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1 Executive summary

Indoor air pollution kills and science needs to step up.

Researchers and policymakers are only now waking up to the
effects of dirty indoor air ...

Nature editorial, 8 February 2023

Clean air is as important as clean water and food. We consume a large volume of air every day.2 We
breathe most of this air inside - in our homes, offices, shopping centres, schools, public transport,
hospitals, residential aged care and elsewhere.

There are well-established ways to help keep our water and food healthy. We also have opportunities
to improve and maintain the quality of our indoor air. There are simple things we can do, as individuals
and as a society, to make Australia’s indoor air healthier.

This report proposes a way forward, towards healthier indoor air for all Australians. It proposes the
Australian Centre for Disease Control lead collaborative work across the Australian Government and
with endorsement from the Environmental Health Standing Committee (enHealth) to address the
health impacts of indoor air quality. This work would have three initial areas of focus:

1. exploring health-based national indoor air quality performance goals

2. developing specific policy options for sensitive use settings, including schools, early childhood
education and aged care, that are aligned with the performance goals

3. providing public guidance materials on ways to improve indoor air quality.

Through the support and stewardship of enHealth, action in all three areas will improve indoor air
guality and raise awareness of the importance of indoor air health in Australia.

This report outlines approaches to improve the health impacts of indoor air quality. It sets out the
negative health impacts of various pollutants in indoor air in Australia, noting that every organin the
body can be affected by pollutants in indoor air. Some pollutants can pass from the lungs into the
bloodstream and travel around the body, with the potential to cause inflammation, cardiovascular
and respiratory disease, cancer and many other diseases.®

Health impacts of indoor air quality



1 Executive summary

The report identifies a range of positive impacts on human health from good indoor air quality,
including improved cognition and less disease transmission in indoor environments. This can lead

to better educational and work performance outcomes, with associated economic productivity
benefits. Leading private sector companies are already taking steps to ensure good indoor air quality,
investing in human capital to reduce health costs and increase productivity. There is an opportunity
for more Australian organisations to reap the same rewards.

Australians typically spend significant amounts of their day indoors. During severe bushfire seasons,
Australians are frequently advised to stay indoors to avoid hazardous outdoor air conditions. During
heat waves, Australians are advised to stay indoors to avoid extreme heat. This reliance on staying
indoors highlights the critical importance of good indoor air quality for Australians.

Good indoor air quality is increasingly important in the context of climate change. A drier climate
brings potentially poorer air quality from outdoor sources, with impacts from dust, bushfire smoke
and other plant-related pollutants (such as volatile organic compounds). Improving indoor air quality
can also help Australia on the path to climate resilience, balancing energy efficiency and healthy
indoor air quality settings.

This report discusses the national and international policy and regulatory landscape on the health
aspects of indoor air quality. It recognises the application of work health and safety laws, and
associated risk management obligations, to all workplaces. It sets out policy options, including public
guidance, to reduce indoor air pollution at its source, reduce pollution levels in indoor air, and reduce
its negative impacts on the health and wellbeing of the people of Australia.

The examination of policy options in this report is informed by the outcomes of a project
commissioned through the National Science and Technology Council to synthesise the evidence

on the impact of indoor air quality on the transmission of airborne viral diseases in indoor public
environments, and strategies to reduce the transmission of airborne viral diseases in indoor public
settings.* That project found significant direct and indirect socioeconomic impacts occur as a result
of airborne disease transmission and outbreaks.

The potential benefits to Australia’s health system and economy are substantial. A recent report
from the Centre for Safe Air, a National Health and Medical Research Council Centre of Research
Excellence, looked at both outdoor and indoor air quality, and found coordinated action to make air
safer is one of the best investments in Australian health.®

It is likely to be more costly not to act to improve indoor air quality. Key international studies
demonstrate the substantial cost of poor indoor air quality. A key 2014 French study estimated the
socioeconomic cost of indoor air pollution in France by six pollutants at around 20 billion euros each
year.® Arecent Chinese study found the financial costs of disability-adjusted life years in China
attributable to the ten indoor air pollutants studied was equivalent to around 3.45% of China’s gross
domestic product.” A 2008 US study estimated the total cost of indoor air pollution on health and
productivity in California as at least USD60 billion each year (2007 USD) 8 It should be noted these
studies were in countries with potentially different outdoor and indoor air quality issues to Australia.
It would be helpful to have an up-to-date estimate of the economic impacts in Australia.

Added to these international estimates, airborne pandemic diseases - which are largely transmitted
indoors when air quality is poor - can add extraordinary pressure to the national economy. For
example, COVID-19 caused significant disruption to historic patterns of growth in the Australian
economy, resulting in an estimated cumulative loss of $158 billion (to June 2022) in Gross Domestic
Product level compared to its pre-pandemic trajectory.® While not all of this loss is attributable to
poor indoor air quality, improved indoor air quality is likely to have led to less disease transmission and
less economic loss, though the precise proportion is difficult to quantify.

Health impacts of indoor air quality



1 Executive summary

The report provides the basis for improving the quality of indoor air. It outlines potential policy
approaches to enhance Australia’s indoor air quality to reduce risks to human health. The report
proposes a coordinated approach to improving indoor air quality to enable Australian jurisdictions to
work together to deliver health and economic benefits for Australia.

The report offers the opportunity to create significant and lasting change in the public health arena
in addressing the health impacts of indoor air quality.

The report looks at the impact of indoor air quality on human health, addressing the influence of the
built environment and natural ecosystems, as well as the contributions of animal matter to indoor
air quality. The report recognises the interrelationship between the health of people, animals and
ecosystems, and indoor air quality. Integrated, collaborative and coordinated solutions to optimising
indoor air quality for health are needed.

This report is intended to be used as a basis for policy development at both national and state and
territory level, with non-government stakeholder engagement, to reduce the health impacts of
poor indoor air quality on Australians. The report is intended to inform discussion by public health
practitioners. The only materials intended for immediate adoption are the public guidance materials
outlined in Appendix C.

Public guidance

As afirst step, the report includes public guidance on the health impacts of indoor air quality,
developed during the preparation of this report and outlined in Appendix C on an Australian Centre
for Disease Control ‘Indoor air quality’ webpage. The report also suggests working to ensure
consistency of messaging across Commonwealth, state and territory governments on the health
impacts of indoor air quality.

Possible focus areas

The report sets out three focus areas for further consideration. This includes collaborative work
across the Australian Government and through enHealth to address the health impacts of indoor air
quality. This work would have as its initial focus the following three focus areas:

Focus areal. Explore health-based national indoor air quality performance goals

The Australian Centre for Disease Control should lead work to review existing Australian indoor air
quality guidance, with a view to informing development of health-based national indoor air quality
performance goals, including maximum concentration levels for specified pollutants, and equivalent
clean air delivery or ventilation rates or proxy measures, taking into account airborne virus infection
control.

As a starting point for development, expert input should be sought on the following possible
pollutants and levels, drawn largely from a 2024 Science paper by Morawska et al™:

+ PMys - 15 micrograms of fine particulate matter per metre cubed of air (ug/m?) (averaged over an
hour), 7 ug/m? (averaged over a year)

- carbon monoxide - 25 parts per million (ppm) (averaged over an hour), 9 ppm (averaged over 8
hours), and 3 ppm (averaged over 24 hours, with 3 to 4 exceedances allowed each year)

- carbon dioxide - 800 ppm (absolute value)
- clean air supply rate - at least 14 litres of clean air supplied per second per person.

Health impacts of indoor air quality



1 Executive summary

Focus area 2. Develop specific policy options for sensitive use settings,
including schools, early childhood education, and aged care, that are aligned with the
performance goals

The work should consider establishing model indoor air quality guidance for schools, early childnood
education centres, residential aged care and other sensitive use settings to promote greater
alignment in guidance across jurisdictions, building on existing guidance materials.

The work should also consider options for monitoring, display, and certification or ratings schemes
againstindoor air quality performance goals, initially for sensitive use settings.

Focus area 3. Provide public guidance materials on ways to improve poor
indoor air quality

See the public guidance materials developed during the preparation of this report and outlined in
Appendix C on the health impacts of poor indoor air quality and how to improve indoor air quality.

Section 8 discusses the policy options related to these focus areas in detail.

Health impacts of indoor air quality



2 Introduction

Australian adults spend over 80% of their lives indoors. The quality of the air we breathe indoors
matters. Poor indoor air quality is a significant contributor to poor health outcomes. It can affect
every part of the human body, trigger allergies and asthma, and potentially lead to respiratory
diseases, inflammation, heart disease, cancer and premature death.? Poor indoor air quality has
also been associated in some studies with lowering cognition, affecting education, employment and
productivity®™

Indoor air pollution comes from multiple sources. There is not a 'typical’ indoor environment, and
sources and concentrations of indoor air pollutants can vary within and between indoor spaces!
Some indoor air pollutants are the same as found in outdoor air but many are different, are present
in different concentrations, or interact with other substances in the indoor environment to form
secondary pollutants® Air pollution from outdoor sources, such as industry, bushfire smoke, and
emissions from vehicles and other equipment with combustion engines (such as power generators)
can come into buildings, impacting indoor air quality. There are also many indoor sources of air
pollution, which vary depending on the type of indoor space. These include pollutants from gas
heating and cooking, wood heaters, photocopiers and printers, smoking, vaping, cleaning products,
fragrances, and pests. Building-related sources of indoor air pollutants include gases coming from
building structures, materials and equipment, as well as interior furniture and furnishings.®

Chemical pollutants affecting indoor air quality include gases such as carbon monoxide, carbon
dioxide and nitrogen oxides, as well as volatile organic compounds like formaldehyde and benzene.
Biological sources - bioaerosols - include viruses, mould, other fungi and bacteria, household dust
mite allergens, dander from pets, and skin cells. Physical sources include radon.

A 1993 US Environmental Protection Agency (EPA) publication discussed EPA studies of human
exposure to air pollutants that found indoor levels of many pollutants may be two to five times,

and occasionally more than 100 times, higher than outdoor levels!” A 2002 study of homes in
Melbourne found volatile organic compound levels were four times higher inside established homes
than outside, and much higher again in new or renovated buildings'® A 2012 study of 40 homesin
Melbourne found concentrations of some pollutants, including formaldehyde, and total volatile
organic compounds, were between 8 and 12 times higher than outdoor levels. Other pollutants,
including PM,s, carbon dioxide, carbon monoxide, benzene and toluene, were between 11 to 3 times
higher compared to outdoor concentrations. Ozone, nitrogen dioxide and PM;q were significantly
lower than outdoors™ A 2018 study of indoor volatile organic compounds at an Australian university
found indoor concentrations were higher than outdoor concentrations for 97% of all volatile organic
compound measurements.?

Over recent decades, as part of sustainability practice, buildings have often been built with a focus
on energy efficiency and are well air-sealed, but this can lead to inadequate ventilation in some
circumstances. Inadequate ventilation can exacerbate dampness and mould problems, as well as
increasing indoor air pollutant levels and negative health impacts.? Many older buildings lack the

Health impacts of indoor air quality



2 Introduction

airtightness of newer constructions, mitigating ventilation issues when outdoor air is cleaner than
indoor air. However, this also means when outdoor air quality is poor, such as during bushfires or
other pollution events, poor sealing may allow more harmful outdoor pollution to come indoors.

Modern building materials are often synthetic, potentially off-gassing (releasing) a range of indoor
air pollutants. Building and furnishing materials that contribute to poor indoor air quality include
some paints, varnishes and solvents. Older buildings may also contain lead-based paints, which
when deteriorated or disturbed, can release harmful lead particles or dust into the air. Despite
asbestos being banned in Australia since 2003, it remains an issue, particularly when older asbestos-
containing buildings, products or equipment are renovated or deteriorate.?

There is an increasing understanding of the significant contribution made by biological sources to
indoor air pollution. Mould generally thrives in moist or humid, poorly ventilated environments, and
affects many Australian indoor spaces, including homes, increasing the risk of associated health
effects. Some viruses can be transmitted through the air, and concentration levels can build up in
poorly ventilated or unfiltered indoor air, increasing the risk of transmission to other people indoors.
Some bacteria can also be transmitted through the air, also increasing the risk of transmission
indoors, where conditions are often more favourable than outdoors for bacteria to remain intact and
multiply.?® Proper design and maintenance of heating, ventilation and air conditioning systems is
important to prevent growth of bacteria such as Legionella species.

Exposure to poor indoor air quality can vary among individuals depending on where they spend

their time and the amount of time spent there, as well as their activities and breathing rates in

the spaces. Some people are more sensitive than others to particular pollutants. This increased
susceptibility could be due to factors such as youth or old age, pregnancy, asthnma, diabetes, genetic
predispositions, and existing lung or heart issues. UNICEF notes that children are particularly
vulnerable to the impacts of air pollution because their brains, lungs and other organs, as well as
their immune systems, are still developing.

Poor indoor air quality also affects workers. Depending on the occupation, those working in
industrial settings or crowded indoor environments are likely to be more exposed to some forms of
indoor air pollution.?®

Housing quality is also a significant influence on indoor air quality, with uneven impacts across
different socioeconomic and cultural groups in Australia.?®

Existing ventilation arrangements are very important. Some indoor spaces are naturally ventilated,
and others have mechanical ventilation systems. As the National Science and Technology Council
has advised, a multifaceted approach will be needed to improve indoor air quality, tailored to specific
building types and scenarios of use.?’

Whilst action to improve indoor air quality is essential, it is impacted by the quality of the outdoor

air. Outdoor air can be polluted in a range of ways, including from vehicle pollution near busy roads,
industrial emissions, smoke events (such as controlled burns, and building- and bushfires), and from
wood heater emissions. Climate change is adding further layers of risk, with the impact of increasing
temperatures and drought on natural and chemical emissions potentially increasing air pollution.#
Climate change could exacerbate the intensity of events such as bushfires (with associated smoke
pollution), floods (which can increase mould), and thunderstorms (some of which can increase
asthma). A holistic, integrated approach is needed to improve indoor air quality and minimise any
associated health impacts.
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2 Introduction

Figure 1below shows some of the common sources of indoor air pollution that may be present
in homes.

Figure 1. Indoor air pollutant sources (source: UK Royal College of Physicians, 2016)°

Attic
Man-made mineral fibres,
asbestos, formaldehyde, dust

Bedrooms

Dust and dust mites,
bacteria and viruses,
pet dander, VOCs from

personal care products Living areas

Radon from soil/bedrock, CO and
NO, from fires and wood-burning
stoves, VOCs and formaldehyde
from carpets, paints, glues,
furniture and air fresheners,
tobacco smoke, pet dander

Bathroom

Mould and mildew,
bacteria, VOCs and
other chemicals from
cleaning products

Kitchen Garage

CO,NO, and co fqgm c(cjnr eﬂmust,
5 mould ana milaew,

particulates from gas ol s s

VOCs from stored
paints and solvents,
pesticides and
herbicides

cookers/stoves, VOCs
from household
cleaning products

Sources and types of indoor pollution encountered in homes. VOCs = volatile organic compounds. Please note that these lists
are not exhaustive and that the actual pollutants present, and their amounts, will vary from household to household.
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3 Indoor air pollutants and
their health impacts

In 2019, the World Health Organization identified air pollution as the greatest environmental risk
to health.®® Australia is thought to have generally good air quality, but there is increasing
evidence that, for some pollutants - in particular, PM,s, there is no safe level of exposure, and
health effects are observed even at low exposure levels.®'

There are many potential pollutants of indoor air in Australia. Two key Australian scientific reviews,
from 1997 and 2001,%2 identified the following pollutants as being among those of particular
importance: particulate matter, formaldehyde, volatile organic compounds, nitrogen dioxide,
carbon dioxide, carbon monoxide and ozone.** More recently, the COVID-19 pandemic and flood
events have further highlighted the significance of biological indoor air pollutants. Indoor air
pollutants are included in this report following a targeted scan of Australian and international
indoor air quality literature.

The concentration of indoor air pollutants can be affected by a number of factors. These include

the rate at which outdoor air is coming into an indoor space, the rate at which indoor air pollutants
are generated, the level of local outdoor air pollution, the extent of air recirculation within the space,
the level of air treatment, and whether contamination is generated within the space’s ventilation
system.® There are many interactive effects in indoor spaces. For example, indoor air pollutants can
react with chemicals in dust, flooring, furniture and paint, and with other pollutants in the air, forming
secondary pollutants. A lower ventilation rate can also result in higher concentrations of secondary
pollutants, which can be reactive and irritating.®

Defining which pollutants have the greatest impact on health can be complex. While measuring
concentration levels of particular indoor air pollutants is a way of estimating the level of pollution, it
does not necessarily reflect the health impact of those pollutants. The exposure to the pollutantis
important in determining the level of risk to health. Exposure to a low concentration of one pollutant
(with a higher toxicity) may have a greater health impact than exposure to a higher concentration
of another pollutant with lower toxicity.*® Long term exposure at low levels can also have health
impacts, depending on the pollutant. For example, exposure to lower levels of PM, s over alonger
period can have similar and possibly greater impacts than exposure to higher levels over a shorter
period.¥” Additionally, individuals may have different susceptibilities to the same level of exposure.

An effective way to reflect health impacts may be to estimate the population-averaged annual

cost in terms of disability-adjusted life years (DALYs) from chronic (long-term) exposure to air
contaminants in indoor spaces.® Disability-adjusted life years are a measure of healthy life lost

ina population, and include years of life lost through premature death or living with disability due
toillness or injury.* In a recent study of indoor air quality in dwellings globally, researchers from

the United Kingdom's University of Nottingham, the United States’ Lawrence Berkeley National
Laboratory and the Catholic University of Chile found that, among the contaminants investigated,
particulate matter (particularly fine particulate matter - PM, ) had the highest median DALY loss
estimate. This was followed by nitrogen dioxide and formaldehyde, then radon and ozone. An earlier
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3 Indoor air pollutants and their health impacts

study by the same research group suggested mould-related bioaerosols could also pose health
concerns.“? Viral pollutants were not included in the analysis.

A European study estimated the disability-adjusted life years lost each year in Europe due to poor
indoor air quality.* Figure 2 below provides a breakdown of the contribution of indoor air exposures to
symptom and disease burden in Europe.“?

Figure 2. Contribution of indoor air exposures to symptom and disease burden in Europe,
DALYs per year (thousands) (source: EnVIE Co-ordination Action on Indoor Air
Quality and Health Effects report, 2009)“3

101
95
84
m Combustion products
321
950 ™= Bioaerosols
= Volatile organic compounds

= Radon
= Pathogens

Carbon monoxide

Environmental tobacco smoke (ETS) is not included. Note, the study categorised ‘pathogens’ as indoor air exposures that
cause respiratory infections, and ‘bioaerosols’ as indoor air exposures that, amongst other exposures, cause sick building
syndrome, sensory irritation, asthma and allergy.

A November 2023 study of ten indoor air pollutants ranked them in order of their contribution to
DALYs in China in 2017 as follows: PM, s, carbon monoxide, radon, benzene, nitrogen dioxide, ozone,
sulphur dioxide, formaldehyde, toluene and p-dichlorobenzene.* There are likely to be differences
in both outdoor and indoor environments in China and Australia, preventing a direct extrapolation of
these results to the Australian context.

The Australian Building Codes Board publishes the Indoor Air Quality Verification Methods Handbook
(last updated in May 2023), which includes tables summarising some common air contaminants,
their sources and potential health effects.“> Some contaminants (such as particulate matter and
airborne microplastics) are not included in the current version of the tables. A compilation of the
current tables is included in Appendix A of this report.

Health impacts of indoor air quality
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3 Indoor air pollutants and their health impacts

Box 1. Health impacts of outdoor air pollutants

The Australian Institute of Health and Welfare (AIHW) estimated that, in 2018, 1.3% of the total
disease burden in Australia was attributed to outdoor fine particulate matter (PM,s) air pollution.
This estimate is the amount of burden that could have been avoided if everyone in Australia was not
exposed to PM,s, with the PM, s levels as measured in certain outdoor locations around Australia.
The AIHW study causally linked outdoor PM,s air pollution to the following diseases—coronary heart
disease, chronic obstructive pulmonary disease (COPD), stroke, lung cancer, type 2 diabetes and
lower respiratory tract infections.“®

The AIHW estimated that outdoor PM, s air pollution was responsible for 8.6% of the total burden of
coronary heart disease, 8.3% of the total burden of stroke, 6.7% of the total burden of both COPD
and type 2 diabetes burden, 5.7% of the total burden of lower respiratory tract infections and 3.4%
of the total burden of lung cancer (in terms of disability-adjusted life years) %7

Total disease burden attributable to outside PM,s air pollution was 2.2 times greater in the
lowest (most disadvantaged) socioeconomic group compared with the highest (least
disadvantaged) group.“®

31 Particulate matter

Fine particulate matter (measured in outdoor air) has recently been found to be the greatest
external threat to global public health, with a bigger impact on global life expectancy than smoking
or alcohol use. It causes the average person globally to lose 1.9 years of life expectancy (comparable
to smoking and 4.4 times that of high alcohol use), according to the University of Chicago’s 2024 Air
Quiality Life Index (which converts air pollution concentrations into their impact on life expectancy) .4

Particulate matter is a mixture of solid and liquid particles in the air, categorised by size, expressed
as PM,, (x.y refers to the particle size in micrometres). PMy, is particles with a diameter of 10
micrometres or less, PM,s - fine particulate matter - is particles with a diameter of 2.5 micrometres
or less, and PMy, - ultrafine particulate matter - is particles with a diameter of 0.1 micrometres (100
nanometres) or less.

Particulate matter can be naturally occurring, such as dirt/dust, sea salt, pollen and bushfire smoke,
or anthropogenic, such as fromindustry, wood heaters, gas stoves, cooking, vehicle emissions,
tobacco smoking, vaping, and candles, and can come from outdoor or indoor sources.s° Black
carbon, or soot, is a type of particulate matter formed from incomplete combustion of organic
matter. Secondary particulate matter can be formed by chemical reactions between air pollutants. A
substantial part of PM,s in indoor air may be bioaerosols, depending on the environment.®’

The AIHW attributed more than 3,200 deaths in Australia in 2018 (2% of all deaths that year), and
1.3% of the total burden of disease in 2018, to PM, s air pollution (measured in outdoor air) .52 Including
indoor air sources of PM,s may increase this attribution rate. Recent epidemiological research
suggests there is no PM, s concentration threshold below which health effects do not occur.®

A January 2024 report published by the US National Academies of Science, Engineering and Medicine
Committee, Health Risks of Indoor Exposures to Fine Particulate Matter and Practical Mitigation
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Solutions, stated there is strong evidence that exposure to indoor PM, s has adverse effects on

the respiratory and cardiovascular systems and likely other organ systems, with evidence less

well developed but emerging of arole of indoor PM, s in neurologic, metabolic, and reproductive
outcomes. The committee stated that it can be concluded that reducing PM, s exposure would have
a significant public health benefit.5

Particulate matter enters the lungs when a person breathes in. It can also be deposited in the

mouth, nose and throat, and be ingested. Some very small particles once inhaled can move into the
bloodstream from the lungs, and some can enter the brain.>* PM, s can have both short- and long-
term health impacts. It can affect almost every organ in the human body.¢ It is a serious risk factor for
non-communicable disease.” It is associated with cardiovascular disease (see Box 5), lung disease,
stroke and cancer.*® Long-term exposure causes disease and/or increases the rate of progression of
a disease (such as cardiovascular and respiratory diseases and reduced life expectancy) .5

PM,s is also associated with increased inflammation in the lungs,®° with long term exposure to PM,s
potentially heightening the risk of infection by communicable diseases such as COVID-19.%' PM, s may
also be a carrier of viruses, able to transport them through the air.2 The World Health Organization's
International Agency for Research on Cancer has classified particulate matter contained in polluted
outdoor air as carcinogenic to humans.® The agency noted exposure to outdoor air pollution

occurs virtually continuously, across microenvironments, including indoors, with the composition

of the mixture and the absolute levels of air pollutants changing, with many different air pollutants
present.®* Indoor air sources of particulate matter may change the exposure profile and health
impact.

