 billion), implementing the proposed WEL for benzene, formaldehyde and RCS would result in a reduction in the burden of disease. 
Increase in workers’ quality of life and confidence that workplaces are safer 
· Exposure to any airborne contaminant, including the 9 chemicals, can result in different adverse health effects like dizziness, headaches, nausea, cancers, cardiovascular diseases or respiratory diseases. These adverse health effects can decrease a workers’ quality of life in many ways. Reductions in occupational disease or illnesses will support workers to have increased quality of life and provide increased confidence in their employer, driving productivity and better staff retention long term.
Qualitative benefits
Using health-based exposure limits for the WEL is also expected to achieve a number of qualitative benefits which could not be quantified in the impact assessment due to lack of publicly available data at a specific chemical level. The qualitative benefits detailed below incorporate stakeholder feedback, and research findings from academia and industry in Australia and internationally to illustrate the anticipated qualitative benefits which could be achieved through lowering the exposure limits for the 9 chemicals. 
Reduction of psychosocial hazards
The model Code of Practice: Managing psychosocial hazards at work identifies that exposure to hazardous working environments, or working in hazardous conditions such as near or around hazardous chemicals, may be a psychosocial hazard (Safe Work Australia, 2022). 
Workers who work with or are exposed to an airborne contaminant in their workplace, such as the 9 chemicals considered in this regulatory impact analysis, or where the workplace is not kept tidy (i.e., the workplace appears dusty or hazy), can experience anxiety and stress from the potential of developing an adverse health effect, especially if they are aware or become aware of the hazards associated with the airborne contaminant. An evidenced informed approach to WHS, including health-based limits for airborne contaminants, may provide assurance to workers that they are protected and alleviate some of these psychosocial hazards. 
A reduction in psychosocial hazards in relation to exposure to or working with the 9 chemicals considered in this Decision RIS can also contribute towards a reduction in workers’ compensation claims associated with psychosocial hazards. 
Reduced impacts on the support networks (such as family and friends) and carers for individuals experiencing an occupational disease
According to the ABS, 3 million Australians are carers (Australian Bureau of Statistics, 2024). It is likely that a portion of carers in Australia are providing informal assistance to workers who have developed and live with an adverse health effect from exposure to chemicals, including the 9 chemicals subject to this regulatory impact analysis, in the workplace. Informal assistance may include (but is not limited to) providing transport, household chores and health care to the recipient who has the disability (Australian Bureau of Statistics, 2024).
Research shows the pressures of caring for family members or friends can result in a negative effect on mental health, stress and lifestyle of the caregiver, when compared with non-caregivers (Savage & Bailey, 2004). Furthermore, a recent survey by Carers Australia identifies that carers in Australia have reported experiencing lower wellbeing and quality of life outcomes than the average Australian (Mylek & Schirmer, 2024). 
Lowering exposures to the 9 chemicals through the proposed WELs is likely to reduce the likelihood of exposed workers developing an acute or chronic occupational disease or illness that could develop into or contribute towards a disability. This will reduce reliance on support networks, such as family and friends, to provide paid or unpaid support and care, and consequently minimise impacts on the potential caregiver’s mental health, stress, wellbeing and quality of life (Savage & Bailey, 2004).
Opportunities for innovation, new technology and research 
The proposed changes in WELs for the 9 chemicals can prompt job creation in the safety sector, such as advancements in controls like ventilation and PPE (i.e. affordability, opportunities for new or for the expansion of training and education for the new industry requirements). 
Stakeholders also suggested that the lowered WELs would help drive innovation into alternative safer chemicals to use in place of some of the 9 chemicals (i.e., benzene, chlorine, copper and formaldehyde). Some examples are provided in the respective chemical-specific sections.  
[bookmark: _Toc196902040][bookmark: _Toc197676372][bookmark: _Toc196902041][bookmark: _Toc197676373][bookmark: _Toc196902042][bookmark: _Toc197676374][bookmark: _Toc194510000][bookmark: _Toc196204606]Ensure Australia is consistent with international best practice
The approach to developing the health-based exposure limits will ensure Australia’s WEL for these 9 chemicals is consistent with international best practice and reflects Australia’s commitment to international conventions for hazardous chemicals. 
Costs
The analysis uses two key estimation approaches to estimate the costs to industry of the proposed WELs:
· Standardised costs use a standardised set of inputs to estimate the costs to business of the proposed WEL. These costs are estimated using the inputs and methodology from the WES Review Decision RIS, and stakeholder input via public submissions, with all cost inputs escalated to June 2024. It included costs such as:
· Control measure costs – estimated increased costs to businesses related to additional expenditure from implementing control measures to comply with the reduced WEL for the nine chemicals. Control measure costs include isolation controls, engineering controls, administrative controls and PPE.
· Management practice costs – the estimated increased costs to businesses related to additional expenditure on measures that support the business to comply with the reduced WEL for the nine chemicals. Management practice costs include air monitoring and occupational hygienist costs.
· Specific costs use chemical and/or industry-specific information to estimate the costs to business of the proposed WEL. These costs are estimated using information obtained through stakeholder engagement.
A summary of costs for each of the 9 chemicals is found in Table 5. The total incremental costs associated with the proposed WELs represent the sum over the 10-year appraisal period (FY27 to FY36) and are presented in real, discounted present value terms. The 10-year appraisal period was assumed to begin in the financial year when the WEL list would come into effect (1 December 2026). The average annual costs represent the average over the 10-year appraisal period and are presented in real, undiscounted terms. 
The costs for RCS are split between all industries (excluding mining) and the mining industry only, as outlined above.  
To support an analysis of cost implications for businesses, costs have been broken down to provide an estimate of costs across various size of business. The size of business is categorised in line with ABS classification, as follows:
· Small businesses employ 1 to 19 people
· Medium businesses employ 20 to 199 people
· Large businesses employ 200 or more people (Australian Bureau of Statistics, 2018). 
Per stakeholder feedback, it is expected that actual costs to business are likely to be skewed towards the initial years of the reform, for example, upfront capital investment in higher-order control measures such as isolation and engineering controls. 
[bookmark: _Ref199844686]Table 5 - Summary of total incremental costs estimated and average cost per business per annum by business size, FY27 to FY36
	Chemical
	Total incremental costs ($ millions, discounted)
	Average cost per business p.a. ($, undiscounted)

	
	
	Small
	Medium
	Large

	Benzene
	840
	1,800
	10,200
	320,700

	Chlorine
	968 
	2,100
	12,100
	480,500

	Copper
	 1,709
	2,300
	10,700
	423,900

	Formaldehyde
	1,669  
	1,600
	7,800
	308,700

	Hydrogen cyanide
	318 
	1,800
	8,000
	317,900

	Hydrogen sulfide
	1,907 
	2,000
	26,200
	1,039,600

	Nitrogen dioxide
	2,703 
	2,200
	10,200
	402,700

	Respirable crystalline silica (excl. mining industry)
	3,448 
	1,600
	9,500
	299,300

	Respirable crystalline silica (mining industry)[footnoteRef:13] [13:  Benefits have been attributed to the mining industry on a pro-rata basis, based on the relative share of workers affected by the proposed WEL for RCS. The mining industry comprises approximately 19% of affected workers, and therefore, 19% of total RCS benefits have been attributed to the mining industry.] 

	18,483
	1,600[footnoteRef:14] [14:  This analysis applies the standardised costs for small businesses affected by RCS, given no industry-specific cost data was provided for small mining businesses.] 

	2,675,800
	9,412,700

	Titanium dioxide
	62 
	2,300
	10,700
	423,900


The key results for each chemical are:
· Benzene: An estimated 9,900 businesses would be affected by the proposed WEL for benzene. The indicative average annual incremental cost per business is $1,800 for small businesses, $10,200 for medium businesses and $320,700 for large businesses. The estimated total incremental costs for businesses are $840 million over 10 years. 
· Chlorine: An estimated 18,100 businesses would be affected by the proposed WEL for chlorine. The indicative average annual incremental cost per business is $2,100 for small businesses, $12,100 for medium businesses and $480,500 for large businesses. The estimated total incremental costs for businesses are $968 million over 10 years. 
· Copper: An estimated 22,300 businesses would be affected by the proposed WEL for copper. The indicative average annual incremental cost per business is $2,300 for small businesses, $10,700 for medium businesses and $423,900 for large businesses. The estimated total incremental costs for businesses are $1.7 billion over 10 years. 
· Formaldehyde: An estimated 72,200 businesses would be affected by the proposed WEL for formaldehyde. The indicative average annual incremental cost per business is $1,600 for small businesses, $7,800 for medium businesses and $308,700 for large businesses. The estimated total incremental costs for businesses are $1.7 billion over 10 years.
· Hydrogen cyanide: An estimated 2,300 businesses would be affected by the proposed WEL for hydrogen cyanide. The indicative average annual incremental cost per business is $1,800 for small businesses, $8,000 for medium businesses and $317,900 for large businesses. The estimated total incremental costs for businesses are $318 million over 10 years.
· Hydrogen sulfide: An estimated 35,800 businesses would be affected by the proposed WEL for hydrogen sulfide. The indicative average annual incremental cost per business is $2,000 for small businesses, $26,200 for medium businesses and $1.04 million for large businesses. The estimated total incremental costs for businesses are $1.9 billion over 10 years. 
· Nitrogen dioxide: An estimated 52,200 businesses would be affected by the proposed WEL for nitrogen dioxide. The indicative average annual incremental cost per business is $2,200 for small businesses, $10,200 for medium businesses and $402,700 for large businesses. The estimated total incremental costs for businesses are $2.7 billion over 10 years. 
· RCS (excl. mining): An estimated 240,300 businesses would be affected by the proposed WEL for RCS. The indicative average annual incremental cost per business is $1,600 for small businesses, $9,500 for medium businesses and $299,300 for large businesses. The estimated total incremental costs for these businesses are $3.4 billion over 10 years.  
· RCS (mining only): An estimated 3,400 mining businesses would be affected by the proposed WEL for RCS. The indicative average annual incremental cost per business is $1,600 for small businesses, $2.68 million for medium businesses and $9.41 million for large businesses.  The estimated total incremental costs for mining businesses are $18.5 billion over 10 years.
· Titanium dioxide: An estimated 900 businesses would be affected by the proposed WEL for titanium dioxide. The indicative average annual incremental cost per business is $2,300 for small businesses, $10,700 for medium businesses and $423,900 for large businesses. The estimated total incremental costs for businesses are $62 million over 10 years. 
The costs estimated above are estimated with low-medium confidence and capture only the incremental costs of a shift from the current WES to proposed WEL for each chemical, in line with the definitions provided in Appendix C.  
Other potential costs noted by stakeholders 
Stakeholders consulted on these options raised that there were likely to be other costs that could be expected as part of the implementation of the proposed WEL, particularly control measures and compliance monitoring. For example, stakeholders raised the potential need to hire new staff to monitor exposure levels to the chemicals in their workplace. This is not able to be quantified as part of the analysis due to lack of publicly available data. However, Nous Group, as part of their assessment did try to determine the extent of these potential costs and reflected them in the analysis where verified. Nous Group noted that subsequent engagement with industry and WHS experts to test these assumptions and cost estimates indicated that many of these control measures are relevant to complying with the existing WES and some items are not directly required by the WEL. 
Other costs, such as those associated with the management of new risks associated with the implementation of new controls in response to the proposed WEL were not considered as this would be out of scope for this Decision RIS. There was also insufficient information to determine the specific impact that may be associated with the changing from a peak limitation to a TWA or STEL. 
Stakeholders also raised that there may be potential flow-on costs associated with the proposed WELs once implemented, such as businesses passing on costs to consumers and reduced business competitiveness with international competitors. However, no further information and data were provided by stakeholders to demonstrate the detailed nature, extent, or potential timing of these potential cost implications. 
Net benefit
Table 6 summarises the quantified costs and benefits associated with Option 2, noting that benefits could not be quantified for 4 out of the 9 chemicals considered in this Decision RIS. It shows there is a quantified gross cost for each of the 9 chemicals, with the exception of RCS for all industries excluding the mining industry.
For the 4 chemicals where benefits could not be quantified, this was due to the limited data available to quantify the benefits of the proposed WEL. However, this does not represent an absence of benefits for the proposed WELs for these 9 chemicals, if implemented. 
[bookmark: _Ref216691758]Table 6 - Quantified gross benefits of the proposed WEL for 9 chemicals, FY27 to FY36
	Chemical
	Quantified ($, millions, discounted)

	
	Benefits
	Costs
	Quantified gross benefit **

	Benzene
	439
	840
	-401

	Chlorine
	9
	968
	-959

	Copper
	ND*
	1,709
	-1,709

	Formaldehyde
	45
	1,669
	-1,624

	Hydrogen cyanide
	ND*
	318
	-318

	Hydrogen sulfide
	7
	1,907
	-1,900

	Nitrogen dioxide
	ND*
	2,703
	-2,703

	Respirable crystalline silica (excl. mining industry)
	10,145
	3,448
	+6,697

	Respirable crystalline silica (mining industry)[footnoteRef:15] [15:  Benefits have been attributed to the mining industry on a pro-rata basis, based on the relative share of workers affected by the proposed WEL for RCS. The mining industry comprises approximately 19% of affected workers, and therefore, 19% of total RCS benefits have been attributed to the mining industry.] 

	2,490
	18,483
	-15,993

	Titanium dioxide
	ND*
	62
	-62


ND = Not determined due to insufficient data. 
* Benefits exist but were unable to be quantified. This should not be read as an absence of benefits. 
** The net quantified benefits should be read in conjunction with the non-quantifiable benefits set out above.

The quantified gross benefit in Table 6 was considered in conjunction with the non-quantifiable and qualitive benefits to determine net benefit for each of the chemicals (see Sections 9 to 17). Given the limited data available to quantify the benefits of the proposed WEL and the significant non-quantifiable and qualitative benefits, it is not appropriate to determine the net benefit for the proposed WELs using a simple comparison of quantifiable costs and benefits.   
[bookmark: _Toc194510001][bookmark: _Toc219216875]Who was consulted and how was their feedback incorporated?
[bookmark: _Ref194507459][bookmark: _Toc194510002][bookmark: _Toc196204607][bookmark: _Toc219216876]Consultation to inform this Decision RIS
Safe Work Australia has undertaken a broad range of public and targeted consultation to inform this Decision RIS. Nous Group, who were engaged to assist with the impact analysis, also undertook targeted consultations, including workshops, with key stakeholders. The objectives for consultation were to:
· collect data and evidence of impacts of the proposed WELs for the 9 chemicals to inform the preliminary analysis for the consultation paper and the Decision RIS,
· test the preliminary estimates of costs and benefits of the proposed WELs that was produced to support public consultation with stakeholders, and 
· gauge stakeholder opinions on the two options in relation to determining the workplace exposure standards for the 9 chemicals.  
Details of consultation
Targeted consultation
To understand the impact of the proposed changes to the exposure limits for the 9 chemicals, Nous Group facilitated targeted consultation with stakeholders from the Commonwealth, state and territory WHS and mining regulators, the Australian Chamber of Commerce and Industry and the Australian Industry Group (Safe Work Australia Members representing the interests of employers) and the Australian Council of Trade Unions (Safe Work Australia Members representing the interest of workers), the Australian Institute of Occupational Hygienists and academics.
This included 11 targeted consultations sessions with the above stakeholders through written questions, roundtables, workshops, follow-up meetings and interviews. The questions put forward to stakeholders during these targeted consultations can be found in Appendix E. 
This targeted consultation aimed to collect further information on:
· exposure data to the 9 chemicals,
· the types and costs of controls used or could potentially be used to minimise exposure to the 9 chemicals,
· health impacts caused by exposure to the 9 chemicals, and 
· other impacts caused by the proposed reductions to the WELs for the 9 chemicals.
Public consultation
This Decision RIS is also informed by a public consultation conducted by Safe Work Australia for a 7-week period between 29 October 2024 and 15 December 2024 (2024 public consultation). The consultation paper for this process reflected the preliminary analysis of the impacts for the proposed WELs for each of the 9 chemicals to enable stakeholders to provide input. 
This consultation was publicised to stakeholders via Safe Work Australia’s website, subscriber emails and social media. Safe Work Australia also sent emails to stakeholders who had expressed an interest in the Decision RIS and stakeholders who made a submission to the WES review for any of the 9 chemicals. 
In consultation with the Office of Impact Analysis, it was agreed that on the basis of the 2024 public consultation process (which sought feedback on the 2 options) as well as the extensive consultations undertaken previously as part of the WES review, a consultation RIS would not need to be undertaken. 



Eighty-eight submissions (written or via an online survey) were received as part of the public consultation including from:
· Safe Work Australia Members 
· academics
· trade union representatives
· employer organisation representatives
· government
· industry representatives
· peak health bodies
· businesses
· workers, and
· other individuals. 
· 
Submissions provided overarching feedback on the proposed options, as well as feedback on one or more of the chemicals. The breakdown of feedback at a chemical specific level include:
· benzene (20)
· chlorine (21)
· copper (21)
· formaldehyde (38)
· hydrogen cyanide (18)
· hydrogen sulfide (27)
· nitrogen dioxide (18)
· respirable crystalline silica (44)
· titanium dioxide (16).
· 
Where respondents provided permission for their submission to be published on Safe Work Australia’s Consultation Hub, including anonymous submissions, feedback reflected in the chemical specific chapters (section 9 – 17) of this Decision RIS has been attributed to the relevant submission(s) using footnotes and links. Where respondents have requested their submission be kept private, comments have been summarised for inclusion in this Decision RIS and have been attributed as ‘Anonymous (permission not granted for publication)’.  
Stakeholder feedback on the proposed options 
Stakeholder feedback on the proposed options was varied, with unions and peak health bodies generally supportive of Option 2, to align the proposed WEL to health-based limits, while industry groups and some businesses were supportive of Option 1, to maintain the current WES as the proposed WEL (note, stakeholders may have indicated this preference for all 9 chemicals subject to this regulatory impact analysis, or in relation to specific chemicals of relevance to the stakeholder). WHS regulators support for the preferred option varied across the 9 chemicals. 
The limitations with the data used for assessment of the impact of options was highlighted by stakeholders. These limitations have been acknowledged and outlined above. It is worth noting that some stakeholders highlighted that in their view there was a significant underestimation of the health benefits which would be achieved through moving to health-based limits. In particular, stakeholders suggested the estimated costs associated with the proposed WEL for benzene, formaldehyde and RCS are overestimated, citing unchanged obligations for PCBUs even at a lowered WEL. 
“Cancer Council is concerned about the basis of the development of costings used in the impact analysis. The estimated costs seem very high (e.g., $1.3 billion over 10-years for formaldehyde) while the benefits seem underestimated given the reliance on compensation data (not available for formaldehyde), despite applying a 50% uplift factor to all direct financial benefits and indirect benefits.”[footnoteRef:16] [16:  Cancer Council Australia] 

“The methodology required for the RIA is not robust and is open to significant bias due to the paucity of data, particularly for benefits of reduction in WES.“[footnoteRef:17] [17:  Australian Council of Trade Unions] 

Alternatively, industry groups and businesses highlighted concerns with the practicality and feasibility to implement the proposed health-based limits and highlighted that meeting the limits under Option 2 would have significant costs. Stakeholders raised that the analyses did not consider administrative costs associated with the change, such as fit-testing respiratory protective equipment (RPE) and administrative controls. Health monitoring, salaries of additional workers or contractors, maintenance and upgrading current equipment were also raised as unconsidered costs.
“Master Builders Australia believes this figure (estimated total compliance costs of the proposed WEL for RCS) is grossly underestimated, particularly for small business. In response to industry feedback, we instead estimate that the cost impact of the proposed change ranges from $5,000 to $8m annually, depending on the size of the business.”[footnoteRef:18] [18:  Master Builders Australia] 

This Decision RIS acknowledges that a number of stakeholders expressed support for alternate WELs and suggested options on alternative WELs. These suggestions varied, with recommendations to set the limit between the two options in this Decision RIS, as well as suggestions that some specific chemicals should be even lower in order to strengthen protections for workers. Alternative WELs were suggested for all chemicals, aside from hydrogen cyanide and titanium dioxide. For example, the Water Services Association of Australia suggested an alternative TWA of 5 ppm and STEL of 10 ppm for hydrogen sulfide, instead of the proposed WEL (TWA of 1ppm and STEL of 5ppm) for hydrogen sulfide[footnoteRef:19]. These suggestions were considered against the criteria contained within the WES review methodology agreed by WHS ministers.  [19:  Water Services Association of Australia] 

As noted previously, cost information was collected from the public consultation. A range of stakeholders, particularly industry groups and businesses, provided information on costs. Where this could be validated, Of note, the Australian Chamber of Commerce and Industry (ACCI) sought to collect data from businesses using one or more of the 9 chemicals through a survey. The survey was similar to SWA’s previous business survey, and the summarised results of the survey was provided in the ACCI submission.  Nous Group incorporated this input into updated cost estimates for the 9 chemicals.
The consultation process sought feedback from stakeholders in relation to timeframes for transition to the new WELs, particularly from those stakeholders who supported Option 2. For those stakeholders who supported this option, there was generally a view that the new WELs should be able to be implemented in line with the 1 December 2026 timeframe. Noting the health benefits that the proposed changes could yield, some stakeholders called for introduction as soon as possible, including in advance of the 1 December 2026 timeframe. Those stakeholders who did not support Option 2 were not prompted to provide additional information in relation to timeframes for implementation, however some stakeholders noted moving to new WELs would likely take significant time to ensure compliance.
Concerns around impacts on measurability at the proposed WELs were raised for several chemicals. Accurate measurement depends on good sampling techniques and accurate, precise and sensitive analysis methods that provide an acceptable degree of certainty. There are commercially available methods of measurement in Australia for all of the 9 chemicals covered in this Decision RIS that provide sufficient confidence for assessment of compliance at the proposed WEL. Sampling related contributions to uncertainty (e.g. sampling limitations) may remain a limitation on measurability in some situations, but this issue is not unique to the 9 chemicals covered in this Decision RIS. To support the wider transition to the WEL in December 2026, Safe Work Australia is preparing two guidance documents: a technical guide for those undertaking air monitoring to provide advice on measurement issues including sampling, analysis and interpretation of results; and a guide for PCBUs, to provide practical advice on complying with their duties relating to the WEL. 
Contributors to the consultation also highlighted what they considered to be: 
· significant health benefits and safety to workers to be achieved through the proposed WELs,
· the larger burden on businesses in the initial years of the appraisal period,
· the similar costs estimated for small and medium businesses, and  
There was also a consistent request for additional guidance to help with the transition.
Table 7 - General stakeholder feedback across multiple chemicals collected from public consultation
	Key Theme
	Summary of stakeholder views

	Health and safety for workers  
	Significant health impacts associated with the 9 chemicals and the need to ensure strong protections for workers. 
Keeping workers safe is foremost and critical. 
Health benefits through evidence-based WELs, as well as the need for enhanced health monitoring and screening as it leads to earlier diagnoses and earlier interventions to protect the health of Australian workers.
A questioning of the evidence supporting the health benefits of the proposed limits and that benefits could have been overestimated.   

	Larger burden in the initial years
	Higher upfront costs in the initial years of the 10-year period to comply with the proposed limits. Criticism that an average annual cost over a 10-year period was not reflective of this. 
Significant challenge for PCBUs, particularly small and medium enterprises dealing with upfront costs and hard for stakeholders to estimate an annual cost that would enable them to comply with the proposed WEL. 
The burden of costs in the initial years would be greater for PCBUs who use, store or generate more than one chemical considered in this Decision RIS.   PCBUs should already be compliant with the proposed WEL recognising the primary duty of care provisions under Section 19 of the model WHS Act, especially for known carcinogens like benzene, formaldehyde and RCS. Thus, costs associated with Option 2 should be nil. 

	Similar costs to small and medium businesses across all 9 chemicals
	Criticism over the average annual costs for small and medium businesses in the preliminary analysis not reflecting practice - the costs for air monitoring or personal protective equipment alone may exceed the amount estimated.

	Measurement and analysis issues
	Some proposed WELs were reduced to levels that may present complexities and issues for measurement and analysis of exposures. These can act as barriers to air monitoring, enforcement and compliance. 
There was some support that the proposed WELs for the 9 chemicals could be measured using current techniques and technology.
When accounting for longer shifts beyond 8 hours, the resultant WEL is even lower than what is proposed, and reaffirms measurability concerns. 

	Reliance on personal protective equipment (PPE)
	Claims that PCBUs will need to rely heavily on PPE, particularly respiratory protective equipment (RPE), to comply with the proposed WELs for the 9 chemicals. 
Concerns around PPE/RPE relate to cost, reliance on workers using them properly (i.e., they will need to be cleanly shaved and wear them for entire shift), and additional risks to workers.   

	Additional guidance
	Additional guidance was requested to help facilitate the transition to Option 2 for some of the 9 chemicals, if agreed by WHS ministers. 


[bookmark: _Toc196902046][bookmark: _Toc197676378][bookmark: _Toc194510003][bookmark: _Toc196204608]Stakeholders also provided specific feedback on each of the 9 chemicals. This feedback has been summarised and is covered under each chemical specific analysis under Sections 9 to 17 of this Decision RIS. 
Previous consultations 
Safe Work Australia has undertaken extensive consultation as part of the WES review. Feedback from these consultations has also informed the development of this Decision RIS. 
Discussion paper: The role of the chemical exposure standards in the WHS laws: In 2015, Safe Work Australia undertook public consultation on a discussion paper titled The role of chemical exposure standards in WHS laws. It examined the role of exposure standards in the model WHS laws framework and how it could be reviewed and maintained.
Business survey on workplace exposure standards: In 2017, Safe Work Australia engaged PricewaterhouseCoopers (PwC) to undertake a Business survey on Workplace exposure standards to investigate the impacts of the WES regulatory framework on businesses. A total of 240 responses were received. 
Results of the survey were used to establish baseline regulatory burden measurements and development of a cost and benefit analysis for inclusion in the subsequent Consultation Regulation Impact Statement: Workplace exposure standards.  
Consultation and Decision RIS: Workplace exposure standards framework under the model Work Health and Safety laws: Extensive public consultation took place between August to September 2018 to inform the decision regulatory impact statement. Feedback from stakeholders included:
· strong support for maintaining the mandatory status of the WES, expressing concerns that if the WES is made advisory, it would lessen the significance of the WES and usage within industry,
· support for the streamlined methodology to derive health-based WELs recognising there were long-term benefits for Australian workers, PCBUs and the community,
· concern about likely costs that would be incurred as a result of the updating the WES, including purchasing and implementing new controls, training to understand the changes, administrative updates, increased monitoring, and updates to safety data sheets, and
· request for additional education, guidance and supporting material regardless of which option is implemented.
Review of the workplace exposure standards: Using the agreed WES review methodology, independent experts were engaged to develop evaluation reports for over 600 chemicals. Extensive public consultation occurred between 2019 to 2021 on the independent experts’ evaluation reports. Feedback was sought on the recommendations, the toxicological information and data the recommended WES values were based on, and the measurement and analysis information provided in each evaluation report. More than 1,100 submissions were received. The evaluation report for each chemical and the feedback received on each WES was then considered by Members prior to making recommendations to WHS ministers about any changes to WES.
Targeted consultation facilitated by Safe Work Australia Members for specific chemicals: In 2021 and 2022, Members sought additional information from stakeholders on the impacts of the proposed changes to the WES for 19 chemicals, including for 8 of the 9 chemicals considered in this Decision RIS (excluding RCS). As part of this, additional information on the potential impacts of implementation of the proposed WELs and costs to industry was received from WHS regulators and industry groups. 

[bookmark: _Toc219216877][bookmark: _Toc194510004]What is the best option from those considered and how will it be implemented?
[bookmark: _Toc219216878]Recommendation
On the basis of this Decision RIS and stakeholder feedback, it is recommended that WHS ministers agree to Option 2, to implement health-based limits for each of the chemicals.
Despite the large gross quantified cost associated with the recommended option, Option 2 is expected to provide the greatest benefit by ensuring the WES for the 9 chemicals are up to date with the most relevant scientific evidence consider the non-quantifiable and qualitative benefits substantiated by evidence throughout this Decision RIS and the policy objectives of the model WHS Act. For workers, Option 2 is expected to provide improved protection from exposure to the airborne contaminants at the workplace. This will help improve health outcomes, increase productivity and reduce the burden of disease in Australia. 
All options were considered in the context of consultation feedback, impact analysis, ability to meet the object of the model WHS Act and ability to meet the objective of protecting workers from adverse health impacts from exposure to hazardous chemicals.  
While stakeholder feedback on the proposed options was varied, there was strong recognition of the need to ensure exposure limits are set at a level to protect workers. Some stakeholders suggested alternative WELs that were lower than what is currently in effect. Noting that new evidence to support the basis for these suggestions was not provided, Option 2 represents the greatest protections to workers based on current evidence. 
The proposed limits under Option 2 reflect the current, established state of knowledge for optimum protection of workers from adverse health effects. They therefore meet the objective agreed by WHS ministers that the WES adequately protect workers from the adverse health effects from exposure to the airborne hazardous chemicals.  
Implementation of the health-based limits is expected to lead to a range of long-term benefits for workers including financial benefits through reduced illness and disease, reduced disability and death, increased quality of life, and improved workplace productivity. It is also expected that there would be reduced costs to the public health system, relating to diagnosis, treatment and disease management. 
One of the key objectives of the Act is to protect workers and other persons against harm to their health, safety and welfare through the elimination or minimisation of risks arising from work, including from hazardous chemicals. The Act specifies that regard must be given to the principle that workers and other persons are given the highest level of protection against harm to their health, safety and welfare from hazards and risks arising from work (including from hazardous chemicals) as is reasonably practicable. 
Option 2 is expected to result in costs to businesses to comply with the proposed exposure limits (see Table 5). Businesses have indicated these costs would be significant, particularly in the initial years following implementation, and if their businesses use more than one of the 9 chemicals considered in this Decision RIS. It has also been suggested that these costs may be passed by businesses to consumers that seek their products or services, or impact competitiveness in the international market. However, limitations with available data makes it difficult to validate the costs and accurately assess these impacts. 
However, it is also important to acknowledge that the model WHS Regulations require PCBUs to review and as necessary revise control measures so as to maintain, so far as is reasonably practicable, a work environment that is without risks to health or safety. This includes reviewing control measures when new information about a hazard or risk is available, such as current evidence relating to the health effects from exposure to the hazardous chemicals. 
[bookmark: _Toc219216879]Why the other options are not preferred
Retaining the current WES (Option 1) is not preferred for a number of reasons. In particular, this option would be inconsistent with the requirements of the model WHS laws and would not adequately assist PCBUs in meeting their obligations. 
While this option is expected to result in no net impact (no new benefits or costs) based on the assumptions made in this Decision RIS, retaining the current WES is likely to imply (erroneously) to PCBUs that exposure to those levels of the hazardous chemicals is consistent with the obligations to minimise risk so far as is reasonably practicable, when the current evidence demonstrates otherwise.  
There are also risks that this option would:
· imply to workers a false sense of safety – that exposure at the level of the WES will not cause adverse health effects, and
· lead to regulatory confusion, noting that for all chemicals in the WEL list except for these 9 chemicals the health-based exposure limit has been agreed. 
[bookmark: _Toc219216880]Implementation 
Should WHS ministers agree to the preferred option, it is proposed that the new WEL for these 9 chemicals come into effect on 1 December 2026. This would align with the commencement of the new WEL list and ensure the transition to the health-based exposure limits for all chemicals occurs at the same time. It should be noted some jurisdictions may choose to implement health-based limits individually. 
While some stakeholders have indicated in their consultation feedback that they would need some time to prepare and implement arrangements to meet the proposed exposure standards, the time needed varied across submissions. For example, some businesses indicated they would need between 6 months to 5 years to implement the proposed WEL for formaldehyde. Recognising there was no consistent feedback on potential transition period, and to avoid regulatory confusion as the new WEL list comes into operation, an additional transition period is not proposed at this stage. It is acknowledged that there are provisions under Commonwealth, state and territory WHS laws which allow for businesses to seek an exemption. This avenue will be available to businesses who may find they are struggling to meet this timeframe as they get closer to the implementation date.
Some stakeholders, including WHS regulators, have raised concerns regarding measurement issues for some chemicals and impacts for certainty in assessing compliance. Methods exist to measure all 9 chemicals with sufficient sensitivity and certainty to measure compliance at the proposed WEL, with commercially available methods in Australia. 
For the purposes of this Decision RIS, an assumption was made that businesses were compliant with the current WES for the 9 chemicals to determine the impact of implementing the proposed WELs. Howeversome stakeholders indicated this may not be true, particularly for small and medium-sized businesses. In some cases, it was suggested that PCBUs may not be aware of, or understand, the current WES and the relevent requirements under the model WHS regulations. This was previously highlighted as a key issue in the 2019 WES Review Decision RIS, with stakeholders suggesting more education, guidance and supporting material from WHS regulators to assist industry, particularly small and medium-sized businesses, to understand the WELs and compliance with the WHS laws. 

Safe Work Australia has commenced and will continue to undertake significant communication, awareness raising and education activities in the lead up and during commencement of the WEL list. This will include communications targeted to a range of stakeholders, including PCBUs and workers, to ensure awareness of the changes. This also includes developing guidance to address measurement concerns and addressing uncertainty in assessing compliance to assist WHS regulators and technical experts who conduct air monitoring for substances with a WEL. 
Similarly, some jurisdictions have also commenced communication, awareness raising and education activities to assist stakeholders to prepare for the change. 
[bookmark: _Toc219216881]How will the chosen option be evaluated?
It is important to recognise that a significant review and evaluation process has occurred for these 9 chemicals over the past 6 years to support WHS ministers’ consideration of the proposed exposure limits. Most recently, as part of this Decision RIS, Safe Work Australia sought current evidence in relation to exposure limits for the 9 chemicals considered in this Decision RIS and no new evidence has been provided since the evidence reviews were completed in 2019.   
In accordance with the approach to future WEL reviews agreed by its Members, Safe Work Australia will review the latest evidence on the health effects from exposure to airborne contaminants and where new evidence suggests the current WEL is not health-based, will work with Members in relation to whether a review of specific chemical/s is required.  
Safe Work Australia, with the assistance of jurisdictional and mining WHS regulators (the regulators), will monitor impacts of the new WELs as follows:
· review and assess qualitative feedback on implementation and impacts of the policy, through regular engagement with Members and affected stakeholders,
· determine whether the new WELs are meeting the policy objective based on feedback from WHS regulators,
· collate information from jurisdictional WHS regulators about any exemptions, including reasons to issue the exemption and any conditions applied,
· review information from WHS regulators about assessing and monitoring compliance with the WEL, including any action taken in response to non-compliance regulators,
· review information from WHS regulators about inspections of workplaces where workers are at risk of exposure to one or more of 9 chemicals,
· monitor engagement and interaction with Safe Work Australia communication and awareness raising activities,
· monitor international best practice and any changes, including through meetings with international counterparts and experts,
· review workers’ compensation data to monitor impact, including in relation to reductions of adverse health impacts, including psychosocial injuries, experienced by workers, and
· explore existing data sources and consider potential new data mechanisms to support trend analysis in relation to exposure to chemicals as part of Safe Work Australia’s data functions. 
Monitoring and evaluation will also be considered in the context of the Australian WHS Strategy 2023 – 2033. The Strategy includes a target to take action to increase the awareness of PCBUs about their duty to protect workers from exposure to harmful substances, coinciding with the introduction of new WELs. This includes the 9 chemicals subject to this Decision RIS. To inform this work, Safe Work Australia is preparing to undertake an Australian Worker Exposure Survey, which will enhance evidence related to workers’ exposures to harmful substances. 
2. [bookmark: _Toc219216882]Detailed impact assessment for benzene 
	[bookmark: _Toc194510005]Policy options for benzene
Option 1 is to retain the current TWA of 1 ppm (3.2 mg/m3). 
Option 2 is to change to the proposed TWA of 0.2 ppm (0.7 mg/m3) – recommended. 


[bookmark: _Toc194510006][bookmark: _Toc196204609][bookmark: _Toc219216883]Benefits for the proposed WEL for benzene
Health impacts related to the proposed WEL for benzene
The proposed TWA of 0.2 ppm (0.7 mg/m3) for benzene will protect workers and others in the workplace from the risk of developing leukaemia (Safe Work Australia, 2019). It is likely to benefit the estimated 156,908 workers in Australia who are at risk of exposure to benzene each year.
Health evidence in the evaluation report for benzene showed exposures at or just below the current TWA of 1 ppm for benzene can cause haematotoxicity, genotoxicity and carcinogenicity in exposed workers (Safe Work Australia, 2019). Therefore, the current TWA can result in an increased risk of developing leukaemia in exposed workers, and the proposed TWA is recommended to protect workers from this risk. 
The proposed TWA of 0.2 ppm (0.7 mg/m3) for benzene was determined in accordance with the health-based methodology agreed by WHS ministers (and which relied on the scientific evidence available at the time of the review from trusted international and national sources).  
The evaluation for benzene[footnoteRef:20], employed a weight of evidence approach, considering information from multiple agreed primary sources supported by information from agreed secondary sources (Safe Work Australia, 2018).  [20:  The evaluation report for benzene can be accessed here.] 

International precedent 
[bookmark: _Hlk210753973]The proposed WEL for benzene is consistent with that recommended by the Health Council of the Netherlands (HCOTN) (Health Council of the Netherlands, 2014).
HCOTN was selected as a primary source as they have international credibility, develop standards through consensus that are health-based and based on evaluation of appropriate data, and their documentation of evaluations is accessible and robust (Safe Work Australia, 2018). 
HCOTN’s recommendations are used as a basis to set legally binding occupational exposure limits in the Netherlands (Health Council of the Netherlands, 2021). 
A TWA of 0.2 ppm (0.7 mg/m3) for benzene will be legislated in the European Union (EU) and most of its member states from 5 April 2026 on the basis that benzene is a carcinogen (European Commission, 2022). Cancer is the leading cause of work-related deaths and the second leading cause of death within its population, which impacts a person’s health, family life, national health and social systems, governmental budgets and the productivity and growth of the economy. As such, the EU has made it an urgent priority to reduce cancer. This occupational exposure limit for benzene specifically aims to improve workers’ health and safety protection by reducing occupational exposure to benzene, preventing 182 cases of leukaemia, 189 cases of leukocytopenia (a condition characterised by a lower-than-normal number of white blood cells in the bloodstream), and a monetised health benefit of €121-198 million (approximately $216-355 AUD million) over a 60 year period (European Commission, 2020). 
Quantifiable health benefits for proposed WEL for benzene
Minimising incidence of occupational disease attributable to occupational exposure to benzene is estimated to deliver $434 million over 10-years in improved health outcome benefits, as demonstrated in Table 8. This reflects the notable current burden of leukaemia attributable to occupational exposure to benzene, which is estimated to be 279 disability-adjusted life years (DALYs) in 2027, based on the IHME GDB Study (Institute For Health Metrics and Evaluation, 2024).
It is also expected that these quantifiable health benefits will continue beyond the 10-year period that this estimation is based on. Health benefits that arise beyond the 10-year period have not been quantified and are not included the figures below.
[bookmark: _Ref199856605]Table 8 - Estimated average annual and total monetised health outcome benefits of the proposed WEL for benzene, FY27 to FY36
	Health benefits
	Average benefits p.a. ($’000, undiscounted)
	Total benefits ($ millions, discounted)

	Fatal burden benefits
	68,915
	420.6

	Non-fatal burden benefits
	2,198
	13.5

	Total
	71,113
	434.1


Adverse health effects associated with benzene
[bookmark: _Hlk199930034]Benzene is most commonly linked to acute myeloid leukaemia, and it is on this basis that benzene is classified by the International Agency for Research on Cancer’s Group 1 – Carcinogenic to humans (International Agency for Research on Cancer, 2018). Under the 7th revised edition of the Globally Harmonised System for the Classification and Labelling of Chemicals (GHS), benzene is categorised as a Carcinogenicity – Category 1A chemical (May cause cancer) (Safe Work Australia, 2016). 
Other adverse health effects are:
· other forms of leukaemia, such as chronic myeloid leukaemia, acute lymphocytic leukaemia, chronic lymphocytic leukaemia[footnoteRef:21], [21:  Cancer Council Australia] 

· non-Hodgkin lymphoma,
· multiple myeloma, and 
· lung cancer (International Agency for Research on Cancer, 2018). 
Work-related exposure to benzene can also cause acute poisoning or toxicity in exposed workers, per Safe Work Australia’s List of Deemed Diseases (Safe Work Australia, 2024). The United States’ National Institute for Occupational Safety and Health’s Pocket Guide to Chemical Hazards identifies the eye, skin, respiratory system, blood, central nervous system and bone marrow as target organs for exposure to benzene (National Institute for Occupational Safety and Health, 2019). 
Financial benefits of the proposed WEL for benzene
Quantifiable financial benefits of the proposed WEL for benzene
In addition to the health benefits, the proposed WEL for benzene is also estimated to deliver direct and indirect financial benefits for businesses. These were estimated to $4.9 million for direct financial benefits and $1,000 for indirect benefits over the 10-year appraisal period, as summarised in Table 9. Further discussion on these benefits can be found in Table 9. 
There were only 5 workers’ compensation claims attributed to benzene between 2017 and 2021, with the total value of these claims being $2.68 million.
It is important to note that the scale of occupational illness attributable to workplace exposure to benzene is likely to be under-represented in workers’ compensation claim data, due to difficulties in proving causation and the long latency period between occupational exposure and the illness (especially if it develops after the worker has stopped working at the workplace), or an affected worker not seeking compensation (for example thinking they are ineligible or not being aware they are covered). Statistical modelling in some epidemiological studies between exposure to benzene and acute non-lymphocytic leukemia reports a minimum latency period of 1.5 years (Howard, 2015), while one study suggests the risk of leukemia after exposure to benzene stops remains for up to 15 years (Triebig, 2010). Further limitations of the estimation of financial benefits are discussed in Table 66 of Appendix C of this Decision RIS.
Noting the potential of under-representation in workers’ compensation data, it is likely that a reduction in the proposed WEL for benzene would result in protecting a greater number of workers from developing leukaemia and other adverse health effects from work-related exposures to benzene. For the purposes of this Decision RIS, an uplift factor of 50% was assumed to account for this under-representation of occupational disease caused by exposure to benzene. However, it remains unclear whether this is accurate reflection of the under-representation. Thus, the actual financial benefits of the proposed WEL may be different to what has been estimated in Table 9Table 9. 
It is also expected that these quantifiable financial benefits will continue beyond the 10-year period that this estimation is based on. Financial benefits that arise beyond the 10-year period have not been quantified and are not included the figures below.
[bookmark: _Ref196737062]Table 9 - Estimated average annual and total financial benefits of the proposed WEL for benzene, FY27 to FY36
	Financial benefits
	Average benefits p.a. ($’000, undiscounted)
	Total benefits ($ millions, discounted)

	Direct benefits
	803
	4.9

	Direct compensation benefits
	5
	0.0

	Common law compensation benefits
	514
	3.2

	Medical compensation benefits
	4
	0.0

	Supplementary compensation benefits
	280
	1.7

	Indirect benefits
	0.2
	0.0

	Productivity benefits
	0.2
	0.0

	Total financial benefits
	803.2
	4.9


Reduced costs associated with potential workers’ compensation claims[footnoteRef:22] [22:  Department of Defence] 

Workers who develop an occupational disease or illness because of exposure to benzene are able to seek workers’ compensation if the occupational disease or illness can be linked to the workplace. Workers’ compensation will help workers focus on getting better and access rehabilitation services, without worrying about associated costs. Reducing the potential for workers’ compensation claims will provide direct financial benefits to businesses. 
Benzene is listed on Safe Work Australia’s List of Deemed Diseases as a cause for leukaemia, and acute toxicity (poisoning causing damage to one or more of the heart, lungs, liver, kidney, nervous system and blood) (Safe Work Australia, 2024). Deemed diseases are conditions that are highly likely to be caused by work, based on scientific evidence. For workers’ compensation claim purposes, a worker with a relevant work-related exposure is assumed to have developed a deemed disease from their work, unless there is strong evidence to the contrary. 
A reduction in workers developing leukaemia and acute toxicity from work-related exposures to benzene can help businesses directly avoid the cost of potential workers’ compensation claims through increased premiums. 
Increased productivity
The indirect benefit of increased productivity from a reduction in absenteeism and presenteeism amongst the workforce who are exposed to benzene was also raised in by stakeholders in the 2024 public consultation[footnoteRef:23], as it is expected the proposed WEL will reduce the number of workers who develop leukemia and related symptoms, resulting in less workers needing to take time off work to seek medical care or treatment.  [23:  Submissions from Department of Defence and Robyn Schofield] 

This benefit is also reflected in a study of the Australian working population (15-65 years), which suggests that acute myeloid leukemia (AML) would result in 7,600 years of life lost and 7,337 productivity-adjusted life years (PALYs; productivity loss that is attributable to disease rather than impaired health) between 2019 and 2029. This is totalled to $1.43 billion AUD in lost gross domestic product. The same study also suggests if both survival and return-to-work rates associated with AML increased by 20%, $52 million and $118 million AUD could potentially be saved respectively over the 10-year period (Parker, et al., 2021). A reduction in the number of acute myeloid leukaemia cases in Australia caused by work-related benzene exposure would contribute to these savings in GDP.
Non-quantifiable financial benefits of the proposed WEL for benzene
Additional financial benefits of the proposed WEL for benzene, such as the reduced impacts on support networks for individuals experiencing occupational disease, were not able to be quantified in this analysis due to a lack of data. However, this does not indicate an absence of these financial benefits. As such, the actual benefits of the proposed WEL for benzene are likely to be greater than what has been estimated in Table 8 and Table 9, when these non-quantifiable financial benefits are considered. It is also expected that these non-quantifiable benefits would be realised beyond the 10-year period. 
Reduction of costs to governments[footnoteRef:24] [24:  Forbes McGain] 

The Australian Institute of Health and Welfare (AIHW) estimated that the health system expenditure for acute myeloid leukaemia (AML; the type of leukaemia most commonly associated with benzene exposure) was $308 million in 2023-24 (Australian Institute of Health and Welfare, 2025). 
The Australian Burden of Disease Study, 2024 indicated that 2.9% of AML total burden was attributed to occupational exposure and hazards (Australian Insitute of Health and Welfare, 2024). Reducing AML cases caused by occupational exposure, such as implementing the proposed WEL to reduce workers from developing leukaemia, could result in up to $9 million in savings to government per year. 
Other benefits of the proposed WEL for benzene 
Stakeholders also identified that the proposed WEL for benzene would have the following qualitative benefits. When considering these qualitative benefits, the actual benefits of the proposed WEL for benzene will be greater than was able to be quantified in this Decision RIS (Table 8 and Table 9).
Encourages the use of benzene-free products in the workplace
A stakeholder from the 2024 public consultation saw the reduced WEL could promote the substitution and usage of safer alternative products that do not contain benzene, reducing benzene exposure in the workplace even further[footnoteRef:25]. However, another stakeholder from the defence industry indicated that products containing benzene are the only products that are approved for use in particular applications[footnoteRef:26]. It is not clear how many businesses will choose, or be in a position, to substitute benzene for other products. [25:  Anonymous (permission not granted for publication)]  [26:  Department of Defence] 

Raises awareness about benzene and the hazards associated with it[footnoteRef:27] [27:  Submissions from Anonymous (permission not granted for publication) and Anonymous] 

Stakeholders noted that the proposed change to the WEL for benzene would also lead to PCBUs and workers becoming more aware of the presence of benzene in the workplace, and the hazards associated with exposure to benzene, allowing both to actively contribute to making sure the workplace is safer and healthier. 
Further, by raising awareness of the presence of hazards in the workplace and the risks associated with them, workers have also been shown to make better and informed choices that allows them to take reasonable care for their own health and safety in the workplace, such as wearing PPE whilst working. 
[bookmark: _Toc194510007][bookmark: _Toc196204610][bookmark: _Ref196901936][bookmark: _Toc219216884]Costs of proposed WEL for benzene
Costs to comply with the proposed WEL for benzene were estimated and are outlined below. These are indicative estimates only.
Table 10 presents the estimated total costs to industry to comply with the proposed WEL for benzene over the 10-year appraisal period (from FY27 to FY36). 
The estimates represent the incremental costs between retaining the current WES (Option 1) and changing to the proposed WEL (Option 2). Any costs to businesses to comply with the current WES are not considered due to PCBUs’ ongoing WHS duty to eliminate or minimise risks, so far is as reasonably practicable (Section 17 of the model WHS Act). 
The analysis estimates that:
· The estimated total cost to industry over 10 years is $840 million (in real, discounted terms), which equates to $138 million per year (in real, undiscounted terms). 
· These estimated total costs comprise of: 
· control measure costs of $723 million over 10 years, comprising engineering controls ($351 million), isolation controls ($295 million), administrative controls ($59 million) and personal protective equipment (PPE) ($18 million).
· management practice costs of $117 million over 10 years, comprising air monitoring ($49 million), occupational hygiene ($40 million) and health monitoring ($29 million).
Based on stakeholder feedback, it is likely that the control measure costs above will be incurred by businesses in the initial years following implementation of the proposed WEL, if agreed. However, no data was provided on the estimated distribution of costs over the 10-year appraisal period, and so it was assumed that these costs would be evenly distributed over the period. 
Regulatory obligations around management practice costs make these costs more likely to be evenly distributed throughout the appraisal period. 
[bookmark: _Ref199857380]Table 10 - Estimated average annual and total incremental costs to industry by the proposed WEL for benzene, FY27 to FY36
	Cost category
	Average costs p.a. ($ million, undiscounted)
	Total costs ($ million, discounted)

	Control measure costs
	119.1
	723.0

	Isolation control costs
	48.6
	294.8

	Engineering control costs
	57.9
	351.4

	Administrative control costs
	9.6
	58.6

	Personal protective equipment costs
	3.0
	18.2

	Management practice costs
	19.3
	117.4

	Air monitoring costs
	8.0
	48.7

	Occupational hygiene costs
	6.6
	40.2

	Health monitoring costs
	4.7
	28.6

	Total costs
	138.4
	840.4


This regulatory impact analysis has also estimated the average annual and total costs to industry under low and high cost scenarios, where:
· Under the low cost scenario, the average annual cost is $104 million (undiscounted) and the total cost is $630 billion (discounted).
· Under the high cost scenario, the average annual cost is $173 million (undiscounted) and the total cost is $1.1 billion (discounted). 
Table 11 presents the estimated average annual incremental costs per affected business by business size category for the proposed WEL for benzene. An average annual incremental cost is also assumed in the absence of information to indicate the true distribution of costs across the 10-year appraisal period. These affected businesses come from the following industries:
· mining,
· manufacturing, 
· electricity, gas, water and waste services, and
· public administration and safety. 
The results indicate that:
· There are an estimated 9,875 affected businesses, comprising 7,807 small businesses, 1,734 medium businesses and 334 large businesses.
· The estimated average annual cost is $1,800 for small businesses, $10,200 for medium businesses and $320,700 for large businesses.
[bookmark: _Ref199857606]Table 11 - Estimated average annual incremental cost per affected business by business size ($, undiscounted) and affected businesses for benzene, FY27 to FY36
	Measure
	Small businesses
	Medium businesses
	Large businesses

	Number of affected businesses p.a.
	7,807
	1,734
	334

	Av. cost per business p.a.
	1,800
	10,200
	320,700


[bookmark: _Toc194510008][bookmark: _Toc196204611][bookmark: _Toc219216885]Stakeholder views on the proposed WEL for benzene
As part of the public consultation process supporting this Decision RIS, 20 submissions were received that address the proposed WEL for benzene. 
A majority of submissions (13 out of 20) supported the proposed health-based TWA of 0.2 ppm (0.7 mg/m3) for benzene (Option 2). These submissions were made by unions, peak health bodies, industry bodies, academics, individuals, and governments. Stakeholders who supported Option 2 noted their support is based on:
· the proposed reduction is health-based[footnoteRef:28] and can be practically implemented and enforced[footnoteRef:29], [28:  Submissions from Anonymous, Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia), Australian Council of Trade Unions, Anonymous (permission not granted for publication) and Minerals Council of Australia]  [29:  Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)] 

· it would provide better protection for workers who are exposed to benzene from developing occupational diseases[footnoteRef:30], [30:  Submissions from Department of Defence, Robyn Schofield, and Victorian Trades Hall Council] 

· it would raise awareness of the risks associated with benzene and promote substituting with benzene-free products[footnoteRef:31], and [31:   Submissions by Anonymous (permission not granted for publication) and Anonymous] 

· it would reinforce Australia’s commitment to preventing cancer in occupational settings[footnoteRef:32].  [32:  Cancer Council Australia] 

A minority of submissions (6 out of 20) supported retention of the current TWA of 1 ppm (3.2 mg/m3) for benzene (Option 1). These submissions came from industry bodies, academics and government. Stakeholders who supported Option 1 noted their support is based on:
· their view that benzene exposure is limited in practice, and controls currently used are sufficiently protecting workers[footnoteRef:33],  [33:  Submissions from Anonymous (permission not granted for publication) and Anonymous (permission not granted for publication)] 

· a suggestion that the consultation report did not establish a problem with the current exposure standards that required government intervention[footnoteRef:34], [34:  Submissions from Chemistry Australia, Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· the preliminary estimates, by Nous Group, of the costs and benefits for benzene, which suggests the estimated costs for Option 2 were higher than the estimated benefits)[footnoteRef:35], and [35:  Submissions from Anonymous (permission not granted for publication) Australian Chamber of Commerce and Industry, and Australian Industry Group] 

·  the practical and feasibility issues such as measurement, compliance and costs[footnoteRef:36].  [36:  Submissions from Australian Chamber of Commerce and Industry, and Australian Industry Group] 

One submission did not provide a preferred option[footnoteRef:37].  [37:  Anonymous (permission not granted for publication)] 

Alternative WELs suggested by stakeholders
Some stakeholders put forward alternative exposure limits in their submissions for benzene. These were considered against the criteria contained within the WES review methodology agreed by WHS ministers. 
Three submissions suggested alternative WELs for benzene:  
· A TWA of 0.5 ppm, as recommended in 2001 by the American Conference of Governmental Industrial Hygienists (ACGIH; a primary source in the agreed WES Review methodology)[footnoteRef:38].  [38:  Anonymous (permission not granted for publication)] 

· The 2001 recommendation by ACGIH was previously considered as part of the weight of evidence approach. No additional evidence was provided to support reconsideration of this suggestion. 
· A TWA of 0.05 ppm, as recommended by the European Chemicals Agency’s Committee for Risk Assessment (a secondary source identified in the agreed WES Review methodology) in 2018[footnoteRef:39]. [39:  Forbes McGain] 

· Further reductions below the proposed WEL (option 2) were not considered as part of the Decision RIS.
· A TWA of 0.02 ppm, as recommended in 2024 by the ACGIH[footnoteRef:40]. [40:  Robyn Schofield] 

· Further reductions below the proposed WEL (option 2) were not considered as part of the Decision RIS.
Considerations in relation to the proposed WEL for benzene
Stakeholders were asked about challenges they expect their industry, business or PCBU would encounter if the proposed WEL was implemented. Measurability and additional funding were raised as key challenges associated with the proposed WEL for benzene. 
[bookmark: _Hlk210756675]Measurability concerns
Some stakeholders raised measurement of benzene at the proposed WEL to be a challenge which would have implications on monitoring and enforcement activities[footnoteRef:41]. These stakeholders suggested that sampling for benzene at the proposed level would be difficult, with some indicating some methods may not be accurate at the proposed level[footnoteRef:42]. Advice in the evaluation report for benzene indicated the proposed WEL is measurable (Safe Work Australia, 2019), and a government submission[footnoteRef:43] specified that measurement of benzene at the proposed level was possible (and benzene could be detected at levels down below 0.01 ppm). [41:  Submissions from Australian Chamber of Commerce and Industry and Anonymous (permission not granted for publication)]  [42:  Anonymous]  [43:  Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)] 

[bookmark: _Hlk210756683]Multiple methods[footnoteRef:44] exist to measure benzene with sufficient sensitivity and certainty to determine compliance at the proposed WEL, with commercially available methods in Australia (based on Safe Work Australia analysis).  [44:  OSHA 1005, NIOSH 3700, EPA TO-17, DFG x 3, IFA 6265] 

Sampling related contributions to uncertainty (e.g. sampling equipment limitations) may remain a limitation on measurability in some situations, but these issues are not unique to benzene. To support the wider transition to the WEL, Safe Work Australia is preparing technical guidance to provide advice on measurement issues, including sampling.
Additional funding
A submission from a volunteer organisation[footnoteRef:45] raised that without additional funding, it would be difficult for them to purchase controls to comply with the proposed WEL for benzene, such as RPE. The submission said this barrier may present a reputational risk to the organisation as it suggests not enough is being done to protect workers and volunteers and could result in a decrease in volunteers. While it will be up to businesses to determine appropriate arrangements to meet the requirements of the WEL once agreed by WHS ministers, concerns around seeking additional funding are not within the scope of this Decision RIS. [45:  Anonymous (permission not granted for publication)] 

Transitional arrangements suggested by stakeholders
A minority of stakeholders suggested a transition period would assist industry to comply with the proposed limits if they were to be implemented. Four submissions addressed potential lengths for this transition: 
· 6 months[footnoteRef:46], [46:  Anonymous (permission not granted for publication)] 

· 1 year (2 submissions)[footnoteRef:47], and [47:  Submissions from Forbes McGain and Anonymous (permission not granted for publication)] 

· 3 years[footnoteRef:48].  [48:  Department of Defence] 

An additional stakeholder suggested a transition period up until 1 December 2026[footnoteRef:49] to coincide with the transition to the WEL list. Another stakeholder suggested there should be no transition period and the proposed new WEL should be implemented as soon as possible[footnoteRef:50]. [49:  Cancer Council Australia]  [50:  Anonymous] 

As mentioned in Section 7.3 of this Decision RIS, and in line with the majority of stakeholder suggestions, it is proposed that the new WEL for benzene should come into effect on 1 December 2026. This would align with the commencement of the new WEL list and ensure the transition to the health-based exposure limits for all chemicals occurs at the same time.
[bookmark: _Toc194510009][bookmark: _Toc196204612][bookmark: _Ref196903516][bookmark: _Ref196903522][bookmark: _Toc219216886]Likely net benefit and recommended option for benzene
Net benefit
Table 12 presents the quantified gross benefits for the proposed WEL for benzene. Both the quantifiable health and financial benefits estimated (from Table 8 and Table 9) were considered alongside the quantifiable costs (Table 10) to estimate a quantified gross benefit of -$401 million over 10 years for the proposed WEL for benzene. 
Sensitivity analysis indicates the quantified gross benefit can range between -$438 million (under the low scenario outlined in Appendix D) and -$396 million (under the high scenario outlined in Appendix D) over 10 years for the proposed WEL for benzene. 
In order for the proposed WEL for benzene to deliver a net benefit in economic terms, the non-quantified and qualitative benefits outlined in Sections 5 and 9.1 of this Decision RIS would need to meet or exceed a quantified gross cost of $401 million. 
This quantified gross cost is likely to be smaller than what is estimated in Table 12. The data limitations, particularly the likely under-reporting in workers’ compensations data discussed throughout this Decision RIS, are also relevant. Actual benefits are therefore under-estimated; and will continue to be realised even after the 10-year appraisal period of this analysis. 
In considering the quantified gross benefit, together with the non-quantified and qualitative benefit, Option 2 presents a likely net benefit.
[bookmark: _Ref216700289]Table 12 - Quantified gross benefit ($, millions, discounted) for the proposed WEL for benzene, FY27 to FY36
	Quantified benefits
	Quantified costs
	Quantified gross benefit

	439
	840
	-401 


** The quantified gross benefits should be read in conjunction with the non-quantifiable benefits set out in Section 5.2 and 9.1.
Recommended option
	It is recommended WHS ministers agree to the health-based recommendation for the WEL for benzene (Option 2): TWA of 0.2 ppm (0.7 mg/m3). 
This recommendation is based on the following considerations:
· that the proposed WEL for benzene aligns with the object of the model WHS Act to protect workers and others from harm to their health, safety and welfare through the elimination or minimisation of risks, 
· the scientific evidence that indicates the proposed health-based WEL is protective of workers, 
· stakeholder views and comments on the proposed WEL, and
· the net benefit expected, particularly protection of workers from developing leukaemia, of the proposed change.  
It is also recommended WHS ministers agree there be a transition period for benzene aligned to the 1 December 2026 implementation date for the Workplace exposure limits for airborne contaminants.  




