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Abstract

:

Exposure to asbestos fibres causes asbestosis, mesothelioma and several other cancers, which together are commonly referred to as asbestos-related diseases (ARDs). The use of asbestos increased rapidly in Australia and overseas throughout the 1900s, but knowledge about the health effects of exposure and subsequent controls came about more gradually. In Australia today, an estimated 4000 people still die annually from ARDs. While most of these deaths are due to past occupational exposures, there is ongoing concern about the many potential sources of asbestos exposure remaining in homes and the broader built environment as a legacy of past use. Current evidence indicates that Australians will continue to be exposed to legacy asbestos occupationally and non-occupationally, and continue to develop ARDs, without targeted action to prevent it. Evidence of ongoing exposure highlights the importance of better understanding how and why such exposures might still occur, and how they can be effectively prevented or controlled, with the aim of preventing the disease in the future. A better characterisation of this risk is also necessary to enable effective risk management and appropriate risk communication that is relevant to the current Australian context. This article explores the past, present and future of ARDs in Australia, considers the risk of a new wave of ARDs from legacy asbestos, and identifies where further study is required so that sustainable policies and practices can be developed to prevent a future wave of diseases.
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1. Introduction


Exposure to asbestos fibres causes mesothelioma (cancer of the mesothelial cells which cover most internal organs), asbestosis (fibrosis of the lung because of exposure to asbestos dust), cancers of the lung, ovary and larynx, and benign pleural diseases such as pleural plaques. For the purposes of this paper, these diseases will be referred to collectively as asbestos-related diseases (ARDs). Other cancers, primarily of the abdominal organs, have also been linked with asbestos exposure [1].



Asbestos is estimated to be responsible for the largest number of deaths of all occupational carcinogens (63%) globally, in [2], and is estimated to account for 93% of all deaths in Australia due to occupational carcinogens [3]. Countries that had higher historical asbestos consumption rates per capita have recorded a higher rate of deaths from ARDs than countries with lower historical asbestos consumption [4]. Deaths from ARDs in Australia (and elsewhere) are understood to be mostly attributable to past occupational asbestos exposures that occurred before the introduction of asbestos bans and strict regulatory controls [3]. However, there is ongoing and increasing concern about the public health risk posed by remaining asbestos stocks and their potential impact on the incidence of ARDs in the future.



Asbestos-containing materials have essentially not been used in new applications in Australia since the comprehensive ban on asbestos products took effect in 2003. However, asbestos was used in over 3000 products and can be found in many buildings and structures built before 1990, creating a significant potential risk for further exposure in occupational and non-occupational settings. It is estimated that there are still approximately 6.2 million tonnes of asbestos-containing material (ACMs) in the Australian built environment as a legacy of past use [5]. Exposure to this legacy asbestos is not restricted to traditional occupational scenarios, since many potential sources of this asbestos remain in our built environment. This can include in homes, schools, hospitals and in public and commercial buildings.



The aim of this paper is to provide an insight into the history of asbestos use in Australia; the nature and extent of the resultant burden of ARDs in the past and the present; and understanding the potential for future ARDs and how these might be avoided.




2. Materials and Methods


A narrative review of the literature has been undertaken to provide an historical perspective and broad overview on the topic of ongoing asbestos exposure risk. The history of asbestos-related disease and asbestos risk awareness is reviewed, alongside the various practical and regulatory responses that have been implemented, and which were informed by the growing evidence base. Emerging theories about the continuing potential health risk posed by asbestos are considered, and areas for further study are recommended to inform sustainable policy and practice and eradicate ARDs.



Data from the Global Burden of Disease Study is reported. This identifies the estimated number of deaths from asbestos-related disease in Australia, and shows the change in the rates and proportions of men and women dying from ARDs. Data from the Australian Mesothelioma registry is also reported, enabling an assessment of the potential contribution from non-occupational asbestos exposures, and occupational asbestos exposures, to mesothelioma incidence in Australia today.




3. Results


3.1. Australia’s Regulatory Response to Asbestos


The history of asbestos-related disease in Australia began with the mining of asbestos from as early as 1880, before the risk associated with asbestos exposure had become known. Australia was one of the world’s highest consumers of asbestos per capita. Asbestos was mined in Australia for nearly 100 years, until 1983. It was also imported into Australia and was widely used in the manufacturing and construction industries, before being phased out by around 1990 [6].



In the 1930s, reports were mounting about respiratory disease among James Hardie factory workers in Western Australia. In around 1942 workers’ compensation laws that specifically addressed asbestos-related claims began to be enacted [7]. There were also growing concerns in the 1940s that workers and the surrounding community were being exposed to unsafe levels of asbestos dust from the asbestos mine at Wittenoom in Western Australia [8].



