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I, Dr Fay Johnston, Associate Professor and Senior Medical Specialist, say as follows: 

1 I was requested by the Solicitors the Inquiry to prepare a statement in response to severai 

questions relating to health impacts and management of bushfire smoke in Australia. My 

responses to the questions put to me are set out below. 

Describe (in summary terms) your key qualifications, professional experience and academic 

research in respect of the human health impacts of smoke, and the provision of public health 

advice in relation to the human health impacts of smoke. 

Key Qualifications 

Year 

2008 

1999 

1998 

1997 

1992 

1990 

1987 

Qualification 

Doctor of Philosophy in environmental epidemiology (health effects of bushfire smoke), 
Menzies School of Health Research, Institute of Advanced Studies, Charles Darwin 
University. 

Fellowship of the Australasian Faculty of Public Health Medicine, Royal Australasian 
College of Physicians 

Fellowship of the Australian College of Rural and Remote Medicine 

Master of Applied Epidemiology. National Centre for Epidemiology and Population 
Health, Australian National University 

Diploma in Anaesthesia, Royal College of Anaesthetists (UK) 

Diploma in Obstetrics, Royal Australian College of Obstetricians and Gynaecologists 

Bachelor of Medicine and Surgery, Flinders University of South Australia 



Experience 

2 I am a public health physician and environmental epidemiologist with over 30 years of experience 

in practice, policy development and research. My current positions are: 

(a) Associate Professor and head of the Environmental Health Research group at the 

Menzies Institute for Medical Research, University of Tasmania 

(b) Senior Medical Specialist, Public Health Services, Department of Health, Tasmania 

3 I worked in general practice and rural health in South Australia and the Northern Territory before 

completing a PhD in the health effects of bushfire smoke in 2008. I have since had a dual career 

in public health and research working in the government and academic sectors. My researc:h 

program focusses on environmental determinants of health, particularly but not solely bush'fire 

smoke, and the implications for Australian and international public health policy and clinical 

practice. I am a chief investigator with the NHMRC Centre for Air Pollution, Energy and Health 

Research - a nationally funded Centre of Research Excellence with a major stream of research 

focusing on bushfire smoke and related exposures. 

4 I make frequent expert contributions to international scientific reviews of the health impacts of 

landscape fire smoke, and to state, national and international guidelines for managing landscape 

fire smoke episodes. As examples: 

(a) I was part of an international expert group funded by Health Canada, to establish 

updated and evidence based guidance for the public health management of wildfim 

smoke<1>; 

(b) I was part of an expert group established by the Environmental Health Branch of the 

NSW Ministry of Health, to advise on their ongoing public health responses to smoke 

from a peat fire near Port Macquarie in 2019 and later the more extensive bushfire 

smoke episodes throughout NSW; 

(c) I have contributed to the draft guidelines for public health responses to bushfire smoke, 

that are in preparation with the Environmental Health Standing Committee of the 

Australian Health Protection Principle Committee; and 

(d) I made major contributions to the public health advice for bushfire smoke currently 

provided by Public Health Services, for the State of Tasmania. 

(e) I have provided expert testimony to various inquires and legal proceedings relating to the 

community health impacts of smoke from the Hazelwood coal mine fire. 

Research 

5 I have made major research contributions to the understanding the health impacts of smok•3 from 

bushfires, savanna fires, coal and peat fires, and planned burns, which I collectively term 

landscape fires.<2H7> In particular, I have led many epidemiological research programs 

investigating short-term and long-term health impacts of exposure to smoke from landscap13 fires. 

I work closely with collaborators from many disciplines relating to the environment, air quality, 
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atmospheric science, fire sciences and health, and with partners in land and fire management 

agencies. Over the last 15 years I have received funding for research into the health impacts of 

smoke from State/Territory environmental agencies in the Northern Territory, New South Wales, 

Victoria, Western Australia and Tasmania, in addition to State Health Departments in Victoria and 

Tasmania, the British Columbia Center for Disease Control (Canada), the Bushfire and Natural 

Hazards CRC, the NHMRC and the Australian Research Council. Much of this research has 

been highly applied, focusing on decision-making, trade-offs and the efficacy of public health 

interventions. 

6 Together with members of my team and my collaborators, my specific research contributions in 

this area have included: 

(a) Characterising the global mortality impacts from all landscape fire activity and tropical 

deforestation fires<8) 

(b) Demonstrating that serious exacerbations of asthma from landscape fire smoke occur at 

particle concentrations well below current national standards<9> 

(c) Identifying lasting health impacts in young children and unborn babies exposed to up to 

six weeks of smoke pollution from a coal mine fire<10K13l 

(d) Identifying a link between fire smoke exposure during pregnancy and the Incidence of 

gestational diabetes<5> 

(e) Demonstrating that interventions to reduce the number of wood heaters and improve 

outdoor air quality in the city of Launceston were associated with reduced mortality<14> 

7 Much of my current research has focussed on interventions to reduce the health risks of smoke. 

My main contributions and ongoing work in this area include: 

(a} Leading the team that developed AirRater (https://airrater.org/}, an air quality, pollen and 

clinical surveillance system and smartphone app designed to support the health of 

people sensitive to poor air quality, especially those with lung conditions. It has provided 

data for understanding local drivers of respiratory symptoms among higher risk 

individuals.<15><16> It was downloaded more than 50,000 times during the bushfire and 

smoke crises of 2019-20, especially in States and Territories where real time air quality 

information was not otherwise readily available to members of the public. 

The AirRater team is based at the University of Tasmania. Team members are myself 

(epidemiology and public health), Or Grant Williamson (data and analytics}, Dr Chris 

Lucani (app development}, Dr Amanda Wheeler (air quality), Dr Penelope Jones (pollen 

scientist, ecologist and manger), Ms Sharon Campbell (communication and evaluation), 

and Prof David Bowman (fire ecology). Our collaborators include air quality scientists 

from the CSIRO and the Environment Protection Authority (EPA) Tasmania, and the 

Tasmanian Department of Health. 

(b) Understanding health trade-offs between planned burning and bushfires. With 

collaborators I have characterised the smoke related health burden from bushfires and 
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prescribed burns in a range of settings in Australia and I have worked with fire ecologists 

who are characterising the benefits of prescribed burning programs.(6l<17>-<28> 

(c) Evaluating cleaner air shelters. I have commenced a series of studies in a range of 

settings in Australia with high concentrations of outdoor smoke, to evaluate the utility of 

portable air filters in domestic and public buildings, as a means of health protection 

during events such as severe bushfire smoke episodes. 

Describe your assessment of the human health risks associated with bushfire smoke, Including 

by way of identifying (in general terms) particularly hazardous components of smoke. 

8 Bushfire smoke is produced by the incomplete combustion of organic material, including plants 

and organic soils. It contains hundreds of different chemical species, which vary with the type of 

combustion (flaming/smouldering), transport and deposition, ongoing chemical reactions through 

time, and other factors. Constituents of smoke can be grouped into gases, such as carb-On 

dioxide, and suspended particulate matter (PM), also known as aerosols. PM comprises a range 

of chemical species, including organic and elemental carbon compounds and is the most 

important constituent of smoke with respect to health impacts. Suspended particles range in size 

from visible soot to tiny nanoparticles. In general, the smaller the particles the greater their 

potential for causing harm to health. PM is the most important constituent of smoke and is 

strongly and clearly associated with a wide range of health impacts. For this reason, most 

smoke-related health research and public health advice focuses on PM. However, many other 

common constituents of landscape fire smoke also have adverse health effects. See Table 1 

(below) for a summary.<2K29)-{35l 

Table 1. Major constituents and health impacts of smoke from biomass combustion<2K29K35l 

Constituent Health impacts 
Particulate matter PM) 

PM primari ly compr ises organic and elemental carbon components along with smaller 
contributions from inorganic species. PM is associated with a wide range of adverse health 
outcomes including mortality, exacerbations of respiratory and cardiovascular conditions, and 
oathoohvsioloeical chani:>es such as inflammation, oxidative stress, and oro-coaeulation. 

lnorllanic acids 
Carbon Carbon monoxide is produced through incomplete combustion of biomass fuels. Human exposure 

monoxide (CO) to CO reduces the capacity of red blood cells to t ransport oxygen and t herefore mainly affects the 
most oxygen sensitive organs: the brain and the heart. 

Ozone Ozone Is formed phot o-chemically near t he top of smoke plumes in sunlight conditions. Ozone is 
associated with exacerbations of respiratory diseases. 

Nitrogen and Both nitrogen and sulphur-based compounds are produced in proportion to their content in t he 

sulphur-based burning substrate and t he combustion efficiency of the fire . Smouldering combustion tends to 

compounds produce reduced nitrogen compounds such as ammonia (NH3), whereas flaming combustion 
produces oxides of nitrogen. Both these compounds are respiratory irritants. 

1111drocarbons 
Examples: Produced by incomplete combustion. These may be saturated, unsaturated, monoaromatic, or 

benzo(a)pyrene polyc,clic aromatics. Some, such as benzo[a]pyrene, are mutagenic and carcinogenic. Butadlene, an 

benzene unsaturated hydrocarbon is an irritant and neurotoxic. 
This group Includes semi-volatile and volatile organic compounds such as benzene, naphtha lene, 
and toluene. They are respiratory t ract irritants. Benzene and naphthalene are classified as 
carclnoeens. 

Oxvl!enated 011lanic molec11les 
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Constituent Health impacts 
Aldehydes Some aldehydes such as acrolein are extremely irritating to mucous membranes of the human 

body. Others, such as formaldehyde, are carcinogenic. Some reduce the ability of scavenger cells in 
the lunes to ene:ulf forele:n bacteria. 

Organic alcohols These include methanol and acetic acid, which ate Irritants and are teratogenic. 

and acids 
Phenols Examples include catechol and cresol. These are known to be irritants, mutagenlc, carcinogenic, 

and teratogenic. 

Quinones Quinones such as hydroxyquinone are irritants, allergenic, cause oxidative stress and inflammation, 
and are possibly carcinogenic. 

Free radicals 
Free radicals, such as semiquinones, are abundantly produced but most undergo condensation 
within a few seconds. Some may persist for up to 20 minutes and some may remain in organic 
material. They cause oxidative stress, Inflammation and are oosslblv carclno11:enic. 