[bookmark: _Toc181003128][bookmark: _Toc193192578][bookmark: _Toc196204613][bookmark: _Toc179376601][bookmark: _Hlk178941693][bookmark: _Toc219216887] Detailed impact assessment for chlorine 
	[bookmark: _Toc193192579][bookmark: _Toc196204614]Policy options for chlorine
Option 1 is to retain the current peak limitation of 1 ppm (3 mg/m3). 
Option 2 is to change to the proposed TWA of 0.1 ppm (0.29 mg/m3) and peak limitation of 0.4 ppm (1.16 mg/m3) – recommended.


[bookmark: _Toc196204615][bookmark: _Toc219216888][bookmark: _Toc193192580]Benefits of the proposed WEL for chlorine
[bookmark: _Toc196204616]Health benefits of the proposed WEL for chlorine
The proposed TWA of 0.1 ppm (0.29 mg/m3) and peak limitation of 0.4 ppm (1.16 mg/m3) for chlorine is intended to protect workers and others in the workplace from the risk of eye and respiratory tract irritation at low concentrations, and irreversible impairment of lung function at higher concentrations (Safe Work Australia, 2019). It is likely to benefit the estimated 120,140 workers in Australia who are at risk of exposure to chlorine.
Health evidence in the evaluation report for chlorine shows that a TWA should be introduced for chlorine to minimise the risk of workers developing respiratory tract irritation from chronic chlorine exposures, which can impair workers’ ability to work optimally and lead to workplace incidents. It also showed that exposures at or just below the current peak limitation level of 1 ppm for chlorine could impair workers’ lung function (Safe Work Australia, 2019). 
The proposed TWA of 0.1 ppm (0.29 mg/m3) and peak limitation of 0.4 ppm (1.16 mg/m3) for chlorine was determined in accordance with the health-based methodology agreed by WHS ministers (and which relied on the scientific evidence available at the time of the review from trusted international and national sources). 
The evaluation for chlorine[footnoteRef:51] employed a weight of evidence approach, considering information from multiple agreed primary sources supported by information from agreed secondary sources (Safe Work Australia, 2018). [51:  The evaluation report for chlorine can be accessed here.] 

International precedent 
The proposed WEL for chlorine is consistent with that recommended by the American Conference of Governmental Industrial Hygienists (ACGIH) (Safe Work Australia, 2019). 
The ACGIH was selected as a primary source as they have international credibility, develop standards through consensus that are health-based and based on evaluation of appropriate data, and their documentation of evaluations is accessible and robust (Safe Work Australia, 2018). 
ACGIH’s recommendations are intended for occupational hygienists to assist in the control of health hazards and not as legal exposure limits (ACGIH, 1988). 
Quantifiable health benefits for the proposed WEL for chlorine
Health benefits were not able to be quantified for chlorine. This is because no estimates of the current burden of disease attributable to workplace exposure to chlorine were able to be identified through research or stakeholder engagement.  
However, a lack of data does not mean that the introduction of the proposed WEL will not result in health benefits for workers, communities and businesses. As the health evidence has shown, the proposed TWA is at a level considered protective of eye and respiratory tract irritation (from exposures at low concentrations), and irreversible impairment of lung function (exposures at higher concentrations) of chlorine. 
Adverse health effects associated with chlorine
Additional adverse health effects the proposed WEL for chlorine would protect workers from include:
· occupational asthma, an occupational disease that can be caused or exacerbated by workplace exposure of chlorine (Canadian Centre of Occupational Health and Safety, 2025), and
· increased phlegm production, painful breathing, wheezing, shortness of breath, impaired neurobehavioural functions, skin rashes and burns (Australian Industrial Chemicals Introduction Scheme, 2016). 
Acute exposure to low concentrations of chlorine can also cause increased tear and saliva production, while acute exposures to high concentrations of chlorine can cause violent coughs, nausea, vomiting, light-headedness, headaches, chest pains, abdominal discomfort and sore throats (Morim & Guldner, 2023). Chronic exposure to chlorine can cause chest pains, coughs, sore throats and the coughing up of blood (Morim & Guldner, 2023). 
[bookmark: _Toc196204617]Financial benefits of the proposed WEL for chlorine
Quantifiable financial benefits of the proposed WEL for chlorine
In addition to the health benefits above, the proposed WEL for chlorine is also expected to result in direct and indirect financial benefits for businesses, as demonstrated in Table 13. These were estimated to be $5.7 million for direct financial benefits and $3 million for indirect benefits across the 10 years (FY27 to FY36). Further discussion on these benefits can be found under Table 13. 
The estimated financial benefits reflects that there were only 232 workers’ compensation claims attributed to chlorine between 2017 and 2021, with the average total cost of these claims being $11,911 and an average of 3.7 weeks off work per claim. 
It should be noted that the scale of occupational illness and psychosocial injuries attributable to workplace exposure to chlorine is likely to be under-represented in workers’ compensation claim data, due to difficulties in proving causation (e.g., acute symptoms of chlorine exposure can be common to other diseases or illnesses), the latency period between occupational exposure and the illness (especially if it develops after the worker has stopped working at the workplace), or an affected worker not seeking compensation (for example thinking they are ineligible or not being aware they are covered). Further limitations of the estimation of financial benefits are discussed in Table 66 of Appendix C of this Decision RIS.
Some adverse health effects associated with exposure to chlorine tend to occur immediately (i.e., there is no long latency period). However, on occasion, the adverse health effect can develop hours after exposure at the workplace, such as when the worker has finished working for the day and is at home. A case study involving two patients who developed an acute lung injury from workplace exposure to chlorine gas by mixing chlorine-containing chemicals, like chemical cleaners, found that the patients experienced symptoms between 10 hours to 35 hours after exposure (Yamamoto, et al., 2009). 
Noting the potential for under-representation in workers compensation data, it is likely that a reduction in the proposed WEL for chlorine would result in protection of a greater number of workers from developing eye and respiratory tract irritation at low concentrations, and irreversible impairment of lung function at higher concentrations, of chlorine in the workplace. For the purposes of this Decision RIS, an uplift factor of 50% was assumed to account for this under-representation of occupational diseases caused by exposure to chlorine. However, it remains unclear whether this is an accurate reflection of the under-representation. Thus, the actual financial benefits of the proposed WEL may be different to what has been estimated in Table 13. 
It is also expected that these quantifiable financial benefits will continue beyond the 10-year period that tis estimation is based on. Financial benefits that arise beyond the 10-year period are not included the quantified figures. 
[bookmark: _Ref199857926]Table 13 - Estimated average annual and total financial benefits of the proposed WEL for chlorine, FY27 to FY36
	Financial benefits
	Average benefits p.a. ($’000, undiscounted)
	Total benefits ($ millions, discounted)

	Direct benefits
	921
	5.7

	Direct compensation benefits
	354
	2.2

	Common law compensation benefits
	315
	1.9

	Medical compensation benefits
	160
	1.0

	Supplementary compensation benefits
	92
	0.6

	Indirect benefits
	498
	3.1

	Productivity benefits
	498
	3.1

	Total financial benefits
	1,419
	8.7


Reduced costs associated with potential worker compensation claims[footnoteRef:52] [52:  Anonymous (permission not granted for publication)] 

Workers who develop an occupational disease or illness because of exposures to chlorine are able to seek workers’ compensation if the occupational disease or illness can be linked to the workplace. Workers’ compensation will help workers focus on getting better and access rehabilitation services, without worrying about associated costs. 
A reduction in workers developing illness or disease from work-related exposures to chlorine can help businesses avoid the cost of potential worker compensation claims through increased premiums.
The reduced costs associated with potential workers’ compensation claims of the proposed WEL for chlorine compared with the existing WES were not able to be quantified.


Increased productivity
An indirect benefit of increased productivity from a reduction in absenteeism and presenteeism amongst the workforce who are exposed to chlorine was also raised by a stakeholder, as part of the 2024 public consultation[footnoteRef:53].The proposed WEL is expected to reduce the number of workers experiencing adverse health effects, like eye and respiratory irritation and impaired lung function. This would reduce the need for workers to take time off to seek medical care or treatment.  [53:  Anonymous (permission not granted for publication)] 

Studies have shown eye and respiratory irritation have been linked to decreased productivity in the workplace. In a study that assessed the impacts of indoor air quality and productivity in the workplace, it was shown poor indoor air quality that causes eye and respiratory irritation, and other adverse health effects, can cause a 6-9% decrease in productivity and that productivity would increase by eliminating sources of poor indoor air quality (Wyon, 2004). 
Non-quantifiable financial benefits of the proposed WEL for chlorine
Additional financial benefits of the proposed WEL for chlorine, such as the reduced impacts on support networks for individuals experiencing occupational disease, were not able to be quantified in this analysis due to a lack of data. However, this does not indicate an absence of these financial benefits. As such, the actual benefits of the proposed WEL for chlorine are likely to be greater than what is estimated in Table 13, when these non-quantifiable financial benefits are considered. It is also expected that these non-quantifiable financial benefits would be realised beyond the 10-year period that this analysis is based on. 
Reduced cost to governments
The 2022 Australian Bureau of Statistics’ National Health Survey (NHS) found ‘around 8.5 million (34%) people in Australia were estimated to have chronic respiratory conditions, according to self-reported data’ (Australian Institute of Health and Welfare, 2025). Whilst not all chronic respiratory conditions can be linked to work-related exposure to chlorine, health research has shown exposure to chlorine gas can have a significant effect on airways/lungs and respiratory system (Morim & Guldner, 2023) and even result in conditions such as occupational asthma (Canadian Centre of Occupational Health and Safety, 2025; Morim & Guldner, 2023).
In 2023-24, the Australian Institute of Health and Welfare (AIWH) reported that Australia spent $5.77 billion on respiratory conditions (Australian Institute of Health and Welfare, 2025). While work-related exposure to chlorine may only result in a subset of respiratory conditions experienced by Australians, reducing the proposed WEL for chlorine can help reduce the incidence of irreversible impairment of the lungs experienced by workers exposed to chlorine, thus reducing the number of workers in the health system[footnoteRef:54].  [54:  Anonymous (permission not granted for publication)] 

The AIWH’s Australian Burden of Disease Study, 2024 indicates that 3.9% of all respiratory disease total burden was attributed to occupational exposure and hazards (Australian Insitute of Health and Welfare, 2024). Reducing respiratory diseases caused by occupational exposure, by implementing the proposed WEL for chlorine to reduce workers from developing irreversible impairment of lung function from high concentrations of chlorine, is estimated to contribute up to $225 million in savings to the health system and for the government per year. 
[bookmark: _Toc196204618]Additional benefits of the proposed WEL for chlorine
Stakeholders also identified that the proposed WEL for chlorine would have the following qualitative benefits. When considering these qualitative benefits, the actual benefits of the proposed WEL for chlorine will be greater than what was able to be quantified in this Decision RIS (Table 13).
Encourages safe use of low chlorine products/exposure in the workplace 
The proposed WEL for chlorine, may encourage the substitution and use of safer alternative products in several industries[footnoteRef:55].  [55:  Submissions from Anonymous (permission not granted for publication) and Anonymous (permission not granted for publication).] 

Chlorine is the primary disinfectant to ensure safe for drinking water quality internationally and across Australia. Just over 8,000 tonnes/year of gaseous chlorine is used in Australia for water disinfection, with approximately an additional 1,500 tonnes/year used for wastewater treatment. There is an additional quantity of liquid chlorine used, primarily for smaller water treatment plants. 

The expected market growth in chlorine usage over the next 7 years is anticipated to be around 7.7%, with the majority due to disinfectant demand by water utilities. The Australian Drinking Water Guidelines outline that a disinfectant residual concentration in water of between 0.2 and 0.5 mg/L is generally adequate (National Health and Medical Research Council, 2025).
There has been research conducted to suggest the use of ultraviolet technology, ozone, silver and nano-photocatalytic (use of a nano-structured light activated catalyst to degrade organic and inorganic material) as alternatives to chlorine gas in the treatment of wastewater (Al-Abri, et al., 2019), however only UV and ozone are used widely at scale. Whilst UV and ozone are effective, they are typically augmented with chlorine disinfection. There has also been ongoing research into the use of peracetic acid as an alternative for the treatment of wastewater as it is less hazardous to human health and the environment (United States Environmental Protection Agency, 2025). 
Raises awareness about chlorine and the hazards associated with it
Stakeholder feedback noted that the proposed change to the WEL for chlorine would also lead to PCBUs and workers becoming more aware of the presence of chlorine in the workplace, and the hazards associated with chlorine[footnoteRef:56], allowing both to actively contribute to making sure the workplace is safer and healthier, especially in sectors which have higher exposures to chlorine.   [56:  Anonymous (permission not granted for publication)] 

By raising awareness of the presence of hazards in the workplace and the risks associated with them, workers have also been shown to make better and informed choices that allows them to take reasonable care for their own health and safety in the workplace, such as wearing PPE whilst working. 
[bookmark: _Toc196204555][bookmark: _Toc196204619][bookmark: _Toc196204934][bookmark: _Toc196902056][bookmark: _Toc196204620][bookmark: _Ref197611605][bookmark: _Toc219216889]Costs of the proposed WEL for chlorine
Costs to comply with the proposed WEL for chlorine were estimated and are outlined below. These are indicative estimates only.
Table 14 presents the estimated total costs to industry to comply with the proposed WEL for chlorine over the 10-year appraisal period (from FY27 to FY36). 
The estimates represent the incremental costs between retaining the current WES (Option 1) and changing to the proposed WEL (Option 2). Any costs to businesses to comply with the current WES are not considered due to PCBUs’ ongoing WHS duty to eliminate or minimise risks, so far is as reasonably practicable (Section 17 of the model WHS Act). 
The analysis estimates that:
· [bookmark: _Toc193192581][bookmark: _Toc196204621]The estimated total cost to affected businesses over 10 years is $968 million (in real, discounted terms), which equates to $161 million per year (in real, undiscounted terms). 
· [bookmark: _Toc193192582][bookmark: _Toc196204622]These estimated total costs comprise of: 
· [bookmark: _Toc193192583][bookmark: _Toc196204623]control measure costs of $716 million over 10 years, comprising engineering controls ($298 million), isolation controls ($263 million), administrative controls ($111 million) and PPE ($43 million).
· [bookmark: _Toc193192584][bookmark: _Toc196204624]management practice costs of $95 million over 10 years, comprising air monitoring ($45 million) and occupational hygiene ($50 million).
· [bookmark: _Toc193192585][bookmark: _Toc196204625]An additional $157 million of chemical specific costs have been estimated, informed by data provided by industry. These comprise of:
· [bookmark: _Toc193192586][bookmark: _Toc196204626]$150 million for administrative controls (chlorine gas monitoring system upgrades) across the water services industry.
· [bookmark: _Toc193192587][bookmark: _Toc196204627]$7 million related to chlorine manufacturing, comprising $2.7 million for engineering controls (extraction systems) and $4.3 million for administrative controls (chlorine gas detectors).
Based on stakeholder feedback, it is likely that the control measure costs above will be incurred by businesses in the initial years following implementation of the proposed WEL, if it is agreed to. However, no data was provided on the estimated distribution of costs would be over the 10-year appraisal period, and so it was assumed that these costs would be evenly distributed over the period. 
Obligations around management practice costs make these costs more likely to be evenly distributed throughout the appraisal period. 

[bookmark: _Ref199858016]Table 14 - Estimated average annual and total incremental costs to industry by the proposed WEL for chlorine, FY27 to FY36
	Cost category
	Average costs p.a. ($ millions, undiscounted)
	Total costs ($, millions, discounted)

	Control measure costs
	119.0
	716.0

	Isolation control costs
	43.8
	263.4

	Engineering control costs
	49.6
	297.7

	Administrative control costs
	18.4
	111.4

	Personal protective equipment costs
	7.2
	43.4

	Management practice costs
	15.7
	94.6

	Air monitoring costs
	7.4
	44.6

	Occupational hygiene costs
	8.3
	49.9

	Specific costs
	26.2
	157.3

	Total costs
	160.9
	967.9



This regulatory impact analysis has also estimated the average annual and total costs to industry under low and high cost scenarios, where:
· [bookmark: _Toc193192588][bookmark: _Toc196204628]Under the low cost scenario, the average annual cost is $121 million (undiscounted) and the total cost is $726 million (discounted).
· [bookmark: _Toc193192589][bookmark: _Toc196204629]Under the high cost scenario, the average annual cost is $201 million (undiscounted) and the total cost is $1.2 billion (discounted). 
Table 15 presents the estimated average annual incremental costs per affected business by business size category for the proposed WEL for chlorine. The results do not factor in costs specific to a singular business or industry that are not expected for other businesses or industries. An average annual incremental cost is also assumed in the absence of information to indicate the true distribution of costs across the 10-year appraisal period. The affected industries come from the following industries:
· manufacturing,
· [bookmark: _Toc196204632]electricity, gas, water and waste services,
· administrative and support services, and
· [bookmark: _Toc196204637]arts and recreation services.
The results indicate that:
· [bookmark: _Toc193192590][bookmark: _Toc196204638]There are an estimated 18,083 affected businesses, comprising 16,169 small businesses, 1,693 medium businesses and 221 large businesses.
· [bookmark: _Toc193192591][bookmark: _Toc196204639]The estimated average annual cost is $2,100 for small businesses, $12,100 for medium businesses and $480,500 for large businesses.
[bookmark: _Ref199858445]Table 15 - Estimated average annual incremental cost per affected business by business size ($, undiscounted) and affected businesses for chlorine, FY27 to FY36
	Measure
	Small businesses
	Medium businesses
	Large businesses

	Number of affected businesses p.a.
	16,169
	1,693
	221

	Av. cost per business p.a.
	2,100
	12,100
	480,500



[bookmark: _Toc196204640][bookmark: _Toc219216890][bookmark: _Hlk180162088]Stakeholder views on the proposed WEL for chlorine
As part of the public consultation process supporting this Decision RIS, 21 submissions were received for chlorine. 
There was no clear majority in relation to a preferred option for chlorine. Eight of the 21 submissions supported the proposed health-based TWA of 0.1 ppm (0.29 mg/m3) and peak limitation of 0.4 ppm (1.16 mg/m3) for chlorine (Option 2). 
Submissions supporting the proposed health-based WELs were made by individuals, unions, academics and an industry body. Stakeholders who supported Option 2 noted their support was based on:
· agreement that the health evidence shows exposure to chlorine can lead to eye and respiratory tract irritation, and irreversible impairment of lung function at higher concentrations[footnoteRef:57], [57:  Submissions from Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Queensland Nurses and Midwives’ Union, Anonymous, Australia Council of Trade Unions, and Victorian Trades Hall Council] 

· the proposed WELs for chlorine are in line with international best practice[footnoteRef:58], and [58:  Robyn Schofield] 

· perceptions that chlorine is a “low risk” chemical, however its health risks are not as well known[footnoteRef:59]. [59:  Anonymous (permission not granted for publication)] 

Ten of 21 submissions supported retaining the current peak limitation WES of 1 ppm (3 mg/m3) for chlorine (Option 1). 
These submissions were made by industry bodies, a WHS regulator, an academic and an employer organisation representative. Stakeholders who supported Option 1 noted their support was based on:
· [bookmark: _Toc196204641]the view that the proposed WEL for chlorine is not supported by health burden data[footnoteRef:60], [60:  Submissions from Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia), Chemistry Australia, Accord Australasia, Anonymous (permission not granted for publication), The Queensland Water Directorate (qldwater), Water Services Association of Australia, Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· [bookmark: _Toc196204642]the proposed WEL seems impractical to measure reliably[footnoteRef:61], [61:  Submissions from Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia), Chemistry Australia, Accord Australasia, The Queensland Water Directorate (qldwater), Water Services Association of Australia, Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· [bookmark: _Toc196204643][bookmark: _Toc196204644]the proposed WEL is inconsistent with other international jurisdictions[footnoteRef:62], [62:  Submissions from The Queensland Water Directorate (qldwater), Anonymous (permission not granted for publication), and Water Services Association of Australia] 

· the preliminary estimates, by Nous Group, of costs and benefits for chlorine, which suggests the estimated costs for Option 2 were higher than the estimated benefits[footnoteRef:63], and  [63:  Submissions from Anonymous (permission not granted for publication), The Queensland Water Directorate (qldwater), Water Services Association of Australia, Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· the practical and feasibility issues such as measurement, compliance and costs[footnoteRef:64].   [64:  Submissions from Australian Chamber of Commerce and Industry, and Australian Industry Group] 

Three further submissions did not provide a clear position[footnoteRef:65].  [65:  Submissions from The Chamber of Minerals and Energy of Western Australia, and Minerals Council of Australia] 

Alternative WELs suggested by stakeholders
Some stakeholders put forward alternative exposure limits in their submissions for chlorine. These were considered against the criteria contained within the WES review methodology agreed by WHS ministers. 
Three submissions suggested alternative WELs for chlorine: 
· Two submissions suggested a TWA of 0.5 ppm and STEL of 1 ppm[footnoteRef:66]: [66:  Submissions from Australian Chamber of Commerce and Industry, and Minerals Council of Australia] 

· The alternative TWA was suggested based on other health studies summarised in the evaluation report for chlorine that show no inflammation and irritation effects in humans at 0.5 ppm. 
· The health studies used as a basis to suggest the alternative TWA were considered as part of the WES review by the independent expert. No new health evidence was submitted to reconsider these health studies. 
· The alternative STEL was suggested on the basis of the United States’ Agency for Toxic Substances and Disease Registry (ATSDR) toxicological report profile for chlorine, which states there is no significant harmful effects observed in workers exposed for years at around 1 ppm. 
· The ATSDR is a non-regulatory, environmental public health agency. The ATSDR does not recommend an exposure limit and is not an approved source for the determination of a WEL (per the WES review methodology).  
· A TWA of 0.5 ppm and a peak limitation of 1 ppm[footnoteRef:67] [67:  The Chamber of Minerals and Energy of Western Australia] 

· No health evidence was provided to support the suggestion of either alternative TWA or peak limitation. 
Considerations in relation to the proposed WEL for chlorine
Stakeholders were asked about the challenges they expect their industry, business or PCBU would encounter if the proposed WEL was implemented. Measurability, concerns around the introduction of respiratory protection equipment and impact on swimming pools were raised by stakeholders. 
Measurability concerns
Some submissions stated industry currently uses wearable gas monitors that sounds an alarm when chlorine is detected at a set concentration based on the current peak limitation WES[footnoteRef:68]. This differs from measuring compliance with a TWA, where personal exposure measurements must be taken by workers wearing a monitor and the PCBU may be required to engage an occupational hygienist to conduct air monitoring. Stakeholders claim that the latter is not currently being performed and would result in increases in air monitoring at additional cost to industry[footnoteRef:69]. That said, the analysis in this Decision RIS considered costs associated with engaging an occupational hygienist and undertaking air monitoring. It estimated that this will cost industry $15.7 million over the 10-year period, representing roughly 10% of the total incremental cost of the proposed WEL for chlorine.  [68:  Submissions from the Water Services Association of Australia, The Chamber of Minerals and Energy of Western Australia and Australian Industry Group ]  [69:  Chemistry Australia] 

With the proposed TWA being at the lower end of the limits of detection range for common analytical methods, a stakeholder believed measurability for chlorine is questionable or impossible to implement in the workplace[footnoteRef:70]. Other submissions noted measurability concerns would impact compliance and enforcement[footnoteRef:71].  [70:  Anonymous (permission not granted for publication)]  [71:  Submissions from Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia), and The Chamber of Minerals and Energy of Western Australia] 

However, these concerns were not reflected in the sampling and analysis advice in evaluation report for chlorine (Safe Work Australia, 2019), which stated that the proposed limits were quantifiable through available sampling and analysis techniques. Furthermore, two stakeholders (a government and professional submission) indicated that some sampling and analysis techniques could measure down to and below the proposed TWA for chlorine[footnoteRef:72]. Both submissions did describe these methods as ‘costly’ but provided no cost data to substantiate the ‘costly’ nature of the methods[footnoteRef:73].  [72:  Submissions from Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia) and Anonymous (permission not granted for publication)]  [73:  Submissions from Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia) and Anonymous (permission not granted for publication)] 

At least two methods[footnoteRef:74] exist to measure chlorine with sufficient sensitivity and certainty to determine compliance at the proposed WEL, with commercially available methods in Australia (based on Safe Work Australia analysis).  [74:  NIOSH 6011, OSHA ID 101] 

Sampling related contributions to uncertainty (e.g. sampling equipment limitations) may remain a limitation on measurability in some situations, but these issues are not unique to chorine. To support the wider transition to the WEL, Safe Work Australia is preparing technical guidance to provide advice on measurement issues, including sampling.
Concerns around introduction of respiratory protection equipment
Several submissions from industry were concerned over the additional hazards that RPE may introduce into the workplace. For example, one chlorine manufacturer was concerned RPE would lead to less routine checking of chlorination systems, as their workers may be “reluctant to don RPE”[footnoteRef:75].  [75:  Anonymous (permission not granted for publication)] 

Other stakeholders raised that RPE may introduce a new hazardous situation, such as ineffective communication between workers during work activities[footnoteRef:76].  [76:  Anonymous (permission not granted for publication)] 

It is important to note PCBUs should only consider using personal protective equipment, including RPE, as a control once all other reasonably practicable higher order controls in the hierarchy of controls (i.e., substitution, isolation, engineering and administration) have been considered and implemented, so far as is reasonably practicable. 
Impact on indoor swimming pools
As part of their submission to the public consultation, a WHS regulator identified the introduction of the proposed WEL may impact indoor swimming pools. This stakeholder stated that this industry typically sees chlorine levels at the 0.2 to 0.5 ppm range[footnoteRef:77]. Note that these concerns were not raised by stakeholders from the indoor swimming pool industry. [77:  Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)] 

Transitional arrangements suggested by stakeholders
Some stakeholders suggested a transition period would assist industry to comply with the proposed limits if they were to be implemented. Four submissions suggested the following as potential lengths for this transition period: 
· 1-2 weeks[footnoteRef:78], [78:  Anonymous (permission not granted for publication)] 

· 6 months[footnoteRef:79], [79:  Anonymous] 

· 1 year[footnoteRef:80], and  [80:  Anonymous (permission not granted for publication)] 

· 2 years[footnoteRef:81].  [81:  Anonymous] 

Another submission requested there be more consultation to ensure a practical and feasible implementation timeframe. The stakeholder proposed that timeframe for implementation should be based on the ability of industry to acquire sensors that confirm whether the WEL is being met, the necessary capital works being completed and funding approvals being approved[footnoteRef:82]. [82:  Water Services Association of Australia] 

As mentioned in Section 7.3 of this Decision RIS, it is proposed that the new WEL for chlorine should come into effect on 1 December 2026. This would align with the commencement of the new WEL list and ensure the transition to the health-based exposure limits for all chemicals occurs at the same time.
[bookmark: _Toc217055173][bookmark: _Toc196204649][bookmark: _Toc219216891]Likely net benefit and recommended option for chlorine
Net benefit
Table 16 presents the quantified gross benefits for the proposed WEL for chlorine. Both the quantifiable financial benefits estimated (Table 13) were considered alongside the quantifiable costs (Table 14) to estimate a quantified gross benefit of -$959 million over 10 years for the proposed WEL for chlorine. 
Sensitivity analysis indicates the quantified gross benefit can range between -$1.6 billion (under the low scenario outlined in Appendix D) and -$590 million (under the high scenario outlined in Appendix D) over 10 years for the proposed WEL for chlorine. 
In order for the proposed WEL for chlorine to deliver a net benefit in economic terms, the non-quantified and qualitative benefits outlined in Sections 5 and 10.1 of this Decision RIS would need to meet or exceed a quantified gross cost of $959 million. 
This quantified gross cost is likely to be smaller than what is estimated in Table 16. The data limitations, particularly the likely under-reporting in workers’ compensations data discussed throughout this Decision RIS, are also relevant. Actual benefits are therefore under-estimated; and will continue to be realised even after the 10-year appraisal period of this analysis. 
In considering the quantified gross benefit, together with the non-quantified and qualitative benefit, Option 2 presents a likely net benefit. 
[bookmark: _Ref216700913]Table 16 - Quantified gross benefit ($, millions, discounted) for the proposed WEL for chlorine, FY27 to FY36
	Quantified benefits
	Quantified costs
	Quantified gross benefit

	9
	968
	- 959 


** The quantified gross benefit should be read in conjunction with the non-quantifiable benefits set out in Section 5.2 and 10.1.
Recommended option
	It is recommended WHS ministers agree to the health-based recommendation for the WEL for chlorine (Option 2): TWA of 0.1 ppm (0.29 mg/m3) and peak limitation of 0.4 ppm (1.16 mg/m3). This recommendation is based on the following considerations:
· that the proposed WEL for chlorine aligns with the object of the model WHS Act to protect workers and others from harm to their health, safety and welfare through the elimination or minimisation of risks, 
· the scientific evidence that indicates the proposed health-based exposure limit is the protective of workers, 
· that some stakeholder views and comments on the proposed WEL were in agreement that the WEL for chlorine should be protective of workers, in line with the objectives of the model WHS Act, and
· the net benefit expected, particularly the protection of workers from developing risk of eye, respiratory tract irritation, and irreversible impairment of lung function.
It is also recommended WHS ministers agree there be a transition period for chlorine aligned to the 1 December 2026 implementation date for the Workplace exposure limits for airborne contaminants.  


[bookmark: _Toc217055175][bookmark: _Toc179376602][bookmark: _Toc181003129][bookmark: _Toc193192605][bookmark: _Toc196204651][bookmark: _Toc219216892] Detailed impact assessment for copper
	[bookmark: _Toc193192606][bookmark: _Toc196204652]Policy options for copper
Option 1 is to retain the current TWA of 0.2 mg/m3 for copper fumes and 1 mg/m3 for copper dusts and mists. 
Option 2 is to change to the proposed TWA of 0.01 mg/m3 for copper fumes, dusts and mists (respirable) – recommended. 


[bookmark: _Toc196204653][bookmark: _Toc219216893][bookmark: _Toc193192607]Benefits of the proposed WEL for copper
Health impacts of the proposed WEL for copper
The proposed TWA of 0.01 mg/m3 for copper will protect workers and others in the workplace from the risk of developing irritation of the respiratory tract (Safe Work Australia, 2019). It is likely to benefit the estimated 380,834 workers who are at risk of exposure to copper, and therefore also at risk of developing irritation of the respiratory tract. 
Health evidence in the evaluation report for copper showed workers’ exposure to metal copper dust at 0.1 mg/m3 is associated with a condition like metal fume fever (this is well below the current TWA of 1 mg/m3 for copper dust and mists). The health evidence also showed exposures to copper fumes at or below the current WES of 0.2 mg/m3 causes inflammation in the lungs (Safe Work Australia, 2019). 
The proposed TWA of 0.01 mg/m3 for copper was determined in accordance with the health-based methodology agreed by WHS ministers (and which relied on the scientific evidence available at the time of the review from trusted international and national sources).  
The evaluation for copper[footnoteRef:83] employed a weight of evidence approach, considering information from multiple agreed primary sources supported by information from agreed secondary sources (Safe Work Australia, 2018). [83: The evaluation report for copper can be accessed here. In response to stakeholder feedback to inform this Decision RIS and following a review of evidence cited by the DFG and SCOEL, it was clarified that measurement is of the respirable fraction for the proposed TWA.] 

International precedent 
This proposed WEL for copper (dusts, mists and fumes) is consistent with that recommended by the Deutsche Forschungsgemeinschaft (DFG) and the European Union’s Scientific Committee on Occupational Exposure Limits (SCOEL) (Directorate-General for Employment, Social Affairs & Inclusion, 2014; Institute for Occupational Safety and Health of the German Social Accident Insurance, n.d.). 
Both the DFG and SCOEL were selected as primary sources as they have international credibility, develop standards through consensus that are health-based and based on evaluation of appropriate data, and their documentation of evaluations is accessible and robust (Safe Work Australia, 2018).
Recommendations made by the DFG are used by Germany’s Federal Ministry of Labour and Social Affairs to set legally binding exposure limits in Germany (German Research Foundation, 2025). Similarly, the recommendations made by SCOEL are used by the European Commission to set binding or indicative occupational exposure limits to protect workers from chemical risks (European Chemical Agency (ECHA), n.d.). 
Internationally, a TWA of 0.01 mg/m3 for copper dusts, mists and fumes (respirable) has been recommended in New Zealand and Spain and legislated in Sweden (Institute for Occupational Safety and Health of the German Social Accident Insurance, n.d.). A TWA of 0.01 mg/m3 for copper fumes (respirable fraction) have also been legislated in Hungary (Institute for Occupational Safety and Health of the German Social Accident Insurance, n.d.).
Quantifiable health benefits for the proposed WEL for copper
Health benefits were not able to be quantified for copper. This is because no estimates of the current burden of disease attributable to workplace exposure to copper were able to be identified through research or stakeholder engagement.   
However, a lack of data does not mean that the introduction of the proposed WEL will not result in health benefits for workers. As the health evidence has shown, the proposed TWA is set at a level considered protective of irritation of the respiratory tract caused by exposures to copper. The evaluation report also notes that copper can cause a condition similar to metal fume fever (Safe Work Australia, 2019). 
Adverse health effects associated with copper
Exposure to copper can also cause the following adverse health effects:
· dermal sensitisation caused by work-related copper and copper sulfate exposures (Directorate-General for Employment, Social Affairs & Inclusion, 2014)
· Reports of contact dermatitis have been recorded in literature but are low.
· cancer, particularly lung and stomach cancer 
· The European Commission’s Scientific committee on Occupational Exposure Limits’ report for copper notes that there is emerging health evidence to show workers exposed to copper, particularly those in the copper smelting process, have reported increased incidences for overall cancer mortality, particularly lung and stomach cancer (Directorate-General for Employment, Social Affairs & Inclusion, 2014). 
· However, a causal relationship between inhalation of copper and cancer could not be made due to certain confounding factors like smoking and co-exposure to arsenic. 
Copper is also listed on Safe Work Australia’s List of Deemed Diseases as a cause for acute toxicity (poisoning causing damage to one or more of the heart, lungs, liver, kidney, nervous system and blood) (Safe Work Australia, 2024). The United States’ National Institute for Occupational Safety and Health’s Pocket Guide to Chemical Hazards identifies the liver and kidney as target organs for exposure to copper dusts and mists (National Institute for Occupational Safety and Health, 2019). 
[bookmark: _Toc196204654]Financial benefits of the proposed WEL for copper 
Quantifiable financial benefits for the proposed WEL for copper
Financial benefits were not able to be quantified for copper in this analysis. This is due to the lack of workers’ compensation claims caused by copper. Noting the adverse health effects that the proposed WEL is based on, it is possible that occupational illness attributable to workplace exposure for copper is likely under-represented in workers’ compensation data, due to difficulties in proving causation, the long latency period between occupational exposure and the illness (especially if it develops after the worker has stopped working at the workplace), or an affected worker may not seek compensation (for example, thinking they are ineligible or not being aware they are covered). 
Non-quantifiable financial benefits for the proposed WEL for copper 
A lack of data to quantify financial benefits does not mean the introduction of the proposed WEL for copper would not achieve financial benefits (as outlined in this Decision RIS). More broadly, financial benefits that the proposed WEL for copper can deliver are described below. 
Increased productivity 
A stakeholder from the public consultation suggested the proposed WEL for copper would likely result in increased productivity[footnoteRef:84] from a reduction in absenteeism and presenteeism amongst the workforce who are exposed to copper. [84:  Submission from Anonymous (Permission not granted for publication)] 

While there are no workers’ compensation claims associated with copper exposure, this does not mean the proposed WEL will not result in productivity benefits, noting the likely under-reporting in workers’ compensation claims as outlined above. The proposed WEL for copper is expected to protect workers from developing  adverse health effects like irritation of the respiratory tract. Workers likely to be exposed to copper would be less likely to take time off to seek medical care or treatment as they would be protected from developing these adverse health effects. 
Reduced costs to governments
The Australian Institute of Health and Welfare states healthcare expenditure for upper respiratory conditions[footnoteRef:85] was approximately $1.64 billion, $1.87 billion for lung cancer, and $272 million for stomach cancer in 2023-24 (Australian Institute of Health and Welfare, 2025).     [85:  While the Copper evaluation report states the proposed WEL is intended to protect workers from irritation of the respiratory tract and adverse lung effects, information sourced from the American Conference of Government Industrial Hygienist (ACGIH) stated more specifically that the irritation occurs in the upper respiratory tract (Safe Work Australia, 2019). ] 

While not all upper respiratory conditions, lung cancer and stomach cancer will be caused by work-related exposure to copper, reducing the WEL for copper can help reduce the number of workers developing these adverse health effects.
The AIWH’s Australian Burden of Disease Study, 2024 indicates that 3.9% of all respiratory disease total burden was attributed to occupational exposure and hazards (Australian Institute of Health and Welfare, 2023). Reducing respiratory diseases caused by occupational exposure, such as by implementing the proposed WEL for copper to better protect workers, is estimated to contribute up to $43 million in savings to the health system and for the government per year.  
Reduced costs associated with potential worker compensation claims
Workers who develop an occupational disease or illness because of exposures to copper are able to seek workers’ compensation if the occupational disease or illness can be linked to the workplace. Workers’ compensation will help workers focus on getting better and access rehabilitation services, without worrying about associated costs. 
[bookmark: _Toc196204655]Deemed diseases are conditions that are highly likely to be caused by work, based on scientific evidence. For workers’ compensation purposes, a worker with a relevant work-related exposure is assumed to have developed a deemed disease from their work, unless there is strong evidence to the contrary. Copper is listed on Safe Work Australia’s List of Deemed Diseases as a cause for acute toxicity (poisoning causing damage to one or more of the heart, lungs, liver, kidney, nervous system and blood) (Safe Work Australia, 2024). 
While there are no workers’ compensation claims associated with copper exposure, this does not mean the proposed WEL will not result in direct financial benefits, noting the likely under-reporting in workers’ compensation claims data outlined above. As the proposed WEL is expected to protect workers from developing irritation of the respiratory tract and acute toxicity from work-related exposures to copper can help businesses avoid the emergence and cost of workers’ compensation claims in the future through increased premiums. 
Additional benefits of the proposed WEL for copper
Stakeholders identified the proposed WEL for copper would have the following qualitative benefits. 
Encourages the use of copper-free products in the workplace 
The proposed WEL for copper could promote the substitution and use of safer alternative products that do not contain copper, reducing exposure in the workplace even further. For example, substituting copper-containing alloys for alloys containing less copper or copper-free alloys can help reduce copper exposure in the workplace. 
Raises awareness about copper dusts, mists and fumes and the hazards associated with it 
The proposed WEL for copper would also lead to PCBUs and workers becoming more aware of the presence of copper in the workplace, and the hazards associated with copper, allowing both to actively contribute to making sure the workplace is safer and healthier, especially in sectors which have higher exposures to copper.  
By raising awareness of the presence of hazards in the workplace and the risks associated with them, workers have also been shown to make better and informed choices that allows them to take reasonable care for their own health and safety in the workplace, such as wearing PPE whilst working. 
[bookmark: _Toc196204561][bookmark: _Toc196204656][bookmark: _Toc196204940][bookmark: _Toc196902062][bookmark: _Toc197676392][bookmark: _Toc196204657][bookmark: _Ref198133723][bookmark: _Toc219216894]Costs of the proposed WEL for copper
[bookmark: _Hlk195094650]Costs to comply with the proposed WEL for copper were estimated and are outlined below. These are indicative estimates only.
Table 17 presents the estimated total costs to affected businesses of complying with the proposed WEL for copper over the 10-year appraisal period (from FY27 to FY36). 
The estimates represent the incremental costs between retaining the current WES (Option 1) and changing to the proposed WEL (Option 2). Any costs to businesses to comply with the current WES are not considered due to PCBUs’ ongoing WHS duty to eliminate or minimise risks, so far is as reasonably practicable (Section 17 of the model WHS Act). 
The analysis estimated that:
· [bookmark: _Toc193192608][bookmark: _Toc196204658]The estimated total cost to affected businesses over 10 years is $1.71 billion (in real, discounted terms), which equates to $280 million per year (in real, undiscounted terms). 
· [bookmark: _Toc193192609][bookmark: _Toc196204659]These estimated total costs comprise of: 
· [bookmark: _Toc193192610][bookmark: _Toc196204660]control measure costs of $1.5 billion over 10 years, comprising engineering controls ($689 million), isolation controls ($597 million), administrative controls ($168 million) and PPE ($56 million).
· [bookmark: _Toc193192611][bookmark: _Toc196204661]management practice costs of $199 million over 10 years, comprising air monitoring ($102 million) and occupational hygiene ($97 million).
Based on stakeholder feedback, it is likely that the control measure costs above will be incurred by businesses in the initial years following implementation of the proposed WEL, if it is agreed to. However, no data was provided on the estimated distribution of costs over the 10-year appraisal period, and so it was assumed that these costs would be evenly distributed over the period. 
Obligations around management practice costs make these costs more likely to be evenly distributed throughout the appraisal period. 
[bookmark: _Ref199860202]Table 17 - Estimated average annual and total incremental costs to businesses affected by the proposed WEL for copper, FY27 to FY36
	Cost category
	Average costs p.a. ($ millions, undiscounted)
	Total costs ($ millions, discounted)

	Control measure costs
	247.7
	1,510.1

	Isolation control costs
	97.9
	596.6

	Engineering control costs
	113.0
	688.9

	Administrative control costs
	27.6
	168.3

	Personal protective equipment costs
	9.3
	56.4

	Management practice costs
	32.7
	199.3

	Air monitoring costs
	16.7
	102.0

	Occupational hygiene costs
	16.0
	97.3

	Total costs
	280.4
	1,709.4


This regulatory impact analysis has also estimated the average annual and total costs to businesses under low and high cost scenarios, where:
· [bookmark: _Toc193192612][bookmark: _Toc196204662]Under the low cost scenario, the average annual cost is $210 million (undiscounted) and the total cost is $1.3 billion (discounted).
· [bookmark: _Toc193192613][bookmark: _Toc196204663]Under the high cost scenario, the average annual cost is $351 million (undiscounted) and the total cost is $2.1 billion (discounted).
Table 18 presents the estimated average annual compliance costs per affected business by business size category for the proposed WEL for copper. The results do not factor in costs specific to a singular business or industry that are not expected for other businesses or industries. An average annual incremental cost is also assumed in the absence of information to indicate the true distribution of costs across the 10-year appraisal period. The affected businesses come from the following industries:
· [bookmark: _Toc196204665]mining,
· [bookmark: _Toc196204666]manufacturing, and
· [bookmark: _Toc196204667]electricity, gas, water and waste services
The results indicate that:
· [bookmark: _Toc193192614][bookmark: _Toc196204673]There are an estimated 22,274 affected businesses, comprising 18,332 small businesses, 3,469 medium businesses and 473 large businesses.
· [bookmark: _Toc193192615][bookmark: _Toc196204674]The estimated average annual cost is $2,300 for small businesses, followed by $10,700 for medium businesses and $423,900 for large businesses.
[bookmark: _Ref199860280]Table 18 - Estimated average annual incremental cost per affected business by business size ($, undiscounted) and affected businesses for copper, FY27 to FY36
	Measure
	Small businesses
	Medium businesses
	Large businesses

	Number of affected businesses p.a.
	18,332
	3,469
	473

	Av. cost per business p.a.
	2,300
	10,700
	423,900



[bookmark: _Toc196204675][bookmark: _Toc219216895]Stakeholder views on the proposed WEL for copper
As part of the public consultation process supporting this Decision RIS, 21 submissions were received that addressed the proposed WEL for copper. 
Five of the 21 submissions supported the proposed TWA to 0.02 mg/m3 for copper dust, mists and fumes (Option 2).
These submissions came from unions, academics and industry representatives. Stakeholders who supported Option 2 noted their support was based on:
· a lower WEL for copper will protect from irritation and adverse health effects in exposed workers[footnoteRef:86], and  [86:  Submissions from Queensland Nurses and Midwives’ Union, Anonymous, Australian Council of Trade Unions, and Victorian Trades Hall Council] 

· metal fume exposure should be minimised[footnoteRef:87]. [87:  Robyn Schofield] 

The majority of submissions (13 out of 21) supported retaining the current TWA of 1 mg/m3 for copper dusts and mists, and the current TWA of 0.2 mg/m3 for copper fumes (Option 1). 
These submissions were made by WHS regulators, industry representatives, academics, industry bodies and governments. Stakeholders who supported Option 1 noted their support was based on the view that:
· the current WES for copper dusts and mists and copper fumes provides adequate protection from the health effects caused by exposure to copper dust and mists and copper fumes[footnoteRef:88] [88:  Submissions from Department of Defence, Anonymous (permission not granted for publication, International Copper Association, Chemistry Australia, Anonymous (permission not granted for publication), Anonymous (permission not granted for publication, Anonymous (permission not granted for publication), Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· the proposed WEL for copper is not supported by health burden data[footnoteRef:89] [89:  Anonymous (permission not granted for publication] 

· copper dusts and mists and copper fumes are two different size fractions and should not be combined into a singular WES[footnoteRef:90] [90:  Submissions from Department of Defence, Australian Chamber of Commerce and Industry, The Chamber of Mining and Energy of Western Australia, Australian Industry Group, Australian Industry Group and Minerals Council of Australia. ] 

· the proposed WEL seems impractical to measure reliably[footnoteRef:91] [91:  Submissions from Anonymous (permission not granted for publication), Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia), Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· the proposed WEL is not consistent with international limits[footnoteRef:92] [92:  Department of Defence] 

· the preliminary estimates, by Nous Group, of the costs and benefits for copper, which suggest the estimated costs for Option 2 were higher than the estimated benefits[footnoteRef:93] [93:  Submissions from Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· the practical and feasibility issues such as measurement, compliance and costs[footnoteRef:94].  [94:  Submissions from Australian Chamber of Commerce and Industry, and Australian Industry Group] 

Three submissions did not provide a preferred option[footnoteRef:95].   [95:  Submissions from Anonymous (permission not granted for publication), Anonymous (permission not granted for publication) and Anonymous (permission not granted for publication).] 

Alternative WELs suggested by stakeholders
Some stakeholders put forward alternative exposure limits in their submissions for copper. These were considered against the criteria contained within the WES review methodology agreed by WHS ministers. 
Two alternative WELs were suggested:
· a TWA of 0.192 mg/m3 for copper dust (respirable), on the basis that self-commissioned studies showed the current WES for copper dust is protective of workers, but “high quality rodent data” also support the alternative WEL[footnoteRef:96] [96:  International Copper Association] 

· The self-commissioned studies only addressed exposure to copper dust and did not address copper fume exposures. The studies did not demonstrate the current WES for copper fumes is protective of workers and that the proposed WEL is over-protective.
· a TWA of 0.05 mg/m3 for copper fumes (respirable) and TWA of 0.1 mg/m3 for copper dusts & mists (inhalable), based on a recommendation made by the Australian Institute of Occupational Hygienists (AIOH) in their 2019 - 2021 WES review public consultation submission for copper[footnoteRef:97].  [97:  Anonymous (permission not granted for publication)] 

· Safe Work Australia Members considered all public submissions to the 2019-21 WES review public consultation period, including AIOH’s recommendation, as well as the evaluation report for copper. Safe Work Australia Members agreed to the proposed health-based limit instead. No new evidence was provided to support further consideration of AIOH’s recommendation.
Considerations for the proposed WEL for copper
Stakeholders were asked about challenges they expect their industry, business or PCBU would encounter if the proposed WEL was implemented. Measurability, the additional risks from the introduction of personal protective equipment (PPE), interactions with the WEL for lead and broader impacts on international competitiveness were raised by stakeholders. 
Measurability concerns
Some stakeholders, particularly industry stakeholders, raised that measurement and analysis of the proposed WEL for copper would be a challenge, claiming that it is currently not achievable. 
Stakeholders noted concerns around the proposal to merge copper dusts, mists and fumes into a singular WEL. They note this does not account for differences in physical properties, health effects and the limit of detection for each form of copper[footnoteRef:98]. Industry stakeholders also claimed this would impact the type of controls and measurement methods used[footnoteRef:99]. Some stakeholders expressed preference towards separate exposure limits for copper fumes (respirable fraction) and copper dusts and mists (inhalable fraction) based on the health evidence cited in their submissions[footnoteRef:100], which included the limits recommended by the ACGIH (a primary source from the WES review methodology)[footnoteRef:101].  [98:  Submissions from Department of Defence, The Chamber of Minerals and Energy of Western Australia, Minerals Council of Australia, Australian Chamber of Commerce and Industry, and Australian Industry Group]  [99:  The Chamber of Minerals and Energy of Western Australia]  [100:  Submissions from Australian Chamber of Commerce and Industry, and The Chamber of Minerals and Energy of Western Australia]  [101:  Anonymous (permission not granted for publication)] 

A government submission stated the proposed WEL was already close to the detection limit of a testing method and that adjusting the proposed WEL to account for longer shift lengths would reduce the WEL to a level that is at, or below, the reliable limit of detection, making regulatory enforcement difficult[footnoteRef:102].  [102:  Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)] 

Safe Work Australia has reviewed the evaluation report for copper fumes, mists and dusts and confirmed that the evidence from DFG and SCOEL, measurement is of the respirable fraction for the proposed TWA of 0.01 mg/m3 for copper fumes, mists and dusts. The recommendation to WHS ministers reflects that the proposed TWA is for the respirable fraction, which may address some of the concerns raised by stakeholders regarding the properties for different fraction sizes and measurement reliability. 
Multiple methods[footnoteRef:103] exist to measure copper with sufficient sensitivity and certainty to determine compliance at the proposed WEL, with commercially available methods in Australia (based on Safe Work Australia analysis).  [103:  NIOSH 7303, OSHA ID 1006, IRSST Analytical Method 362, MTA/MA – 065/A16] 

Sampling related contributions to uncertainty (e.g. sampling equipment limitations) may remain a limitation on measurability in some situations, but these issues are not unique to copper. To support the wider transition to the WEL, Safe Work Australia is preparing technical guidance to provide advice on measurement issues, including sampling.
Introduction of personal protective equipment
Industry stakeholders mentioned the proposed WEL for copper would result in a reliance on personal protective equipment (PPE), particularly powered air-purifying respirators[footnoteRef:104], to help minimise worker exposure to copper. However, one stakeholder was concerned that PPE would introduce different risks into the workplace. They claimed PPE could contribute to the risk of heat exposure when combined with the hot climate of their workplace, reduced visibility and psychosocial hazards like mental fatigue[footnoteRef:105].  [104:  Submissions from The Chamber of Minerals and Energy of Western Australia and Anonymous (permission not granted for publication)]  [105:  The Chamber of Minerals and Energy of Western Australia] 

PPE should only be considered once all other reasonably practicable higher order controls have been considered and implemented, so far as is reasonably practicable. If then, the PCBU decides that PPE is a necessary control to manage workers exposures to copper, then they are required to control the new risks introduced.   
Interactions with the lead WEL
A submission from government expressed concerns that the proposed copper WEL would become lower than the WEL for lead (0.05 mg/m3)[footnoteRef:106]. The stakeholder was concerned that this would send the wrong message to manufacturers, designers and end-users, suggesting exposure to lead is ‘safer’ compared to copper despite being protective of different adverse health effects. This may result in the incorporation of lead into products rather than copper or a reliance on lead-containing products instead, re-exposing workers to the harmful effects of working with lead.  [106:  Department of Defence] 

Concerns about the impact on the proposed WEL for copper and its intersection with lead, may be partially or wholly addressed by the clarification that the WEL for copper (TWA of 0.01mg/m3) is measured using the respirable fraction. Measurement of the respirable fraction for copper will be highlighted during the communication, awareness raising and education activities in the lead up and during commencement of the WEL List (including the 9 chemicals considered in this Decision RIS).
Impacts on international competitiveness of affected businesses
Stakeholders suggested implementation of the proposed WEL for copper would also impact the competitiveness of mining companies on a global scale and results in a loss of revenue for Australian natural resources[footnoteRef:107]. However, exact details on how and the extent of the impact was not provided in the submissions.   [107:  Australian Industry Group] 

Transitional arrangements suggested by stakeholders 
Two stakeholders suggested a transitional period would assist industry to comply with the proposed limits if they were to be implemented. Suggestions for the length of the transition period included 1 year[footnoteRef:108] and 2 years[footnoteRef:109].   [108:  Anonymous (permission not granted for publication)]  [109:  Anonymous] 

As mentioned in Section 7.3 of this Decision RIS, it is proposed that the new WEL for copper should come into effect on 1 December 2026. This would align with the commencement of the new WEL list and ensure the transition to the health-based exposure limits for all chemicals occurs at the same time.
[bookmark: _Toc196204678][bookmark: _Ref198134395][bookmark: _Toc219216896][bookmark: _Toc179376603][bookmark: _Toc181003130][bookmark: _Toc193192617]Likely net benefit and recommended option for copper
Net benefit
Table 19 presents the quantified gross benefit for the proposed WEL for copper. Benefits for the proposed WEL for copper could not be estimated due to a lack of health burden data and workers’ compensation claims to derive quantified heath and financial benefits, respectively. However, a lack of quantified benefits does not mean that the introduction of the proposed WEL will not result in health or financial benefits. Thus, for the purposes of determining a quantified gross benefit, only the quantified costs (Table 17) were used to estimate a quantified gross benefit of -$1.7 billion over 10 years for the proposed WEL for copper. 
Sensitivity analysis indicates the quantified gross benefit can range between -$2.8 billion (under the low scenario outlined in Appendix D) and -$1.1 billion (under the high scenario outlined in Appendix D) over 10 years for the proposed WEL for copper. 
For the proposed WEL for copper to deliver a net benefit in economic terms, the non-quantified and qualitative benefits outlined in Sections 5 and 11.1 of this Decision RIS would need to meet or exceed a quantified gross cost of $1.7 billion. 
This quantified gross cost is likely to be smaller than what is estimated in Table 19. The data limitations, particularly the likely under-reporting in workers’ compensations data discussed throughout this Decision RIS, are also relevant. Actual benefits are therefore under-estimated; and will continue to be realised even after the 10-year appraisal period of this analysis. In considering the quantified gross benefit, together with the non-quantified and qualitative benefit, Option 2 presents a likely net benefit.
[bookmark: _Ref216703932]Table 19 - Quantified gross benefit ($, millions, discounted) for the proposed WEL for copper, FY27 to FY36
	Quantified benefits
	Quantified costs
	Quantified gross benefit**

	ND*
	1,709
	- 1,709


   ND = Not determined due to insufficient data
  * Benefits exist but were unable to be quantified. This should not be read as an absence of benefits. 
  ** The quantified gross benefits should be read in conjunction with the non-quantifiable benefits set out in Section 5.2 and 11.1.
Recommended option
	It is recommended WHS ministers agree to the health-based recommendation for the WEL for copper (Option 2): a TWA of 0.01 mg/m3 for copper fumes, dusts and mists (respirable). This recommendation is based on the following considerations:
· that the proposed WEL for copper aligns with the object of the model WHS Act to protect workers and others from harm to their health, safety and welfare through the elimination or minimisation of risks,
· the scientific evidence suggests the health-based exposure limit is the most protective of workers,
· that some stakeholder views and comments on the proposed WEL were in agreement that the WEL for copper should be protective of workers, in line with the objectives of the model WHS Act, and
· the net benefit expected, particularly the protection of workers from developing irritation of the respiratory tract, of the proposed change.
It is also recommended WHS ministers agree there be a transition period for copper aligned to the 1 December 2026 implementation date for the Workplace exposure limits for airborne contaminants.  