Particulate matter has been reported to affect cognitive function in office workers, as well as
student performance in classrooms (see Box 2). This is potentially linked to recently identified
associations between exposure to PM, s and various effects on the central nervous system and
neurodegeneration. A hypothesised mechanistic pathway is that inhalation of PM, s may lead to
chronic, systemic inflammation that impacts the central nervous system.®®

Particulate matter has also been associated with Alzheimer’s disease and dementia.®® A July 2022
report by the UK Government Committee on the Medical Effects of Air Pollutants reviewed almost
70 epidemiological studies looking at possible links between air pollution and a decline in mental
ability and dementia in older people, as well as studies which investigated how air pollution might
affect the brain. The committee concluded it is likely that air pollution does contribute to these
effects, most likely through effects on circulation.®” A 2018 Swedish longitudinal study looked at the
association between air pollution from residential wood burning and dementia. It found emission of
PM, s from local residential wood burning was associated with dementia. The authors concluded if
the associations observed were causal, then air pollution from residential wood burning may be an
independent important risk factor for dementia.®® A June 2024 Irish study found long term exposure
to higher levels of PM,s is associated with higher levels of depression and anxiety in older adults.®®

A 2020 paper found, in high income countries, households with higher household occupant density,
lower income, lower education levels and higher unemployment have been found to have higher
levels of particulate matter. The same study noted higher household occupant density led to higher
levels of indoor particulate matter because increased movement leads to resuspension of these
particles. Indoor smoking, indoor solid fuel use in open fire places, cooking practices without efficient
ventilation, and poorer quality housing may be factors linked to these socioeconomic differences in
indoor air pollution exposure.”

Aboriginal people in remote areas may be more exposed than other people to factors such as dust
and biomass smoke exposure. They are also disproportionately exposed to overcrowding in
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housing.”" A 2022 Asthma Australia survey found Aboriginal and Torres Strait Islander people were
more than twice as likely to have a wood heater than non-Aboriginal and Torres Strait Islander people.
They were also 1.5 times more likely to report unflued gas heating.”

There is growing concern about the health impacts of ultrafine particles (PMy;) in indoor air. These
particles are the greatest proportion, by number, of the inhaled particles breathed indoors. While
buildings provide some protection against outdoor ultrafine particle exposure, indoor emission
sources like cooking and hair drying contribute ultrafine particles.”

There is substantial evidence of the negative health impacts of ultrafine particles. The systemic
health effects of PMy; and PM, s are often attributable to the ultrafine particle component of those
particles.” After they enter the human body through the lungs, ultrafine particles can travel to
essentially all organs in the body. Ultrafine particles cause more lung inflammation and are retained
longer in the lungs than PM, s as a whole. They also have a relatively larger surface area and can
absorb other material. They trigger coughing and asthma, and cause systemic inflammation,
endothelial dysfunction and coagulation changes, predisposing people to cardiovascular disease
and hypertension. They can cause cerebral and autonomic dysfunction, travelling up the olfactory
nerves to the brain. The risk of low birthweight is increased by in utero exposure.”

3.2 \Volatile organic compounds

Many volatile organic compounds are found in higher concentrations indoors than outdoors.

Health effects of volatile organic compounds, or 'VOCs', may include eye, nose and throat irritation,
headaches, loss of coordination and nausea, and damage to the liver, kidney and central nervous
system. Some volatile organic compounds are suspected or known to cause cancer in humans.’
There is little known about the health hazards when volatile organic compounds mix with each other
and with other pollutants.”

A 2018 study of 41 different volatile organic compounds across 20 locations at a large Australian
university found indoor concentrations higher than outdoor concentrations for 97% of all volatile
organic compounds. Some air pollutants (formaldehyde, benzene, toluene and xylenes) were up
to an order of magnitude higher indoors than outdoors. Others (including d-limonene) were up

to two orders of magnitude higher.”® A systematic evaluation of investigations of volatile organic
compounds within indoor environments in Australia found that new homes had the highest volatile
organic compound levels among all studies of domestic housing.”

Formaldehyde is one of the most common volatile organic compounds. It is found in building
materials - pressed wood products like particleboard, medium density fibreboard and hardwood
plywood are common and long-lived sources of formaldehyde indoors.8 It is also released from
carpets, carpet backing, vinyl floors, wall coverings and some insulation products.®' Emissions
from wood heaters are another significant source of formaldehyde.®? Formaldehyde is also found

in many household consumer products, including cosmetics, shampoos, conditioners, shower
gels, liquid hand soap and toothpaste. High levels of exposure can cause arange of health impacts
including sensory irritation, breathing difficulties and asthma, and, where there is chronic high
exposure, cancer.®

The Western Australian Department of Energy, Mines, Industry Regulation and Safety states that
one insulation product, urea formaldehyde foam insulation, was used in 50,000 to 70,000 Australian
homes, with the extent of use in commercial buildings unknown. The insulation product may break
down and release dust into occupied areas.® It has also been found to release formaldehyde.®
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Benzene is another volatile organic compound found in indoor air.® The World Health Organization
has concluded that benzene is a human carcinogen and that no safe level of exposure can be
recommended.¥ Long term benzene exposure is linked with bone marrow depression and leukaemia,
specifically acute myeloid leukaemia.®® In Australian homes, building materials such as engineered
wood products, carpets and paints can be significant sources of benzene, particularly in recently
renovated, tightly sealed or energy efficient buildings.® A 2022 US study of homes with gas and
propane stoves found that benzene emissions from a gas burner on high or a gas oven at 350
degrees Fahrenheit (approx. 180 degrees Celsius) could create higher concentrations of benzene
than indoor benzene levels attributable to second-hand tobacco smoke.®® Several Canadian studies
have found that houses with attached garages have significantly more benzene in indoor air than
houses without such a garage.’

Toluene (methylbenzene), another volatile organic compound, is in some paints, lacquers, inks,
adnhesives, rubber, cleaning agents and tobacco smoke. Human exposure occurs mainly by

being breathed in. Short term exposure at significant levels can lead to dizziness, sleepiness,
unconsciousness and sometimes death. Low level long term exposure can affect kidneys. Toluene
has also been linked to neurological effects, including poor performance in tests of short-term
memory, attention and concentration.®?

Benzene and toluene are often grouped with other common volatile organic compounds, namely
ethylbenzene and xylenes, which are known together as BTEX. A 2007 Australian study investigated
ambient and indoor air BTEX exposure of over 200 non-smoking, non-occupationally exposed people
from four Australian cities. It found increased exposure from vehicle repair and machinery use,
vehicle refuelling, being in an enclosed car park and doing arts and crafts. The study found a highly
significant difference between the mean exposures in each city.%

Acrolein (2-propenal), another volatile organic compound, is a highly flammable liquid. Vapours can
come from environmental tobacco smoke, vehicle exhaust, burning wood, and overheated cooking
oil or grease. Inhalation can cause irritation to the respiratory system, decreased lung function,
lung oedema, chronic respiratory disease, and systemic effects to the respiratory, reproductive,
neurological and haematological systems.®

1,3-butadiene (vinyl ethylene) is a volatile organic compound found in tobacco smoke, some
consumer products, and also in vehicle emissions. It can irritate the eyes, nose and throat, and in
high levels can have a range of health impacts including damage to the central nervous system,
nausea and unconsciousness. Long term exposure is shown to have increased damage to the heart
and lungs. It has been classified as a probable human carcinogen.®

1,4-dichlorobenzene, another volatile organic compound, is used to control moths, mould and mildew
and as a bathroom deodoriser and car freshener.®® It can affect multiple organ systems including the
liver, kidneys, skin, lung and the central nervous system.¥’

Limonene, a terpene, is the most common compound found in air fresheners. Health impacts from
exposure to air fresheners at significant levels include respiratory difficulties, mucosal symptoms,
migraines, skin problems and asthma episodes.®®

Trichloroethylene and tetrachloroethylene (perchloroethylene) are examples of other volatile
organic compounds found in indoor air with negative health impacts.®® Tetrachloroethylene and
other volatile organic compounds can contaminate soil or groundwater. Vapours can then move
through building foundations into indoor spaces and contaminate indoor air, in a process called
vapour intrusion!®
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3.3 Per-and poly-fluoroalkyl substances

Per- and poly-fluoroalkyl substances (PFAS) are a class of manufactured chemicals that have

been used to make products that resist heat, stains, grease, and water. Products that may contain
PFAS include furniture and carpets treated for stain resistance, packaged food containers,

makeup, personal care products, cleaning products, and some firefighting foams. Because of their
widespread use, most people are likely to have had some exposure to PFAS. The range of PFAS used
in these products is complex.®’

Carpets and dust have been observed to be major sources of certain volatile PFAS in air!®2 The
February 2024 enHealth guidance statement on PFAS states inhalation of dust contaminated

with PFAS is a minor exposure pathway for humans!® A Norwegian study found variation in PFAS
exposure pathways, with a combination of house dust ingestion and indoor air inhalation as the main
contributor of PFAS intake for a small proportion of participants in the study.%

PFAS take a long time to break down in the environment, including indoors. PFAS can remain in the
human body for years, so as a precaution limiting exposure is recommended®®

3.4 Polycyclic aromatic hydrocarbons

Polycyclic aromatic hydrocarbons are produced by incomplete combustion, including from tobacco
smoke, smoke from home heating (when burning wood or oil), and when meat is cooked at high
temperature, including pan frying and grilling.°® Residential wood burning is a major source of
these hydrocarbons in winter urban air!® Individual polycyclic aromatic hydrocarbons, including
benzo(a)pyrene, have been classified by the International Agency for Research on Cancer as
carcinogenic to humans®

Naphthalene, a polycyclic aromatic hydrocarbon is associated with the risk of severe toxicity from
relatively small oral or inhaled exposures, including in children. Naphthalene is commonly used
indoors in toilet deodorisers and moth (repellent) balls. Acute exposure to naphthalene is associated
with haemolytic anaemia, liver damage, neurological damage in infants, and possibly death!°® The US
EPA has classified naphthalene as a possible human carcinogen.™

3.5 Carbon monoxide

Carbon monoxide is a gas emitted from inefficient combustion of most organic materials. Indoor
sources include combustion-based heating or cooking, smoking, or from vehicles via attached
garages."" When carbon monoxide is breathed in and enters the bloodstream, it reduces the blood's
ability to carry oxygen. This reduces the amount of oxygen going to the brain, heart and other parts
of the body. Low concentrations of carbon monoxide can lead to cognitive impairment, while high
concentrations can result in death, though there is wide variation in individual responses to similar
levels of carbon monoxide exposure™
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3.6 Nitrogen oxides

Although nitrogen dioxide levels vary between homes, the average level in homes without
combustion appliances is about half of the outdoor levels. In homes with gas stoves or unvented
gas space heaters, indoor levels can often exceed outdoor levels!™ A 1998 study found that the
presence of gas stoves in homes is the main activity influencing personal exposure to nitrogen
dioxide™ An October 2024 analysis by researchers at Spain's Jaume | University found the presence
of gas cookers at home and exposure to nitrogen dioxide from gas cooking appliances produces

far more health impacts in the European population than previously thought, including premature
deaths and asthma™™ A paper from the Harvard School of Public Health found low income individuals
are often at highest risk, as they are more likely to live in smaller volume dwellings, have multiple
sources of nitrogen dioxide, use gas stoves for supplemental heating, and have poor ventilation."®
Proximity to vehicle emissions is another potential factor in greater nitrogen dioxide exposure in
socioeconomically deprived areas.” In Australia, several states allow unvented gas space heaters as
primary heaters and these are significant sources of nitrogen dioxide and other pollutants!®

Nitrogen dioxide emissions due to air pollution can irritate airways. Short term exposure can
aggravate respiratory diseases such as asthma, and is linked to asthma hospitalisations™ As an
example, during 2006 in Melbourne 193 (31%) of the 6,200 asthma hospitalisations are estimated
to have been related to exposure to nitrogen dioxide!?® Longer term exposure to elevated
concentrations of nitrogen oxides may contribute to the development of asthma and potentially
increase the susceptibility to respiratory infections. Asthmatics, children and the elderly are
generally at higher risk ™'

Nitrogen dioxide can react with indoor surface materials, leading to the formation of nitrous acid.
Nitrous acid is itself an indoor air pollutant with known short and long term health impacts. A 2016
paper found nitrous acid photolysis is the main source of indoor hydroxyl radicals'??

3.7 Carbon dioxide

Unless fresh air comes into an indoor space, carbon dioxide concentration levels will generally rise
because of occupant respiration, and any combustion process happening in the space or in outside
air that comes into the space? Carbon dioxide is a simple asphyxiant, with elevated levels depriving
the human body of oxygen. A 1964 study of six volunteers suggested inhaling moderately elevated
concentrations of carbon dioxide caused marked changes in respiration, circulation and cerebral
electrical activity#

A 2012 study suggested there are direct effects of low to moderate carbon dioxide concentrations
on human decision making.** However, the mechanism for carbon dioxide’s effect on cognitive
function at relatively low concentrations (<3000 ppm) is still not fully understood. Elevated levels
of carbon dioxide in the bloodstream from ambient exposure may result in sympathetic activation
of the autonomic nervous system. Another 2012 study found activation of the sympathetic nervous
system influences cognitive performance, including strategy and working memory2®

Carbon dioxide concentration is increasingly being used as a proxy measure of the level of ventilation
occurring in an indoor space!? If carbon dioxide levels increase above an accepted threshold

relative to outdoor concentration, it generally means that ventilation is inadequate relative to that
threshold.®However, other indoor air quality interventions- such as air filtration - may reduce the
concentration of some other pollutants, such as viruses, dust and other particulate matter. National
Science and Technology Council advice to the Australian Government is that measuring carbon
dioxide is the most promising proxy measure for ventilation effectiveness in indoor air quality studies.
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However, the Council advises that limitations around how these measurements are interpreted,
in the presence of other indoor air quality interventions, must be taken into consideration?® Clear
guidance would be needed to support interpretation of carbon dioxide monitoring.

Historically, mechanical ventilation standard thresholds were set at outdoor airflow rates or air
exchange rates that were perceived as ‘acceptable’ from occupant odour perspectives’ Ventilation
thresholds are increasingly being set for levels of carbon dioxide related to the infection risk from
airborne viruses in indoor spaces™' However, there are several ways in which this relationship can
break down. As an example, if other indoor air quality mitigations - such as air filtration or cleaning

- areinuse, the levels of infectious bioaerosols may be lower than indicated by the carbon dioxide
concentration. In the opposite direction, a 2009 paper by Morawska et al found vocalisation - for
example, speaking - in an indoor space can increase the emission rate of exhaled aerosols ™2 This
increases their concentration and thus any infection risk, above that predicted by the carbon dioxide
concentration** In this latter circumstance, measuring carbon dioxide concentrations may still be
broadly useful, but only as an indicator of the baseline level of risk. Carbon dioxide sensors are now
widely available, and could be considered for use in indoor spaces in a similar way to smoke alarms,
with guidance provided around their use

Moderate increases in carbon dioxide levels have recently been shown to significantly increase the
stability of airborne viruses, prolonging their infectivity in the air’®

High levels of carbon dioxide in indoor spaces are associated with reduced cognitive performance,
including lower educational performance in school classrooms and lower productivity in office
environments (see Box 2) 1%

The increase in atmospheric carbon dioxide due to climate change poses significant challenges
in maintaining low carbon dioxide levels in indoor environments. As climate change continues,
outdoor carbon dioxide levels are expected to rise further, influencing indoor air quality through
various mechanisms.*’
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Box 2. Indoor air quality and cognition

Both carbon dioxide and particulate matter indoor air concentration are independently associated
with cognition and decision-making abilities.*®

A February 2025 paper in Nature Communications found even brief exposure to high levels of
particulate matter affected people’s executive cognitive functioning, including their ability to focus
on tasks™®

A 2025 paper from Harvard University found lower carbon dioxide levels are associated with higher
creativity. A relatively small (100 ppm) increase in carbon dioxide was associated with up to 1%
differences in various measures of creativity!4°

A 2023 paper from MIT found that a modest (10 ug/m3) increase in indoor air concentration of fine
particulate matter (PM,s) increased a competitive chess player’s probability of making an error
by 26% 4!

A 2014 study of over 1,000 students at 51 schools in Coimbra, Portugal, found a statistically
significant association between a lack of concentration in the children and exposure to high levels
of carbon dioxide2 A 2007 UK study found high carbon dioxide levels in a classroom are likely to lead
to students being less attentive and less able to concentrate. The study estimated that the size

of this effect is of a similar magnitude to what is observed over a morning when students have not
eaten breakfast*3

A 2018 paper from Harvard found the performance of aeroplane pilots is affected by cockpit carbon
dioxide levels«

A 2016 US study of 24 office workers found that cognitive scores were 61% higher in a ‘green’ indoor
environment with low carbon dioxide concentration, compared with a conventional building more
representative of a ‘typical’ US office. The same study found a 400 ppm increase in carbon dioxide
level was associated with a 2196 decrease in a typical participant’s cognitive test scores, and a

500 ug/m?® increase in total volatile organic compounds concentration was associated with a 13%
decrease in these test scores’*

In an era of widespread COVID-13 infection, cognitive deficits may be compounded, with emerging
evidence suggesting COVID-19 infections may have an impact on cognition.!*® A 2022 study from the
University of Oxford and the University of Cambridge of over one million COVID-19 patients found that
the risk of cognitive deficit was higher than that in matched controls at six months, and that the risk
remained higher at the end of the two-year follow-up period.*

Climate change may increase the impact on cognition further. Rising atmospheric carbon dioxide
levels as aresult of climate change are expected to increase urban and indoor carbon dioxide levels,
which may reduce decision-making ability and strategic thinking!“®

Health impacts of indoor air quality




3 Indoor air pollutants and their health impacts

3.8 Ozone

Ozone is a secondary pollutant that forms due to chemical reactions between volatile organic
compounds and sources of oxygen such as nitrogen oxides or carbon monoxide.*® On hot and sunny
days, ozone concentrations in ambient air generally increase, especially in cities!*® Most ozone
indoors is thought to come from outdoor sources, but indoor sources can significantly increase
ozone concentration indoors®' Indoor sources include some devices sold as air cleaners (see
section 8.3.7.5), and laser printers and copiers® Ozone is a known lung irritant. It can aggravate lung
diseases such as asthma, emphysema and chronic bronchitis'®* Ozone can contribute to death and
illness during heat and heatwaves

Ozone is a highly reactive gas and has been found to react with organic materials and surfaces
indoors, producing secondary pollutants. These secondary pollutants, including formaldehyde and
ultrafine particles formed by condensation/nucleation processes, may have further health impacts*®

A 2023 paper found some human skin oil compounds react with ozone, potentially reducing ozone
from outdoor air that comes into residences by 15%. It found more is removed as occupant density
indoors increases. In classrooms, the proportion of ozone removal attributable to skin oil may be
between 35 and 55% %

3.9 Sulphurdioxide

Sulphur dioxide is an air pollutant that can impair respiratory function® It is generated from arange
of sources including industry, vehicle exhausts and natural emissions®® It can also be generated
from indoor sources such as wood heaters and other forms of combustion®® While indoor levels
tend to be lower than outdoor levels, the infiltration of outdoor air into buildings is often a significant
source of indoor levels®°

310 Environmental tobacco smoke and vape aerosols

Even though smoking in public indoor places has declined in recent years, smoking remains a source
of indoor air pollution in Australia, including in homes. For Aboriginal and Torres Strait Islanders, in
2018-19, 10% (83,900) lived in households with a daily smoker who smoked indoors. Of Aboriginal and
Torres Strait Islander children aged 0-14, 9% (23,900) lived with someone who smoked indoors.®

The World Health Organization states there is no safe level of exposure to tobacco.®? Breathing

even small amounts of tobacco smoke can be harmful to smokers and non-smokers®* Environmental
tobacco smoke (second-hand smoke) can cause or worsen conditions and diseases including
cancer, heart attacks, heart disease, asthma and diabetes, as well as respiratory infections such

as pneumonia’®

Environmental tobacco smoke can move between the rooms of a building, including between
apartment units. The US EPA advises several studies have shown that while ventilation, filtration
and air cleaning techniques can reduce environmental tobacco smoke they do not eliminate it
Environmental tobacco smoke can adhere to indoor dust, as well as to surfaces like walls, fioors,
furniture, curtains and clothes. It can then go back into the air as thirdhand smoke, creating
chronic exposure®®

Aerosols from vapes are an increasing concern as an indoor air pollutant for users and non-users.
There is a high certainty of evidence that e-cigarette use increases airborne particulate matter in
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indoor environments, meaning that people may passively inhale e-cigarette emissions®’
E-cigarette users are exposed to chemicals and toxins that have the potential to cause adverse
health effects®® Hazardous substances can be found in e-cigarette liquids and in the aerosols
produced by e-cigarettes, including known cancer-causing agents such as formaldehyde,
acetaldehyde and acrolein®®

Shisha and hookah smoking also have health-related impacts on indoor air quality!”

311 Viruses

Some viruses that cause disease in humans can be airborne. These viruses can spread through

the air in small particles, called respiratory aerosols or infectious respiratory particles, in a range of
sizes (from sub-micrometres to millimetres in diameter) " These particles can float and travel in air
flows, infecting people who inhale them at both short and long distances from the infected person.’?
Particle distribution, spread and impacts on other people depend on many factors, including
environmental conditions and particle size.”® Viruses can also adhere to particulate matter.

The concentration of virus-containing respiratory aerosols can build up in an indoor space from
infected people” In a recent study (in preprint), COVID-19 patients exhaled an average 80 copies of
the virus each minute during the first eight days of infection, with considerable variation and spikes
of over 800 copies a minute in some patients.”® A December 2023 study found the infectivity of
exhaled COVID-19 viral aerosols was sufficient to transmit disease through the air within minutes!’
Some viruses can remain viable in the air for several hours, even after the infectious person has left
the indoor space””

There is strong evidence supporting the airborne transmission of many viruses, including those
that cause measles, influenza, respiratory syncytial virus infection (RSV), the common cold, severe
acute respiratory syndrome (SARS), Middle East respiratory syndrome (MERS) and COVID-19.78
Airborne transmission is considered the dominant mode of transmission for numerous

respiratory infections”®

Research suggests that airborne disease transmission of some viruses may come from

people with asymptomatic, presymptomatic or sub-clinical infections®° Disease transmission
mitigation measures that address symptomatic infections only may therefore not be sufficient to
contain transmission.