Describe your assessment of the human health risks associated with bushfire smoke, including 

by way of identifying (in general terms} the range of potential and/or expected physiological 

responses on the part of relevant communities. 

9 This summary focuses on the range of physiological responses to suspended PM generated by 

bushfires, specifically suspended particles with a diameter of less than 2.5 micrometres (PM2.s). 

This focus reflects the concentration of research effort on the impacts of PM2.s - it does not 

reflect the complexity of smoke toxicology. However, there is currently insufficient evidence to 

characterise the potential additional role of other co-pollutants in smoke in contributing to the 

health impacts measurable at a population level. 

Pathophysio/ogy 

10 Airborne PM, regardless of its source, drives a range of immediate physiological responses, such 

as the promotion of respiratory system and generalised inflammation, promotion of blood 

coagulation, increased production of toxic reactive oxidative chemical species, reduced blood 

vessel function and reduced autonomic nervous system reactivity. Many of these responses have 

been described specifically for PM from landscape fire smoke, although the smoke-specrfic 

evidence base is much smaller than for PM derived from other sources such as industrial or 

vehicular emissions.<36> 

11 These core physiological responses can cause or exacerbate a wide range of health problems, 

including, but not limited to, respiratory conditions. Many respiratory conditions, especially 

asthma, worsen with increasing concentrations of smoke-derived PM even at relatively low 

concentrations.<9>-<15> For example, in an Australian cohort study of people with asthma, the 

commencement of oral steroids, (a 'rescue medication' for severe asthma) doubled with each 10 

µg/m3 increase in PM2.s derived from bushfire smoke, even in a setting where air quality 

standards were not exceeded.<11> These respiratory impacts are often felt rapidly and are due to 

PM-induced inflammatory and other immunological changes in the lungs. 

12 Non-respiratory PM-induced responses throughout the body are more subtle and generally do 

not cause immediate symptoms. These include the promotion of immune responses, promotion 

5 



of coagulation of the blood, changes in the function of the heart electrical systems and blood 

vessel responses to stress.!36> However, in a person already at high risk, the small physiological 

changes induced by breathing smoky air can precipitate a serious event such as cardiac arrest, 

heart attack or stroke. Such serious outcomes are rare, but when large populations get exposed 

to smoke, the number of vulnerable people exposed to smoke can be substantial, and the 

likelihood of a death or other serious outcome is therefore much higher.C3)(20l(
37

l 

Epidemiology 

13 Studies of the short-term health effects associated with exposure to PM from bushfire smoke 

demonstrate that the health effects are generally similar to that of PM from a wide range of other 

sources which have been extensively studied. Health impacts clearly associated with exposure to 

bushfire smoke include: 

(a) the worsening of existing diseases especially those affecting the respiratory and 

cardiovascular systems; 

(b) increasing need for health care attendances including admissions to hospital; and 

(c) increasing mortality rates.(36)(38) 

14 Studies of PM and asthma and other respiratory conditions have shown greater impacts 

associated with smoke-related PM than with background, multi-source PM such as emissions 

from industry and transport.<39K40) This suggests that PM from bushfire smoke has greater toxicity 

for respiratory outcomes than PM from other sources. For non-respiratory health outcomes there 

is not enough evidence to demonstrate differences in toxicity between bushfire-related PM 

compared with other sources of PM. 

15 The longer-term health impacts from time-limited exposure to landscape fire smoke (such as 

during a bushfire crisis) have rarely been studied. Most long-term follow up studies evaluate long

term, or ongoing exposure to PM such as that associated with living in urban environments. An 

exception is the long-term follow up population that were exposed to smoke from the Hazelwood 

coal mine fire for up to six weeks in Victoria in 2014 (https://hazelwoodheaithstudv.org au/). In the 

US, a long-term study of primates exposed to smoke from a wildfire in 2007 is ongoing, and 

human cohort studies were established following severe smoke events from fires in 2017 and 

2018 to track human health impacts over time. These studies will produce important new 

evidence in time. 

16 While respiratory and cardiovascular health outcomes have been the most studied, it is becoming 

increasingly understood that exposure to PM2.s has a wider spectrum of health outcomes 

including adverse impacts on blood glucose control, mental health and neurological 

function.<38X41K42) There is also emerging evidence that exposure to sudden increases in air 

pollution as seen with landscape fire smoke events could affect the development of unborn 

babies and infants.c10>C38ll43l(44> However, studies are few, the measured size of impacts are small , 

and the clinical significance of these subtle changes is not understood. 
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Describe your assessment of the human health risks associated with bushfire smoke, including 

by way of identifying (in general terms) any issues arising from the duration and/or level of 

exposure. 

17 Most air pollution research on PM exposure, whether relating to fire smoke or not, has found a 

simple linear relationship between short-term (day to day) fluctuations in the concentration of PM, 

and health outcomes such as death rates, admissions to hospital, presentations to general 

practitioners or sales of medication for respiratory problems.<38> That is, the higher the air 

pollution concentration, and the longer the duration of exposure, the greater the health impacts. 

In general. if concentrations double, the number of people with adverse health impacts can be 

expected to double as well. Similarly, if a pollution episode lasts for two days it is anticipated that 

health impacts will be twice that of a similar pollution episode lasting for just one day. There is no 

evidence for a safe lower threshold below w hich there are no adverse health outcomes.<45>-<47> 

18 Limitations to the general statement above are as follows: 

(a) For long-term (chronic, or ongoing) exposure (eg years rather than days) the relationship 

is not linear. There is clear evidence that even though health impacts are much greater 

with long-term exposure that with short-term exposure, the health impacts of long-term 

exposure plateau at higher concentrations of air pollution. <45J·<47J 

(b) There are not enough studies of short-term (ie daily or acute) associations to know if 

health impacts from landscape fire smoke plateau at very high concentrations such as a 

daily average of PM2.s greater than 200 µg/m3 (as was observed in many location s over 

the 2019-20 summer). 

19 This means that the cumulative population level health Impacts of many days of minor smoke 

exposure could equal, or possibly exceed, a few days of severe exposure. This can be illustrated 

by evaluation of population level smoke exposure from prescribed burns and severe bushfires in 

Western Australia, over a 15 year period, which demonstrated that over time the adverse health 

impacts and costs from both sources of smoke were equivalent to each other despite 

considerable year-to-year variation (Figure 1 ).<17> 

20 With respect to the health impacts of prescribed burning, the cumulative exposure throughout the 

year is a major determinant of overall population health impacts. This means that proactively 

managing and minimising the impacts of smoke from all prescribed fires, no matter how small, 

can produce substantial public health benefits over time. 
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Figure 1. Estimated health costs attributable to elevated PM2.s concentrations, Western 

Australia, 2002-2017, by attributed source. (Adapted from Borchers et al 2020. <11> 

https ://onl inel ibrary. wilev, com/doi/pdf/1 o .5694/mja2 .5054 7 

Describe your assessment of the human health risks associated with bushfire smoke, including 

by way of identifying (in general terms) any issues arising from the geographic distance from the 

burning. 

21 The transport and accumulation of smoke pollutants in the atmosphere is not my area of 

expertise. In general, people close to a fire front will be exposed to greater concentrations of air 

pollutants in smoke than people further from a fire. However, many factors other than distance 

also influence population level exposure to smoke. These factors include meteorological and 

topographical conditions that favour the accumulation or dispersal of smoke at the ground level 

where people breathe it. Smoke can be transported for thousands of kilometres and affect 

populations far from the source fires. If the source fires are ongoing, smoke can accumulate to 

cause severe air pollution.(6> As smoke 'ages' it undergoes physical and chemical changes which 

can affect the size distribution of the PM in the smoke and other chemical factors that shape its 

toxicology. 

22 In summary, the concentration of PM at the location of sensitive individuals and populations is the 

most important factor determining health impacts from landscape fire smoke, and it is not 

possible to predict this from the geographic distance from the burning alone. 

Describe your assessment of the human health risks associated with bushfire smoke, including 

by way of identifying (in general terms) any particular vulnerable community members. 

23 Most healthy adults and children that experience smoke-related symptoms will recover quickly 

(ie. within days) from occasional acute smoke exposures and will not suffer from long-term 

adverse consequences. However, there are some population groups for whom adverse health 

effects from exposure to smoke are more likely.<48> Considered collectively, a large proportion of 

the population are in a higher risk group for adverse health impacts from bushfire smoke. 

24 The most vulnerable sub-groups in a community include: 

(a) Individuals with respiratory conditions such as asthma and chronic obstructive pulmonary 

disease<38lC39l 
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(b} Individuals with cardiovascular disease which include high blood pressure, coronary 

artery disease, congestive heart failure, cerebrovascular conditions and angina(36l 

(c) Adults aged 65 years of age or older, as they tend to have pre-existing respiratory and 

cardiovascular diseases (49l 

(d) Populations with social and economic disadvantage<50X51> 

(e) Aboriginal Australians possibly related to the greater burden of cardio-respiratory 

diseases, socioeconomic disadvantage and reduced access to health care among this 

sub-group<52X53> 

(f) Younger children whose developing lungs make them more susceptible to the effects of 

air pollution. They tend to spend more time outdoors and they inhale more air per 

kilogram of body weight<S4l 

(g) Pregnant women and their developing foetuses<36l<55l 

(h) Individuals with chronic inflammatory conditions including diabetes<5l 

(i) Women and men may have differential health risks with some studies finding women 

reporting more asthma-related symptoms or health visits than men<39> 

Describe your assessment of the potential human health impacts of smoke associated with the 

2019-2020 bushflres. 

25 My team has estimated that in Queensland, NSW, ACT and Victoria combined, bushfire smoke 

from the 2019-20 fires was responsible for 417 excess deaths, 1124 hospital admissions for 

cardiovascular diseases, 2027 admissions for respiratory diseases and 1305 presentations to 

emergency departments for asthma.<56> Note that this rapid health impact assessment used 

estimates of population level exposure to smoke from the bushfires, and known relationships 

between deaths, admissions to hospital, and presentations to emergency departments for 

asthma. These estimates are not based on analysis of health data during the fires as such 

epidemiological studies take time. 