[bookmark: _Toc196204680][bookmark: _Toc219216897] Detailed impact assessment for formaldehyde
	[bookmark: _Toc193192618][bookmark: _Toc196204681]Policy options for formaldehyde
Option 1 is to retain the current TWA of 1 ppm (1.2 mg/m3) and STEL of 2 ppm (2.5 mg/m3). 
Option 2 is to change to the proposed TWA of 0.3 ppm (0.369 mg/m3) and STEL of 0.6 ppm (0.738 mg/m3) – recommended.


[bookmark: _Toc196204682][bookmark: _Toc219216898][bookmark: _Toc193192619]Benefits of the proposed WEL for formaldehyde
[bookmark: _Toc196204683]Health benefits for the proposed WEL for formaldehyde
The proposed TWA of 0.3 ppm (0.369 mg/m3) and STEL of 0.6 ppm (0.738 mg/m3) for formaldehyde will protect workers and others in the workplace from the risk of developing localised sensory irritation effects and nasal cancer. It is likely to benefit the estimated 244,047 workers who are at risk of exposure to formaldehyde each year, and are also therefore at risk of developing sensory irritation effects and nasal cancers. 
Health evidence in the evaluation report for formaldehyde suggest the current TWA of 1 ppm puts workers at risk of workers developing irritation effects, and subsequently nasal cancer (Safe Work Australia, 2019). It also showed that the current STEL of 2 ppm for formaldehyde is above the short-term exposure of approximately 1 ppm, which can cause eye irritation (Safe Work Australia, 2019) and could affect workers ability to work optimally in the workplace and result in workplace accidents (Safe Work Australia, 2018). 
The proposed TWA of 0.3 ppm (0.369 mg/m3) and STEL of 0.6 ppm (0.738 mg/m3) for formaldehyde was determined in accordance with the health-based methodology agreed by WHS ministers (and which relied on the scientific evidence available at the time of the review from trusted international and national sources). 
The evaluation for formaldehyde[footnoteRef:110] employed a weight of evidence approach, considering information from multiple agreed primary sources supported by information from agreed secondary sources (Safe Work Australia, 2018). [110:  The evaluation report for formaldehyde can be accessed here. Alternative health-based WELs recommended by DFG, SCOEL and NICNAS were considered and agreed by Safe Work Australia Members, which differ from the recommendation outlined in the evaluation report from the independent review. ] 

Health evidence from the European Union’s Scientific Committee on Occupational Exposure Limits (SCOEL) and National Industrial Chemicals Notification and Assessment Scheme (NICNAS, now the Australian Industrial Chemical Introduction Scheme) supports a health-based recommendation of a TWA of 0.3 ppm (0.369 mg/m3) and a STEL of 0.6 ppm (0.738 mg/m3) to protect workers from sensory irritation effects and nasal cancer (National Industrial Chemicals Notification and Assessment Scheme, 2006; Directorate-General for Employment, Social Affairs and Inclusion (European Commission), 2016). 

Note: The proposed WEL differs from that in the published evaluation report. Safe Work Australia Members considered the evidence from the agreed sources and stakeholder feedback received during the WES review an agreed the alternate health-based TWA and STEL.
International precedent
The proposed WEL (TWA and STEL) for formaldehyde is consistent with that recommended by SCOEL. The proposed TWA is consistent with that recommended by the Deutsche Forschungsgemeinschaft (DFG) in Germany.
The SCOEL and DFG were selected as primary sources as they have international credibility, develop standards through consensus that are health-based and based on evaluation of appropriate data, and their documentation of evaluations is accessible and robust (Safe Work Australia, 2018). 
This health-based recommendation of TWA of 0.3 ppm (0.369 mg/m3) and a STEL of 0.6 ppm (0.738 mg/m3) for formaldehyde is implemented in the European Union and its member states on the basis that formaldehyde is carcinogenic to humans and is a skin sensitiser (European Union, 2019). Per their impact assessment, the EU identified that adopting the health-recommendation of TWA of 0.3 ppm (0.369 mg/m3) and a STEL of 0.6 ppm (0.738 mg/m3) for formaldehyde would reduce cancer cases to 7 cases over a 60-year period, down from their estimated 330 cases per year. Similarly, the EU identified 19,200 cases of sensory irritation would be prevented across the EU across the same period (European Commission, 2018). 
Other countries which have recommended the health-based limits include New Zealand and South Korea (TWA only) (Institute for Occupational Safety and Health of the German Social Accident Insurance, n.d.). 
Other countries have also legislated exposure limits for formaldehyde that are lower than what is proposed in this Decision RIS, such as Belgium (STEL of 0.3 ppm only) and Japan (TWA of 0.1 ppm only) (Institute for Occupational Safety and Health of the German Social Accident Insurance, n.d.). The Institute for Occupational Safety and Health of the German Social Accident Insurance (n.d.) also lists Israel as having a TWA of 0.2 ppm and a peak limitation of 0.3 ppm) for formaldehyde.
Quantifiable health benefits for the proposed WEL for formaldehyde
Minimising incidence of adverse health effects attributable to work-related exposure to formaldehyde will deliver $45.1 million over 10-years in health benefits, as shown in Table 20. This reflects the current burden attributable to occupational exposure to formaldehyde, which is estimated to be 29.2 disability-adjusted life years (DALYs) in 2027, based on the IHME GDB Study (Institute For Health Metrics and Evaluation, 2024). 
It is also expected that these quantifiable health benefits will continue beyond the 10-year period that this estimation is based on. Health benefits that arise beyond the 10-year period have not been quantified and are not included in the figures below.
[bookmark: _Ref216968475][bookmark: _Ref199860876]Table 20 - Estimated average annual and total monetised health benefits of the proposed WEL for formaldehyde, FY27 to FY36
	Health benefits
	Average benefits p.a. ($’000, undiscounted)
	Total benefits ($ millions, discounted)

	Fatal burden benefits
	7,102
	43.4

	Non-fatal burden benefits
	277
	1.7

	Total
	7,379
	45.1


[bookmark: _Toc196204684]Adverse health effects associated with formaldehyde
The proposed WEL for formaldehyde can protect workers from the risk of other adverse health effects associated with formaldehyde, such as:
· leukemia, particularly myeloid leukaemia (International Agency for Research on Cancer, 2006)[footnoteRef:111], and  [111:  Submissions from The Royal College of Pathologists of Australasia (RCPA), and Australian Nursing and Midwifery Federation, and ANMF] 

· dermal sensitisation[footnoteRef:112] (allergic reaction on the skin caused by repeated exposure to a sensitising substance) (Directorate-General for Employment, Social Affairs and Inclusion (European Commission), 2016; Safe Work Australia, 2019).  [112:  The Royal College of Pathologists of Australasia (RCPA)] 

Financial benefits of the proposed WEL for formaldehyde
Quantifiable financial benefits for the proposed WEL for formaldehyde
Financial benefits were not able to be quantified for formaldehyde in this analysis. This is due to the lack of workers’ compensation claims attributed to formaldehyde. Noting the adverse health effects that the proposed WEL is based on, it is possible that occupational illness attributable to workplace exposure for formaldehyde are likely under-represented in workers’ compensation data, due to difficulties in proving causation, the long latency period between occupational exposure and the illness (especially if it develops after the worker has stopped working at the workplace), or an affected worker may not seek compensation (for example thinking they are ineligible or not being aware they are covered). It has been reported for formaldehyde that a latency period of 15 years is associated with nasopharyngeal cancer and 2 years for leukaemia (Howard, 2015).  
Non-quantifiable financial benefits for the proposed WEL for formaldehyde 
A lack of data to quantify financial benefits does not mean the introduction of the proposed WEL for formaldehyde would not achieve financial benefits (as outlined earlier in this Decision RIS). The actual benefits of the proposed WEL for formaldehyde are greater than those shown in Table 20 when these non-quantifiable financial benefits are considered. More broadly, financial benefits that the proposed WEL for formaldehyde can deliver are described below. 
Increased productivity[footnoteRef:113] [113:  Submissions from Anonymous (Permission not granted for publication), Department of Defence, The Royal College of Pathologists of Australasia (RCPA), Forbes McGain, Australian Nursing and Midwifery Federation, and ANMF] 

Stakeholders from the 2024 public consultation suggested the proposed WEL for formaldehyde would likely result in increased productivity from a reduction in absenteeism and presenteeism amongst the workforce who are exposed to formaldehyde. 
While there are no workers’ compensation claims associated with formaldehyde exposure, this does not mean the proposed WEL will not result in productivity benefits, noting the likely under-reporting in workers’ compensation claims outlined above. The proposed WEL for formaldehyde is expected to protect workers from developing localised sensory irritation and nasal cancers, which means workers will continue to not need or be less likely to take time off work to seek medical care or treatment as they would be protected from developing these adverse health effects.
Reduced costs to governments[footnoteRef:114] [114:  Forbes McGain] 

The Australian Institute of Health and Welfare (AIWH) reported healthcare expenditure on nasopharyngeal cancer was approximately $30 million in 2023-24 (Australian Institute of Health and Welfare, 2025). 
While not all nasopharyngeal cancer will be caused by work-related exposures to formaldehyde, any reduction in work-related exposure to formaldehyde could potentially contribute towards a reduction of workers in the healthcare system seeking treatment or care, reducing cost to the healthcare sector and government. 
The AIHW’s Burden of Disease Study, 2024 indicates that 0.1% of all nasopharyngeal cancer total burden was attributed to occupational exposure and hazards. Reducing nasopharyngeal cancer caused by occupational exposure by implementing the proposed WEL for formaldehyde to better protect workers, is estimated to contribute up to $301,000 in savings to the government per year.
Reduced costs associated with potential worker compensation claims[footnoteRef:115] [115:   Submissions from Department of Defence, Australian Nursing and Midwifery Federation, ANMF, Robyn Schofield, Public Pathology Australia, and Anonymous] 

Workers who develop an occupational disease or illness because of exposures to formaldehyde are able to seek workers’ compensation if the occupational disease or illness can be linked to the workplace. Workers’ compensation will help workers focus on getting better and access rehabilitation services, without worrying about associated costs. 
Deemed diseases are conditions that are highly likely to be caused by work, based on scientific evidence. For workers’ compensation purposes, a worker with a relevant work-related exposure is assumed to have developed a deemed disease from their work, unless there is strong evidence to the contrary. Formaldehyde is listed on Safe Work Australia’s List of Deemed Diseases as a cause for nasopharyngeal cancer and leukemia (Safe Work Australia, 2024). 
While there are no workers’ compensation claims associated with formaldehyde exposure, this does not mean the proposed WEL will not result in direct financial benefits, noting the likely under-reporting in workers’ compensation claims outlined above. However, as the proposed WEL is expected to protect workers from developing localised sensory irritation effects, nasal cancer and leukaemia, this can help businesses avoid the emergence and costs of workers’ compensation claims through increased premiums. 
[bookmark: _Toc196204685]Additional benefits to the proposed WEL for formaldehyde
Stakeholders also identified that the proposed WEL for formaldehyde would have the following qualitative benefits. When considering the qualitative benefits, the actual benefits of the proposed WEL for formaldehyde will be greater than what was able to be quantified in this Decision RIS (Table 20). 
Promotes a healthier and safer workplace[footnoteRef:116] [116:  Submissions from Anonymous (permission not granted for publication), Department of Defence, The Royal College of Pathologists of Australasia (RCPA), Australian Nursing and Midwifery Federation, ANMF, and Public Pathology Australia] 

Stakeholders suggested that exposure to unsafe hazardous chemicals can not only cause physical injuries or adverse health effects, but also a psychological injury without a physical injury occurring. For example, if a worker is aware or becomes aware of the health hazards associated with formaldehyde or formalin, the worker can become distressed and anxious about their health and exposure whilst carrying out their work duties. This can become a distraction and may lead to work-related injuries or incidents. 
Reducing the WEL will help workers maintain better health as they age, delaying their need to retire from working due to development of chronic conditions potentially caused by formaldehyde exposure, such as nasal cancer, and leading to them staying in workforce for longer. Workers will also be able to experience a better quality of life, as opposed to if they develop acute or chronic health effects from formaldehyde exposure. 
Improved ventilation in laboratories may lead to more efficient work practices and improved air quality within and around the workplace
Stakeholders identified that implementing controls to help improve ventilation and minimise worker exposure to formaldehyde could also result in changes to work practices and productivity[footnoteRef:117], as laboratory staff may not need to rotate from their workstations to minimise exposure to formalin and formaldehyde[footnoteRef:118].  [117:  Submissions from The Royal College of Pathologists of Australasia (RCPA) and Public Pathology Australia]  [118:  Public Pathology Australia] 

Improved ventilation can also improve the air quality in and around the workplace. A study into the effects of improved ventilation in office buildings found that worker performance increased by 8%, which was found to be equivalent to $6,500 USD increase in productivity per worker per year. The study also observed a reduction in absenteeism and improvement in workers’ health (MacNaughton, et al., 2015). 
Stakeholders also believed that improving air quality in the workplace would help boost employee satisfaction in their PCBU and workplace, leading to better employee retention rates[footnoteRef:119].  [119:  Submissions from The Royal College of Pathologists of Australasia (RCPA) and Public Pathology Australia] 

Encourages the use of formaldehyde-free products in the workplace
The proposed WEL for formaldehyde could promote the substitution and use of safer alternative products that do not contain formaldehyde[footnoteRef:120], reducing exposure in the workplace even further.  [120:  The Chamber of Minerals and Energy of Western Australia] 

This could create opportunities in some industries for alternative formaldehyde-free products, such as lignin, tannin, cardanol, hydroxymethylfurfural and glyoxal in the wood products industry (Sarika, Nancarrow, Khansaheb, & Ibrahim, 2020).
Raises awareness about formaldehyde and the hazards associated with it[footnoteRef:121] [121:  Submissions from Anonymous (permission not granted for publication), Australian Nursing and Midwifery Federation, ANMF, Public Pathology Australia, and Anonymous] 

Stakeholders noted that the proposed change to the WEL for formaldehyde would also lead to PCBUs and workers becoming more aware of the presence of formaldehyde in the workplace, and the hazards associated with the formaldehyde, allowing both to actively contribute to making sure the workplace is safer and healthier. This awareness can promote safer handling, storage and use of formaldehyde, which would help contribute to less work-related formaldehyde exposure in the long-term. 
By raising awareness of the presence of hazards in the workplace and the risks associated with them, workers have also been shown to make better and informed choices that allows them to take reasonable care for their own health and safety in the workplace, such as wearing PPE whilst working. 
[bookmark: _Toc196204686][bookmark: _Ref197936016][bookmark: _Ref197938103][bookmark: _Ref198300653][bookmark: _Ref198300661][bookmark: _Toc219216899]Costs of the proposed WEL for formaldehyde
Costs associated with the proposed WEL for formaldehyde were estimated. These are indicative estimates only.
Table 21 presents the estimated total costs to industry to comply with the proposed WEL for formaldehyde over the 10-year appraisal period (from FY27 to FY36). 
The estimates represent the incremental costs between retaining the current WES (Option 1) and changing to the proposed WEL (Option 2). Any costs to businesses to comply with the current WES are not considered due to PCBUs’ ongoing WHS duty to eliminate or minimise risks, so far is as reasonably practicable (Section 17 of the model WHS Act). 
The analysis estimates that:
· [bookmark: _Toc193192620][bookmark: _Toc196204687][bookmark: _Hlk179288101]The estimated total cost to affected business over 10 years is $1.67 billion (in real, discounted terms), which equates to $276 million per year (in real, undiscounted terms). 
· [bookmark: _Toc193192621][bookmark: _Toc196204688]These estimated total costs comprise of: 
· [bookmark: _Toc193192622][bookmark: _Toc196204689]control measure costs of $1.44 billion over 10 years, comprising engineering controls ($508 million), isolation controls ($468 million), administrative controls ($325 million) and PPE ($140 million), and
· [bookmark: _Toc193192623][bookmark: _Toc196204690]management practice costs of $190 million over 10 years, comprising air monitoring ($78 million) and occupational hygiene ($112 million).
· [bookmark: _Toc193192624][bookmark: _Toc196204691]An additional $38 million of chemical specific costs have been estimated, informed by data provided by the pathology industry, comprising $12.8 million for extraction hoods and $25.5 million for cutting benches.
Based on stakeholder feedback, it is likely that the control measure costs above will be incurred by businesses in the initial years following implementation of the proposed WEL, if it is agreed to. However, no data was provided on the estimated distribution of costs over the 10-year appraisal period, and so it was assumed that these costs would be evenly distributed over the period. 
Obligations around management practice costs make these costs more likely to be evenly distributed throughout the appraisal period. 

[bookmark: _Ref179384601]Table 21 - Estimated average annual and total incremental costs to industry by the proposed WEL for formaldehyde ($ millions), FY27 to FY36
	Cost category
	Average costs p.a. ($ millions, undiscounted)
	Total costs ($ millions, discounted)

	Control measure costs
	238.3
	1,440.9

	Isolation control costs
	77.4
	468.3

	Engineering control costs
	83.9
	507.6

	Administrative control costs
	53.7
	324.5

	PPE costs
	23.4
	140.4

	Management practice costs
	31.4
	190.2

	Air monitoring costs
	12.9
	77.8

	Occupational hygiene costs
	18.6
	112.4

	Specific costs
	6.4
	38.3

	Total costs
	276.2
	1,669.4


This regulatory impact analysis has also estimated the average annual and total costs to industry under low and high cost scenarios, where:
· [bookmark: _Toc193192625][bookmark: _Toc196204692]Under the low cost scenario, the average annual cost is $207 million (undiscounted) and the total cost is $1.3 billion (discounted).
· [bookmark: _Toc193192626][bookmark: _Toc196204693]Under the high cost scenario, the average annual costs is $345 million (undiscounted) and the total cost is $2.1 billion (discounted). 
Table 22 presents the estimated average annual incremental costs per affected business by business size category for the proposed WEL for formaldehyde. The results do not factor in costs specific to a singular business or industry that are not expected for other businesses or industries. An average annual incremental cost is also assumed in the absence of information to indicate the true distribution of costs across the 10-year appraisal period.  These affected businesses come from the following industries:
· agriculture,
· manufacturing,
· construction,
· [bookmark: _Toc196204701]professional, scientific and technical services,
· [bookmark: _Toc196204702]public administration and safety,
· [bookmark: _Toc196204704]health care and social assistance, and
· [bookmark: _Toc196204706]other services.  
The results indicate that:
· [bookmark: _Toc193192627][bookmark: _Toc196204707]There are an estimated 72,202 affected businesses, comprising 67,987 small businesses, 3,775 medium businesses and 439 large businesses.
· [bookmark: _Toc193192628][bookmark: _Toc196204708]The estimated average annual cost for small businesses is $1,600, followed by $7,800 for medium businesses and $308,700 for large businesses.
[bookmark: _Ref199920185]Table 22 - Estimated average annual incremental cost per affected business by business size ($, undiscounted) and number of affected businesses for formaldehyde, FY27 to FY36
	Measure
	Small businesses
	Medium businesses
	Large businesses

	Number of affected businesses p.a.
	67,987
	3,775
	439

	Av. cost per business p.a.
	1,600
	7,800
	308,700 



[bookmark: _Toc196204709][bookmark: _Toc219216900]Stakeholder views on the proposed WEL for formaldehyde
As part of the public consultation process supporting this Decision RIS, 38 submissions were received that address the proposed WEL for formaldehyde.
Almost half of the submissions (18 out of 38) supported the proposed health-based TWA of 0.3 ppm (0.369 mg/m3) and STEL of 0.6 ppm (0.738 mg/m3) for formaldehyde (Option 2). 
These submissions came from unions, industry bodies, peak health bodies, individuals, PCBUs, academics and government. Stakeholders who supported Option 2 noted their support is based on:
· [bookmark: _Toc196204710]the provision of more robust protection for workers from the severe health effects caused by exposure to formaldehyde and improve health outcomes for such workers[footnoteRef:122] [122:  Submissions from Department of Defence, Queensland Nurses and Midwives’ Union, Australian Nursing and Midwifery Federation, ANMF, Public Pathology Australia, Cancer Council Australia, Anonymous, Australian Council of Trade Unions, and Victorian Trades Hall Council. ] 

· [bookmark: _Toc196204711]the knowledge that formaldehyde is a known carcinogen and exposure to carcinogens should be minimised as low as reasonably practicable to minimise the risks associated with formaldehyde[footnoteRef:123] [123:  Submissions from Australian Nursing and Midwifery Federation, ANMF, Robyn Schofield, Anonymous (permission not granted for publication), Cancer Council Australia, and Anonymous] 

· [bookmark: _Toc196204712]the support of the Australian Institute of Occupational Hygienists (AIOH) for the proposed WELs[footnoteRef:124], and [124:  Anonymous (permission not granted for publication)] 

· [bookmark: _Toc196204713]the alignment of the proposed WELs with international exposure limits set by the European Union and recommended in New Zealand[footnoteRef:125].  [125:  Submissions from The Royal College of Pathologists of Australasia (RCPA), Australian Nursing and Midwifery Federation, ANMF, Anonymous (permission not granted for publication), Cancer Council Australia, and Australian Council of Trade Unions] 

A smaller portion of submissions (15 out of 38) supported the retention of the current TWA of 1 ppm (1.2 mg/m3) and STEL of 2 ppm (2.5 mg/m3) for formaldehyde (Option 1). 
These submissions came from individuals, industry bodies and PCBUs. Stakeholders who supported Option 1 noted their support is based on:
· the proposed WEL for formaldehyde is not supported by health burden data[footnoteRef:126], [126:  Submissions from Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Chemistry Australia, Anonymous (permission not granted for publication),  Australian Forest Products Association, Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous, Engineered Wood Products Association of Australia, Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· the consultation paper establishes no or limited benefit to justify changing the exposure limit[footnoteRef:127], [127:  Submissions from Anonymous (permission not granted for publication) and Accord Australasia] 

· that the consultation paper shows that no workers’ compensation claims have been attributed to formaldehyde exposure, suggesting that the current WES for formaldehyde is adequately protecting pathology workers[footnoteRef:128], [128:  Australian Pathology] 

· [bookmark: _Toc196204714]the preliminary estimates, by Nous Group, of the costs and benefits for formaldehyde, which suggests the estimated costs for Option 2 were higher than the estimated benefits [footnoteRef:129], and [129:  Submissions from Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Australian Forest Products Association, Anonymous (permission not granted for publication), Anonymous, Engineered Wood Products Association of Australia, Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· the practical and feasibility issues such as measurement, compliance and costs[footnoteRef:130], including the delayed or missed cancer diagnoses)[footnoteRef:131]. [130:  Submissions from Australian Chamber of Commerce and Industry, and Australian Industry Group]  [131:  Australian Pathology] 

Five submissions did not provide a preferred option regarding the proposed WEL for formaldehyde[footnoteRef:132]  [132:  Submissions from Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia), Anonymous (permission not granted for publication), Insulation Council of Australia and New Zealand, Anonymous (permission not granted for publication), and Minerals Council of Australia] 

Alternative WELs suggested by stakeholders
Some stakeholders put forward alternative exposure limits in their submissions for formaldehyde. These were considered against the criteria contained within the WES review methodology agreed by WHS ministers. 
Three alternative WELs were suggested:
· a TWA of 0.016 ppm and STEL of 0.1 ppm, based on the NIOSH recommended exposure limit for formaldehyde[footnoteRef:133] [133:  Submissions from Forbes McGain, and Robyn Schofield] 

· Further reductions below the proposed WEL (option 2) were not considered as part of the Decision RIS. However, the suggestion was noted. 
· a TWA of 0.5 ppm, based on economic modelling (focusing on risk of business closure, job losses and economic loss) conducted by the wood products industry[footnoteRef:134] [134:  Submissions from Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Australian Forest Products Association, Anonymous (permission not granted for publication), Anonymous, Engineered Wood Products Association of Australia, Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· No health-based evidence was provided in submissions to support the alternative TWA to be considered in line with the WES review methodology to established health-based limits. 
· a TWA of 0.1 ppm (0.12 mg/m3) and a STEL of 0.3 ppm (0.37 mg/m3), based on the original recommendation made by the independent expert as part of the WES review[footnoteRef:135] [135:  Submissions from Cancer Council Australia and Anonymous] 

· The original recommendation was considered by Safe Work Australia Members previously in conjunction with feedback collected from the 2019 – 2021 public consultation, but was not agreed to by Safe Work Australia Members. 
· No new evidence was submitted as part of the 2024 public consultation to support reconsideration of the original recommendation. The feedback has been noted. 
Considerations in relation to the proposed WEL for formaldehyde
As part of the public consultation, stakeholders were asked about the challenges they expect their industry, business or PCBU would encounter if the proposed WEL was implemented. Measurability concerns, costs of personal protective equipment and industry specific considerations from the pathology, wood products and university and research sector were raised. 
Measurability concerns
Measurement was a challenge raised by 2 industries (wood products, and the hygiene, personal care and specialty products industry) regarding the proposed limits for formaldehyde. The wood industry raised concerns about how “very low” the proposed limit is, and indicated measurability would not be achievable[footnoteRef:136]. However, previous consultations regarding formaldehyde have indicated that the proposed WEL is measurable. [136:  Submissions from Australian Forest Products Association, Anonymous, and Engineered Wood Products Association of Australia] 

The peak industry body for manufacturers and suppliers of hygiene, personal care and specialty products were concerned about how practical measurement can be conducted when there are “background” concentrations of formaldehyde above 0.3 ppm in the workplace[footnoteRef:137] or that is naturally occurring[footnoteRef:138]. However, evidence supplied to substantiate these concerns came from readings in residential settings and not workplaces. Furthermore, information supplied from previous consultations indicated that the background levels of formaldehyde can be as low as 0.014 ppm, well below the proposed TWA of 0.3 ppm. [137:  Accord Australasia]  [138:  Engineered Wood Products Association of Australia] 

Multiple methods[footnoteRef:139] exist to measure formaldehyde with sufficient sensitivity and certainty to determine compliance at the proposed WEL, with commercially available methods in Australia (based on Safe Work Australia analysis).  [139:  NIOSH 2016, OSHA 1007, MDHS 102, IFA 6045] 

Sampling related contributions to uncertainty (e.g. sampling equipment limitations) may remain a limitation on measurability in some situations, but these issues are not unique to formaldehyde. To support the wider transition to the WEL, Safe Work Australia is preparing technical guidance to provide advice on measurement issues, including sampling.
Cost of personal protective equipment
Personal protective equipment (PPE) was identified to be a common control measure that industry would need to rely on to ensure compliance with the proposed WEL[footnoteRef:140].  [140:  Submissions from Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication)] 

A submission from the university sector raised this would introduce additional costs associated with managing RPE and training, create further administrative burden on staff, introduce psychological hazards to their workforce and students, and negatively impact the quality of education of their students (i.e., hinder communication and interaction in classes)[footnoteRef:141].  [141:  Anonymous (permission not granted for publication)] 

A pathology industry body’s submission also raised that PPE would not be practical for their industry, as the PPE would hinder the ability of scientists and pathologists to communicate verbally and dictate reports when handling specimens[footnoteRef:142].   [142:  Anonymous (permission not granted for publication)] 

Industry-specific considerations
A submission from a pathology industry body, another industry body and correspondence summarised in a government submission claimed the proposed reduction could result in the partial operation or closure of histopathology laboratories, which may result in delayed or missed cancer diagnoses in Australia[footnoteRef:143]. According to these correspondences, closures were experienced in New Zealand when they moved to the same proposed limits[footnoteRef:144]. Furthermore, specific benches used in the pathology setting are not certified to protect workers at the proposed WEL, which would result in significant costs to pathology providers to implement administrative (such as time-based worker limitations) and management practices to comply with the proposed WEL[footnoteRef:145]. It was noted that the pathology industry could pass these increased costs onto the Australian government and consumers when accessing bulk-billed or private pathology services[footnoteRef:146]. There was also concern raised that the change would result in significant costs and worker shortages to the pathology industry[footnoteRef:147]. However, multiple submissions from a range of pathology stakeholders (i.e., from unions, industry bodies representing the pathology industry, and PCBUs) still strongly support the proposed reduction and noted that the impacts and costs will differ between different pathology laboratories.  [143:  Submissions from Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia), Australian Industry Group and Australian Pathology]  [144:  Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)]  [145:  Australian Pathology]  [146:  Australian Pathology]  [147:  Anonymous (permission not granted for publication)] 

The wood products sector was concerned that the proposed WEL would result in potential job losses, closure of businesses (particularly in regional areas) and economic loss[footnoteRef:148], based on modelling commissioned to demonstrate the impacts of the proposed WEL, as well as alternative WELs. These impacts would also result in flow-on effects, including decreased international competitiveness and impacts on downstream sectors like furniture, cabinetry and joinery sectors[footnoteRef:149].  [148:  Submissions from Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Australian Forest Products Association, Anonymous, and Engineered Wood Products Association of Australia]  [149:  Submissions from Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Australian Forest Products Association, Anonymous, Engineered Wood Products Association of Australia and Australian Industry Group] 

The university and research sector claimed there may be a need to cease or change how they operate, such as limiting time spent in and student access to teaching facilities, until appropriate controls are implemented to ensure the proposed WEL is complied with. Other constraints for the university and research sector raised in submissions include restrictions on conducting upgrades to ventilation controls in heritage-listed buildings that some laboratories and teaching spaces occupy, and a range of operational challenges like how anatomy licensing restricts the use of alternative rooms[footnoteRef:150].  [150:  Submissions from Anonymous (permission not granted for publication) and Anonymous (permission not granted for publication). ] 

Noting that some of the concerns raised with implementation are business or industry specific, there are provisions under Commonwealth, state and territory laws which allow for exemption periods which could be considered on a case-by-case basis.
Transitional arrangements suggested by stakeholders
[bookmark: _Hlk194670219]Some stakeholders suggested a transition period would assist industry to comply with the proposed WELs for formaldehyde if they were to be implemented. Three years was the most proposed length for a transition period, with 12 stakeholders making this suggestion[footnoteRef:151]. Other suggestions for potential length of this transition period includes: [151:  Submissions from Department of Defence, Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Australian Forest Products Association, Anonymous (permission not granted for publication), Anonymous, Anonymous, Anonymous, Engineered Wood Products Association of Australia, and Anonymous (permission not granted for publication.] 

· 6 months[footnoteRef:152]  [152:  Anonymous (permission not granted for publication)] 

· 1 year (2 submissions)[footnoteRef:153] [153:  Submissions from Robyn Schofield and Anonymous (permission not granted for publication] 

· 1 – 2 years[footnoteRef:154] [154:  Forbes McGain] 

· 2 – 3 years[footnoteRef:155]  [155:  Insulation Council of Australia and New Zealand] 

· 5 years (3 submissions)[footnoteRef:156] [156:  Submissions from The Royal College of Pathologists of Australasia (RCPA), Public Pathology Australia, and Anonymous (permission not granted for publication] 

· several years[footnoteRef:157] [157:  Anonymous (permission not granted for publication] 

Four submissions suggested there should be no transition period and that the proposed WEL for formaldehyde should be implemented as soon as possible[footnoteRef:158]. Another submission suggested a transition period up until 1 December 2026[footnoteRef:159] to coincide with the transition to the WEL list.  [158:  Submissions from Australian Nursing and Midwifery Federation, ANMF, Anonymous (permission not granted for publication), and Anonymous]  [159:  Cancer Council Australia] 

As mentioned in Section 7.3 of this Decision RIS, and in line with stakeholder suggestions, it is proposed that the new WEL for formaldehyde should come into effect on 1 December 2026. This would align with the commencement of the new WEL list and ensure the transition to the health-based exposure limits for all chemicals occurs at the same time.
[bookmark: _Toc196204716][bookmark: _Ref198300796][bookmark: _Toc219216901]Likely net benefit and recommended option for formaldehyde
Net benefit
Table 23 presents the quantified gross benefits for the proposed WEL for formaldehyde. Both the quantifiable health benefits estimated (Table 20) were considered alongside the quantified costs (Table 21) to estimate a quantified gross benefit of -$1.6 billion over 10 years for the proposed WEL for formaldehyde. 
Sensitivity analysis indicates the quantified gross benefit can range between -$1 billion (under the low scenario outlined in Appendix D) and -$2.7 billion (under the high scenario outlined in Appendix D) over 10 years for the proposed WEL for formaldehyde. 
For the proposed WEL for formaldehyde to deliver a net benefit in economic terms, the non-quantified and qualitative benefits outlined in Sections 5 and 12.1 of this Decision RIS would need to meet or exceed a quantified gross cost of $1.6 billion. 
This quantified gross cost is likely to be smaller than what is estimated in Table 23. The data limitations, particularly the likely under-reporting in workers’ compensations data discussed throughout this Decision RIS, are also relevant. Actual benefits are therefore under-estimated; and will continue to be realised even after the 10-year appraisal period of this analysis.
In considering the quantified gross benefit, together with the non-quantified and qualitative benefit, Option 2 presents a likely net benefit. 
[bookmark: _Ref216710096]Table 23 - Quantified gross benefit ($, millions, discounted) for the proposed WEL for formaldehyde, FY27 to FY36
	Quantified benefits
	Quantified costs
	Quantified gross benefit

	45
	1,669
	- 1,624


** The quantified gross benefit should be read in conjunction with the non-quantifiable benefits set out in Section 5.2 and 12.1.
Recommended option
	It is recommended WHS ministers agree to the health-based recommendation for the WEL for formaldehyde (Option 2): a TWA of 0.3 ppm (0.369 mg/m3) and a STEL of 0.6 ppm (0.738 mg/m3). This recommendation is based on the following considerations:
· that the proposed WEL for formaldehyde aligns with the object of the model WHS Act to protect workers and others from harm to their health, safety and welfare through the elimination or minimisation of risks,
· the scientific evidence that indicates the proposed health-based WEL is protective of workers,
· stakeholder views and comments on the proposed WEL, and
· the net benefit expected, particularly the protection of workers from developing localised sensory irritation effects and nasal cancer, of the proposed change.
It is also recommended WHS ministers agree a transition period for formaldehyde aligned to the 1 December 2026 implementation date for the Workplace exposure limits for airborne contaminants.  




[bookmark: _Toc181003131][bookmark: _Toc193192640][bookmark: _Toc196204718][bookmark: _Toc179376604][bookmark: _Toc219216902] Detailed impact assessment for hydrogen cyanide 
	[bookmark: _Toc193192641][bookmark: _Toc196204719]Policy options for hydrogen cyanide
Option 1 is to retain the current peak limitation of 10 ppm (11 mg/m3). 
Option 2 is to change to the proposed TWA of 0.9 ppm (1 mg/m3) and STEL of 4.7 ppm (5 mg/m3) – recommended.


[bookmark: _Toc196204720][bookmark: _Toc219216903][bookmark: _Toc193192642]Benefits for the proposed WEL for hydrogen cyanide
[bookmark: _Toc196204721]Health impacts related to the proposed WEL for hydrogen cyanide
The proposed TWA of 0.9 ppm (1 mg/m3) and STEL of 4.7 ppm (5 mg/m3) for hydrogen cyanide will protect workers from the risk of developing chronic neurological symptoms and thyroid enlargement from chronic exposures to hydrogen cyanide, and immediate and severe health effects (death, coma, respiratory failure) from acute exposures. It is likely to benefit the estimated 80,052 workers in Australia who are at risk of exposure to hydrogen cyanide each year.  
Health evidence in the evaluation report for hydrogen cyanide showed exposures at or just below the current peak limitation of 10 ppm (11 mg/m3) exposes workers to a risk of acute effects, like headache, nausea, nasal, throat, and pulmonary irritation (Safe Work Australia, 2020). It also identified that chronic exposure to hydrogen cyanide can cause headaches, weakness, dizziness, throat irritation, dyspnoea (shortness of breath), thyroid enlargement and an increase in thiocyanate excretion in the urine (Safe Work Australia, 2020). 
The proposed TWA of 0.9 ppm (1 mg/m3) and STEL of 4.7 ppm (5 mg/m3) for hydrogen cyanide was determined in accordance with the health-based methodology agreed by WHS ministers (and which relied on the scientific evidence available at the time of the review from trusted international and national sources). 
The evaluation for hydrogen cyanide[footnoteRef:160] employed a weight of evidence approach, considering information from multiple agreed primary sources supported by information from agreed secondary sources (Safe Work Australia, 2018).  [160:  The evaluation report for hydrogen cyanide can be accessed here. The recommendation for a peak limitation in the evaluation report was changed to a STEL following suggestions by some industry stakeholders as part of public consultation on the WES review and affirmation by the Australian Institute of Occupational Hygienists. ] 

International precedent
The proposed TWA for hydrogen cyanide is consistent with that recommended by the Health Council of the Netherlands (HCOTN) and European Union’s Scientific Committee on Occupational Exposure Limits (SCOEL) (Health Council of the Netherlands, 2002; European Commission Directorate-General of Department of Employment, Social Affairs and Inclusion, 2009). The proposed STEL is consistent with that recommended by SCOEL (European Commission Directorate-General of Department of Employment, Social Affairs and Inclusion, 2009). 
Both the HCOTN and SCOEL were selected as primary sources as they have international credibility, develop standards through consensus that are health-based and based on evaluation of appropriate data, and their documentation of evaluations is accessible and robust (Safe Work Australia, 2018).
Recommendations by the HCOTN are used as a basis to set legally binding occupational exposure limits in the Netherlands. Similarly, the recommendations made by SCOEL are used by the European Commission to set binding or indicative occupational exposure limits to protect workers from chemical risks (European Chemical Agency (ECHA), n.d.). 
Both the health-based proposed TWA of 0.9 ppm (1 mg/m3) and STEL of 4.7 ppm (5 mg/m3) is legislated in the European Union (and most of its member states) and the United Kingdom. It is also recommended in New Zealand. The proposed TWA is recommended in The Netherlands, while the proposed STEL is legislated in Singapore; and is recommended by the National Institute of Occupational Safety and Health (USA) (Institute for Occupational Safety and Health of the German Social Accident Insurance, n.d.).  
Quantifiable health benefits for the proposed WEL for hydrogen cyanide
Health benefits were not able to be quantified for hydrogen cyanide. This is because no estimates of the current burden of disease attributable to workplace exposure to hydrogen cyanide were able to be identified through research or stakeholder engagement 
However, a lack of data does not necessarily mean that the introduction of the proposed WEL will not result in health benefits for workers. As the health evidence has shown, the proposed TWA is set at a level considered protective of chronic neurological symptoms and thyroid enlargement from chronic exposures to hydrogen cyanide. Thyroid enlargement can lead to discomfort, difficulty in breathing and swallowing, coughing and hoarseness (Hughes & Eastman, 2012), putting an affected workers’ life and quality of life at risk. The proposed STEL is considered protective of immediate acute and severe health effects, like death, coma and respiratory failure. 
Adverse health effects associated with hydrogen cyanide
Additional adverse health effects that the proposed WEL for hydrogen cyanide can protect workers from include:
· skin irritation (European Commission Directorate-General of Department of Employment, Social Affairs and Inclusion, 2009; Health Council of the Netherlands, 2002), and
· nasal irritation and ulceration of the nasal septum lining and mucosa (European Commission Directorate-General of Department of Employment, Social Affairs and Inclusion, 2009). 
Safe Work Australia’s List of Deemed Diseases lists work-related exposures to hydrogen cyanide as a cause of acute poisoning and toxicity to one or more of the heart, lungs, liver, kidney, nervous system and blood (Safe Work Australia, 2024). Acute toxicity effects were also summarised in the European Commission’s Scientific Committee on Occupational Exposure Limits’ Recommendation of occupational exposure limits for cyanides (Hydrogen cyanide, sodium cyanide and potassium cyanide) report (European Commission Directorate-General of Department of Employment, Social Affairs and Inclusion, 2009). Target organs can include the central nervous system, cardiovascular system, thyroid and blood (The National Institute for Occupational Safety and Health (NIOSH), 2019).
[bookmark: _Toc196204722]Financial benefits of the proposed WEL for hydrogen cyanide 
Quantifiable financial benefits for the proposed WEL for hydrogen cyanide
Financial benefits were not able to be quantified for hydrogen cyanide. This is due to the lack of workers’ compensation claims caused by hydrogen cyanide. Noting the adverse health effects outlined above, it is possible that occupational illness attributable to workplace exposure for hydrogen cyanide are likely under-represented in workers’ compensation data, due to difficulties in proving causation, the latency period between occupational exposure and the illness or onset of symptoms (especially if it develops after the worker has stopped working at the workplace), or an affected worker may not seek compensation (for example, thinking they are ineligible or not being aware they are covered). 
Non-quantifiable financial benefits for the proposed WEL for hydrogen cyanide
A lack of data to quantify financial benefits does not mean the introduction of the proposed WEL for hydrogen cyanide would not achieve financial benefits (as outlined earlier in the Decision RIS). More broadly, financial benefits that the proposed WEL for hydrogen cyanide could deliver are described below. 
Increased productivity 
Stakeholders from the public consultation suggested the proposed WEL for hydrogen cyanide would likely result in increased productivity from a reduction in absenteeism and presenteeism amongst the workforce who are exposed to hydrogen cyanide. 
While there were no workers’ compensation claims associated with hydrogen cyanide exposure, this does not mean the proposed WEL will not result in productivity benefits, noting the likely under-reporting in workers’ compensation claims data outlined above. The proposed WEL for hydrogen cyanide is expected to protect workers from developing chronic health effects like chronic neurological symptoms and thyroid enlargement, and immediate and severe effects like coma and respiratory failure. Workers likely to be exposed to hydrogen cyanide would continue to not need to, or be less likely to, take time off to seek medical care or treatment.
Similarly, workers experiencing the adverse health effects listed above and acute effects like headache, nausea, nasal, throat, and pulmonary irritation caused by workplace exposures to hydrogen cyanide, may not be able to work optimally as when they are not experiencing these health effects. The proposed WEL should reduce the risk of workers developing these adverse health effects and related symptoms, thus reducing presenteeism and allowing them to contribute to a business productivity. 
Reduced costs to governments[footnoteRef:161] [161:  Anonymous (permission not granted for publication)] 

The Australian Institute of Health and Welfare states healthcare expenditure on neurological conditions and endocrine disorders was $6.56 billion and $5.19 billion in 2023-24 respectively (Australian Institute of Health and Welfare, 2025). Healthcare expenditure on the other adverse health effects linked to hydrogen cyanide include $1.17 billion for dermatitis and eczema in 2023-24 (Australian Institute of Health and Welfare, 2025).   
While not all neurological conditions and endocrine disorders will be caused by work-related exposures to hydrogen cyanide, any reduction in work-related hydrogen cyanide exposure could potentially contribute towards a reduction workers developing these adverse health effects, reducing costs to the health system and for the government. 
Reduction in costs associated with potential worker compensation claims[footnoteRef:162] [162:  Anonymous (permission not granted for publication)] 

Workers who develop an occupational disease or illness because of exposures to hydrogen cyanide are able to seek workers’ compensation if the occupational disease or illness can be linked to the workplace. 
Deemed diseases are conditions that are highly likely to be caused by work, based on scientific evidence. For workers’ compensation purposes, a worker with a relevant work-related exposure is assumed to have developed a deemed disease from their work, unless there is strong evidence to the contrary. Hydrogen cyanide is listed on Safe Work Australia’s List of Deemed Diseases as a possible cause for acute toxicity and poisoning to the heart, nervous system and blood (Safe Work Australia, 2024). 

While there are no workers’ compensation claims associated with hydrogen cyanide exposure, this does not mean the proposed WEL will not result in direct financial benefits, noting the likely under-reporting in workers compensation claims data outlined above. However, as the proposed WEL can help protect workers from developing chronic neurological symptoms, thyroid enlargement, immediate and severe health effects (death, coma, respiratory failure) and acute toxicity and poisoning caused by workplace exposure to hydrogen cyanide, it can help businesses avoid the emergence and cost of potential worker compensation claims through increased premiums.
[bookmark: _Toc196204723]Additional benefits to the proposed WEL for hydrogen cyanide
Stakeholders identified that the proposed WEL for hydrogen cyanide would have the following qualitative benefits. 
Raise awareness of the hazards associated with hydrogen cyanide
Stakeholder feedback noted that the proposed change to the WEL for hydrogen cyanide would also lead to PCBUs and workers becoming more aware of the presence of hydrogen cyanide in the workplace, and the hazards associated with hydrogen cyanide. This will allow both parties to actively contribute to making sure the workplace is safer and healthier, especially in sectors which have higher exposures to hydrogen cyanide. 
Hydrogen cyanide is a highly toxic hazardous chemical. If a person is exposed to high concentrations of hydrogen cyanide, they can develop rapid loss of consciousness, seizures, breathing difficulties (including absence of breathing) and cardiac arrest. Death may occur within a few minutes of exposure to moderate or high amounts of cyanides. Survivors may suffer brain injuries due to toxic effects or lack of oxygen.
[bookmark: _Toc195079698][bookmark: _Toc195079699][bookmark: _Toc195079700][bookmark: _Toc195079701][bookmark: _Toc195079702][bookmark: _Toc195079703][bookmark: _Toc194908509][bookmark: _Toc195079704][bookmark: _Toc194908510][bookmark: _Toc195079705][bookmark: _Toc196204724][bookmark: _Ref198286841][bookmark: _Ref198300769]By raising awareness of the presence of hazards in the workplace and the risks associated with them, workers have also been shown to make better and informed choices that allows them to take reasonable care for their own health and safety in the workplace, such as wearing PPE whilst working. 
[bookmark: _Toc219216904]Costs of the proposed WEL for hydrogen cyanide
Costs to comply with the proposed WEL for hydrogen cyanide were estimated and are outlined below. These are indicative estimates only.
Table 24 presents the estimated total costs to industry of complying with the proposed WEL for hydrogen cyanide over the 10-year appraisal period (from FY27 to FY36). 
The estimates represent the incremental costs between retaining the current WES (Option 1) and changing to the proposed WEL (Option 2). Any costs to industry to comply with the current WES are not considered due to PCBUs’ ongoing WHS duty to eliminate or minimise risks, so far is as reasonably practicable (Section 17 of the model WHS Act). 
The analysis estimates that:
· [bookmark: _Toc193192643][bookmark: _Toc196204725]The estimated total cost to industry over 10 years is $318 million (in real, discounted terms), which equates to $53 million per year (in real, undiscounted terms). 
· [bookmark: _Toc193192644][bookmark: _Toc196204726]These estimated total costs comprise of: 
· [bookmark: _Toc193192645][bookmark: _Toc196204727]control measure costs of $286 million over 10 years, comprising engineering controls ($147 million), isolation controls ($120 million), administrative controls ($15 million) and personal protective equipment (PPE) ($4 million).
· [bookmark: _Toc193192646][bookmark: _Toc196204728]management practice costs of $32 million over 10 years, comprising air monitoring ($19 million) and occupational hygiene ($13 million).
Based on stakeholder feedback, it is likely that the control measure costs above will be incurred by businesses in the initial years following implementation of the proposed WEL, if it is agreed to. However, no data was provided on the estimated distribution of costs over the 10-year appraisal period, and so it was assumed that these costs would be evenly distributed over the period. 
[bookmark: _Ref199920847]Obligations around management practice costs make these costs more likely to be evenly distributed throughout the appraisal period. 
Table 24 - Estimated average annual and total incremental costs to businesses affected by the proposed WEL for hydrogen cyanide, FY27 to FY36
	Cost category
	Average costs p.a. ($ millions, undiscounted)
	Total costs ($ millions, discounted)

	Control measure costs
	47.4
	286.1

	Isolation control costs
	19.8
	119.7

	Engineering control costs
	24.4
	147.4

	Administrative control costs
	2.4
	14.9

	Personal protective equipment costs
	0.7
	4.2

	Management practice costs
	5.3
	32.0

	Air monitoring costs
	3.1
	18.9

	Occupational hygiene costs
	2.2
	13.1

	Total costs
	52.7
	318.1


This regulatory impact analysis has also estimated the average annual and total costs to industry under low and high cost scenarios, where:
· [bookmark: _Toc193192647][bookmark: _Toc196204729]Under the low cost scenario, the average annual cost is $40 million (undiscounted) and the total cost is $239 million (discounted).
· [bookmark: _Toc193192648][bookmark: _Toc196204730]Under the high cost scenario, the average annual cost is $66 million (undiscounted) and the total cost is $398 million (discounted). 
Table 25 presents the estimated average annual incremental costs per affected business by business size category for the proposed WEL for hydrogen cyanide. The results do not factor in costs specific to a singular business or industry that are not expected for other businesses or industries. An average annual incremental cost is also assumed in the absence of information to indicate the true distribution of costs across the 10-year appraisal period. These affected businesses come from the following industries:
· mining, 
· manufacturing, and
· [bookmark: _Toc196204733]public administration and safety.
The results indicate that:
· [bookmark: _Toc193192649][bookmark: _Toc196204734]There is an estimated total of 2,344 affected businesses, comprising 1,758 small businesses, 442 medium businesses and 145 large businesses.
· [bookmark: _Toc193192650][bookmark: _Toc196204735]The estimated average annual cost is $1,800 for small businesses, followed by $8,000 for medium businesses and $317,900 large businesses.
[bookmark: _Ref199920897]Table 25 - Estimated average annual incremental cost per affected business by business size ($, undiscounted) and affected businesses for hydrogen cyanide, FY27 to FY36
	Measure
	Small businesses
	Medium businesses
	Large businesses

	Number of affected businesses p.a.
	1,758
	442
	145

	Av. cost per business p.a.
	1,800
	8,000
	317,900


[bookmark: _Toc196204736]
[bookmark: _Toc219216905]Stakeholder views on the proposed WEL for hydrogen cyanide
As part of the public consultation process supporting this Decision RIS, 18 submissions were received that addressed the proposed WEL for hydrogen cyanide. 
A majority of the submissions (10 out of 18) supported the proposed health-based TWA of 0.9 ppm (1 mg/m3) and STEL of 5 ppm (7 mg/m3) for hydrogen cyanide (Option 2). 
The submissions were made by unions, industry bodies, governments, academics and individuals. Stakeholders who supported Option 2 noted their support is based on:
· [bookmark: _Toc196204738]the current WES not being protective of workers[footnoteRef:163] [163:  Submissions from Queensland Nurses and Midwives’ Union, Australian Council of Trade Unions, and Victorian Trades Hall Council] 

· the proposed WEL is international best practice, in line with the occupational exposure limits set by the European Union[footnoteRef:164], New Zealand and United Kingdom[footnoteRef:165] [164:  Robyn Schofield]  [165:  Australian Council of Trade Unions] 

· [bookmark: _Toc196204739]hydrogen cyanide exposure needs to be taken more seriously[footnoteRef:166], based on the lack of workers’ compensation claims associated with hydrogen cyanide that suggests there is under-reporting of hydrogen cyanide poisoning incidents[footnoteRef:167], and [166:  Submissions Anonymous (permission not granted for publication) and Anonymous (permission not granted for publication)]  [167:  Anonymous (permission not granted for publication)] 

· [bookmark: _Toc196204740]exposure to hydrogen cyanide can result in an immediate and potentially life-threatening reaction[footnoteRef:168]. [168:  Anonymous] 

A minority of submissions (6 out of 18) supported retention of the current peak limitation of 10 ppm (11 mg/m3) for hydrogen cyanide (Option 1). 
These submissions came from government, PCBUs and industry bodies. Stakeholders who supported Option 1 noted their support is based on:
· [bookmark: _Toc196204741]the proposed WEL conflicts with the fast-acting nature of hydrogen cyanide[footnoteRef:169] [169:  Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)] 

· [bookmark: _Toc196204742]inhalation of hydrogen cyanide has not been an issue in industry, but rather unintended absorption through the skin[footnoteRef:170] [170:  Submissions from Chemistry Australia and Anonymous (permission not granted for publication)] 

· [bookmark: _Toc196204743]use of hydrogen cyanide is rare in practice, and committing resources to a lower limit will be ‘for nothing’[footnoteRef:171]  [171:  Anonymous (permission not granted for publication)] 

· the preliminary estimates, by Nous Group, of the costs and benefit for hydrogen cyanide, which suggests the estimated costs for Option 2 were higher than the estimated benefits[footnoteRef:172], and  [172:  Submissions from Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· the practical and feasibility issues such as measurement, compliance and costs[footnoteRef:173].  [173:  Submissions from Australian Chamber of Commerce and Industry, and Australian Industry Group] 


Two submissions did not provide a preferred option on the proposed WEL for hydrogen cyanide[footnoteRef:174].  [174:  Submissions from Anonymous (permission not granted for publication) and Minerals Council of Australia] 

Considerations in relation to the proposed WEL for hydrogen cyanide
Stakeholders were asked about challenges they expect their industry, business or PCBU would encounter if the proposed WEL was implemented. Changing from a peak limitation to a STEL, additional funding, and impacts on international competitiveness were raised as key challenges associated with the proposed WEL for hydrogen cyanide. 
Changing from a peak limitation to a STEL
Submissions from a mining industry peak body[footnoteRef:175] and a government stakeholder[footnoteRef:176] raised the challenges associated with the change in the type of exposure standards of hydrogen cyanide (i.e., moving from the current peak limitation to the proposed TWA and STEL). Stakeholders mentioned that current real-time measurement devices used to measure the peak limitation WES cannot be used to measure the proposed TWA and STEL, so PCBUs will now need to incur additional cost to engage an occupational hygienist to conduct air monitoring to determine exposure levels in the workplace.  [175:  The Chamber of Minerals and Energy of Western Australia]  [176:  Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)] 

This Decision RIS considered management practice costs, like engaging an occupational hygienist and undertaking air monitoring. It estimated that this will cost industry $32 million over the 10-year period, representing roughly 10% of the total incremental cost of the proposed WEL for hydrogen cyanide. 
Furthermore, the change from peak limitation to a STEL for hydrogen cyanide was previously suggested by some industry stakeholders as part of feedback collected during the 2019 – 2021 WES review public consultation and affirmed by the Australian Institute of Occupational Hygienists. 
Additional funding
A submission from a volunteer organisation[footnoteRef:177] raised that without additional funding, it would be difficult for them to purchase controls to comply with the proposed WEL for hydrogen cyanide, such as respiratory protection equipment (RPE). The submission said this barrier may present a reputational risk to the organisation as it suggests not enough is being done to protect workers and volunteers and could result in a decrease in volunteers. It will be up to businesses to determine appropriate arrangements to meet the requirements of the WEL once agreed by Ministers, concerns around seeking additional funding are not within the scope of this Decision RIS. [177:  Anonymous (permission not granted for publication)] 

Impacts on international competitiveness of affected businesses
Another challenge raised by mining stakeholders was the broader economic impacts on the international competitiveness of Australian gold mining and production companies where hydrogen cyanide is used[footnoteRef:178]. Stakeholders were concerned over the lack of consideration for these impacts in the preliminary estimates in the consultation report. However, industry stakeholders did not provide any data to demonstrate the extent of the impact the proposed WEL will have on their competitiveness abroad. [178:  Australian Industry Group] 

Measurability concerns
No concerns were raised by stakeholders regarding the measurement of hydrogen cyanide to assess compliance with the proposed WEL.
Multiple methods[footnoteRef:179] exist to measure hydrogen cyanide with sufficient sensitivity and certainty for assessment of compliance at the proposed WEL, with commercially available methods in Australia (based on Safe Work Australia analysis).   [179:  NIOSH 2016, OSHA 1007, MDHS 102, IFA 6045] 

Sampling related contributions to uncertainty (e.g. sampling equipment limitations) may remain a limitation on measurability in some situations, but these issues are not unique to hydrogen cyanide. To support the wider transition to the WEL, Safe Work Australia is preparing technical guidance to provide advice on measurement issues, including sampling.
Transitional arrangements suggested by stakeholders
A small number of stakeholders suggested a transition period would assist industry to comply with the proposed WEL if they were to be implemented. Three submissions addressed potential lengths for this transition: 
· a 1-year transitional period (2 submissions)[footnoteRef:180],  [180:  Submissions from Anonymous and Anonymous (permission not granted for publication)] 

· a 3-month transition period[footnoteRef:181].   [181:  Anonymous (permission not granted for publication)] 

Another submission suggested the new WEL should be implemented as soon as possible[footnoteRef:182]. [182:  Anonymous (permission not granted for publication)] 

As mentioned in Section 7.3 of this Decision RIS, it is proposed that the new WEL for hydrogen cyanide should come into effect on 1 December 2026. This would align with the commencement of the new WEL list and ensure the transition to the health-based exposure limits for all chemicals occurs at the same time.
[bookmark: _Toc196204745][bookmark: _Ref198300773][bookmark: _Toc219216906]Likely net benefit and recommended option for hydrogen cyanide
Net benefit
Table 26 presents the quantified gross benefit for the proposed WEL for hydrogen cyanide. Benefits for the proposed WEL for hydrogen cyanide could not be estimated due to a lack of health burden data and workers compensation data to derive quantified heath and financial benefits, respectively. However, a lack of quantified benefits does not mean that the introduction of the proposed WEL will not result in health or financial benefits. 
For the purposes of determining a quantified gross benefit, only the quantified costs (
Table 24) were used to estimate a quantified gross benefit of -$318 million over 10 years for the proposed WEL for hydrogen cyanide. 
Sensitivity analysis indicates the quantified gross benefit can range between -$196 million (under the low scenario outlined in Appendix D) and -$526 million (under the high scenario outlined in Appendix D) over 10 years for the proposed WEL for hydrogen cyanide. 
For the proposed WEL for hydrogen cyanide to deliver a net benefit in economic terms, the non-quantified and qualitative benefits outlined in Sections 5 and 13.1 of this Decision RIS would need to meet or exceed a quantified gross cost of $318 million. 
This quantified gross cost is likely to be smaller than what is estimated in Table 26. The data limitations, particularly the likely under-reporting in workers’ compensations data discussed throughout this Decision RIS, are also relevant. Actual benefits are therefore under-estimated; and will continue to be realised even after the 10-year appraisal period of this analysis. 
In considering the quantified gross benefit, together with the non-quantified and qualitative benefit, Option 2 presents a likely net benefit. 
[bookmark: _Ref216711992]Table 26 - Quantified gross benefit ($, millions, discounted) for the proposed WEL for formaldehyde, FY27 to FY36
	Quantified benefits
	Quantified costs
	Quantified gross benefit

	ND
	318
	-318 


  ND = Not determined due to insufficient data
  * Benefits exist but were unable to be quantified. This should not be read as an absence of benefits. 
  ** The quantified gross benefits should be read in conjunction with the non-quantifiable benefits set out in Section 5.2 and 13.1.
Recommended option
	It is recommended WHS ministers agree to the health-based recommendation for the WEL for hydrogen cyanide (Option 2): TWA of 0.9 ppm (1 mg/m3) and STEL of 4.7 ppm (5 mg/m3). This recommendation is based on the following considerations:
· that the proposed WEL for hydrogen cyanide aligns with the object of the model WHS Act to protect workers and others from harm to their health, safety and welfare through the elimination or minimisation of risks,
· the scientific evidence indicates the proposed health-based WEL is protective of workers,
· stakeholder views and comments on the proposed WEL, and
· the net benefits expected from the proposed change, in particular the protection of workers from developing chronic neurological symptoms and thyroid enlargement from chronic exposures to hydrogen cyanide, and immediate and severe health effects (death, coma, respiratory failure) from acute exposures.
It is also recommended WHS ministers agree a transition period for hydrogen cyanide aligned to the 1 December 2026 implementation date for the Workplace exposure limits for airborne contaminants.  