The health impacts of some airborne viral infections, such as with SARS and SARS-CoV-2, go
beyond the acute phase of an initial infection, and the long-term health impacts can be worse than
the initial health impacts!® The chances of long-term health impacts may increase with repeated
infections® Emerging evidence suggests that infection with some airborne viruses is associated
with a significantly increased risk of subsequent infection with other pathogens, potentially due to
the long-term adverse health effects of the first virus®®

Other air pollutants can exacerbate the direct health impacts of airborne viruses® Air pollution
from particulate matter, nitrogen dioxide and black carbon (soot) have been found to influence
COVID-19 severity!® Exposure to air pollution near roads is also a risk factor for COVID-19 severity,
independent of regional PM, s and NO, exposure®® Increased carbon dioxide levels were recently
found to increase COVID-19 infection risk.®” Other pollutants, including benzene and wood smoke,
have also been linked to respiratory diseases® The Centre for Safe Air, an NHMRC Centre of
Research Excellence, states that improving indoor and outdoor air quality would reduce the burden
of respiratory infections®®
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312 Bacteria

Some bacteria can be airborne, either on their own, via their spores, or attached to other particles
such as dust!®® For example, group A streptococcus, which causes acute rheumatic fever, strep
throat and other ilinesses, can be transported on small airborne particles such as dust™®

Bacteria and fungi can form biofilms on surfaces, including on the cooling coils of commercial
air conditioning units, potentially leading to the aerosolisation of microbes into indoor spaces in
a building®?

Legionella bacteria species cause Legionnaires’ disease. The bacteria is most commonly transmitted
via a person inhaling contaminated aerosols produced in conjunction with water sprays, jets or mists
of contaminated water sources such as air conditioning cooling towers!** Legionnaires’ disease is
more often contracted in places such as hotels, hospitals and offices, due to bacteria in the water
supply™* It can also be contracted at home, where the bacteria can be in damp or wet environments
like damp gardening soils, air conditioners and spa baths!®® With increasing heat events linked

to climate change, there is likely to be an increased reliance on air conditioning, with associated
increased risk of bacterial infection.

Mycobacterium tuberculosis bacteria causes tuberculosis. The bacteria is transmitted via a
person inhaling contaminated airborne particles, which can be spread through air currents in a room
or building.®

Bacterial infections, such as those caused by Clostridioides difficile, may occur in a hospital setting
through airborne transmission.?’

Not all inhaled bacteria are necessarily bad for health. The lungs are thought to have a microbiome,
thought to be in a state of flux, with microbial immigration and clearance. Some diseases may disrupt
the microbial-host interface!®

3.13 Mould and fungi

Mould spores and fragments can become airborne and can be inhaled by humans. This can trigger
nasal congestion, sneezing, coughing or wheezing, and respiratory infection. Mould can also worsen
asthma and allergic conditions. Contact with mould can also irritate eyes and skin. People who are
more likely to experience these symptoms include those with weakened immune systems, allergies,
severe asthma or lung diseases®® Children in home environments with visible mould and mould
spore exposure may have increased risk of allergic respiratory health outcomes.?®® The World Health
Organization states there is no level of exposure to mould that can be considered safe for health. 2"

In November 2023, the Australian Government Department of Health and Aged Care published
Biotoxins (indoor damp and mould) Clinical Pathway to support clinical decision making for patients
who report debilitating symptoms with a history of exposure to indoor damp or mould, and that
cannot be attributed to another condition.?*? The Australian Building Codes Board provides
information about moulds and fungi relating to condensation and inadequate ventilation.?® Work
health and safety regulators also provide guidance on mould in occupational settings.?*

Mould generally thrives in moist or humid, poorly ventilated environments. The World Health
Organization estimates that indoor dampness affects 10 to 509 of indoor environments.2%

The World Health Organization states that the most important way to avoid adverse health effects
of mould is the prevention (or minimisation) of persistent dampness and microbial growth on
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interior surfaces and in building structures.?’® Dampness and mould may be more prevalent in poorly
maintained housing for socioeconomically disadvantaged people. In Australia, rental properties are
more likely to be mouldy than other homes.2” The World Health Organization states that addressing
the conditions leading to adverse exposure should be a priority to prevent further ill health in these
populations who already have an increased burden of disease.?%®

A number of fungal species can infect people via the air. In 2022, the World Health Organization
published WHO fungal priority pathogens list to guide research, development and public health
action.?%® Of the four fungi WHO ranked as of critical importance, two - Cryptococcus neoformans
and Aspergillus fumigatus - are widely accepted as being primarily transmitted through the inhalation
of spores in the air.2™ Of the remaining two, while Candida auris is not thought to be primarily
transmitted through the air, a 2019 UK study highlighted the potential for Candida auris to become
airborne during aerosol-generating high turbulence activities such as bed making.?" The fourth fungi
ranked by the WHO as of critical importance is Candida albicans. Although Candida albicans is not
considered a usual indoor air contaminant, a 2022 Ethiopian study of indoor air samples in different
wards of an Ethiopian hospital found Candida albicans was a frequently obtained yeast isolate.??

A 2024 Italian study of laboratory and insect experiments suggests the presence of microplastics
could exacerbate the ability of Candida albicans to infect people 2

Another fungal species on the WHO list is Pneumocystis jirovecii, which is airborne and a common
cause of pneumonia in patients with cancer-related immunosuppression.?'*

To contain the expanding burden of disease from the fungal priority pathogens, the WHO called
for work on the role of air quality, the built environment, coinfections and other drivers at the
population level 2

Exposure to some airborne fungi is associated with asthma prevalence. Household airborne
Penicilliumis associated with airway hyperreactivity in asthmatic children.?’®

314 Human skin cells, bioeffluents, dust mites, and animal
dander, hair and excreta

As well as viruses, bacteria, mould and fungi, a wide range of other biological material can be found in
indoor air. This includes: human skin cells; animal dander (dried skin cells and saliva); particles from
feathers; and animal and insect excreta and body parts.?”

Negative health impacts from this biological material can include allergic responses, including hay
fever, eczema, some types of asthma, psittacosis, and hypersensitivity pneumonitis.?®

Human skin cells in household dust become colonised by moulds, yeasts and bacteria, and provide
food for house dust mites.?”® As discussed in section 3.8, certain compounds in human skin cells
may reduce ozone concentration in indoor air.??° However, these compounds may also contribute
to ammonia and volatile fatty acid production in bacteria-colonised air conditioning units, causing
odour issues.?”

Bioeffluents are also indoor air pollutants, produced during the metabolic processes that take place
within human bodies.??
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315 Pollen

While pollenis largely generated outdoors, it can enter indoor spaces through open windows, doors
and vents, via cracks around closed windows and doors, and through heating, ventilation and air
conditioning systems.

Pollen can trigger an allergic response like hay fever (allergic rhinitis), with symptoms such as a runny
nose, sneezing and watery, itchy eyes.?%

Thunderstorm asthma is thought to be triggered by a unique combination of high amounts of grass
pollen in the air and a type of thunderstorm. It happens more often in spring and early summer than
other times of the year. Grass pollen grains get swept up in the wind and carried for long distances;
some can burst open and release tiny particles that are concentrated in the wind gusts that come
just before a thunderstorm. The grains release pollen allergens which move down to ground level
where people can breathe the allergens into their lungs and experience asthma. For people who have
asthma or hay fever this can trigger severe asthma symptoms. It can affect people who have never
had asthma before. Symptoms may include shortness of breath, chest tightness, wheezing when
breathing, and/or persistent coughing.??

Box 3. Asthma and indoor air quality

Asthma is a chronic lung disease affecting people of all ages. Around 2.8 million Australians (11%)
have asthma. Aboriginal and Torres Strait Islander people have asthma at a higher rate (16%) than
other Australians.?? People with asthma experience episodes of wheezing, shortness of breath,
coughing, chest tightness and fatigue due to widespread narrowing of the airways.??®

While the fundamental causes of asthma are not completely understood, environmental exposure
to inhaled substances and particles - asthma triggers - may lead to allergic reactions or irritated
airways. Many of these triggers can be present in indoor environments, including house dust mites,
mould, pollens, animal dander, tobacco smoke, and strong odours like perfume.?? A 2018 study
found 12.3% and 7.9% of the total asthma burden in children in Australia is associated with exposure
to gas cooktop stoves and damp housing, respectively. The study also found if all homes with gas
stoves were fitted with high efficiency range hoods venting outside, the gas stove-associated
burden reduced to 3.4%.228 A 2023 study estimates that 12.7% of current childhood asthma disease
risk in the USA is attributable to gas stoves, similar to the childhood asthma burden attributed to
secondhand smoke exposure.??® For every asthma hospitalisation due to air pollution, it is likely many
more people have asthma episodes of less severity.2*°

Recent Asthma Australia research found nearly one-third of people with asthma or allergies report
experiencing worse symptoms after spending time in their homes. It found people living in private
rental and social housing, and homeowners on low incomes, were more likely to report barriers to
making changes to their homes to support good health, including indoor air quality. '

Occupational exposure to pollutants in indoor air in workplaces can also trigger asthma.

The National Asthma Strategy outlines Australia’s national response to asthma, and identifies
actions to reduce the impact of asthma in the community.252 The Australian Asthma Handbook
provides practical advice for primary healthcare professionals.?*® In November 2023, the Australian
Government Department of Health and Aged Care published the Biotoxins (indoor damp and mould)
Clinical Pathway, which included asthma (development, current, exacerbation) as a health effect for
which there is sufficient evidence of association with exposure to indoor damp and mould.?
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3.16 Airborne microplastics

Microplastics - tiny pieces of plastic - are increasingly present throughout the environment,
including in the air, and may form part of PM,s pollution, depending on their size.?*® Studies have
found higher concentrations of airborne microplastics in indoor air compared to outdoors.2%®

Clothing is a potentially large source of indoor airborne microplastics, including polyester
microfibres, often from dryers and washing machines.?’ A recent Australian study looked at levels
of airborne microplastics in air samples from seven different types of indoor locations. It found the
highest indoor microplastic concentration was at a childcare site, followed by an office and a school.
Polyethylene terephthalate®® was the prominent polymer type found at most sites in the

Australian study.?*°

While research is ongoing to understand the detailed health impacts of airborne microplastics,
recent research suggests that repeated inhalation of airborne microplastics can resultin an
inflammatory response in the lungs.?*® Another study suggests that exposure to polystyrene
airborne microplastics increases the risk for chronic obstructive pulmonary disease.?'

As well as the potential health impacts of the airborne microplastics themselves, airborne
microplastics may also carry other pollutants through the air, like viruses, mould, bacteria and
chemicals.?2 As an example, a 2024 Italian study suggests the presence of microplastics can
exacerbate the ability of Candida albicans to infect people.?*®

317 Silicadust

When engineered stone is cut or ground, it releases fine silica dust. This hazard can cause silicosis
and other silica-related diseases when inhaled into the lungs.?** Silica dust can also be generated
from other activities, such as demolition work.2®

A ban on the manufacture, supply, processing and installation of engineered stone benchtops,
panels and slabs has been in effect since 1July 2024.24 On 18 September 2024, the Australian
Government announced a ban on the importation of engineered stone benchtops, slabs and panels
from 1January 2025.2¢

Results from a study published in December 2023 suggested that silica is not the only component
of concern in engineered stone products. The study highlighted that caution is required when
alternative materials are produced in an effort to reduce disease risk.2:®

3.18 Asbestos

Approximately one third of all homes in Australia are estimated to contain asbestos products in one
form or another.2*® Asbestos can be friable or non-friable (bonded). Non-friable asbestos is asbestos
mixed with cement or resin to keep fibres in place. Non-friable asbestos poses arisk of releasing
airborne fibres if it gets damaged. Friable asbestos - asbestos that is easily crushed into a powder -
has a higher risk of airborne fibres being released when it is handled and is of particular concern.?0

In addition, vehicles made before 2003 may have asbestos-containing components like brake pads/
shoes, clutch plates and gaskets.?!

Asbestos fibres can become airborne if there is damage to asbestos building products, such as
during renovations or demolition, to industrial plant or mechanical equipment (e.g., machinery, or
air conditioning) or during vehicle maintenance and repair. Inhaling asbestos fibres can cause lung
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disease, including asbestosis, lung cancer and mesothelioma.?2 A 2011 Australian study found
malignant mesothelioma after exposure to asbestos during home renovation was an increasing
problem in Western Australia. The authors noted such cases would probably continue to increase
due to the many homes still containing asbestos.?%

319 Radon

Breathing in radon gas can lead to lung cancer.? The risk of developing lung cancer from radon
depends on how much radon humans breathe in and for how long.?®

In outdoor air, radon levels are low. Indoors, radon concentration can be higher, as buildings can trap
radon that can originate from certain soil types. Radon levels indoors are highly variable, depending
on the type of house and the flow of air through the home. A nationwide survey of over 3300 homes
found the average concentration of radon in Australian homes is low, and about one quarter of the
worldwide average. The survey found approximately one in a thousand homes may have high levels of
radon (exceeding an annual average radon concentration of 200 Bg m) 2%

Generally, homes that are well ventilated, made of timber or built on stumps have lower radon levels
compared to homes on concrete slabs with brick walls. However, the only way to be certain of radon
levelsin a home is by testing.%’

In relation to workplaces, the Australian Radiation Protection and Nuclear Safety Agency notes that
there are only a limited set of scenarios that might give rise to elevated radon levels, including highly
energy efficient buildings in areas of high radon potential, underground workplaces, and enclosed
workspaces with limited ventilation.?#

The Australian Government has published the Australian Radon Action Plan, a long-range strategy
for reducing radon-induced lung cancer in Australia.?*® Actions include raising awareness, residential
meters and occupational monitors.2®°

3.20 Lead and other heavy metals

The main sources of exposure to lead are from work involving lead (processes and products), old
paint flaking, sanded or disturbed during home and building renovations, lead-contaminated dust
(including remnants from leaded petrol car exhaust, and from contaminated soil), recreational
shooting, hobbies involving lead, and some alternative medicines. People can bring lead residues
into their homes and other indoor spaces on clothes, skin, hair and equipment.2' Environmental
contamination from airborne lead-contaminated dust from smelting operations is an ongoing
source of lead exposure for some Australian communities.?*? The World Health Organization notes
there are multiple exposure pathways, with the most important routes of exposure being ingestion
(particularly for young children) and inhalation.?3

Lead can be harmful to health. Unborn babies, infants and children are especially vulnerable, and
lead exposure even at low levels can affect their physical and mental development.?“ Lead can be
absorbed into their bloodstream and impair brain and nervous system development .2

A 2019 Macquarie University study looked at residential indoor vacuum dust from 224 Sydney homes.
It found that residential soil levels explained part of the presence of some metals in indoor dust, with
higher levels of lead inindoor dust in older parts of Sydney. The levels of chromium and lead measured
inindoor dust posed potentially significant health risks, including a carcinogenic risk for children from
chromium, though the inhalation pathway risk was lower than for ingestion and dermal pathways.®
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3.21 Cosmetics, fragrances, aerosol deodorants and
cleaning products

Cosmetics, fragrances and cleaning products, including some detergents, contain substances
that canirritate the respiratory system. Air fresheners can emit chemicals into the air, including
volatile organic compounds like formaldehyde, benzene and toluene.?®’ These emissions can react
with other indoor air pollutants like ozone to generate secondary pollutants, like acetaldehyde and
ultrafine particles.?®®

Ammonia can be emitted from cleaning products, as well as from other sources such as tobacco
smoke, building materials, and humans. A 2019 US study of indoor chemistry in a test house found
that ammonia levels increased during cooking, cleaning and occupancy activities, with the greatest
concentrations found during cleaning activities. The study also found that ammonia levels were
strongly influenced by indoor temperatures and the operation of heating, ventilation and air
conditioning systems.°
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A 2020 analysis of 141indoor air quality studies across 29 countries (including Australia) concluded
that household characteristics and occupant activities play a large role in indoor exposures.
Particularly influential factors identified were cigarette smoking for PM,s, gas appliances for
nitrogen dioxide, and household products for volatile organic compounds and polycyclic aromatic
hydrocarbons. The analysis also found that location near busy roads, small house size, and
redecorating also contributed to indoor air pollution, while ventilation reduced indoor air pollution.#®

From 2008 to 2009, CSIRO studied indoor air quality in 40 Australian temperate zone dwellings in
Melbourne. The study found that ventilation and activities associated with combustion and cooking
were the major influences on indoor air quality.?”! The researchers stated in a further analysis that
differences from region to region and country to country are likely due to a broad range of influencing
factors such as outdoor concentrations, ventilation rates, domestic appliances, occupant activities,
differing lifestyles and habits of occupants, and the occupant density in the homes.?”2

Other factors that influence the health impacts of indoor air quality include:
+ insufficient ventilation, often in well-sealed modern buildings designed for energy efficiency??

- ventilation with and/or infiltration of polluted outside air, including from nearby industry and
combustion, into inside spaces, often in older ‘leaky’ buildings or via ventilation systems?

- air movement within an indoor space, with varying concentrations of some pollutants in
different parts of the space, and poor internal layout or layout changes affecting air flow
(tracer gas can be used to determine airflow and pollutant migration in an indoor space).

Air circulation and air change rates are important for the control of moisture issues, including
mould in still environments

- time spentin the indoor space, affecting the risk of exposure?®

- individual sensitivities, with a significant proportion of the population having greater sensitivity
to some pollutants. These groups include newborns, young children, the elderly, heart patients,
people with bronchitis, asthma, hay fever, emphysema or diabetes, pregnant people, and
smokers.?’¢ Some air pollutants can cross the placental barrier, disrupting its function and
contributing to adverse pregnancy outcomes, including lower birth weight, reduced foetal growth,
and an increased frequency of preterm births.?” Additionally, pregnant women in general are
vulnerable to respiratory infection, and maternal COVID-19 infection has been linked to increased
risks of complications, further affecting foetal health.2”®

- formation of secondary pollutants, where pollutants in indoor air can interact with other
pollutants in the air, or with interior surfaces, objects or living things in the indoor space?®

+ humidity and condensation, where high relative humidity levels indoors can contribute to
condensation and mould, as well as house dust mite allergy,?®® and low relative humidity indoors

can cause dry eye problems.?' Relative humidity also may affect the survival of different types of
airborne viruses differently?2
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temperature, which has an impact on the quality of indoor air and can increase the concentration
of some pollutants?®

climate zones,#* with different types of climate having an impact on indoor air quality, though
microclimate variation can be significant within zones

climate change, with potential climate-related drivers of poor indoor air quality including
increased bushfire smoke, ozone, volatile organic compounds, and thunderstorm asthma.?®* More
flooding is likely to lead to indoor mould proliferation, with adverse effects on indoor air quality and
human health.?% Arecent Nature Climate Change systemic review estimated climate change is
anticipated to aggravate 60 airborne pathogenic diseases.?’ Targeting climate mitigation policies
to also achieve air quality outcomes can achieve significant and rapid health benefits?®

socioeconomic status, noting that while there are many complexities to the relationship,
generally the lower a person’s socioeconomic status the higher their indoor pollutant
exposures.?® People with lower incomes are more likely to live in poorly insulated housing with
limited shade and air conditioning.2*° They may also be exposed to increased sources of air
pollution, such as living close to busy roads or industrial emissions?®'

human activity in an indoor space, for example a choir singing loudly, or a group of people

riding exercise bikes in a small room, are more likely to create more bioaerosols than one person
sleeping in the same space.?* Activities and hobbies involving indoor air pollutants (for example,
from paints and varnishes) also affect exposure.?** Housekeeping practices, including frequency
of dust removal, can also affect indoor air quality. Work practices and occupant behaviour can
have an impact on indoor air quality in occupational settings

population density - household crowding can affect indoor air quality and is linked with disease
transmission.?**In 2021, Aboriginal and Torres Strait Islander people were 2.9 times as likely to
live in an overcrowded dwelling as non-Indigenous Australians, with the rate across jurisdictions
ranging between 1.5 times higher (in New South Wales), to 6.1 times higher (in the Northern
Territory)?

housing quality and type - the World Health Organization's WHO Housing and health guidelines
notes that improved housing conditions can save lives, prevent disease, increase quality of

life, reduce poverty, and help mitigate climate change.?*® US EPA researchers have found a link
between renovating housing and decreased childhood asthma rates.??’

commercial activities - the World Health Organization recognises that commercial determinants
of health - private sector activities that affect people’s health, directly or indirectly, positively or
negatively - have an impact on air pollution as a risk factor for health.?%

41 Issues specific to particular types of indoor spaces

411 Residential settings

A 2024 paper found, in general, the most harmful indoor air contaminants in dwellings globally are
PM,s, PMio_05, Nitrogen dioxide, formaldehyde, radon and ozone. Airborne viruses were not examined
in the study.?°

A 2012 Australian study of 40 homes in Melbourne found concentrations of some pollutants,

including formaldehyde, and total volatile organic compounds, were between 8 and 12 times higher
than outdoor levels. Other pollutants, including PM,s, carbon dioxide, carbon monoxide, benzene and
toluene, were between 11 to 3 times higher compared to outdoor concentrations. Ozone, nitrogen
dioxide and PM,, were significantly lower than outdoors.*° The study did not look at airborne viruses.
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41.2 Schools and early childhood education

Indoor air quality problems in schools and early childhood education facilities can cause increased
absences due to respiratory infections, allergic reactions, and adverse reactions to the chemicals
used.*" Mould, proximity to busy roads, nearby construction activities, bushfire smoke and
contaminated playgrounds can have health impacts.%

The Australian Health Protection Committee states that three specific principles apply to minimise
disease in schools:

« reducing opportunities for introduction of viruses to schools
+ reducing transmission of the virus if introduced
+ early use of containment measures if spread occurs.3%

A 2023 Chinese study used wearable devices to track close contact interactions between students
in school classrooms. The study found that airborne transmission of COVID-19 over longer distances
was generally the dominant form of transmission in the classroom (more than close contact and full
or partial face-to-face interactions within 1.5 metres), both during classes and in breaks. Short-range
airborne transmission was dominant only during breaks when no (surgical) masks were worn.3%
However, a 2022 paper suggested airborne transmission of the SARS-CoV-2 Delta variant was more
likely to occur within conversational distance due to the concentration of inhalable particles near
their source.3% A 2023 Swiss paper also suggested mask mandates were associated with greater
reductions in aerosol concentrations than air cleaners.3®

Various studies have investigated the effectiveness of ventilation and/or air purifiers in educational
settings. A 2021 German study found High Efficiency Particulate Air (HEPA) filters reduced aerosol
concentration by more than 809 within 30 minutes when running the purifiers in a high school
classroom with the windows and door closed.?” Preliminary results of an ongoing study in Iceland

in November 2023 found that air purifiers in daycare centres reduced children's illness by almost a
third.3%8 An Italian study found that COVID transmission can be reduced by 809 with improved indoor
ventilation and air filtration.>*

In Australia, a recent University of New South Wales study concluded that natural ventilation
supplemented with the use of HEPA filter units in schools was the most effective way to reliably
improve indoor air quality year-round. The authors highlighted the need for real-time outdoor air
pollution sensing to guide decisions about how often, and for how long, windows could safely remain
open to provide outdoor air when outdoor air quality was poor.*°

There is also established literature supporting the impact of indoor air quality and ventilation on
student performance and attendance.>" A recent Victorian study found a low to moderate correlation
between ventilation rates and student performance across four terms, particularly for speed

and accuracy, with the students measured for total number of items processed, omission and
commission errors, and concentration performance. The authors stated that this demonstrated that
indoor air quality does impact student concentration performance. 3"

A Queensland study measured indoor air quality in classrooms in Brisbane and explored how to
engage classroom occupants with awareness of indoor air quality and how to develop healthier
ventilation habits.*” The research identified significant and prolonged air pollution exceedances in
many classrooms. It also identified several human factors that affected classroom ventilation levels.
These included disabling window operation to minimise potential student interference, keeping
windows closed in naturally ventilated buildings to improve energy efficiency, and difficult to reach
exhaust fan switches.*™ School classroom design could help address some of these issues in new
schools, rather than having to address them administratively during operation.’®
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41.3 Hospitals

Indoor air quality in hospitals can have significant health impacts, as patients may be particularly
susceptible to infection, respiratory issues or other health issues linked with indoor air pollution.
This may be due to their having pre-existing conditions or compromised immune systems.’'® There
is also often high occupant density, including with other people with contagious illnesses. Hospital
ventilation systems may sometimes not be operating effectively.?”