26 Modelled health impact assessments are useful for providing rapid ballpark estimates but are 

subject to many assumptions and limitations. It is therefore very important that subsequent 

epidemiological studies are conducted to properly characterise the health impacts of this fire 

season, both short-term and long-term. As noted in the published paper, we did not attempt to 

estimate health effects for which exposure-response relationships are less well characterised, 

such as primary health care attendances, ambulance call outs or mental health impacts. See the 

publication from the Medical Journal of Australia (MJA) for full details.<56> 

27 Figure 2 below is reproduced from a presentation I gave at the 3rd International Smoke 

Symposium, April 2020 (www.iawfonline.org/event/3rd-internationa!-smoke-svmposium/). It is 

based on work from my team evaluating smoke impacts and health costs associated with the 

same range of outcomes as described above, but also including Tasmania, South Australia and 

Western Australia in the analysis. A full paper describing this work is currently under review, and I 

can provide further details if requested. 
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28 The Figure illustrates our estimates of impacts by State and Territory from bushfire smoke since 

2000. Health impacts of smoke pollution are not always included in economic assessments of the 

impacts of wildfires, which generally focus more on the costs of fire-related injuries, infrastructure 

losses and fire supression.<57H60> However, a few studies have estimated the health burden 

and/or associated costs of wildfire smoke exposure.<61 >-<67> The figure shows the estimated annual 

health costs associated with bushfire smoke exposure for the most recent 20 fire seasons. These 

were derived from mortality costs, based on the value of a statistical life,<68> and the costs of 

hospital admissions for respiratory and cardiovascular diseases, and emergency apartment 

attendances based on the standard costs for each episode of health care. <69> 

• \ •=tc, .::i 

-
Figure 2. Annual fire season (1 Oct - 31 March) smoke-related health costs by state for 20 

consecutive fire seasons since 2000 (paper under review). Air quality data was only available 

in the ACT and Tasmania from 2009. 

29 We found that the 2019-20 season was a major anomaly in the recent record, with estimated 

smoke-related health costs of AUD$2.02 billion. These were largely driven by an estimated 445 

smoke-related premature deaths in addition to 3340 hospital admissions for cardiovascular and 

respiratory disorders and 1373 emergency attendances for asthma. These estimates are slightly 

higher than those presented in the published paper in the MJA<56> because they are based on 

estimates made for seven rather than four States/Territories. 

30 Health and economic impact assessments are subject to a range of assumptions and 

uncertainties. Those at greatest risk of death from short-term smoke exposure are likely to have 

pre-existing diseases<36> and potentially a shorter life expectancy than the average for others of 

the same age.<10> The valuation of the cost of these deaths was based on the value of a 

statistical life which is based on willingness to pay, and does not take into account underlying 

health status, age or life expectancy of the individual. While there is uncertainty about how these 

factors affect the value ascribed to the premature mortality component of the smoke-related 

health economic burden, it does not influence the relative difference in economic burden between 

years. 
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Describe any practical actions that you can identify to mitigate the matters identified. 

31 I have divided my response to this into two sections as follows: (1) system level actions from 

Governments and other agencies and (2) individual actions. I note that much of the responsibility 

for monitoring air pollution and managing health risks associated with air pollution lies with health 

and environment agencies within each State and Territory 0urisdictlons) of Australia. 

System-level actions: Work to mitigate the climatic trends that are increasing the frequency of conditions 

favourable to severe bushfires 

32 While not my direct area of research expertise, the evidence shows that global fire seasons are 

becoming longer with more extreme fire weather causing more intense and destructive fires.C71> 

This trend is likely to worsen according to climate projections.<72> More frequent and severe fires 

will lead to greater population exposure to severe bushfire related air pollution.C73J For example, 

while summer bushfires are an inherent feature of temperate, forested Australian environments, 

the fire season of 2019-20 was anomalous given the geographical scale of the fires burning over 

eight million ha (Figure 1),<74> driven by prolonged drought and dangerous fire weather<75> that has 

been attributed to anthropogenic climate forcing, with ignition from dry lightning and a variety of 

anthropogenic causes.<76> 

System-level actions: Improve the evidence base for public health advice 

33 The evidence base for much of the standard health advice provided by government agencies Is 

poor and existing evidence is often not well incorporated into practice. There is very little 

available evidence about the risk of persist health impacts following severe smoke events, or 

comparative impacts of PM2.s from different types of combustion. Further, advice ( eg to stay 

indoors) that is appropriate for brief episodes of pollution, such as a few hours of smoke from a 

planned burn, is not necessarily appropriate for prolonged and severe episodes such as that 

experienced over the 2019-20 summer. Evidence for the appropriateness of face masks for the 

general population is lacking,<77l while evidence to support indoor air filtration to protect health 

exists, there also gaps about how and where indoor air filtration is effective and this strategy is 

not routinely incorporated into agency health advice.<78> 

System-level actions: Establish a comprehensive public education and communication strategy 

34 Australians need to learn to live with bushfires, planned bums and the associated air pollution. 

These hazards are not avoidable and will increase in the future. Air pollution, fire, and smoke 

management all have strong influences on population health, yet are complicated to understand 

and respond to. The public will be better protected if better educated about issues such as: who 

is at risk? in what way are they at risk? what steps should be taken to reduce risks? what are the 

best ways to understand and manage fluctuations in air quality? how is air quality data best 

interpreted? 

35 This campaign could be modelled on similar educational campaigns about other environmental 

hazards common in Australia such as managing the risks and benefits of exposure to UV 

radiation from the sun. Ideally it will be supported by and reflect nationally consistent heal th 

protection policy and practices (see below). 
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System-level actions: Create a national strategy for health protection from bushfires, air pollution and 

related environmental threats to population health 

36 Traditional health protection activities by government (eg immunisation programs) were 

established prior to the current era of escalating risk from landscape fires, heatwaves and o,U'f€'1"1 

environmental hazards. Expertise and experience in bushfires, smoke and public health is 

currently fragmented throughout Austral ia. Some lies within universities and some within 

government health agencies, some within government environment agencies, and some is 

outside all of these sectors. As described further below, this has led to some fragmented and 

inconsistent responses to air quality management and bushfire smoke emergencies across 

Australia. This is why, in recent article in the Medical Journal of Australia co-authored by myself 

with other leading experts in air pollution in Australia, we called for a national strategy 

incorporating expertise from a range of disciplines (Vardoulakis et al 2020).<48l The full pape:r is 

appended to this report. 

System-level actions: Predict likely smoke impacts for populated areas where possible and share in 

accessible ways with the affected populations 

37 Advance notification makes managing the smoke and health impacts considerably easier fc,r 

people who are highly sensitive to smoke, such as those with asthma, and can avoid impor1tant 

impacts such as worsening symptoms or missed school or work.<79) To be effective, many actions 

for reducing smoke exposure need to be done in advance of severe smoke impacts. For example 

sealing a home or workplace by closing doors and windows is not effective if it is done after air 

quality has worsened.C80> Similarly, another effective intervention for people with asthma is to use 

preventive medication, but this is only possible if advance notice of possible worsening air quality 

is possible.<2°X81> 

System-level actions: Ensure real-time air quality information is available and easily accessible 

38 Advanced warning of air quality impacts of smoke from uncontrolled bushfires is not always. 

possible. However, the sharing of near real-time air quality information is possible in areas with 

air monitoring networks. The ability to access timely information is crucial for high risk individuals 

who can experience deterioration in their health with modest changes in air quality, well before 

24-hour national air quality standards are exceeded.<9J Early notification of worsening air quality 

enables preventive action such as seeking cleaner air spaces, sealing an indoor environme,nt, or 

taking preventive medication, all of which are far less effective if left until smoke impacts an3 

obvious and severe. 

39 While most jurisdictions have web-based information about the location of fires, the location of 

smoke is harder to access and it can be difficult or impossible, especially for individuals in some 

higher risk groups such as the elderly, to find and interpret air quality data relevant to their 

personal location. 

System-level actions: Expand the air quality monitoring network 

40 An additional issue to air quality data accessibility is data availability. As was highlighted over the 

2019-20 bushfires, many areas of rural and regional Australia - and even some parts of urban 
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Australia - have no access to accurate air quality information because of the sparse nature of 

Australia's air quality monitoring network. Where gaps exist, increasing the network of air quality 

monitors across areas of Australia would have a clear benefit. 

System-level actions: Increase the affordability and accessibility of high efficiency particle air (HEPA) 

filters especially to populations at higher risk of adverse health effects from bushfire smoke. 

41 A practical strategy, with good evidence for reducing both the indoor smoke and health impacts, 

is the use an indoor HEPA filterP8l However, most research has been done in overseas settings 

and more research needs to be done in Australia. As episodic smoke exposure is an inevitable 

part of living in Australian environments it would be logical to subsidise the costs of portable 

HEPA filters for people at higher risk of health impacts from air pollution from any source. 

Individual actions 

42 The key actions for an individual to protect themselves from the harmful effects of bushfire smoke 

fall into three broad groups. 

(a) Actively manage personal health, especially any chronic medical conditions like 

asthma, heart disease or diabetes 

(b) Reduce the amount of smoke that you breathe. Methods for doing this include staying 

indoors in a room well sealed from the outside air, ideally with an additional system for 

filtering particles from the air, and moving to less smoky environments (eg air

conditioned public buildings or less affected geographic areas). if practical. 

(c) Track the smoke so appropriate action can be taken in a timely way, eg homes can be 

aired and exercise can be scheduled when it is not smoky, and protective actions can be 

taken as air quality worsens. 

43 Box 1. (next page) which I have reproduced from the paper by Vardoulakis and colleagues,<48> 

lists benefits and limitations of a range of potential personal risk reduction measures for bushfire 

smoke events. 
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Box 1. Benefits and drawbacks of personal risk reduction measures during bushfire smoke 
events (from Vardoulakis et al<48>) 

3 e.,,-..,lib •Id d,-1, ....... uf ~ !»U<ld1 ,i:,k ,.,JU\.lluu lltt:cOUft,:,, UUIMIY 1.,u,.1,r ... """'""' ""''""" 

Rls!k re~Jdion 

SU!yJng<l!6oofs(at 
hon1~. wtlnt(,IXI' o, 

~ lj'' 

!<e..~~t:ll'!Utfl!'lll.•011£ 
{111,ysita l!irertlSt! 
oobil»irs '(! 

1.1;,~a d ean;,11 
fat:l:ltV Of ,,.,.llbJ C 

!!,_.,; lltl!,'h';tt, pet>:11 
url= .lllf i:iu,l,ty 
{~ ., l. t Orl!:11\;ll.1~1) 
'.!.''!!:')JUlg H , 1!1:'!-. 