[bookmark: _Toc194908514][bookmark: _Toc179376605][bookmark: _Toc181003132][bookmark: _Toc193192652][bookmark: _Toc196204747][bookmark: _Toc219216907] Detailed impact assessment for hydrogen sulfide
	[bookmark: _Toc193192653][bookmark: _Toc196204748]Policy options for hydrogen sulfide
Option 1 is to retain the current TWA of 10 ppm (14 mg/m3) and STEL of 15 ppm (21 mg/m3).
Option 2 is to change to the proposed TWA of 1 ppm (1.4 mg/m3) and STEL of 5 ppm (7 mg/m3) – recommended.


[bookmark: _Toc196204749][bookmark: _Toc219216908][bookmark: _Toc193192654]Benefits of the proposed WEL for hydrogen sulfide
[bookmark: _Toc196204750]Health benefits for the proposed WEL for hydrogen sulfide
The proposed TWA of 1 ppm (1.4 mg/m3) and STEL of 5 ppm (7 mg/m3) for hydrogen sulfide is intended to protect workers and other in the workplace from the risk of developing irritation effects and central nervous system impairment from both acute and chronic exposures to hydrogen sulfide (Safe Work Australia, 2020). It is likely to benefit the estimated 142,290 workers in Australia who are at risk of exposure to hydrogen sulfide each year.  
Health evidence in the evaluation report for hydrogen sulfide showed exposures below the current TWA and STEL caused eye irritation, effects on the cornea and nasal lesions. This means retaining the current WES for hydrogen sulfide can result in an increased risk of workers developing these adverse health effects. 
The proposed TWA of 1 ppm (1.4 mg/m3) and STEL of 5 ppm (7 mg/m3) for hydrogen sulfide was determined in accordance with the health-based methodology agreed by WHS ministers (and which relied on the scientific evidence available at the time of the review from trusted international and national sources).
The evaluation for hydrogen sulfide[footnoteRef:183] employed a weight of evidence approach, considering information from multiple agreed primary sources supported by information from agreed secondary sources (Safe Work Australia, 2018). [183:  The evaluation report for hydrogen sulfide can be accessed here. ] 

International precedent
The proposed WEL (TWA and STEL) for hydrogen sulfide is consistent with that recommended by the American Conference of Governmental Industrial Hygienists (ACGIH) (American Conference of Government Industrial Hygiensts, n.d.). 
The ACGIH was selected as a primary source as they have international credibility, develop standards through consensus that are health-based and based on evaluation of appropriate data, and their documentation of evaluations is accessible and robust (Safe Work Australia, 2018).
ACGIH’s recommendations are intended for occupational hygienists to assist in the control of health hazards and are not set as legal exposure limits (ACGIH, 1988)
To date, no jurisdiction has legislated the proposed WEL in full. However, Austria has legislated the same proposed STEL and Belgium has legislated a lower STEL (4 ppm or 5.61 mg/m3) than what is proposed in this Decision RIS (Institute for Occupational Safety and Health of the German Social Accident Insurance, n.d.). Similarly, Japan’s Ministry of Health, Labour and Welfare have also legislated the same TWA of 1 ppm (1.4 mg/m3) that is recommended in this Decision RIS (Institute for Occupational Safety and Health of the German Social Accident Insurance, n.d.).
Quantifiable health benefits for the proposed WEL for hydrogen sulfide
Health benefits were not able to be quantified for hydrogen sulfide. This is because no estimates of the current burden of disease attributable to workplace exposure to hydrogen sulfide were able to be identified through research or stakeholder engagement. 
However, a lack of data does not mean that the introduction of the proposed WEL will not result in health benefits for workers. As the health evidence has shown, the proposed WEL for hydrogen sulfide is set at a level that is considered protective of irritation effects and central nervous system impairment (Safe Work Australia, 2020). 
Adverse health effects associated with hydrogen sulfide
Other adverse health effects that the proposed WEL for hydrogen sulfide can protect workers from include:
· lung function impairment, olfactory fatigue and persistent neurological and neuropsychological abnormalities (Directorate-General for Employment, Social Affairs and Inclusion, 2007; Health Council of The Netherlands, 2006). 
· hazy sight and photophobia with prolonged exposure to hydrogen sulfide (Directorate-General for Employment, Social Affairs and Inclusion, 2007). 
[bookmark: _Toc196204751]Financial benefits for the proposed WEL for hydrogen sulfide
Quantifiable financial benefits of the proposed WEL for hydrogen sulfide
In addition to the health benefits, the proposed WEL for hydrogen sulfide is also expected to deliver direct and indirect financial benefits for businesses, as outlined at Table 27. These were estimated to $6.7 million for direct financial benefits and $43,000 for indirect benefits across the 10-year appraisal period (FY27 to FY36). Further discussion on these benefits can be found under the table.
[bookmark: _Ref198807594]The estimated financial benefits reflect 31 workers’ compensation claims attributed to hydrogen sulfide between 2017 and 2021. The average costs per claim was $117,000 and the average of weeks off work per claim was 0.3. 
[bookmark: _Ref193972481]However, it is important to note that the scale of occupational illness attributable to workplace exposure to hydrogen sulfide is likely to be under-represented in workers’ compensation claim data, due to difficulties in proving causation and the latency period between occupational exposure and the illness (especially if it develops after the worker has stopped working at the workplace). Further limitations of the estimation of financial benefits are discussed in Table 66 of Appendix C of this Decision RIS. 
Noting the potential for this under-representation, it is likely the reduction in the proposed WEL for hydrogen sulfide would result in protecting a greater number of workers from developing irritation effects and central nervous system impairment from both acute and chronic exposures to hydrogen sulfide. For the purposes of this Decision RIS, an uplift factor of 50% was assumed to account for this under-representation of occupational disease caused by exposure to hydrogen sulfide. However, it is unclear as whether this is an accurate reflection of the under-representation. Thus, the actual financial benefits of the proposed WEL may be different to what has been estimated in Table 27. 
It is expected that these quantifiable financial benefits will continue beyond the 10-year period that this estimation is based on. Financial benefits that arise beyond the 10-year period have not been quantified and are not included the figures below.
[bookmark: _Ref218845047][bookmark: _Ref199921398]Table 27 - Estimated average annual and total financial benefits of the proposed WEL for hydrogen sulfide, FY27 to FY36
	Financial benefits
	Average benefits p.a. ($’000, undiscounted)
	Total benefits ($ millions, discounted)

	Direct benefits
	1,084
	6.7

	Direct compensation benefits
	875
	5.4

	Common law compensation benefits
	186
	1.1

	Medical compensation benefits
	15
	0.1

	Supplementary compensation benefits
	8
	0.1

	Indirect benefits
	7
	0.04

	Productivity benefits
	7
	0.04

	Total financial benefits
	1,091
	6.7


Reduced costs associated with potential worker compensation claims[footnoteRef:184] [184:  Anonymous (Permission not granted for publication)] 

Workers who develop an occupational disease or illness because of exposures to hydrogen sulfide are able to seek workers’ compensation if the occupational disease or illness can be linked to the workplace. Workers’ compensation will help workers focus on getting better and access rehabilitation services, without worrying about associated costs. 
Hydrogen sulfide is listed on Safe Work Australia’s List of Deemed Diseases as a cause for acute toxicity (poisoning causing damage to one or more of the heart, lungs, liver, kidney, nervous system and blood) (Safe Work Australia, 2024). Deemed diseases are conditions that are highly likely to be caused by work, based on scientific evidence. For workers’ compensation purposes, a worker with a relevant work-related exposure is assumed to have developed a deemed disease from their work, unless there is strong evidence to the contrary. 
A reduction in workers developing irritation effects, central nervous system impairment and acute toxicity from work-related exposures to hydrogen sulfide can help businesses avoid the cost of potential worker compensation claims through increased premiums. 
[bookmark: _Toc196204752]Additional benefits of the proposed WEL for hydrogen sulfide
Stakeholders also identified that the proposed WEL for hydrogen sulfide would have the following qualitative benefit. When considering this qualitative benefit, the actual benefits of the proposed WEL for hydrogen sulfide will be greater than what was able to be quantified in this Decision RIS (Table 27).
Raise awareness about hydrogen sulfide and the hazards associated with it 
Stakeholders noted that the proposed change to hydrogen sulfide would also lead to PCBUs and workers becoming more aware of the presence of hydrogen sulfide in the workplace, and the hazards associated with it. This would allow both to actively contribute to making sure the workplace is safer and healthier. This can promote safer handling, storage and use of hydrogen sulfide, which would help contribute to less workplace hydrogen sulfide exposure in the long-term. 
By raising awareness of the presence of hazards in the workplace and the risks associated with them, workers have also been shown to make better and informed choices that allows them to take reasonable care for their own health and safety in the workplace, such as wearing PPE whilst working. 
[bookmark: _Toc196204753][bookmark: _Ref198556026][bookmark: _Toc219216909]Costs of the proposed WEL for hydrogen sulfide
Costs to comply with the proposed WEL for hydrogen sulfide were estimated and are outlined below. These are indicative estimates only.
Table 28 presents the estimated total costs to industry to comply with the proposed WEL for hydrogen sulfide over the 10-year appraisal period (from FY27 to FY36).
The estimates represent the incremental costs between retaining the current WES (Option 1) and changing to the proposed WEL (Option 2). Any costs to businesses to comply with the current WES are not considered due to PCBUs’ ongoing WHS duty to eliminate or minimise risks, so far is as reasonably practicable (Section 17 of the model WHS Act). 
The analysis illustrates that:
· [bookmark: _Toc193192655][bookmark: _Toc196204754]The estimated total cost to affected businesses over 10 years is $1.91 billion (in real, discounted terms), which equates to $316 million per year (in real, undiscounted terms). 
· [bookmark: _Toc193192656][bookmark: _Toc196204755]These estimated total costs comprise of: 
· [bookmark: _Toc193192657][bookmark: _Toc196204756]control measure costs of $827 million over 10 years, comprising engineering controls ($288 million), isolation controls ($262 million), administrative controls ($192 million) and personal protective equipment (PPE) ($86 million).
· [bookmark: _Toc193192658][bookmark: _Toc196204757]management practice costs of $105 million over 10 years, comprising air monitoring ($42 million) and occupational hygiene ($63 million).
· [bookmark: _Toc193192659][bookmark: _Toc196204758]An additional $975 million of industry-specific costs have been estimated, informed by data provided by the water services industry. These comprise of:
· [bookmark: _Toc193192660][bookmark: _Toc196204759]$157 million for isolation controls (network chemical design system upgrades)
· [bookmark: _Toc193192661][bookmark: _Toc196204760]$767 million for engineering controls (ventilation upgrades for air treatment facilities and pump stations)
· [bookmark: _Toc193192662][bookmark: _Toc196204761]$23 million for administrative controls (personal gas monitoring upgrades)
· [bookmark: _Toc193192663][bookmark: _Toc196204762]$27 million for PPE (full face respirators).
Based on stakeholder feedback, it is likely that the control measure costs above will be incurred by businesses in the initial years following implementation of the proposed WEL, if it is agreed to. However, no data was provided on the estimated distribution of costs over the 10-year appraisal period, and so it was assumed that these costs would be evenly distributed over the period. 
Obligations around management practice costs make these costs more likely to be evenly distributed throughout the appraisal period. 
[bookmark: _Ref199921927]Table 28 - Estimated average annual and total incremental costs to industry by the proposed WEL for hydrogen sulfide, FY27 to FY36
	Cost category
	Average costs p.a. ($ millions, undiscounted)
	Total costs ($ millions, discounted)

	Control measure costs
	136.7
	827.1

	Isolation control costs
	43.3
	262.4

	Engineering control costs
	47.4
	287.5

	Administrative control costs
	31.8
	191.7

	Personal protective equipment costs
	14.2
	85.5

	Management practice costs
	17.3
	104.6

	Air monitoring costs
	6.9
	42.1

	Occupational hygiene costs
	10.3
	62.5

	Specific costs
	162.2
	975.0

	Total costs
	316.1
	1,906.7


This regulatory impact analysis has also estimated the average annual and total costs to businesses under low and high cost scenarios, where:
· [bookmark: _Toc193192664][bookmark: _Toc196204763]Under the low cost scenario, the average annual cost is $237 million (undiscounted) and the total cost is $1.4 billion (discounted).
· [bookmark: _Toc193192665][bookmark: _Toc196204764]Under the high cost scenario, the average annual cost is $395 million (undiscounted) and the total cost is $2.4 billion (discounted). 
Table 29 presents the estimated average annual incremental costs per affected business by business size category for the proposed WEL for hydrogen sulfide. The results do not factor in costs specific to a singular business or industry that are not expected for other businesses or industries. An average annual incremental cost is also assumed in the absence of information to indicate the true distribution of costs across the 10-year appraisal period. These affected businesses come from the following industries:
· mining,
· manufacturing,
· [bookmark: _Toc196204767]electricity, gas, water and waste services, and
· construction.
The results indicate that:
· [bookmark: _Toc193192666][bookmark: _Toc196204770]There are an estimated 35,812 affected businesses, comprising 34,226 small businesses, 1,382 medium businesses and 204 large businesses.
· [bookmark: _Toc193192667][bookmark: _Toc196204771]The estimated average annual cost is $2.000 for small businesses, followed by $26,200 for medium businesses and $1.0 million for large businesses.
[bookmark: _Ref199923401]Table 29 - Estimated average annual incremental cost per affected business by business size ($, undiscounted) and affected businesses for hydrogen sulfide, FY27 to FY36
	Measure
	Small businesses
	Medium businesses
	Large businesses

	Number of affected businesses p.a.
	34,226
	1,382
	204

	Av. cost per business p.a.
	2,000
	26,200
	1,039,600



[bookmark: _Toc196204772][bookmark: _Toc219216910]Stakeholder views on proposed WEL for hydrogen sulfide
[bookmark: _Hlk194662772]As part of the public consultation process to support this Decision RIS, 27 submissions were received that addressed the proposed WEL for hydrogen sulfide.
A third of submissions (9 of 27 submissions) supported the proposed health-based TWA of 1 ppm (1.4 mg/m3) and a STEL of 5 ppm (7 mg/m3) for hydrogen sulfide (Option 2). 
These submissions came from individuals, academics, industry bodies and unions. Stakeholders who supported Option 2 noted their support is based on:
· agreement that the proposed changes will protect workers[footnoteRef:185] and members of the public who work at or are close to workplaces that have hydrogen sulfide at the workplace (such as paper mills, sewage treatment plants, cement production, breweries etc.)[footnoteRef:186], [185:  Submissions from Queensland Nurses and Midwives’ Union, Anonymous, Australian Council of Trade Unions, and Victorian Trades Hall Council]  [186:  Anonymous (permission not granted for publication)] 

· the proposed change is in line with international best practice, like the ACGIH Threshold Limit Values (TLVs)[footnoteRef:187], and  [187:  Robyn Schofield] 

· first-hand experience of the adverse impacts when hydrogen sulfide exposure is not taken seriously[footnoteRef:188].  [188:  Anonymous (permission not granted for publication)] 

Over a third of submissions (13 out of 27) supported retaining the current TWA of 10 ppm (14 mg/m3) and STEL of 15 ppm (21 mg/m3) for hydrogen sulfide (Option 1). 
These submissions came from industry bodies, academics, governments and PCBUs. Stakeholders who supported Option 1 noted their support is based on:
· [bookmark: _Toc196204774]the current WES provides adequate protection to workers[footnoteRef:189], [189:  Submissions from Southern Oil Refining Wagga Wagga, Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Chemistry Australia, Anonymous (permission not granted for publication), Water Services Association of Australia, and Australian Chamber of Commerce and Industry] 

· [bookmark: _Toc196204775]the reduction of the TWA WEL to 1 ppm will result in no safety benefits[footnoteRef:190] and will be impossible to implement and measure[footnoteRef:191], [190:  Submissions from Anonymous (permission not granted for publication), Australian Chamber of Commerce and Industry, and Australian Industry Group]  [191:  Submissions from The Queensland Water Directorate (qldwater), and Water Services Association of Australia] 

· the proposed limits are inconsistent with international standards[footnoteRef:192], [192:  Submissions from The Queensland Water Directorate (qldwater), and Water Services Association of Australia] 

· [bookmark: _Toc196204776]the proposed limits will result in greater cost impacts on Australians[footnoteRef:193],  [193:  Submissions from Southern Oil Refining Wagga Wagga, Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication) and Australian Industry Group.] 

· [bookmark: _Toc196204777]the proposed limits will “severely hinder” the ability for PCBUs from the oil-refinery industry “to run continuous operations at current rates”[footnoteRef:194], [194:  Submissions from Southern Oil Refining Wagga Wagga, Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication) and Anonymous (permission not granted for publication)] 

· the preliminary estimates, by Nous Group, of the cost and benefits for hydrogen sulfide, which suggests the estimated costs for Option 2 were higher than the estimated benefits[footnoteRef:195], and  [195:  Submissions from Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· the practical and feasibility issues such as measurement, compliance and costs[footnoteRef:196].  [196:  Submissions from Australian Chamber of Commerce and Industry, and Australian Industry Group] 

Five submissions did not provide a preferred option[footnoteRef:197]. [197:  Submissions from Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia), Anonymous (permission not granted for publication), Australian Constructors Association, and The Chamber of Minerals and Energy of Western Australia] 

Alternative WELs suggested by stakeholders
Some stakeholders put forward alternative exposure limits in their submissions for hydrogen sulfide. These were considered against the criteria contained within the WES review methodology agreed by WHS ministers. 
Two submissions suggested the following alternative WEL:
· a TWA of 5 ppm and STEL of 10 ppm, based on limits set in the European Union[footnoteRef:198]: [198:  Submissions from Water Services Association of Australia and The Chamber of Minerals and Energy of Western Australia] 

· The proposed WEL is aligned with other international jurisdictions. No health-based evidence was provided in submissions to support the alternative TWA or STEL to be considered in line with the WES review methodology agreed by WHS ministers. 
Considerations in relation to the proposed WEL for hydrogen sulfide
[bookmark: _Hlk195036992]Stakeholders were asked about challenges they expect their industry, business or PCBU would encounter if the proposed WEL was implemented. Measurability, burden of personal protective equipment (PPE) on workers, impacts on work in a confined space, and industry specific challenges were raised as the key challenges associated with the proposed WEL for hydrogen sulfide. 
Measurability concerns 
Submissions from the construction[footnoteRef:199] and water services industry[footnoteRef:200] stated the proposed TWA of 1 ppm is below current levels that existing, fixed and portable gas detection systems and personal monitors, are capable of detecting. Further, the submission from the water services industry stated that air sampling methods by United States National Institute of Occupational Safety and Health have limited accuracy[footnoteRef:201]. A construction industry body also said that upgrading these systems would require significant facility-wide changes, disrupting worksites and essential services[footnoteRef:202], while the water services industry raised this will impact compliance[footnoteRef:203]. [199:  Australian Constructors Association]  [200:  Submissions from Anonymous, and Water Services Association of Australia]  [201:  Water Services Association of Australia]  [202:  Australian Constructors Association]  [203:  Water Services Association of Australia] 

Sampling and analysis advice in the evaluation report for hydrogen sulfide indicated the proposed WEL is quantifiable through available sampling and analysis techniques. It should be noted that fixed and portable gas detection systems do not align with the appropriate methodology for measuring WEL as per the Guidance on the Interpretation of Workplace exposure standards for airborne contaminants. 
Two methods[footnoteRef:204] have been identified to measure hydrogen sulfide with sufficient sensitivity and certainty to determine compliance at the proposed WEL, with commercially available methods in Australia (based on Safe Work Australia analysis).   [204:  NIOSH 6013, OSHA 1008] 

Sampling related contributions to uncertainty (e.g. sampling equipment limitations) may remain a limitation on measurability in some situations, but these issues are not unique to hydrogen sulfide. To support the wider transition to the WEL, Safe Work Australia is preparing technical guidance to provide advice on measurement issues, including sampling.
Burden of personal protective equipment on workers
A small number of stakeholders (government, worker and academic) were concerned that lowering the exposure limit for hydrogen sulfide to the extent of Option 2 could impose a burden on all workers to use PPE when it is currently not required and when most workers do not require the protection[footnoteRef:205]. While they agreed that the exposure limit for hydrogen sulfide should be reduced, they also thought the proposed WEL was overprotective and is set at a level that is protective of adverse health effects in sensitive workers (who are unlikely to work in industrial environments)[footnoteRef:206].  [205:  Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)]  [206:  Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)] 

The water services sector also suggested physical and psychosocial impacts from prolonged use of respiratory protective equipment (RPE) as a control should be considered[footnoteRef:207].  [207:  Water Services Association of Australia] 

On the other hand, an industry stakeholder that was supportive of the proposed WEL suggested that the proposed WEL could result in an increase in ventilation controls in practice, rather than relying on RPE to minimise exposure to hydrogen sulfide[footnoteRef:208]. [208:  Anonymous (permission not granted for publication)] 

Further, it is important to note that under the model WHS Regulations, PPE (including RPE) should only be considered once the PCBU has eliminated the risk posed by hydrogen sulfide so far as is reasonably practicable, and if it is not reasonably practicable to eliminate the risks, then minimise the risk of hydrogen sulfide so far as is reasonably practicable by using higher-order controls (substitution, isolation, engineering) and administrative controls. 
Impacts on working in confined spaces
There were also concern that the proposed limits would prohibit workers from working in confined spaces, where hydrogen sulfide may be present due to “environment contamination (such as organic matter falling off boots)”[footnoteRef:209]. However, there was no data provided in the submissions to support the claim that the proposed WEL would prevent workers from carrying out work in confined spaces.  [209:  Anonymous (permission not granted for publication)] 

Industry-specific challenges
Stakeholders from the water services industry[footnoteRef:210] raised that it would not be practical for them to comply with the proposed WEL due to the need to ensure a “feasible timeline, available resources and minimal impact on current water operations”. No further detail was provided regarding what a feasible timeframe might be. Another submission suggested significant costs associated with the implementation of the proposed WEL could lead to increased consumer costs[footnoteRef:211].  [210:  Water Services Association of Australia]  [211:  Australian Industry Group] 

Stakeholders from the oil-refinery sector[footnoteRef:212] also raised the following industry-specific impacts as a result of the proposed changes, but did not provide further detail on how these impacts would result from the proposed changes: [212:  Submissions from Southern Oil Refining Wagga Wagga, Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Anonymous (permission not granted for publication)] 

· reduction in waste oil recycling,
· limited renewable fuel availability, which would increase costs of renewable fuels,
· increase in improper handling of wastes, such as dumping and illegal operations, and
· increase in the sale price of lubricant, resulting in an increase is cost of operating a vehicle for all Australians.  
Transitional arrangements suggested by stakeholders
A small number of stakeholders suggested a transition period would assist industry to comply with the proposed limits if they were to be implemented. Four submissions (out of 27) suggested the following potential lengths for this transition period: 
· 3 months[footnoteRef:213],  [213:  Anonymous (permission not granted for publication)] 

· 6 – 12 months[footnoteRef:214],  [214:  Anonymous (permission not granted for publication)] 

· 1 year[footnoteRef:215], and [215:  Anonymous (permission not granted for publication)] 

·  3 years[footnoteRef:216].  [216:  Anonymous] 

One submission stated there should be no transition period and the new WEL should be implemented as soon as possible[footnoteRef:217].  [217:  Anonymous] 

Another requested there be more consultation to ensure a practical and feasible implementation timeframe. The stakeholder proposed that the timeframe for implementation should be based on the ability of industry to acquire sensors that confirm whether the WEL is being met, the necessary capital works being completed and funding approvals being agreed[footnoteRef:218]. [218:  Water Services Association of Australia] 

As mentioned in Section 7.3 of this Decision RIS, it is proposed that the new WEL for hydrogen sulfide should come into effect on 1 December 2026. This would align with the commencement of the new WEL list and ensure the transition to the health-based exposure limits for all chemicals occurs at the same time.
[bookmark: _Toc196204779][bookmark: _Ref198557514][bookmark: _Toc219216911]Likely net benefit and recommended option for hydrogen sulfide
Net benefit
Table 30 presents the quantified gross benefit for the proposed WEL for hydrogen sulfide. The quantifiable financial benefits estimated (Table 27) were considered alongside the quantifiable costs (Table 28) to estimate a quantified gross benefit of -$1.9 billion over 10 years for the proposed WEL for hydrogen sulfide. 
Sensitivity analysis indicates the quantified gross benefit can range between -$3.1 billion (under the high scenario outlined in Appendix D) and -$526 million (under the low scenario outlined in Appendix D) over 10 years for the proposed WEL for hydrogen sulfide. 
For the proposed WEL for hydrogen sulfide to deliver a net benefit in economic terms, the non-quantified and qualitative benefits outlined in Sections 5 and 14.1 of this Decision RIS would need to meet or exceed a quantified net cost of $1.9 million. 
This quantified gross cost is likely to be smaller than what is estimated in Table 30. The data limitations, particularly the likely under-reporting in workers’ compensations data discussed throughout this Decision RIS, are also relevant. Actual benefits are therefore under-estimated; and will continue to be realised even after the 10-year appraisal period of this analysis. 
In considering the quantified gross benefit, together with the non-quantified and qualitative benefit, Option 2 presents a likely net benefit. 
[bookmark: _Ref216766430]Table 30 - Quantified gross benefit ($, millions, discounted) for the proposed WEL for hydrogen sulfide, FY27 to FY36
	Quantified benefits
	Quantified costs
	Quantified gross benefit**

	7
	1,907
	- 1,900 


** The quantified gross benefits should be read in conjunction with the non-quantifiable benefits set out in Section 5.2 and 14.1.
Recommended option
	It is recommended WHS ministers agree to the health-based recommendation for the WEL for hydrogen sulfide (Option 2): TWA of 1 ppm (1.4 mg/m3) and a STEL of 5 ppm (7 mg/m3). This recommendation is based on the following considerations:
· that the proposed WEL for hydrogen sulfide aligns with the object of the model WHS Act to protect workers and others from harm to their health, safety and welfare through the elimination or minimisation of risks,
· the scientific evidence that indicates the proposed health-based WEL is protective of workers,
· that some stakeholder views and comments on the proposed WEL were in agreement that the WEL for copper should be protective of workers, in line with the objectives of the model WHS Act, and
· the net benefit expected of the proposed change, particularly the protection of workers from developing irritation effects and central nervous system impairment from both acute and chronic exposures to hydrogen sulfide.
It is also recommended WHS ministers agree a transition period for hydrogen sulfide aligned to the 1 December 2026 implementation date for the Workplace exposure limits for airborne contaminants.  



[bookmark: _Toc181003133][bookmark: _Toc193192681][bookmark: _Toc196204781][bookmark: _Toc179376606][bookmark: _Toc219216912] Detailed impact assessment for nitrogen dioxide 
	[bookmark: _Toc193192682][bookmark: _Toc196204782]Policy options for nitrogen dioxide
Option 1 is to retain the current TWA of 3 ppm (5.6 mg/m3) and STEL of 5 ppm (9.4 mg/m3). 
Option 2 is to change to the proposed TWA of 0.2 ppm (0.38 mg/m3) and remove the existing STEL – recommended.


[bookmark: _Toc196204783][bookmark: _Ref198720643][bookmark: _Ref199499662][bookmark: _Toc219216913][bookmark: _Toc193192683]Benefits of the proposed WEL for nitrogen dioxide
[bookmark: _Toc196204784]Health benefits of the proposed WEL for nitrogen dioxide
The proposed TWA of 0.2 ppm (0.38 mg/m3) for nitrogen dioxide is intended to protect workers and others in the workplace from the risk of developing lower respiratory tract irritation and tissue damage (Safe Work Australia, 2020). The proposed WEL is likely to benefit the estimated 657,714 workers in Australia at risk of exposure to nitrogen dioxide each year. 
Health evidence in the evaluation report for nitrogen dioxide showed the current WES for nitrogen dioxide can result in an increased risk of developing lower respiratory tract irritation and tissue damage (Safe Work Australia, 2020). 
On the basis of this health evidence, it was recommended that the current TWA for nitrogen dioxide be lowered to 0.2 ppm (0.38 mg/m3). 
It was also recommended that the current STEL be removed, as the recommended TWA is considered low enough to protect workers from any short-term work-related exposure to nitrogen dioxide (Safe Work Australia, 2020). 
The proposed TWA of 0.2 ppm (0.38 mg/m3) for nitrogen dioxide was determined in accordance with the health-based methodology agreed by WHS ministers (and which relied on the scientific evidence available at the time of the review from trusted international and national sources). 
The evaluation for nitrogen dioxide[footnoteRef:219] employed a weight of evidence approach, considering information from multiple agreed primary sources (Safe Work Australia, 2018). [219:  The evaluation report for nitrogen dioxide can be accessed here. ] 

International precedent
The proposed TWA for nitrogen dioxide is consistent with that recommended by the American Conference of Governmental Industrial Hygienists (ACGIH) and the Health Council of the Netherlands (HCOTN)[footnoteRef:220] (American Conference of Govermental Industrial Hygienists (ACGIH), n.d.; Health Council of the Netherlands (HCOTN), 2004).  [220:  The HCOTN also recommended a STEL of 0.5 ppm (1 mg/m3) for nitrogen dioxide. This did not form part of the independent expert’s recommendation for nitrogen dioxide for the WES review, as the proposed TWA is considered low enough to also reduce risks of adverse health effects caused by short-term exposures. ] 

Both ACGIH and HCOTN were selected as primary sources as they have international credibility, develop standards through consensus that are health-based and based on evaluation of appropriate data, and their documentation of evaluations is accessible and robust (Safe Work Australia, 2018).
ACGIH’s recommendations are intended for occupational hygienists to assist in the control of health hazards and are not set as legal exposure limits (ACGIH, 1988), while HCOTN’s recommendations are used as a basis to set legally binding occupational exposure limits in the Netherlands (Health Council of the Netherlands, 2021). 
Quantifiable health benefits of the proposed WEL for nitrogen dioxide
Health benefits were not able to be quantified for nitrogen dioxide. This is because no estimates of the current burden of disease attributable to workplace exposure to nitrogen dioxide were able to be identified through research or stakeholder engagement.  
However, a lack of data does not mean that the introduction of the proposed WEL will not result in health benefits for workers. As the health evidence has shown, the proposed WEL is set at a level that is considered protective of lower respiratory tract irritation and tissue damage. 
These adverse health effects can progress into oedema (fluid buildup) in the lungs, bronchiolitis obliterans (chronic inflammation and scarring in the small airways of the lungs, which causes narrowing and obstruction in the lungs), and pneumonia (Health Council of The Netherlands, 2004). 
Adverse health effects associated with nitrogen dioxide
The WES review methodology states that protecting workers from the critical health effects of nitrogen dioxide can also protect workers from other adverse health effects (Safe Work Australia, 2018). Additional adverse health effects that the proposed WEL for nitrogen dioxide can protect workers from include:
· eye irritation and changes in lung morphology that resembles lung fibrosis (Health Council of The Netherlands, 2004),
· other respiratory[footnoteRef:221] and cardiovascular diseases like chronic obstructive pulmonary disease (COPD) and hypertension (Sell, Plass, Kienzler, & Zeeb, 2025),  [221:  Anonymous (permission not granted for publication)] 

· exacerbation of pre-existing heart disease in workers (Safe Work Australia, 2020). 
Safe Work Australia’s List of Deemed Diseases also lists work-related exposures to oxides of nitrogen, which includes nitrogen dioxide, as a cause for acute poisoning and toxicity for one or more of the heart, lungs, live, kidney, nervous system and blood (Safe Work Australia, 2024). 
[bookmark: _Toc196204785]Financial benefits of the proposed WEL for nitrogen dioxide
Quantifiable financial benefits for the proposed WEL for nitrogen dioxide
Financial benefits were not able to be quantified for nitrogen dioxide in this analysis. This is due to the lack of workers’ compensation claims caused by nitrogen dioxide. Noting the adverse health effects that the proposed WEL is based on, it is possible that occupational illness attributable to workplace exposure for nitrogen dioxide are likely under-represented in workers’ compensation data, due to difficulties in proving causation, the latency period between occupational exposure and the illness (especially if it develops after the worker has stopped working at the workplace), or an affected worker may not seek compensation for example, thinking they are ineligible or not being aware they are covered). 
While the onset of the respiratory symptoms occurs immediately following inhalation of nitrogen dioxide, bronchiolitis obliterans (an occupational disease that can develop from the irritation of the respiratory tract and tissue damage) can occur much later, typically 3 weeks to 3 months (without treatment) (Kerger & Fedoruk, 2015). 
Non-quantifiable financial benefits for the proposed WEL for nitrogen dioxide
A lack of data to quantify financial benefits does not mean the introduction of the proposed WEL for nitrogen dioxide would not achieve financial benefits (as outlined earlier in this Decision RIS). More broadly, financial benefits that the proposed WEL for nitrogen dioxide can deliver are described below.  
Increased productivity 
Stakeholders from the public consultation suggested the proposed WEL for nitrogen dioxide would likely result in increased productivity[footnoteRef:222] from a reduction in absenteeism and presenteeism amongst the workforce who are exposed to nitrogen dioxide. [222:  Anonymous (permission not granted for publication)] 

While there are no workers’ compensation claims associated with nitrogen dioxide exposure, this does not mean the proposed WEL will not result in productivity benefits, noting the likely under-reporting in workers’ compensation claims outlined above. The proposed WEL for nitrogen dioxide is expected to protect workers from developing irritation of the respiratory tract and tissue damage. Workers likely to be exposed to nitrogen dioxide would continue to not need to or be less likely to take time off to seek medical care or treatment.
Reduced costs to governments[footnoteRef:223] [223:  Submissions from Anonymous (permission not granted for publication) and Anonymous] 

The Australian Institute of Health and Welfare (AIHW) reported healthcare expenditure on interstitial lung diseases, like bronchiolitis obliterans, was approximately $1.87 billion in 2023-24. Healthcare expenditure on COPD was $1.75 billion during the same financial year (Australian Institute of Health and Welfare, 2025). 
While not all interstitial lung diseases and COPD will be caused by work-related exposures to nitrogen dioxide, any reduction in work-related nitrogen dioxide exposure could potentially contribute to a reduction in these cases, thus reducing the number of workers seeking treatment or care for these adverse health effects, reducing cost to government. 
The AIHW’s Burden of Disease Study, 2024 indicates that 2% of all COPD total burden was attributed to occupational exposure and hazards (Australian Insitute of Health and Welfare, 2024). Reducing COPD caused by occupational exposure by implementing the proposed WEL for nitrogen dioxide to reduce workers from developing COPD, is estimated to contribute up to $35 million in savings to the health system and government per year.
Reduction in costs associated with potential worker compensation claims[footnoteRef:224] [224:  Anonymous (permission not granted for publication)] 

Workers who develop an occupational disease or illness because of exposures to nitrogen dioxide are able to seek workers’ compensation if the occupational disease or illness can be linked to the workplace. Workers’ compensation will help workers focus on getting better and access rehabilitation services, without worrying about associated costs. 
Nitrogen dioxide is listed on Safe Work Australia’s List of Deemed Diseases as a possible cause for acute toxicity and poisoning (including acute damage to lungs) (Safe Work Australia, 2024). Deemed diseases are conditions that are highly likely to be caused by work, based on scientific evidence. For workers’ compensation purposes, a worker with a relevant work-related exposure is assumed to have developed a deemed disease from their work, unless there is strong evidence to the contrary.      
While there are no workers’ compensation claims associated with nitrogen dioxide exposure, this does not mean the proposed WEL will not result in direct financial benefits, noting the likely under-reporting in workers’ compensation claims outlined above. However, as the proposed WEL is expected to protect workers from developing lower respiratory tract irritation, tissue damage and acute and toxicity poisoning from work-related exposures to nitrogen dioxide, this can help businesses avoid the emergence and costs of potential worker compensation claims through increased premiums. 
[bookmark: _Toc196204786]Additional benefits of the proposed WEL for nitrogen dioxide
Stakeholders identified the proposed WEL for nitrogen dioxide would have the following qualitative benefits.
Transition industry away from combustion engines and to electrified vehicles 
Some submissions from the mining industry[footnoteRef:225] received in response to the proposed WEL for nitrogen dioxide acknowledged a reduced WEL for nitrogen dioxide would most likely prompt industry to transition away from using vehicles with combustion engines and towards using electrified vehicles[footnoteRef:226]. This change from vehicles with combustion engines to an electric fleet will reduce nitrogen dioxide from underground mines.  [225:  Submissions from Anonymous (permission not granted for publication) and the Chamber of Minerals and Energy of Western Australia]  [226:  The Chamber of Minerals and Energy of Western Australia] 

This effect has been demonstrated in research, which saw a reduction of nitrous oxides like nitrogen dioxide emissions when workplaces trialled vehicle electrification and combined it with renewable electricity (Loughlin, Kaufman, Lenox, & Hubbell, 2015).
It would also remove other airborne contaminants released by combustion engines, like other nitrous oxides, diesel engine emissions (DEE) and diesel particular matter[footnoteRef:227]. These other airborne contaminants can cause other adverse health effects that PCBUs needs to protect workers from. For example, DEE is classified as a Group 1 carcinogen (carcinogenic to humans) by the International Agency for Research on Cancer (IARC) (International Agency for Research on Cancer, 2012).  [227:  Minerals Council of Australia] 

A submission from the university sector also suggested that transition from combustion engines to electric engines would help with their workplace’s decarbonisation plan[footnoteRef:228]. [228:  Robyn Schofield] 

Raises awareness about nitrogen dioxide and the hazards associated with it
Stakeholder feedback noted that the proposed WEL for nitrogen dioxide would also lead to PCBUs and workers becoming more aware of the presence of nitrogen dioxide in the workplace, and the hazards associated with it, allowing both to actively contribute to making sure the workplace is safer and healthier.  
By raising awareness of the presence of hazards in the workplace and the risks associated with them, workers have also been shown to make better and informed choices that allows them to take reasonable care for their own health and safety in the workplace, such as wearing PPE whilst working.
[bookmark: _Toc196204787][bookmark: _Ref198720080][bookmark: _Toc219216914]Costs of proposed WEL for nitrogen dioxide
Costs to comply with the proposed WEL for nitrogen dioxide were estimated and are outlined below. These are indicative estimates only.
Table 31 presents the estimated total costs to industry of complying with the proposed WEL for nitrogen dioxide over the 10-year appraisal period (from FY27 to FY36). 
The estimates represent the incremental costs between retaining the current WES (Option 1) and changing to the proposed WEL (Option 2). Any costs to businesses to comply with the current WES are not considered due to PCBUs’ ongoing WHS duty to eliminate or minimise risks, so far is as reasonably practicable (Section 17 of the model WHS Act). 
The analysis illustrates that:
· [bookmark: _Toc193192684][bookmark: _Toc196204788]The estimated total cost to affected businesses over 10 years is $2.7 billion (in real, discounted terms), which equates to $444 million per year (in real, undiscounted terms). 
· [bookmark: _Toc193192685][bookmark: _Toc196204789]These estimated total costs comprise of: 
· [bookmark: _Toc193192686][bookmark: _Toc196204790]control measure costs of $2.4 billion over 10 years, comprising engineering controls ($1.0 billion), isolation controls ($893 million), administrative controls ($348 million) and PPE ($133 million).
· [bookmark: _Toc193192687][bookmark: _Toc196204791]management practice costs of $315 million over 10 years, comprising air monitoring ($151 million) and occupational hygiene ($163 million).
Based on stakeholder feedback, it is likely that the control measure costs above will be incurred by businesses in the initial years following implementation of the proposed WEL, if it is agreed to. However, no data was provided on the estimated distribution of costs over the 10-year appraisal period, and so it was assumed that these costs would be evenly distributed over the period. 
Obligations around management practice costs make these costs more likely to be evenly distributed throughout the appraisal period. 

[bookmark: _Ref199925158]Table 31 - Estimated average annual and total incremental costs to businesses affected by the proposed WEL for nitrogen dioxide, FY27 to FY36
	Cost category
	Average costs p.a. ($ millions, undiscounted)
	Total costs ($ millions, discounted)

	Control measure costs
	392.3
	2,388.4

	Isolation control costs
	146.7
	892.9

	Engineering control costs
	166.8
	1,015.2

	Administrative control costs
	57.0
	347.7

	Personal protective equipment costs
	21.9
	132.6

	Management practice costs
	51.6
	314.5

	Air monitoring costs
	24.9
	151.3

	Occupational hygiene costs
	26.8
	163.2

	Total costs
	443.9
	2,703.0


This regulatory impact analysis has also estimated the average annual and total costs to industry under low and high cost scenarios, where:
· [bookmark: _Toc193192688][bookmark: _Toc196204792]Under the low cost scenario, the average annual cost is $333 million (undiscounted) and the total cost is $2.0 billion (discounted).
· [bookmark: _Toc193192689][bookmark: _Toc196204793]Under the high cost scenario, the average annual cost is $555 million (undiscounted) and the total cost is $3.4 billion (discounted).
Table 32 presents the estimated average annual incremental costs per affected business by business size category for the proposed WEL for nitrogen dioxide. An average annual incremental cost is also assumed in the absence of information to indicate the true distribution of costs across the 10-year appraisal period. These affected businesses come from the following industries:
· agriculture,
· mining,
· manufacturing,
· [bookmark: _Toc196204796]electricity, gas, water and waste services,
· [bookmark: _Toc196204799]transport, postal and warehousing, and
· [bookmark: _Toc196204801]public administration and safety.
The results indicate that:
· [bookmark: _Toc193192690][bookmark: _Toc196204804]There are an estimated 52,230 affected businesses, comprising 46,153 small businesses, 5,364 medium businesses and 713 large businesses.
· [bookmark: _Toc193192691][bookmark: _Toc196204805]The estimated average annual cost is $2,200 for small businesses, $10,200 for medium businesses and $402,700 for large businesses.
[bookmark: _Ref199925217]Table 32 - Estimated number of affected businesses for nitrogen dioxide and average annual incremental cost per affected business by business size ($, undiscounted), FY27 to FY36
	Measure
	Small businesses
	Medium businesses
	Large businesses

	Number of affected businesses p.a.
	46,153
	5,364
	713

	Av. cost per business p.a. ($, undiscounted)
	2,200
	10,200
	402,700



[bookmark: _Toc196204806][bookmark: _Toc219216915]Stakeholder views on proposed WEL for nitrogen dioxide
As part of the public consultation process supporting this Decision RIS, 18 submissions were received that addressed the proposed WEL for nitrogen dioxide. 
Eight of the 18 submissions supported the health-based TWA of 0.2 ppm (0.38 mg/m3) and removal of the STEL for nitrogen dioxide (Option 2). 
These submissions came from individuals, academics, industry bodies and unions. Stakeholders who supported Option 2 noted their support is based on:
· [bookmark: _Toc196204807]protection against adverse health effects in the lower respiratory tract in exposed workers[footnoteRef:229].  [229:  Submissions from Victorian Trades Hall Council, Australian Council of Trade Unions, Anonymous, and Queensland Nurses and Midwives’ Union] 

· [bookmark: _Toc196204808]alignment with the United States’ National Institute for Occupational Safety and Health (NIOSH) and American Conference Governmental Industrial Hygienists’ TLVs[footnoteRef:230] which is considered best practice, and  [230:  Robyn Schofield] 

· [bookmark: _Toc196204809]incentive for construction sites to use cleaner options[footnoteRef:231]. [231:  Anonymous (permission not granted for publication)] 

Seven out of 18 submissions supported retaining the current TWA of 3 ppm (5.6 mg/m3) and STEL of 5 ppm (9.4 mg/m3) for nitrogen dioxide (Option 1). 
These submissions came from WHS regulator, industry bodies and a PCBU. Stakeholders who supported Option 1 noted their support is based on:
· [bookmark: _Toc196204810]lack of evidence of health effects to justify the proposed WELs[footnoteRef:232],  [232:  Submissions from Australian Chamber of Commerce and Industry, Australian Industry Group, and Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)] 

· [bookmark: _Toc196204811]lower levels than what are implemented in the European Union while failing to address excursions with the absence of a STEL[footnoteRef:233], [233:  Anonymous (permission not granted for publication)] 

· [bookmark: _Toc196204812]inability to measure with current and readily available real time instrumentation[footnoteRef:234], such as gas monitor sensor technology[footnoteRef:235], [234:  Submissions from Anonymous (permission not granted for publication) and Australian Industry Group, ]  [235: Anonymous (permission not granted for publication)] 

· [bookmark: _Hlk192271375]preliminary estimates, by Nous Group, of the costs and benefits for nitrogen dioxide, which suggest that the estimated costs for Option 2 were higher than the estimated benefits[footnoteRef:236], and   [236:  Submissions from Anonymous (permission not granted for publication), Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· the practical and feasibility issues such as measurement, compliance, enforcement and costs[footnoteRef:237].  [237:  Submissions from Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia) Australian Chamber of Commerce and Industry, and Australian Industry Group ] 

Three additional submissions regarding nitrogen dioxide did not provide a preferred option[footnoteRef:238].  [238:  Submissions from Anonymous (permission not granted for publication), Australian Constructors Association and Minerals Council of Australia] 

Alternative WELs suggested by stakeholders
Some stakeholders put forward alternative exposure limits in their submissions for nitrogen dioxide. These were considered against the criteria contained within the WES review methodology agreed by WHS ministers. 