Box 4. Hospital-acquired airborne disease and infection control measures

Between 2020 and April 2023, 5614 people were suspected to have caught COVID-19 while in
Victorian public hospitals. Over 109 of these patients were confirmed or suspected to have died as
aresult of their hospital-acquired infection. This led to calls for greater consistency around infection
control measures .38

An earlier Victorian report stated that '[n]ealth services identified a need for increased consideration
of infection prevention and control in health infrastructure design, increased access to rapid testing,
and support for effective and consistent personal protective equipment (PPE) for staff. 39

As a comparison of scale to another source of infections in hospitals, in Victoria's public hospitals,
there are around 300 or 400 cases annually of health care-associated Staphylococcus aureus
(‘golden staph’) bloodstream infections.3?° There are widely used infection control measures for
these types of infections.??' Even though the mortality rate is likely higher for golden staph than
COVID-19 hospital-acquired infections (up to 30%,3 compared with over 10%, respectively), the
number of golden staph-related deaths may be lower than for hospital-acquired COVID-19 infections
given the generally higher number of COVID-13 infections.

Airborne methicillin-resistant Staphylococcus aureus may also be of concern.32

41.4 Residential aged care homes

Many elderly people spend much of their time indoors, including those with limited mobility or
neurological issues. The importance of indoor air quality increases in such circumstances, including
for residents with pre-existing conditions or who are immunocompromised.

A 2024 report commissioned for the National Science and Technology Council found a higher
infection risk in Australian aged care homes compared with the general population, and a higher
cost of managing COVID-19 infection risk in aged care homes .’ There is significant variability in the
impact of COVID-19 outbreaks in different aged care residences. Mitigations introduced by each
aged care home are important influences on the number of infections that occur.32

The Australian Government has developed and released National Aged Care Design Principles and
Guidelines for residential aged care. These Design Principles and Guidelines were introduced in July
2024. They recognise the importance of clinical support and safety features, including infection
prevention and control measures and good air quality and ventilation.’%
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The Design Principles and Guidelines have been introduced on a voluntary basis and the level of
uptake within the aged care sector will inform recommendations about long-term arrangements and
future regulatory considerations.

41.5 Disability services

Disability support providers often provide in-home support to people with disability, many of whom
are at higher risk of severe outcomes from COVID-19 infection. In a June 2023 paper, researchers
from the Australian National University, the Australian Government Department of Health and Aged
Care and ACT Health emphasised the importance of planning and strong partnerships in emergency
response, and ongoing collaboration between government and industry, to properly target response
measures towards a complex sector.*? Ventilation and COVID-19: Information for disability providers
provides information on ventilation to lower the risk of disease transmission, including information on
methods to optimise air flow to reduce viral load within a room.2

41.6 Vehicles and public transport

Many people spend significant amounts of time in cars.32° Vehicle exhaust can enter a car from
outside, exposing occupants to air pollutants including carbon monoxide, nitrogen dioxide,
particulate matter (including ultrafine particles from exnaust fumes, brake and tyre wear, and road
dust) and volatile organic compounds including benzene. Materials within the car can generate
pollutants via off-gassing into the indoor air, including volatile organic compounds and semi-volatile
organic compounds.®°

Health effects from air pollution exposure inside vehicles include respiratory and cardiovascular
disease, as well as increased risk of cancer.*' Recent research from the University of Washington
found that traffic air pollution levels inside cars can cause a significant rise in blood pressure within
an hour of being in traffic and can last up to 24 hours. This spike is reportedly comparable to the
effect of a high-sodium diet and can contribute to cardiovascular problems.*? In the University of
Washington study, in-vent and portable HEPA with active carbon filtration in a vehicle reduced the
particle count by 869 from outside air coming into the vehicle.®3

Particulate matter can be an issue in public transport hubs and tunnels.®** A recent UK study found
that pollutant concentration and passenger exposure on trains varied depending on the train type,
the location of the exhaust, the track gradient and whether the train was in a tunnel. High levels of
all the pollutants measured were found during time spent in stations and tunnels.** Children can be
exposed to high levels of air pollution from buses, including when they are travelling in them.3%

41.7 Industrial and agricultural settings

Industrial settings often deal with a wide range of potential indoor air pollutants that differ from
those in residential, public or office settings. This report looks largely at indoor air quality in non-
industrial settings. Workplace exposure standards/limits cover exposure to a wide range of indoor air
pollutants in workplace settings.

Some agricultural settings, such as poultry farms and dairies, have risks of zoonotic disease transfer
to humans, including through airborne transmission of viruses in indoor settings.

Pesticide spray from agricultural operations can drift into neighbouring homes, affecting
human health.
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Improving IAQ is one of the most profitable activities society can
undertake in the building sector. Even small improvements in IAQ will
reduce labour costs. Since these are estimated to be 10-100 times
greater per square meter of office space than energy and other
operational costs of a building, the economic gain can be tremendous.

World Health Organization, Strategic approaches to indoor air policy-making, 1999

Reducing the negative health impacts of indoor air quality has economic benefits as well as health
benefits. As well as reducing cost pressures on the health system, better indoor air quality reduces
absences due to sickness (from both communicable and non-communicable diseases), and has

a direct impact on cognition, affecting educational outcomes and employee performance, and
reducing unit labour costs, with a potential impact on inflation. Improving indoor air quality is an
investment in human capital that could make a significant contribution to economic productivity.>®

51 Economic costs of poor indoor air quality

The Centre for Safe Air's September 2023 report, Safer Air, Healthier Communities: Ten reasons

for investment in Australia, states that the economic impacts of air pollution are high and
underestimated, and return on investment is high. It stated that air pollution is an important risk
factor for non-communicable diseases, which account for two-thirds of the disease burden in
Australia. The report looked at both ambient and indoor air pollution, and noted that costs are likely
to be underestimated as they typically account for particulate matter to the exclusion of other
important air pollutants, and do not include non-health related costs such as labour, productivity,
and educational impacts.>°

The report commissioned for the National Science and Technology Council found significant

direct and indirect socioeconomic impacts occur as a result of airborne viral transmission. It found
health and wellbeing impacts include increased morbidity and mortality, increased medical care
costs for both acute and long-term impacts, and public health costs of outbreak management. It
found economic productivity and workforce participation impacts include reduced productivity,
absenteeism, presenteeism, declining employee engagement, increased sick leave costs, and
greater working errors. The report found educational impacts include learning loss or slower learning
gain for primary school students. It found aged care impacts, including a higher infection risk in
Australian aged care homes compared with the general population, and a higher cost of managing
COVID-19 infection risk in aged care homes 34
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The NHMRC Centre for Research Excellence in Healthy Housing estimates the health costs
(measured in disability-adjusted life years) of respiratory and cardiovascular disease from mouldy
or damp housing are about three times the health costs of sugary drinks in Australia.3*' Recent work
estimates that approximately one third of Australian homes have some levels of mould. The work
estimates that eradication of indoor mould exposure in Australia would see 109,000 health adjusted
life years gained over 20 years.32 People living in vulnerable circumstances may be more prone to
encountering indoor dampness, with damp housing more prevalent in low-income communities.*

Communicable disease outbreaks, many of which are exacerbated by poor indoor air quality, cause
significant direct and indirect socioeconomic impacts. A January 2024 systematic review found
the COVID-19 pandemic, and influenza, influenza A (HIN1), Severe Acute Respiratory Syndrome,
tuberculosis and norovirus outbreaks caused increased morbidity, mortality, and health costs.

The review found indirect social impacts included employment crises and reduced workforce size.
Indirect economic impacts included demand shock, supply chain disruptions, increased supply and
production cost, service and business disruptions, and financial loss.34

Allergies, some of which are triggered by poor indoor air quality, are also estimated to have significant
socioeconomic impacts. A 2007 Access Economics study found the financial cost of allergies in
Australia was $5.6 billion (2007 AUD) in lost productivity. It found a further cost of $21.6 billion (2007
AUD) in lost wellbeing (disability and premature death) .3+

In relation to international estimates of the costs of poor indoor air quality specifically, a 2017 French
study estimated the socioeconomic cost of indoor air pollution in France by six pollutants - benzene,
trichlorethylene, radon, carbon monoxide, particulate matter and environmental tobacco smoke - at
around 20 billion euros in 2004.346 A recent estimate of the financial costs of disability-adjusted life
years in China attributable to the tenindoor air pollutants studied (which did not include airborne
viral transmission) found it was equivalent to around 3.45% of China’s gross domestic product.37 A
2008 US study estimated the total cost of indoor air pollution on health and productivity in California
as at least USD60 billion each year (2007 USD). This estimate included an estimated 2% reduction in
worker productivity in office and school settings, due to indoor air pollution and poor ventilation.3#

The health costs of conditions and diseases exacerbated by poor indoor air quality are high. In 2020~
21, an estimated $4.0 billion spent in the Australian health system was for respiratory conditions,
representing 3.0% of total health expenditure.3° Not all of this expenditure was due to poor indoor air
quality, but itis likely that poor indoor air quality contributed to the spread of respiratory conditions
and thus to the expenditure burden. Likewise, respiratory syncytial virus (RSV), which can be
transmitted through the air, represents a significant cost burden to Australia’s healthcare system.°
Chronic lower respiratory diseases are a major cause of morbidity and mortality in Australia.®' A
recent Australian modelling study estimated Long COVID from COVID infections in 2022 caused a
GDP loss of $9.6 billion due to a reduction in the labour supply and other factors 3>

In terms of overall mortality, deaths caused by diseases that can be exacerbated by poor indoor air
quality are among the leading causes of death in Australia.®*3 In 2020-2022, COVID-19 contributed to
adecline in life expectancy in Australia.®4

In Australia, over the period 2019-20 to 2021-22, the estimated health spending on the response to
COVID-19 in Australia was $47.9 billion, representing 7.2% of total health spending over that period.3%
In addition to health spending, there was significant spending on other responses to the pandemic,
including pandemic leave disaster payments, and employment and unemployment-related
payments such as Job Keeper and increases to Job Seeker. The Sydney Morning Herald reported in
July 2024 that hundreds of programs were put in place by all levels of government to support the
economy during the COVID-19 pandemic. It reported an estimated $150 billion to $200 billion in total
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government spending, in addition to over $300 billion in Reserve Bank of Australia quantitative
easing and very low interest rates.3*® Not all of this expenditure was due to poor indoor air quality,
but it is likely that poor indoor air quality contributed to the spread of COVID-19, and thus to the
expenditure burden.

In 2021, the global monthly economic harm from COVID-19 was estimated as at least USD1 trillion
(approx. AUD1.49 trillion) 3% The precise contribution of poor indoor air quality to these costs is
currently unquantified but potentially significant.

Arecent Spanish study assessed the health impacts and costs associated with indoor nitrogen
dioxide exposure from gas cooking in the European Union and the United Kingdom. It found gas
cooking is associated with a significant burden of mortality and asthma, particularly in countries with
high gas cooking prevalence. It estimated the economic cost of premature deaths related to gas
cooking in the EU and UK combined is 160 billion euros, with Italy having the highest per country cost
(54 billion euros). It estimated the costs of paediatric asthma associated with gas cooking at 2.6
billion euros in the EU, and 4 billion euros for the EU and UK combined.**®

Box 5. Air pollution is an important modifiable risk factor for cardiovascular disease

Air pollution is estimated to be responsible for over three million deaths each year globally due to
ischaemic heart disease or stroke.*°

Numerous studies have confirmed that PM, s exposure increases the risk of cardiovascular mortality
and non-fatal cardiovascular events.*° It has both short- and long-term health impacts.*®' Any
decrease in PM,; levels can lead to a reduction in cardiovascular events.®2

PM,s levels are, therefore, an important modifiable risk factor for cardiovascular disease.

5.2 Air pollution impacts productivity directly

The National Science and Technology Council advises that improved indoor air quality is associated
with enhanced worker productivity and reduced sick leave, but the magnitude of the effect is variable
and not well defined in terms of scale of impact 363

Several research studies have found poor indoor air quality negatively affects productivity at the
microeconomic level, although some of these studies are in relation to ambient air, rather than
indoor air. While studies have shown high levels of carbon dioxide and particulate matter negatively
affect cognition (see Box 2), economic studies have also investigated whether there are direct links
between air quality and productivity.

A 2004 review article summarised the size of the effect of poor indoor air quality on most aspects of
office work performance as being as high as 6-9%, with the higher value obtained in field validation
studies.®* More recent work for the UK Royal Academy of Engineering found improving ventilation
and ensuring good air quality is expected to improve productivity by around 1-49, though there is
uncertainty in these estimates at a wider scale 3%

A 2023 Columbia University study showed pollution can reduce the productivity of individual workers,
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indicating pollution has subtle effects on workers by reducing output while on the job.3¢®

A 2016 study of indoor box packers found a 10 ug/m?® increase in PM, s concentration reduced the
productivity of the packers by 6% of average hourly earnings.*®’

Studies have also looked at the impact of pollution on productivity in less physically and more
cognitively demanding roles. A 2019 study of workers at a Shanghai call centre found that a

10-unit increase in an air pollution index was associated with a 0.35% decrease in the number of calls
that workers completed.3®® A 2015 US study of 24 'knowledge workers’ (managers, architects and
designers) varied the air quality conditions of their workspace, from conventional conditions that met
minimum standards to optimised conditions. Changes included an increased ventilation rate bringing
in more outside air, reducing sources of volatile organic compounds, and controlling for different
levels of carbon dioxide. The study found that cognitive function scores were significantly better
under the optimised conditions across all domains tested. Reduced volatile organic compound and
carbon dioxide levels were independently associated with better cognitive scores.°

5.3 Cost savings andreturn oninvestment from improvements
in indoor air quality

The scientific and economic literature suggests there is potential for significant returns on
investment in initiatives that improve indoor air quality.

Although it did not address indoor air quality specifically, a 2019 OECD Working Paper found large
economic benefits from reducing air pollution compared with relatively small abatement costs. The
authors stated this meant more stringent air quality regulations could be warranted based solely on
economic grounds, aside from the large avoided mortality benefits.3”°

5.31 Building performance, productivity and workplace absences

US estimates from 1997 indicated the potential financial benefits of improving indoor environments
exceeded costs by a factor of 18 to 475" More recently, international evidence shows that the return
on investment is high, where a dollar spent on action on air pollution could return between $2 to
$90.572 A 2015 study of the financial implications of modifications to building filtration systems found
the benefits of improving filtration outweighed the additional costs by 10 to 1.5° A 2022 study from
the University of Maryland, University of Cambridge and Columbia University, concluded that it was
cost-effective to improve filtered air supply to 12 air changes per hour using standalone HEPA units in
small businesses in older buildings that lack HVAC systems during the pandemic.*

A 2004 review article looked at the effects of indoor air quality on performance and productivity. It
found it was usually more energy efficient to eliminate sources of pollution than to increase outdoor
air supply rates. It also found that in cost-benefit analyses for either solution, the high cost of labour
per unit floor area in buildings means payback time is usually as low as two years.>’

A paper released in September 2024 by the Facilities Management Association of New Zealand found
improving indoor air quality in offices and schools would reduce sickness and improve concentration
levels. It estimated that while these improvements would cost up to NZD253 million, they could
benefit New Zealand up to NZD1 billion over ten years .3’
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In the UK, a social cost benefit analysis prepared for the Royal Academy of Engineering estimated
that infection control measures could save up to GBP23 billion (approx. AUD41 billion) a year if
there is another pandemic. The academy called for operational performance of buildings, including
ventilation and infection resilience, to be regulated.?”’

If building ventilation was improved, resulting in less COVID-19 transmission indoors, some of the
costs of responding to the COVID-19 pandemic may have been reduced.’’®

The National Science and Technology Council-commissioned report found the economic
productivity and workforce participation impacts of airborne infectious disease transmission
included reduced productivity, absenteeism, presenteeism, impaired employee engagement,
work loss and work errors.¥° Reducing the negative health impacts of poor indoor air quality could
reduce the amount of iliness transmitted in workplaces. In addition, lower levels of CO2 and PM,5
are associated with improved cognition. Combining these benefits could lead to a healthier, more
productive workforce.

Estimates of the investment in modern indoor air quality management systems required to address
airborne infections suggest it would be likely to be less than a 1% increase in the construction cost of
a typical office building.*®

In relation to existing buildings and ventilation systems, a 2015 study found that doubling the
ventilation rate from the American Society of Heating, Refrigerating and Air-Conditioning Engineers
standard’s minimum rate, cost less than USD40 per person per year in all climate zones investigated.
The study also found that using an energy recovery ventilation system significantly reduced energy
costs, and in some scenarios led to net savings. The ventilation change improved the performance
of workers by 8%, equivalent to a USD6,500 increase in employee productivity each year. Reduced
absence and improved health were also observed with enhanced ventilation.®'

In October 2023, the Johns Hopkins Center for Health Security estimated increasing clean air levels
to meet ASHRAE24Ts Infection Risk Management Mode for 16 weeks annually, during peak respiratory
virus transmission, would reduce COVID costs by around USD40 billion. This was about 10 times the
cost of the intervention. Additional benefits, including productivity and reduction in infections with
other viruses, could add an additional USD20 billion to USD40 billion, though the cost-benefit ratio
would likely differ in different buildings.?

The National Science and Technology Council advised that the impact of indoor air quality strategies
on the energy efficiency of buildings is dependent on factors such as the type of intervention,
climate, and the building size, characteristics and hours of operation. It found that while relatively
few studies have analysed the energy efficiency impact of interventions in the Australian context,
international studies suggest that while interventions impact building efficiency, there is significant
variation in the size of the impact as these factors change 3%

The National Science and Technology Council advised that improved indoor air quality is associated
with enhanced worker productivity and reduced sick leave, but the magnitude of effect is variable
and not well defined in terms of scale of impact. It advised that, nevertheless, the Australian
Government can build on the findings in the commissioned report by focusing action where the best
return on investment is found.*

US studiesin the late 1990s and early 2000s looked at the cost to US businesses of respiratory
illnesses and concluded that enhancing indoor air quality could reduce a significant portion of illness
and absences in the office workforce due to respiratory ilinesses or allergies.® A Harvard study

of over 3,700 employees of a large US manufacturing company found that sick leave increased for
employees in poorly ventilated areas, and that the cost of providing additional ventilation may be
more than offset by the savings that result from reduced sick leave 3%
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In Australia, employee absences, including due to sickness (sickness type unspecified), were
estimated to cost Australian businesses over $24 billion in 2022.3% An earlier report suggested
employee absences cost the Australian economy an estimated S44 billion a year 3

According to the World Green Building Council in 2014, staff costs, including salaries and benefits,
typically account for around 90% of a commercial office-based business’s operating costs, with a
further 9% in rental costs, and 1% in energy costs.*° Given that staff costs are such a high proportion
of a business's operating costs, the productivity of its staff, or anything that impacts their ability to
be productive, has potentially significant economic implications for the business.**° The University of
Oxford's Said Business School argues that even a small improvement in staff health, productivity or
satisfaction is likely to represent a significant financial gain for employers.*' A 2004 study stated the
high cost of labour per unit floor area ensures that payback times for eliminating pollution sources or
increasing outdoor supply rates would usually be as low as two years.3%

A 2023 Australian absence management and wellbeing survey report found an average employee
absence rate in 2022 of 6% across the organisations surveyed.>®® In businesses where staff costs
are a significant proportion of the business cost base, a reduction in employee absence rates is

a potentially significant cost saving. An increase in employee productivity due to better indoor air
quality could also be significant.3%
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Box 6. Examples of indoor air quality initiatives in the private sector

A November 2023 article in the Harvard Business Review stated that the movement toward real-

time air quality monitoring is growing, and that organisations that are not yet thinking about how to
implement real-time ‘health’ monitoring in their buildings should do so soon. A January 2024 market
analysis report predicted that the particulate matter monitoring market would see rapid growth in the
next few years, due to several factors including public health initiatives, a focus on indoor air quality,
and preparedness for global health crises.3%

In 2015, US company Aclima announced that it had been working with Google for several years on

a global indoor environmental sensor network of 500 sensors across 21 Google offices around the
world to process 500,000,000 data points each day on indoor environmental quality, including
temperature, humidity, noise, and light, and pollutants such as carbon dioxide and particulate matter.
Aclima stated that the information allows Google to evaluate environmental factors in their offices
and make future decisions on workplace design to support employee wellbeing, productivity and
creativity.3%

It was reported in 2022 that when Google moved into a new headquarters in Mountain View,
California, it was offered air filtration that cut pollutants to extremely low levels. It reportedly instead
opted for zero parts per billion, paying more to obtain it.3%

The company Amazon has reportedly rolled out a real-time air quality monitoring network across

its entire global commercial office portfolio.*®® In an October 2023 US 60 Minutes report, Amazon’s
director of health and safety said Amazon had been updating many of its heating, ventilation and air
conditioning systems, including in its warehouses. She said ‘COVID shifted everybody’s mindsetin
terms of air quality in terms of communicable or infectious diseases.™*®

The 60 Minutes segment also reported that a 2022 survey of facility managers in the US and Canada
found that since March 2020, roughly two-thirds of respondents had upgraded their MERV (Minimum
Efficiency Reporting Value) air filters and increased their air exchange rates.“®

The Honeywell 2022 Healthy Buildings Survey report, Workplace Air Quality: A Global Concern
Emerges, found that healthy indoor conditions are increasingly becoming a ‘make-or-break’ factor
in workers’ decisions to remain at their jobs. More than six in ten respondents said they would leave
their job if their employer did not take measures to create a healthier work environment, though
survey results varied by region. 4"

The Honeywell survey also found that more than half of the senior executive respondents were very
or extremely worried about their building’s indoor air quality.02

Recent Australian work for The Safer Air Project on the benefits of improved indoor air quality
estimates the benefits of reduced sickness from reducing COVID-19 infections by 60% could
range between $24 billion and S50 billion over the 2022-2024 period. It estimates the costs of this
reduction of up to approximately $16 billion, through installing and maintaining air filtration units.“%3

A 2022 social cost benefit analysis performed by NERA for the Royal Academy of Engineering found
that improving ventilation was expected to reduce long range aerosol transmission by about 50%.
The analysis found improving ventilation and ensuring good air quality was also expected to improve
productivity by around 1to 49.4%

Health impacts of indoor air quality




38

5 Cost effectiveness of better indoor air

More detailed economic analysis in the Australian context would be helpful to better understand
the comparative costs and consequences of maintaining the status quo versus adopting additional
action to improve indoor air quality. In a June 2024 publication, the Australian Institute of Health

and Welfare identified data gaps around the health burden attributable to low indoor air quality.