,f>ll.:1Khi2fi•·0• 
CM1)11'1Ufl.fy t"'1tf!?. 

'l4-'Qrfs."!:li>tler 

"'1:ltt3'lli! ll:t dunl!f'S 
{a,rp1.r,f~'' 

~,llli!l'llai;l/S, 

,rd.i'.rMt 
p,c,ie;,~ ,"'l 
:INSlkli31'1dWrigu:.ilil 
1t~5Ju.Jl 

i"..t:tl.!l.it1nt 
~~5. W.h 
ols{lmre;;a-.ifmv 
.iod5:} .i"dotti.-r. 
ik-tzty .,.;.-•~"' 

~ ,1;rhrn.ai 1t1iN%.,catt<M, 
a5Pttin. statill, , 
t>thet ·ll'lidiUl.iOtiS" 

~•-.am. 
j)j!i:)fclff41tl!'l:-ai,I;' 

~ lrtvd"® ~ J. 
illf1;1«ill1Jlliooc1nd 
~ il:m alerts~ 

Teirf)tlra,~. 
neloir,!lior,,. 

• t.ffe<tive II\ (ei:iUCA"!)palSOl1l 1exposu,e tc, PM, ,. In 
tebt,,.,e .w:11 ;;e,alid f -OOl'tl$ .... tt,: 
• ,M cond,t,oning (on r~ trcula!tng mode) 
• ~r fdtra-twn (with Hf.PA ftlte1s) 
• ri:, indoo, l)(l!latiM SO!.W'~s (eg, t 19<t1$;t t~ 

sroolung}" 

• tffll<t,...e i,i ,~liuC1f1!t,person~ ex;powr& to bushfire 
~~ 

• wM,,ig t!>.l!fr1<m 1n chilclri:n mav be e;pet,l!II~ 
.-npo,bnt io,rj!df.!!1ngtM,1e~e1Dpillbde5'' 

• !!:ff t<trve"' red1.1C1f¥ e~•• 10 wtdoCl a,1 
~ Uut•O>'l O\it!I' shott JltlflOOi. (.e, hoort)' 

• Ufett f"I/,!; 111 r~udngm:oor ~ r p::llut,on ~~ ,f 
fitt!'o -..nlk Ht.PA Mt!£!.~.,, 

• ~ rlf.ec(t\le tn o\lfll seated tc-:>~, !if C~N1! 
as f<!<rJ~"lded b, maawfactmei'~ .. 

• 'lr.u!ll-f, tt l!d J,rofssior,,J ~ . P'liN9S) ,nl!Jc~offet 
t·ftt!ft...e: protE>tt1,11tl ftorn PM1 t e,cp-Oijure" 

• Ptcf~5.U'l.;t ,mslfs ate 9~1l!;l'iWfSl.!lta~e fo1 
o.Jthi1· ,.,,,o;'l<eli .. 

• tA,&tAolli v;;lve!, c.an teo..ce 'build-up of t...m,dit'y
ant! o ,tori d n;i1je ,.,lthWI ma,!J<~• 

• St;!ttJl!$l:,,M !!Yid(-(la that am~5 Jn:j •"l.a:1n,n, 
,l .ml£ ffll!V ?ft>'!K'! ag;.nst pol!ut,~11 6am,,-;2-
wll!dl can t r~ asdlma. dlrc,;,c: !l!:-stru.:11~ 
~ ll'Mlfl.llt\l t!M..u ~i»lun9 t.iltlm lnltt.l'tlOfl 

• w-.tll'ISRC..~lJroJ<i'in, dlcl.-and 01'~·3'3ttw 
acfdlm111t.ale;o ha;,e a jll'at.ertJv~ role"'''' 

• ,ilt·.e;.JUr;, clll!t, fld1 11 fr<Mtt il,'l/J .-;g~tS 
~inna11y betJef,cj,.J(ho,,,e.er. tl>He 1£ 113&ri!d 
e\lli!',;mct-of proterU.-eefieort cl di~ ag:i.mtalr 
uillutlM)lt 

• .¼ith~1J l)O'_.,t.<.-e m&d,c~t.on c;;11 attl>Clr.rate 
>e>iaci!l1:i.al:fM~ cf me W11dlt1cm• 

• thc-t'e s~liltle WJdet)(~tnilt ~ In, s tat.Mm 
""I' :!>tnel Me1:1;c;.t1M ha.e di1ect protKtntr,, e~tli 
against ,111r p::,llutaoo" 

• "1t1S11vtree to ,u ~M t.in emble '!!ti ,.ctum to 
&.""'lop ?ft,;oiulsineb~re l'l!O\Jll:'llonp&am.• 

• 1.0t:alls,edh!l!,tlf 111rq:;il!lt\'il'lfOmtabOll JIWl'e !F.ertl 
tha11 24-fiOlJf rolling aver~g!S «~>!fl¥ aw,li1!ld 
d'.:lta~ 

• t;n pto~ h~ ltb Jl(O!eCUOll to at•r!l.k 'Qf OUPS. 
wdi al. ptegna,it women, 01 pe,,ople w11h~ lio~s 
i<Jrl~ or heart dJ<,n~. ilffecte,d by lo,all"..ed M 
!lef~@fltsrnob ep,so<!E,• 

• Bu:kt,nga'>'l!ffle~ngai,d low air e~-cha11ge rate~ 
,esiJ!t;.'9111 higl1~ t~ /IW.'lture-s .and c.irbor. 
d,u.idelewls• 

• ~ium ~1,1frontcost formtallit,or, ofa,r 
cMJruonil'lfj/ldtf~1tOh £y,£1M'l> 1 

• lneftKtll/f'C'llef~-pf'ftOih of hlll t (111, lt\'i!!<il 

03'1'5) without ~:Lt,onal air h!tf~tion~ 

• cculdbe Ofttimen1·al to card,wxrul!t ll<j)d tr.enrat 
healltltf .a,rpol!Lt~ p,!filSt~OWl'IOrigeq 1eNClds. 
1:'lllts,;. oehef opl,Uttt!fl,t~s f« e~sing .:111 

~liteg. 1m!cllt ~tscMtrl!S) '' 

• lm.j)'ract,t al c,~ r lcmgH !l»lfl()dsoftiAa(,e,ie-~ 
hDU15) ' 

• i.i...-,!11: ;no ,,,ii!,.;,ls,n'ra';' need ~te, 1oodic~J 
;m.stanc;, Ctr arobub.oce t r ~;:«t• 

• L~ nu,nbr;r~ailfac~.tl~ ~ ~ te.:iwrooill 
t!t,-'1>$ .. 

• f.aidt,1,.-,;;mavr~l!d tetrl>'llLiofet:.aM,ghttie;ioi 
111~.allatttln tlf tlEAA H'li:t!. fOt ,ljlf lfolalfe• 

• IH.l>t'ffeti'>'e~½55-il!lt,g,"lt - 5J!'~, wh11:h.atoe 
lllal'l.-WJl '" Ai.a:tn'b· 

• i>M1~ .-euw-,ido'-.ll d.>~t M fir,,; t ;,,t# !:lhlf 
~ .,, 

• ~11:aiitupf~pJJrd\;,,;eca!it 
• /.·~ .t.1':'l''lli)>~ia,\,!le-,ltn i!it..S he-:!,-11\o M~ 

b; oo~llfill! s,r~~• 

• D,1W.'--'itt~ .a!h1e..1&go0dfa(.al ht·w,til fl;'llle~tonJl 
m.!l!il.s ii!g. doi;,t~-.u t aLi.>. ta,,a1 h lit, EtcJ'" 

• N!i (llfotcss OASJ ~ aft 11111dti~ di~cfa'l!li 
., """lllal n:io,!'lt,"o'ift-t o01,1.,. toodente ptotet:tdls:"' 
• l,yt)l.'lf& d 111!.h 11'l.115ko, batidl>IUSCI t -shu 15 cif(ff 

no;i,,otr-ttion'" 
• Fc1tefll!>sl!,.::i.li!i• 9,.e fal~ !reiltseef ~•.rv'· 
• u11c~"Uf~1a!:flHa 011em:1¥ff longN,p,atoods' 

• ~ ~,.llf,j)lel!!(itllt'!it~llpttl\/~lflllQtf!tffl* 
r,etE:MI.~ aiort 1:lffll hH 'l'.h be!l,i,f,ts but111av!le 
tl:llSfly· 

• SU,'llllllc'!r.!!lllts,11!»1:llollo!lt~U!i!d asrui>Mrtl.!te h,n 
1't•!ld,v ;ind balii'ltt'd dl~t"' 

• ftb?tee.rth 11~.i!d!Xi prowrifunw-~~~•lf 
~IJ~t.it~n Ill 111£1~ ilezlth IISks fmm W 
?il ~:..t.on t!.lf)Otu,.,• 

• Adv:ante r,ntiw.of !!il!Wl*t<..et.ts IS requae4i to 
!:11:lbl!: astt,mall)t-1">•n,ti•.elll'icliult1o.l)tobe'IM'd" 

• l>l~hor.im ~,, 0.1.i;i,Ll'y et!!kst!!S,,.appum! 
tndlQtOlf'i,.-.fi,dia,,,.>not2'..v.1'i£ 1<"~ vl<ll~tt'd· 

• lnf«mil\lM • el«'tron c mai.a m;ty not ti!Jdl 
scim •,omaUve~Pf, ~.aid 2" peop!!)• 

• lmp!crutai 'IIMn IY~ !)l:1Pl.• lll/011 (ffl!rl!S are 
affetteo• 

• 01tf.:ult.ani:l~s,w te1eloc..--temall'j> pte:plt• 
• $0Ci0•f'COllGrw.ilffyd!pnwdilldr-,,!1~3 ~,olde1 

pecple1mdttlo!e.,..ho.a1eVH\'<lll ha\lelo~m at.llltv 
to tEfocr.te sa•!ly1i 

• cogM,uG ~~ <llt!llt and t8111Ct<HI mob1!it\lC!lt.rld 
tompou~the s.i,essof r~low1t;on"' 

14 



In relation to the actions identified above, comment (to the extent you are aware) as to the extent 

to which such actions already form an active part of mitigation activities and whether and how 

those activities might be improved. 

44 There is uptake of some of these actions in some jurisdictions and nationally. The list below is not 

comprehensive, and simply reflects what I know of. 