In the 1960s and 1970s, some of the first workplace laws were enacted to address asbestos safety [9]. From the 1970s to early 1980s, a series of asbestos exposure limits were adopted across Australia [10]. It was also in the 1980s that initial asbestos bans were implemented that limited the use of asbestos containing materials. In the 1990s, the first targeted asbestos regulations were introduced, and a comprehensive ban on asbestos use and importation took effect in 2003 [11].




3.2. The Established Link between Asbestos Exposure and ARDs


While the use of asbestos was rapidly increasing in Australia and overseas, knowledge about the risk from asbestos exposure, and the subsequent response to that risk developed more slowly from the 1920s onwards—asbestosis by the 1920s, lung cancer by the 1940s and 1950s and mesothelioma by the 1960s [12]. Between 1973 and 1977, the International Agency for Research on Cancer (IARC) carried out several extensive reviews of evidence that established associations between asbestos exposure and the development of lung cancer and mesothelioma in mining and manufacturing workers, and also in their families and those living in the vicinity of those workplaces [13,14]. Subsequent IARC reviews confirmed the causal link between exposure to all forms of asbestos and the development of mesothelioma, lung cancer, laryngeal cancer and ovarian cancer [1]. It is now well established that all forms of asbestos can cause cancer, and there is no level of exposure that is known to be safe [15,16]. Associations have also been observed between asbestos exposure and cancer of the pharynx, stomach and colorectum; however, the weight of evidence has not been sufficient to establish a causal relationship to these cancers [1,17]. The role of asbestos in causing these and other forms of cancer, such as renal cancer, continues to be investigated [18,19].



Asbestos is the only cause of asbestosis and is the predominant cause of mesothelioma [1]. Cancer of the lung, larynx and ovary are more commonly caused by other carcinogenic agents, in addition to asbestos [20]. Smoking has a synergistic, multiplicative effect on the lung cancer risk resulting from exposure to asbestos [21].



The primary risk arising from asbestos exposure is from inhalational of asbestos fibres. This increased cancer risk is directly proportional to the cumulative amount breathed in (the cumulative exposure), which in turn is directly proportional to the intensity (concentration), and duration, of exposure [22]. Concerns have been raised about the possible increased risk from the ingestion of asbestos, primarily as a result of drinking water supplied through asbestos pipes. However, there are limited epidemiological studies and, hence, evidence that the ingestion of fibres increases the risk of gastrointestinal cancers. There are also significant methodological problems with the relevant studies, and there is little evidence from animal studies of an increased risk [23].



Since the risk for all asbestos-related diseases is dose-dependent, increasing with increased cumulative exposure, many people with asbestos-related disease have had prolonged exposure to asbestos. However, meaningful increases in disease risk are also associated with a relatively low level or background level of exposure, particularly for mesothelioma [24].



The time between first exposure to asbestos and the occurrence of clinically detectable disease is many years, usually several decades, for all ARDs and particularly for asbestos-related cancers. For example, the median latency for malignant mesothelioma is about 30 years. Risk appears to initially increase continuously after first exposure but, at least for malignant mesothelioma, may later flatten due to the clearance of asbestos fibres. For example, a pooled analysis of Italian asbestos-exposed cohorts found that the rates of pleural mesothelioma flattened after about 40 years, and that a model that incorporated a fibre clearance term provided a better fit to the data than models that did not include such a term. However, this was not the case for the risk of peritoneal mesothelioma [20].



Having knowledge of a person’s history of asbestos exposure can assist in the early diagnosis of asbestosis and mesothelioma. In the case of lung cancer, ovarian cancer and laryngeal cancer, knowledge of past exposure can greatly assist in accurately attributing asbestos exposure as the cause of disease [20]. However, since several of the asbestos-associated cancers (lung cancer, laryngeal cancer and ovarian cancer) are commonly caused by other carcinogens apart from asbestos, and it is not possible to know the cause for an individual instance of one of these cancers, the burden of these cancers that is due to asbestos exposure can only be estimated through the application of broader epidemiological approaches (specifically, by estimating population attributable fractions).




3.3. Deaths from Asbestos-Related Diseases in Australia


Deaths from ARDs in Australia are reported through the Global Burden of Disease Study (the GBD Study). In December 2020, the GBD Study published its latest estimates of the global burden of 87 risk factors in 204 countries and territories between 1990 and 2019 (GBD 2019) [25].