It identified the potential for including indoor air quality in its Australian Burden of Disease Study,
incorporating a range of exposures and health outcomes, including from types of air pollution and
airborne viruses.“%®

It would also be helpful to develop case studies of effective funding of indoor air quality improvement
initiatives. This would build confidence, test frameworks and methodologies, and identify
opportunities for further investment.

5.3.2 Healthcare settings indoor air quality cost benefits

Reducing respiratory disease transmission indoors could mean fewer hospital admissions, with
associated health cost savings.“%® A recent Victorian study found admission screening and staff
wearing N95 masks was cost-effective in reducing COVID-19 hospital-acquired infections, with
reduced patient bed days and staff replacement needs.*”

5.3.3 Schoolindoor air quality cost benefits

It may be that some of the mitigations needed to address poor indoor air quality are very cost
effective. For example, the UK Government funded nearly 400,000 carbon dioxide monitors for state
schools from September 2021. A UK Government survey in December 2022 of monitor recipients
found recipients were able to use the monitors to identify when ventilation in a room needed to
increase in 95% of the survey respondents’ settings. Of the respondents, while 129 of settings using
the monitors reported sustained high carbon dioxide readings of at least 1,500 ppm, the majority of
these settings were able to remedy this through quick fixes such as opening windows. Only 3% of
settings using the monitors reported sustained high carbon dioxide readings of at least 1,500 ppm
that could not be remedied through quick fixes or remedial building works.“%® Outside temperature
and air quality would need to be considered in relation to such quick fix mitigations, as well as energy
use in maintaining comfortable indoor temperatures.

Offsetting the costs of monitors and mitigations for schools are the potential benefits, including less
illness among students and teachers, fewer absences (and absences from working parents caring
for their sick children), as well as improved educational performance from increased attendance and
better cognition. The December 2023 Australian report, Improving Outcomes for All: The Report of
the Independent Expert Panel's Review to Inform a Better and Fairer Education System, states any
absence from school can be a loss of educational opportunity. It cites a finding from The Smith Family
that students with higher attendance were more likely to do better in English and maths.“°

An Australian estimate in October 2024 suggested the annual costs of not air conditioning Australian
schools exceed $1 billion and may exceed $2 billion. This is set against an estimated $2 billion cost
per year over five years to provide air conditioning for every Australian school.“™

A 2023 Johns Hopkins Center for Health Security cost-benefit analysis found an over tenfold return
on investment in a range of indoor air quality initiatives in schools in terms of increased learning, and
reduced asthma and absences.*"
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5.3.4 Particulate matter cost benefits

There are also likely to be economic benefits from reducing the negative health impacts from other
indoor air pollution sources. For example, the health costs attributable to wood heater emissions
are estimated at more than S$4,000 per wood heater per year, applicable across several Australian
states.*”? One-off subsidies to encourage the replacement of wood heaters with less polluting
heating sources, and subsidies for solar panels and batteries or ongoing energy costs for low-
income households, may cost less than that annualised health cost.

The Centre for Safe Air estimated that replacing 50% of Australia’s existing stock of wood heaters
with non-combustion heating such as electricity would have large benefits for health and the
environment. The centre estimated that the replacement could reduce Australia’s annual average
PM,5 pollution burden by $1.61to $1.93 billion per year through reduced mortality, saving 303 to 364
lives a year.®

A July 2024 Deloitte Access Economics report for the Australian Council of Social Service found a
$10 to $17 billion opportunity (net present value) for Australia’s economy from delivering thermal
efficiency and electrification upgrades to 1.2 million low-income households.“™

A January 2024 report on the health risks of indoor exposure to fine particulate matter published

by the US National Academies of Science, Engineering and Medicine recommended studies

evaluate the full impact of policies on indoor PM, s exposure and health, including cost-benefit
analyses estimating the economic and public health costs of notimplementing interventions. The
committee stated that governments must balance competing priorities when determining policy, and
understanding the costs associated with inaction would allow for better informed decisions on the
need for action to reduce indoor PM, s exposure.®

A United States study looked at the mortality-related benefits and costs of improvements in particle
filtration in United States homes and commercial buildings. It found that the largest reductionsin
mortality were from interventions with continuously operating portable air cleaners with HEPA filters.
For some interventions, predicted annual mortality-related economic benefits exceed $1,000 per
person. The study found that the economic benefits always exceeded the costs with benefit-to-
cost ratios ranging from approximately 3.9 to 133.4%®

As discussed in the National Health and Climate Strategy, studies from the United States have
quantified the air quality co-benefits of replacing fossil-fuel-generated electricity with renewable
energy. The studies found the air quality co-benefits due to improved health outcomes exceeded the
cost of such deployment.“”

5.3.5 Industry-specific opportunities

AIRAH, the industry association for the Australian heating, ventilation, air conditioning and
refrigeration industry, states that the industry is worth over $38 billion, uses more than 249 of

the country’s electricity, and accounts for around 11.5% of Australia’s carbon dioxide emissions.“®
Interventions to improve indoor air quality present opportunities for industry growth, including in
advanced manufacturing. Retrofitting activities to improve indoor air quality would be likely to boost
employment opportunities.

Insurance companies are likely to take account of the health impacts of indoor air pollution, including
the long-term health impacts from infection from airborne diseases.*'® Air pollution has been
recognised as an emerging risk factor for the insurance sector, and may become an important part of
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pricing strategies. It may also lead to insurance companies seeking to encourage behavioural change
from customers.“

The Superannuation Industry (Supervision) Act 1993 (Cth) requires superannuation funds to
perform their duties and exercise their powers in the best financial interests of their members .42
Some superannuation funds are increasingly interested in the environmental, social and governance
settings of companies in which they are considering investing, and are recognising the need to
balance short-term investments with sustainable long-term returns.*?? Funds are also interested

in the potential legal exposures of investment targets. A growing awareness of the importance of
indoor air quality in public buildings, and legal liability for property owners and managers who do not
provide healthy indoor air environments, may influence investment decisions of superannuation
funds investing in commercial real estate portfolios.
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6.1 Outdoor air quality

Policies and regulations in Australia for outdoor air pollution include a National Clean Air Agreement,
as well as the National Environment Protection (Ambient Air Quality) Measure. The Australian
Government Department of Climate Change, Energy, Environment and Water (DCCEEW) leads this
work at the national level.

The National Clean Air Agreement provides a mechanism for Commonwealth, state and territory
governments to identify, prioritise and develop solutions for air quality issues. Work plans under the
agreement outline projects that respond to air quality priorities.“*

The key legislation at the national level is the National Environment Protection Council Act 1994 (Cth)
with mirror legislation in state and territory jurisdictions.“?* The National Environment Protection
Council makes, assesses and reports on the implementation and effectiveness of national
environment protection measures. These measures are incorporated, sometimes with stricter
requirements, in state and territory regulations.

The National Environment Protection (Ambient Air Quality) Measure sets out regulatory standards
for outdoor concentrations of six key outdoor air pollutants, as well as the time periods over which
these concentrations are averaged. The standards are set using a weight-of-evidence approach
that considers health protection and alignment with the prevailing health evidence, the ability of
jurisdictions to achieve the standards, and the availability and efficiency of abatement measures to
lower concentrations. Environment Ministers have recognised for many of the pollutants there are
no identified threshold below which adverse health effects are not observed. They stated this means
there will be health benefits in continuing to pursue concentrations below the standards.*?

There is also a National Environment Protection (Air Toxics) Measure, for benzene, formaldehyde,
polycyclic aromatic hydrocarbons, toluene and xylene.*2®

Additionally, some specific air pollution sources have separate regulatory regimes at the
Commonwealth level. These include road vehicle emission standards and fuel quality standards.
Other air pollution sources are regulated at both national and state/territory level. Wood heater
appliances, for example, have Australian Standards for emissions, efficiency and installation, which
are then incorporated into regulations at state and territory level.

In some jurisdictions local government plays a regulatory role in relation to local air quality issues, for
example, in responding to complaints about outdoor odour.

Health impacts of indoor air quality



42

6 Existing air quality policy and regulation in Australia

6.2 Indoor air quality

In contrast to outdoor air pollution, there is no national environment protection measure for
indoor air. There is no specific national framework for the ongoing assessment, monitoring,
control or management of indoor air quality, outside occupational settings.“?’ Instead, there are
some regulations for particular pollutants, some for particular indoor settings and some for
reducing exposure.“2

The National Construction Code is Australia’s national set of building design and construction
provisions. It sets minimum required levels for building safety, health, amenity, accessibility and
sustainability.?® The code is produced and maintained by the Australian Building Codes Board for the
Australian Government and state and territory governments.“*

The code contains Performance Requirements, which are the minimum standards that buildings,
building elements, and plumbing and draining systems must meet. Building, plumbing and drainage
solutions comply with the code if they satisfy these mandatory Performance Requirements.
Performance Requirements can be met by using either a Performance Solution (Alternative Solution)
or a Deemed-to-Satisfy Solution.'

The code also contains assessment methods, any combination of which can be used to determine
whether a building or plumbing and drainage solution complies with the Performance Requirements.
One assessment method is verification methods. These are tests, inspections, calculations or other
methods that determine whether a proposed building or plumbing and drainage solution complies
with the relevant performance requirements.*%

For ventilation and indoor air quality in particular, the code has specific performance requirements,
verification methods and deemed-to-satisfy provisions. The performance requirements are
mandatory. Verification methods and deemed-to-satisfy provisions are not mandatory but can be
used as the compliance pathway for a specific building solution.“*

The indoor air quality verification methods in the code set out maximum indoor exposure levels for
the following air pollutants, as well as the time periods over which the concentrations are averaged:
carbon dioxide; carbon monoxide; nitrogen dioxide; ozone; total volatile organic compounds;
formaldehyde; and particulate matter (PM,, and PM,s) (see Appendix B for details).“3* The current
version of the verification methods excludes biological contaminants, industrial contaminants, and
contaminants associated with environmental tobacco smoke.*®

In terms of current requirements for pollutant concentration levels, there is also guidance for
workplace exposures. Safe Work Australia publishes Workplace exposure standards for airborne
contaminants. This contains a list of standards for various airborne contaminants and guidance

to meet Work Health and Safety Act and Regulations duties (see Appendix B for details) % A new
Workplace exposure limits - airborne contaminants will be introduced from December 2026, to
replace the workplace exposure standards.*’ These standards/limits are specific for ‘workplace’
exposures to air contaminants, though persons conducting a business or undertaking have duties to
protect visitors to workplaces, as well as to protect employees.

The workplace exposure standards apply to any workplace and wherever work is undertaken. They
are not specific to indoor settings. The exposure is measured in the breathing zone of the worker.“%®
Exposed employees are assumed to be adult, healthy and working for eight hours a day for a five-day
week, without taking into account more vulnerable populations, such as the very young or elderly.4
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The current ventilation standards for new buildings and major refurbishments in Australia are AS
1668.2:2024 The use of ventilation and airconditioning in buildings, Part 2: Mechanical ventilation in
buildings and AS 1668.4:2024 The use of ventilation and airconditioning in buildings, Part 4: Natural
ventilation of buildings.“*“® AS 1668.2, relevant to mechanically ventilated buildings, sets a 10 litre per
second per person minimum effective outdoor airflow rate (ventilation) requirement for most types
of occupancies. AS 1668.2 is referenced in the National Construction Code, and is mandatory when
following a Deemed-to-Satisfy compliance pathway for new buildings and refurbishment of existing
buildings. For natural ventilation, the National Construction Code requires direct ventilation openings
such as operable external windows and doors to be present in a building, with an area of not less
than 5% of the fioor area of the room required to be ventilated, with further provision for borrowed
ventilation requirements.*4!

There is no general ongoing ventilation compliance requirement for buildings after construction,
outside of specific settings such as occupational settings.*2 However, there are air handling system
maintenance requirements across both new and existing buildings for specific pollutants, including
microbial control,*** and for fire protection systems and equipment.“4#

Other standards, codes and guidelines in Australia relevant to indoor air include standards for

gas appliances and wood heaters, UV lamps, various building materials, and the management of
particular pollutants. These are generally nationally agreed standards, sometimes incorporated into
state and territory regulations .+

There are also regulatory and policy settings focused on particular airborne pollutants including
mould and condensation, some chemicals and fragrances, cosmetic ingredients, radon, asbestos,
tobacco smoke, and infectious aerosols (e.g., tuberculosis).*4

States and territories regulate a number of aspects of indoor air quality. They have general public
health and environment protection frameworks and publish a range of guidance. States and
territories also have building regulations that give legal effect to the National Construction Code.**

Some local governments have also adopted indoor air quality-related measures in their planning
regulations. For example, Waverley Council in Sydney, NSW, sets out a number of measures in its
development control plan. The measures are aimed at promoting human health by reducing polluting
fuels and increasing ventilation.“4®

6.2.1 Healthcare settings

The Australasian Health Facility Guidelines are an initiative of the Australasian Health Infrastructure
Alliance, with representatives from all jurisdictions in Australia and New Zealand. They aim to enable
public health facilities to be planned and designed effectively. They include guidance on infection
prevention and control, including air handling.+

Standards include the National Safety and Quality Health Service Standards. These require
Australian health service organisations to have systems in place to prevent, manage and control
infections and reduce harm for patients, consumers and the workforce, as well as to achieve good
health outcomes for patients.*® Organisations are also required to use evidence-based systems to
reduce infection risk using the hierarchy of controls and infection prevention and control systems.
The hierarchy of controls ranks hazard controls from most to least reliable. If it is not reasonably
practicable to eliminate arisk, the risk must be minimised as far as is reasonably practicable. This is
done using one or more substitution, isolation or engineering controls, followed by administrative
controls and the use of personal protective equipment (PPE) 45! Standard 3.08(e) requires
consideration of environmental controls, including ventilation.
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The Australian Commission on Safety and Quality in Health Care is the national agency for health
safety and quality in Australia. It sets standards, resources and guidance for health services and
patients, including guidance on infection prevention and control.

The National Construction Code also applies to health-care buildings (hospitals) and other health
care facilities.

6.2.2 Residential aged care

The Aged Care Quality and Safety Commission regulates Australian aged care services. Indoor air
quality policy issues of specific relevance to residential aged care include the development and
introduction of the National Aged Care Design Principles and Guidelines, which include a guideline
focused on clean air. Guideline 1.9 recognises that a range of factors contribute to poor air quality
in aged care homes, and that these can affect health, usability and accessibility.*>? The Design
Principles and Guidelines recommend a range of measures to improve air quality.

6.2.3 Workplaces

Most public places in Australia are also workplaces, and covered by work health and
safety legislation.

Work health and safety legislation applies to the health and safety risks that arise from indoor
air quality.

Under the model Work Health and Safety (WHS) laws, a person conducting a business or undertaking
must ensure, so far as reasonably practicable, the health and safety of workers (including
volunteers). They must also ensure, so far as is reasonably practicable, that the health and safety of
other persons (e.g., visitors, customers) is not put at risk from work carried out as part of the conduct
of the business or undertaking.

To ensure health and safety so far as reasonably practicable, a person conducting a business or
undertaking must eliminate health and safety risks at work, or if that is not reasonably practicable,
minimise these risks so far as is reasonably practicable. This includes the risks that arise from poor
air quality.

The model WHS laws have been adopted by all jurisdictions, except Victoria which has retained its
Occupational Health and Safety Act 2004. WHS laws are regulated by the WHS regulator in each
jurisdiction.

Safe Work Australia develops national policy relating to work health and safety and workers’
compensation, including developing and evaluating the model WHS legislative framework. This
includes the workplace exposure standards for airborne contaminants and how to meet duties under
the Work Health and Safety Act and Regulations.“%3 A person conducting a business or undertaking

is required to ensure that no person in the workplace is exposed to an airborne contaminant at a
concentration exceeding the standards.“s*

Air monitoring must be carried out if the person conducting the business or undertaking is not
certain on reasonable grounds if the standard has been exceeded or to determine if there is a risk
to health. Workers’ exposure is measured by air monitoring in their breathing zone.“** Protection
provided by respiratory protective equipment (like masks) worn by a worker can generally be taken
into account when measuring exposure levels.“*®
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Safe Work Australia states the standards are generally set at the lowest airborne concentration
unlikely to cause an adverse effect. However, some people may still experience adverse health
effects from exposure at levels below the standards, so exposure to airborne contaminants should
be kept as low as reasonably practicable to protect people (including visitors) in the workplace .

Safe Work Australia publishes guidance on the interpretation of the workplace exposure standards
for airborne contaminants.“®

Under the model WHS Regulations, a person conducting a business or undertaking has a duty

to ensure that workplace ventilation allows workers to carry out work without risk to health and
safety.*s9 Safe Work Australia provides guidance on improving ventilation in indoor workplaces.#°
States and territories also provide various work health and safety related guidance. For example,
Western Australia’s WorkSafe: the way forward 2023-24 to 2025-26 strategic plan includes repeat
hazard exposure and dust-related respiratory hazards as priorities.“®! SafeWork NSW provides
guidance on managing respiratory conditions in the workplace.“6? WorkSafe Victoria has published
guidance on the use of respiratory protective equipment to reduce the risk of exposing healthcare
and social care workers to COVID-19.463

Inclusion and access issues are also relevant, reflecting that some people are more vulnerable than
others to some indoor air quality issues.“%4

6.2.4 Fiscal measures

Some policy responses relate to fiscal assistance, such as grant programs and direct investment
in carbon dioxide monitoring, as well as improved ventilation for schools and other indoor settings.
Examples of such programs include:

. free carbon dioxide monitors for schools (ACT)465

+ aschools upgrade fund (Commonwealth)*©®

+ anaudit of windows, fans and ventilation systems in public schools (NSW)“¢7

- anaudit of air-conditioning units at government schools (NT)*e

- the provision of portable air purifiers to schools without central air-conditioning systems (NT)“6°
« aschool ventilation program (SA)“7°

- freeair purifiers in all public schools and an audit of school windows (TAS)*

- asmall business ventilation grant program (VIC)“7

« anair purification and shade sails for schools program (VIC)“’3

+ anaudit of ventilation of all classrooms in public schools, and air purifiers and carbon dioxide
monitors (WA) 474

In addition, the Australian Government is providing funding for the Australian Research Council
Training Centre for Advanced Building Systems Against Airborne Infection Transmission (THRIVE).
This includes S5 million through the Australian Research Council Industrial Transformation Training
Centres Scheme. The aim of the centre is to design and engineer building systems whose elements
work together to reduce airborne infection transmission by improving indoor air quality while
maintaining comfort and efficiency.*’®

The International Laboratory for Air Quality and Health conducts research, postgraduate training
and consulting on air quality and human health, focused particularly on ultrafine and nanoparticles.
It is the World Health Organization Collaborating Centre for Air Quality and Health.*’¢ Academics from
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different disciplines and faculties of Queensland University of Technology (QUT) are involved.*”

The Australian Government is also providing funding for the Centre for Safe Air, a National Health
and Medical Research Council Centre of Research Excellence. The centre aims to bring together
researchers from around Australia with a focus on air quality and health. Its vision is for a healthier
community through cleaner air, underpinned by evidence-informed policy and practice.*’®

The Australian Government is also providing funding for the Healthy Environments And Lives
(HEAL) National Research Network. The network aims to translate knowledge into action
addressing environmental and climate change and its impacts on health across every Australian
state and territory.*’

On 31 July 2024, the Victorian Government announced the Pathway to Clean Indoor Air in Victoria
project. The $9.87 million project aims to generate evidence, develop policy and funding options, and
inform the statewide roll-out of indoor air quality initiatives. The two-year project is a collaboration
between the Victorian Government, the Burnet Institute and other research partners.“®

On 31 July 2024, the New South Wales Government announced it was providing funding for a Fresh

AIR Innovators program as part of the $800,000 Natural Hazards STEM Support Program. The Fresh
AIR Innovators program enhances STEM education for upper primary students in NSW, focusing on
bushfire management and indoor air quality.“®’

The Queensland Government, through the Office of the Queensland Chief Scientist, has provided
funding support for the Study Fresh program. The program engages school children with indoor air
quality by running workshops where students learn about, build and use indoor air quality sensors to
monitor and improve air quality in their classrooms.“82

The Victorian Government also provided grant funding for a 2018-2020 project investigating indoor
air quality for vulnerable populations. The study documented indoor air quality in school classrooms
and in residential aged care home common rooms, including the impact of design, operation and
geographic location. It analysed the effect of indoor air quality on students’ learning performance.“®®

Homes Victoria is implementing energy efficiency upgrades to social housing in Victoria. These
include replacing older gas heaters with reverse-cycle air conditioning.“%

6.2.5 Voluntary industry rating schemes and standards

There are anumber of voluntary industry rating schemes and standards that assess indoor air
quality. In Australia, these include Green Star and National Australian Built Environment Rating
System (NABERS) %8> NABERS is a national government program that measures the environmental
performance of Australian buildings and tenancies, including indoor environment quality.“e®
Nationwide House Energy Rating Scheme (NatHERS), also a government program, provides energy
ratings for new dwellings. In October 2022, NatHERS announced that new options, aiming to improve
air quality, were being considered for possible introduction.“®

Other rating schemes and standards include:

« Green Star, which includes a Green Star - Interiors certification, with an indoor environment
category that includes credits addressing air quality and thermal comfort“€®

+  WELL Building Standard™ version 2, which includes the WELL Air concept that aims to achieve
high levels of indoor air quality across a building’s lifetime, including by eliminating or reducing
pollutants at source, building design and operation strategies, and human behaviour4e?
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« Fitwel, which includes an Indoor Air Quality Policy and an Indoor Air Quality Assessment Protocol“®

- Indoor Air Hygiene Institute’s Inside Advantage™ Certification Program, which enables indoor
facilities to continually manage their indoor air hygiene*!