System-level actions: Work to mitigate the climatic trends that are increasing the frequency of conditions 

favourable to severe bushfires 

45 While some states and territories have climate action mitigation plans in place, there remains an 

urgent need for a comprehensive, coordinated and funded national strategy covering mitigation 

actions for all major sources of emissions. Evidence from other countries show that such plans 

are effective in reducing emissions. 

System-level actions: Improve the evidence base for public health advice 

46 Increased funding for research relating to the health impacts of bushfire smoke, and individual 

and population level interventions to reduce these impacts, is needed to improve the evidence 

base for public health advice. In January 2020 the National Health and Medical Research Council 

did make a special call with modest funding available specifically for research relating to health 

impacts of bushfires. 

System-level actions: Establish a comprehensive pubiic education and communication strategy 

47 Not yet in place. This requires long-term support, funding and resourcing to be effective. Ideally 

this campaign is nationally consistent and fits with a national health protection strategy (see 48 

below). 

System-level actions: Create a national strategy for health protection from bushfires, air pollution and 

related environmental threats to population health 

48 A national health protection strategy for landscape fi re smoke and related hazards that are 

increasing as the climate changes will increase Australia's resilience in the face of environmental 

change. There have been calls for a national health protection strategy for other increasing 

threats to health including multi-jurisdictional hazards such as bushfires, air pollution events, 

respiratory epidemics including thunderstorm asthma, and novel infectious diseases.<48><82K83> 

System-level actions: Predict likely smoke impacts for populated areas where possible and share in 

accessible ways with the affected populations 

49 Some jurisdictions (eg NSW) conduct their own air quality forecasts, while the CSIRO and 

Bureau of Meteorology are developing the AQFx forecasting system. Further resources are 

needed to improve, validate and integrate forecasting systems into practice. An example of 

automated notifications of forecast for reduced air quality is that provided by the Department of 

Planning, Industry and Environment in NSW. The EPA Victoria display air quality forecasts for the 

following day on their web pages. 

15 



System-level actions: Ensure real-time air quality information is accurate and easily accessible 

50 While all states operate websites with public air quality information, as noted in Q6 below, these 

vary greatly in the types of information displayed, including air quality categories, use of 

averaging periods and units. 

51 AirRater (www.airrater.org), developed by our team at UTAS, is an example of an air qualit)r 

communication system that uses a smartphone app to provide available data at the user's current 

location in as close to real time as available. The demand for such information for managin~i 

personal exposure to smoke was illustrated during the 2019-20 bushfire smoke crisis durin9 

which time it was downloaded in excess of 50,000 times throughout Australia as the only single 

source of hourly (or more frequent) PM2.5 concentrations for all of Australia.<84l Evaluations of 

AirRater have demonstrated that it is used by people to manage their health, by supporting 

decisions about when to open or seal up a home, take medication or move to a less smoky 

environment.<16> 

52 The establishment of a singular, reliable and trusted source of air quality information across 

Australia is vital to the success of 47 and 48 above. While options exist to provide this servi,ce (eg 

AirRater, which shares data from Government agencies, is currently funded in Tasmania, ACT 

and NT), there is currently no funding to operate this, or any other service nation-wide. 

53 Many websites claim to provide real time air quality data. However, the quality and accuracy of 

the data shared is highly variable. It is often not made clear if the data are real-time or averaged 

over 24 hours, if international or Australian standards were used to generate an index, or if :the 

data provided are modelled estimates, measured by validated monitors, or measured by 

unvalidated or uncalibrated low cost sensors. 

System-level actions: Expand the air quality network 

54 Several jurisdictions have used lower cost monitors and sensors to provide wide population 

coverage of PM monitoring. Tasmania has had a network of calibrated DustTrak monitors in 

place since 2009. Victoria and NSW have also considerably expanded the capacity using lower 

cost sensor networks and mobile stations. 

55 Gaps in the national air quality network were apparent in many rural areas affected by bushfire 

smoke in 2019-20. While an air quality monitoring station in every town across Australia may be 

cost-prohibitive, further exploration of ways to fill these gaps, including evaluation of low-coBt 

sensors is needed to address this gap. 

System-level actions: Increase the affordability and accessibility of high efficiency particle air (HEPA) 

filters especially to populations at higher risk of adverse health effects from bushfire smoke. 

56 An example of their use was during the Tasmanian bushfire crisis of 2019 when HEPA filters 

were established in all fire evacuation centres to provide a cleaner a ir shelter for people in 

vulnerable groups. Further research funding is needed to clarify the most appropriate ways to 

implement this intervention in Australia. 
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Individual actions 

57 As with system-level activities, improving the implementation of individual-level mitigation 

activities is likely to require additional capacity, resources, research and funding, including but not 

limited to the broadscale public education campaign suggested above. Nearly all advice outlined 

above for individual actions in 04 requires further research to characterise under what 

circumstances they will be most effective (eg during a severe bushfire event). This includes (1) 

staying indoors, (2) closing doors and windows, (3) changing exercise patterns, (4) using air 

filtration, (5) using a face mask, or (6) implementing nutritional or medical interventions. See Box 

1 above for a summary of the benefits and limitations of some potential interventions. 

58 Individual actions require a relatively high level of understanding of smoke and health, and what 

to do about it. This is why I believe that a comprehensive public education campaign is needed in 

Australia. 

Describe the current method(s) and metric(s) used to measure air quality characteristics relevant 

to the human health impacts of smoke within relevant jurisdictions of Australia. 

59 I have divided my response into two sections. One describes the main methods used in Australia, 

and the other describes the main metrics used. 

Main methods used in Australia 

60 I am not an expert on the technical methods used for measuring air pollutants. However I am 

familiar with the main methods used in Australia as I use data from these in my research and 

public health practice. In Table 2 below I have provided a summary of the main methods used to 

measure PM2.5, the pollutant which is most important with respect to the human health impacts of 

bushfire smoke. For further technical detail and information, an technical expert in this area 

should be consulted.<85H67l 
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Table 2. Main methods used for measuring airborne concentrations of particulate matter. 

Measurement method Notes 

Gravimetric measurement via a low This is the core reference method in Australia and globally. 
volume air sampler with a filter. Filter is weighted before and after active sampling at a 

Metric: micrograms per cubic metre of 
specified flow rate for a 24-hour period to determine 24 hr 

air (µg/m3) as a (24h average) 
PM2.5 amount. 

Tapered Element Oscillating A TEOM continually measures the concentration of airborne 
Microbalance (TEOM) particles by collecting the particles on a filter located at the 

or 
end of a thin quartz fibre which oscillates. The period of 
oscillation is dependent on the total mass of filter and 

TEOM- Filter dynamic measurement particles. In Australia jurisdictions operate the TEOM with 
system (FDMS) the filter controlled to 50 C. This leads to significant loss of 

Metric: µg/m3 (continuous) 
volatile particles from the filter under some circumstances. 

A more modern version, the TEOM-FDMS incorporates a 
system that alternates between ambient air and filtered-air 
pathways. This, in principle , allows better estimation of 
volatile and non-volatile components than a standard TEOM, 
which is important for PM2.s measurements. 

Standard method under Air Quality NEPM 

Beta Attenuating Monitoring (BAMs) Uses the attenuation of beta radiation (electrons) by solid 

Metric: µg/m3 (continuous/ close to 
particles extracted from air flow to detect PM. BAMs are 
widely used across Australia. The first units provided hourly-

continuous) averaged data, but more modern units can provide a 5-
minute running average. 

Standard method under A ir Quality NEPM 

Optical particle counters (e.g. Optical particle counters use scattered light to measure and 
DustTraks) count particles. Algorithms are used to convert particle 

Metric: µg/m3 ( continuous/close to 
counts to mass measurements (µg/m3) . 

continuous) Not a standard method under A ir Quality NEPM but used by 
many jurisdictions to expand reach of air quality monitoring 
network as the sensors are lower cost. W ith appropriate 
calibration that the data quality is very high. These devices 
also can provide very high time-resolution data. Data quality 
is less reliable if a varying mix of aerosols of similar size 
(smoke, diesel exhaust, etc) are present in the ambient air. 
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Main metrics: Measured concentrations 

61 The main metric used to describe smoke pollution is PM2.s in µg/m3. Australia's national standard, 

and most public health guidance, is based on a measured average over a 24-hour period. All the 

methods described above are used for calculating the mass concentration of particulate matter 

per cubic metre of air. 

62 Historically, air quality standards were not designed to support the management of episodic 

severe smoke from bushfires, but to assist in the regulation of sources of anthropogenic 

emissions air pollution (eg vehicle emissions), and to manage and monitor daily variation and 

longer-term air quality trends. 

63 A 24-hour average of the concentration of pollution does not provide sufficient information about 

the large and rapid fluctuations in air quality that are often associated with smoke from bushfires. 

Main metrics: Air Quality Indices 

64 Many jurisdictions report an Air Quality Index (AQI) in preference to or in addition to 

concentration of PM2.s in ug/m3 • The AQI can be calculated and presented in several different 

ways. It is not used consistently throughout Australia or internationally. 

65 The AQI was designed to standardise information across different types of air pollution. It can be 

used for any pollutant (including fine and coarse particulate matter, carbon monoxide and ozone) 

and can be calculated for pollutants either individually or collectively. 

66 The index is not a raw measurement (e.g. micrograms of pollutant per cubic metre of air) , but a 

scale based on how much the reading is above (or below) the air quality standard. Some States 

and Territories provide the AQI separately for different pollutants (e.g. an AQI for N02, and an 

AQI for PM2.5), others provide only a composite AQI that is based on the worst measurement of 

all pollutants measured. 

67 The AQI is scaled so that if a pollutant is measured at a concentration equal to the air quality 

standard set for a specific pollutant, the AQI will be reported as 100. As standards vary by 

country, an AQI is not an internationally uniform index. For example, an AQI for PM2.s of 100 in 

Australia represents a lower concentration of PM2.s than an AQI of 100 in the US. 

68 In Australia, where our 24-hourly standard for PM2.s is 25 µg/m3, the AQI for PM2.s can be 

calculated by multiplying the measured 24h average concentration of PM2s, (in µg/m3) , by four. 

This conversion factor does not apply to any other pollutant. 