Two submissions[footnoteRef:239] suggested the following alternative WEL: [239:  Submissions from Anonymous and Minerals Council of Australia] 

· a TWA of 0.5 ppm and STEL of 1 ppm, with only one submission highlighting that the alternative WEL was recommended in 2014 by the European Union’s Scientific Committee on the Occupational Exposure Limits (SCOEL):
· The 2014 recommendation by SCOEL was previously considered as part of the WES review for nitrogen dioxide. No additional health evidence in either submission was provided to support reconsideration of this recommendation. 
· The submission also noted that alternative STEL was supported by United States’ National Institute for Occupational Safety and Health (NIOSH) and Occupational Safety and Health Administration (OSHA). 
· OSHA did not meet the criteria to be either a primary or secondary source for the WES review that was agreed by WHS ministers.
· While NIOSH did meet the criteria to be a secondary source of the WES review, the independent expert found that there was sufficient data from the primary sources to form a basis of decision-making for recommending the proposed WEL and that secondary sources did not need to be relied upon as there was no significant data gaps or uncertainty arising from the evaluations conducted by primary sources. 
Considerations in relation to the proposed WEL for nitrogen dioxide
Stakeholders were asked about challenges they expect their industry, business or PCBU would encounter if the proposed WEL for nitrogen dioxide was implemented. Measurability, current vehicles used in underground mines, interactions with other airborne contaminants, impacts on international competitiveness were raised as key challenges associated with the proposed WEL for nitrogen. 
Measurability concerns
Most submissions from industry stakeholders suggested that the proposed WEL for nitrogen dioxide would not be measurable[footnoteRef:240]. However, this view does not align with the advice in the evaluation report for nitrogen dioxide that specifies the proposed WEL for nitrogen dioxide is quantifiable through available sampling and analysis techniques (Safe Work Australia, 2020).  [240:  Submissions from Australian Constructors Association, and Australian Chamber of Commerce and Industry] 

It also does not align with the advice from one mining stakeholder who indicated that the proposed WEL is measurable [note this stakeholder’s submission recommended an alternative WEL for consideration]. This submission referenced the European Commissions’ Scientific Committee of Occupational Exposure Limits’ (SCOEL) recommendation for occupational exposure limits for nitrogen dioxide, which stated “chemiluminescence measurements are considered to represent the ‘gold standard’ of NO/NO2 analysis, with the lowest quantified limit of detection of 0.002 ppm” (Directorate-General for Employment, Social Affairs and Inclusion (Euorpean Commission), 2014). The submission also referenced guidance from the European Commission that stated, “Measurement techniques should be able to assess exposure at: 0.1 times the OEL for 8-hour TWA.” (Directorate-General for Employment, Social Affairs and Inclusion (European Commission), 2018)[footnoteRef:241].    [241:  Minerals Council of Australia] 

The same submission also stated that common hand-held detection equipment for nitrogen dioxide can measure from 0 ppm, with 0.1 ppm resolution[footnoteRef:242].  [242:  Minerals Council of Australia] 

Multiple methods[footnoteRef:243] have been identified to measure nitrogen dioxide with sufficient sensitivity and certainty to determine compliance at the proposed WEL, with commercially available methods in Australia (based on Safe Work Australia analysis). [243:  NIOSH 6014, NIOSH 6700, OSHA ID 182] 

Sampling related contributions to uncertainty (e.g. sampling equipment limitations) may remain a limitation on measurability in some situations, but these issues are not unique to nitrogen dioxide. To support the wider transition to the WEL, Safe Work Australia is preparing technical guidance to provide advice on measurement issues, including sampling.  
Impacts on current vehicles used in underground mines
As noted above, submissions from the mining industry acknowledged the proposed WEL for nitrogen dioxide will promote the industry to move away from current combustion engines and towards electrifying its fleet of vehicles[footnoteRef:244]. However, some submissions noted that as the technology is not yet mature for that transition to occur, this would pose a problem in managing exposures to nitrogen dioxide to be below the proposed WEL[footnoteRef:245].  [244:  Submissions from Anonymous (permission not granted for publication) and The Chamber of Minerals and Energy of Western Australia]  [245:  The Chamber of Minerals and Energy of Western Australia] 

One submission claimed the proposed change may entail shutting down underground mines and requiring a redesign of ventilation systems to comply with the proposed limit[footnoteRef:246]. Another submission raised that if the proposed limits are not complied with after maximising ventilation, then they would need to consider limiting operations[footnoteRef:247]. However, from the information provided, it was unclear whether these submissions have also considered other controls that could help minimise exposures to nitrogen dioxide whilst any required redesign works are undertaken and post-implementation of these controls.  [246:  Australian Industry Group]  [247:  The Chamber of Minerals and Energy of Western Australia] 

Another submission mentioned that electrification or the move towards battery powered engines and vehicles may be costly, considering the need to also control explosions and fire protection, particularly in a coal mining setting[footnoteRef:248].  [248:  Anonymous (permission not granted for publication)] 

Interactions with other airborne contaminants
Another submission from the mining industry raised how reducing the WEL for nitrogen dioxide would be a challenge in terms of controlling exposures to diesel particulate matter (DPM)[footnoteRef:249]. A new WEL was agreed to by WHS ministers as part of the WEL list, and will be introduced for DPM from 1 December 2026 following implementation into jurisdictional WHS laws.  [249:  Minerals Council of Australia] 

The submission suggests nitrous oxides, such as nitrogen dioxide, is likely to increase as DPM is reduced through diesel particulate filtration processes. The submission suggested the only way to reduce both DPM and nitrous oxides together is through electrification of vehicles and other combustion engines in the mining worksite, which was raised as a potential benefit and challenge for the mining industry. 
Impacts on international competitiveness
Stakeholders from the mining industry suggested implementation of the proposed WEL for nitrogen dioxide would also impact the competitiveness of mining companies with underground mines on a global scale and result in a loss of revenue for Australian natural resources[footnoteRef:250]. However, exact details on how and the extent of the impact was not provided in the submissions to support these claims.  [250:  Australian Industry Group] 

[bookmark: _Toc196204814]Transitional arrangements suggested by stakeholders
A small number of stakeholders suggested a transition period would assist industry to comply with the proposed WEL if they were to be implemented. Two stakeholders suggested the following as potential lengths for a transition period: 
· 6 months[footnoteRef:251], and   [251:  Anonymous (permission not granted for publication)] 

· one year[footnoteRef:252].  [252:  Robyn Schofield] 

As mentioned in Section 7.3 of this Decision RIS, it is proposed that the new WEL for nitrogen dioxide should come into effect on 1 December 2026. This would align with the commencement of the new WEL list and ensure the transition to the health-based exposure limits for all chemicals occurs at the same time.
[bookmark: _Toc196204815][bookmark: _Ref198724451][bookmark: _Toc219216916]Likely net benefit and recommended option for nitrogen dioxide
Net benefit
Table 33 presents the quantified gross benefit for the proposed WEL for nitrogen dioxide. Benefits for the proposed WEL for nitrogen dioxide could not be estimated due to a lack of health burden data and workers compensation claims to derive quantified heath and financial benefits, respectively. However, a lack of quantified benefits does not mean that the introduction of the proposed WEL will not result in health or financial benefits. 
For the purposes of determining a quantified gross benefit, only the quantified costs (Table 31) were used to estimate a net gross benefit of -$2.7 billion over 10 years for the proposed WEL for nitrogen dioxide. 
Sensitivity analysis indicates the quantified gross benefit can range between -$1.7 billion (under the low scenario outlined in Appendix D) and -$4.4 billion (under the high scenario outlined in Appendix D) over 10 years for the proposed WEL for nitrogen dioxide. 
For the proposed WEL for nitrogen dioxide to deliver a net benefit in economic terms, the non-quantified and qualitative benefits outlined in Sections 5 and 15.1 of this Decision RIS would need to meet or exceed a quantified net cost of $2.7 billion. 
This quantified gross cost is likely to be smaller than what is estimated in Table 33. The data limitations, particularly the likely under-reporting in workers’ compensations data discussed throughout this Decision RIS, are also relevant. Actual benefits are therefore under-estimated; and will continue to be realised even after the 10-year appraisal period of this analysis. In considering the quantified gross benefit, together with the non-quantified and qualitative benefit, Option 2 presents a likely net benefit. 
[bookmark: _Ref216768545]Table 33 - Quantified gross benefit ($, millions, discounted) for the proposed WEL for nitrogen dioxide, FY27 to FY36
	Quantified benefits
	Quantified costs
	Quantified gross benefit**

	ND*
	2,703
	-2,703 


  ND = Not determined due to insufficient data
  * Benefits exist but were unable to be quantified. This should not be read as an absence of benefits. 
  ** The quantified gross benefits should be read in conjunction with the non-quantifiable benefits set out in Section 5.2 and    15.1.
Recommended option
	[bookmark: _Toc196204816]It is recommended WHS ministers agree to the health-based recommendation for the WEL for nitrogen dioxide (Option 2): TWA of 0.2 ppm (0.38 mg/m3) and removal of the current STEL. This recommendation is based on the following considerations:
· that the proposed WEL for nitrogen dioxide aligns with the object of the model WHS Act is to protect workers and others from harm to their health, safety and welfare through the elimination or minimisation of risks or PCBUs’,
· the scientific evidence that indicates the proposed health-based exposure limit is protective of workers,
· that some stakeholder views and comments on the proposed WEL were in agreement that the WEL for nitrogen dioxide should be protective of workers, in line with the objectives of the model WHS Act, and
· the net benefit expected for the proposed change, in particular the protection of workers from developing lower respiratory tract irritation and tissue damage.
It is also recommended WHS ministers agree a transition period for nitrogen dioxide aligned to the 1 December 2026 implementation date for the Workplace exposure limits for airborne contaminants.   



[bookmark: _Toc179376607][bookmark: _Toc181003134][bookmark: _Toc193192693][bookmark: _Toc196204817][bookmark: _Hlk179470214][bookmark: _Toc219216917] Detailed impact assessment for respirable crystalline silica
	[bookmark: _Toc193192694][bookmark: _Toc196204818]Policy options for respirable crystalline silica
Option 1 is to retain the current TWA of 0.05 mg/m3. 
Option 2 is to change to the proposed TWA of 0.025 mg/m3 – recommended.



This analysis separates the incremental costs and benefits for respirable crystalline silica (RCS) in the mining industry from the other industries. This reflects that there is a large difference in the magnitude of the average impacts on businesses in the mining industry compared with other industries for RCS. This is not an indication that separate WELs would be applied to the mining industry and all other industries. 
[bookmark: _Toc196204819][bookmark: _Toc219216918]Benefits of the proposed WEL for respirable crystalline silica
It should be noted that the estimated benefits attributed to the proposed WEL for RCS do not directly account for the 2019 WES changes. This is because the benefits are based on the data for occupational diseases linked to workplace exposure to RCS. Given the long latency period of many RCS-related diseases (at times exceeding 10 years), any impact from the 2019 WES changes for RCS may not yet be observable in the data, as the data used for estimating the benefits spans between 2017 and 2021. As a result, the estimated benefits may reflect the effect of reducing the WEL from a TWA of 0.1 mg/m3 to 0.025 mg/m3, rather than the most recent reduction from 0.05 mg/m3 to 0.025 mg/m3. There was no evidence available to enable apportioning of the estimated benefits between the proposed WEL and the 2019 WES change.  The estimated benefits also do not take into account the recent ban on engineered stone benchtops, slabs and panels and strengthened regulations relating to respirable crystalline silica.
[bookmark: _Toc195079720][bookmark: _Toc196204820]Health benefits of the proposed WELs for respirable crystalline silica
The proposed TWA of 0.025 mg/m3 for RCS is intended to protect workers and others in the workplace from the risk of fibrosis, silicosis and lung cancer. The proposed WEL is likely to benefit the estimated 1.7 million workers who are at risk of exposure to RCS each year. 
Data sources in the evaluation report identified radiographic changes in the lungs associated with exposures at or just below the current TWA of 0.05 mg/m3 for RCS. This means the current WES for RCS still exposes workers to the risk of developing radiographic changes in the lungs that are indicative of fibrosis, silicosis and lung cancer. 
The evaluation report for RCS recommends a TWA of 0.02 mg/m3, however notes that a TWA of 0.025 mg/m3 is also protective of workers from the same adverse health effects. Members agreed to recommend reducing the TWA for RCS from 0.05 mg/m3 to 0.025 mg/m3. 
The proposed TWA of 0.025 mg/m3 for RCS was determined in accordance with the health-based methodology agreed by WHS ministers (and which relied on the scientific evidence available at the time of the review from trusted international and national sources).  
The evaluation for RCS[footnoteRef:253] employed a weight of evidence approach, considering information from multiple agreed primary sources supported by information from agreed secondary sources (Safe Work Australia, 2018). [253:  The evaluation report for RCS can be accessed here.] 

International precedent
This proposed TWA of 0.025 mg/m3 is consistent with that recommended by the American Conference of Governmental Industrial Hygienists (ACGIH) (American Conference of Governmental Industrial Hygiensts, n.d.). 
The ACGIH was selected as a primary source as they have international credibility, develop standards through consensus that are health-based and based on evaluation of appropriate data, and their documentation of evaluations is accessible and robust (Safe Work Australia, 2018).
ACGIH’s recommendations are intended for use by occupational hygienists to assist in the control of health hazards and are not set as legal exposure limits (ACGIH, 1988). 
The proposed WEL is legislated for RCS in the British Columbia and Alberta provinces of Canada (WorkSafe BC, 2006; Government of Alberta, 2025) and is also recommended by WorkSafe New Zealand (Institute for Occupational Safety and Health of the German Social Accident Insurance, n.d.). 
Quantifiable health benefits for the proposed WEL for RCS
Minimising the incidence of work-related disease attributable to work-related exposure to RCS is estimated to deliver a combined $12.2 billion over 10-years in quantifiable health benefits. This includes:
· $9.7 billion in health benefits for all industries (excluding mining), as shown in Table 34, and 
· $2.4 billion in health benefits for the mining industry[footnoteRef:254], as shown in Table 35.  [254:  Benefits have been attributed to the mining industry on a pro-rata basis, based on the relative share of workers affected by the proposed WEL for RCS. The mining industry comprises approximately 19 per cent of affected workers, and therefore, 19 per cent of total RCS benefits have been attributed to the mining industry.] 

This reflects the notable current burden of disease of lung cancer and other respiratory diseases attributable to occupational exposure to RCS, which is estimated to be 5,986 disability-adjusted life years (DALYs) in 2027 for all industries (excl. mining) and 1,562 DALYs in 2027 for the mining industry, based on the IHME GDB Study. 
It is expected that these quantifiable health benefits will continue beyond the 10-year period that this estimation is based on. Health benefits that arise beyond the 10-year period have not been quantified and are not included the figures below.


[bookmark: _Ref216769628]Table 34 - Estimated average annual and total quantified health benefits of the proposed WEL for RCS (all industries, excl. mining), FY27 to FY36
	Health benefits
	Average benefits p.a. ($ millions, undiscounted)
	Total benefits ($ millions, discounted)

	Fatal burden benefits
	1,580.2
	9,586.2

	Non-fatal burden benefits
	26.3
	160.3

	Total
	1,606.6
	9,746.5



[bookmark: _Ref216769663]Table 35 - Estimated average annual and total quantified health benefits of the proposed WEL for RCS (mining only), FY27 to FY36
	Health benefits
	Average benefits p.a. ($ millions, undiscounted)
	Total benefits ($ millions, discounted)

	Fatal burden benefits
	384.6
	2,352.5

	Non-fatal burden benefits
	6.4
	39.4

	Total
	391.0
	2,391.9


[bookmark: _Toc196204821]Adverse health effects associated with RCS
The WES review methodology states that protecting workers from the critical health effect for RCS can also protect workers from other adverse health effects (Safe Work Australia, 2018). Additional adverse health effects that the proposed WEL for RCS can protect workers from include: 
· chronic obstructive pulmonary disease (COPD; a group of progressive lung conditions including emphysema, chronic bronchitis and chronic asthma) (Occupational Safety and Health Adminstration, n.d.; Lung Foundation Australia, n.d.), 
· chronic kidney disease, 
· autoimmune diseases like scleroderma (a disease of the connective tissue of the body resulting in the formation of scar tissue in the skin, joints and other organs of the body) and systemic lupus erythematosus,
· activation of latent tuberculosis, and 
· eye irritation and eye damage (Safe Work Australia, 2024). 
Financial benefits to the proposed WEL for RCS
Quantifiable financial benefits for the proposed WEL for RCS
In addition to the health benefits, the proposed WEL for RCS is also estimated to deliver direct and indirect financial benefits for businesses. Further discussion on these benefits can be found below Table 37. These were estimated to be a combined $496 million over 10 years. More specifically:
· $309 million for direct financial benefits and $89 million for indirect benefits for all industries excluding mining, as shown in Table 36, and 
· $76 million for direct financial benefits and $22 million for indirect benefits for the mining industry, as shown in Table 37.
The direct financial benefits were based on the 400 workers’ compensation claims attributed to RCS between 2017 and 2021, with an average cost of $489,000 per claim. 
The indirect financial benefit is based on a number of factors, including the change of number of workers’ compensation claims and the average time lost (working weeks) per workers’ compensation claim. Based on the data available, the maximum change possible in workers’ compensation claim is 400 (i.e., a total reduction in all claims attributed to RCS) and the average number of weeks off work per claim is 68.5. 
However, it is important to note the scale of occupational illness attributable to workplace exposure to RCS is likely to be under-represented in workers’ compensation claim data, due to difficulties in proving causation, the long latency period between occupational exposure and the illness (especially if it develops after the worker has stopped working at the workplace), or an affected worker may seeking compensation is necessary, for example thinking they are ineligible or not being aware they are covered. Further limitations of the estimation of financial benefits are discussed in Table 66 of Appendix C of this Decision RIS.
The latency period of the occupational diseases and illnesses caused by work-related exposures to RCS can at times exceed 10 years (Occupational Safety and Health Adminstration, n.d.). It is likely that a number of cases of fibrosis, silicosis and lung cancer caused by work-related exposures to RCS may not yet be observed in the 2017-2021 workers’ compensation data.
Noting the potential of under-representation in workers’ compensation data, it is likely that a reduction in the proposed WEL for RCS would result in protecting a greater number of workers from developing silicosis and other adverse health effects from work-related exposures to RCS. For the purposes of this Decision RIS, an uplift factor of 50% was assumed to account for this under-representation of occupational disease caused by exposure to RCS. However, it is unclear as whether this is an accurate reflection of the under-representation. Thus, the actual financial benefits of the proposed WEL may be different to what has been estimated in Table 36 and Table 37. 
It is also expected that these quantifiable financial benefits will continue beyond the 10-year period that this estimation is based on.  Financial benefits that arise beyond the 10-year period have not been quantified and are not included the figures below.
[bookmark: _Ref216769728]Table 36 - Estimated average annual and total financial benefits of the proposed WEL for RCS (all industries excl. mining), FY27 to FY36
	[bookmark: _Hlk194925745]Financial benefits
	Average benefits p.a. ($ millions, undiscounted)
	Total benefits ($ millions, discounted)

	Direct benefits
	50.5
	309.1

	Direct compensation benefits
	33.3
	203.7

	Common law compensation benefits
	12.7
	77.8

	Medical compensation benefits
	1.1
	7.0

	Supplementary compensation benefits
	3.4
	20.6

	Indirect benefits
	14.6
	89.3

	Productivity benefits
	14.6
	89.3

	Total financial benefits
	65.1
	398.4


[bookmark: _Ref216769749]Table 37 - Estimated average annual and total financial benefits of the proposed WEL for RCS (mining only), FY27 to FY36
	Financial benefits
	Average benefits p.a. ($ millions, undiscounted)
	Total benefits ($ millions, discounted)

	Direct benefits
	12.3
	76.0

	Direct compensation benefits
	8.1
	50.1

	Common law compensation benefits
	3.1
	19.1

	Medical compensation benefits
	0.3
	1.7

	Supplementary compensation benefits
	0.8
	5.1

	Indirect benefits
	3.6
	22.0

	Productivity benefits
	3.6
	22.0

	Total financial benefits
	15.9
	98.0


Reduced costs associated with potential worker compensation claims[footnoteRef:255] [255:  Submissions from Anonymous (permission not granted for publication) and Master Electricians Australia] 

Workers who develop an occupational disease or illness because of exposures to RCS are able to seek workers’ compensation if the occupational disease or illness can be linked to the workplace. Workers’ compensation will help workers focus on getting better and access rehabilitation services, without worrying about associated costs. 
RCS is listed on Safe Work Australia’s List of Deemed Diseases as a cause for lung cancer and silicosis (Safe Work Australia, 2024). Deemed diseases are conditions that are highly likely to be caused by work, based on scientific evidence. For workers’ compensation purposes, a worker with a relevant work-related exposure is assumed to have developed a deemed disease from their work, unless there is strong evidence to the contrary.
A reduction in workers developing fibrosis, silicosis and lung cancer from work-related exposures to RCS can help businesses directly avoid the cost of potential worker compensation claims through increased premiums.
Increased productivity
The indirect benefit of increased productivity from a reduction in absenteeism and presenteeism amongst the workforce who are exposed to RCS was also raised by stakeholders in the 2024 public consultation[footnoteRef:256]. The proposed WEL is expected to reduce the number of workers developing adverse health effects like fibrosis, silicosis and lung cancer, resulting in less workers needing to take time off to seek medical care or treatment. [256:  Master Electricians Australia] 

A Canadian study found that of 650 patients with fibrotic interstitial lung diseases, only 148 were employed. In this cohort, 55 per cent experienced an average productivity loss of approximately 7.8 hours per week, with 2.3 hours per week due to absenteeism and 5.5 hours per week due to presenteeism. In 2017, this equated to an annual $11,610 (Canadian dollars) loss in productivity per employed patient (Algamdi, et al., 2019).
Non-quantifiable financial benefits of the proposed WEL for RCS
Additional financial benefits of the proposed WEL for RCS, such as the reduced impacts on support networks for individuals experiencing occupational disease, were not able to be quantified in this analysis due to a lack of data. However, this does not indicate an absence of these financial benefits. As such, the actual benefits of the proposed WEL for RCS is likely to be greater than those estimated in Table 34 to Table 37 when these non-quantifiable financial benefits are considered. It is also expected that these non-quantifiable financial benefits would be realised beyond the 10-year period that this analysis is based on. 
Reduction of cost to governments[footnoteRef:257] [257:  Submissions from Anonymous (permission not granted for publication) and Cancer Council Australia] 

The Australian Institute of Health and Welfare reported the Australian health system spent $1.87 billion for lung cancer and $809,000 for silicosis in 2023–24 (Australian Institute of Health and Welfare, 2025). In addition, $2.96 billion was spent on chronic kidney disease and $1.75 billion was spent on COPD in the Australian health system in the same financial year (Australian Institute of Health and Welfare, 2025). 
Any reduction in work-related RCS exposure could potentially contribute towards a reduction in workers developing silicosis, lung cancer, COPD and chronic kidney diseases, thus reducing the number of workers seeking treatment or care for these adverse health effects, reducing cost to healthcare system and the government. 
The AIHW’s Burden of Disease Study, 2024 indicates that 5.4% of lung cancer and 100% of silicosis total burden was attributed to occupational exposure and hazards (Australian Insitute of Health and Welfare, 2024). Reducing lung cancer and silicosis caused by occupational exposure by implementing the proposed WEL for RCS to help reduce workers from developing lung cancer and silicosis, is estimated to contribute up to $102 million in savings to the health system and government per year.
[bookmark: _Toc196204822]Additional benefits to the proposed WEL for RCS
Stakeholders also identified that the proposed WEL for RCS would have the following qualitative benefits. When considering these qualitative benefits, the actual benefits of the proposed WEL for RCS will be greater than what was able to be quantified in this Decision RIS (Table 34 to Table 37).
Reduction in occupational hygiene costs
A stakeholder raised the proposed WEL for RCS could lead to a reduction in costs for occupational hygiene services[footnoteRef:258]. According to this stakeholder, each worker who develops silicosis is required to have a health management plan developed by an occupational hygienist and medical professionals. A usual action out of the health management plan is for the PCBU to undertake additional and frequent air monitoring to ensure the affected worker is not further exposed to RCS (even at lower levels). The stakeholder indicates that less workers with silicosis means less cost associated with this activity.  [258:  Anonymous (permission not granted for publication)] 

Raises awareness about RCS and the hazards associated with it[footnoteRef:259] [259:  Master Electricians Australia] 

Stakeholder feedback noted that the proposed WEL for RCS would also lead to PCBUs and workers becoming more aware of the presence of RCS in their workplace and occupational diseases and illnesses like fibrosis, silicosis and lung cancer that can be caused by work-related exposures to RCS. This would allow PCBUs and workers to actively contribute to making sure the workplace is safer and healthier, especially in sectors which have high exposures to RCS. 
By raising awareness of the presence of hazards in the workplace and the risks associated with them, workers have also been shown to make better and informed choices that allows them to take reasonable care for their own health and safety in the workplace, such as wearing PPE whilst working. 
Healthier future workforce
A submission from the university sector suggested that if exposure to RCS is reduced to the proposed levels, future employers would benefit from having a healthier workforce when they hire students who are not “compromised” from exposures to RCS[footnoteRef:260].  [260:  Anonymous (permission not granted for publication)] 

[bookmark: _Toc196204823][bookmark: _Toc219216919]Costs of the proposed WEL for respirable crystalline silica
Costs to comply with the proposed WEL for RCS were estimated and are outlined below. These are indicative estimates only.
This analysis separates the incremental costs for respirable crystalline silica (RCS) in the mining industry from the other industries. This reflects that there is a large difference in the magnitude of the average impacts on businesses in the mining industry compared with other industries for RCS.
[bookmark: _Toc181003135][bookmark: _Toc193192695][bookmark: _Toc196204824]Costs of the proposed WEL for respirable crystalline silica (excluding mining)
Table 38 Based on stakeholder feedback, it is likely that the control measure costs above will be incurred by businesses in the initial years following implementation of the proposed WEL, if it is agreed to. However, no data was provided on the estimated distribution of costs over the 10-year appraisal period, and so it was assumed that these costs would be evenly distributed over the period. 
Obligations around management practice costs make these costs more likely to be evenly distributed throughout the appraisal period. presents the estimated total costs to all industries, excluding mining, to comply with the proposed WEL for respirable crystalline silica (RCS) over the 10-year appraisal period (from FY27 to FY36). 
The estimates represent the incremental costs between retaining the current WES (Option 1) and changing to the proposed WEL (Option 2). Any costs to businesses to comply with the current WES are not considered due to PCBUs’ ongoing WHS duty to eliminate or minimise risks, so far is as reasonably practicable (Section 17 of the model WHS Act). 
The analysis estimates that:
· [bookmark: _Toc193192697][bookmark: _Toc196204825]The estimated total cost to all industries excluding mining over 10 years is $3.45 billion (in real, discounted terms), which equates to $571 million per year (in real, undiscounted terms). 
· [bookmark: _Toc193192698][bookmark: _Toc196204826]These estimated total costs comprise: 
· [bookmark: _Toc193192699][bookmark: _Toc196204827]control measure costs of $2.9 billion over 10 years, comprising isolation controls ($740 million), engineering controls ($694 million), administrative controls ($1.0 billion) and PPE ($477 million).
· [bookmark: _Toc193192700][bookmark: _Toc196204828]management practice costs of $502 million over 10 years, comprising air monitoring ($122 million) and occupational hygiene ($285 million) and health monitoring ($95 million).
[bookmark: _Ref199927542]Based on stakeholder feedback, it is likely that the control measure costs above will be incurred by businesses in the initial years following implementation of the proposed WEL, if it is agreed to. However, no data was provided on the estimated distribution of costs over the 10-year appraisal period, and so it was assumed that these costs would be evenly distributed over the period. 
Obligations around management practice costs make these costs more likely to be evenly distributed throughout the appraisal period. 
[bookmark: _Ref216770865]Table 38 - Estimated average annual and total incremental costs to all industries (excl. mining) affected by the proposed WEL for RCS, FY27 to FY36
	Cost category
	Average costs p.a. ($ millions, undiscounted)
	Total costs ($ millions, discounted)

	Control measure costs
	488.2
	2,946.0

	Isolation control costs
	122.2
	739.7

	Engineering control costs
	114.5
	693.9

	Administrative control costs
	172.0
	1,035.8

	Personal protective equipment costs
	79.5
	476.6

	Management practice costs
	83.1
	501.7

	Air monitoring costs
	20.2
	122

	Occupational hygiene costs
	47.2
	284.5

	Health monitoring costs
	15.7
	95.2

	Total costs
	571.2
	3,447.7


This regulatory impact analysis has also estimated the average annual and total costs to businesses (excluding those from the mining industry) under low and high-cost scenarios, where:
· [bookmark: _Toc193192701][bookmark: _Toc196204829]Under the low-cost scenario, the average annual cost is $428 million (undiscounted) and the total cost is $2.6 billion (discounted).
· [bookmark: _Toc193192702][bookmark: _Toc196204830]Under the high-cost scenario, the average annual cost is $714 billion (undiscounted) and the total cost is $4.3 billion (discounted). 
Table 39 presents the estimated average annual incremental costs per affected business by business size category for the proposed WEL for RCS, excluding those from the mining industry. The results do not factor in costs specific to a singular business or industry that are not expected for other businesses or industries. An average annual incremental cost is also assumed in the absence of information to indicate the true distribution of costs across the 10-year appraisal period. These affected businesses come from the following industries:
· manufacturing,
· [bookmark: _Toc196204832]electricity, gas, water and waste services, and
· construction
The results indicate that:
· [bookmark: _Toc193192703][bookmark: _Toc196204837]There are an estimated 240,250 affected businesses, comprising 232,599 small businesses, 7,243 medium businesses and 408 large businesses.
· [bookmark: _Toc193192704][bookmark: _Toc196204838]The estimated average annual cost is $1,600 for small businesses, followed by $9,500 for medium businesses and $299,300 for large businesses.
[bookmark: _Ref216770927]Table 39 - Estimated average annual incremental cost per affected business by business size ($, undiscounted) and affected businesses for RCS, excluding mining businesses, FY27 to FY36
	Measure
	Small businesses
	Medium businesses
	Large businesses

	Number of affected businesses p.a.
	232,599
	7,243
	408

	Av. cost per business p.a.
	1,600
	9,500
	299,300


[bookmark: _Toc196204839]Costs of the proposed WEL for respirable crystalline silica for the mining industry 
Costs of the proposed WEL for RCS for the mining industry has been considered separately, as the estimated costs for mining businesses are significantly higher than other businesses (Table 38). 
Table 40 presents the estimated total costs to the mining industry (across all business sizes) to comply with the proposed WEL for respirable crystalline silica (RCS) over the 10-year appraisal period (from FY27 to FY36). 
The estimates represent the incremental costs between retaining the current WES (Option 1) and changing to the proposed WEL (Option 2). Any costs to businesses to comply with the current WES are not considered due to PCBUs’ ongoing WHS duty to eliminate or minimise risks, so far is as reasonably practicable (Section 17 of the model WHS Act).
The analysis illustrates that for medium and large mining businesses:
· [bookmark: _Toc196204840]The estimated total cost to affected businesses over 10 years is $18.5 billion (in real, discounted terms), which equates to $3.0 billion per year (in real, undiscounted terms). 
· [bookmark: _Toc196204841]These estimated total costs comprise of: 
· [bookmark: _Toc196204842]$15.4 billion for engineering controls (including conveyor guards, transfer curtain, stockpile covers, water dust suppression, machine cab filtration, and HEPA vacuums and filters).
· [bookmark: _Toc196204843]$2.5 billion for health monitoring controls (including annual medical assessments, medical x-rays and lung cancer screenings, ongoing health monitoring)
· [bookmark: _Toc196204844]$329 million for PPE (including PAPR, P2-P3 respirators and replacement filters).
· [bookmark: _Toc196204845]$102 million for administrative controls (respiratory protective equipment (RPE) fit testing and staff training).
· [bookmark: _Toc196204846]$84 million for air monitoring undertaken by external consultants.
Standardised costs have been estimated for small mining businesses (which includes extractive resources businesses), given the industry-specific costs provided related to medium and large businesses[footnoteRef:261]. The costs estimated for these businesses is $27.9 million (in real, discounted terms), which equates to $4.5 million per year (in real, undiscounted terms). These estimated total costs comprise: [261:  This analysis applies the standardised costs for small businesses affected by RCS, given limited industry-specific reliable cost data was provided for small mining businesses. Industry-specific costs apply only to medium and large businesses, while standardised costs apply only to small businesses. The average costs per business size will reflect these different sources of data.] 

· [bookmark: _Toc196204847]control measure costs of $24.9 million over 10 years, comprising isolation controls ($4.1 million), engineering controls ($3.3 million), administrative controls ($11.7 million) and PPE ($5.8 million).
· [bookmark: _Toc196204848]management practice costs of $ 3.0 million, comprising air monitoring ($0.5 million), occupational hygiene ($2.5 million).
[bookmark: _Ref199927615]Based on stakeholder feedback, it is likely that the control measure costs above will be incurred by businesses in the initial years following implementation of the proposed WEL, if it is agreed to. However, no data was provided on the estimated distribution of costs over the 10-year appraisal period, and so it was assumed that these costs would be evenly distributed over the period. 
Obligations around management practice costs make these costs more likely to be evenly distributed throughout the appraisal period. 
[bookmark: _Ref216770982]Table 40 - Estimated average annual and total incremental costs to mining businesses (all business sizes) affected by the proposed WEL for RCS, FY27 to FY36
	Cost category
	Average costs p.a. ($ millions, undiscounted)
	Total costs ($ millions, discounted)

	Control measure costs
	2,588.6
	15,904.4

	Isolation control costs
	0.7
	4.1

	Engineering control costs
	2,515.0
	15,452.4

	Administrative control costs
	18.5
	113.4

	Personal protective equipment costs
	54.4
	334.4

	Management practice costs
	419.6
	2,578.2

	Air monitoring costs
	13.8
	84.6

	Occupational hygiene costs
	0.4
	2.5

	Health monitoring costs
	405.4
	2,491.1

	Total costs
	3,008.2
	18,482.5


This regulatory impact analysis has also estimated the average annual and total costs to mining businesses under low and high cost scenarios, where:
· [bookmark: _Toc196204849]Under the low cost scenario, the average annual cost is $2.3 billion (undiscounted) and the total cost is $13.9 billion (discounted).
· [bookmark: _Toc196204850]Under the high cost scenario, the average annual cost is $3.8 billion (undiscounted) and the total cost is $23.1 billion (discounted). 
Table 41 presents the estimated average annual incremental costs per affected mining business by business size category for the proposed WEL for RCS. The results do not factor in costs specific to a singular business that are not expected for other businesses.
The results indicate that:
· [bookmark: _Toc196204851]There are an estimated 3,388 affected mining businesses[footnoteRef:262], comprising 2,779 small businesses, 405 medium businesses and 204 large businesses. [262:  The estimated number of future RCS businesses assumes that recently regulatory changes for silica-containing products will not impact the number of businesses where workers are exposed to RCS.] 

· [bookmark: _Toc196204852]The estimated average annual cost is $1,600 for small mining businesses262, followed by $2.7 million for medium mining businesses and $9.4 million for large mining businesses.
[bookmark: _Ref216771023]Table 41 - Estimated average annual incremental cost per affected mining business by business size ($, undiscounted) and affected mining businesses for respirable crystalline silica, FY27 to FY36
	Measure
	Small businesses
	Medium businesses
	Large businesses

	Number of affected businesses p.a.
	2,779
	405
	204

	Av. cost per business p.a.
	[bookmark: _Ref194930780]1,600[footnoteRef:263] [263:  This analysis applies the standardised costs for small businesses affected by RCS, given no industry-specific cost data was provided for small mining businesses.] 

	2,675,800
	9,412,700


[bookmark: _Toc196204853][bookmark: _Toc219216920]Stakeholder views on the proposed WEL for respirable crystalline silica
As part of the public consultation process, 44 submissions were received that addressed the proposed WEL for RCS. 
Approximately a third of submissions (16 out of 44) supported the proposed health-based TWA of 0.025 mg/m3 (Option 2). 
These submissions came from individuals (including workers), industry bodies, unions, peak health bodies and academics. Stakeholders who supported Option 2 noted their support is based on: 
· [bookmark: _Toc196204862]the health impacts of RCS justifying the proposed exposure limits with current scientific literature demonstrating the current WES of 0.05 mg/m3 is not protective of adverse health effects[footnoteRef:264], [264:  Submissions from Anonymous (permission not granted for publication), Queensland Nurses and Midwives’ Union, Anonymous (permission not granted for publication), Master Electricians Australia, Maurice Blackburn Lawyers, Anonymous, Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Cancer Council Australia, Australian Council of Trade Unions, and Victorian Trades Hall Council] 

· [bookmark: _Toc196204863]RCS being a known carcinogen, classified as a Group 1 carcinogen (carcinogenic to humans) by the International Agency for Research on Cancer[footnoteRef:265],  [265:  Submissions from Anonymous, Anonymous (permission not granted for publication) and Cancer Council Australia] 

· [bookmark: _Toc196204864]the proposed WEL representing international best practice[footnoteRef:266], [266:  Robyn Schofield] 

· [bookmark: _Toc196204865]current levels of RCS not being taken seriously or understood[footnoteRef:267], and [267:  Submissions by Anonymous (permission not granted for publication) and Anonymous (permission not granted for publication)] 

· [bookmark: _Toc196204866]the new crystalline silica regulation 529CA in the model WHS Regulations effectively introducing a new WEL of 0.025 mg/m3 that PCBUs must have regard to when producing RCS[footnoteRef:268]. [268:  Anonymous (permission not granted for publication)] 

· [bookmark: _Toc196204867]Model WHS regulation 529CA requires PCBUs to consider their processing of a crystalline silica substance is high risk if the airborne concentration of RCS at the workplace is reasonably likely to exceed half of the current WES. 
· [bookmark: _Toc196204868]If processing of a crystalline silica substance is high risk, then the PCBU is required to take further action on PCBUs to minimise the risk of exposure to RCS. 
Twenty five out of 44 submissions supported retaining the current TWA of 0.05 mg/m3 for RCS (Option 1). 
These submissions came from individuals, PCBUs, industry bodies, and a WHS regulator. Stakeholders who supported Option 1 noted their support is based on:
· no toxicological analysis or health burden data to justify a lower WEL for RCS in the consultation report[footnoteRef:269],  [269:  Submissions from Anonymous (permission not granted for publication), Accord Australasia, Housing Industry Association, Australian Chamber of Commerce and Industry, The Chamber of Minerals and Energy of Western Australia, and Australian Industry Group] 

· the position paper on RCS published by the Australian Institute of Occupational Hygienist (2024) does not recommend a reduction to the WES for RCS[footnoteRef:270],  [270:  Anonymous (permission not granted for publication)] 

· health burden data, monitoring data and workers’ compensation claims suggesting the risk of silicosis has decreased over time with current controls in certain industries, particularly when excluding workers' compensation claims from the manufacturing stone industry[footnoteRef:271], [271:  Submissions from Anonymous (permission not granted for publication), Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia), and Construction Material Processors Association] 

· existing controls and practices being sufficient to protect workers[footnoteRef:272], [272:  Submissions from Cement Concrete & Aggregates Australia, Metromix, and Construction Material Processors Association] 

· measurement of exposure at the proposed WEL for RCS being difficult[footnoteRef:273] or sampling and analysis not being accurate with current technology[footnoteRef:274], [273:  Submissions from Anonymous, Anonymous (permission not granted for publication), Think Brick Australia, Concrete Masonry Association of Australia and Australian Roofing Tile Association, and Anonymous (permission not granted for publication)]  [274:  Submissions from Department of Energy, Mines, Industry Regulation and Safety – WorkSafe Group (Western Australia), Think Brick Australia, Concrete Masonry Association of Australia and Australian Roofing Tile Association, Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Tetra Tech Coffey, Housing Industry Association, Anonymous (permission not granted for publication), Australian Chamber of Commerce and Industry, The Chamber of Minerals and Energy of Western Australia, Australian Industry Group, Minerals Council of Australia, and Master Builders Australia] 

· the preliminary estimates of the costs and benefits not considering the effectiveness of the previous RCS WES reduction from a TWA of 0.1 mg/m3 to 0.05 mg/m3, the engineered stone ban, and the stronger regulation around processing of crystalline silica substances (CSS) introduced in 2024[footnoteRef:275], [275:  Submissions from Department of Energy, Mines, Industry Regulation and Safety – WorkSafe Group (Western Australia), Anonymous (permission not granted for publication), Housing Industry Association, and Minerals Council of Australia] 

·  the proposed reduction only being achieved with the use of respiratory protective equipment, which “cannot be relied upon due to worker behaviour (clean shave, wearing for entire shift etc.) and limitation of equipment”[footnoteRef:276], [276:  Submissions from Think Brick Australia, Concrete Masonry Association of Australia and Australian Roofing Tile Association and Anonymous (permission not granted for publication)] 

· the preliminary estimates, by Nous Group, of the costs and benefits for RCS, which suggests the estimated costs for Option 2 were higher than the estimated benefits[footnoteRef:277], and  [277:  Submissions from Cement Concrete & Aggregates Australia, Metromix, Australian Chamber of Commerce and Industry, Australian Industry Group, and Minerals Council of Australia] 

· practical and feasibility issues such as measurement, compliance and costs[footnoteRef:278].  [278:  Submissions from Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Tetra Tech Coffey, Housing Industry Association, Australian Chamber of Commerce and Industry, Australian Industry Group, and Master Builders Australia] 

Three submissions did not provide a preferred option[footnoteRef:279].  [279:  Australian Constructors Association] 

Alternative WELs suggested by stakeholders
One alternative WEL was suggested in relation to RCS. 
An industry submission suggested an alternative exposure limit - a TWA of 0.05 mg/m3 (i.e., the current WES) and a short-term exposure limit (STEL)[footnoteRef:280]. However, the submission did not provide any health evidence to support a STEL proposal, nor did it suggest a value for the STEL. Furthermore, a 2022 report commissioned by Safe Work Australia into whether a STEL for RCS can be recommended concluded that a STEL would only provide additional protection when used in combination with a TWA of 0.02 mg/m3, which is not being proposed as part of this Decision RIS (Safe Work Australia, 2022).  [280:  Think Brick Australia, Concrete Masonry Association of Australia and Australian Roofing Tile Association] 

Considerations in relation to the proposed WEL for RCS
Stakeholders were asked about challenges they expect their industry, business or PCBU would encounter if the proposed WEL for RCS was implemented. Measurability, reliance on personal protective equipment, interaction with the model WHS Regulations on crystalline silica substances and impacts on tunnelling activities were raised as key challenges associated with the proposed WEL for RCS. 
Measurability concerns
Measurement and analysis of RCS at the proposed TWA of 0.025 mg/m3 was a recurring challenge raised by stakeholders, particularly those who were supportive of retaining the current WES for RCS. They claimed that measuring down to the proposed WEL would not be feasible or practical, thus creating difficulties in both compliance and monitoring activities conducted by PCBUs and enforcement activities carried out by regulators[footnoteRef:281].  [281:  Submissions from Department of Energy, Mines, Industry Regulation and Safety – WorkSafe Group (Western Australia), and Housing Industry Association] 

Common reasons provided by stakeholders included:
· the proposed WEL is at the limit of detection of current measurement methods, suggesting that they would not be able to measure down to the proposed level with any degree of reliability[footnoteRef:282] [282:  Submissions from Tetra Tech Coffey, Anonymous (permission not granted for publication), Australian Constructors Association, and Minerals Council of Australia] 

· ongoing limitations with measuring down to the current WES for RCS[footnoteRef:283] [283:  Tetra Tech Coffey] 

· references to an Australian Institute of Occupational Hygienists’ 2024 position paper that states current technology have limitations when measuring low exposures of RCS below 0.025 mg/m3 [footnoteRef:284], and [284:  Submissions from Construction Material Processors Association, Anonymous (permission not granted for publication), Anonymous (permission not granted for publication), Housing Industry Association, Australian Chamber of Commerce and Industry, Australian Industry Group, and Minerals Council of Australia] 

· references a 2020 Safe Work Australia Measuring respirable crystalline silica report that concluded: “At the time of writing this report, measurement of RCS to demonstrate compliance with a WES of 0.02 mg/m3 (including when it is adjusted for extended work shifts) is not achievable in Australia with available sampling and analysis equipment. There is significant uncertainty that increases as the WES is reduced.” [footnoteRef:285] [285:  Submission from Housing Industry Association and Anonymous (permission not granted for publication)] 

Multiple stakeholders, particularly those from the mining and construction industries[footnoteRef:286] as well as a government submission[footnoteRef:287], also raised concerns regarding how accounting for longer shifts (over 8 hours) would result in a lower WEL (once adjusted), which would make measurement and analysis even more challenging. One stakeholder suggested the adjusted WEL would be lower than a current measurement method’s limit of detection of 0.01 mg/m3, but did not provide any evidence to support this claim[footnoteRef:288].  [286:  Australian Constructors Association]  [287:  Department of Energy, Mines, Industry Regulation and Safety – WorkSafe Group (Western Australia)]  [288:  Anonymous (permission not granted for publication)] 

In one submission, a stakeholder indicated that there is a now a published method that accurately measures RCS down to and below 0.025 mg/m3 by using existing technology already present in Australia. The stakeholder explains that this technique involves replacing the filter occupational hygienists use for sampling and using X-ray diffraction analysis, which was identified in the evaluation report for RCS as one of two potential sampling and analysis methods. The stakeholder also indicated this method does not have an interference issue, which is another concern raised by some industry stakeholders. The stakeholder also noted that this method was validated through two studies by TestSafe Australia conducted in 2022 and 2024[footnoteRef:289].  [289:  Anonymous (permission not granted for publication)] 

There are commercially available methods of measurement for respirable crystalline silica (RCS) that provide sufficient sensitivity and certainty to assess compliance at the proposed WEL. In 2024, TestSafe NSW published a paper[footnoteRef:290] demonstrating a method to reduce the limit of quantification (LoQ) for respirable crystalline silica (RCS) to 0.00078 mg/m3 for an 8hr sample (lower than the proposed WEL of 0.025 mg/m3).   [290:  Ichikawa, A., Corke, E., Moubarak, A.M., Mazereeuw, M., Volpato, J., Weller, M. and Clemence, D., 2024. Lowering reporting limit values for respirable crystalline silica analysis by X-ray diffraction in preparation of the 0.025 mg/m3 occupational exposure limit. Annals of Work Exposures and Health, 68(8), pp.859-866.] 

Sampling related contributions to uncertainty (e.g. sampling equipment limitations) may remain a limitation on measurability in some situations, but these issues are not unique to RCS. To support the wider transition to the WEL, Safe Work Australia is preparing technical guidance to provide advice on measurement issues, including sampling. 
Reliance on respiratory protective equipment
Stakeholders also expressed concerns that reducing the exposure standards for RCS to the proposed WEL would result in a bigger reliance on respiratory protective equipment (RPE)[footnoteRef:291], with many stakeholders indicating that they will need to update current PPE being used. [291:  Submissions from Anonymous (permission not granted for publication) and Housing Industry Association] 

Reasons provided by industry submissions to why relying on RPE is a challenge includes:
· some stakeholders are currently struggling to comply with the current WES (TWA of 0.05 mg/m3) without the use of RPE[footnoteRef:292],  [292:  Tetra Tech Coffey] 

· there is a lack of availability of higher order controls that can mitigate RCS in the workplace and limitations of current equipment, 
· RPE cannot be relied upon due to worker behaviours (i.e., workers keeping a clean shave and need to wear for entire shift)[footnoteRef:293], and [293:  Anonymous (permission not granted for publication)] 

· introduction of new hazards into the workplace, such as visual obstruction[footnoteRef:294] and worker discomfort[footnoteRef:295]  [294:  Minerals Council of Australia]  [295:  Department of Energy, Mines, Industry Regulation and Safety – WorkSafe Group (Western Australia)] 

Under the model WHS Regulations, PPE (including RPE) should only be considered once the PCBU has eliminated the risk posed by RCS so far as is reasonably practicable, and if it is not reasonably practicable to eliminate the risks, then minimise the risk of RCS by using higher-order controls (substitution, isolation, engineering) and administrative controls, so far as is reasonably practicable. 
Furthermore, where it has been determined that RPE must be worn to minimise the risk of exposure to airborne contaminant, the protection provided by the RPE can be taken into account when determining compliance with an exposure standard or limit, provided all other reasonably practicable higher order controls in the hierarchy of control measures have been implemented, and the RPE is worn correctly.
Interactions with the model WHS Regulations on crystalline silica substances
Some stakeholders were critical of the proposal to reduce the current WES for RCS soon after the introduction of the crystalline silica substance (CSS) regulations into the model WHS Regulations since 1 September 2024, with insufficient time to assess the effectiveness of reducing the health impacts associated with exposure to CCS[footnoteRef:296].  [296:  Submissions from Tetra Tech Coffey, and Minerals Council of Australia] 

Stakeholders also raised concerns about the interactions of the proposed WEL with the crystalline silica substance (CSS) regulations in the model WHS Regulations. For example, model WHS regulation 529CA requires PCBUs to consider if their processing of CSS is high risk. If the processing of CSS is high risk, then the PCBU is required to take further action. One of the considerations that PCBUs must have regard to when identifying if their processing of a CSS is considered high risk is whether the airborne concentration of RCS in the workplace is reasonably likely to exceed half the workplace exposure standard. 
If the proposed limits are implemented, multiple stakeholders claims it would be impossible to determine whether the airborne concentration at the workplace exceeds 50% of the proposed WEL and that all silica processes (and silica containing products including sand, concrete products, tiles, bricks and fibre cement) would all be considered high risk regardless of the true level of risk associated with the activity, creating further burden on PCBUs[footnoteRef:297]. However, guidance published by Safe Work Australia clearly states that PCBUs must consider all elements listed under model WHS regulation 529CA (2), and that “there is no one factor that can determine the outcome of your assessment [of whether the processing of CSS is high risk]” (Safe Work Australia, 2024). [297:  Housing Industry Association] 

Impacts on tunnelling
At a more industry-specific level, a construction industry body suggested that the proposed WEL for RCS would have impacts on tunnelling activities. For tunnelling, the stakeholder raised concerns regarding ongoing projects that would need extensive modification to ventilation systems, including positive pressure and increased scrubbers with additional land acquisitions, to comply with the proposed limits[footnoteRef:298], claiming that these projects are already operating at or close to maximum ventilation activities. A mining stakeholder also concurred with the need to modify current ventilation systems in underground settings[footnoteRef:299]. A construction industry body also suggested that changes in the methodology of some activities like road profiling, concrete surface grinding, tunnel benching operations and track construction and renewals would be needed to adapt to the proposed WEL.  [298:  Australian Constructors Association]  [299:  The Chamber of Minerals and Energy of Western Australian] 

However, changes to the exposure limits for RCS do not change PCBUs’ ongoing WHS duties, such as their primary duty of care to ensure the health and safety of workers and others whilst at work. This includes PCBUs that conduct tunnelling activities, or any other activities mentioned above. In order to fulfil this primary duty, PCBUs must eliminate risks to health and safety, so far as is reasonably practicable, or if it is not reasonably practicable to eliminate those risks, minimise those risks so far as is reasonably practicable. 
Transitional arrangements suggested by stakeholders
Stakeholders suggested a transition period would assist industry to comply with the proposed limits if they were implemented. Eight submissions suggested the following as potential lengths for this transition period: 
· 6 months[footnoteRef:300],  [300:  Anonymous (permission not granted for publication)] 

· 9 months[footnoteRef:301],  [301:  Anonymous (permission not granted for publication)] 

· 2 years (2 submissions)[footnoteRef:302],  [302:  Submissions from Anonymous (Permission not granted for publication) and Anonymous (permission not granted for publication)] 

· 3 years[footnoteRef:303],  [303:  Anonymous] 

· 5 years (2 submissions)[footnoteRef:304], and  [304:  Submissions from Anonymous and Anonymous (permission not granted for publication)] 

· Long term[footnoteRef:305].   [305:  Submissions from Anonymous (permission not granted for publication)] 

Five submissions suggested a transition period up until 1 December 2026 to coincide with the transition to the WEL list[footnoteRef:306]. Another submission suggested there should be no transition period and that the new WEL should be implemented as soon as possible[footnoteRef:307].   [306:  Submissions from Anonymous (permission not granted for publication),  Masters Electricians Australia, Maurice Blackburn Lawyers, Anonymous (permission not granted for publication) and Cancer Council Australia. ]  [307:  Anonymous] 

As mentioned in Section 7.3 of this Decision RIS, and in line with stakeholder suggestions, it is proposed that the new WEL for RCS should come into effect on 1 December 2026. This would align with the commencement of the new WEL list and ensure the transition to the health-based exposure limits for all chemicals occurs at the same time.
[bookmark: _Toc196204870][bookmark: _Ref198828000][bookmark: _Ref198828001][bookmark: _Toc219216921]Likely net benefit and recommended option for respirable crystalline silica
Net benefit
Table 42 presents the quantified gross benefits for the proposed WEL for RCS. Both the quantifiable health benefits (from Table 34 and Table 35) and financial benefits (Table 36 and Table 37) estimated were considered alongside the quantifiable costs (Table 38 and Table 40 to estimate a quantified gross benefit of $6.7 billion for all industries (excluding the mining industry) and $16 billion for the mining industry over 10 years for the proposed WEL for RCS. 
Sensitivity analysis indicates the quantified net gross benefit for all industries (excluding mining) can range between $314 million (under the low scenario outlined in Appendix D) to $16 billion (under the high scenario outlined in Appendix D) over 10 years for the proposed WEL for RCS. For the mining industry, the quantified net gross benefit can range between -$11 billion (under the low scenario outlined in Appendix D) and -$25 billion (under the high scenario outlined in Appendix D) over 10 years for the proposed WEL for RCS. 
For the proposed WEL for RCS to deliver a net benefit in economic terms, the non-quantified and qualitative benefits outlined in Sections 5 and 16.1 of this Decision RIS would need to meet or exceed a quantified net cost of $6.7 billion for all industries (excluding mining) and $16 billion for the mining industry. 
This quantified gross cost is likely to be smaller than what is estimated in Table 42. The data limitations, particularly the likely under-reporting in workers’ compensations data discussed throughout this Decision RIS, are also relevant. Actual benefits are therefore under-estimated; and will continue to be realised even after the 10-year appraisal period of this analysis. 
In considering the quantified gross benefit, together with the non-quantified and qualitative benefit, Option 2 presents a likely net benefit. 
[bookmark: _Ref216771898]Table 42 - Quantified gross benefit ($, millions, discounted) for the proposed WEL for RCS, FY27 to FY36
	
	Quantified benefits
	Quantified costs
	Quantified gross benefit**

	RCS (excl. mining)
	10,145
	3,448
	+6,697 

	RCS (mining)
	2,490
	18,483
	-15,993 


** The quantified gross benefits should be read in conjunction with the non-quantifiable benefits set out in Section 5.2 and 16.1.
Recommended option
	[bookmark: _Toc196204871][bookmark: _Hlk194671656]It is recommended WHS ministers agree to the health-based recommendation for the WEL for respirable crystalline silica (RCS) (Option 2): TWA of 0.025 mg/m3. This recommendation is based on the following considerations:
· that the proposed WEL for RCS aligns with the object of the model WHS Act is to protect workers and others from harm to their health, safety and welfare through the elimination or minimisation of risks,
· the scientific evidence that indicates the proposed health-based WEL is protective of workers,
· that some stakeholders views and comments on the proposed WEL were in agreement that the WEL for RCS should be protective of workers, in line with the objectives of the model WHS Act, and
· the net benefit expected of the proposed change, in the particular the protection of workers from fibrosis, silicosis and lung cancer. 
It is also recommended WHS ministers agree a transition period for RCS aligned to the 1 December 2026 implementation date for the Workplace exposure limits for airborne contaminants.  



[bookmark: _Toc181003137][bookmark: _Toc193192747][bookmark: _Toc196204872][bookmark: _Toc179376608][bookmark: _Toc219216922] Detailed impact assessment for titanium dioxide 
	[bookmark: _Toc193192748][bookmark: _Toc196204873]Policy options for titanium dioxide
Option 1 is to retain the current TWA of 10 mg/m3. 
Option 2 is to change to the proposed TWA of 0.3mg/m3 for ultrafine/nanoscale titanium dioxide (respirable), and 2.4 mg/m3 for fine/pigmentary grade titanium dioxide (respirable) - recommended. 


[bookmark: _Toc196204874][bookmark: _Toc219216923][bookmark: _Toc193192749]Benefits for proposed WEL for titanium dioxide
[bookmark: _Toc196204875]Health benefits of the proposed WEL for titanium dioxide
The proposed TWA of 0.3 mg/m3 for ultrafine/nanoscale titanium dioxide and 2.4 mg/m3 fine/pigmentary grade titanium dioxide will reduce the risk of workers developing lung cancer in their working lifetime (National Insitute of Occupational Safety and Health, 2011). It is likely to benefit the estimated 4,564 workers in Australia who are currently at risk of exposure to titanium dioxide each year. 
The proposed TWA of 0.3 mg/m3 for ultrafine/nanoscale titanium dioxide and 2.4 mg/m3 fine/pigmentary grade titanium dioxide was determined in accordance with the health-based methodology agreed by WHS ministers agreed (and which relied on the scientific evidence available at the time of the review from trusted international and national sources).
The evaluation for titanium dioxide[footnoteRef:308] employed a weight of evidence approach, considering information from multiple agreed primary sources supported by information from agreed secondary sources (Safe Work Australia, 2018). [308:  The evaluation report for titanium dioxide can be accessed here. An alternative health-based WEL based on the 2011 NIOSH recommendation was considered and agreed by Safe Work Australia Members, which differs from the recommendation outlined in the evaluation report from the independent review.] 

Note: The proposed WEL differs from that in the published evaluation report. Safe Work Australia Members considered the evidence from the agreed sources and stakeholder feedback received during the WES review an agreed the alternate health-based TWA.
International precedent
The proposed TWAs for titanium dioxide are both consistent with those recommended by the Deutsche Forschungsgemeinschaft (DFG) in Germany and the United States’ National Institute of the Occupational Safety and Health (NIOSH) (Institute for Occupational Safety and Health of the German Social Accident Insurance, n.d.; National Insitute of Occupational Safety and Health, 2011). 