« TAIL (performance rating of the thermal (T) environment, acoustic (A) environment, indoor air (1),
and luminous (L) environment), developed to rate indoor environment quality in offices and hotels
undergoing major energy renovation during their normal use“°?

+ |[EQ-Compass, which evaluates indoor air quality, and thermal, visual and acoustic indoor
environmental quality, without considering user influence*®®

+ Deutsche Gesellschaft fur Nachhaltiges Bauen, a certification system assessing environmental,
economic and sociocultural and functional quality of buildings over their lifecycle“%

- Clobal Real Estate Sustainability Benchmark, measuring the environmental, social and
governance performance of buildings, including parameters associated with indoor
environmental quality“®®

« Building Research Establishment Environmental Assessment Method, which is used to specify
and measure the sustainability performance of buildings across their lifecycle“®

« Leadership in Energy and Environmental Design, a certification system with arange of
prerequisites and credits, including in relation to indoor environmental quality“®’

- Living Building Challenge, which includes a certification program for sustainability in the built
environment, including in relation to indoor air quality and a healthy indoor environment.“®

AIRAH, the industry association for professionals and practitioners in the heating, ventilation, air
conditioning, and refrigeration and building services industries, publishes DA26 Indoor Air Quality,
looking at measures to remediate indoor air quality issues generally without major redesign or
system modification.*®®
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Many countries are focusing on efforts to improve indoor air quality, recognising the health and
economic benefits available from such improvement.

International initiatives in place or under development include carbon dioxide monitoring and the
display of monitored carbon dioxide concentrations in public indoor spaces, product labelling for
their pollutant emissions, indoor air quality standards, use of masks, public guidance, and ventilation
minimum standards.

Initiatives have been adopted or are under development in many jurisdictions and by some
multilateral bodies, including from Belgium, Canada, China, Denmark, Europe, France, Germany,
India, Japan, the Netherlands, New Zealand, South Korea, Taiwan, the UK, the USA, and the World
Health Organization.

There are anumber of indoor air quality standards or guidelines developed internationally, with
different pollutants that could be considered for adoption in Australia to improve the health impacts
of indoor air quality.5° The World Health Organization has published the Roadmap to improve and
ensure good indoor ventilation in the context of COVID-19.5% The World Health Organization also
released new Air Quality Guidelines in September 2021 that could be used to set national indoor air
quality standards to protect human health.592 The European Parliament is reportedly considering
aligning requirements for several pollutants with the new World Health Organization guidelines.®%
While these guidelines are based on health impacts, they do not as yet include airborne viruses.

Other standards that could inform Australia’s approach include Japan's standards for air environment
and the healthy management of buildings (see Box 9).5% The US CDC recommended in May 2023 to,
when possible, aim for ventilation rates of five or more air changes per hour of clean air in occupied
spaces, and recommended air filtration at a Minimum Efficiency Reporting Value 13 or better.®%

The American Society of Heating, Refrigerating and Air-Conditioning Engineers new Standard 241
Control of Infectious Aerosols aims to reduce the risk of infectious disease transmission in new

and existing buildings.% It applies to periods of elevated risk, such as the emergence of a new
pathogen or a period of high risk with existing pathogens. It establishes minimum ‘equivalent clean
air delivery’ requirements for different indoor spaces, and allows it to be achieved by ways other than
ventilation.®” It focuses primarily on addressing the risk of long-range transmission of infectious
aerosols rather than near field transmission.>% There is also guidance available from the Federation
of European Heating, Ventilation and Air Conditioning Associations, the Canadian Centre for
Occupational Health and Safety, and the Lancet COVID-19 Commission Task Force on Safe Work, Safe
School, and Safe Travel.*® New Zealand has published ventilation guidance for the general public.>"
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The current indoor air quality policy and regulatory landscape in Australia is discussed in Section 6.
Areas of focus for policy options to address gaps in this landscape include:

+ reducing pollutants at their source

« reducing pollutant concentrations in indoor air
protecting people - including vulnerable people - at points of pollutant exposure
issues relevant to specific settings
education and awareness raising.

Box 7. Some related reports and studies

Ina 2022 article in The Medical Journal of Australia, Distinguished Professor Lidia Morawska and co-
authors made a range of indoor air quality-related recommendations including establishing indoor air
quality standards, and strengthening building design and engineering standards, including a greater
focus on airborne infection control.®"

In August 2024, the National Science and Technology Council advised government that a broad base
of experimental literature supports the use of various indoor air quality interventions to address
airborne viral disease transmission in public spaces. It found a limited number of studies linking
indoor air quality interventions with health outcomes, such as reduced infection transmission risk,
morbidity and mortality, though it noted that stronger evidence may emerge over the next 12 to 18
months as current studies conclude.®

Several stakeholders have released reports on indoor air quality policy options. These include The
Burnet Institute, the Australian Academy of Science and the University of Melbourne, which jointly
released Clean Indoor Air: 2024 Collaboration and Global Action, and The Safer Air Project advocacy
organisation, which released its report, Safer shared air - a critical accessibility and inclusion issue,
on 20 November 202455
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This report proposes the following focus areas, discussed in detail later in this section:

Focus area 1. Explore health-based national indoor air quality performance goals

The Australian Centre for Disease Control should lead work to review existing Australian

indoor air quality guidance, with a view to informing development of health-based national indoor air
quality

performance goals, including maximum concentration levels for specified pollutants, and
equivalent clean air delivery or ventilation rates or proxy measurements, taking into account
airborne virus infection control.

A starting point for development could be the following pollutants and levels, drawn largely from a
2024 Science paper by Morawska et al®™:

+ PMys - 15 micrograms of fine particulate matter per metre cubed of air (ug/m?) (averaged over an
hour), 7 ug/m? (averaged over a year)

- carbon monoxide - 25 parts per million (ppm) (averaged over an hour), 9 ppm (averaged over 8
hours), and 3 ppm (averaged over 24 hours, with 3 to 4 exceedances allowed each year)

- carbon dioxide - 800 ppm (absolute value)
« clean air supply rate - at least 14 litres of clean air supplied per second per person.

Focus area 2. Develop specific policy options for sensitive use settings,
including schools, early childhood education, and aged care, that are aligned with the
performance goals

The work should consider establishing model indoor air quality guidance for schools, early childnood
education centres, residential aged care and other sensitive use settings to promote greater
alignment in guidance across jurisdictions, building on existing guidance materials.

The work should also consider options for monitoring, display, and certification or ratings schemes
against indoor air quality performance goals initially for sensitive use settings.

Focus area 3. Provide public guidance materials on ways to improve indoor
air quality

See the public guidance materials developed during the preparation of this report and outlined in
Appendix C on the health impacts of poor indoor air quality and how to improve indoor air quality.
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8.1 Indoor air quality policy co-ordination and governance

‘Regulatory actions related to indoor air quality are limited, especially
in comparison to regulation of outdoor air quality and industrial
workplace air—a feature also common overseas. While some guidance
has been provided by authorities ..., there is a need for a more
structured approach for evaluation and control of indoor air quality. A
severe limitation is the absence of a single government authority with
responsibility for indoor air quality.”

National State of the Environment Report - Indoor Air Quality (1997)5%

IN 1999, the World Health Organization European Centre for Environment and Health recommended
that countries establish an interministerial indoor air quality task force, and develop and implement a
national indoor air quality strategy.®"®

Various countries have established cross-departmental indoor air quality groups. The UK established
the Cross Government Working Level Group on Indoor Air Quality in September 2021, aiming to ensure
a coordinated approach across government departments and other government bodies on indoor
air quality.®” The USA has a Federal Interagency Committee on Indoor Air Quality, established by the
US Congress in 1983.°® The USA also has an Office of Radiation and Indoor Air, within the Office of

Air and Radiation.*™ Hong Kong has an inter-department Indoor Air Quality Management Group, with
representatives from five government bureaux and fourteen departments, to coordinate control of
indoor air quality in Hong Kong.*? Belgium has created an Indoor Air Quality Platform, a consultation
space for all stakeholders directly involved in improving indoor air quality in publicly accessible
enclosed spaces.®? The UK has an Air Quality Expert Group.®? The New Zealand Ministry of Education
formed a Ventilation Technical Advisory Group.52

In 2001, a parliamentary committee recommended an inter-agency standing committee be
established to commence action onindoor air quality in NSW, recognising indoor air quality isa
complex issue requiring action across a number of portfolios and jurisdictions.®?* At a state level in
Australia, the Victorian Government formed a Ventilation Technical Advisory Panel.52

Ina 2022 paper in The Medical Journal of Australia, Distinguished Professor Lidia Morawska,
Professor Guy Marks and Professor Jason Monty recommended the establishment of a consistent
national regulatory infrastructure for clean indoor air for Australians.®*

The current regulatory infrastructure for ambient air national environment protection measures

is set out under the National Environment Protection Council Act 1994 (Cth) 5?7 Additionally, the
existing National Clean Air Agreement has an Air Project Management Group from Commonwealth,
state and territory governments supporting the National Clean Air Agreement work plan process,
with secretariat support from the Department of Climate Change, Energy, the Environment and
Water. The National Air Technical Advisory Group (NATAG) supports the Air Project Management
Group, as well as providing technical advice to the Meeting of Environment Ministers and the Senior
Officials Group that supports that meeting.

The National Science and Technology Council has advised that work done at the state and territory
level, including evidence-based advice on ventilation strategies, could be drawn on, where suitable,
for application nationally.528
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Box 8. Pace of public health structural change

Some significant public health policy changes have taken decades to implement fully, despite
increased mortality, morbidity and economic costs in the interim.

An understanding of the need for good hand hygiene stemmed from the work of Dr Ignaz
Semmelweis in 1847, but it took many decades for good hand hygiene to be accepted widely in
hospitals and beyond.52®

Water hygiene and sewage treatment also took many decades to implement in both the UK and
Australia. In London in the early 1800s, cholera was rife over decades. Despite Dr John Snow
developing the theory that cholera was waterborne, it was not until 1865 that a new sewerage
system for London was opened.®® It took many decades more for water filtration and chlorination to
be used widely.>'

In Australia, Melbourne was nicknamed ‘Smellbourne’ in the 1800s, with diseases like typhoid
widespread, until a Royal Commission in the late 1880s led to the establishment of the Melbourne
and Metropolitan Board of Works and a sewerage system.53

Australia has the opportunity to learn from this history and work to implement effective indoor air
quality interventions quicker. We have the impetus of COVID-19, recent bushfires and climate
change, as well as an increased knowledge of the health and economic benefits of action and the
costs of inaction.

8.2 Reducing negative health impacts of pollutants at their source

8.2.1 Reducing emissions of outdoor air pollutants at their source

DCCEEW coordinates most of the regulation of outdoor air pollution at the national level, with state
and territory environmental protection bodies leading the work at state and territory level. This work
includes developing and implementing policy settings to reduce emissions of vehicle, industry and
wood heater pollution. Much of the work is done in projects that are part of work plans under the
National Clean Air Agreement.

8.2.2 Reducing emissions of indoor air pollutants at their source

8.2.21 Low emission building and interior products, and product and installation standards

Pollutants are often emitted from building materials, finishes and furnishings.>** Installing low-
emission materials would reduce such emissions and indoor air pollutant levels irrespective of
pbuilding ventilation. The Australian Building Codes Board's Indoor Air Quality Verification Methods
Handbook provides advice on information about selecting low-emission materials. However, the
handbook notes that it is difficult to identify low-emission materials when there is inadequate
information available on the air contaminants that may be emitted by a product, though more data
sources are becoming available.5®
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Care also needs to be taken that unintended consequences do not emerge from products intended
to improve air quality. As an example, the Royal Society of Chemistry notes that photocatalytic
paints, intended to reduce air pollution, released other pollutants as a by-product of the reaction.5®

8.2.2.2 Product phase outs or bans

Product phase outs or bans are a way of responding to a product’s health impacts. In December
2023, the Australian, state and territory governments made the decision to ban the use of
engineered stone inresponse to the rise of silicosis. The Australian Government also introduced
aban on the importation of engineered benchtops, slabs and panels from 1January 2025. Various
State governments have also announced phase outs in relation to residential gas and/or wood
heaters or other heating products.

8.2.2.3 Reducing indoor air pollution from energy sources (e.g. gas and wood heating
and cooking)

Wood heaters are the predominant source of human-linked PM, s emissions in many cities and towns
in Australia.>®® The ACT Government has endorsed a position to phase out wood heaters in the ACT
by 2045 .5%° There are a number of potential policy options that could be considered at the national
and/or state and territory level to reduce the health impacts of wood heater emissions .54

Under project 2.3 of the National Clean Air Agreement 2021-2023 work plan (‘share information to
reduce pollution from wood heaters’), jurisdictions collaborate on the management of wood
heaters, education and community outreach, and measures to encourage compliance with wood
heater standards.>*

Gas cooking and heating is a source of indoor air pollution.®*2 In Victoria, gas connections have been
banned in all new homes and government buildings since 1January 2024, whilst South Australia is
diluting natural gas with hydrogen.>* The ACT will transition away from fossil fuel gas to renewable
electricity by 204554 In addition, Victoria and Western Australia have banned some types of open-
flued gas heaters.®*

As buildings are increasingly designed with greater attention to draught-proofing (air tightness),
the fumes from any combustion process can cause more harm if not actively managed. As Victorian
Coroner Jacqui Hawkins noted in a 2018 inquest, '[n]ew and renovated housing, commonly
characterised by a reduction in ventilation, together with the use of internal exnaust fans, can be a
deadly combination when an [open-flued gas] heater is installed and operating.” She stated open-
flued gas heaters pose an ‘important public health and safety issue’.54¢

The national Climate Change Authority recommended that the Australian Government work with
states and territories on a coordination plan to phase out new and existing gas connections. The
Minister for Climate Change and Energy noted that there is considerable variability in household
reliance on gas between states, with Tasmania at around 5% and Victoria at over 70%. The Australian
Government is providing funding for household and social housing electrification.>

Indoor air pollution generated from frying, grilling, baking and toasting food can also have negative
health effects.>® Using a rangehood can assist to reduce pollutant levels in some cases, and
microwave cooking has been found to produce much lower levels of particle pollution than
conventional stoves.

The National Construction Code does not require rangehoods to be installed in home kitchens, but
any rangehoods that are installed in new homes must be vented to outdoor air.5°
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8.2.2.4 Face masks (respirators)

Mask wearing to reduce exposure is discussed in section 8.4.1. Mask wearing to reduce infectious
respiratory airborne emissions at their source can also be effective when an appropriate well-fitted
respirator mask is worn continuously, as part of a system-based approach to risk management using
the hierarchy of control to apply mitigations.®'

An eBioMedicine paper published in May 2024 compared efficacy of cloth and surgical masks and
respirators (KN95 and N95) as source control for viral load in exhaled breath of volunteers with
COVID-19. The authors reported that all masks and respirators significantly reduced exhaled viral
load, without fit tests or training. A duckbill N95 reduced exhaled viral load by 989, significantly
outperforming a KN95, and cloth and surgical masks. The authors stated the results suggest NS5
respirators could be the standard of care in nursing homes and healthcare settings when
respiratory viral infections are prevalent in the community and healthcare-associated transmission
risk is raised.®*

Social acceptance of mask wearing has been challenging in Australia since mandates were
removed.>** A 2021 World Economic Forum article examined various strategies used by countries to
increase mask wearing. These include incentives and penalties, from free masks to fines, as well as
behavioural interventions such as political and community leaders setting an example by wearing
masks in public, media campaigns on TV, radio and social media, and viral social media content.

8.3 Reducing negative health impacts of pollutants in the air

8.3.1 Considering the establishment of national indoor air quality goals

The Australian Government could consider establishing national indoor air quality goals, including
health-based maximum concentration levels for specified pollutants, and equivalent clean air
delivery or ventilation rates or proxy measurements.®

Potential mechanisms through which the goals could be enforced, by incorporating into existing or
new enforceable standards, might include:

- National Construction Code (including the Indoor Air Quality Verification Methods) - the
code and supporting documents are a possible mechanism, but its ventilation levels and pollutant
limits currently only apply to new building (and major refurbishment) design and are not required
to be verified during ongoing performance (other than air handling for fire safety).

 Introduce indoor air quality building operation requirements - just as essential safety
measures for fire safety are enforceable under state and territory building regulations,
regulations could be introduced to enable National Construction Code indoor air quality design
phase requirements to be enforced in the operation phase of buildings.®® This would require the
agreement of states and territories.

- Safe Work Australia’s Workplace Exposure Standards/Limits - while duties are generally limited
to occupational settings, they extend to ensure the health and safety of others who may be
affected by the carrying out of work, such as visitors. Some of the current exposure standard
levels are significantly higher than in other Australian and international guidance and standards,
and do notinclude all relevant pollutants. Measurements under these standards/limits are done
in the breathing zone of a worker, in contrast to general air or environmental monitoring, and are
set at levels for healthy workers rather than for entire populations with old, young and otherwise
vulnerable people.
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- Safe Work Australia’s Model Code of Practice: Managing the work environment and facilities
- the code already includes guidance around ventilation and discusses the workplace exposure
standards. It could be adapted to incorporate any new health-based indoor air quality goals, but
consideration would need to be given to its alignment with the Workplace Exposure Standards/
Limits in occupational settings.

- Ventilation Code of Practice - this could be a mechanism, and would support the ventilation
duty in the model Work Health and Safety Regulations 2011, though would be limited to
occupational settings.s*’

- Biological Hazards Code of Practice - this could be a mechanism to cover work-related
exposures to biological hazards. The International Labour Organization is working on a standard
covering biological hazards.5®

- Expansion of Legionella risk management arrangements - the regulatory system under public
health regulations designed to control Legionella growth in cooling towers could be expanded to
cover other pollutants and HVAC systems generally.

- A Standards Australia-developed Australian Standard - Standards Australia, a non-
government national standards body could coordinate the development of an Australian
Standard, through a consensus process with participating stakeholders.

- Commercial Building Disclosure Program - this program could be used to require indoor
environment information to be disclosed when some types of commercial office space are offered
for sale or lease, with the possibility of Minimum Indoor Air Quality Performance Standards for low-
performing buildings that do not respond to mandatory disclosure.®°

« Premises Standards - The Safer Air Project recommended these standards, intended to ensure
people have dignified, equitable, cost effective and reasonably achievable access to buildings,
and facilities and services within buildings, could be amended to include standards on indoor air
quality. These standards are due for review in 2026.5¢°

- NABERS - The Burnet Institute, supported by other stakeholders, has called for the development
of anindoor air quality performance indicator and rating system under the National Australian
Built Environment Rating System (NABERS) .5¢'

Note that while levels for certain outdoor air pollutants are set in a National Environment Protection
Measure, the enabling legislation for such measures expressly limits them to ‘ambient’ air
measures.®52 Environment ministers agreed to a review of the measure, to commence in 2025.553

Note also that the National Health and Medical Research Council (NHMRC) had previously
determined a series of air quality goals for some key air pollutants based on their human health
effects. Some were for ambient air, and others for indoor air. The ambient air goals were replaced

by the National Environment Protection (Ambient Air Quality) Measure. No similar replacement
arrangement was put in place for the NHMRC's indoor air quality goals, and these were rescinded.®%

As well as setting performance goals, and aligning existing and possible future standards,
consideration could be given to an accompanying requirement or guidance to minimise
concentration levels of pollutants as far as is reasonably practicable. This multiple duty model
already exists in work health and safety regulation of air quality in occupational settings.

Existing legislation, guidance, standards and other documents have served different purposes

over time. The roles of various regulators and alignment with existing regulatory requirements and
guidance should be considered carefully. This includes work health and safety airborne contaminant
regulations and exposure standards/limits. For example, the carbon dioxide workplace exposure
standard/limit is 5,000 ppm (and 12,500 ppm in underground coal mines) 5%
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8.31.1 Maximum concentration levels for specified pollutants

As with the World Health Organization’s Air quality guidelines, any national indoor air quality goals
should be a target to work towards improving people’s health by reducing the health impacts of air
pollution.®®® Consideration could be given for maximum concentration guidance levels to be set at a
concentration level unlikely to cause an adverse effect. As with work health and safety requirements,
any guidance associated with the levels could also suggest exposure is kept as low as reasonably
practicable to protect anyone in the indoor space, including more vulnerable individuals.

An Australian Government ‘red tape reduction principle’ is to utilise international standards and risk
assessments from trusted international sources where appropriate.*®’ The maximum concentration
levels for specified pollutants outlined below have been developed drawing on relevant standards
and assessments from both domestic and international sources. These could then be further
developed using a health risk assessment approach. Such an approach could seek to estimate a
health risk-concentration relationship for the specified pollutant to assist in determining maximum
concentration levels in Australia.®®®

Arecent paper in Science by Distinguished Professor Lidia Morawska and other international experts
proposed including PM, s, carbon dioxide and carbon monoxide in performance standards for public
spaces, with a focus on addressing airborne infection transmission.®° The paper proposed maximum
concentration levels, set outin Table 2 in Appendix B. These levels are compared in Table 2 with
examples of existing Australian and international guidance.

As a starting point for development of nationally uniform indoor air quality pollutant levels, and with
reference to the guidance levels set out in Table 2, this report proposes the following pollutant levels
for further consideration:

« PMys-15 ug/m? (1-hour averaging time), 7 ug/m? (1-year averaging time)
- Note that ug/m?is a measurement of concentration in the air in terms of mass per unit of

volume. A concentration of 15 ug/m? means that there are 15 micrograms (15x10°¢ grams) of
pollutant in every cubic metre of air.

- Note also that averaging time is the period over which air pollution data are averaged and used
to check against a standard level.

- The 2021 World Health Organization Air Quality Guidelines, which apply to both ambient and
indoor air, recommend 15 ug/m? (24-hour averaging time) .57° There is currently no 1-hour
averaging time level in either the WHO guidelines or the National Environment Protection
(Ambient Air Quality) Measure. The measure states the 1-year averaging goal for PM, s from
2025 is 7 ug/m3, while the WHO guidelines level is 5 pg/m?®.

- Recent epidemiological research suggests there is no PM, s concentration threshold below
which health effects do not occur.®”

- carbon monoxide - 25 ppm (1-hour averaging time), 9 ppm (8-hour averaging time), and 3 ppm
(24-hour averaging time, 99 percentile)

- Note that 24-hour averaging time, 99™ percentile provides for 3 to 4 exceedance days
each year.

- 25 ppm (1-hour averaging time) aligns with the Australian Building Codes Board's Indoor
air quality Verification Methods Handbook, and the Canadian Residential indoor air quality
guidelines. It is lower than the existing World Health Organization 2010 WHO Guidelines for
indoor air quality: selected pollutants 1-hour level of approximately 31 ppm. The lower level has
been selected as a conservative preliminary level, noting the World Health Organization 2010
guidelines assume light exercise and that such exposure levels do not occur more often than
once a day (see Table 2in Appendix B).
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- 9ppm (8-hour averaging time) is the ambient air concentration specified in the National

Environment Protection (Ambient Air Quality) Measure, and in several international guidance
documents (see Table 2 in Appendix B) .57

3 ppm (24-hour averaging time, 99t percentile) is approximately the same as the 24-hour level
in the World Health Organization 2021 Air Quality Guidelines (see Table 2 in Appendix B).