69 Importantly for PM2.5 from bushfire smoke, the AQI is calculated from a 24-hour average. The 

rolling 24-hour average used to calculate the AQI means the AQI will change more slowly in 

response to changing conditions than the 1-hour or 10-minute averages that may potentially be 

presented for PM2.s if measured by a method that produces continuous measurements. Table 3 

shows the metrics used for reporting PM2.s on the air quality data on the main air quality web 

page of the environment agencies in each jurisd iction. 
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Table 3. Main reporting metrics displayed for PM2.s by State and Territory 

State/Territory Displays PM2.s as AQI Displays the measured 

concentration of PM2.s (µg/m3) 

ACT AQI derived from all monitored pollutants Not displayed - discoverable by 

including 24-hour average PM2.s navigating the website 

NSW AQI based on 1-hour average 1-hour average concentration 

NT AQI based on 24-hour average 24-hour average concentration 

OLD AQI based on 24-hour average 24-hour average concentration 

SA AQI derived from all monitored pollutants Not displayed - discoverable 

including 24-hour average PM2.s 

TAS Not used 10 minute and 1-hour average 

concentration 

VIC Not used 1-hour average concentration 

WA AQI based on 24-hour average Not displayed 

Main metrics: Air quality categories 

70 For the purpose of communicating with the public about air quality, many public health and 

environmental agencies will categorise air quality measurements into categories using 

descriptors such as good, fair, poor, unhealthy, or hazardous. These are usually colour coded 

from green for good - to red or purple for poor. Each State and Territory does this in their own 

way. The categories can be based on measured concentrations over a 1-hour averaging period, 

measured concentrations over a 24-hour averaging period, or on the AQI derived from either 24-

hour or 1-hour averages. The cut points for defining each category, the names used to describe 

each category, and the advice associated with each category also varies between states. Table 4 

is a summary of the various categories used by each jurisdiction and how they relate to the 

measured concentration of PM2.s 
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Table 4. Comparison of air quality/action categories and trigger levels across Australian states and 

territories for PM2.s (µg/m3). Categories have been grouped for the purpose of comparison. (Table 

prepared by EPA Victoria) 

Response/ 
Air Quality 
cateao,v 

~ l ,.; ,,1 • •" =~~ 
. ~ ,• .,._ 

Very High/ . ; 
Extreme/ Haza,dous " 

ACT 
(24HR} 
ll11edcn 

A 
0-8.2 

8.3-16.4 
16.5-25 

25.1-37.4 

37.5-50 

50+-

ACT 
(24HRI 

• 
0-8.9 

9-25.9 

26-39.9 

40-106.9 
107-177..9 

>177.9 
>250 

NSW t,IT 
(24HR} (24HR) 
lasedon BnedOtl 

A I AQ! 

0-8.2 0-8.2 
8.3-16.li 8.3-16.4 
16.5-25 16.5-25 

25.1-37.4 25.1-37.4 

37.5-50 37.5-SO 

SO+ so+ 

QLD SA TAS VIC VIC WA 
(24HRI (24HR) (lHR) (24HR) (lHR) (24HR) 
Based on Based on eased on 

A I AQJ 

0·8.2 0-8.2 0-9 <9 <27 0-8.2 
8.3-16.4 8.3-16.4 8.J-16.4 
16.5-25 16.S-25 10-24 9-25 27-62 16.5-25 

25.1-37.4 25.1-37.4 25·99 >25-40 62•97 25.l-37.4 

37.S+ 37.5+ 100+ >40-177 97-370 37.5-50 

>177 370+ SO+ 
>250 & 

Notes. The trigger levels in the table above are presented in µg/m3, however some Jurisdictions express this as an Air Quality Index 

in public reporting. 

• ACT Health, Health Advice for Smoky Air htlJJs:llwww. health act gov aulabout-our-health-svstem/popu/ation-heallhlenv;ronmenta/

monitorino/monitorino-and-requlating-air-Q 

- Emergency Management Victoria, Standard for Smoke, Air Quality and Community Health (Version 2.0) 2019 & Trigger for 

advice from Chief Health Officer on temporary relocation if PM2.5 are predicted or are >250 µglm3 for two consecutive days. 

71 In recognition that the variation in reporting conventions across Australia was a source of 

confusion for the public during the 2019-20 bushfire and air quality crisis, the Environmental 

Health Standing Committee {enHealth) of the Australian Health Protection Principal Committee 

(AHPPC) convened a meeting of key members of health and environmental agencies from States 

and Territories around Australia in Melbourne on 26 February 2020. I attended that meeting as I 

was asked to deliver a presentation on the health effects of bushfire smoke, and I also 

represented the Tasmanian Department of Health. 

72 EPA Victoria produced a background document to inform discussions at this meeting. Table 4 

(above) is reproduced from that document. The background document noted that during 1he 

recent fire season in south-eastern Australia, questions were raised by numerous organisations, 

the public and media regarding the differences in jurisdictional approaches to the provision of air 

quality advice and public health messaging and that these differences included: 

{a) The use of a monitoring and reporting framework/guideline specifically for bushfire 

smoke events, vs general air quality information about PM. 

{b) The use of one-hour versus 24-hour (or longer) averaging periods. 

(c} The use of an Air Quality Index versus measured PM2.s concentrations for public 

reporting. 

(d) The use (or not) of a hazardous/extreme air quality category. 
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(e) The cut points for defining air quality categories, particularly for moving from a "very 

poor" to a "hazardous" rating. 

(f) The amount and nature of protective health advice provided by jurisdictions along with 

air quality reports. 

(g) The colour coding used for air quality/response categories. 

73 A notable difference was that in some jurisdictions a 24-hour average concentration of 50 µg/m3 

was classified as the worst possible category of 'hazardous' while in other places a concen1:ration 

above 177 µg/m3 was required to be categorised as 'hazardous'. 

7 4 Another important difference was that categories based on hourly averages were different t,o 

those based on 24-hour averages. As such, it was possible to find simultaneous reports of both 

'good' and 'hazardous' air quality for a particular time and location. 

75 At this meeting all jurisdictions agreed to work towards national consistency in this area. 

Describe the key way(s) in which air quality information and public health information in relation 

to air quality is conveyed to the public across Australia in the context of bushfires. 

76 Air quality and public health information is conveyed to the public by health and environment 

agencies in each State and Territory in Australia. These agencies often present the information 

on their respective agency internet site. Environment agencies generally present data on air 

quality while health departments present information about protecting health, but there is o,i<erlap 

and cross referencing between these. 

77 During a bushfire smoke episode, agencies will often provide health information and alerts 

through media releases. The triggers for providing media messaging are at the discretion 01r each 

agency. It is common for media outlets to seek out information from experts in response to ismoky 

conditions. 

78 I have led two research projects that have sought to learn more about how people obtain 

understand and use information about air pollution associated with bushfire emergencies in 

Australia, which I describe briefly below: 

(a) The first was a small qualitative study conducted during severe air pollution associated 

with Tasmanian bushfires in 2019. Participants were interviewed within three week!S of 

the pollution episode to understand (1) the level of concern about the impacts of smoke 

on health and wellbeing, (2) how information about smoke and health was received! and 

understood, and (3) if public health information influenced individual actions and 

behaviour. In keeping with previous studies. we found that living through smoky pe1riods 

was a markedly negative and stressful experience, and that social media was a central 

method for receiving information<88X89>. We found that people looked to multiple places for 

information, often consulting local, national and international web pages, and were 
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frequently confused by apparently contradictory information they found. A range of 

themes emerged from detailed feedback on the public health messaging. These included 

the perceived lack of timeliness and practicality of some of the information, the desire for 

more detailed information about health risks and how these related to differing severity of 

air pollution, and the tension between messaging about the simultaneous fire and smoke 

hazards in different locations across affected areas. We concluded that public 

messaging about smoke and health should continue to use multiple avenues of 

communication, with a focus on simple messages provided through social media. 

Messaging about the smoke hazard should be available from a trusted central source 

regarding all aspects of the wildfire emergency, with links to more detailed information 

including local air quality data alongside an interpretation of the associated health risks. 

This paper has not yet been published but is currently under review with an international 

public health journal. 

(b) The second was a survey of people who had used the AirRater app for air quality 

information during the summer fire crisis. They reported that state government websites, 

traditional and social media were the primary sources of information for air quality. The 

full range of sources is listed in Box 2 below. It demonstrates that people seeking air 

quality information check a multitude of sources, some highly reliable and others of 

variable quality or applicability to Australian circumstance. Consistent with previous 

evaluations of the app,<16> this survey found that respondents reported that the near real

time information provided through the app was highly useful, and supported informed 

decisions regarding daily activities during the smoke-affected period such as staying 

inside, rescheduling or planning outdoor activities, changing locations to less affected 

areas or informing decisions on medication use. In some States, this app was the on 

source of information about hourly (as distinct from 24-hourly) averages of PM2.s. This 

work has not yet been published. 

79 Both projects described above found a very high use of digital information among participants. 

This partly reflected the interest of the participants who had either elected to be a part of a 

research project or chosen to download an air quality app. However, it implies that populations 

groups or people who are not familiar with technological platforms, have low levels of literacy, or 

do not have access because of social, economic or language barriers, could miss out on 

important information for managing their health. This supports the need for ongoing community 

education in this area, and exploration of new methods of delivery. 
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Box 2. Sources of air quality information during the 2019-20 bushfire smoke crisis reported by users of 

AirRater 

1. State government health and environment websites 

2. Media 
• Traditional media (TV, radio) 
• Social media (e.g. dedicated air quality Facebook page, such as 'My Air Quality Australia') 

3. Non-government apps and websites 
• AirRater (University ofTasmania) 
• Purple Air (international commercial network) 
• Air Matters (international site) 
• Canberra Air {Australian blog) 
• The AirVisual (app of the international site iqair.com) 
• AQICN (international website) 
• Breezometer (international commercial site) 

4. Othersensors 
• Plume labs 
• AQ sensor on air cleaner {e.g.Dyson) 
• Built own sensor 
• Nose and eyes 
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Describe limitations or difficulties {if any) with that Information and If so, how that information 

might be improved. 

See Table below. 

Limitation or difficulty Possible improvement 

Understanding the meaning of a ir quality Ongoing community education campaigns (not 
information just during fire emergencies) explaining the health 

impacts associated with smoke from wood 
heaters, planned burns and bushfire, what actions 
can reduce these impacts, and how to interpret 
and use air quality information. 