The DFG was selected as a primary source as they have international credibility, develop standards through consensus that are health-based and based on evaluation of appropriate data, and their documentation of evaluations is accessible and robust (Safe Work Australia, 2018). NIOSH only met some of these criteria and was selected as a secondary source. 
Recommendations made by the DFG are used by Germany’s Federal Ministry of Labour and Social Affairs to set legally binding exposure limits in Germany (German Research Foundation, 2025).

A TWA of 0.3 mg/m3 (nanoparticles, as Ti) has also been recommended by the Japan Society for Occupational Health (Institute for Occupational Safety and Health of the German Social Accident Insurance, n.d.). 
Quantifiable health benefits for the proposed WEL for titanium dioxide
Quantifiable health benefits were not estimated for titanium dioxide. This is because no estimates of the current burden of disease attributable to workplace exposure to titanium dioxide were able to be identified through research or stakeholder engagement 
However, a lack of data does not mean that the introduction of the proposed WEL will not result in health benefits for workers, communities and businesses. As the health evidence has shown, the proposed TWA for titanium dioxide is at a level that reduces the risk of lung cancer over a workers’ working life.  
Adverse health effects associated with titanium dioxide
In addition to lung cancer, the proposed WEL for titanium dioxide can also protect workers from developing the following adverse health effects like:
· pulmonary inflammation (National Insitute of Occupational Safety and Health, 2011),
· respiratory tract irritation and pulmonary overload (Safe Work Australia, 2021). 
Animal studies have also shown titanium dioxide can cause respiratory sensitisation to other allergens, while chronic inhalation exposures to titanium dioxide may also cause pulmonary damage and fibrosis due to impairment of lung clearance mechanisms (National Industrial Chemicals Notification and Assessment Scheme, 2020). 
[bookmark: _Toc196204876]Financial benefits of the proposed WEL for titanium dioxide
Quantifiable financial benefits for the proposed WEL for titanium dioxide
Financial benefits were not able to be quantified for titanium dioxide in this analysis. This is due to the lack of workers’ compensation claims attributed to titanium dioxide. Noting the adverse health effects that the proposed WEL is based on, it is possible that occupational illness attributable to workplace exposure for titanium dioxide are likely under-represented in workers’ compensation data, due to difficulties in proving causation, the long latency period between occupational exposure and the illness (especially if it develops after the worker has stopped working at the workplace), or an affected worker may not seek compensation, for example thinking they are ineligible or not being aware they are covered. 
Non-quantifiable financial benefits for the proposed WEL for titanium dioxide
A lack of data to quantify financial benefits does not mean the introduction of the proposed WEL for titanium dioxide would not achieve financial benefits (as outlined earlier in this Decision RIS). Other financial benefits that the proposed WEL for titanium dioxide can deliver are described below.
Increased productivity[footnoteRef:309]  [309:  Department of Defence] 

Stakeholders from the public consultation suggested the proposed WEL for titanium dioxide would likely result in increased productivity from a reduction in absenteeism and presenteeism amongst the workforce who are exposed to titanium dioxide. 
While there are no workers’ compensation claims associated with titanium dioxide exposure, this does not mean the proposed WEL will not result in productivity benefits, noting the likely under-reporting in workers’ compensation claims data outlined above. The proposed WEL for titanium dioxide is expected to protect workers from developing lung cancer caused by work-related exposures to titanium dioxide. Workers likely to be exposed to titanium dioxide would continue to not need to, or be less likely, to take time off to seek medical care or treatment.
Reduced costs to governments[footnoteRef:310] [310:  Department of Defence] 

The Australian Institute of Health and Welfare states healthcare expenditure on lung cancer was approximately $1.87 billion in 2023-24 (Australian Institute of Health and Welfare, 2025). 
While not all lung cancer cases in the health care system can be attributed to work-related exposures to titanium dioxide, any reduction to work-related titanium dioxide exposure could potentially help reduce the number of workers seeking treatment or care, reducing costs to the healthcare system and government. 
The AIHW’s Burden of Disease Study, 2024 indicates that 5.4% of lung cancer total burden was attributed to occupational exposure and hazards (Australian Insitute of Health and Welfare, 2024). Reducing lung cancer caused by occupational exposure, such as by implementing the proposed WEL for titanium dioxide, is estimated to contribute up to $101 million in savings to the health system and government per year.
Reduced costs associated with potential worker compensation claims
Workers who develop an occupational disease or illness because of exposures to titanium dioxide are able to seek workers’ compensation if the occupational disease or illness can be linked to the workplace. Workers’ compensation will help workers focus on getting better and access rehabilitation services, without worrying about associated costs. 
While there are no worker’s compensation claims associated with titanium dioxide exposure, this does not mean the proposed WEL will not result in direct financial benefits, noting the likely under-reporting in workers’ compensation claims outlined above. However, as the proposed WLE is expected to protect workers from developing lung cancer from work-related exposures to titanium dioxide, this can help businesses avoid avoid the emergence and costs of worker compensation claims through increased premiums. 
[bookmark: _Toc196204877]Additional benefits to the proposed WEL for titanium dioxide
Stakeholders identified the proposed WEL for titanium dioxide would have the following qualitative benefits. 
Improved dust management practices in workplaces
In their submission to the 2024 public consultation, a government respondent indicated that complying with the current WES of 10 mg/m3 for titanium dioxide indicates “a very high dust level and is not representative of good dust management practices” in the workplace[footnoteRef:311]. In the Guidance on the interpretation of the workplace exposure standards for airborne contaminants, it is noted that the WES recommended for dusts not otherwise classified in the WES list is 10 mg/m3 (inhalable). [311:  Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)] 

This benefit is supported by an industry submission, which noted the reduction to the proposed WELs for titanium dioxide can result in improved housekeeping[footnoteRef:312]. Such improvements will result in better outcomes for workers, like elevated workplace pride (i.e., workplace feels safer and environmentally friendly) [footnoteRef:313]. [312:  Anonymous (permission not granted for publication)]  [313:  Anonymous] 

Healthier future workforce
A submission from the university sector suggested that if exposure to titanium dioxide is reduced to the proposed levels, future employers would benefit from having a healthier workforce when they hire students who are not “compromised” from exposures to titanium dioxide[footnoteRef:314].  [314:  Anonymous (permission not granted for publication)] 

Raises awareness about titanium dioxide and the hazards associated with it
Stakeholder feedback noted that the proposed WEL for titanium dioxide would also lead to PCBUs and workers becoming more aware of the presence of titanium dioxide in their workplace and the hazards associated with it, like lung cancer. This would allow PCBUs and workers to actively contribute to making sure the workplace is safer and healthier, especially in sectors which have higher exposure to titanium dioxide.
By raising awareness of the presence of hazards in the workplace and the risks associated with them, workers have also been shown to make better and informed choices that allows them to take reasonable care for their own health and safety in the workplace, such as wearing PPE whilst working. 
[bookmark: _Ref194677621][bookmark: _Toc196204878][bookmark: _Toc219216924]Costs of proposed WEL for titanium dioxide
[bookmark: _Hlk194580551]Costs to comply with the proposed WEL for titanium dioxide were estimated and outlined below. These are indicative estimates only.
Table 43 presents the estimated total costs to industry of complying with the proposed WELs for titanium dioxide over the 10-year appraisal period (from FY27 to FY36). 
The estimates represent the incremental costs between retaining the current WES (Option 1) and changing to the proposed WELs (Option 2). Any costs to businesses to comply with the current WES are not considered due to PCBUs’ ongoing WHS duty to eliminate or minimise risks, so far is as reasonably practicable (Section 17 of the model WHS Act). 
The analysis illustrates that:
· [bookmark: _Toc193192750][bookmark: _Toc196204879]The estimated total cost to industry over 10 years is $62 million (in real, discounted terms), which equates to $10 million per year (in real, undiscounted terms). 
· [bookmark: _Toc193192751][bookmark: _Toc196204880]These estimated total costs comprise of: 
· [bookmark: _Toc193192752][bookmark: _Toc196204881]control measure costs of $54 million over 10 years, comprising engineering controls ($23 million), isolation controls ($21 million), administrative controls ($7 million) and PPE ($2 million).
· [bookmark: _Toc193192753][bookmark: _Toc196204882]management practice costs of $8 million over 10 years, comprising air monitoring ($4 million) and occupational hygiene ($4 million).
Based on stakeholder feedback, it is likely that the control measure costs above will be incurred by businesses in the initial years following implementation of the proposed WEL, if it is agreed to. However, no data was provided on the estimated distribution of costs over the 10-year appraisal period, and so it was assumed that these costs would be evenly distributed over the period. 
Obligations around management practice costs make these costs more likely to be evenly distributed throughout the appraisal period. 
[bookmark: _Ref216773068]Table 43 - Estimated average annual and total incremental costs to industry by the proposed WEL for titanium dioxide, FY27 to FY36
	Cost category
	Average costs p.a. ($ millions, undiscounted)
	Total costs ($ millions, discounted)

	Control measure costs
	8.8
	53.7

	Isolation control costs
	3.5
	21.3

	Engineering control costs
	3.8
	23.3

	Administrative control costs
	1.1
	7.0

	Personal protective equipment costs
	0.3
	2.1

	Management practice costs
	1.3
	8.1

	Air monitoring costs
	0.6
	3.9

	Occupational hygiene costs
	0.7
	4.2

	Total costs
	10.1
	61.8


This regulatory impact analysis has also estimated the average annual and total costs to industry under low and high cost scenarios, where:
· [bookmark: _Toc193192754][bookmark: _Toc196204883]Under the low cost scenario, the average annual cost $8 million (undiscounted) and the total cost is $46 million (discounted).
· [bookmark: _Toc193192755][bookmark: _Toc196204884]Under the high cost scenario, the average annual cost is $13 million (undiscounted) and the total cost is $77 million (discounted).
Table 44 presents the estimated average annual incremental costs per affected business by business size category for the proposed WEL for titanium dioxide. The results do not factor in costs specific to a singular business or industry that are not expected for other businesses or industries. An average annual incremental cost is also assumed in the absence of information to indicate the true distribution of costs across the 10-year appraisal period.
Businesses affected by the proposed WEL for titanium dioxide come from the following industries:
· manufacturing,
· construction, and
· [bookmark: _Toc196204888]wholesale trade.
The results indicate that:
· [bookmark: _Toc193192756][bookmark: _Toc196204890]There are an estimated 875 affected businesses, comprising 670 small businesses, 190 medium businesses and 15 large businesses.
· [bookmark: _Toc193192757][bookmark: _Toc196204891]The estimated average annual cost is $2,300 for small businesses, $10,700 for medium businesses and $423,900 for large businesses.
[bookmark: _Ref216773412]Table 44 - Estimated average annual incremental cost per affected business by business size ($, undiscounted) and affected businesses for titanium dioxide, FY27 to FY36
	Measure
	Small businesses
	Medium businesses
	Large businesses

	Number of affected businesses p.a.
	670
	190
	15

	Av. cost per business p.a.
	2,300
	10,700
	423,900


[bookmark: _Toc196204892][bookmark: _Toc219216925]Stakeholder views on the proposed WEL for titanium dioxide
As part of the public consultation process supporting this Decision RIS, 16 submissions were received that addressed the proposed WEL for titanium dioxide. 
A majority of submissions (9 out of 16) were supportive of the proposed health-based TWAs for titanium dioxide (Option 2):
· [bookmark: _Toc196204894]0.3 mg/m3 for ultrafine/nanoscale particles (respirable)
· [bookmark: _Toc196204895]2.4 mg/m3 for fine/pigmentary grade particles (respirable).
These submissions came from professionals, governments and academics. Stakeholders who supported Option 2 noted their support is based on:
· [bookmark: _Toc196204896]reducing the exposure limit would provide more robust protection for workers[footnoteRef:315] and “reduce the worker exposure to acceptable levels” [footnoteRef:316], [315:  Submissions from Department of Defence, Queensland Nurses and Midwives’ Union, Australian Council of Trade Unions, and Victorian Trades Hall Council]  [316:  Anonymous] 

· the current WES not reflecting good dust management[footnoteRef:317], [317:  Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia)] 

· [bookmark: _Toc196204897]the limits proposed in Option 2 meeting international best practice[footnoteRef:318], and [318:  Robyn Schofield] 

· [bookmark: _Toc196204898]evidence suggesting titanium dioxide has a similar hazard profile to RCS, and greater control of the respirable fraction of titanium dioxide would be “wise”[footnoteRef:319].  [319:  Anonymous (permission not granted for publication)] 

Under half of the submissions (6 out of 16) were supportive of retaining the current WES of 10 mg/m3 for titanium dioxide (inhalable fraction) (Option 1).
These submissions came from industry bodies and PCBUs. Stakeholders who supported Option 1 noted their support is based on:
· [bookmark: _Toc196204899]the consultation paper establishes no benefit that justifies changing the exposure limit[footnoteRef:320] [320:  Anonymous (permission not granted for publication)] 

· the proposed WELs are not consistent with the recommendation made by the National Industrial Chemicals Notification and Assessment Scheme (NICNAS, now the Australian Industrial Chemical Introduction Scheme)[footnoteRef:321] [321:  Submission from Anonymous (permission not granted for publication) and Anonymous (permission not granted for publication)] 

· the additional costs and burden on paint manufacturers is unjustified[footnoteRef:322]  [322:  Anonymous (permission not granted for publication)] 

· [bookmark: _Toc196204902]the preliminary estimates, by Nous Group, of the costs and benefits for titanium dioxide, which suggests that the estimated costs for Option 2 were higher than the estimated benefits[footnoteRef:323], and  [323:  Submissions from Australian Chamber of Commerce and Industry, and Australian Industry Group] 

· the practical and feasibility issues such as measurement, compliance and costs[footnoteRef:324].  [324:  Submissions from Australian Chamber of Commerce and Industry, and Australian Industry Group] 

One submission did not provide a preferred option, but concurred that the proposed change was in line with the maximum workplace concentration of 0.3 mg/m3 for titanium dioxide recommended by the DFG[footnoteRef:325].  [325:  Anonymous (permission not granted for publication)] 

Considerations in relation to the proposed WEL for titanium dioxide
[bookmark: _Hlk194586950]Stakeholders were asked about challenges they expect their industry, business or PCBU would encounter if the proposed WELs for titanium dioxide was implemented. A lack of guidance around particle size and the impacts of having two WELs for titanium dioxide were raised by stakeholders as challenges associated with the proposed WEL for titanium dioxide. 
Lack of guidance around particle sizes
A recurring challenge raised in the submissions in relation to the proposed WELs of titanium dioxide was regarding the sizing of the particles - ultrafine/nanoscale and fine/pigmentary grade titanium dioxide particles. A government and industry submission indicated that both particle sizes would be produced concurrently in the workplace, and so there would be particular challenges around compliance, measurement and enforcement[footnoteRef:326]. [326:  Submissions from Department of Energy, Mines, Industry Regulation and Safety - WorkSafe Group (Western Australia), Anonymous (Permission not granted for publication), and Anonymous] 

These stakeholders suggested further guidance to clarify the definition of ultrafine/nanoscale and fine/pigmentary grade particle sizes for titanium dioxide was needed to assist stakeholders in navigating the introduction of the two exposure limits. This can be included as part of Safe Work Australia’s communications and updated guidance for the transition to the Workplace exposure limits for airborne contaminants. 
Introduction of two WELs for titanium dioxide
Industry stakeholders also raised that introducing 2 size fractions would require them to undertake additional sampling and tests to assess exposures for the 2 size fractions of titanium dioxide, thus raising costs associated with the proposed change[footnoteRef:327]. Costs associated engaging an occupational hygienist and conduct air monitoring to assess workers’ exposure to titanium dioxide have been estimated as part of the costs to industry in Section 17.2.   [327:  Accord Australasia] 

Another industry body stakeholder said that since the proposed option would no longer be in line with the inhalable dust limit of 10 mg/m3, industry would now need to conduct specialised monitoring and testing to monitor compliance with the proposed WELs for titanium dioxide[footnoteRef:328]. However, one submission from a PCBU did indicate that monitoring costs for fine/pigmentary grade titanium dioxide would be minimal as this is “currently standard practice”.  [328:  Australian Industry Group] 

Measurability concerns
No concerns were raised by stakeholders regarding the measurement of titanium dioxide to assess compliance with the proposed WEL.
There are commercially available methods[footnoteRef:329] in Australia to measure titanium dioxide with sufficient sensitivity and certainty to determine compliance at the proposed WEL for both size fractions. Additional analysis may be required to identify and measure particles at nanoscale (based on Safe Work Australia analysis).  [329:  NIOSH 7301, 7303] 

Sampling related contributions to uncertainty (e.g. sampling equipment limitations) may remain a limitation on measurability in some situations, but these issues are not unique to titanium dioxide. To support the wider transition to the WEL, Safe Work Australia is preparing technical guidance to provide advice on measurement issues, including sampling.
Transitional arrangements suggested by stakeholders
A minority of stakeholders suggested a transition period would assist industry to comply with the proposed limits if they were to be implemented. Three submissions suggested the following as potential lengths for a transitional period, including:
· 6 months to 24 months[footnoteRef:330], [330:  Anonymous] 

· 3 years[footnoteRef:331], and  [331:  Department of Defence] 

· 5 years[footnoteRef:332].  [332:  Anonymous (permission not granted for publication)] 

One stakeholder suggested there should be no transition period and the new WEL should be implemented as soon as possible[footnoteRef:333]. [333:  Anonymous] 

As mentioned in Section 7.3 of this Decision RIS, it is proposed that the new WEL for titanium dioxide should come into effect on 1 December 2026. This would align with the commencement of the new WEL list and ensure the transition to the health-based exposure limits for all chemicals occurs at the same time.
As noted above, stakeholders have also requested guidance to clarify the definitions of ultrafine/nanoscale and fine/pigmentary grade particle sizes to help with their transition. 
[bookmark: _Toc196204904][bookmark: _Ref198906404][bookmark: _Toc219216926]Likely net benefit and recommended option for titanium dioxide
Net benefit
Table 45 presents the quantified gross benefit for the proposed WEL for titanium dioxide. Benefits for the proposed WEL for titanium dioxide could not be estimated due to a lack of health burden data and workers compensation claims to derive quantified heath and financial benefits, respectively. However, a lack of quantified benefits does not mean that the introduction of the proposed WEL will not result in health or financial benefits. 
For the purposes of determining a net gross benefit, only the quantified costs (Table 43) were used to estimate a net gross benefit of -$62 million over 10 years for the proposed WEL for titanium dioxide. 
Sensitivity analysis indicates the quantified gross benefit can range between -$38 million (under the low scenario outlined in Appendix D) and -$102 billion (under the high scenario outlined in Appendix D) over 10 years for the proposed WEL for titanium dioxide. 
For the proposed WEL for titanium dioxide to deliver a net benefit in economic terms, the non-quantified and qualitative benefits outlined in Sections 5 and 17.1 of this Decision RIS would need to meet or exceed a quantified net cost of $62 billion. 
This quantified gross cost is likely to be smaller than what is estimated in Table 45. The data limitations, particularly the likely under-reporting in workers’ compensations data discussed throughout this Decision RIS, are also relevant. Actual benefits are therefore under-estimated; and will continue to be realised even after the 10-year appraisal period of this analysis. 
In considering the gross quantified benefit, together with the non-quantified and qualitative benefit, Option 2 presents a likely net benefit. 
[bookmark: _Ref216773356]Table 45 - Quantified gross benefit ($, millions, discounted) for the proposed WEL for titanium dioxide, FY27 to FY36
	Quantified benefits
	Quantified costs
	Quantified gross benefit**

	ND*
	62
	-62 


   ND = Not determined due to insufficient data
  * Benefits exist but were unable to be quantified. This should not be read as an absence of benefits. 
  ** The quantified gross benefits should be read in conjunction with the non-quantifiable benefits set out in Section 5 and 11.1.
Recommended option
	[bookmark: _Toc196204905]It is recommended WHS ministers agree to the health-based recommendation for the WEL for titanium dioxide (Option 2): TWAs of 0.3 mg/m3 for ultrafine/nanoscale particles (respirable) and 2.4 mg/m3 for fine/pigmentary grade particles (respirable). This recommendation is based on the following considerations:
· that the proposed WEL for titanium dioxide aligns with the object of the model WHS Act to protect workers and others from harm to their health, safety and welfare through the elimination or minimisation of risks,
· the scientific evidence that indicates that the health-based WEL is protective of workers,
· stakeholder views and comments on the proposed WEL, and
· the net benefit expected of the proposed change, in particular the protection of workers from developing lung cancer over their working lifetime. 
It is also recommended WHS ministers agree a transition period for titanium dioxide aligned to the 1 December 2026 implementation date for the Workplace exposure limits for airborne contaminants.
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[bookmark: AppendixB_AgreedSources][bookmark: _Toc219216928]Appendix B – Agreed methodology and sources for the WES review
The WES review methodology, agreed to by WHS ministers, outlined the criteria for the selection of sources for recommending exposure standards (to be renamed ‘exposure limits’) and the list of sources to be used for the WES review.
[bookmark: _Toc219216929]Primary sources
Primary sources were selected based on the following criteria: they are credible and trusted, develop standards through consensus that are health-based and based on evaluation of appropriate data, and their documentation of evaluations is accessible and robust. They are the main sources in recommending a workplace exposure standard. Agreed primary sources include:
· American Conference of Governmental Industrial Hygienists (ACGIH) – Threshold Limit Values (TLV)   
· Deutsche Forschungsgemeinschaft (DFG) – Maximum workplace values (MAK values)   
· EU Scientific Committee on Occupational Exposure Limits (SCOEL) – Occupational exposure limits (OEL)    
· American Industrial Hygiene Association/Occupational Alliance for Risk Science (AIHA/OARS)    
· Health Council of the Netherlands (HCOTN) – Dutch Expert Committee on Occupational Safety
[bookmark: _Toc219216930]Secondary sources
Secondary sources are used when significant data gaps or uncertainty arises from the evaluations conducted by primary sources. Secondary sources are split into 2 categories – Group A and Group B. 
Group A are used to supplement lacking or unavailable evaluation documentation or if exposure standards have not been reviewed by the primary sources since 1995 or since last revision. Agreed Group A secondary sources include:
· UK Health and Safety Executive    
· Australian Institute of Occupational Hygienists (AIOH) position papers – recommendations for WES   
· Nordic Council: The Nordic Expert Group for Criteria Documentation of Health Risks of Chemicals   
Group B secondary sources are used if key information for recommending an exposure limit is lacking from primary source documentation or to clarify and resolve inconsistencies in data present or interpreted by primary sources. Agreed Group B secondary sources include:
· National Industrial Chemicals Notification and Assessment Scheme (NICNAS), now the Australian Industrial Chemicals Introduction Scheme (AICIS)
· Australian Pesticides and Veterinary Medicines Authority (APVMA)  
· The European Chemicals Agency (ECHA)   
· The International Agency for Research on Cancer (IARC)    
· National Toxicology Program (NTP)   
· US Environmental Protection Agency (US EPA)   
· Organisation for Economic Cooperation and Development (OECD)   
· US National Institute for Occupational Safety and Health (NIOSH)   
[bookmark: _Toc219216931]Weight of evidence approach
The evaluation process followed the methodology[footnoteRef:334] agreed by WHS ministers and involved consideration of all available health evidence reports published by the primary source (and those from secondary sources (where available and required)). Where sources had differing health-based recommendations, further consideration was given to the underlying data in the reports, including any differences in the data or its interpretation, and the age and quality of the data. Expert judgement using a weight of evidence approach was then applied in recommending a WEL. [334:  WES Methodology - Recommending health-based workplace exposure standards and notations] 
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This appendix defines the Base Case and Intervention Cases underpinning the impact analysis. It also presents the inputs, parameters and methodologies used to estimate the impacts of the proposed WEL, including the number of affected businesses and workers, the costs to businesses of compliance, and the direct and indirect benefits of reduced occupational disease. This includes discussion of the key assumptions underpinning these estimates and the limitations of this analysis.
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[bookmark: _Ref177551439]Base Case definition
This impact analysis assumes a ‘business as usual’ Base Case, against which the incremental costs and benefits of the Intervention Cases are estimated for each chemical. The Base Case represents the maintenance of the current WES for the nine chemicals subject to this regulatory impact analysis (Table 3), as well as other relevant policy settings as of 4 March 2025, which implicitly assumes that:
· all businesses comply with the current WES for each of the nine chemicals, 
· all businesses comply with the recent changes to regulations for the processing of silica-containing substances,
· all businesses fulfill their obligations under the model WHS Act.
Further information on these policy settings is detailed below.
All businesses comply with the current WES for each chemical.
This analysis assumes that all businesses, where workers are exposed to any of the nine chemicals, are both aware of and comply with the current WES. This analysis focuses on the incremental regulatory costs of transitioning from the current WES to the proposed WEL. By default, this assumes businesses have already taken the necessary actions to comply with the current WES, including having in place the necessary control measures to minimise risk. 
All businesses comply with all changes to regulations for RCS.
In response to the widely documented impacts of workplace exposure to RCS (particularly from engineered stone products), the Commonwealth, states and territory governments have implemented several changes to regulations for RCS (outlined below in the call-out box). This impact analysis assumes that all businesses have adopted and fully comply with these recent regulatory changes for RCS. These regulations form the baseline scenario against which the proposed WEL impacts are assessed, meaning that only incremental costs and benefits beyond existing requirements should be attributed to the transition from the current WES to the proposed WEL for RCS.

	Recent changes to regulations for RCS
Engineered stone ban
On 1 July 2024, the ban on the manufacture, supply, processing and installation of engineered stone benchtops, panels and slabs came into effect. This ban applies to engineered stone benchtops, panels and slabs. The ban does not apply to legacy engineered stone products that are already installed and, for the purposes of disposal, engineered stone benchtops, panels and slabs whether installed or not. 
On 1 January 2025, the ban on engineered stone importation also came into effect. 
Stronger regulation of crystalline silica substances
On 1 September 2024, stronger regulation of all crystalline silica substances containing more than 1 per cent silica (including marble, limestone, slate, shale, granite and sandstone) came into effect. These regulations require control measures for work involving processing engineered stone, porcelain products or sintered stone, including: 
· Control measures to eliminate or minimise risks arising from the processing of stone products to be implemented as far as is reasonably practicable,
· At least one protection system must be used when a stone product is being processes, such as an effective local exhaust ventilation system, and
· Each at-risk worker must be provided with respiratory protective equipment (RPE) and must wear this while work is being carried out. 
Relevance to this impact assessment
· The engineered stone ban may reduce the number of businesses affected by the proposed WEL changes, given the banning of a major source of high-risk RCS exposure (engineered stone). It may also mean that some benefits attributed to the proposed WEL may in fact occur as a result of the engineered stone ban.
· While implementing the hierarchy of controls is already a requirement, the stronger regulations for crystalline silica substances clarify how these controls must be applied and have established mandatory control measures (including ventilation systems and respiratory protection) that businesses must implement. The proposed WEL for RCS would only require businesses to evaluate whether these existing measures are sufficient or if additional controls are needed to meet the proposed WEL.


Businesses fulfill their obligations under the model WHS Act.
The Base Case assumes that businesses fulfill their obligations under the model WHS Act and model WHS Regulations. Businesses must, as far as reasonably practicable, eliminate or minimise workplace health and safety risks. The WHS Act specifies that workers and other persons must be given the highest level of protection against harm to their health, safety and welfare from work hazards and risks as is reasonably practicable. This responsibility includes:
· Providing and maintaining a safe work environment, safe plant and structures, and safe systems of work.
· Maintaining any worker accommodation to ensure health and safety standards are met.
· Ensuring correct handling and storage of machinery, structures, and substances. 
· Ensuring safe use, handling and storage of plant, structures and substances.
· Providing adequate and accessible facilities such as washrooms, lockers and dining areas.
· Delivering necessary health and safety information, training, and supervision.
· Monitoring workers’ health and workplace conditions to prevent illness or injury.
The WES for airborne contaminants sets the requirements for businesses to ensure that workers are adequately protected from the adverse health effects from exposure to airborne hazardous chemicals.
Proposed Intervention Case definition
The proposed Intervention Case represents the scenario where the proposed WEL for each chemical is implemented (see Table 3). The proposed WEL for each of the 9 chemicals was agreed by Members following consideration of the independent expert recommendations and feedback from public consultation, as part of the WES Review. 
The Intervention Case assumes, for the purposes of this analysis, that all businesses currently comply with the WES and will comply with the proposed WEL. Therefore, the impact assessment seeks to capture only the additional costs to businesses that are meeting the current WES, to comply with the proposed WEL, relative to the Base Case where all businesses comply with the current WES. 
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This impact analysis is underpinned by a set of key inputs, presented in Table 46. These inputs align with OIA guidance, as presented in the ‘basis’ column. 
[bookmark: _Ref216792210]Table 46 - Key impact analysis inputs
	Input
	Value
	Basis

	Base period
	All monetary values are presented in real terms, as of June 2024. All inputs presented in historical terms are escalated to June 2024 terms using ABS price indexes (Australian Bureau of Statistics, 2024).
	This base period aligns with the most recent completed financial year.

	Evaluation period
	A 10-year assessment period is used, from 2026-27 to 2035-36, inclusive.
	This assessment period aligns with the 10-year duration of the policy, as per the OIA Regulatory Burden Measurement Framework guidance note (Office of Impact Analysis, 2024).

	Discount rate
	A 7 per cent real discount rate is applied to all costs and benefits.
	This discount rate aligns with the OIA Cost Benefit Analysis guidance note (Office of Impact Analysis, 2023).

	Value of a statistical life year (VLY)
	A real VLY of $244,741 is used to estimate the benefits including reduced years of life lost (YLL) and years lived with disability (YLD).
	This value of a statistical life (VSL) and VLY are based on Abelson (2007) and align with OIA’s Value of a statistical life guidance note (Office of Impact Analysis, 2023). The VSL and VLY have been escalated to June 2024 terms using the ABS Wage Price Index (WPI) for Australia (Australian Bureau of Statistics, 2024).
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Businesses affected by the proposed WEL 
Summary
Many Australian workers may be exposed to the 9 chemicals
The businesses where workers are at risk of being exposed to the 9 chemicals represent a notable proportion of the total businesses operating across Australia. Given the nature of the proposed WEL, it is expected that a large number of businesses will likely incur some additional costs to comply with the proposed reduced limits, while a large number of workers are likely to benefit from these reduced limits.
This section summarises the categorisation of businesses for the purpose of this analysis, the industries where workers are currently exposed to each chemical, and presents the methodology used to estimate the number of businesses affected by the proposed WEL.
Categorisation of business 
Businesses are categorised across two dimensions: industry and business size.
Businesses are categorised into small, medium and large sizes
The size of business is categorised in line with ABS classification, as follows:
· Small businesses employ 1 to 19 people
· Medium businesses employ 20 to 199 people
· Large businesses employ 200 or more people (Australian Bureau of Statistics, 2018).
Non-employing businesses are not included in this analysis. The exclusion assumes that non-employing businesses may not be currently operating or, if they are operating, may not be undertaking the activities that give rise to exposure to the 9 chemicals considered in this Decision RIS due to not having employees to undertake such activities. 
Businesses are categorised into industries using the ANZSIC
The Australian and New Zealand Standard Industrial Classification (ANZSIC) adopts a hierarchical alphanumeric classification system, where the industry division is denoted by an alpha character and the subdivision, group and class levels are denoted by numeric codes (Australian Bureau of Statistics, 2006). An example is presented in Table 47.
[bookmark: _Ref216792241]Table 47 - ANZSIC hierarchy
	Level
	Example

	Division
	C Manufacturing

	Subdivision
	11 Food Product Manufacturing

	Group
	111 Meat and Meat Product Manufacturing

	Class
	1111 Meat Processing



Current businesses where workers may be exposed
The key characteristics of the businesses that are expected to be affected by the proposed WEL for each chemical – including business size and ANZSIC Group – are summarised in Figure 2. These figures have been estimated using the ABS Counts of Australian Businesses, including Entries and Exits (Australian Bureau of Statistics, 2023). See overleaf the approach used to estimate the number of affected businesses.
Figure 2 illustrates that:
· The 3 chemicals with the estimated highest number of affected businesses include: RCS (190,000), formaldehyde (58,000), and nitrogen dioxide (49,000).
· The majority (93%) of affected businesses are estimated to be small, while only 6% are medium and 1% are large.
· The 3 industries estimated to have the highest number of affected businesses are construction (67%), manufacturing (16%), and transport, postal and warehousing (6%).
It is important to note that many of these businesses will use more than one of the 9 chemicals that are subjected to this Decision RIS. As such, the actual total number of affected businesses will be less than the sum of affected businesses for each industry.
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[bookmark: _Ref201063354]Figure 2 - Summary of affected businesses by chemical, 2024
Estimating the number of businesses affected by the proposed WEL 
We have estimated the number of businesses where workers are at risk of exposure to each of the 9 chemicals, which are expected to be affected by the proposed WEL. The number of affected businesses is estimated as follows:
, where:
· AB represents the number of affected businesses
· B represents the number of businesses in each industry where workers may be exposed to each chemical
· G represents the annual growth rate in the number of businesses
· P represents the proportion of businesses in each industry where workers are at risk of exposure to each chemical
· I represents the ANZSIC Industry
· S represents the business size.
The approach and information sources used to estimate the number of businesses is:
· Identify industries | Identify the industries in which workers are estimated to be at risk of exposure to each chemical, based on stakeholder responses and NPI chemical emissions data reported by businesses (Australian Govenrment Department of Climate Change, Energy, the Environment and Water, 2024). This is done at the ANZSIC Class level, which is the most granular level of the ANZSIC system (Australian Bureau of Statistics, 2006). The industry list represents the key industries where workers may be exposed to the 9 chemicals considered in this Decision RIS. The detailed list of industries that are expected to be impacted by the proposed WEL, for each of the chemicals is included in Appendix F.
· Count of businesses (current) | The current count of businesses (by industry and size) is based on the ABS Counts of Australian Businesses June 2023 (Australian Bureau of Statistics, 2023). This data presents the total number of businesses at the four-digit ANZSIC Industry Class by employment size for each jurisdiction. ABS counts of Australian Businesses for June 2024 is not used as it is only available at the ANZSIC subdivision level, which does not provide sufficient granularity for this analysis. 
· Count of businesses (projected) | The growth rate in the number of businesses (by industry and size) is based on the compound annual growth rate (CAGR) in the count of businesses between June 2013 and June 2023 (Australian Bureau of Statistics, 2023). The metric is calculated using a ten-year period to provide a smoothed average growth rate, that reduces the effects of short-term fluctuations or outliers. Table 74 of Appendix F presents the estimated CAGR for the count of businesses by ANZSIC Group and business size classification. Using the established CAGR, the business count has been forecast for the FY27 to FY36 appraisal period. 
· Proportion of businesses | The proportion of businesses where workers are assumed to be at risk of exposure to the 9 chemicals has been informed by stakeholder responses. In the absence of estimated proportions, the analysis assumes that around 80% of businesses in each industry where workers are at risk of exposure to each chemical. 
The call-out box below highlights the key assumptions made in estimating the number of businesses affected by the proposed WELs.
	Key assumptions: Estimation of the number of affected businesses
This analysis relies on key assumptions around the identified industries, the CAGR and the proportion of businesses.
· The identified industries where workers are estimated to be at risk of exposure to each chemical at the ANZSIC Class level reflect the stakeholder responses provided on the 9 chemicals, and data from the NPI which covers seven of the nine chemicals.
· The CAGR for the count of businesses is calculated for all businesses within the identified industries, assuming those where workers are exposed to the nine chemicals follow the same growth trend.
· The proportion of businesses where workers are estimated to be at risk of exposure is assumed to be 80% based on stakeholder advice. This assumption recognises that not all businesses in affected industries will have workers that are exposed to the 9 chemicals for various reasons, including that they may not use the chemicals or have processes that give rise to airborne exposure. This assumption may overestimate or underestimate the proportion of businesses and workers affected in some industries.


The projected number of businesses that may be affected by the proposed WEL for each chemical over the appraisal period is summarised in Table 48.
[bookmark: _Ref216792291]Table 48 - Estimated count of businesses where workers are exposed to the 9 chemicals (‘000s), FY27 to FY36
	Chemical
	FY27
	FY28
	FY29
	FY30
	FY31
	FY32
	FY33
	FY34
	FY35
	FY36

	Benzene
	9.5
	9.6
	9.7
	9.7
	9.8
	9.9
	10.0
	10.1
	10.2
	10.3

	Chlorine
	16.0
	16.4
	16.9
	17.3
	17.8
	18.3
	18.8
	19.3
	19.8
	20.4

	Copper
	21.6
	21.7
	21.8
	22.0
	22.2
	22.3
	22.5
	22.7
	22.9
	23.1

	Formaldehyde
	63.4
	65.1
	67.0
	68.9
	70.9
	72.9
	75.1
	77.3
	79.5
	81.9

	Hydrogen cyanide
	2.3
	2.3
	2.3
	2.3
	2.3
	2.3
	2.4
	2.4
	2.4
	2.4

	Hydrogen sulfide
	31.1
	32.0
	33.0
	34.1
	35.1
	36.2
	37.3
	38.5
	39.7
	41.0

	Nitrogen dioxide
	50.1
	50.6
	51.0
	51.5
	51.9
	52.4
	52.9
	53.4
	53.9
	54.5

	RCS[footnoteRef:335] (excluding mining) [335:  The estimated number of future RCS businesses assumes that recent regulatory changes for silica-containing products will not impact the number of businesses where workers are at risk of exposure to RCS.] 

	205.9
	212.9
	220.1
	227.5
	235.2
	243.2
	251.4
	259.9
	268.7
	277.8

	RCS (mining only)
	3.4
	3.4
	3.4
	3.4
	3.4
	3.4
	3.4
	3.4
	3.4
	3.4

	Titanium dioxide
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9


The estimated number of businesses affected by the proposed WEL for RCS reflects a broader scope of analysis than previous Decision RISs.
This analysis projects the number of businesses that may be affected by the proposed WEL for RCS as around 209,000 in FY27. This estimate differs to figures applied in two previous Decision RISs related to RCS due to differences in scope of analysis, specifically:
· The Decision Regulation Impact Statement: Managing the risks of respirable crystalline silica at work (RCS Decision RIS) estimated that up to 22,000 businesses would be affected by regulatory and non-regulatory options aimed at reducing workplace exposures to RCS in Australia in 2021 (Safe Work Australia, 2023). 
· The Decision Regulation Impact Statement: Prohibition on the use of engineered stone (Engineered stoned Decision RIS) suggested as many as 179,750 construction industry businesses may work with engineered stone in 2019 (Safe Work Australia, 2023).
The estimated number of businesses affected by the proposed WEL for RCS is slightly higher than the previous Decision RIS figures as it includes a broader range of industry sub-divisions affected by the proposed WEL. This analysis also includes Victorian workplaces that were excluded from the previous analysis as they have not adopted the model WHS laws.
Workers affected by the proposed WEL 
A significant number of workers are exposed to the 9 chemicals considered in this Decision RIS in the workplace
Figure 3 summarises the estimated number of affected workers by chemical and the proportion of workers by industry, as of June 2024. These figures have been calculated using ABS Labour Force data (Australian Bureau of Statistics, 2024). The figure shows that:
· The estimated highest number of workers are exposed to RCS (1.44 million), nitrogen dioxide (604,000), copper (365,000) and formaldehyde (218,000).
· The industries with the estimated highest number of affected workers include construction (1.1 million), manufacturing (782,000), mining (676,000) and transport, postal and warehousing (271,000).
In line with the estimated number of affected businesses, the actual number of affected workers is likely to be significantly lower than the sum of affected workers for each chemical. This is because workers may be exposed to more than one of the 9 chemicals in their workplace.
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[bookmark: _Ref200023395]Figure 3 - Summary of the estimated scale of affected workers, 2024
Estimating the number of workers exposed to each chemical
The analysis estimates the number of workers that are likely to be exposed to the 9 chemicals considered in this Decision RIS, by industry and business size. This assumes that only some of a business’ workers would be exposed to chemicals and that the proportion of workers exposed would differ by industry. The estimated number of workers exposed to the 9 chemicals considered in this Decision RIS will be used to estimate the benefits of the proposed WEL. 
The number of workers (by industry) is estimated as follows:
, where: 
· W represents the number of workers 
· HW represents the average hours worked per week 
· I represents the ANZSIC Group
· FT represents full-time workers
· PT represents part-time workers
· G represents the annual growth rate in the number of workers
· PW represents the assumed proportion of workers in each industry where workers are exposed to each chemical
· PB represents the assumed proportion of businesses in each industry where workers are exposed to each chemical.
The approach and information sources used to estimate the number of affected workers is:
· Identify industries | Identify the industries in which workers are estimated to be at risk of exposure to each chemical, based on stakeholder responses and NPI chemical emissions data reported by businesses (Australian Govenrment Department of Climate Change, Energy, the Environment and Water, 2024). This is done at the ANZSIC Group level, which is the second most granular level of the ANZSIC system (Australian Bureau of Statistics, 2006). The industry list represents key sectors where the chemical is used or where worker exposure risk exists, but may not capture exposure scenarios not represented in the available data. The detailed list of industries that are expected to be impacted by the proposed WEL, for each of the in-scope chemicals is included in Table 73 of Appendix F.
· Count of workers (current) | The current count of full-time and part-time workers (by industry) is based on the ABS Counts of Australian Workers in May 2024 (Australian Bureau of Statistics, 2024). Under this approach:
· Full-time workers: Full-time equivalent (FTE) is calculated by dividing the average hours worked by full-time workers by 35, which the ABS uses as a threshold for full-time employment. This approach factors in individuals working more than 35 hours per week, on average.
· Part-time workers: FTE is calculated by dividing the average hours worked by part-time workers by 35, which the ABS uses as a threshold for full-time employment.
· Count of workers (projected) | The growth rate in the number of workers (by industry) is based on the CAGR in the count of workers between May 2014 and May 2024. Under this approach, the change in the number of workers is not linked to the change in the number of businesses.
· Proportion of workers | The assumed proportion of workers exposed to the nine chemicals in each industry is based on stakeholder responses and data extracted from the ABS Census Employment, Income, and Education in 2021 (Australian Bureau of Statistics, 2024). This metric considers the proportion of workers exposed to each chemical within a business and the proportion of businesses affected within each industry. 
· Proportion of workers in each industry: The estimated proportion of workers exposed to the nine chemicals in each business (by industry) is based on stakeholder responses. In the absence of estimated proportions, the analysis assumes proportions equal to the total percentage of technicians and trades workers, machinery operators and drivers, and labourers (as classified by the Occupation Standard Classification for Australia (OSCA) Major Groups) within each ANZSIC division, extracted through ABS TableBuilder (Australian Bureau of Statistics, 2021). These occupations are assumed to most likely come into direct contact with the chemicals as part of their daily work across all industries. Table 75 of Appendix F presents a summary of the extracted proportions from ABS.
· Proportion of businesses in each industry: The estimated proportion of businesses where workers are exposed to the nine chemicals is based on stakeholder responses. The proportion of businesses is measured by calculating the proportion of businesses affected at the ANZSIC Class level within the ANZSIC Group level for each industry.
The projected number of workers affected by the proposed WEL for each chemical over the appraisal period is summarised in Table 49.
[bookmark: _Ref216792395]Table 49 - Estimated count of workers exposed to the nine chemicals (‘000s), FY27 to FY36
	Chemical
	FY27
	FY28
	FY29
	FY30
	FY31
	FY32
	FY33
	FY34
	FY35
	FY36

	Benzene
	153
	154
	155
	156
	156
	157
	158
	159
	160
	161

	Chlorine
	114
	115
	116
	118
	119
	121
	122
	124
	125
	127

	Copper
	370
	373
	375
	377
	379
	382
	384
	387
	390
	392

	Formaldehyde
	227
	230
	234
	237
	241
	245
	249
	254
	259
	264

	Hydrogen cyanide
	79
	79
	79
	80
	80
	80
	80
	81
	81
	81

	Hydrogen sulfide
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147

	Nitrogen dioxide
	624
	631
	638
	645
	653
	661
	669
	677
	685
	694

	RCS[footnoteRef:336] (excluding mining) [336:  The estimated number of future RCS businesses assumes that recent regulatory changes for silica-containing products will not impact the number of businesses where workers are at risk of exposure to RCS.] 

	1,208
	1,235
	1,263
	1,291
	1,320
	1,350
	1,380
	1,411
	1,443
	1,475

	RCS (mining only)
	315
	318
	320
	322
	324
	327
	329
	331
	334
	336

	Titanium dioxide
	5
	5
	[bookmark: _Ref177414511]5
	[bookmark: _Ref177414505]5
	[bookmark: _Ref177414531]5
	5
	5
	5
	4
	4


The estimated number of workers affected by the proposed WEL for RCS reflects a broader scope of analysis than previous Decision RISs
This analysis projects the number of workers affected by the proposed WEL for RCS as around 1.52 million in FY27. This estimate differs to figures reported in the two previous Decision RISs related to RCS due to differences in scopes of analysis, specifically:
· The RCS Decision RIS estimated that up to 1.45 million workers are employed in industries where there may be exposures to RCS in the workplace in 2021 (Safe Work Australia, 2023).
· The Engineered stoned Decision RIS estimated that between 8,000 and 10,000 individuals work with engineered stone in Australia in 2019 (Safe Work Australia, 2023).
The estimated number of workers affected by the proposed WEL for RCS is broadly similar to the RCS Decision RIS (1.52 million versus 1.45 million), primarily driven by the different years in which the figures represent. The RCS Decision RIS figure of 1.45 million is based on ABS 2021 Labour Force data, while this analysis’ figure of 1.52 million relates to FY27. The figure also reflects a broader range of industry sub-divisions as discussed previously and includes Victorian workplaces that were excluded from the previous analysis as they have not adopted the model WHS laws.
[bookmark: _Toc199184037][bookmark: _Toc199361183][bookmark: _Ref177637068][bookmark: _Toc191647952][bookmark: _Toc193867312][bookmark: _Toc194003948][bookmark: _Toc219216936]Benefits of the proposed WEL
[bookmark: _Ref185838258]Benefits summary
The benefits of the proposed WEL are split into three categories:
· [bookmark: _Hlk171535221]Direct financial benefits | The reduction in the direct financial costs of workers’ compensation and medical expenses due to occupational disease, attributable to reduced workplace exposure to the nine chemicals.
· Improved health outcomes | The reduction in the burden of occupational disease, attributable to reduced workplace exposure to the nine chemicals.
· Indirect benefits | The reduction in the indirect impacts of occupational disease on workers, their family and friends, attributable to reduced workplace exposure to the nine chemicals.
The individual benefits that are considered as part of this impact analysis, which fall under each of these three categories, are summarised in Table 50.
[bookmark: _Ref216792440]Table 50 - Description of the benefits of the proposed WEL
	Benefit
	Description 

	Direct financial benefits 

	Reduced direct compensation costs
	The reduction in compensation payments made directly to a worker or their family on account of permanent injury/disease, pain and suffering. This can include death benefits, impairment sums and/or weekly benefits.
This benefit was quantifiable for 4 chemicals (benzene, chlorine, hydrogen sulfide and RCS) where sufficient data was available.

	Reduced Common Law costs 
	The reduction in total lump sum paid to a worker on account of economic loss (income replacement) and non-economic loss (excluding insurance and worker legal costs) under common law arrangements.
This benefit was quantifiable for 4 chemicals (benzene, chlorine, hydrogen sulfide and RCS) where sufficient data was available.

	Reduced medical costs
	The reduction in medical costs (including hospital, medical practitioner and allied health services) to support a worker to recover from occupational disease, attributable to reduced workplace exposure to airborne contaminants.
This benefit was quantifiable for 4 chemicals (benzene, chlorine, hydrogen sulfide and RCS) where sufficient data was available.

	Reduced supplementary costs
	The reduction in supplementary workers’ compensation claim costs, attributable to reduced workplace exposure to airborne contaminants.

This benefit was quantifiable for 4 chemicals (benzene, chlorine, hydrogen sulfide and RCS) where sufficient data was available.

	Health benefits

	Reduced years of life lost to disease
	The reduction in the YLL due to occupational disease, attributable to reduced workplace exposure to airborne contaminants.
This benefit was quantifiable for 3 chemicals (benzene, formaldehyde and RCS) where sufficient data was available.

	Reduced years lived with disability
	The reduction in the YLD due to occupational disease, attributable to reduced workplace exposure to airborne contaminants.
This benefit was quantifiable for 3 chemicals (benzene, formaldehyde and RCS) where sufficient data was available.

	Indirect benefits

	Reduced loss of productivity
	The reduction in paid productivity losses due to occupational disease, attributable to reduced workplace exposure to airborne contaminants.
This benefit was quantifiable for 4 chemicals (benzene, chlorine, hydrogen sulfide and RCS) where sufficient data was available.
Additional productivity related benefits, including reduced absenteeism and reduced presenteeism, were not quantifiable for the purposes of this impact analysis, due to a lack of available data.

	Reduced impacts on family and friends
	The reduced indirect burden on workers’ family and friends due to occupational disease, attributable to reduced workplace exposure to airborne contaminants. 
This benefit was not quantifiable for the purposes of this impact analysis due to a lack of publicly available data.


The estimation of benefits is underpinned by a number of assumptions.
The estimation of benefits for this impact analysis uses a number of simplifying assumptions, including:
· The shift to the proposed WEL is assumed to avert all occupational disease attributable to workplace exposure. In the absence of research which provides estimates of the reduction in the incidence of occupational disease attributable to the adoption of the proposed WEL for each chemical, this analysis assumes all occupational disease would be averted. This likely results in an over-estimation of the ‘treatment effect’ for each chemical, as adverse health impacts cannot be fully averted unless exposure to a chemical is eliminated altogether. This is because natural human biological variations and individual susceptibilities (such as an existing medical condition) may mean a small number of people could still experience adverse health effects from exposure at levels below the proposed WEL (Safe Work Australia, 2024).
· The full scale of benefits is assumed to be incurred from the first year following the adoption of the proposed WELs. The estimation of the reduction in workers’ compensation claims and the burden of disease, attributable to the WEL, would be accrued in-full starting in the first year of implementation. However, many of the diseases that result from occupational exposure to the chemicals considered in this Decision RIS can manifest 10-or-more years after the period of exposure. As such, the full scale of benefits attributable to the reduction in the WEL may not be experienced until after the end of the 10-year appraisal period.
· Benefits estimation assumes all existing direct and indirect health impacts are due to exposure at levels within the current WES. The workers’ compensation claims data and burden of disease data used to estimate the benefits do not identify the exposure levels that caused the adverse health effects. As such, the estimated benefits may capture claims resulting from workers being exposed to chemical levels in excess of the current WES The benefits associated with avoiding these cases would not solely be attributable to the proposed WEL.
· [bookmark: _Ref178602842]The estimated benefits attributed to the proposed WEL for RCS do not directly account for the 2019 WES changes. The benefits analysis is based on data for occupational diseases linked to workplace exposure to RCS. Given the long latency period of many RCS-related diseases (at times exceeding 10 years), any impact from recent WES changes may not yet be observable in the data, as the data used for estimating the benefits spans the period 2017 to 2021. As a result, the estimated benefits may reflect the effect of reducing the WEL from a TWA of 0.1 mg/m3 to 0.025 mg/m3, rather than the proposed reduction from 0.05 mg/m3 to 0.025 mg/m3. There was no evidence available to enable apportioning of the estimated benefits between the proposed WEL and the 2019 WES change. 
[bookmark: AppendixB_Methodology_Benefits_DFB][bookmark: AppendixC_Methodology_Benefits_DFB][bookmark: _Ref178715221][bookmark: _Ref178873344]Direct financial benefits
Benefits summary
The direct financial benefits estimate the reduction in the direct financial costs of workers’ compensation and medical expenses due to occupational disease, attributable to reduced workplace exposure to the nine chemicals. The direct financial benefits are calculated using workers’ compensation claims data from the National Dataset for Compensation-based Statistics (NDS) (Safe Work Australia, 2020). The NDS is a standard set of data items, concepts and definitions for inclusion in workers’ compensation systems operated by state and territory WHS and workers’ compensation agencies. Its primary purpose is to enable the production of national and nationally comparable workers’ compensation-based data.
The costs associated with workers’ compensation claims have been divided into 4 categories:
· Direct compensation costs refer to payments made directly to a worker or their family on account of economic loss and permanent injuries, pain and suffering. The costs include weekly benefits, death benefits provided to dependents, redemptions, statutory lump sums and impairments.
· Common law costs refer to lump sum payments made to workers under common law arrangements. The costs include lump sums paid to workers for economic loss (such as income replacement), and for non-economic loss (excluding the legal fees for both insurers and workers.
· Medical costs refer to costs related to medical services and supplies for the treatment and recovery of work-related injury or disease. The costs consist of allied health costs, hospital visit costs, medical services costs, and other medical supplies costs.
· Supplementary costs encompass vocational rehabilitation services, such as retraining, job placement, and workplace assessments, which are aimed at facilitating the injured worker’s return to employment. Additionally, they include all legal costs not directly compensable to the worker and other non-compensation related expenses, such as investigative, transport, and interpreter services associated with claim administration.
These cost categories are groupings of NDS cost items and have been created for the purpose of this impact analysis. These cost categories are discussed further in the following sections. The NDS cost items are defined in Table 78 of Appendix H. 
[bookmark: _Ref177547534]Workers’ compensation claim data
The call-out box below provides further information on the NDS data used to estimate the baseline workers’ compensation costs attributable to the 9 chemicals that are considered in this Decision RIS.

	Workers’ compensation statistics
The workers’ compensation statistics summarised below are derived from NDS data provided by Safe Work Australia. Workers’ compensation data is available for only 4 of the 9 chemicals that considered in this Decision RIS, namely: benzene, chlorine, hydrogen sulfide and RCS. No workers’ compensation data was available for the remaining five chemicals (copper, formaldehyde, hydrogen cyanide, nitrogen dioxide and titanium dioxide). This is due, in part, to the challenges in establishing causation given the long latency periods between exposure and disease onset.
The analysis of workplace compensation data uses the following datasets:
· The airborne contaminants specific dataset contains all workers’ compensation claims where the claim was primarily attributable to one of these four chemicals. 
· The breakdown agency column identifies the object, substance or circumstance that was principally involved in, or most closely associated with, the point at which things started to go wrong and which ultimately led to the most serious injury or disease (Safe Work Australia, 2020). 
· The severity indicator column categorises illness or disease as fatal, total or partial incapacitation or temporary incapacitation. The calculation of the direct financial benefits (measured using the average cost per claim) and indirect financial benefits (measured using the average time off work) accounts for all categories of severity.
· The nature of injury column identifies the most serious injury or disease sustained or suffered by the worker exposed to each chemical. The calculation of the direct financial benefits (measured using the average cost per claim) and indirect financial benefits (measured using the average time off work) accounts for all natures of injury classifications.
The statistics provided by Safe Work Australia included all relevant claims for the 10-year period from 2012 to 2021, inclusive. However, for the purpose of the below analysis, the five-year period from 2017 to 2021 has been used. This period captures the significant uplift in workers’ compensation claims attributed to occupational exposure to RCS and is considered to be a more appropriate reflection of the current burden of occupational exposure to the 9 chemicals. 
It should be noted that workers compensation data does not identify whether any claims resulted from occupational exposure to a chemical that was in excess of the current WES. 
The limitations are discussed in further detail in Table 66.