According to GBD 2019, 4449 (95% Uncertainty Interval (95% UI) 3583–5260) Australians died from asbestos-related diseases in 2019. These deaths were attributed to past occupational asbestos exposure, although a small proportion of them probably arose from non-occupational exposure (non-occupational exposure was not separately reported) (Table 1). Australia’s death rate from ARDs was around 18 (95% UI 15–21) deaths per 100,000 in the population (30 (95% UI 24–35) deaths per 100,000 for men and 7 (95% UI 4–10) deaths per 100,000 for women). The results from the GBD study suggest this was the 12th highest death rate from ARDs among the 64 World Bank High Income Countries in 2019.



Australia’s death rates are among the highest in the world for asbestos-related lung cancer (23 (95% UI 17–28) deaths per 100,000 for men and 5 (95% UI 3–7) deaths per 100,000 for women in 2019) and the third highest for mesothelioma (around 3 (95% UI 3–4) deaths per 100,000 of the population). The estimated proportion of deaths due to ARDs varied between 13% (95% UI 6–20) (for ovarian cancer) and 100% (for asbestosis) (Table 2).



The number of deaths due to ARDs in Australia increased for both men and women between 1990 and 2019 (the period currently covered by the GBD study). Although the vast majority of people who die from ARDs in Australia are male, the proportion of ARD deaths that were of women has increased over the last 30 years (Table 3).




3.4. Australian Mesothelioma Registry


The AMR is a registry of all cases of mesothelioma diagnosed in Australia since 1 July 2010. The AMR captures information about mesothelioma incidence, mortality and asbestos exposure. It is the most up-to-date source of data on mesothelioma in Australia. The latest report from the AMR was published in 2019–2020 (March 2020) [26]. The results presented in this section are taken from that report.



The highest number of diagnosed cases of mesothelioma in Australia was in 2017 (819 cases), and the figure has dropped slightly since then. The number of deaths has remained relatively steady over the same period (approximately 700 per year). (Note that this is less than the GBD estimate shown in Table 1 and Table 2; this is because the GBD results involve modelled data to allow consistent methods to be used for all countries and time periods, whereas the AMR results are counts of cases reported to the AMR, based on the cause of death listed in death certificates of individuals).



In 2020, there were 642 cases of mesothelioma diagnosed, with the median age at diagnosis being 75 years. There were 696 deaths of people with mesothelioma recorded a mortality rate from mesothelioma of 2.1 deaths per 100,000 population. In Australia, most mesothelioma patients are male, almost certainly because men were more likely than women to have had past occupational exposures to asbestos.



Since about 2003, there has been a considerable decrease in the age-standardised rate of men diagnosed with the disease, while the age-standardised rate of women diagnosed has declined only slightly. As a result, the proportion of mesothelioma cases comprised by women has increased over this period (Figure 1 and Figure 2).



Evidence gathered from a detailed exposure assessment carried out by the AMR indicates that both occupational and non-occupational exposure to asbestos are potential contributing factors to the development of mesothelioma cases reported to the registry. However, occupational exposure is by far the most predominant relevant exposure for men.



Of the 1028 people for whom exposure was detected, 93% of women reported non-occupational exposure only, compared with 22% of men. Most men had occupational exposure (either alone or also with non-occupational exposure), whereas very few women had this (Table 4).




3.5. What Is the “Third Wave” Risk Posed by Exposure to Legacy Asbestos, and How Might It Impact ARDs in Australia in the Future?


The IARC has identified that the nature of occupational exposures, once dominated by chronic exposures in the manufacturing industries, has changed: exposures are now more likely to occur in maintenance activities, or during remediation of buildings that contain asbestos [1]. This is consistent with the knowledge that the main potential sources of asbestos exposure in Australia today are from hazards such as asbestos-containing building products including roofs and fences, unsafe asbestos removal practices, asbestos in soils in land being remediated and illegal dumping, which are all a legacy of Australia’s past asbestos use [27]. The Australian Stocks and Flows Model for Asbestos provides a national snapshot of the status of legacy asbestos and its transition to asbestos waste. The model indicates that approximately 1 million tonnes of the estimated 6.2 million tonnes of legacy asbestos remaining in Australia’s built environment, will still be present and will not have transitioned to waste facilities by 2060.



There is, therefore, a considerable likelihood that Australians will continue to be at risk of exposure to asbestos due to one or more of these asbestos legacy hazards, and this could occur through their occupation, or non-occupationally, such as through background exposure to deteriorating ACM, or through do-it-yourself home renovations [28,29]. As described above, data from the AMR’s asbestos exposure assessments indicate that both occupational and non-occupational exposure to asbestos are potential contributing factors in the development of mesothelioma cases reported to the registry [26].