Poor accuracy of air quality information in regions Improved by government agencies expanding 
without a nearby government/official air quality their monitoring networks to provide validated and 
monitoring station. calibrated air quality data 

Low cost sensors purchased from commercial 
companies may be inaccurate or unreliable (e.g. 
not regularly calibrated, inappropriate detection 
limits). 

Data updated infrequently. 24-hr average not Routine provision of at least hourly averaged PM 
useful and often misleading data to the public 

Differing units of measurement are presented Standardisation of presentation of information 
across different services (e.g. AOI vs PM2.s) across government sites in Australia 
increase difficulty in understanding 

Differences in categories of air quality rating Standardisation of category descriptions and 
between services ranges across government sites in Australia 

Website and services difficult to understand or Use consumer feedback and focus groups to 
navigate design websites and services to enable greater 

accessibility for groups with lower literacy and 
those with visual impairment 

Trustworthiness of information, especially from Promote government agencies as authorised 
private websites and biogs. sources of air quality information 

Signed by Dr Fay Johnston 

on .. ~+~ .. ~~ .. 2:-~~C) 

25 



References 

1. 

2. 

3. 

4 . 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

Elliott CT. Guidance for BC Public Health Decision Makers During Wildfire Smoke Events. 
Vancouver: Environmental Health Services, BC Centre for Disease Control, 2014. 
Johnston FH, Bowman DMJS. Bushfire Smoke: An Exemplar of Coupled Human and Natural 
Systems. Geographical Research 2014;September(52):45-54. doi: 10.1111/1745-5871.12028 
[published Online First: 15 October] 
Johnston FH, Hanigan IC, Henderson SB, et al. Extreme air pollution events from bushfires and 
dust storms and their association with morta lity in Sydney, Australia 1994-2007. Environmental 
Research 2011;111:811-16. doi: 10.1016/j.envres.2011.05.007 
Johnston FH, Henderson SB, Chen Y, et al. Est imated globa l human mortality from vegetation 
fire smoke. International Society for Environmental Epidemiology. Barcelona, 2011. 
Melody SM, Ford JB, Wills K, et al. Maternal exposure to fine particulate matter from a large 
coal mine fire is associated with gestational diabetes mellitus: A prospective cohort study. 
Environmental Research 2019:108956. 
Williamson G, Bowman DMJS, Price 0, et al. A transdisciplinary approach to understanding the 
hea lth effects of wildfire and prescribed fire smoke regimes. Environment Research Letters 
2016;11(12) 
Salimi F, Henderson SB, Morgan GG, et al. Ambient particulate matter, landscape fire smoke, 
and emergency ambulance dispatches in Sydney, Australia. Environmental International 

2016;Nov 23 
Johnston FH, Henderson SB, Chen Y, et al. Estimated Global Mortality Attributable to Smoke 
from Landscape Fires. Environ Health Perspect 2012;120(5):659-701. doi: 10.1289/ehp.1104422 
Johnston FH, Webby RJ, Pilotto L, et al. Vegetation fires, particulate air pollution and asthma: a 
panel study in the Australian monsoon tropics. fnternational Journal of Environmental Heafth 

Research 2006;16(6):391-404. 
Zhao B, Johnston FH, O'Sullivan T, et al. Early life exposure to coal mine fire and tobacco smoke 
affect subclinical vascular function. Archives of Disease in Childhood 2019 
Shao J, Zosky GR, Wheeler AJ, et al. Exposure to air pollution during the first 1000 days of life 
and subsequent hea lth service and medication usage in children. Environmentaf Pollution 

2019:113340. 
Melody SM, Ford J, Wills K, et al. Maternal exposure to fine particulate matter from a coal mine 
fire and birth outcomes in Victoria, Australia. Environment International 2019;127:233-42. 
Johnston FH, Zosky GR, Negishi K, et al. The Latrobe ELF Study: Indicators of lung and blood 
vessel function three years after the fi re Victoria2018 [Available from: 
http://hazelwoodhealthstudy.org.au/wp-content/uploads/2018/10/ELF-vols-2 3-Research
Summary.pdf accessed 18 December 2018. 
Johnston FH, Hanigan IC, Henderson SB, et al. Evaluation of interventions to reduce biomass 
smoke air pollution on mortality in Launceston, Australia: a retrospective analysis of daily 
mortality from 1994-2007. BMJ 2013;345(e8446) 
Jones PJ, Koolhof IS, Wheeler AJ, et al. Can smartphone data identify the local environmental 
drivers of respiratory disease? Environmental Research 2020:109118. 
Johnston FH, Wheeler AJ, Williamson GJ, et al. Smartphone technology to reduce health impacts 
from environmental and atmospheric hazards. Environmental Research Letters 2018 doi: 
https:lldoi.org/10.1088/1748-9326/aableG 
Borchers Arriagada N, Palmer AJ, Bowman DM, et al. Exceedances of nationa l air quality 
standards for particulate matter in Western Australia: sources and health-related im pacts. 
Medical Journal of Australia 2020 
Horsley JA, Broome RA, Johnston FH, et al. Health burden associated with fire smoke in Sydney, 
2001-2013. Medical Journal of Australia 2018;208(7):309-10. 
Reisen F, Powell JC, Dennekamp M, et al. Is remaining indoors an effective way of reducing 
exposure to PM2.5 during biomass burning events? Journal of the Air and waste Management 
Association 2019 doi: https://doi.org/10.1080/10962247.2019.1567623 

26 



20. Johnston FH. Understanding and managing the health impacts of poor air quality from 
landscape fires. The Medical Journal of Australia 2017;207(6):229-30. 

21. Hyde JC, Yedinak KM, Talhelm AF, et al. Air quality policy and fire management responses 
addressing smoke from wild land fires in the United States and Australia. International Journal of 
Wild/and Fire 2017;26(5):347-63. doi: httos://doi.org/10.1071/WF16154 

22. Broome RA, Johnston FH, Horsley J, et al. A rapid assessment of the impact of hazard reduction 
burning around Sydney, May 2016. Medical Journal of Australia 2016;205(9):407-08. doi: 
10.5694/mja16.00895 

23. Haikerwal A, Reisen F, Sim MR, et al. Impact of smoke from prescribed burning: Is it a public 
health concern? J Air Waste Manage Assoc 2015;65 doi: 10.1080/10962247.2015.1032445 

24. Borchers-Arriagada N, Palmer AJ, Bowman OM, et al. Health Impacts of Ambient Biomass Smoke 
in Tasmania, Australia. International Journal of Environmental Research and Public Health 
2020;17(9):3264. 

25. Bowman OM, Daniels LD, Johnston FH, et al. Can air quality management drive sustainable fuels 
management at the temperate wildland-urban interface? Fire 2018;1(2):27. 

26. Williamson GJ, Price OF, Henderson SB, et al. Satellite-based comparison of fire intensity and 
smoke plumes from prescribed and wildfires in southeastern Australia. International Journal of 
Wild/and Fire 2012;22(2):121-29 doi: 10.1289/ehp.1103639 

27. Price OF, Penman TD, Bradstock RA, et al. Biogeographical variation in the potential 
effectiveness of prescribed fire in south-eastern Australia. Journal of Biogeogrophy 
2015;42(11):2234-45. 

28. Price OF, Williamson GJ, Henderson SB, et al. The relationship between particulate pollution 
levels in Australian cities, meteorological variables, and landscape fire activity detected from 
MODIS hotspots. PLoS ONE 2012;7(10):e47327. doi: 10.1371/Journal.pone.0047327 

29. Zhang Y, Schauer JJ, Zhang V, et al. Characteristics of particulate carbon emissions from real
world Chinese coal combustion. Environmental science & technology 2008;42(14):5068-73. 

30. Danielsen PH, M0ller P, Jensen KA, et al. Oxidative stress, DNA damage, and inflammation 
induced by ambient air and wood smoke particulate matter in human A549 and THP-1 cell lines. 
Chemical research in toxicology 2011;24(2):168-84. 

31. B0lling AK, Pagels J, Yttri KE, et al. Health effects of residential wood smoke particles: the 
importance of combustion conditions and physicochemical particle properties. Particle and fibre 
toxicology 2009;6(29}:20. 

32. Stanek LW, Brown JS, Stanek J, et al. Air Pollution Toxicology-A Brief Review of the Role of the 
Science in Shaping the Current Understanding of Air Pollution Health Risks. Toxicological 
Sciences 2011;120(suppl 1):S8. 

33. Naeher LP, Brauer M, Lipsett M, et al. Woodsmoke health effects: a review. Inhalation 
Toxicology 2007;19(1):67-106. 

34. Blake D, Hinwood AL, Horwitz P. Peat fires and air quality: Volatile organic compounds and 
particulates. Chemosphere 2009;76(3):419-23. 

35. Kelly FJ, Fussell JC. Size, source and chemical composition as determinants of toxicity 
attributable to ambient particulate matter. Atmospheric Environment 2012;60:504-26. 

36. Cascio WE. Wild land fire smoke and human health. Science of the Total Environment 
2018;624:586-95. 

37. Doubleday A, Schulte J, Sheppard L, et al. Mortality associated with wildfire smoke exposure in 
Washington state, 2006-2017: a case-crossover study. Environmental Health 2020;19(1):1-10. 

38. Reid C, Brauer M, Johnston FH, et al. Critical Review of Health Impacts of Wildfire Smoke 
Exposure. £HP 2016;142(9):1334-43. 

39. Borchers-Arriagada N, Horsley JA, Palmer AJ, et al. Association between fire smoke fine 
particulate matter and asthma-related outcomes: Systematic review and meta-analysis. 
Environmental research 2019:108777. 

40. Morgan G, Sheppeard V, Kha laj B, et al. The effects of bushfire smoke on daily mortality and 
hospital admissions in Sydney, Australia, 1994 to 2002. Epidemiology 2010;21(1):47-55. 

27 



41. Thiering E, Heinrich J. Epidemiology of air pollution and diabetes. Trends in Endocrinology.~ 
Metabolism 2015;26(7):384-94. 

42. Zanobetti A, Dominici F, Wang Y, et al. A national case-crossover analysis of the short-term 
effect of PM2.s on hospitalizations and mortality in subjects with diabetes and neurological 
disorders. Environmental Health 2014;13(1}:1. 