Analysis of worker’ compensation data
Workers’ compensation claims attributed to benzene, chlorine, hydrogen sulfide and RCS between 2017 and 2021 totalled $219 million. 
Summaries of the analysis for the workers’ compensation claims attributed to benzene, chlorine, hydrogen sulfide and RCS between 2017 and 2021 are presented in Figure 4 and Table 51. The figure and table present all claims attributed to these chemicals, regardless of the severity or nature of injury (including fatality and permanent impairment). As such, the claims may involve injuries that are not expected to be reduced as a result of the proposed WEL changes, for example, chemical burns. See Table 66 for further discussion.
The analysis insights across the three key metrics include:
· The number of claims: RCS has the highest number of claims (400, or 60% of the total claims), followed by chlorine (232, or 35% of total claims). This likely reflects the potentially significant health effects of occupational exposure to RCS. The next section on Health benefits provides further commentary regarding the magnitude of the burden of disease attributable to workplace exposure to RCS. As the number of workers’ compensation claims for each chemical differs each year, and there is no discernible trend (either a decrease or increase) between 2017 and 2021, this analysis assumes a constant number of workers’ compensation claims for each chemical over the 10-year appraisal period.
· The cost of claims: Compensation claims attributable to RCS totalled $209 million (96% of total claims costs), which is significantly higher than hydrogen sulfide ($3.6 million), chlorine ($3.1 million) and benzene ($2.7 million). This reflects that RCS has the highest number of attributed claims and the second highest average costs per claim ($523,000) of all four chemicals, where workers compensation data is available. For the purpose of this analysis, the average cost per claim has been escalated to June 2024 terms using ABS price indexes (Australian Bureau of Statistics, 2024). 
· Time off from work: Compensation claims attributable to RCS resulted in more than 27,000 weeks off from work, while claims attributed to chlorine resulted in over 860 weeks off from work. This reflects the higher number of claims and average number of weeks off per claim (3.7 for chlorine and 68.5 for RCS, see Table 51) for each of these chemicals. However, it should be noted that this analysis indicates little or no correlation between total compensation costs and average time off work.
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[bookmark: _Ref200028722]Figure 4 - Workers' compensation data for benzene, chlorine, hydrogen sulfide and RCS, 2017-2021
[bookmark: _Ref216792583]Table 51 - Summary of workers’ compensation claim analysis, 2017 to 2021 (Safe Work Australia, 2023)
	Chemical
	Average claims per year
	Average cost per workers’ compensation claim
	Average weeks off work

	
	
	Direct
	Common Law
	Medical
	Supplementary
	Total
	

	Benzene
	1.0
	$3,128
	$342,857
	$2,786
	$186,634
	$535,406
	0.1

	Chlorine
	46.4
	$5,085
	$4,526
	$2,297
	$1,325
	$13,234
	3.7

	Hydrogen sulfide
	6.2
	$94,049
	$20,038
	$1,616
	$895
	$116,598
	0.3

	RCS
	80.0
	$344,818
	$131,692
	$11,839
	$34,813
	$523,163
	68.5



Workers’ compensation claims are likely to significantly under-represent the scale of workplace injury or illness attributable to the 9 chemicals. 
The ABS Work-Related Injuries Survey 2021-22 (Australian Bureau of Statistics, 2023) stated that 96.7% of individuals that experienced a work-related injury or illness attributable to contact with a chemical or substance did not receive workers’ compensation (Australian Bureau of Statistics, 2023). Among those who did not apply for workers’ compensation, the survey identifies that:
· Thirty-nine per cent considered their injury too minor or did not believe workers' compensation was necessary.
· Fourteen per cent did not think they were eligible.
· Ten per cent were either not covered or unaware of workers' compensation (Australian Bureau of Statistics, 2023).
Furthermore, information provided by Safe Work Australia suggests that workers’ compensation claims attributable to the 9 chemicals may be under-represented within NDS data due to:
· Long latency periods between exposure and the observable onset of disease may result in individuals not linking the disease to workplace exposure or having insufficient evidence to link the disease to occupational exposure. As such, the full scale of benefits attributable to the reduction in the WEL may not be experienced until after the end of the 10-year appraisal period.
· Unincorporated enterprises and independent contractors are generally not covered under workers’ compensation schemes. Approximately 12% of Australian workers are employed in this way.
There are also observed practices of ‘code dumping’ within NDS data, where claims are attributed to ‘other’ and ‘unspecified’ categories, rather than to the 9 chemicals. For example, in the Nominated chemicals (51) Agency Sub major group, the ‘Other and not specified nominated chemicals’ (5199) Sub minor group made up 61% of all in-scope claims.
Workers’ compensation claims also do not identify the exposure levels that resulted in occupational illness or injury. To the extent that some of these cases related to exposures in excess of the current WES, the benefits associated with avoiding these cases would not be directly attributable to the proposed WEL.
As noted earlier, the workers’ compensation claims also do not identify the exposure levels that resulted in occupational illness or injury. To account for the likely under-representation of workplace injury and illness in workers’ compensation claims, this impact analysis applies a 50% uplift factor to all direct financial benefits and indirect benefits.
Reduced direct compensation costs
This benefit measures the reduction in compensation payments made directly to a worker or their family on account of permanent injury or disease, pain and suffering, attributable to reduced workplace exposure to airborne contaminants. Direct compensation costs include weekly benefits, death benefits provided to dependents, redemptions, statutory lump sums and impairments. The inputs, parameters and methodology used to estimate this benefit are presented in Table 52.
[bookmark: _Ref216792721]Table 52 - Inputs, parameters and methodology used to estimate the reduced direct compensation costs benefit
	Inputs
	Not applicable.

	Parameters
	The average number of workers’ compensation claims per year and the average direct compensation costs per claim for each chemical (see Table 51) are based on NDS data.
An uplift factor of 50% has been assumed, to account for the likely under-reporting of workplace injury or illness attributable to the 9 chemicals in workers’ compensation data. See Table 66 for further discussion.

	Methodology
	, where:
NC represents the average number of workers’ compensation claims per year
ACDC represents the average direct compensation costs per claim
· UF represents the uplift factor.



Reduced common law costs
This benefit measures the reduction in compensation payments made under common law arrangements, attributable to reduced workplace exposure to airborne contaminants. Common law costs include economic losses (income replacement) and non-economic losses (excluding insurer and worker legal costs). The inputs, parameters and methodology used to estimate this benefit are presented in Table 53.
[bookmark: _Ref216792768]Table 53 - Inputs, parameters and methodology used to estimate the reduced common law costs benefit
	Inputs
	Not applicable.

	Parameters
	The average number of workers’ compensation claims per year and the average common law compensation costs per claim for each chemical (see Table 51) are based on NDS data.
An uplift factor of 50% has been assumed, to account for the likely under-reporting of workplace injury or illness attributable to the 9 chemicals in workers’ compensation data. See Table 66 for further discussion.

	Methodology
	, where:
NC represents the average number of workers’ compensation claims per year
ACCLC represents the average common law compensation costs per claim
· UF represents the uplift factor.



Reduced medical costs
This benefit measures the reduction in medical costs to support a worker to recover from occupational disease, attributable to reduced workplace exposure to airborne contaminants. Medical costs include hospital visits, medical practitioner services (including general practice, psychiatry and surgery), allied health services (including physiotherapy, psychology and occupational therapy) and other goods (including prescriptions, medical supplies, and aids and appliances). The inputs, parameters and methodology used to estimate this benefit are presented in Table 54.
[bookmark: _Ref216792816]Table 54 - Inputs, parameters and methodology used to estimate the reduced medical costs benefit
	Inputs
	Not applicable.

	Parameters
	The average number of workers’ compensation claims per year and the average medical costs per claim for each chemical (see Table 51) are based on NDS data.
An uplift factor of 50% has been assumed, to account for the likely under-reporting of workplace injury or illness attributable to the 9 chemicals in workers’ compensation data. See Table 66 for further discussion.

	Methodology
	, where:
NC represents the average number of workers’ compensation claims per year
ACMC represents the average medical costs per claim
· UF represents the uplift factor.



Reduced supplementary costs
This benefit measures the reduction in supplementary workers’ compensation claim costs, attributable to reduced workplace exposure to airborne contaminants. Supplementary costs include vocational rehabilitation (including retraining, job placement and workplace assessment), non-compensation legal expenses (including medical reports for legal proceedings, workers’ legal costs and employers’ legal costs) and non-compensation costs (including medical reports for legal proceedings, transport, accommodation and interpreter services). The inputs, parameters and methodology used to estimate this benefit are presented in Table 55.
[bookmark: _Ref216792863]Table 55 - Inputs, parameters and methodology used to estimate the reduced supplementary costs benefit
	Inputs
	Not applicable.

	Parameters
	The average number of workers’ compensation claims per year and the average supplementary costs per claim for each chemical (see Table 51) are based on NDS data.
An uplift factor of 50% has been assumed, to account for the likely under-reporting of workplace injury or illness attributable to the 9 chemicals in workers’ compensation data. See Table 66 for further discussion.

	Methodology
	, where:
NC represents the average number of workers’ compensation claims per year
ACSC represents the average supplementary costs per claim
· UF represents the uplift factor.



Improved health outcome benefits
Benefits summary
The analysis estimates the improved health outcomes benefits based on the reduction in the burden of occupational disease for the nine chemicals, attributable to the proposed changes to the WEL for each chemical. In this analysis, the burden of disease is measured in disability-adjusted life years (DALYs), which represent the number of years of healthy life lost, either through premature death (fatal burden) or living with disability due to illness or injury (non-fatal burden) (Australian Institute of Health and Welfare, 2023). The estimation of DALYs is underpinned by two key metrics, in line with the AIHW Australian Burden of Disease (ABD) Study:
· Years of life lost (YLL) | The number of years of life lost due to premature death before the ideal life span. YLL represents the fatal burden of disease.
· Years lived with disease (YLD) | The number of years lived in a state of less than full health. YLD represents the non-fatal burden of disease. YLD are multiplied by disability weights (DW) which are factors that reflect the severity of health loss from a particular condition on a scale from 0 (perfect health) to 1 (equivalent to death) (Australian Institute of Health and Welfare, 2023). 
The monetary value of the burden of disease is calculated by multiplying DALYs by the VLY. The VLY is an estimate on the value society places on a year of life, assumed to be the life of a young adult with at least 40 years of life ahead. The VLY is most appropriately measured by estimating how much society is willing to pay to reduce the risk of death (Australian Institute of Health and Welfare, 2023). This analysis assumes a VLY of $244,741, based on Abelson (2008) and escalated to June 2024 terms using the ABS WPI for Australia (Australian Bureau of Statistics, 2024). 
The full scale of the improved outcomes benefits may not be accrued until after the end of the 10-year appraisal period, given latency periods between exposure and disease manifestation. 
This analysis assumes that the reduction in the burden of disease, attributable to the WEL changes, would be accrued in-full, starting in the first year of implementation. However, many of the diseases that result from occupational exposure to the 9 chemicals can manifest 10-or-more years after the period of exposure due to long latency periods between exposure and disease onset. As such, the full scale of improved health outcomes attributable to the reduction in the WEL may not be experienced until after the end of the 10-year appraisal period.
Current burden of occupational disease
Research suggests that all 9 chemicals may cause occupational disease, but with varying severity.
As outlined in Table 2, exposure to each of the nine chemicals may potentially have adverse health effects. However, the specific health effects differ from chemical-to-chemical.
Benzene, formaldehyde and RCS are classified as carcinogens.
The Globally Harmonised System for the Classification and Labelling of chemicals (GHS) classify these 3 chemicals as carcinogens. The burden of disease attributable to occupational exposure to these 3 chemicals has been estimated by the IHME Global Burden of Disease (GBD) study.[footnoteRef:337] The GBD study is the most comprehensive worldwide observational epidemiological study to date (Institute For Health Metrics and Evaluation, 2024).  [337:  The GBD study also estimated the burden of disease attributable to diesel engine exhaust, of which nitrogen dioxide is a constituent chemical. This burden has not been considered as part of this impact analysis.] 

For the remaining 6 chemicals considered in this Decision RIS, no equivalent burden of disease estimates are currently available. Attribution of occupational disease to specific workplace exposures often presents challenges due to long latency periods between exposure and disease onset, and difficulties in linking specific chemical exposures to health outcomes.
Figure 5 summarises the scale and nature of the burden of disease attributable to benzene, formaldehyde and RCS, based on GDB study from 2017 to 2021. The figure shows that the burden of disease for RCS over the five-year period ($8 billion) is significantly higher than for benzene ($317 million) and formaldehyde ($34 million). This reflects the outcomes of the compensation claims data analysis, which also showed that the impacts of occupational disease for RCS are significantly higher than all other chemicals. The figure also shows that the fatal burden of disease comprises the majority (96 to 98%) of the total burden of disease for the 3 chemicals.
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[bookmark: _Ref200032109]Figure 5 - Estimated burden of disease attributable to benzene, formaldehyde and RCS, 2017-2021 (Institute For Health Metrics and Evaluation, 2024)
Reduced years of life lost due to occupational disease
This benefit measures the reduction in the YLL due to occupational disease, attributable to reduced workplace exposure to airborne contaminants.
The forecast fatal burden of disease for benzene, formaldehyde and RCS over the appraisal period are presented in Table 56. These figures are estimated based on IHME GBD data, using the CAGR in the historical burden of disease between 2016 and 2021. The mean measure presents the most likely value, while the low and high measure represent the upper and lower bounds of the 95% confidence interval, respectively. Table 56 shows that the forecast burden of disease for RCS in FY27 (7,421 DALYs or $1.82 billion) is significantly higher than for benzene (270 DALYs or $66.1 million) and formaldehyde (28 DALYs or $6.9 million).
[bookmark: _Ref216792926]Table 56 - Forecast fatal burden of occupational disease for benzene, formaldehyde and RCS (DALYs), FY27 to FY36
	Chemical
	Estimate
	FY27
	FY28
	FY29
	FY30
	FY31
	FY32
	FY33
	FY34
	FY35
	FY36

	Benzene
	Low
	57 
	58 
	59 
	61
	62 
	63 
	65 
	66 
	67
	69 

	
	Mean
	270
	273
	275
	278
	280
	283
	285
	288
	291
	293

	
	High
	467 
	470 
	473 
	476 
	479 
	482 
	485 
	488
	491 
	494 

	Formaldehyde
	Low
	23 
	23 
	23 
	24 
	24 
	24 
	24 
	24 
	24 
	24

	
	Mean
	28
	28
	29
	29
	29
	29
	29
	30
	30
	30

	
	High
	34 
	34 
	34.2 
	35 
	35 
	35 
	36 
	36 
	36 
	36

	RCS
	Low
	2,003 
	2,038 
	2,073 
	2,110 
	2,147 
	2,184 
	2,222 
	2,261 
	2,301 
	2,341 

	
	Mean
	7,421
	7,550
	7,681
	7,814
	7,950
	8,088
	8,228
	8,371
	8,516
	8,664

	
	High
	12,550 
	12,769 
	12,992 
	13,219 
	13,449 
	13,684 
	13,922 
	14,165 
	14,412 
	14,664 



The inputs, parameters and methodology used to estimate this benefit are presented in Table 57.
[bookmark: _Ref216792998]Table 57 - Inputs, parameters and methodology used to estimate the reduced years of life lost due to occupational disease benefit
	Inputs
	The forecast fatal burden of disease for each chemical (see Table 56 is estimated based on IHME GBD data.

	Parameters
	The VLY of $244,741 is based on Abelson (2007) and escalated to June 2024 terms using the ABS WPI for Australia (Australian Bureau of Statistics, 2024).

	Methodology
	, where:
FB represents the fatal burden of disease (DALYs lost to premature death)
· VLY represents the value of a statistical life year.
· ∆HI represents the reduction in the fatal burden of disease attributable to the WEL.



Reduced years lived with disability due to occupational disease
This benefit measures the reduction in the YLD due to occupational disease, attributable to reduced workplace exposure to airborne contaminants.
The forecast non-fatal burden of disease for benzene, formaldehyde and RCS over the appraisal period are presented in Table 58. These figures are estimated based on IHME GBD data, based on the CAGR in the historical burden of disease between 2016 and 2021. The mean measure presents the most likely value, while the low and high measure represent the upper and lower bounds of the confidence interval, respectively.
[bookmark: _Ref216793042]Table 58 - Forecast non-fatal burden of occupational disease for benzene, formaldehyde and RCS (DALYs), FY27 to FY36 (Institute For Health Metrics and Evaluation, 2024)
	Chemical
	Scenario
	FY 27
	FY 28
	FY 29
	FY 30
	FY 31
	FY 32
	FY 33
	FY 34
	FY 35
	FY 36

	Benzene
	Low
	1.8 
	1.8 
	1.8 
	1.8 
	1.9 
	1.9 
	1.9 
	1.9 
	1.9 
	2.0 

	
	Mean
	8.9
	8.9
	8.9
	9.0
	9.0
	9.0
	9.0
	9.0
	9.0
	9.1

	
	High
	18.2 
	18.3 
	18.4 
	18.5 
	18.7 
	18.8 
	18.9 
	19.0 
	19.1 
	19.3 

	Formaldehyde
	Low
	0.8 
	0.8 
	0.8 
	0.8 
	0.8 
	0.8 
	0.8 
	0.8 
	0.8 
	0.8 

	
	Mean
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1

	
	High
	1.7 
	1.7 
	1.7 
	1.7 
	1.7 
	1.8 
	1.8 
	1.8 
	1.8 
	1.8 

	RCS
	Low
	35.2 
	34.6 
	33.9 
	33.3 
	32.6 
	32.0 
	31.4 
	30.8 
	30.2 
	29.6 

	
	Mean
	127.2
	128.7
	130.1
	131.6
	133.0
	134.5
	136.0
	137.6
	139.1
	140.7

	
	High
	231.0 
	234.9 
	239.0 
	243.1 
	247.3 
	251.6 
	255.9 
	260.3 
	264.8 
	269.4 



The inputs, parameters and methodology used to estimate this benefit are presented in Table 59.
[bookmark: _Ref216793081]Table 59 - Inputs, parameters and methodology used to estimate the reduced years lived with disability due to occupational disease benefit
	Inputs
	The forecast non-fatal burden of disease for each chemical (see Table 58) is estimated based on IHME GBD data.

	Parameters
	The VLY of $244,741 is based on Abelson (2007) and escalated to June 2024 terms using the ABS WPI for Australia (Australian Bureau of Statistics, 2024).

	Methodology
	, where:
NFB represents the non-fatal burden of disease (DALYs lost to premature death)
VLY represents the value of a statistical life year
· ∆HI represents the reduction in the non-fatal burden of disease attributable to the WEL.


Indirect benefits
Benefit summary
The indirect benefits measure the reduction in the indirect impacts of occupational disease on workers, their family and friends, attributable to reduced workplace exposure to the 9 chemicals. In this analysis, indirect benefits are measured through two metrics: 
· The reduction in paid productivity losses due to occupational disease, measured by the reduction in time lost (working weeks)
· The reduced burden on the support networks (family and friends) due to occupational disease, including decreased stress and fewer unpaid responsibilities related to caring for workers affected by workplace illnesses. 
Occupational disease significantly affects businesses, individuals and their support networks. 
Between 2017 and 2021, it is estimated that more than 29,000 working weeks were lost due to occupation disease attributed to benzene, chlorine, hydrogen sulfide and RCS (see Figure 4 above). The average time off for these claims was 42 weeks, with RCS having the highest average time off per claim of 66 weeks (see Table 53). 
Time off work due to occupational disease can negatively affect businesses, causing loss in productivity and potentially leading to increased costs to hire and train replacement workers. Similarly, individual workers and their networks are affected through the emotional and financial burden of recovering from and managing workplace disease. 
Reduced productivity losses
The analysis estimates the benefit of the reduction in paid productivity losses due to occupational disease, attributable to reduced workplace exposure to airborne contaminants. The productivity loss is estimated through the reduction in working weeks lost due to workplace illnesses per workers’ compensation claim and is monetised using the average weekly earnings (AWE) of workers in the industries where workers are at risk of exposure to the chemicals. 
This benefit is calculated using the weighted-average weekly earnings (WAWE) per worker exposed to each chemical, presented in Table 60. These figures have been calculated using the following formula:
, where:
· AWE represents the average weekly earnings 
· SAB represents the proportion of affected businesses 
· I represents the industry (ANZSIC Group).
[bookmark: _Ref216793125]Table 60 - Estimated AWE for workers at risk of exposure to each chemical ($)
	Chemical
	AWE

	Benzene
	$2,244

	Chlorine
	$2,319

	Copper
	$2,271

	Formaldehyde
	$2,291

	Hydrogen cyanide
	$2,725

	Hydrogen sulfide
	$2,787

	Nitrogen dioxide
	$2,174

	RCS
	$2,204

	Titanium dioxide
	$1,906


The inputs, parameters and methodology used to estimate this benefit are presented in Table 61.
[bookmark: _Ref216793158]Table 61 - Inputs, parameters and methodology used to estimate the reduced productivity losses
	Inputs
	Not applicable.

	Parameters
	The average time lost in working weeks per workers’ compensation claim for each chemical (see Table 51) is based on NDS data.
The AWE of workers at risk of exposure to each chemical is estimating using ABS AWE data. See ‘Indirect benefits inputs’ of Appendix H for detailed inputs.
An uplift factor of 50% has been assumed, to account for the likely under-reporting of workplace injury or illness attributable to the 9 chemicals in workers’ compensation data. See Table 66 for further discussion.

	Methodology
	, where:
∆WCC represents the change in the number of workers compensation claims
UF represents the uplift factor
ATL represents the average time lost (working weeks) per workers’ compensation claim
WAWE represents the weighted-average weekly earnings for the workers at risk of exposure to each chemical
· ΔNC represents the percentage reduction in the number of workers compensation claims, attributable to the reduced WEL.



Reduced impacts on support networks benefit
This benefit considers the reduced indirect burden on workers’ family and friends due to occupational disease, attributable to reduced workplace exposure to airborne contaminants. When an individual becomes unwell due to an occupational disease, this can create additional strain on their networks and families. For example, household tasks may be left unfulfilled, requiring support from other family members, friends or necessitating paid support. It can also necessitate additional caring arrangements within households. For example, a worker with occupation disease may require support from their spouse, adversely affecting the spouse’s ability to care for their child. This can place additional physical, emotional and financial strain on workers’ support networks.  
The indirect burden of occupational disease on family and friends relates to the stress and additional unpaid responsibilities, including:
· caring for the sick worker
· attendance at medical appointments
· caring for children or other dependents, and
· household work.
This benefit was not quantifiable for the purposes of this impact analysis due to a lack of publicly available data. However, the indirect impacts on the support networks of individuals who experience occupational disease should be considered qualitatively when considering the overall benefits of the proposed reforms.
[bookmark: _Toc181003147][bookmark: _Toc219216937]Costs of the proposed WEL
This impact analysis applies two key estimation approaches to estimate the costs to industry of the proposed WELs:
· Standardised costs use a standardised set of inputs to estimate the costs to business of the proposed WEL changes. These costs are estimated using the inputs and methodology from the Decision RIS: Workplace Exposure Standards framework under the model Work Health and Safety laws (Safe Work Australia, 2019), with all cost inputs escalated to June 2024.
· Specific costs use chemical and/or industry-specific information to estimate the costs to business of the proposed WEL changes. These costs are estimated using information obtained through stakeholder engagement.
The cost impact analysis is indicative and subject to a number of limitations, reflecting the limited data availability. 
Estimating the compliance costs of the proposed WEL changes for each chemical is constrained by the following limitations: 
· The analysis provides an indicative estimation of costs and has not accounted for individual businesses’ circumstances. In the absence of the necessary data to robustly estimate compliance costs for each industry, the analysis applies the inputs and methodology from the Decision RIS: Workplace Exposure Standards framework under the model Work Health and Safety laws (Safe Work Australia, 2019).
· Data is not available on the actual number of businesses which would be affected by the proposed WEL changes. The analysis undertaken makes assumptions based on ABS data, informed by information from the NPI and stakeholder engagement.
Further detail on these limitations is provided in the ‘Limitations’ section of Appendix C. 
This analysis used inputs relating to the high scenario from the 2019 Decision RIS: Workplace Exposure Standards.
SWA’s 2019 Decision RIS: Workplace exposure standards framework under the model Work Health and Safety Laws (Safe Work Australia, 2019) identified two scenarios for the Intervention Case:
· Low scenario | The changes to the WES values are less significant (i.e. the new values are not significantly different to the current values); and
· High scenario | The changes to the WES values are more significant (i.e. the new values are significantly different to the current values).
Nous Group considered that the extent of the proposed changes to the WEL for each of the 9 chemicals considered in this Decision RIS were substantial and more closely aligned with the high scenario than the low scenario. As such, the analysis used the high scenario to inform the estimated incremental costs to businesses for complying with the proposed WEL. Adjustments were made based on the extent of the changes between the current WES and proposed WEL, for each of the 9 chemicals considered in this Decision RIS.
Standardised costs
Summary
In line with the methodology used in the Decision RIS: Workplace exposure standards framework under the model Work Health and Safety Laws (Safe Work Australia, 2019), this analysis splits costs into two categories:
· Control measure costs | The estimated increased costs to businesses related to additional expenditure from implementing control measures to comply with the reduced WEL for the 9 chemicals. Control measure costs include isolation controls, engineering controls, administrative controls and personal protective equipment (PPE).
· Management practice costs | The estimated increased costs to businesses related to additional expenditure on measures that support the business to comply with the reduced WEL for the 9 chemicals. Management practice costs include air monitoring, occupational hygienist and health monitoring costs.
These cost items estimated in this impact analysis are indicative and outlined in Table 62.
[bookmark: _Ref216793204]Table 62 - Description of the costs of the proposed WEL
	Cost
	Description 

	Control measure costs 

	Increased isolation control costs
	The increase in costs related to implementing enclosed systems, exhaust extraction, isolating processes and other isolation controls to comply with the proposed WEL.

	Increased engineering control costs
	The increase in costs related to implementing fully enclosed vent booths, partially enclosed fume cupboards, local exhaust ventilation, robotics and other engineering controls to comply with the proposed WEL.

	Increased administrative control costs
	The increase in costs related to staffing, scheduling and risk management practices (such as reviewing the suitability of existing controls and implementing other administrative controls) needed to comply with the proposed WEL.

	Increased PPE costs
	The increase in costs related to purchasing chemical resistant glasses, respirators, protective clothing, face shields or goggles, gloves and other PPE controls to comply with the proposed WEL.

	Management practice costs

	Increased air monitoring costs
	The increase in costs related to air monitoring to ensure compliance with the proposed WEL. For most businesses, this would involve contracting third-party occupational hygiene consultants to conduct periodic monitoring. For businesses with in-house occupational hygienists, costs may include purchasing and installing air monitoring equipment, maintaining and calibrating the equipment, managing the data, and training staff to operate and maintain the equipment as well as interpret the data to ensure compliance with the proposed WEL.

	Increased occupational hygienist costs
	The increase in costs related to hiring occupational hygienists to conduct regular site assessments and air quality tests for contaminants to ensure compliance with the proposed WEL.

	Increased health monitoring costs
	The increase in costs related to conducting health assessments, attending medical appointments and health monitoring for workers. 
Health monitoring is required only for benzene and RCS, 2 of the 9 chemicals considered in this Decision RIS (Safe Work Australia, 2020). As a result, costs are applied to these chemicals only. Monitoring requirements remain unchanged, but with lower WELs, the frequency of health monitoring may increase and/or more businesses may need to undertake health monitoring activities.


Cost estimation approach
The incremental costs to businesses to comply with the proposed WEL for each chemical are estimated using a standardised set of assumptions for the Base Case and Intervention Case. The analysis estimates the standardised costs using data from two key sources:
· SWA’s 2019 Decision RIS: Workplace Exposure Standards | The Decision RIS cost estimates represent the generalised change in costs that businesses are expected to incur if there was a change in the WEL. 
· Public submission from Australian Chamber of Commerce and Industry (ACCI) | The ACCI cost estimates are based on a 2024 survey of its members, with 101 responses recorded. The survey questions asked respondents to consider the incremental costs they expect to incur that would be specifically attributable to the proposed WEL.
The public submission by ACCI provided data that were collected in its member survey and published in an aggregated or selected manner. There are some limitations to using this ACCI data, including: 
· Survey responses may reflect selection bias if the voluntary survey was more likely to be completed by those members that expected to incur the greatest costs.
· Nous Group did not have access to actual survey responses and could not review or analyse the raw data. Instead, we relied on ACCI’s submission and its reporting of the survey results. 
· Some survey data reported in the ACCI submission was excluded due to a lack of sufficient detail to interpret the data provided (i.e. whether the costs were annualised, the control type they related to, the size of the business, etc). 
Table 65 of the ‘Limitations’ section of Appendix C provides further details on the limitations. 
To manage these limitations, Nous reviewed and assessed the reporting of the survey results collected by ACCI for applicability and robustness and considered whether they appeared to represent incremental costs beyond the existing costs incurred in complying with the current WES. The assessment also considered apparent outliers and excluded them where there was insufficient evidence provided to understand the nature and extent of the costs. 
The ACCI standardised costs were incorporated with the previous Decision RIS standardised costs using a weighting based on survey response counts from ACCI and the previous Decision RIS for each cost item (Refer to Appendix I for weightings).
The inputs, parameters and methodology used to estimate the standardised costs to business of complying with the proposed WEL are presented in Table 63.
[bookmark: _Ref216793267]Table 63 - Inputs, parameters and methodology used to estimate the standardised costs to business
	Inputs
	The estimated number of affected businesses (by size classification) for each chemical is estimated using the ABS Counts of Australian Businesses, including Entries and Exits (see Table 48) (Australian Bureau of Statistics, 2023).

	Parameters
	The following inputs have been sourced from the previous 2019 Decision RIS: Workplace Exposure Standards framework under the model Work Health and Safety laws (Safe Work Australia, 2019): 
The proportion of businesses using each control measure or practice management (by cost item and business size category). Where this was not available (for instance, for health monitoring inputs), a proportion was calculated from the percentage of responses on the respective cost item out of the total number of responses received.
The average number of control measure or practice management used (by cost item and business size category)
The weighted-average annual cost per control measure or management practice (by cost item and business size category). The cost per control is escalated to June 2024 terms using ABS Price Indexes (Australian Bureau of Statistics, 2024).
The following inputs have been sourced from a public submission made by ACCI:
· The weighted-average incremental annual cost per control measure or management practice (by cost item and business size category).

	Methodology
	The standardised cost to businesses of complying with the proposed WEL is calculated using the following formula:
1. The standardised costs are a weighting of the ACCI and Decision RIS standardised costs.
 
2. The Decision RIS weighted-average annualised costs are proportioned by the incremental average number of control measures or management practices per businesses between the intervention case and base case.
,
3. The ACCI weighted-average incremental annual costs are proportioned by the Decision RIS’ proportion of businesses using each control measure or management practice in the intervention case.
 
4. The weightings are calculated based on the count of responses provided by ACCI and the Decision RIS for each control measure or management practice.

 where:
DRIS represents data sourced from SWA’s 2019 Decision RIS: Workplace Exposure Standards
ACCI represents data sourced from the Australian Chamber of Commerce and Industry
WAAC represents the weighted-average annual cost of the previous Decision RIS inputs
WAIAC represents the ACCI weighted-average incremental annual cost
PB represents the proportion of businesses using each control measure or management practice
NCI represents the average number of control measures or management practices
CI represents each cost item
S represents the business size categories
BC represents the Base Case and IC represents the Intervention Case.



Specific costs
This analysis estimates the specific costs with chemical and/or industry-specific information gathered through engagement with stakeholders. Nous reviewed and assessed the cost items provided for their applicability and robustness for this impact analysis. In particular, the assessment considered whether the cost item provided represents an incremental cost, recognising that some costs provided could potentially also apply under the Base Case of ensuring compliance with the current WES. The assessment also considered whether the cost item represented an annualised cost, a single control type and the respective business size. Based on this assessment, not all cost inputs provided by stakeholders have been included in this analysis. 
All specific cost items have been adjusted to annualised figures for the purpose of this impact analysis. The average annual cost for capital investments is calculated as follows:
, where:
PC represents purchase cost (including any relevant engineering design or installation costs)
UL represents the useful life of the control
OC represents the annual operating cost.
The call-out box below presents a case study provided by industry of its cost estimates for the mining industry to comply with the proposed WEL for RCS.
	Case study: Illustrative costs for the mining sector to comply with the proposed WEL change for RCS
An industry group, representing businesses operating in the Australian mining industry, has provided estimates of the costs to the mining sector of complying with the proposed WEL for RCS. The costing included around 20 line items, unit prices and accompanying notes (with the key line items outlined below).
Industry assumptions
The estimates assumed:
· There are 379 operational mines in Australia, comprising 309 open-cut mines and 70 underground mines.
· An additional 220,000 workers would be required to undergo pre-employment medical assessments and would require RPE.
Cost provided by industry
The industry submission provided business’ estimates for additional or upgraded engineering controls, administrative controls, and personal protective equipment. It should be noted that many of these measures are already required under the model WHS laws and current regulations for RCS. 
The types of control measures and management practices included in the submission and the annualised additional cost estimates for these items included: 
· Engineering controls ($10.9 billion p.a.): Conveyor guards, transfer curtain, stockpile covers, water dust suppression, machine cab filtration, and HEPA vacuums and filters.[footnoteRef:338] [338:  The annual costs for engineering controls have been calculated in line with the equation immediately above the call-out box.] 

· Administrative controls ($72 million p.a.): RPE fit testing and staff training.
· Health monitoring costs ($1.8 billion p.a.) Annual medical assessments, medical x-rays and lung cancer screenings, ongoing health monitoring.
· Personal protective equipment ($231 million p.a.): RPE including Positive Air Purifying Respirators (PAPR) and P2-P3 respirators, including replacement filters.
· Air monitoring ($59 million p.a.): Quarterly air monitoring at five sites per operating mine.
Further stakeholder engagement with experts indicated it is unlikely that the full quantum of costs included in the estimates above are attributable to the proposed WEL changes. Adjustments have been made to relevant items, with the objective of developing more balanced cost estimates.
Implications for Nous’ cost estimation
Subsequent engagement with industry and WHS experts to test these assumptions and cost estimates indicated that many of these control measures are relevant to complying with the existing WES and some items are not directly required by the WEL. 
As a result, Nous’ cost estimates applied material adjustments to better reflect the expected incremental costs beyond compliance with the current WES.


[bookmark: AppendixB_Methodology_Limitations][bookmark: AppendixC_Methodology_Limitations][bookmark: _Toc219216938]Limitations
The analysis presented in this report is subject to three broad limitations: count of business and workers, costs and benefits. This reflects the gaps in the data, documentation and stakeholder engagement and feedback made accessible during the impact analysis. 
The most material limitations of this analysis, including the potential implications of these limitations, for determining:
· the number of businesses and workers at risk of exposure to the 9 chemicals are documented in Table 64.
· the costs for the proposed WELs for each of the 9 chemicals are documented in Table 65.
· the benefits for the proposed WELs of each of the 9 chemicals are documented in Table 66.
[bookmark: _Ref216793310]Table 64 - Key limitations of the analysis for determining the number of businesses and workers at risk of exposure to the 9 chemicals
	Limitation
	Description 

	The actual number of businesses where workers are at risk of exposure to each chemical is not known.
	The count of businesses affected by the proposed WEL for each chemical are estimated based on ABS data, informed by information from the NPI and stakeholder engagement. The analysis undertaken makes assumptions regarding which ANZSIC classes, and the proportion of businesses in each class, are affected.
Actual counts of businesses where workers are exposed to each chemical have not been identified through desktop analysis of publicly available data, nor has stakeholder engagement identified relevant non-public counts of relevant businesses.

	The actual number of workers at risk of exposure to each chemical is not known.
	As above, the count of workers affected by the proposed WEL for each chemical are estimated based on ABS data, informed by information from the NPI and stakeholder engagement. The analysis undertaken makes assumptions regarding the proportion of workers in each industry that are exposed to the chemicals considered in this Decision RIS.
Actual counts of workers exposed to each chemical have not been identified through desktop analysis of publicly available data, nor has stakeholder engagement identified relevant non-public counts of relevant workers.

	Businesses and workers may be affected by reductions to more than one WEL.
	A number of businesses considered in this analysis are understood to expose workers to more than one of the 9 chemicals considered in this Decision RIS. This analysis does not consider the flow-on impacts to the costs or benefits where the WEL for two or more chemicals are implemented.
A survey conducted by the Australian Chamber of Commerce and Industry shows at least 50% of its surveyed members identified that workers are at risk of being exposed to more than one of the 9 chemicals considered in this Decision RIS in their workplaces. 


[bookmark: _Ref216793360]
Table 65 - Key limitations of the analysis for determining the costs of each proposed WELs
	Limitation
	Description 

	Detailed cost data, for each chemical and industry, was not available to inform this impact analysis.
	This impact assessment is based on publicly available data which is highly limited in detail and accessibility. Therefore, a number of simplifying assumptions have been made to produce indicative estimates of costs, across different chemicals and industries. 
The analysis provides an indicative estimation of costs only, as it has not been able to consider individual businesses and the specific changes that each business may be required to make to account for its individual circumstances (for example, premises size and location, construction materials, types of processes and equipment, proximity of workers to the relevant chemicals, existing controls, etc.).

	This impact analysis assumes businesses comply with the current WES and will comply with the proposed WEL.
	A comprehensive estimate of the costs would require specific inputs for each chemical, each industry and each type of business within each industry. This level of detail is not within the scope of this impact analysis. 
Further, the data and information captured through stakeholder engagement provided only limited chemical and industry-specific data to inform estimates. There was also insufficient information to determine the specific impact that may be associated with changing from a peak limit WES to a TWA and STEL WEL. 
In the absence of the necessary data to sufficiently estimate costs for each industry and chemical, the analysis uses the inputs and methodology from SWA’s 2019 Decision RIS: Workplace Exposure Standards.

	Stakeholder engagement provided insufficient cost information to undertake comprehensive cost estimates.  
	Stakeholders provided input via consultations and public submissions, but often there was insufficient evidence or detail for this data to be included in the analysis. This included:
Lack of access to raw and deidentified data limited the use and interpretation of the resulting data. Without access to raw data, the authenticity and accuracy of the results cannot be verified and restricts the ability to examine the results. 
The quality of data was sometimes unsatisfactory and could not be included in the analysis. Examples of reasons for exclusion include: unclear cost control category associated with cost, lack of cost breakdown or reasoning, or unspecified cost frequency (for example, once off cost or annual cost). 
Stakeholders conducted surveys of members. Survey responses may reflect selection bias (the voluntary survey may have been completed by members who are most likely to be affected and incur the greatest costs).
Data provided did not reveal the specific chemical and industry for each cost input provided. Given the small sample size, it is unclear if costs are representative of the entire industry, the respective business size and/or applicable to all nine chemicals.
Where available, stakeholder input was included in the analysis as an additional data source informing cost inputs. Given the limitations, a weighted average between stakeholder input and previous Decision RIS data was applied, based on the number of responses or data points. 


[bookmark: _Ref216793461]Table 66 - Key limitations of the analysis for determining the benefits of each proposed WELs
	Limitation
	Description 

	This analysis was unable to quantify some benefits for the proposed WEL for each chemical.
	Benefits were not able to be estimated for four of the 9 chemicals considered in this Decision RIS (copper, hydrogen cyanide, nitrogen dioxide and titanium dioxide) due to insufficient available data. However, this absence of data should not be interpreted as an absence of potential benefits. Workplace exposure to these chemicals can result in adverse health impacts (see Table 2) that would be expected to be reduced through implementation of the proposed WEL. 

	The available benefits-related data is limited, partly due to the long latency periods and challenges linking health outcomes to specific chemical exposures 
	For the remaining 5 chemicals, benefits-related data is limited and subject to a number of caveats:
· Workers’ compensation claims data, used to calculate the direct financial benefits and indirect benefits, is available for only four chemicals (benzene, chlorine, hydrogen sulfide and RCS). Occupational diseases linked to underreported chemicals likely face challenges in establishing causation, long latency periods between exposure and disease onset and attributing specific health conditions to workplace chemical exposures.
· Estimated burden of disease data from the IHME Global Burden of Disease study, used to estimate improved health outcomes benefits, exists for only three chemicals (benzene, formaldehyde and RCS). Under-reporting of occupational diseases is likely due to long latency periods and difficulties linking specific exposures to health outcomes.

	This analysis assumes that the shift to the proposed WEL would avert all occupational disease attributable to workplace exposure for each chemical.
	For the 5 chemicals where the benefits were able to be quantified: In the absence of research on the expected reduction in the incidence of occupational disease attributable to the proposed WEL for each chemical, this analysis assumes all occupational disease would be averted. This could result in an over-estimation of the actual benefits for each chemical, as adverse health impacts may not be fully avoided unless exposure to a chemical is completely eliminated. This is because natural human biological variations and individual susceptibilities (such as an existing medical condition) may mean some individuals could still experience adverse health effects from exposure at levels below the proposed WEL.

	This analysis assumes the full quantum of benefits is accrued from the first year of the analysis.

	For the 5 chemicals where the benefits were able to be quantified: This analysis assumes that the quantifiable benefits from the reduction in workers’ compensation claims and the burden of disease, attributable to the WEL, would be accrued in-full starting in the first year of implementation. However, many of the diseases that result from occupational exposure to the chemicals can manifest 10-or-more years after the period of exposure, due to long latency periods between exposure and disease onset. As such, the full scale of benefits attributable to the reduction in the WEL may not be experienced until after the end of the 10-year appraisal period.

	The prevalence of occupational disease is likely under-represented in workers compensation claims data.
	For the five chemicals where the benefits were able to be quantified: Data on workers’ compensation likely under-represent the extent of occupational disease attributable to workplace exposure to the 9 chemicals. This is due to:
Under-reporting of work-related injury and illness due to workers not believing compensation was necessary, thinking they were ineligible, or not being aware they were covered.
Long latency periods between exposure and the observable onset of disease may result in individuals not linking the disease to workplace exposure or having insufficient evidence to link the disease to occupational exposure.
Practices of ‘code dumping’ within NDS data, where claims are attributed to ‘other’ and ‘unspecified’ categories, rather than being coded against the relevant chemical.
Unincorporated enterprises and independent contractors are generally not covered under workers’ compensation schemes.
To account for the likely under-representation of workplace injury and illness in workers’ compensation claims, the impact analysis applies a 50% uplift factor to all direct financial benefits and indirect benefits. 
Further details on these factors are presented in the ‘Direct financial benefits’ section of Appendix C. 

	Workers’ compensation claims do not identify the exposure levels that resulted in occupational illness or injury.
	For the 5 chemicals where the benefits were able to be quantified: The workers’ compensation claims attributed to benzene, chlorine, hydrogen sulfide and RCS – which have been used to estimate the benefits of the proposed WEL– do not identify the exposure levels that resulted in occupational disease of illness. As such, the estimated benefits may capture claims resulting from workers being exposed to levels in excess of the current WES, potentially resulting in some estimated benefits not solely being directly attributable to the proposed WEL. 
The workers’ compensation data used to estimate the direct and indirect benefits includes all types of injuries, reflected in the nature of injury column in the dataset. This includes chemical burns, poisoning and toxic effects of substances, and silicosis. The shift to the proposed WEL will not necessarily reduce the incidence of injuries such as chemical burns. 




[bookmark: AppendixD_SensitivityAnalysis][bookmark: _Toc219216939][bookmark: _Hlk213855466]Appendix D – Sensitivity analysis
A sensitivity analysis was conducted to illustrate the range of potential outcomes for this impact analysis. The sensitivity analysis compares the results under the current central scenario – which represents the estimates based on available data and inputs – against low and high scenarios. 
The scenario analysis provides a wide range of potential outcomes which reflect the uncertainty of the estimates of costs and benefits, summarised in Table 67. These scenarios represent:
· Cost ranges | The cost scenarios that reflect the estimated lower and upper (higher) bounds of the estimated incremental costs to affected businesses. The cost scenarios reflect changes in the discount rate applied (Office of Impact Analysis, 2023), and the number of affected businesses.
· Benefit ranges | The benefit scenarios that reflect the estimated lower and upper (higher) bounds of the estimated benefits to workers, communities and businesses. The benefit scenarios represent a combination of assumptions, including: 
· Changes in the discount rate applied (Office of Impact Analysis, 2023),
· Adjusting the benefits uplift factor for the estimated direct financial and indirect benefits, which are primarily based on workers’ compensation claims data. Workers’ compensation claims data likely underestimates the true economic burden to workers due to likely under-reporting of occupational disease (due to the long latency periods and difficulty attributing a particular individual’s disease to past workplace exposure of a specific chemical).
· Use of the burden of disease estimates (mean, lower bound and upper bound values) provided by IHME GBD data for the improved health outcome benefits (Institute For Health Metrics and Evaluation, 2024). The mean measure presents the most likely value, while the low and high measure represent the upper and lower bounds of the 95% confidence interval, respectively.
[bookmark: _Ref216793511]Table 67 - Scenario analysis inputs for each impact measure
	Change
	Low scenario
	Central (current)
	High scenario

	Discount rate
	10%
	7%
	3%

	Number of businesses affected 
	Central scenario, less 25%
	Central scenario
	Central scenario, plus 25%

	Burden of disease, from the GBD Study (see Table 58)
	Lower bound estimates
	Mean estimates
	Upper bound estimates

	Benefits uplift factor
	1.25x
	1.50x
	1.75x



Table 68 presents the estimated incremental costs (discounted) for each of the 9 chemicals considered in this Decision RIS across the low, central and high-cost scenarios. 
[bookmark: _Ref216793592]Table 68 - Estimated incremental costs ($ millions, discounted), all scenarios
	Chemical
	The estimated incremental costs to affected businesses of complying with the proposed WEL over the 10-year appraisal period (FY27 to FY36)

	
	Low scenario
	Central (current) scenario
	High scenario

	Chemicals where the costs and benefits were quantifiable:

	Benzene
	520
	840 
	1,384 

	Chlorine
	596
	968 
	1,603 

	Formaldehyde 
	1,031
	1,669
	2,757

	Hydrogen sulfide 
	1,176
	1,907
	3,153

	RCS (excluding mining)
	2,127 
	3,448 
	5,698 

	RCS (mining only)
	11,482 
	18,483 
	30,255 

	Chemicals where only costs were quantifiable: 

	Copper
	1,059
	1,709
	2,810

	Hydrogen cyanide 
	196
	318
	526

	Nitrogen dioxide 
	1,673
	2,703
	4,446

	Titanium dioxide 
	38
	62
	102



Table 69 presents the range of estimated benefits (discounted) for the 5 chemicals where the benefits were able to be quantified, across the low, central and high scenarios. 
[bookmark: _Ref216793622]Table 69 - Estimated benefits ($ millions, discounted), for chemicals where the benefits were quantifiable, all scenarios
	Chemical
	The estimated benefits of the proposed WEL over the 10-year appraisal period (FY27 to FY36)

	
	Low scenario
	Central (current) scenario
	High scenario

	Chemicals where the costs and benefits were quantifiable:

	Benzene
	82 
	439 
	988 

	Chlorine
	6 
	9 
	13 

	Formaldehyde 
	30
	45
	72

	Hydrogen sulfide 
	5
	7
	10

	RCS (excluding mining)
	2,441
	10,145 
	22,394

	RCS (mining only)
	601
	2,490 
	5,470



[bookmark: AppendixF_StakeholdersQuestions][bookmark: _Toc219216940]Appendix E – Stakeholder engagement questions
[bookmark: _Toc219216941]Public consultation questions
The following questions were put forward to stakeholders during the public consultation (See Section 6.1 for further details regarding the public consultation approach used to inform this Decision RIS). 
	1. For the chemical, what policy option do you support? Please explain why you support the option you have chosen. 
· Option 1: Retain the current workplace exposure standard (WES) (Table 3).
· Option 2: Change to the proposed workplace exposure limit (WEL) (Table 3). 
2. If you support Option 2, what timeframe would you consider necessary to comply with the proposed exposure limit if it was implemented?
3. What challenges will your business, employer or industry experience if Option 2 is implemented? Where possible, please provide evidence to support your response. 
4. What proportion of workers use the chemical at your business or workplace?
· Less than 5%
· 5 – 25%
· 26 – 50%
· 51 – 75%
· 76 – 100%
5. What additional controls, beyond what you currently use, will your business, employer or industry need to manage worker exposure to the chemical if the proposed WEL (Option 2) is implemented? 
If available, please provide average annual cost information and identify the type of control (i.e., isolation, engineering, administrative or personal protective equipment).
6. What management costs (e.g. air monitoring, occupational hygienist), beyond what you currently incur, will your business, workplace or industry need if the proposed WEL (Option 2) is implemented? 
If available, please provide average annual cost information to support your response. 
7. What direct financial benefits would the proposed WEL (Option 2) provide if it is implemented? Where possible, please provide evidence to support your response. 
Examples of direct benefits, attributed to reduced workplace exposure to airborne contaminants include (but are not limited to):
· reduced direct compensation costs, like benefits paid directly to workers or their family, 
· reduced costs paid to workers as income replacement, 
· reduced medical costs, and 
· reduced costs involved with a worker returning to work following occupational disease or legal costs associated with compensation related expenses. 
8. What other quantifiable health benefits would the proposed WEL (Option 2) provide if it is implemented? Where possible, please provide evidence to support your response. 
9. What other indirect benefits could the proposed WEL (Option 2) provide if it is implemented? Where possible, please provide evidence to support your response.
Examples of indirect benefits include, but are not limited to, reduced productivity losses and reduced burden on support networks (family and friends) due to occupational diseases. 
10. What other benefits could the proposed WEL (Option 2) provide if it is implemented? Where possible, please provide evidence to support your claims. 
11. Is there any other information WHS ministers should consider in making their decision?



[bookmark: _Toc219216942]Targeted stakeholder engagement approach
Stakeholder engagement formed a key part of this impact analysis. Engagement was used to better understand the industries which are expected to be affected by the proposed WEL, the incremental costs for businesses, and the benefits to workers, communities and businesses.
Nous Group engaged stakeholder groups through various mechanisms such as detailed question guides, roundtable discussions, small-group interviews, follow-up meetings and written stakeholder responses. The stakeholder groups engaged included (in no particular order):
· Group 1: Commonwealth, state and territory WHS and workers’ compensation agencies
· Group 2: Australian Institute of Occupational Hygienists (AIOH)
· Group 3: Academics
· Group 4: Australian Council of Trade Unions (ACTU) and workers’ groups
· Group 5: Australian Chamber of Commerce and Industry (ACCI), Australian Industry Group and industry groups.
Overall, Nous Group facilitated 11 consultations with stakeholders over the course of the impact analysis. Table 70 summarises the five stakeholder groups, the mechanisms of engagement, and key lines of enquiry used. 
[bookmark: _Ref216793669]Table 70 - Stakeholder engagement approach undertaken by Nous
	Mode of engagement 
	Key lines of enquiry

	State and Territory WHS and workers’ compensation agencies

	Enquiry questions: An initial set of questions sent to agencies, designed to gain data and information on the potential impacts of the proposed changes to the WELs for each chemical.
Meeting: Meeting with a jurisdictional WHS and workers’ compensation agency to discuss the requirements.
	Workplace exposure data
The availability of workplace exposure data for the nine chemicals, by industry and/or business size.
The availability of data on the proportion of businesses currently exceeding the proposed WEL.
Control measures
The types of control measures used under current WES.
The types of control measures used under proposed WEL.
The costs to business of implementing different controls measures.

	Australian Institute of Occupational Hygienists

	Enquiry questions: An initial set of questions designed to gain data and information on the potential impacts of the proposed changes to the WELs for each chemical.
Interview: Interview with AIOH representative, focused on validating emerging findings and obtaining further clarifications of responses provided.
	Workplace exposure data
The availability of workplace exposure data for the nine chemicals, by industry and/or business size.
The availability of data on the proportion of businesses currently exceeding the proposed WEL.
Control measures
The types of control measures used under current WEL.
The types of control measures used under proposed WEL.
The costs to business of implementing different controls measures.
The effectiveness of control measures in reducing exposure to airborne contaminants.
Health impacts
Further evidence on the health impacts of exposure to the nine chemicals, including the associated costs.
The effectiveness of proposed WEL in reducing the health impacts of the nine chemicals.

	Academics and medical experts

	Enquiry questions: An initial set of questions designed to gain data and information on the potential impacts of the proposed changes to the WELs for each chemical.








	Workplace exposure data
The availability of workplace exposure data for the nine chemicals, by industry and/or business size.
The availability of data on the proportion of businesses currently exceeding the proposed WEL.
Health impacts
Further evidence on the health impacts of exposure to the nine chemicals, including the associated costs.
The effectiveness of proposed WEL in reducing the health impacts of the nine chemicals. 

	ACTU and workers’ groups

	Roundtable discussion: A 2-hour roundtable discussion with ACTU and workers’ groups focused on the key lines of enquiry on the nine chemicals.
	Workplace exposure data
The availability of workplace exposure data for the nine chemicals, by industry and/or business size.
The availability of data on the proportion of businesses currently exceeding the proposed WEL.
Control measures
The types of control measures used under current WES.
The types of control measures used under proposed WEL.
The costs to business of implementing different controls measures.

	Industry groups

	Workshops: Five 60–90-minute workshops with industry groups focused on the key lines of enquiry, The order of the workshops was as follows:
Workshop 1: Titanium Dioxide
Workshop 2: Formaldehyde
Workshop 3: Benzene, Chlorine, Copper, Hydrogen Cyanide, Hydrogen Sulfide, Nitrogen Dioxide
Workshop 4: RCS 
Meeting 5: Formaldehyde follow-up discussion.
Nous also met with ACCI and Australian Industry Group prior to and following the completion of these workshops.
	Workplace exposure data
The availability of workplace exposure data for the nine chemicals, by industry and/or business size.
The availability of data on the proportion of businesses currently exceeding the proposed WEL.
Control measures
The types of control measures used under current WES.
The types of control measures used under proposed WEL.
The costs to business of implementing different controls measures.



Enquiry questions
Table 71 presents the detailed enquiry questions sent to jurisdictional WHS and worker’ compensation agencies, the AIOH, and academic experts. Stakeholders provided written responses to these enquiry questions, with follow-up meetings facilitated as required. 
[bookmark: _Ref216793704]Table 71 - Key enquiry questions sent to stakeholders
	Stakeholder group
	Enquiry questions

	State and Territory WHS and workers’ compensation agencies
	Workplace exposure data
Affected businesses and workers
1. In which ANZSIC industries are workers exposed to each chemical?
2. What proportion of businesses in each ANZSIC industry would be likely to use each chemical (and therefore potentially expose their workers)?
3. What proportion of workers in each ANZSIC industry are likely to be exposed to each chemical?
Workplace exposure levels
4. Approximately what proportion of businesses in each ANZSIC industry are currently exceeding the:
Current WES for each of the nine chemicals?
Proposed WEL for each of the nine chemicals?
Control measures
5. What types of control measures would be used by businesses to meet the:
Current WES for each of the nine chemicals?
Proposed WEL for each of the nine chemicals?
6. What are the indicative costs of control measures that would be used by the typical business to meet the:
Current WES for each of the nine chemicals?
Proposed WEL for each of the nine chemicals?

	AIOH
	Workplace exposure data
Affected businesses and workers
1. In which ANZSIC industries are workers exposed to each chemical?
2. What proportion of businesses in each ANZSIC industry would be likely to use each chemical (and therefore potentially expose their workers)?
3. What proportion of workers in each ANZSIC industry are likely to be exposed to each chemical?
Workplace exposure levels
4. Approximately what proportion of businesses in each ANZSIC industry are currently exceeding the:
Current WES for each of the nine chemicals?
Proposed WEL for each of the nine chemicals?
Control measures
5. What types of control measures would be used by businesses to meet the:
Current WES for each of the nine chemicals?
Proposed WEL for each of the nine chemicals?
6. What are the indicative costs of control measures that would be used by the typical business to meet the:
Current WES for each of the nine chemicals?
Proposed WEL for each of the nine chemicals?
Health impacts
7. What are the health impacts of exposure to each chemical?
8. What is the current burden of disease attributable to workplace exposure to each chemical under the current WES?
Disability-adjusted life years 
Medical and other costs
9. How much would the burden of disease attributable to each chemical be reduced under the proposed WEL? For example, provide an indicative percentage reduction in the expected burden of disease.