To help understand whether these hazards are contributing to current ARD mortality and to prevent future disease, several studies have investigated disease trends and sought to describe ARD mortality trends as “waves”, which are the result of different types of asbestos exposures that have occurred historically [30,31,32]. It was suggested by Landrigan in 1991 that industrialised countries (like Australia) were at the beginning of the “third wave” of asbestos-related disease, which would occur in people repairing, renovating or demolishing asbestos-containing buildings. As part of this thesis, the first wave occurred in those who mined, milled or transported raw asbestos, or worked in the manufacture of asbestos products, and the second wave occurred in workers who used those asbestos products [30].



A small number of subsequent studies have looked further at the potential risk from a third wave of exposures, such as that suggested by Landrigan. A focus of the research has been to determine whether the effect of the third wave is visible in current ARD mortality data, or whether it can still be prevented. These studies have found that there are gaps in evidence that need to be addressed in order to characterise the current risk posed by legacy asbestos and prevent future disease.



Armstrong and Driscoll synthesised much of the available evidence relating to the third wave in their 2016 paper, Mesothelioma in Australia: cresting the third wave. In this paper, the authors define third-wave exposure as both occupational and non-occupational exposure to asbestos as a consequence of the repair, renovation and demolition of buildings, and environmental exposure to asbestos (excluding ambient exposure and exposure to naturally occurring asbestos). They note that scientific evidence for the existence of the hypothesised third wave is limited, but that the third wave (as described) is likely to contribute to asbestos-related disease in Australia in the future without targeted action to prevent it [32]. They also identified knowledge gaps that, if addressed, can help to inform an appropriate response to the risk posed by legacy asbestos (that is, the risk associated with the third wave of ARDs)—the extent of deterioration of in situ asbestos and the risks arising from any resultant exposure, and the risk associated with so-called third wave exposures and with exposure to ambient levels of asbestos. Despite relevant work being undertaken since this paper was published, the key questions remain unanswered. In the Australian setting, the amount of in situ asbestos has been estimated [33]; the risk from in situ has been characterised quantitatively [8] and qualitatively [27,34]; the potential application of mobile phone applications has been explored [35,36]; and the challenges of communication have been considered [37]. Similar considerations have been undertaken in several countries—Colombia [38,39,40,41], the Czech Republic [42], Denmark [43], Iran [44,45], Italy [46,47,48,49], Korea [50,51,52,53,54,55,56], Peru [57], Poland [58,59], Serbia [60], South Africa [61], Turkey [62,63], the United States [64,65,66,67]—and more generally [68,69,70,71,72,73,74,75,76,77].



Evidence of ongoing exposure highlights the importance of building a better understanding of how and why such exposures might still occur and how they can be effectively prevented or controlled, with the aim of preventing disease in the future.



It is generally accepted that most exposure that occurs due to legacy asbestos is at lower levels than has occurred through past occupational exposure [24,78]. This is a key difference in the characterisation of risk from past occupational exposures and past exposure from non-occupational sources. Uncertainty remains about how to best describe or quantify the risk posed by these lower levels of exposure, including the effect of cumulative low level exposures on the development of ARDs [28]. Several studies have highlighted the potential for ARDs to develop as a result of lower levels of exposure, and there is still no threshold below which asbestos exposure is considered safe [15,16]. However, it is clear that risk is primarily directly proportional to cumulative exposure [78]. Low level exposure is typically a characteristic of environmental exposure to asbestos, where an associated increased risk of malignant mesothelioma has been identified in a number of studies [79,80,81,82,83,84,85].





4. Discussion


Much of what is known about the development of ARDs has come from studies about past occupational exposures. Given the changing nature of occupational asbestos exposures observed by IARC, and the potential contribution of occupational and non-occupational asbestos exposure to mesothelioma incidence in Australia today, there is a clear need to continue to measure and analyse the risks posed by the ongoing hazard of Australia’s legacy asbestos, to enable effective controls.



Indeed, surveys of mesothelioma patients in Australia conducted by the Australian Mesothelioma Registry indicate that both occupational and non-occupational exposures have been a factor in the development of mesothelioma cases recorded in Australia today.



Considering the many potential sources of asbestos exposure in the Australian built environment, and the health consequences of such exposure, clarification of the relationship between low level asbestos exposure and the development of ARDs is important in order to ensure an accurate characterisation of the risk posed by legacy asbestos.