43. Shao J, Zosky GR, Hall GL, et al. Early life exposure to coal mine fire smoke emissions and altered 
lung function in young children. Respirology 2019 

44. Melody SM, Ford J, Wills K, et al. Maternal exposure to short-to medium-term outdoor air 
pollution and obstetric and neonatal outcomes: A systematic review. Environmental Pollution 

2019;244:915-25. 
45. Crouse DL, Peters PA, van Donkelaar A, et al. Risk of nonaccidental and cardiovascular mortality 

in relation to long-term exposure to low concentrations of fine particulate matter: a Canadian 
national-level cohort study. Environmental health perspectives 2012;120(5):708-14. 

46. Pope Ill CA, Brook RD, Burnett RT, et al. How is cardiovascular disease mortality risk affect,~d by 
duration and intensity of fine particulate matter exposure? An integration of the epidemiologic 
evidence. Air Quality, Atmosphere & Health 2011;4(1}:5-14. 

47. Pope CA, Dockery DW. 2006 Critical Review. Health effects of fine particulate air pollution: Lines 
that connect. Journal of the Air and Waste Management Association 2006;56:709-42. 

48. Vardoulakis S, Jalaludin BB, Morgan GG, et al. Bushfire smoke: urgent need for a national health 
protection strategy. Medical Journal of Australia 2020;212(8):349-53. doi: 10.5694/mja2.5t0511 

49. Liu JC, Wilson A, Mickley U, et al. Who among the elderly is most vulnerable to exposure to and 
health risks of fine particulate matter from wildfire smoke? American journal of epidemiology 
2017;186(6):730-35. 

50. Rappold AG, Cascio WE, Kilaru VJ, et al. Cardio-respiratory outcomes associated with exposure 
to wildfire smoke are modified by measures of community health. Environmental Health 
2012;11(1}:71. 

51. Health Impacts Associated with Fine Particulate Matter and Ozone during a Wildfire: Evidence of 
Differential Effects Due to Measures of the Social Environment. ISEE Conference Abstracts;: 
2018. 

52. Hanigan IC, Johnston FH, Morgan GG. Vegetation fire smoke, indigenous status and cardio .. 
respiratory hospital admissions in Darwin, Australia, 1996-2005. BMC Environmental Health 

2008;doi: 10.1186/1476-069X-7-42 doi: DOI 10.1186/1476-069X-7-42 
53. Johnston FH, Bailie R, Pilotto L, et al. Ambient biomass smoke and cardio-respiratory hospital 

admissions. BMC Public Health 2007;7(1):240. doi: doi:10.1186/1471-2458-7-240 
54. Liu JC, Pereira G, Uhl SA, et al. A systematic review of the physical health impacts from non

occupational exposure to wildfire smoke. Environmental research 2015;136:120-32. 
55. Abdo M, Ward I, O'Dell K, et al. Impact of Wildfire Smoke on Adverse Pregnancy Outcomes in 

Colorado, 2007-2015. International journal of environmental research and public health 
2019;16( 19):3720. 

56. Borchers Arriagada N, Palmer AJ, Bowman DM, et al. Unprecedented smoke-related health 
burden associated with the 2019-20 bushfires in eastern Australia. Medical Journal of Ausitralia 
2020 

57. Thomas D, Butry D, Gilbert S, et al. The costs and losses of wildfires. Spec Pub/ NIST SP-1215 
2017 

58. Ashe B, McAneney KJ, Pitman AJ. Total cost of fire in Australia. Journal of Risk Research 
2009;12(2):121-36. doi : 10.1080/13669870802648528 

59. Stephenson C. A literature review on the economic, social and environmental impacts of s,~vere 
bushfires in south-eastern Australia. Melbourne: Victorian Government Department of 
Sustainability and Environment 2010. 

60. Ladds M, Keating A, Handmer J, et al. How much do disasters cost? A comparison of disast,er 
cost estimates in Austra lia. International Journal of Disaster Risk Reduction 2017;21:419-29. doi: 
10.1016/J.IJDRR.2017.01.004 

28 



61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73, 

74. 

75. 

76. 

77. 

78. 

79. 

Borchers Arriagada N, Palmer AJ, Bowman DM, et al. Exceedances of national air quality 
standards for particulate matter in Western Australia: sources and health-related impacts. Med J 
Aust 2020 doi: 10.5694/mja2.50547 [published Online First: 2020/03/13] 
Borchers Arriagada N, Palmer AJ, Bowman OM, et al. Unprecedented smoke-related health 
burden associated with the 2019-20 bushfires in eastern Australia. Med J Aust 2020 doi: 
10.S694/mja2.50545 [published Online First: 2020/03/13] 
Bowman D, Moreira-Munoz A, Kolden CA, et al. Human-environmental drivers and impacts of 
the globally extreme 2017 Chilean fires. Ambio 2019;48(4):350-62. doi: 10.1007 /s13280-018-
1084-l [published Online First: 2018/08/22] 
Broome RA, Johnston FH, Horsley J, et al. A rapid assessment of the impact of hazard reduction 
burning around Sydney, May 2016. Med J Aust 2016;205(9):407-08. doi: 10.5694/mjalG.00895 
[published Online First: 2016/11/05) 
Fann N, Alman 8, Broome RA, et al. The health impacts and economic value of wildland fire 
episodes in the US: 2008-2012. Science of the Total Environment 2018;610:802-09. 
Horsley JA, Broome RA, Johnston FH, et al. Health burden associated with fire smoke in Sydney, 
2001-2013. Med J Aust 2018;208(7):309-10. [published Online First: 2018/04/13] 
Kochi I, Champ PA, Loomis JB, et al. Valuing mortality impacts of smoke exposure from major 
southern California wildfires. Journal of Forest Economics 2012 doi: 10.1016/j.jfe.2011.10.002 
Australian Government Office of the Best Practice Regulation. Best Practice Regulation Note -
Value of Statistical Life. Canberra2014 [cited 2020 Feb] . Available from: 

httos://www.pmc.gov,au/sites/default/files/oublications/Value of Statistical Life guidance n 
ote.pdf. 

The Independent Hospital Pricing Authority. National Hospital Cost Data Collection, Public 
Hospitals Cost Report, Round 20 (Financial year 2015-16) 2018 [cited 2020 27 January]. Available 
from: https://www.jhpa.gov.au/publications/national-hospital-cost-data-collection-public
hosPitals-cost-rePort-round-20-0. 
Thomas D. Why Do Estimates of the Acute and Chronic Effects of Air Pollution on Mortality 
Differ? Journal of Toxicology and Environmental Health, Part A 2005;68(13-14):1167-74. doi: 
10.1080/15287390590936030 
Bowman DM, Williamson GJ, Abatzoglou JT, et al. Human exposure and sensitivity to globally 
extreme wildfire events. Nature Ecology & Evolution 2017;1(3):0058. 
Abatzoglou JT, Williams AP. Impact of anthropogenic climate change on wildfire across western 
US forests. Proceedings of the Notional Academy of Sciences 2016;113(42):11770-75. 
Liu JC, Mickley U, Sulprizio MP, et al. Particulate air pollution from wildfires in the Western US 
under climate change. Climatic change 2016;138(3-4):655-66. 
Australian Government Department of Agriculture Water and the Environment. National 
Indicative Aggregated Fire Extent Dataset 2020 [Available from: 
http://www.environment.gov.au/fed/catalog/search/resource/details.page?uuid=%7B9ACDCBO 
9-0364-4FE8-9459-2A56C792C743%7D accessed Apr 15 2020. 
Nolan RH, Boer MM, Collins L, et al. Causes and consequences of eastern Australia's 2019-20 
season of mega-fires. Global change biology 2020 
van Oldenborgh GJ, Krikken F, Lewis S, et al. Attribution of the Australian bushfire risk to 
anthropogenic climate change. Nat Hazards Earth Syst Sci Discuss 2020;2020:1-46. doi: 
10.5194/nhess-2020-69 
Sbihi H, Nicas M, Rideout K. Evidence Review: Using masks to protect public health during 
wildfire smoke events. BC Centre for Disease Control, Vancouver BC 2014 
Barn PK, Elliot CT, Allen RW, et al. Portable air cleaners should be at the forefront of the public 
health response to landscape fire smoke. Environmental Health 2016;25(15):116. 
Lyth A, Spinaze A, Watson P, et al. Place, human agency and community resilience
considerations for public health management of smoke from prescribed burning. Local 
Environment 2018;23(10):975-90. 

29 



80. Reisen F, Powell JC, Dennekamp M, et al. Is remaining indoors an effective way of reducing 
exposure to fine particulate matter during biomass burning events? Journal of the Air&. Waste 
Management Association 2019;69(5):611-22. 

81. Johnston F. Bushfires and planned burns: tips for your patients in managing smoke. 2017 
82. Marks G. It's not just about Melbourne: why we need a national approach to 'thunderstorm 

asthma'. The Conversation 2016 November 29, 2016. 
83. Australian Institute of Health and Welfare. A collaborative approach to national surveillance for 

respiratory epidemics, including thunderstorm asthma epidemics. Cat no ACM 34 Canberra: 
AIHW., 2018. 

84. Facility NCCAR, ed. AirRater: Early user evaluation of an innovative and unique air quality app in 
Tasmania. Climate Adaptation 2016: Change, Challenge, Opportunity; 2016; Adelaide. National 
Climate Change Adaptation Research Facility. 

85. Zhu K, Zhang J, Lioy PJ. Evaluation and comparison of continuous fine particulate matter 
monitors for measurement of ambient aerosols. Journal of the Air & Waste Management 
Association 2007;57(12) :1499-506. 

86. Schweizer D, Cisneros R, Shaw G. A comparative analysis of temporary and permanent beta 
attenuation monitors: The importance of understanding data and equipment limitations when 
creating PM2. 5 air quality health advisories. Atmospheric Pollution Research 2016;7(5) :865-75. 

87. Magi Bl, Cupini C, Francis J, et al. Evaluation of PM2. 5 measured in an urban setting using a low
cost optical particle counter and a Federal Equivalent Method Beta Attenuation Monitor. 
Aerosol Science and Technology 2020;54(2):147-59. 

88. Kolbe A, Gilchrist KL. An extreme bushfire smoke pollution event: health impacts and public 
health challenges. New South Wales public health bulletin 2009;20(2):19-23. doi: 
https://doi.org/10.1071/NB08061 

89. Greven FE, Claassen L, Woudenberg F, et al. Where there's smoke, there's fire: focal points for 
risk communication. International journal of environmental health research 2018;28(3):240-52. 
doi: 10.1080/09603123.2018.1468422 

30 