	Academics and medical experts
	Workplace exposure data
Affected businesses and workers
1. In which ANZSIC industries are workers exposed to each chemical?
2. What proportion of businesses in each ANZSIC industry would be likely to use each chemical (and therefore potentially expose their workers)?
3. What proportion of workers in each ANZSIC industry are likely to be exposed to each chemical?
Workplace exposure levels
4. Approximately what proportion of businesses in each ANZSIC industry are currently exceeding the:
Current WES for each of the nine chemicals?
Proposed WEL for each of the nine chemicals?
Health impacts
5. What are the health impacts of exposure to each chemical?
6. What is the current burden of disease attributable to workplace exposure to each chemical under the current WES?
Disability-adjusted life years
Medical and other costs
7. How much would the burden of disease attributable to each chemical be reduced under the proposed WEL? For example, provide an indicative percentage reduction in the expected burden of disease.


Workshop discussion questions
Table 72 outlines the discussion questions used during the roundtable discussions with the ACTU and workers groups, as well as industry groups.
[bookmark: _Ref216793737]Table 72 - Discussion items during workshops and roundtable discussion
	Stakeholder group
	Discussion items

	ACTU and workers’ groups
	Workplace exposure
We would appreciate your input to better understand:
1. The proportion of businesses in each industry that would be likely to use each chemical (and therefore could potentially expose their workers)?
2. The proportion of workers in each affected business that could be potentially exposed to each chemical? 
3. The extent to which the existing WES for each chemical may be exceeded currently?
Benefits
We would appreciate your input to better understand:
4. Which of the nine chemicals you are most concerned about, with regards to their impacts on workers?
5. Are there any other impacts (direct or indirect) that should be considered (qualitatively or quantitatively) within the impact analysis?
6. To what extent are the proposed WEL changes expected to reduce the impacts of occupational disease on workers? To what extent will the recent ban on engineered stone reduce these impacts?
7. Are there additional studies or research available that would inform the benefits of the proposed WEL reforms?
Control measures
We would appreciate your input to better understand:
8. The types of control measures used by businesses to meet:
· Current WES for each of the nine chemicals?
· Proposed WEL for each of the nine chemicals?
9. The indicative costs of control measures used by the typical business to meet:
· Current WES for each of the nine chemicals?
· Proposed WEL for each of the nine chemicals?
Other impacts
10. Would any industries or activities be likely to be restricted or cease to operate as a result of the proposed WEL changes?

	Industry groups
	Workshop 1: Titanium Dioxide
Affected industries
1. In which ANZSIC industries are workers exposed to titanium dioxide (nanoscale and pigmentary)?
· What proportion of businesses in each ANZSIC industry would be likely to use titanium dioxide (nanoscale and pigmentary) and therefore potentially expose their workers?
· What proportion of workers in the businesses using titanium dioxide (in the ANZSIC industry) could potentially be exposed to each of the nine chemicals?
Costs to businesses
2. Considering the hierarchy of controls, relative to the current operating environment (and workplace exposure standard):
· What controls are used to manage exposure under the current WES?
· What changes or additions to control measures would business need to implement to comply with the proposed WEL changes?
· What are the approximate additional costs to business of implementing these control measures, both upfront and ongoing?
Broader impacts
3. Are there any broader impacts on industry?
· Would certain activities be restricted? If so, why?
· Would any businesses cease to operate? If so, why?

	
	Workshop 2: Formaldehyde
Affected industries
1. In which ANZSIC industries are workers exposed to formaldehyde?
· What proportion of businesses in each ANZSIC industry would be likely to use formaldehyde and therefore potentially expose their workers?
· What proportion of workers in the businesses using formaldehyde (in the ANZSIC industry) could potentially be exposed to formaldehyde?
· Which of these industries are expected to be most significantly affected by the proposed WEL changes to formaldehyde?
Costs to businesses
2. Considering the hierarchy of controls, relative to the current operating environment (and workplace exposure standard):
· What controls are used to manage exposure under the current WES?
· What changes or additions to control measures would businesses need to implement to comply with the proposed WEL changes?
· What are the approximate additional costs to business of implementing these control measures, both upfront and ongoing?
Broader impacts
3. Are there any broader impacts on industry?
· Would certain activities be restricted? If so, why?
· Would any businesses cease to operate? If so, why?

	
	Workshop 3: Benzene, Chlorine, Copper, Hydrogen Cyanide, Hydrogen Sulfide, Nitrogen Dioxide
Affected industries
1. In which ANZSIC industries are workers exposed to each of the six chemicals?
· What proportion of businesses in each ANZSIC industry would be likely to use the chemical and therefore potentially expose their workers?
· What proportion of workers in the businesses using these chemicals (in the ANZSIC industry) could potentially be exposed to it?
· Which of these industries are expected to be most significantly affected by the proposed WEL changes to the six chemicals?
Costs to businesses
2. Considering the hierarchy of controls, relative to the current operating environment (and workplace exposure standard):
· What controls are used to manage exposure under the current WES?
· What changes or additions to control measures would businesses need to implement to comply with the proposed WEL changes?
· What are the approximate additional costs to business of implementing these control measures, both upfront and ongoing?
Measurability
3. What equipment and processes are currently used to measure exposure to each of the six chemicals?
4. Would these equipment and processes be sufficient to measure exposure under the proposed WEL? If not, what new equipment and/or processes would need to be implemented? What would be the additional costs to businesses of implementing these?
Broader impacts
5. Would there any broader impacts on industry under the proposed WEL?
· Would certain activities be restricted? If so, why?
· Would any businesses cease to operate? If so, why?

	
	Workshop 4: Respirable Crystalline Silica 
Affected industries
1. In which ANZSIC industries are workers exposed to RCS?
· What proportion of businesses in each ANZSIC industry would be likely to use RCS and therefore potentially expose their workers?
· What proportion of workers in the businesses using RCS (in the ANZSIC industry) could potentially be exposed to RCS?
2. Which of these industries are expected to be most significantly affected by the proposed WEL changes to RCS?
Costs to businesses
3. Considering the hierarchy of controls, relative to the current operating environment (and workplace exposure standard):
· What controls are used to manage exposure under the current WES?
· What changes or additions to control measures would businesses need to implement to comply with the proposed WEL changes?
4. What are the approximate additional costs to business of implementing these control measures, both upfront and ongoing?
Measurability
5. What equipment and processes are currently used to measure exposure to RCS?
6. Would this equipment and processes be sufficient to measure RCS exposure under the proposed WEL? If not, what new equipment and/or processes would need to be implemented? What would be the additional costs to businesses of implementing these?
Broader impacts
7. Would there any broader impacts on industry under the proposed WEL?
· Would certain activities be restricted? If so, why?
· Would any businesses cease to operate? If so, why?



[bookmark: AppendixF_AffectedBusinssesandWorkers][bookmark: _Toc219216943]Appendix F – Affected businesses and workers
[bookmark: _Toc219216944]Industries affected by the proposed change
Table 73 presents the industries that are expected to be affected by the proposed WEL, for each of the chemicals considered in this Decision RIS. These industries have been identified through analysis of NPI data (Australian Govenrment Department of Climate Change, Energy, the Environment and Water, 2024) and stakeholder engagement.
[bookmark: _Ref216793765]Table 73 - Industries affected by the proposed WEL for the 9 chemicals considered in this Decision RIS
	ANZSIC Division
	ANZSIC Industry

	Benzene
	

	B – Mining
	0600 - Coal Mining
0700 - Oil and Gas Extraction
0801 - Iron Ore Mining
0802 - Bauxite Mining
0803 - Copper Ore Mining
0804 - Gold Ore Mining
0805 - Mineral Sand Mining
0806 - Nickel Ore Mining
0807 - Silver-Lead-Zinc Ore Mining
0809 - Other Metal Ore Mining
0911 - Gravel and Sand Quarrying
0919 - Other Construction Material Mining
0990 - Other Non-Metallic Mineral Mining and Quarrying
1010 - Exploration

	C – Manufacturing
	1111 - Meat Processing
1131 - Milk and Cream Processing
1150 - Oil and Fat Manufacturing
1199 - Other Food Product Manufacturing n.e.c.
1212 - Beer Manufacturing
1213 - Spirit Manufacturing
1313 - Synthetic Textile Manufacturing
1411 - Log Sawmilling
1494 - Reconstituted Wood Product Manufacturing
1499 - Other Wood Product Manufacturing n.e.c.
1510 - Pulp, Paper and Paperboard Manufacturing
1701 - Petroleum Refining and Petroleum Fuel Manufacturing
1709 - Other Petroleum and Coal Product Manufacturing
1811 - Industrial Gas Manufacturing
1812 - Basic Organic Chemical Manufacturing
1813 - Basic Inorganic Chemical Manufacturing
1821 - Synthetic Resin and Synthetic Rubber Manufacturing
1829 - Other Basic Polymer Manufacturing
1831 - Fertiliser Manufacturing
1841 - Human Pharmaceutical and Medicinal Product Manufacturing
1892 - Explosive Manufacturing
1899 - Other Basic Chemical Product Manufacturing n.e.c.
1911 - Polymer Film and Sheet Packaging Material Manufacturing
1912 - Rigid and Semi-Rigid Polymer Product Manufacturing
1913 - Polymer Foam Product Manufacturing
1914 - Tyre Manufacturing
1915 - Adhesive Manufacturing
1919 - Other Polymer Product Manufacturing
1920 - Natural Rubber Product Manufacturing
2031 - Cement and Lime Manufacturing
2032 - Plaster Product Manufacturing
2090 - Other Non-Metallic Mineral Product Manufacturing
2110 - Iron Smelting and Steel Manufacturing
2121 - Iron and Steel Casting
2131 - Alumina Production
2132 - Aluminum Smelting
2139 - Other Basic Non-Ferrous Metal Manufacturing
2239 - Other Metal Container Manufacturing
2393 - Railway Rolling Stock Manufacturing and Repair Services
2394 - Aircraft Manufacturing and Repair Services

	D – Electricity, Gas, Water and Waste Services
	2611 - Fossil Fuel Electricity Generation
2700 - Gas Supply
2812 - Sewerage and Drainage Services
2921 - Waste Treatment and Disposal Services
2922 - Waste Remediation and Materials Recovery Services

	O – Public Administration and Safety
	7600 – Defence
7719 - Other Public Order and Safety Services

	Chlorine
	

	C – Manufacturing
	1131 - Milk and Cream Processing
1161 - Grain Mill Product Manufacturing
1181 - Sugar Manufacturing
1199 - Other Food Product Manufacturing n.e.c.
1510 - Pulp, Paper and Paperboard Manufacturing
1701 - Petroleum Refining and Petroleum Fuel Manufacturing
1709 - Other Petroleum and Coal Product Manufacturing
1812 - Basic Organic Chemical Manufacturing
1813 - Basic Inorganic Chemical Manufacturing
1829 - Other Basic Polymer Manufacturing
1831 - Fertiliser Manufacturing
1832 - Pesticide Manufacturing
1851 - Cleaning Compound Manufacturing
1899 - Other Basic Chemical Product Manufacturing n.e.c.
1912 - Rigid and Semi-Rigid Polymer Product Manufacturing
2031 - Cement and Lime Manufacturing
2110 - Iron Smelting and Steel Manufacturing
2131 - Alumina Production
2133 - Copper, Silver, Lead and Zinc Smelting and Refining

	D – Electricity, Gas, Water and Waste Services
	2611 - Fossil Fuel Electricity Generation
2811 – Water Supply
2812 - Sewerage and Drainage Services
2921 - Waste Treatment and Disposal Services

	N – Administrative and Support services
	7311 - Building and Other Industrial Cleaning Services 

	R – Arts and Recreation Services
	9113 - Sports and Physical Recreation Venues, Grounds and Facilities Operation

	Copper
	

	B - Mining
	0600 - Coal Mining
0700 - Oil and Gas Extraction
0801 - Iron Ore Mining
0802 - Bauxite Mining
0803 - Copper Ore Mining
0804 - Gold Ore Mining
0805 - Mineral Sand Mining
0806 - Nickel Ore Mining
0807 - Silver-Lead-Zinc Ore Mining
0809 - Other Metal Ore Mining
0911 - Gravel and Sand Quarrying
0919 - Other Construction Material Mining
0990 - Other Non-Metallic Mineral Mining and Quarrying

	C – Manufacturing
	1111 - Meat Processing
1112 - Poultry Processing
1113 - Cured Meat and Smallgoods Manufacturing
1131 - Milk and Cream Processing
1132 - Ice Cream Manufacturing
1133 - Cheese and Other Dairy Product Manufacturing
1140 - Fruit and Vegetable Processing
1150 - Oil and Fat Manufacturing
1161 - Grain Mill Product Manufacturing
1162 - Cereal, Pasta and Baking Mix Manufacturing
1171 - Bread Manufacturing (Factory based)
1173 - Biscuit Manufacturing (Factory based)
1181 - Sugar Manufacturing
1182 - Confectionery Manufacturing
1191 - Potato, Corn and Other Crisp Manufacturing
1192 - Prepared Animal and Bird Feed Manufacturing
1199 - Other Food Product Manufacturing n.e.c.
1211 - Soft Drink, Cordial and Syrup Manufacturing
1212 - Beer Manufacturing
1213 - Spirit Manufacturing
1214 - Wine and Other Alcoholic Beverage Manufacturing
1311 - Wool Scouring
1334 - Textile Finishing and Other Textile Product Manufacturing
1411 - Log Sawmilling
1413 - Timber Resawing and Dressing
1493 - Veneer and Plywood Manufacturing
1494 - Reconstituted Wood Product Manufacturing
1499 - Other Wood Product Manufacturing n.e.c.
1510 - Pulp, Paper and Paperboard Manufacturing
1521 - Corrugated Paperboard and Paperboard Container Manufacturing
1611 - Printing
1701 - Petroleum Refining and Petroleum Fuel Manufacturing
1709 - Other Petroleum and Coal Product Manufacturing
1811 - Industrial Gas Manufacturing
1812 - Basic Organic Chemical Manufacturing
1813 - Basic Inorganic Chemical Manufacturing
1821 - Synthetic Resin and Synthetic Rubber Manufacturing
1831 - Fertiliser Manufacturing
1832 - Pesticide Manufacturing
1841 - Human Pharmaceutical and Medicinal Product Manufacturing
1851 - Cleaning Compound Manufacturing
1852 - Cosmetic and Toiletry Preparation Manufacturing
1892 - Explosive Manufacturing
1899 - Other Basic Chemical Product Manufacturing n.e.c.
1911 - Polymer Film and Sheet Packaging Material Manufacturing
1912 - Rigid and Semi-Rigid Polymer Product Manufacturing
1913 - Polymer Foam Product Manufacturing
1914 - Tyre Manufacturing
1919 - Other Polymer Product Manufacturing
2010 - Glass and Glass Product Manufacturing
2021 - Clay Brick Manufacturing
2029 - Other Ceramic Product Manufacturing
2031 - Cement and Lime Manufacturing
2032 - Plaster Product Manufacturing
2034 - Concrete Product Manufacturing
2090 - Other Non-Metallic Mineral Product Manufacturing
2110 - Iron Smelting and Steel Manufacturing
2121 - Iron and Steel Casting
2122 - Steel Pipe and Tube Manufacturing
2131 - Alumina Production
2132 - Aluminum Smelting
2133 - Copper, Silver, Lead and Zinc Smelting and Refining
2139 - Other Basic Non-Ferrous Metal Manufacturing
2141 - Non-Ferrous Metal Casting
2142 - Aluminum Rolling, Drawing, Extruding
2149 - Other Basic Non-Ferrous Metal Product Manufacturing
2210 - Iron and Steel Forging
2229 - Other Structural Metal Product Manufacturing
2291 - Spring and Wire Product Manufacturing
2293 - Metal Coating and Finishing
2299 - Other Fabricated Metal Product Manufacturing n.e.c.
2319 - Other Motor Vehicle Parts Manufacturing
2393 - Railway Rolling Stock Manufacturing and Repair Services
2394 - Aircraft Manufacturing and Repair Services
2419 - Other Professional and Scientific Equipment Manufacturing
2431 - Electric Cable and Wire Manufacturing
2441 - Whiteware Appliance Manufacturing

	D – Electricity, Gas, Water and Waste Services
	2611 - Fossil Fuel Electricity Generation
2619 - Other Electricity Generation
2700 - Gas Supply
2811 - Water Supply
2812 - Sewerage and Drainage Services
2911 - Solid Waste Collection Services
2921 - Waste Treatment and Disposal Services
2922 - Waste Remediation and Materials Recovery Services

	Formaldehyde
	

	A – Agriculture
	0143 - Beef Cattle Feedlots (Specialised)

	C – Manufacturing
	1111 - Meat Processing
1112 - Poultry Processing
1131 - Milk and Cream Processing
1133 - Cheese and Other Dairy Product Manufacturing
1140 - Fruit and Vegetable Processing
1150 - Oil and Fat Manufacturing
1161 - Grain Mill Product Manufacturing
1173 - Biscuit Manufacturing (Factory based)
1181 - Sugar Manufacturing
1192 - Prepared Animal and Bird Feed Manufacturing
1199 - Other Food Product Manufacturing n.e.c.
1212 - Beer Manufacturing
1213 - Spirit Manufacturing
1411 - Log Sawmilling
1413 - Timber Resawing and Dressing
1491 - Prefabricated Wooden Building Manufacturing
1492 - Wooden Structural Fitting and Component Manufacturing
1493 - Veneer and Plywood Manufacturing
1494 - Reconstituted Wood Product Manufacturing
1499 - Other Wood Product Manufacturing n.e.c.
1510 - Pulp, Paper and Paperboard Manufacturing
1529 - Other Converted Paper Product Manufacturing
1701 - Petroleum Refining and Petroleum Fuel Manufacturing
1709 - Other Petroleum and Coal Product Manufacturing
1811 - Industrial Gas Manufacturing
1812 - Basic Organic Chemical Manufacturing
1813 - Basic Inorganic Chemical Manufacturing
1821 - Synthetic Resin and Synthetic Rubber Manufacturing
1831 - Fertiliser Manufacturing
1841 - Human Pharmaceutical and Medicinal Product Manufacturing
1852 - Cosmetic and Toiletry Preparation Manufacturing
1892 - Explosive Manufacturing
1899 - Other Basic Chemical Product Manufacturing n.e.c.
1915 - Adhesive Manufacturing
2010 - Glass and Glass Product Manufacturing
2031 - Cement and Lime Manufacturing
2032 - Plaster Product Manufacturing
2090 - Other Non-Metallic Mineral Product Manufacturing
2110 - Iron Smelting and Steel Manufacturing
2121 - Iron and Steel Casting
2131 - Alumina Production
2132 - Aluminum Smelting
2133 - Copper, Silver, Lead and Zinc Smelting and Refining
2139 - Other Basic Non-Ferrous Metal Manufacturing
2141 - Non-Ferrous Metal Casting
2293 - Metal Coating and Finishing
2394 - Aircraft Manufacturing and Repair Services
2431 - Electric Cable and Wire Manufacturing
2511 - Wooden Furniture and Upholstered Seat Manufacturing

	E – Construction 
	3011 - House Construction
3109 - Other Heavy and Civil Engineering Construction
3211 - Land Development and Subdivision 
3242 - Carpentry Services

	M – Professional, Scientific and Technical Services
	6910 - Scientific Research Services
6925 - Scientific Testing and Analysis Services

	O – Public Administration and Safety
	7600 – Defence
7719 - Other Public Order and Safety Services

	Q – Health Care and Social Assistance
	8401 - Hospitals (Except Psychiatric Hospitals)
8520 - Pathology and Diagnostic Imaging Services

	S – Other Services
	9520 - Funeral, Crematorium and Cemetery Services

	Hydrogen cyanide
	

	B - Mining
	0600 - Coal Mining
0803 - Copper Ore Mining
0804 - Gold Ore Mining
0806 - Nickel Ore Mining
0807 - Silver-Lead-Zinc Ore Mining

	C – Manufacturing
	1701 - Petroleum Refining and Petroleum Fuel Manufacturing
1813 - Basic Inorganic Chemical Manufacturing
1831 - Fertiliser Manufacturing
2110 - Iron Smelting and Steel Manufacturing
2121 - Iron and Steel Casting
2133 - Copper, Silver, Lead and Zinc Smelting and Refining
2139 - Other Basic Non-Ferrous Metal Manufacturing
2293 - Metal Coating and Finishing

	O – Public Administration and Safety
	7719 - Other Public Order and Safety Services

	Hydrogen sulfide
	

	B - Mining
	0600 - Coal Mining
0700 - Oil and Gas Extraction
0806 - Nickel Ore Mining
1011 - Petroleum Exploration
1012 - Mineral Exploration
1090 - Other Mining Support Services

	C – Manufacturing
	1701 - Petroleum Refining and Petroleum Fuel Manufacturing
1709 - Other Petroleum and Coal Product Manufacturing
1813 - Basic Inorganic Chemical Manufacturing
1831 - Fertiliser Manufacturing
2110 - Iron Smelting and Steel Manufacturing
2121 - Iron and Steel Casting
2139 - Other Basic Non-Ferrous Metal Manufacturing

	D – Electricity, Gas, Water and Waste Services
	2812 - Sewerage and Drainage Services
2921 - Waste Treatment and Disposal Services

	E – Construction 
	3011 - House Construction
3109 - Other Heavy and Civil Engineering Construction
3211 - Land Development and Subdivision

	Nitrogen dioxide
	

	A – Agriculture
	0143 - Beef Cattle Feedlots (Specialised)
0171 - Poultry Farming (Meat)
0192 - Pig Farming

	B – Mining
	0600 - Coal Mining
0700 - Oil and Gas Extraction
0801 - Iron Ore Mining
0802 - Bauxite Mining
0803 - Copper Ore Mining
0804 - Gold Ore Mining
0805 - Mineral Sand Mining
0806 - Nickel Ore Mining
0807 - Silver-Lead-Zinc Ore Mining
0809 - Other Metal Ore Mining
0911 - Gravel and Sand Quarrying
0919 - Other Construction Material Mining
0990 - Other Non-Metallic Mineral Mining and Quarrying
1011 - Petroleum Exploration
1012 - Mineral Exploration
1090 - Other Mining Support Services

	C – Manufacturing
	1111 - Meat Processing
1112 - Poultry Processing
1113 - Cured Meat and Smallgoods Manufacturing
1131 - Milk and Cream Processing
1132 - Ice Cream Manufacturing
1133 - Cheese and Other Dairy Product Manufacturing
1140 - Fruit and Vegetable Processing
1150 - Oil and Fat Manufacturing
1161 - Grain Mill Product Manufacturing
1162 - Cereal, Pasta and Baking Mix Manufacturing
1171 - Bread Manufacturing (Factory based)
1172 - Cake and Pastry Manufacturing (Factory based)
1173 - Biscuit Manufacturing (Factory based)
1181 - Sugar Manufacturing
1182 - Confectionery Manufacturing
1191 - Potato, Corn and Other Crisp Manufacturing
1192 - Prepared Animal and Bird Feed Manufacturing
1199 - Other Food Product Manufacturing n.e.c.
1211 - Soft Drink, Cordial and Syrup Manufacturing
1212 - Beer Manufacturing
1213 - Spirit Manufacturing
1214 - Wine and Other Alcoholic Beverage Manufacturing
1311 - Wool Scouring
1320 - Leather Tanning, Fur Dressing and Leather Product Manufacturing
1331 - Textile Floor Covering Manufacturing
1334 - Textile Finishing and Other Textile Product Manufacturing
1411 - Log Sawmilling
1413 - Timber Resawing and Dressing
1493 - Veneer and Plywood Manufacturing
1494 - Reconstituted Wood Product Manufacturing
1499 - Other Wood Product Manufacturing n.e.c.
1510 - Pulp, Paper and Paperboard Manufacturing
1521 - Corrugated Paperboard and Paperboard Container Manufacturing
1529 - Other Converted Paper Product Manufacturing
1611 - Printing
1701 - Petroleum Refining and Petroleum Fuel Manufacturing
1709 - Other Petroleum and Coal Product Manufacturing
1811 - Industrial Gas Manufacturing
1812 - Basic Organic Chemical Manufacturing
1813 - Basic Inorganic Chemical Manufacturing
1821 - Synthetic Resin and Synthetic Rubber Manufacturing
1829 - Other Basic Polymer Manufacturing
1831 - Fertiliser Manufacturing
1832 - Pesticide Manufacturing
1841 - Human Pharmaceutical and Medicinal Product Manufacturing
1851 - Cleaning Compound Manufacturing
1852 - Cosmetic and Toiletry Preparation Manufacturing
1892 - Explosive Manufacturing
1899 - Other Basic Chemical Product Manufacturing n.e.c.
1911 - Polymer Film and Sheet Packaging Material Manufacturing
1912 - Rigid and Semi-Rigid Polymer Product Manufacturing
1913 - Polymer Foam Product Manufacturing
1914 - Tyre Manufacturing
1915 - Adhesive Manufacturing
1916 - Paint and Coatings Manufacturing
1919 - Other Polymer Product Manufacturing
1920 - Natural Rubber Product Manufacturing
2010 - Glass and Glass Product Manufacturing
2021 - Clay Brick Manufacturing
2029 - Other Ceramic Product Manufacturing
2031 - Cement and Lime Manufacturing
2032 - Plaster Product Manufacturing
2033 - Ready-Mixed Concrete Manufacturing
2034 - Concrete Product Manufacturing
2090 - Other Non-Metallic Mineral Product Manufacturing
2110 - Iron Smelting and Steel Manufacturing
2121 - Iron and Steel Casting
2122 - Steel Pipe and Tube Manufacturing
2131 - Alumina Production
2132 - Aluminium Smelting
2133 - Copper, Silver, Lead and Zinc Smelting and Refining
2139 - Other Basic Non-Ferrous Metal Manufacturing
2141 - Non-Ferrous Metal Casting
2142 - Aluminium Rolling, Drawing, Extruding
2210 - Iron and Steel Forging
2221 - Structural Steel Fabricating
2229 - Other Structural Metal Product Manufacturing
2239 - Other Metal Container Manufacturing
2291 - Spring and Wire Product Manufacturing
2292 - Nut, Bolt, Screw and Rivet Manufacturing
2293 - Metal Coating and Finishing
2311 - Motor Vehicle Manufacturing
2319 - Other Motor Vehicle Parts Manufacturing
2393 - Railway Rolling Stock Manufacturing and Repair Services
2394 - Aircraft Manufacturing and Repair Services
2412 - Medical and Surgical Equipment Manufacturing
2431 - Electric Cable and Wire Manufacturing
2439 - Other Electrical Equipment Manufacturing
2441 - Whiteware Appliance Manufacturing

	D – Electricity, Gas, Water and Waste Services
	2611 - Fossil Fuel Electricity Generation
2612 - Hydro-Electricity Generation
2619 - Other Electricity Generation
2700 - Gas Supply
2811 - Water Supply
2812 - Sewerage and Drainage Services
2911 - Solid Waste Collection Services
2921 - Waste Treatment and Disposal Services
2922 - Waste Remediation and Materials Recovery Services

	I – Transport, Postal and Warehousing
	4610 - Road Freight Transport
4710 - Rail Freight Transport
4820 - Water Passenger Transport
5211 - Stevedoring Services
5212 - Port and Water Transport Terminal Operations
5220 - Airport Operations and Other Air Transport Support Services
5299 - Other Transport Support Services n.e.c.
5309 - Other Warehousing and Storage Services

	O – Public Administration and Safety
	7719 - Other Public Order and Safety Services

	Respirable crystalline silica
	

	B - Mining
	0600 - Coal Mining
0700 - Oil and Gas Extraction
0801 - Iron Ore Mining
0802 - Bauxite Mining
0803 - Copper Ore Mining
0804 - Gold Ore Mining
0805 - Mineral Sand Mining
0806 - Nickel Ore Mining
0807 - Silver-Lead-Zinc Ore Mining
0809 - Other Metal Ore Mining
0911 - Gravel and Sand Quarrying
0919 - Other Construction Material Mining
0990 - Other Non-Metallic Mineral Mining and Quarrying
1011 - Petroleum Exploration
1012 - Mineral Exploration
1090 - Other Mining Support Services

	C – Manufacturing
	1701 - Petroleum Refining and Petroleum Fuel Manufacturing
1709 - Other Petroleum and Coal Product Manufacturing
2010 - Glass and Glass Product Manufacturing
2021 - Clay Brick Manufacturing
2029 - Other Ceramic Product Manufacturing
2033 - Ready-Mixed Concrete Manufacturing
2034 - Concrete Product Manufacturing
2090 - Other Non-Metallic Mineral Product Manufacturing
2121 - Iron and Steel Casting
2141 - Non-Ferrous Metal Casting
2591 – Jewellery and Silverware Manufacturing

	D – Electricity, Gas, Water and Waste Services
	2611 - Fossil Fuel Electricity Generation
2922 - Waste Remediation and Materials Recovery Services

	E – Construction
	3011 - House Construction
3019 - Other Residential Building Construction
3020 - Non-Residential Building Construction
3101 - Road and Bridge Construction
3109 - Other Heavy and Civil Engineering Construction
3212 - Site Preparation Services
3221 - Concreting Services
3222 - Bricklaying Services
3223 - Roofing Services
3231 - Plumbing Services
3232 - Electrical Services
3233 - Air Conditioning and Heating Services
3239 - Other Building Installation Services
3241 - Plastering and Ceiling Services
3242 - Carpentry Services
3243 - Tiling and Carpeting Services
3244 - Painting and Decorating Services
3291 - Landscape Construction Services
3299 - Other Construction Services n.e.c.

	Titanium dioxide
	

	C – Manufacturing
	1510 - Pulp, Paper and Paperboard Manufacturing
1912 - Rigid and Semi-Rigid Polymer Product Manufacturing
1914 - Tyre Manufacturing
1916 - Paint and Coatings Manufacturing 


Inputs to the estimation of affected businesses
Table 74 presents the estimated compound annual growth rate (CAGR) for the count of businesses by ANZSIC Group and business size classification. This CAGR has been calculated based on the change in the count of businesses (by industry and size) between June 2013 and June 2023.
[bookmark: _Ref216793874]Table 74 - Compound annual growth rates (CAGR) for the count of businesses, by ANZSIC Group and business size classification, (2013-2023) (Australian Bureau of Statistics, 2023)
	ANZSIC Group
	CAGR (%)

	
	Small businesses
	Medium businesses 
	Large businesses

	A – Agriculture
	-1.9%
	0.0%
	5.0%

	B – Mining
	-0.4%
	-0.5%
	2.1%

	C – Manufacturing
	-0.1%
	1.1%
	0.8%

	D – Electricity, Gas, Water and Waste Services
	3.6%
	4.5%
	1.1%

	E – Construction 
	3.4%
	2.6%
	1.6%

	F – Wholesale Trade
	0.1%
	0.9%
	3.1%

	I – Transport, Postal and Warehousing
	0.5%
	0.5%
	1.8%

	M – Professional, Scientific and Technical Services
	3.2%
	3.9%
	2.9%

	P – Education and Training
	5.0%
	3.6%
	4.4%

	Q – Health Care and Social Assistance
	3.9%
	5.9%
	4.6%

	S – Other Services
	4.8%
	3.0%
	4.8%


Inputs to the estimation of affected workers
Table 75 presents the proportion of workers in each ANZSIC Division that are expected to be exposed to airborne contaminants in the workplace. This proportion is informed by ABS Census data, extracted from ABS TableBuilder. The proportion of exposed workers is estimated by summing the proportion of technicians and trades workers, machinery operators and drivers, and labourers within each industry.
[bookmark: _Ref216794152]Table 75 - Proportion of technicians and trades workers, machinery operators and drivers, and labourers within each industry (Australian Bureau of Statistics, 2021)
	ANZSIC Division
	OSCA Major Group
	Total

	
	Technicians and Trades Workers
	Machinery Operators and Drivers
	Labourers
	

	A - Agriculture, Forestry and Fishing
	6%
	6%
	27%
	39%

	B - Mining
	27%
	31%
	5%
	63%

	C - Manufacturing 
	24%
	13%
	18%
	55%

	D - Electricity, Gas, Water and Waste Services
	20%
	15%
	7%
	43%

	E - Construction 
	47%
	7%
	14%
	69%

	F - Wholesale Trade
	9%
	14%
	6%
	29%

	I - Transport, Postal and Warehousing
	5%
	45%
	5%
	55%

	M - Professional, Scientific and Technical Services
	9%
	0%
	1%
	10%

	P - Education and Training
	3%
	0%
	2%
	5%

	Q - Health Care and Social Assistance
	3%
	1%
	3%
	7%

	R - Arts and Recreation Services
	9%
	1%
	7%
	17%

	S - Other Services
	42%
	1%
	8%
	51%


[bookmark: _Toc219216945]Appendix G - Escalation indexes
The indexes used to escalate cost and benefit inputs to June 2024 terms are presented in Table 76.
[bookmark: _Ref216794191]Table 76 - Escalation indexes used in the impact analysis
	Escalation index
	Category No.
	Series ID
	Ref. Code

	Consumer Price Indexes (CPI) (Australian Bureau of Statistics, 2024)

	All groups CPI; Australia
	640102
	A2325846C
	CPI.1

	CPI; Clothing and footwear; Australia
	640102
	A2325936J
	CPI.2

	CPI; Medical products, appliances and equipment; Australia
	640105
	A3604438R
	CPI.3

	Producer Price Indexes (PPI) (Australian Bureau of Statistics, 2024)

	Output of the Manufacturing industries; 241 Professional and scientific equipment manufacturing
	6427012
	A2307764L
	PPI.1

	Output of the Manufacturing industries; 2411 Photographic, optical and ophthalmic equipment manufacturing
	6427012
	A3343897K
	PPI.2

	Output of the Manufacturing industries; 182 Basic polymer manufacturing
	6427012
	A2305658W
	PPI.3

	Output of the Manufacturing industries; 2412 Medical and surgical equipment manufacturing
	6427012
	A2305940A
	PPI.4

	Output of the Manufacturing industries; 192 Natural rubber product manufacturing
	6427012
	A2308547K
	PPI.5

	Output of the Professional, scientific and technical services industries; 6962 Management advice and related consulting services 
	6427024
	A3343920W
	PPI.6

	Output of the Professional, scientific and technical services industries; 6931 Legal services
	6427024
	A2314223C
	PPI.7

	Output of the Health care and social assistance industries, 851 Medical services
	6427035
	A85232038C
	PPI.8

	Wage Price Indexes (Australian Bureau of Statistics, 2024)

	Total hourly rates of pay excluding bonuses; Australia; Private and Public; All industries
	634505
	A2705194A
	WPI.1

	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	634505
	A2705168W
	WPI.2

	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Administrative and support services
	634505
	A2705180L
	WPI.3


[bookmark: AppendixH_BenefitInputTables][bookmark: _Toc219216946]Appendix H – Benefit Input Tables
[bookmark: AppendixH2_DirectBenefitInputs][bookmark: _Toc219216947]Benefit escalation
The indexes used to escalate workers’ compensation costs to June 2024 terms are presented in Table 77. Note that the average weekly earnings data used to estimate the indirect benefits are based on the latest ABS Average Weekly Earnings data (Australian Bureau of Statistics, 2024) and require no further escalation.
[bookmark: _Ref216794236]Table 77 - Escalation indexes used for direct benefits
	Benefits 
	Escalation index
	Ref. code

	Direct financial benefits  

	Direct compensation costs 
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; All industries
	WPI.1

	Common law costs 
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; All industries
	WPI.1

	Medical costs 
	Output of the Health care and social assistance industries, 851 Medical services
	PPI.8

	Supplementary costs
	Output of the Professional, scientific and technical services industries; 6931 Legal services
	PPI.7

	Improve health outcomes
	
	

	Value of a statistical life
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; All industries
	WPI.1

	Value of a statistical life year
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; All industries
	WPI.1



[bookmark: _Ref178084956][bookmark: _Toc191647970][bookmark: _Toc193867330][bookmark: _Toc194003966][bookmark: _Toc199184057][bookmark: _Toc199361203][bookmark: _Toc219216948]Direct benefits inputs
The cost item included in NDS compensation data are presented in Table 78.
[bookmark: _Ref216794277]Table 78 - Workers’ compensation cost groups and items
	Cost group & item
	Definition

	Compensation costs
	

	Death Benefits
	The total paid to or in trust for a dependent spouse and other family members due to the death of a worker. Includes lump sums paid to dependents, pension benefits paid to dependents and funeral expenses.

	Impairments Sum
	The total lump sum paid to a worker on account of permanent injuries, pain and suffering, and/or other non-economic loss benefits as defined by the scheme. Includes any additional payments such as severe injury payments and gratuitous care.

	Redemption Sum
	The total paid to a worker for the settlement of weekly benefits.

	Statutory Lump Sum
	The total statutory lump sum (excluding death lump sum) paid to a worker, including all benefits payable at items total redemption sum and total impairments sum. This item is only required if it is not possible to separately record the redemption/commutation and impairment/non-economic loss components of the lump sum.

	Weekly Benefits
	The total amount of weekly benefits (full and partial) paid.

	Common Law costs
	

	Common Law Economic

	The total lump sum paid to a worker on account of economic loss (income replacement) under common law arrangements.

	Common Law Non-Economic
	The total lump sum paid to a worker on account of non-economic loss under common law arrangements (excludes insurer and worker legal costs).

	Medical costs
	

	Medical
	The total cost relating to medical services paid. This includes the costs of services (treatment and reports) rendered by registered medical practitioners, regardless of whether the services were rendered in a hospital or clinical environment, including outpatient charges for doctors. Registered medical practitioners are defined as general practitioners, psychiatrists, radiologists, surgeons, and dentists.
Costs incurred for the preparation of medical reports for the purposes of legal proceedings or administration are excluded and should be placed under non-compensation payments.

	Allied Health
	Includes service costs related to the treatment of work-related injury/disease, other than:
· treatments provided by registered medical practitioners; or
· treatments provided as part of vocational rehabilitation.
Includes outpatient charges for allied health professionals.
The types of service providers in this category include but are not limited to chiropractors, physiotherapists, psychologists, occupational therapists, masseurs/masseuses, aromatherapists, nurses, paramedics, ambulance, and acupuncturists.

	Hospital
	The sum of all costs related to public and private hospital visits, except those amounts which are identified on the hospital account but which belong to other categories of payment.

	Other Goods
	Any other benefits paid or goods provided to claimant not reported above, including:
prescriptions, medical and surgical supplies;
provision, maintenance, repair, adjustment or replacement of aids and appliances;
costs incurred on account of home help, for example cleaners;
workplace, home and vehicle modifications;
miscellaneous, repair or replacement of damaged clothing, road accident rescue services; and
any other goods or service not already covered above.

	Supplementary costs
	

	Vocational
	Vocational costs represent the payments for vocational rehabilitation services. This includes service costs provided as part of vocational rehabilitation, other than those treatments provided by registered medical practitioners.
The list of services includes but is not limited to retraining, job placement, and workplace assessment.

	Non-Compensation Legal
	Non-compensation legal costs represent all legal costs incurred as a result of the claim that are not paid to, or on behalf of, the worker.
These costs include:
investigation expenses and medical reports for the purposes of legal proceedings;
worker’s legal costs paid by insurer; and
insurer’s/employer’s legal costs attributable to the claim.

	Non-Compensation Other
	Non-compensation other costs represent all other non-compensation costs incurred as a result of the claim that are not paid to or on behalf of the worker.
These costs include:
investigation expenses and medical reports for administration;
all transport (other than ambulance) and accommodation expenses; and
interpreter services.



[bookmark: _Toc219216949]Health benefits inputs
Table 79 presents the CAGR for the fatal and non-fatal burden of disease by chemical. This CAGR has been calculated based on the IHME GBD data, using the change in historical burden of disease by chemical between 2016 and 2021. 
[bookmark: _Ref216794326]Table 79 - CAGR for the burden of occupational disease by chemical, (2016 to 2021) (Institute For Health Metrics and Evaluation, 2024)
	Chemical
	Fatal burden of disease CAGR
	Non-fatal burden of disease CAGR

	
	Low
	Mean
	High
	Low
	Mean
	High

	Benzene
	2.1%
	0.9%
	0.6%
	1.1%
	0.2%
	0.7%

	Formaldehyde
	0.4%
	0.7%
	0.9%
	0.0%
	0.0%
	0.8%

	RCS
	1.8%
	1.7%
	1.7%
	-1.9%
	1.1%
	1.7%


[bookmark: _Ref178252905][bookmark: _Toc191647972][bookmark: _Toc193867332][bookmark: _Toc194003968][bookmark: _Toc199184059][bookmark: _Toc199361205][bookmark: _Toc219216950]Indirect benefits inputs 
Table 80 presents the estimated weighted-average weekly earnings (WAWE) per worker exposed to each chemical. These figures have been calculated based on the following inputs: 
, where:
· AWE represents the average weekly earnings (Australian Bureau of Statistics, 2024)
· SAB represents the proportion of affected businesses by industry (Australian Bureau of Statistics, 2024)
· I represents the industry (ANZSIC Group).
The last row of Table 80 represents the WAWE per affected worker for each chemical. 
The chemicals with the highest WAWE per exposed worker are hydrogen sulfide ($2,710) and hydrogen cyanide ($2,564). This reflects that hydrogen sulfide and hydrogen cyanide have relatively high proportions of workers in the mining industry (68%and 57%, respectively), which has the highest average weekly earnings (AWE) of all industry ($3,091).






[bookmark: _Ref216794371]Table 80 - Weighted-average weekly earnings per affected worker for the nine chemicals considered in this Decision RIS
	Industry
	AWE
	Benzene
	Chlorine
	Copper
	Formal-dehyde
	Hydrogen cyanide
	Hydrogen sulfide
	Nitrogen dioxide
	RCS
	Titanium Dioxide

	A - Agriculture, Forestry and Fishing
	$1,499
	-
	-
	-
	0.1%
	-
	-
	0.5%
	-
	-

	B - Mining
	$3,091
	19.8%
	-
	34.6%
	-
	57.2%
	67.8%
	12.4%
	21.4%
	-

	C - Manufacturing
	$1,843
	65.3%
	40.1%
	53.0%
	64.8%
	39.9%
	20.4%
	34.4%
	2.3%
	100.0%

	D - Electricity, Gas, Water and Waste Services
	$2,443
	11.4%
	15.5%
	12.4%
	-
	-
	1.4%
	7.5%
	0.7%
	-

	E - Construction
	$1,966
	-
	-
	-
	2.0%
	-
	10.4%
	-
	75.5%
	-

	F - Wholesale Trade
	$1,829
	-
	-
	-
	-
	-
	-
	-
	-
	-

	G - Retail Trade
	$1,494
	-
	-
	-
	-
	-
	-
	-
	-
	-

	H - Accommodation and Food Services
	$1,461
	-
	-
	-
	-
	-
	-
	-
	-
	-

	I - Transport, Postal and Warehousing
	$2,058
	-
	-
	-
	-
	-
	-
	44.8%
	-
	-

	J - Information Media and Telecommunications
	$2,470
	-
	-
	-
	-
	-
	-
	-
	-
	-

	K - Financial and Insurance Services
	$2,299
	-
	-
	-
	-
	-
	-
	-
	-
	-

	L - Rental, Hiring and Real Estate Services
	$1,827
	-
	-
	-
	-
	-
	-
	-
	-
	-

	M - Professional, Scientific and Technical Services
	$2,268
	-
	-
	-
	2.5%
	-
	-
	-
	-
	-

	N - Administrative and Support Services
	$1,816
	-
	43.0%
	-
	-
	-
	-
	-
	-
	-

	O - Public Administration and Safety
	$2,103
	3.5%
	-
	-
	2.4%
	3.0%
	-
	0.4%
	-
	-

	P - Education and Training
	$2,036
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Q - Health Care and Social Assistance
	$1,974
	-
	-
	-
	26.8%
	-
	-
	-
	-
	-

	R - Arts and Recreation Services
	$1,818
	-
	1.4%
	-
	-
	-
	-
	-
	-
	-

	S - Other Services
	$1,499
	-
	-
	-
	1.4%
	-
	-
	-
	-
	-

	WAWE
	
	 $2,168 
	 $1,924 
	 $2,349 
	 $1,893 
	 $2,564 
	 $2,710 
	 $2,139 
	 $2,208
	$1,843



[bookmark: AppendixI_StandardisedCostInputTables][bookmark: _Toc193867333][bookmark: _Toc199184060][bookmark: _Toc199361206][bookmark: _Toc219216951][bookmark: _Toc194003969]Appendix I - Standardised cost input tables 
Table 81 presents the weightings applied to each ACCI standardised cost item and previous Decision RIS standardised cost item per business size. These weightings have been calculated based on the count of survey responses provided by ACCI and the Decision RIS for each control measure or management practice, by business size. These figures have been calculated based on the following inputs:

 where:
· DRIS represents data sourced from SWA’s 2019 Decision RIS: Workplace Exposure Standards
· ACCI represents data sourced from the Australian Chamber of Commerce and Industry
· CI represents each cost item
· S represents the business size categories.
[bookmark: _Ref216794430]Table 81 - Weightings applied to each ACCI and previous Decision RIS standardised cost item
	Cost item
	Business size
	ACCI cost weighting
	Decision RIS cost weighting

	Control measure
	
	
	

	Isolation controls
	Small
	0.0%
	100%

	
	Medium
	1.7%
	98%

	
	Large
	1.6%
	98%

	Engineering controls
	Small
	0.0%
	100%

	
	Medium
	0.0%
	100%

	
	Large
	0.0%
	100%

	Administrative controls
	Small
	11.8%
	88%

	
	Medium
	16.2%
	84%

	
	Large
	11.1%
	89%

	Personal Protective Equipment
	Small
	1.1%
	99%

	
	Medium
	0.7%
	99%

	
	Large
	0.2%
	100%

	Management practice
	
	
	

	Air monitoring
	Small
	0.0%
	100%

	
	Medium
	8.0%
	92%

	
	Large
	10.6%
	89%

	Occupational hygiene
	Small
	0.0%
	100%

	
	Medium
	6.9%
	93%

	
	Large
	4.0%
	96%

	Health monitoring
	Small
	n/a 
	n/a

	
	Medium
	100.0%
	0%

	
	Large
	100.0%
	0%


[bookmark: _Toc219216952]Appendix J – Cost escalation
The control measure and management practice cost inputs from SWA’s 2019 Decision RIS: Workplace Exposure Standards have been escalated from June 2017 to June 2024 values using the escalation indexes presented in Table 82 and Table 83, respectively. 
[bookmark: _Ref216794473]Table 82 -  Escalation indexes used for control measure costs
	Cost item
	Average Purchase Cost
	Average Annual Operating Cost 

	
	Escalation index
	Ref. code
	Escalation index
	Ref. code

	Isolation controls

	Enclosed Systems
	Output of the Manufacturing industries; 241 Professional and scientific equipment manufacturing
	PPI.1
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	WPI.2

	Exhaust extraction
	Output of the Manufacturing industries; 241 Professional and scientific equipment manufacturing
	PPI.1
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	WPI.2

	Isolating processes
	Output of the Manufacturing industries; 241 Professional and scientific equipment manufacturing
	PPI.1
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	WPI.2

	Other
	Output of the Manufacturing industries; 241 Professional and scientific equipment manufacturing
	PPI.1
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	WPI.2

	Engineering controls

	Fully-enclosed vent booth
	Output of the Manufacturing industries; 241 Professional and scientific equipment manufacturing
	PPI.1
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	WPI.2

	Partially-enclosed fume cupboard
	Output of the Manufacturing industries; 241 Professional and scientific equipment manufacturing
	PPI.1
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	WPI.2

	Robotics
	Output of the Manufacturing industries; 241 Professional and scientific equipment manufacturing
	PPI.1
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	WPI.2

	Local exhaust ventilation
	Output of the Manufacturing industries; 241 Professional and scientific equipment manufacturing
	PPI.1
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	WPI.2

	Other
	Output of the Manufacturing industries; 241 Professional and scientific equipment manufacturing
	PPI.1
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	WPI.2

	Administrative controls

	Work policies
	Not applicable
	
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Administrative and support services
	WPI.3

	Personal Protective Equipment

	Chemical resistant glasses
	Output of the Manufacturing industries; 2411 Photographic, optical and ophthalmic equipment manufacturing
	PPI.2
	Not applicable
	

	Face shield or goggles
	Output of the Manufacturing industries; 182 Basic polymer manufacturing
	PPI.3
	Not applicable
	

	Respirators
	Output of the Manufacturing industries; 2412 Medical and surgical equipment manufacturing
	PPI.4
	Not applicable
	

	Gloves
	Output of the Manufacturing industries; 192 Natural rubber product manufacturing
	PPI.5
	Not applicable
	

	Protective clothing
	CPI; Clothing and footwear; Australia
	CPI.2
	Not applicable
	

	Other
	CPI; Medical products, appliances and equipment; Australia
	CPI.3
	Not applicable
	


[bookmark: _Ref216794507]
Table 83 - Escalation indexes used for management practice costs
	Cost item
	Average Annual Cost

	
	Escalation index
	Ref. code

	Air monitoring

	Air monitoring activity
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	WPI.2

	Occupational hygiene

	Occupational hygienist
	Total hourly rates of pay excluding bonuses; Australia; Private and Public; Professional, scientific and technical services
	WPI.2



[bookmark: AppendixK][bookmark: _Toc219216953]Appendix K – Degree of confidence assessment
Table 84 presents the information sources used to estimate the impact measures for the analysis and provides a qualitative assessment of the degree of confidence in the outputs of the analysis.
[bookmark: _Ref216794557]Table 84 - Information sources and degree of confidence in impact analysis
	Item
	Information sources
	Degree of confidence & rationale

	Businesses and workers
	
	

	Affected businesses
	ABS Counts of Australian Businesses (Australian Bureau of Statistics, 2023)
NPI data (Australian Govenrment Department of Climate Change, Energy, the Environment and Water, 2024)
Stakeholder engagement and public consultation feedback
	Degree of confidence: Medium-to-high
Rationale:
The number of businesses affected by the proposed WEL for each chemical have been estimated, as no data on the actual number of relevant businesses was available.
The industries (ANZSIC Classes) that are expected to be affected by the proposed WEL have been informed by NPI data and engagement with stakeholders including academic experts, occupational hygienists, jurisdictional WHS and workers’ compensation agencies, workers’ groups and industry groups. There is relatively high confidence that these information sources have captured the industries likely to be affected by the proposed WEL.
The number of businesses operating in each ANZSIC Class (by business size classification) is based on the ABS Counts of Australia Businesses, Including Entries and Exits. There is high confidence in this data.
The proportion of businesses in each industry affected by the proposed WEL has been partly informed by stakeholder engagement. Where proportions were not provided by stakeholders, the analysis assumes that 80 per cent of businesses in an affected industry would be impacted.
Through public consultations, further information was gathered to update estimates. 

	Affected workers
	ABS Labour Force Survey (Australian Bureau of Statistics, 2024)
NPI data (Australian Govenrment Department of Climate Change, Energy, the Environment and Water, 2024)
ABS TableBuilder (Australian Bureau of Statistics, 2021)
Stakeholder engagement and public consultation feedback
	Degree of confidence: Medium-to-high
Rationale:
The number of workers affected by the proposed WEL for each chemical have been estimated as no data was available on the actual number of relevant workers.
The industries (ANZSIC Classes) that are expected to be affected by the proposed WEL have been informed by NPI data and engagement with stakeholders including academic experts, occupational hygienists, jurisdictional WHS and workers’ compensation agencies, workers’ groups and industry groups. There is relatively high confidence that these information sources have captured the industries likely to be affected by the proposed WEL.
The number of workers employed in each industry affected by the proposed WEL is based on the ABS Labour Force Survey. There is high confidence in this data.
The proportion of workers in each industry affected by the proposed WEL has been partly informed by stakeholder engagement. Where proportions were not provided by stakeholders, the analysis assumes the proportion of exposed workers is equal to the percentage of technicians and trades workers, machinery operators and drivers, and labourers, in line with the OSCA Major Groups.
Through public consultations, further information was gathered to update estimates.

	Benefits
	
	

	Direct financial benefits
	NDS data (Safe Work Australia, 2020)
	Degree of confidence: Low-medium
Rationale:
The NDS contains data on all workers’ compensation claims attributed to the 9 chemicals in all states and territories. However, workers’ compensation data is subject to a number of limitations, which are detailed in the ‘Direct financial benefits’ section in Appendix C.
The effect of the proposed WEL on the number and severity of workers’ compensation claims is not known. In the absence of research which provides estimates of the reduction in the incidence of occupational disease attributable to the adoption of the proposed WEL for each chemical, this analysis assumes all occupational disease would be averted. The analysis also assumes that all workers compensation claims related to exposure levels within the current WES. There is no available information on actual exposure levels related to these claims. These assumptions are expected to result in an over-estimation of the ‘treatment effect’ for each chemical.

	Improved health outcomes
	AIHW ABD Study (Australian Institute of Health and Welfare, 2023)
IHME GBD Study data (Institute For Health Metrics and Evaluation, 2024)
OIA Value of statistical life guidance note (Office of Impact Analysis, 2023)
	Degree of confidence: Medium
Rationale:
The current burden of disease attributable to workplace exposure to each chemical is estimated based on the IHME GBD Study. The GBD Study is the most comprehensive worldwide observational epidemiological study undertaken to date.  
The effect of the proposed WEL on the burden of disease for exposed workers is not known. In the absence of research which provides estimates of the reduction in the incidence of occupational disease attributable to the adoption of the proposed WEL for each chemical, this analysis assumes all occupational disease would be averted. This could result in an over-estimation of the ‘treatment effect’ for each chemical.

	Indirect benefits
	NDS data (Safe Work Australia, 2020)
ABS Average Weekly Earnings (Australian Bureau of Statistics, 2024)
	Degree of confidence: Medium
Rationale:
The NDS contains data on all workers’ compensation claims attributed to the in-scope chemicals in all states and territories. However, workers’ compensation data is subject to a number of limitations, which are detailed in the ‘Direct financial benefits’ section of Appendix C.
The effect of the proposed WEL on the number and severity of workers’ compensation claims is not known. In the absence of research which provides estimates of the reduction in the incidence of occupational disease attributable to the adoption of the proposed WEL for each chemical, this analysis assumes all occupational disease would be averted. This could result in an over-estimation of the ‘treatment effect’ for each chemical.

	Costs
	
	

	Standardised costs
	SWA’s 2019 Decision RIS: Workplace Exposure Standards (Safe Work Australia, 2019)
ABS Price Indexes (Australian Bureau of Statistics, 2024)
Public consultation feedback
	Degree of confidence: Medium
Rationale: 
The standardised cost per business (by business size category) have been estimated based on SWA’s 2019 Decision RIS: Workplace Exposure Standards and data provided via public consultations. The standardised cost assumptions are indicative only and do not reflect the actual costs for each business affected by the proposed WEL for each chemical.
The Base Case scenario assumes that all businesses comply with the current WES, as well as recent regulatory changes relating to RCS. Anecdotal information provided through stakeholder engagement suggests that for some chemicals and industries, it is possible that a proportion of businesses may not comply with the current WES. Where businesses do not comply with the current WES, the costs they are likely to incur to meet the proposed WEL could be expected to exceed the costs estimated in this report, however it is important to note these additional costs are not directly related to the proposed WELs.

	Specific costs
	Stakeholder engagement
	Degree of confidence: Low-medium
Rationale: 
The specific costs have been estimated based on information provided through engagement with stakeholders. The cost items provided have been reviewed for their applicability and robustness for this impact analysis, including through engagement with occupational hygiene experts. However, they have not been reviewed or tested at a business-level. Also, the specific cost data provided by stakeholders covered a limited range of chemicals and industries. 
The Base Case scenario assumes that all businesses comply with the current WES, as well as recent regulatory changes relating to RCS. As discussed above, this may not be the case in practice. 
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