Consideration could be given to requiring carbon monoxide alarms in indoor spaces with
combustion appliances, to detect faulty appliances emitting high levels of carbon monoxide.
While there is no Australian standard for carbon monoxide alarms, the European Standard
(EN50291) requires alarm activation at different time intervals for different concentrations of
carbon monoxide.5”

- carbon dioxide - 800 ppm (absolute value)
- The Science paper recommends an absolute value of 800 ppm for carbon dioxide where

the outside air carbon dioxide concentration is 450 ppm (or a value of 350 ppm above the
concentration in the supply air) .5

Several jurisdictions have proposed guidelines to maintain indoor carbon dioxide
concentrations below values ranging from 800 to 1,000 ppm.®”® In Australia, the National Aged
Care Design Principles and Guidelines checklist for Guideline 1.9 on Clean Air recommends
keeping levels to less than 1,000ppm.5® Belgium had proposed two reference levels - 800

and 1,000 ppm.*7 In 2023 in the UK, the British Council for Offices updated its Guide to
Specification, changing the recommended carbon dioxide levels from <1,000 ppmv to <800
ppmv (parts per million by volume) .58 In the US, the Indoor Air Hygiene Institute sets <600ppm
as part of its indoor air excellence levels.®”® New Zealand Standard 4303:1990 states that
comfort (odour) criteria are likely to be satisfied if the ventilation rate is set so that 1,000 ppm
is not exceeded.5® Ireland’s Code of Practice for Indoor Air Quality states that in most occupied
Spaces, a carbon dioxide concentration consistently below 1,000 ppm is likely to indicate that
anindoor space is adequately ventilated.®®'

Under the classroom scenario in the Science paper described above, 1,000 ppm would be likely
to result in infection occurring.

Further illustrating the variety of thresholds adopted in other jurisdictions, Figure 3 is
taken from a recent review, published in the Journal of Exposure Science & Environmental
Epidemiology, of current indoor carbon dioxide guidelines worldwide and the supportive
evidence provided.®® It shows eight identified carbon dioxide guidelines set with multi-tier
limits, by country or organisation.
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Figure 3. Eightidentified CO, guidelines set with multi-tier limits, by country or
organisation (source: Mendell et al, ‘Carbon dioxide guidelines for indoor air
quality: areview’, J Expo Sci Environ Epidemiol, 2024, 34:555-569,
doi:10.1038/s41370-024-00694-7)
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International developments should continue to be monitored when considering indoor air quality
goals for Australia. A collaborative group, Global Open Air Quality Standards, is working on a set of air
quality standards, beginning with indoor air quality. The group has published a White Paper, outlining
indoor air quality thresholds at two levels.® In January 2025, the Federation of European Heating,
Ventilation and Air Conditioning Associations published model indoor environmental regulations.®8
The World Health Organization has released an updated WHO Air Quality Standards database,
compiling national standards on the criteria pollutants in the 2021 WHO Air Quality Standards into a
single database.5®

Consideration could also be given to measuring other key indoor environment parameters, such as
relative humidity and temperature, as these can have substantial effects on the health impacts of
indoor air quality. Different climate zones across Australia may influence any levels set.

Direct detection of selected biological contaminants, such as viruses, may be feasible in the future
as technology develops. An April 2024 report from the European Commission’s Joint Research
Centre, and the Health Emergency Preparedness and Response Authority, assesses technologies
for managing indoor pathogen transmission, including pathogen detection, as well as air and surface
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decontamination.®®® The US is offering significant research funding in this space. Its Advanced
Research Projects Agency BREATHE program is looking for opportunities to develop indoor air
biosensors to detect airborne biothreats, develop respiratory risk assessment software to
determine whether health impacts are likely, and optimise building controls for enhanced health
and energy efficiency.%®’

Several standards or guidelines also set out the methods for measuring pollutant levels. The
Australian Building Codes Board's Indoor Air Quality Verification Methods Handbook is a source of
guidance on measurement methods. Schedule 3 of the National Environment Protection (Ambient
Air) Measure sets out Australian Standards Methods for Pollutant Monitoring, in relation to ambient
air monitoring of the pollutants targeted. The NABERS Indoor Environment for Offices Rules sets out
assessment requirements for measuring various pollutants and ventilation effectiveness 5%

8.3.1.2 Equivalent clean air delivery or ventilation rates

There are several ways to measure ventilation, including by volume of outdoor air delivered (air
changes per hour), by person (e.g., litres per second per person), or by floor area (e.g., litres per
second per metre squared). In addition, ventilation effectiveness can be estimated using carbon
dioxide levels, or (generally for investigative purposes rather than ongoing monitoring) using a
tracer gas.

The US CDC recommended in May 2023 to aim for five or more air changes per hour of clean air

in occupied spaces.®® The new ASHRAE Standard 241 Control of Infectious Aerosols establishes
minimum ‘equivalent clean air delivery’ requirements for different indoor spaces, and allows the
standard to be achieved by ways other than ventilation.>®® There is also guidance available from the
Federation of European Heating, Ventilation and Air Conditioning Associations (REHVA) and the
Canadian Committee on Indoor Air Quality and Buildings.5®'

The recent paper in Science discussed in section 8.3.11 proposed a ventilation level of 14 litres/
second/person when a space is occupied, with a focus on addressing airborne infection
transmission. The paper’s proposed level is based on a risk assessment model, in which the
ventilation level keeps carbon dioxide levels at a level where transmission is unlikely to occur even
for respiratory pathogens with high transmissibility.5% This level is above the current Australian
ventilation standard (AS 1668), which sets a 10 litres/second/person minimum effective outdoor
airflow requirement for many types of occupancies. It is also above the World Health Organization-
recommended minimum rate for most settings, also 10 litres/second/person.>® The proposed level is
the base of the ‘best’ category established by the Lancet COVID-13 Commission Task Force on Safe
School, Safe Work, and Safe Travel 5%

The Science paper authors note the higher level is in line with a recommended rate based on an
experimental exposure study of a cohort of school childrenin Italy. This study looked at the link
between ventilation and reported SARS-CoV-2 transmission in school children in more than 10,000
classrooms. It found that in classrooms with mechanical ventilation systems, the relative risk of
infection of students decreased at least by 74% compared with a classroom with only natural
ventilation. The study found the relative risk decreased by at least 80% for ventilation rates greater
than 10 litres/second/student, with a relative risk reduction in the range of 12% to 15% for each
additional unit of ventilation rate per person.s®

The Science paper authors recommended a supply of clean air in the breathing zone, not necessarily
outdoor air. They noted that additional measures such as air cleaning and disinfection can reduce
the need to increase outdoor air supply. However, the authors also recommended concurrent
measurement of carbon dioxide levels to assess ventilation adequacy. They noted that if the carbon
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dioxide concentration rises above an accepted threshold relative to the outside concentration or the
concentration in the recirculated air brought into a space, the ventilation in that space is inadequate.

The proposed ventilation level of 14 litres/second/person could be used as the basis to develop
Australian ventilation levels for most indoor spaces, in the building performance phase, in addition
to the requirements for the specification and design phases. Consideration should be given to
how allowing clean air rather than necessarily outdoor air as part of effective outdoor airfiow, would
interact with the proposed 800 ppm carbon dioxide level. Consideration should also be given to the
details of how the ventilation level would be measured.

The National Science and Technology Council advised that review studies investigating the role of
cleaner air supply for diluting indoor contaminants remain inconclusive on the optimum amount of
cleaner air for infection control purposes. The council stated it is likely to depend on the geometry of
the space, the occupancy level, the heating, ventilation and air conditioning characteristics and the
installation of any other air cleaning technology (for example, filtration) 5%

The newly revised AS 1668 should be considered when developing performance-based Australian
ventilation levels. As provided in AS 1668, different ventilation requirements would be needed for
particular indoor spaces, for example, operating rooms and delivery rooms. Also as provided in AS
1668, minimum exhaust ventilation flow rates should also be considered for different indoor spaces.

8.3.2 Voluntary industry rating schemes and standards

As discussed in section 6.2.5, there are a number of voluntary industry rating schemes and
standards that assess indoor air quality in Australia, including NABERS, WELL and Green Star.
These are used to create awareness and market competition to achieve better indoor air quality.

As an example, NABERS assesses indoor air quality in office buildings by assessing levels of
carbon dioxide, carbon monoxide, particulate matter (PM,), Total Volatile Organic Compounds
and formaldehyde 5

Internationally, private sector programs are available. For example, the Indoor Air Hygiene
Institute’s The Inside Advantage™ Certification Program measures carbon dioxide, particulate
matter (PM,s), Total Volatile Organic Compounds, absolute humidity and temperature. It adds
sensors on site to actively monitor PM, s, carbon dioxide, temperature, relative humidity and volatile
organic compounds.®%®

8.3.3 Applying standards to new buildings and major renovations, and
retrofitting existing building stock

Consideration could be given to requiring new buildings and major renovations in Australia to comply
with new indoor air quality standards. While building asset lives vary depending on the type of
building, the Australian Bureau of Statistics estimates asset lives of private brick dwellings are 70
years, and alterations and additions are 25 years. The bureau estimates non-dwelling constructions
have an estimated average age at demolition of 62 years.>*® This means it would take some time
before these standards apply to the majority of buildings in Australia.

Encouraging compliance with new indoor air quality standards for existing buildings in Australia
would shorten the time required to upgrade Australia’s building stock to improve indoor air quality.
Different solutions may be needed for different existing building types, with consideration needed of
arange of issues, including occupancy rates and activities in the indoor spaces.
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8.3.4 Monitoring indoor air pollutants

Indoor air sensors can be used to detect indoor air pollutants.®® If a direct sensor detects the
presence of a pathogen, or a proxy sensor detects high levels of carbon dioxide, the signal could be
used to trigger action - either setting off an alarm to prompt people to either leave the space or for
someone to open a window to increase ventilation, or, in the case of a mechanically ventilated space,
for the ventilation and filtration system to increase its ventilation and filtration levels. Clear guidance
as to recommended actions would be needed if alarms were used. In spaces such as schools, real-
time monitoring should be applied where possible.

A third option is to use arisk assessment model that assesses factors beyond direct or proxy
pollutant levels to assess the risk of airborne transmission of pollutants. The World Health
Organization and CERN have recently published a model that aims to quantify the risk of SARS-CoV-2
airborne transmission, with an accompanying online tool to assess transmission risk in residential,
public and healthcare settings.®”!

The National Science and Technology Council advises that monitoring indoor air quality can help
reduce airborne disease transmission by identifying high-risk areas and informing appropriate
mitigating actions. It notes that monitoring technologies are affected by feasibility constraints, use
costs, and variability depending on the time-point, location and activities in the space.®%

The council found that carbon dioxide measurement (discussed in section 8.3.4.2 below) is the

most promising proxy measure for ventilation effectiveness in indoor air quality studies. It noted that
limitations around how carbon dioxide measurements are interpreted in the presence of other indoor
air quality interventions must be taken into consideration.5%

Box 6 earlier in this report discusses examples of indoor air quality monitoring in the private sector.
As well as monitoring, however, there is a need to ensure that a system-based approach to risk
management is adopted to ensure appropriate responses to the measurements obtained
through monitoring.

8.3.41 Direct

There are established ways to directly detect or monitor the levels of various pollutants in the

air, including PM, s, carbon monoxide, carbon dioxide and radon, as well as smoke alarms and
detectors. Researchers are developing new technologies for direct, real-time measurement of other
airborne pollutants such as viruses.®% There are also potential artificial intelligence applications.t%
Companies are developing technology to enable mobile phones to measure air quality, smoke levels,
temperature and ultraviolet light exposure. Data could be used by the phone owners themselves, or
combined to provide anonymous point sources of data of air pollution over a wide area,’% such as
during the 2019-20 bushfire season.

The reliability of low-cost sensors for low concentrations of pollutants such as PM,s and carbon
monoxide should be considered. A February 2025 paper in Aerosol Science and Technology by
Morawska et al sets out a framework for using PM, s low cost sensors for compliance monitoring of
indoor air.%
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8.3.4.2 Proxy

Proxy measures, particularly carbon dioxide, are sometimes used to measure the amount of
ventilation (air changes) occurring in an indoor space. However, as discussed in the previous
section, feasible direct monitoring technologies are emerging. Until then, and likely beyond, work
should continue on understanding what effective proxy measures - such as carbon dioxide - would
be, including what pollutants and concentration levels should be used. New direct monitoring
technologies may not be able to measure all pollutants of concern. Using both direct and proxy
measures adds layers of protection.

Carbon dioxide levels depend on occupancy density and do not measure the effectiveness of all
infection prevention and control measures put in place. In addition, where there is continuous talking
or singing, or high levels of physical activity, a higher level of ventilation may be required to manage
carbon dioxide levels. Carbon dioxide monitors may be less useful in some situations, such as in
areas that rely on air cleaning units, or large, open spaces with high ceilings, or areas with very limited
occupation density.5°®

The use of carbon dioxide as a proxy measure has the potential to create confusion, if it is perceived
as a measure of ‘pollution’. It is instead more a marker of ‘'ventilation’ than pollution, that is, how well
carbon dioxide produced in anindoor space (from human respiration, for example) is ventilated

to the outdoors. When indoor pollutants such as particulate matter are high, low carbon dioxide
should not be interpreted as meaning pollution is low. Further, in the context of poor ventilation but
adequate (HEPA) filtration, carbon dioxide can be elevated while particulate pollutant and pathogen
concentrations are low - another source of potential confusion. Good education is needed for users
of carbon dioxide sensors.®%

Box 9. Examples of monitoring and display requirements in other jurisdictions

In Thailand, ‘Notification of the Department of Health regarding Indoor Air Quality Monitoring
Standards in Public Building B.E. 2565 (2022)" is a guideline for indoor air quality monitoring in public
buildings. Parameter values and acceptability criteria reportedly include thermal comfort and air
pollutants such as carbon dioxide, PM, s, PM;q, total volatile organic compounds, carbon monoxide,
formaldehyde, ozone, total bacterial count and total fungal count.®®

In Japan, in 1970 ‘the Law for Maintenance of Sanitation in Buildings' was enacted, requiring building
owners to maintain a good level of environmental health within the building, including indoor air
quality.®" Indoor air quality in Japanese buildings is measured and displayed through technological
devices, and must be monitored by health centres of local governments through regular
inspections.®* In addition to regular buildings, anecdotally, some areas of Japan measure the indoor
air quality of taxis, restaurants and cinemas, and display it to customers on visible devices.®”

In Belgium, the Law of 6 November 2022 on the improvement of indoor air quality in closed spaces
accessible to the public focuses on using monitoring, certification and labelling to make indoor air
quality and its management visible. The law sets air quality reference levels, and in the future may
encourage people responsible for an indoor space to measure the indoor air quality, carry out a risk
analysis of the premises and the activities within them, and implement an action plan to meet the
reference levels. The levels are indicative targets, not mandatory.®™

In the USA, the Johns Hopkins Centre for Health Security proposes a state-level legal framework for
indoor air quality in public spaces - the Model State Indoor Air Quality Act.®® It requires owners of
some building types to regularly test indoor air for specific contaminants or for proxies. Test results
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must be displayed on-site and online. The model act authorises building occupants to assess indoor
air quality (using tools such as carbon dioxide meters), to take remedial measures, and to seek
limited civil remedies.®™® Compliance is encouraged via incentives, with penalties for persistent non-
compliance. The model act outlines how to monitor implementation, inform the public about indoor
air quality, adjust standards based on research, and seek compliance by building owners.®"”

Figure 4. IAQ certification mark in Taiwan (source: CP Hu and JH Cheng, ‘Indoor Air Quality
Certification and Consumers’ Willingness: Taiwan's Experience and Survey’,
Atmosphere, 2021,12(10):1320, doi:10.3390/atmos12101320)

In Taiwan, the Indoor Air Quality Management Act requires certain types of public buildings to
comply with various requirements, including establishing a plan of indoor air quality maintenance
management, regularly implemented indoor air quality inspections and measurements. These
obligations have been gradually extended to more types of public locations over time, and more
indoor air contaminants have been included to be managed at certain types of locations.®® A self-
managed IAQ certification mark scheme is available (see Figure 4) .51

Under South Korea's Indoor Air Quality Control in Public-use Facilities, etc. Act, South Korea mandates
managers of public facilities to conduct annual monitoring on pollutants subjected to mandatory air
quality standards and to conduct semi-annual monitoring of other pollution sources. Managers are
required to report the monitored outcomes before January each year. The installation of air cleaners
and ventilation equipment is also mandatory.2° A regularly updated ‘Five Year Basic Plan for Indoor Air
Quality Management’ proposes detailed measures on indoor pollutant and management facilities.5?

France has a regulatory system for monitoring indoor air, which is being extended to different
building types over time. The first buildings required to implement the monitoring were facilities
hosting children under six years old, nursery schools and primary schools. From 1January 2020, this
was extended to recreational facilities and secondary education or vocational training places. The
regulatory system was amended in December 2022. [t now requires: mandatory yearly assessment of
ventilation systems, including measuring carbon dioxide; self-diagnosis every four years of indoor air
quality in the premises; measuring regulatory pollutants at each key stage of the building's life; and
establishing a detailed action plan in the event of air quality issues. Starting from the end of 2024,
these requirements will be extended to other building types.®??

Hong Kong has a voluntary IAQ Certification Scheme for Offices and Public Places, which encourages
property owners and management to adopt good indoor air quality management practices in their
premises. Certification includes engaging a certifier who inspects the premises. Any indoor air
quality issues identified must be rectified. The assessment includes measuring indoor air quality and
assessing mould. There are also registration and display provisions.5%
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8.3.4.3 Encouraging or mandating the use or installation of air quality monitors

One aspect of indoor air quality - smoke - already has monitors in place in indoor spaces across
Australia. Smoke alarms are compulsory in Australian homes, though detailed requirements vary
between jurisdictions. Fire safety systems are also required for commercial buildings in Australia.52

Public guidance about indoor air quality monitors has been developed, supported with funding
from the Australian Government’s National Environmental Science Program.®?® The purchase
and use of monitors in indoor spaces could be encouraged. The monitors could monitor carbon
dioxide (ventilation) and PM, s, and possibly others, such as carbon monoxide, nitrogen dioxide,
formaldehyde (or volatile organic compounds more generally), and relative humidity.

In their recent Science paper, Morawska et al state compliance monitors are too costly and complex
for use in allindoor spaces to monitor all six pollutants in the World Health Organization Air Quality
Guidelines. In the context of targeting airborne infection transmission, they recommend PM, s and
carbon monoxide as the two most relevant candidates from the World Health Organization guidelines
for routine regulatory indoor air quality monitoring. They state the feasibility of monitoring indoor air
quality parameters depends on various aspects of the monitor or sensor, including calibration, ease
of data interpretation, size, cost, robustness and operating noise level.5%

8.3.4.4 Installing carbon dioxide monitors in public buildings

Consideration could be given to installing air quality monitors in indoor environments, particularly
those buildings where airborne disease transmission risk may be higher, including schools,
kindergartens and childcare, residential aged care homes, disability services, correctional facilities,
and healthcare settings.

The New Zealand Ministry of Education is installing Internal Environment Monitoring devices to help
assess indoor air quality and other indicators.®?” In 2022, the ministry provided over 12,500 portable
carbon dioxide monitors to schools at no cost to the schools. Schools, early childhood services
and other education providers were then able to purchase additional carbon dioxide monitors at a
discount from the ministry’s supplier.6%

In the UK, the UK Government provided nearly 400,000 carbon dioxide monitors free to all state-
funded educational establisnments from September 2021. A UK Government survey in December
2022 of recipients of the free monitors found that, of the survey respondents, 95% were able to use
them to identify when ventilation in a room needed to increase.®?

In Australia, the CleanAir Schools pilot program is being rolled out across 100 schools in New South
Wales to monitor indoor and outdoor air pollution levels. Participating schools will have two air
quality sensors installed, to operate for two years, measuring PM,s, nitrogen dioxide, carbon dioxide,
temperature and relative humidity.®°

8.3.5 Display and reporting

Some voluntary rating schemes provide some information publicly about indoor air quality ratings.
However, detailed information about the assessment of the indoor environment is often available
only to building owners.®3"In a 2021 paper in Science, Professor Lidia Morawska and her co-authors
stated the wide use of monitors displaying the state of indoor air quality should be mandated, as
visible displays would advance public awareness.5*
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8.3.6 Indoor air quality rating or certification scheme

While monitoring and display make aspects of indoor air quality visible, certification or rating would
make indoor air quality management visible.

A national indoor air quality certification scheme could require building owners to display a label
that informs the public that the indoor air quality is being measured and controlled in that space
to minimise possible negative health impacts.®* Instead of a compulsory scheme, a voluntary
certification scheme could alternatively be considered, such as Hong Kong's voluntary 1AQ
Certification Scheme for Offices and Public Places.®

If a ratings scheme was considered, decisions would be needed to determine the appropriate
pollutants and rating levels, sensor calibration and positioning requirements, and how to express the
information on the certificate.

Building owners could be required to conduct risk assessments and to develop and maintain risk
management plans. Such plans are already required for Legionnaires disease in some Australian
states and territories.®%

8.3.7 Ventilation, filtration and other cleaning methods

There are different ways to 'clean’ indoor air. Methods include ventilation, filtration, ultraviolet
radiation, thermal inactivation,®% electrostatic capture, plasma inactivation,®’ chemical
aerosolisation,®3® microwave radiation, lysozyme-based filters,%*® photocatalytic oxidation,®*° sorbent
trapping of volatile organic compounds,®and pressure differentials. This report does not look in
detail at all of these methods. They all have limitations, and vary in efficacy, safety and reliability.
Some generate harmful pollutants as by-products of their operation.

Ina 2022 US White House statement, representatives of the US Office of Science and Technology
Policy stated that transmission of COVID-19 can be reduced by 809 with improved indoor ventilation
and air filtration.®“2 Ventilation brings outdoor air into a space, and takes the old polluted air with
viruses and other pollutants out.®“* However, a November 2022 paper suggests that where there is

a high density of occupants and highly infectious pathogens, ventilation alone cannot adequately
reduce the risk of infection.®** This is also the case for many other pollutants generated indoors.
There are additional technologies available. Appropriate filtration can remove viruses and some other
pollutants. Various disinfection methods aim to remove or inactivate some biological pollutants, but
do not exchange the air or, other than sorbent traps, remove other pollutants. Negative pressure
rooms and air extraction systems can also be used.®*> Combinations of these techniques are also
possible.®4® The Australian Building Codes Board'’s Indoor Air Quality Verification Methods Handbook
discusses various options.5

The National Science and Technology Council identifies two indoor air quality strategies as having
the greatest potential to improve air quality, reduce indoor bioaerosol concentrations and affect
airborne infection transmission risk. The first is using ventilation to dilute contaminated air with
cleaner air. The second is air cleaning technologies such as HEPA cleaners, and air disinfection
technologies such as ultraviolet-C light (UVC) disinfection.®® Cleaning technologies can reduce the
concentrations of some, though not all, pollutants from indoor air.