5. Conclusions


Asbestos was used in Australia extensively before there was significant awareness that exposure to asbestos fibres cause serious disease. In Australia, and around the world, it is likely that many deaths could have been prevented if there had been a more comprehensive response to the science that was emerging, and which gradually demonstrated the devastating link between exposure to asbestos fibres and the development of life-threatening illness.



Australia now faces an ongoing potential risk to public health from asbestos-related diseases associated with exposure to legacy asbestos. This risk needs to be studied in order to enable effective risk management and appropriate risk communication that is relevant to the Australian context, and which can help to prevent a future wave of diseases.



This narrative review of the literature provides an opportunity to reflect upon the circumstances that have led to Australia’s current asbestos problem, and to consider areas of further study that are required to inform future actions and prevent disease.



Available evidence indicates that, without targeted action, asbestos exposure due to legacy asbestos will continue to cause severe illness in Australia. Studies have identified knowledge gaps (such as the risk arising from renovation of houses by members of the public; the risk arising from sources of environmental asbestos; identifying the most appropriate approach to managing asbestos in situ) that, if addressed, can help to inform an appropriate response to the risk posed by this legacy asbestos, and thereby help to minimise the risk of a large third wave of ARDs.
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Figure 1. Number and age-standardised rate (per 100,000 population) of people diagnosed with mesothelioma, by year and sex, 2011 to 2020. Rate (per 100,000 population) [26]. 
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Figure 2. Age-standardised rate (per 100,000 population) of people diagnosed with mesothelioma, by year and sex, 1982 to 2020 [26]. 
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Table 1. Number of deaths from ARDs among men and women, Australia in 2019.
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	Asbestos-Related Disease
	Males
	Females
	Persons





	lung cancer
	2745

(2015–3420)
	563

(326–828)
	3307

(2496–4071)



	mesothelioma
	670

(605–739)
	132

(100–179)
	802

(773–883)



	asbestosis
	144

(108–179)
	4

(2–6)
	148

(111–182)



	ovarian cancer
	-
	144

(71–239)
	144

(71–239)



	cancer of the larynx
	46

(26–66)
	2

(1–4)
	48

(27–70)



	Total
	3604

(2863–4295)
	845

(547–1187)
	4449

(3583–5260)







Source: GBD Results tool Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2019 (GBD 2019) [25] Results.
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Table 2. Number of deaths from diseases and proportion attributable to asbestos exposure (2019).
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	Asbestos-Related Disease
	Number of Deaths Attributable to Asbestos Exposure
	Total Number of Deaths from the Disease
	Proportion of Deaths from the Disease Attributable to Asbestos Exposure (%)





	lung cancer
	3307

(2496–4071)
	10,034

(9208–10,723)
	33

(25–40)



	mesothelioma
	802

(773–883)
	812

(734–893)
	99

(98–99)



	asbestosis
	148

(111–182)
	148

(111–182)
	100



	ovarian cancer
	144

(71–239)
	1146

(970–1334)
	13

(6–20)



	cancer of the larynx
	48

(27–70)
	257

(231–284)
	19

(11–26)



	Total
	4449
	
	-







Source: GBD Results tool Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2019 (GBD 2019) [26] Results.
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Table 3. Number and proportion of total deaths from ARDs in men and women between 1990 and 2019.
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	Year
	Male
	Male Proportion of Total ARD Deaths
	Female
	Female Proportion of Total ARD Deaths
	Persons





	1990
	2536
	88.2%
	339
	11.8%
	2875



	2000
	2748
	85.8%
	454
	14.2%
	3202



	2010
	3125
	81.6%
	707
	18.4%
	3832



	2019
	3604
	81.0%
	845
	19.0%
	4449







Source: GBD Results tool Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2019 (GBD 2019) [26] Results.
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Table 4. Occupational and non-occupational exposure assessment, by sex, 2010–2020.
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Any Exposure Indicated

	
Men

	
Women

	
People






	

	
No.

	
%

	
No.

	
%

	
No.

	
%




	
Occupational exposure only

	
124

	
15.1

	
1

	
0.5

	
125

	
12.2




	
Non-occupational exposure only

	
177

	
21.5

	
191

	
93.2

	
368

	
35.8




	
Both occupational and

non-occupational exposure

	
522

	
63.4

	
13

	
6.3

	
535

	
52




	
Total

	
823

	
100

	
205

	
100

	
1028

	
100








Source: AIHW analysis of AMR data on 1 May 2021, based on interviews completed among people who were diagnosed with mesothelioma between 1 July 2010–31 December 2020.
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