When using ventilation, care needs to be taken to ensure that pushing air into a space does not
result in localised turbulence, or air movement, that concentrates toxic or harmful pollutantsin one
place. Extraction ventilation can be more effective.
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Ireland’s Code of Practice for Indoor Air Quality advises that local air cleaning is not a substitute
for good ventilation. It states local air cleaning may be beneficial in reducing risks in some spaces,
particularly where it is not possible to increase ventilation using natural or mechanical means.
However, it suggests priority be given to making improvements in other ways to poorly ventilated
spaces before using an air cleaning device.54°

8.3.71 Ventilation assessments and upgrades of public buildings

Consideration could be given to requiring ventilation assessments of public indoor spaces such

as schools, residential aged care homes, correctional facilities and healthcare institutions. Such
assessment should be not only at construction, but at regular intervals over the life of a building as
a key maintenance factor. This could be expressly required to comply with the ventilation duty under
work health and safety legislation.®*

Inthe US, legislation has been proposed to allow a tax credit for non-residential building owners to
conduct indoor air quality assessments and upgrade ventilation and filtration systems.®®'

8.3.7.2 \Ventilation

‘Understanding and controlling building ventilation can improve the
quality of the air we breathe and reduce the risk of indoor health
concerns...’

World Health Organization®

Ventilation is the use of outdoor air to replace indoor air for the health and comfort of building
occupants. The amount of ventilation - the outdoor air delivery rate - has been influenced since
the 1940s by research evaluating the outdoor air dilution ventilation rates needed for an occupied
room such that 80% of visitors to the room did not find body odours in the room objectionable.®3
That is, ventilation requirements have traditionally been set for decades by reference to subjective
control of odours, rather than by reference to the many other indoor air pollutants from buildings
and their contents.

The World Health Organization has published the Roadmap to improve and ensure good indoor
ventilation in the context of COVID-19, for both natural and mechanical ventilation.®® The report
states that mechanical ventilation is an active process of supplying air to or removing air froman
indoor space by powered air movement components, while natural ventilation occurs as a result of
only natural forces, such as wind pressure or differences in air density through openings in a building
envelope such as windows and doors.®%®

The Australian Health Protection Committee recognises the importance of ventilation, noting the
spread of certain respiratory diseases such as COVID-19 in indoor environments may be reduced by
improved ventilation. Its statement added that ventilation controls may be relevant in high-risk indoor
environments, such as schools and aged care residential facilities. It notes that the appropriateness
of a particular strategy will depend upon several factors, such as building design and operation,
occupancy level, and environmental, seasonal and climate factors.5%®

The National Science and Technology Council advised government there is satisfactory evidence
mechanical ventilation can reduce the risk of SARS-CoV-2 transmission in a school classroom
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environment. It also advised that multiple review studies have shown mechanical ventilation can
reduce the total bioaerosol concentration in indoor spaces.®®’

There are different types of ventilation relevant to indoor air quality, beyond the natural-mechanical
distinction, including hybrid or mixed, spot, cross or wind-driven, exnaust only, supply only, and
task conditioning.

In displacement ventilation (or buoyancy driven or stack ventilation) the airflow pattern in a room
- the way the air moves around - is mainly guided by the convection flows from the heat sources
present in the room.®%8 Displacement ventilation uses temperature differentials between where
outdoor air is introduced and where stale air is extracted. A City of Melbourne research project in
2022 found that displacement ventilation was the most effective and energy efficient system of
the three tested, and reduced COVID-19 transmission by 83%, while also reducing energy
consumption by 20%. The other two systems included in-ceiling air filters and natural airflow
through open windows.®%°

Upwards displacement ventilation relies on lifting pollutants above the breathing zone.5¢® However,
particles on surfaces and fioors can be reintroduced into air through re-suspension, creating
potential health risks.®' And there is a risk that not all bioaerosols will be lifted sufficiently out of the
breathing zone.%¢2

Outside air may need to be filtered in some circumstances, e.g. traffic, bushfire smoke, suggesting
that a hybrid ventilation system may be appropriate - using windows naturally but switching to
mechanical ventilation and filtration when needed.

Air flow direction is important, to avoid polluted air moving towards susceptible occupants.
Consideration is needed for air inflow and outflow positioning for both natural and mechanical
ventilation. Occupant activities and location, and fittings and furniture placement, can also affect
air flow direction.

When considering what cleaning method to adopt, energy efficiency is also important. Adding high
efficiency filters to mechanical ventilation systems may result in more energy consumption. This is
because the system’s fans may need to run faster or against higher back-pressures - using more
energy to maintain the same supply air flow rate while compensating for the pressure drop caused
by the filters.5%3 In relation to in-duct filtration, for use in mechanical ventilation systems, filter choice
can affect filtration effectiveness, as well as energy efficiency and costs.®¢* Australia is moving to
replace Australian Standard 1324 with ISO/AS 16890, to more accurately define what particulate
matter is stopped by each filter 56

Technologies such as heat recovery ventilation enable savings in energy and energy costs in relation
to conditioning outside air to the desired indoor temperature. Policy responses to climate change
represent an opportunity to improve building ventilation while making changes to mitigate and adapt
to climate change.%® Work on the Trajectory for Low Energy Buildings and its Addendum national
plan should include considering the health impacts of indoor air quality, including improving heating,
ventilation and air conditioning systems.5’

Building design and orientation are important factors in reducing the need for mechanical ventilation
and in contributing to energy efficiency. Additionally, ‘leaky’ homes create high air change rates, while
more airtight homes create health risks associated with inadequate ventilation.

A 2015 CSIRO study found the average air-tight level of newly constructed Australian houses was
leaky by international standards, though there was considerable variation between houses.5®8 A 2024
update to that study found, based on the sample homes tested, that the new homes were 50% more
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airtight than those built nine years ago. The report recommended requiring controlled ventilation
in new buildings to reduce indoor pollutants and moisture. It also recommended making air barriers
mandatory in all homes.®°

8.3.7.3 Inspect ventilation systems in operation/performance and maintenance requirements

The report commissioned for the National Science and Technology Council found that poor
maintenance can significantly impact ventilation system effectiveness .6’

A 2013 heating, ventilation and air conditioning (HVAC) industry article stated more than 50 percent
of allindoor air quality issues are directly related to HVAC systems. These issues include a lack of
ventilation, but also include contamination spread by the HVAC system itself, such as from rusting
metal surfaces and deteriorated internal insulation. The article noted conducting regular internal
inspections of HVAC systems to verify their cleanliness could help address this issue.?”

The Australian Building Codes Board Indoor Air Quality Verification Methods Handbook notes
regular maintenance of the HVAC system and appropriate management of HVAC hygiene are
essential aspects of indoor air quality, with filters and outdoor air intakes particularly critical .52 The
Department of Climate Change, Energy, the Environment and Water also has produced a guide to
best practice maintenance and operation of HVAC systems for energy efficiency.®”

There are specific ongoing ventilation maintenance requirements around microbial control, and
around essential fire safety systems %7

In addition, Safe Work Australia’s states that air-conditioning and other ventilation systems should be
regularly serviced and maintained in accordance with manufacturers’ instructions. It also notes that
further information regarding air quality is available in AS 1668.2-2002.57

In Sweden, there has been a legislative requirement since 1991 for recurring ventilation inspections.
The building owner is responsible for ensuring that the inspections are carried out.®’

In the USA, ANSI/ASHRAE Standard 62.1-2022: Ventilation and Acceptable Indoor Air Quality includes
a section on operations and maintenance, including minimum maintenance activity and frequency
for ventilation system equipment and associated components.®”

8.3.7.4 Filtration

The COVID-19 pandemic has increased awareness of the use of air purifiers in homes, schools and
workplaces to reduce the concentration of indoor air pollutants such as bioaerosols and particulate
matter. Air filtration devices such as High Efficiency Particulate Air (HEPA) filters and Minimum
Efficiency Reporting Value (MERV) filters are available commercially, for both portable units or in-
duct use. Do-it-yourself filters, such as Corsi-Rosenthal boxes, can reduce the concentration of
infectious aerosols in the air.?’® Carbon filters can assist with reducing the amounts of some gaseous
pollutants.®’® Heating ventilation and air conditioning (HVAC) systems within buildings can provide
in-built air filtration/cleaning with ventilation.

Inindoor environments, indoor pollutant levels are dynamic, often being both continually increased
from indoor and outdoor sources and continually reduced through ventilation and other means.5® It
isimportant to select the appropriately sized HEPA filter or filters for indoor spaces, and to position
them effectively in the space. There can be noise, heat, maintenance and energy consumption
considerations with HEPA filter use.®®’
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An Australian study found that HEPA cleaners have the potential to substantially improve indoor air
quality during episodic smoke episodes.®® A 2016 Canadian paper called for portable air cleaners to
be at the forefront of the public health response to landscape fire smoke.®83

In relation to airborne viral disease, a May 2024 report commissioned for the National Science and
Technology Council found laboratory studies show HEPA air cleaners are effective at reducing
concentrations of infectious particles in the air.5%

The council advised that in educational institutions, HEPA air cleaners (and UVC lights, discussed in
the next section), are effective, especially when properly sized and positioned relative to infected
and susceptible persons. It also found HEPA air cleaners could reduce aerosol particle load by 85-
95% within less than 20 minutes of operation.®8®

Arandomised trial of HEPA air filters in UK schools reportedly found using HEPA filters reduced the
number of COVID-19-related sick days by more than 20% (note the study was not yet published in
a peer-reviewed journal at the time of writing this report) %% A September 2024 report of a study
of four daycare centres in Helsinki found an 18% reduction in children’s infections from use of air
purifiers in two of the centres without other interventions.¢’

A'US CDC study of COVID-19 in 123 schools found infection rates were 41% lower for schools using
HEPA air purifiers in their classrooms than those without them. Classrooms with improved ventilation
also had a lower virus infection rate compared to schools without, but combining ventilation and
filtration worked better than either strategy alone. Combining strategies reduced virus transmission
by 479 compared to schools that did nothing.ee®

A German study found no effect of portable HEPA filters on COVID-19 period prevalence in German
kindergartens between November 2021 and May 2022 during the Omicron wave. The researchers
stated that air circulation, person density, mask wearing and activity type conducted in the room
were very likely to affect the risk of infection.®® Notably, there was significantly more frequent
ventilation in the control group than in the group with HEPA filtration, which is likely to have
influenced the results.®

The National Science and Technology Council advised that HEPA air cleaners in healthcare settings
reduce clearance times significantly, compared with HVAC systems alone. The council also reported
that using two domestic HEPA air cleaners on a ward reduced 99% of all aerosols substantially faster
than on wards with no air cleaners.5¥

In Australia, a number of governments established HEPA filter grant programs in response to the
COVID-19 pandemic.®?2 Several Australian states provided standalone HEPA filters directly to schools.
8.3.7.5 Other air cleaning technologies

As well as filtration, there are other technologies that aim to clean indoor air, including ultraviolet
light of various wavelengths, plasmas, ionisers, photocatalysis and chemical aerosolisation. Carbon
dioxide capture in buildings has also been explored.®%

Ultraviolet light has been used for the disinfection of drinking water for over a century. Inrelation to
air, there are several types of ultraviolet light technologies - germicidal, light emitting diode (LED)
and far-UV.
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Germicidal UV irradiation lamps shine ultraviolet light at a wavelength of around 254 nm, inactivating
viruses and bacteria in the air. As such light can damage human eyes and skin, lamps are placed high
in aroom away from people, with rising air currents bringing the pathogens up for inactivation. The air
then circulates back down into the occupied part of the indoor space.®

Another type of ultraviolet light technology, LED irradiation lamps, uses 277 nm ultraviolet light. As
with 254 nm germicidal UV, 277 nm LED light kills human eye and skin cells in vitro.5%

Far-UV lightis UV light with a wavelength of 222 nm and is being explored as a potentially safer option
for pathogen inactivation in indoor spaces.®*® However, 222 nm far-UV exposure has been shown

to result in DNA damage and transcriptional changes to mammalian cells in vitro.5” Additionally,
recent Massachusetts Institute of Technology (MIT) laboratory experiments found 222 nm far-Uv
generates ozone and hydroxyl radicals, which can react with volatile organic compounds to form
secondary organic pollutants.®® The report commissioned for the National Science and Technology
Council also found some UVC lights have been reported to cause secondary chemistry effects by
increasing particulate concentrations.®°°

The National Science and Technology Council found that UVC light systems have been shown

in experimental and laboratory settings to effectively reduce and neutralise infectious
bioaerosols by up to 99%. It found limited evidence from in-situ studies to show UVC lights alone
are effective at reducing bioaerosol concentrations in office spaces and hospital wards. It also
found limited evidence that UVC lights alone can reduce airborne disease infection transmission
risk inkindergartens.’®

The council advised optimal sizing, positioning and design are very important for effective UVC
operation. It noted direct exposure of people to UVC light is dangerous. Some types of louvres
installed in UVC systems for safety reasons were found to render them much less effective
than otherwise.”

The report commissioned for the National Science and Technology Council found the effectiveness
of UVC systems for in-duct air-conditioning installations depends on the design and size of the
system, with very large systems effective in disinfecting air in ventilation ducts. It noted further
research was required to determine if transmission risk of airborne diseases is lowered.”®?

There is ongoing research in Australia on the effectiveness of ultraviolet light in situ. In a study in
South Australia germicidal UV lights were installed in five residential aged care homes to investigate
their effectiveness in reducing the number of respiratory illnesses in residents.’® In May 2024,

the Victorian Government announced funding of $16.8 million for a trial led by the Burnet Institute
assessing the efficacy of germicidal ultraviolet light technology in a real-world setting to help reduce
the level of COVID-19 and other airborne viruses in aged care residences.”

lonisers aim to remove particles from the air, but they may emit ozone and potentially aldehydes as a
by-product of their operation.”®

Both the Western Australian Department of Health and the University of Melbourne have suggested
avoiding units that include ionisers, plasma/ozone/photocatalytic oxidation/precipitators and UV
purification.”®® Ozone or other chemicals produced from units with these add-on technologies may
actas arespiratory irritant.”%” For ozone generators that are sold as air cleaners, the US EPA advises
that available scientific evidence shows that at concentrations that do not exceed public health
standards, ozone is generally ineffective in controlling indoor air pollution. The US EPA also states
that in the process of reacting with chemicals indoors, ozone can produce other chemicals that
themselves can be irritating and corrosive.”%®
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The UK's SAGE Environmental Modelling Group investigated the potential for different methods

of air cleaning to reduce the potential for transmission of Covid-19 indoors. The group found

that technologies based on ionisers, plasma, chemical oxidation, photocatalytic oxidation and
electrostatic precipitation had limited evidence to demonstrate effectiveness against COVID-13, and
that their use could lead to the production of harmful secondary air pollutants, including ozone and
nitrogen oxides.”*°

A 2021 MIT article reported that some air cleaners that claim to remove volatile organic compounds
from the air may only remove minimal amounts and may add additional volatile organic compounds
and/or harmful oxidation by-products.”®

8.3.7.6 Minimum rental standards for heating, ventilation and mould

Australian laws about minimum rental standards for private properties vary from jurisdiction to
jurisdiction. Some states and territories have set minimum rental standards for heating. Victoria, for
example, requires rental properties to have an energy efficient fixed heater in the main living area.”
Others have set minimum rental standards for ventilation, with the requirements differing between
jurisdictions.” Queensland is introducing minimum housing standards that include a requirement
that the property is free from damp and mould.”

Overseas, New Zealand has minimum rental standards requiring rental homes to have openable
windows in the living room, dining room, kitchen and bedrooms. Kitchens and bathrooms must have
extractor fans or an acceptable continuous mechanical ventilation system.”

Work to establish consistent national minimum rental standards could consider ways to reduce the
impact of gas and wood heating on indoor air quality and review the list of heaters that satisfy
minimum rental standards for heating. This work could align with the Australian Government’s work
with state and territory governments to improve home energy efficiency, in order to reduce rental
home energy consumption and costs.”®

8.3.7.7 Vehicle filtering, monitoring and display

Australians spend considerable time commuting in cars, taxis, school buses and public transport.
Vehicle occupants can be exposed to outside air pollution coming into the vehicle as well as air
pollution from within the vehicle, with potentially significant health effects including respiratory and
cardiovascular disease.””® Given that HEPA filtration can significantly reduce particle countin
vehicles,”” air filtration should be encouraged as an effective mitigation against some of the health
impacts of poor indoor air quality in vehicles.”®

Smoky venhicle reporting schemes operate in several Australian jurisdictions. These schemes may
reduce outside air pollution that would otherwise come into vehicles and other indoor spaces.”®

Additionally, the build-up of carbon dioxide in vehicles without adequate ventilation could
contribute to poor cognition, and is a possible risk factor for vehicle accidents.”> Carbon monoxide
is also a major pollutant emitted from vehicles and can build up in vehicles.”
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8.3.8 Building safety measures

In Australia, the building regulations in each state and territory require minimum performance
standards in buildings for fire safety, requiring ‘essential safety measures’ to be installed
and maintained.”>

New Essential Air Quality Safety Measures could be included in the essential safety measures
arrangements.’? These could include air quality monitoring for pollutants such as carbon dioxide,
PM, s and carbon monoxide, and regular inspection and maintenance of all heating, ventilation and air
conditioning systems.”* Buildings such as schools, kindergartens, and health and aged care settings
could be the first to adopt these essential air quality safety measures.

ANSW parliamentary committee recommended in 2001 that a compliance schedule for mechanical
ventilation and air-conditioning systems be included in the then Building Code of Australia to ensure
the systems were fit for health, noting that such an approach was included in the New Zealand

1992 building regulations. The committee also recommended that HVAC systems in buildings be
monitored on an annual basis to ensure compliance with the schedule.’#

8.4 Reducing negative health impacts of pollutants at point of
exposure and in sensitive use settings

8.4.1 Face masks (respirators)

Wearing masks to reduce infectious respiratory airborne emissions at their source is discussed in
section 8.2.2.5 above. Masking with a well-fitting high-quality respirator such as an N95 mask is also
effective in reducing the risk of becoming infected by an airborne virus,’# as well as in mitigating the
impact of poor indoor air quality caused by particulate matter.’2"

In December 2023, the World Health Organization advised people to take measures to prevent
COVID-19 infections and severe disease using all available tools, including wearing a mask when in
crowded, enclosed, or poorly ventilated areas.”?®

In the USA, the federal government provided free N95 respirators through pharmacies, local health
clinics, community support agencies, and other organisations.”#®

8.4.2 Highrisk and sensitive use settings

Some types of indoor spaces have higher risks of transmission of airborne viruses such as COVID-19.
These include spaces where people are in groups, such as aged care homes, healthcare services,
correctional facilities, schools and early childhood education centres.”*°

The COVID-19 National Guideline for Public Health Units (or COVID-19 SoNG) was recently updated to
provide advice to manage transmission in high risk settings (such as health care and residential care)
and other special settings (including correctional facilities, child care centres, and cruise ships),
including improving indoor air quality. The SONG states that high-risk settings are settings where
both a high proportion of people are at increased risk of severe disease, and there is an increased
risk of COVID-19 transmission.”

N95 is an American standard broadly equivalent to the Australia standard of P2.
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8.4.3 Hospital airborne infection control

There is considerable variation in airborne virus infection control in Australia, with some hospitals
requiring masks to be worn in some areas, and some not.

An August 2020 rapid systematic review looked at the efficacy of face masks and respirators
against respiratory transmissible viruses. It found trials in healthcare workers support the use of
respirators continuously during a shift, and that this may prevent healthcare worker infections and
deaths from COVID-19.732

A September 2023 paper from the University of Texas Southwestern Medical Center found that
universal masking (by healthcare personnel, patients and visitors) in all clinical buildings in its
children's hospital was effective in reducing respiratory virus transmission and that masking only for
patient encounters (by healthcare personnel, with patients and families encouraged to do so) was
not as effective. The authors recommended that universal masking should be considered as part of
the infection prevention toolbox in certain scenarios.”

Measures to prevent infection by one airborne virus can also protect against other airborne viruses.
A December 2023 research paper found that measures to prevent SARS-CoV-2 transmission also
prevented non-SARS-CoV-2 respiratory viral infections (influenza and respiratory syncytial virus).’*

A National Air Hygiene Initiative could be considered, as a parallel to the National Hand Hygiene
Initiative, to educate participants on the importance of clean indoor air and airborne infection
prevention and control.

8.4.4 Schools and early childhood education centres

A 2019 paper looking at the indoor air quality conditions of 10 Victorian schools found, in an early
preliminary analysis, carbon dioxide concentration levels exceeding 1,000 ppm during school hours.
The study’s authors were concerned by the low air change rates in the classrooms studied.”®

The study found that average carbon dioxide levels ranged from 912 to 2,235 ppm, with maximum
concentration levels of up to 5,000 ppm during some occupied times.”*® A study in New South Wales
found carbon dioxide levels exceeded 2,900 ppm during the occupied period.”” A study of naturally
ventilated schools in Brisbane, while finding that carbon dioxide levels were generally low, found that
average concentrations for some classrooms ranged from 1,043 to 1,370 ppm.’*®

Consideration could be given to establishing a model indoor air quality program for schools to adopt.
Such a program should be pragmatic and consider potential work health and safety risks that may
arise. AUS CDC study found that schools with a formal indoor air quality program are more likely

to support policies and engage in practices that promote superior indoor air quality.”*® A University
of Surrey study published in 2023 found that air purifiers, HVAC systems with MERV 11-16 filters,
clean fuel policy interventions within school buses and from bus exhausts, and green barriers -
such as hedges and trees - were all effective interventions. The study found that a combination of
interventions may work effectively against particulate matter and gaseous pollutants.’°

There are many other indoor air quality initiatives underway in schools internationally. For example,
the City of London is reportedly installing air filters in 200 schools, at a cost of £2.7m ($5.2m),
including the cost of the filters, maintenance, school engagement, educational materials and
monitoring the impact of the program.”' In addition, the Schools’ Air quality Monitoring for Health and
Education program is establishing a network of air quality monitors in over 1,000 schools across the
UK to help researchers better understand indoor air quality in schools. The monitors measure carbon
dioxide, volatile organic compounds, particulate matter, temperature and relative humidity.’+2
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In the USA, the Efficient and Healthy Schools Program, Center for Green Schools and the US EPA co-
developed the Clean Air in Buildings Challenge for Schools online training course. The free, 6-module
course covers ventilation, filtration, air cleaning and monitoring school indoor air quality.”

Also in the USA, Boston Public Schools has installed indoor air quality sensors in all classrooms,
nurses’ offices and main offices in schools across the district, with roof-top units installed to
measure outdoor air as a baseline. The sensors measure carbon dioxide, carbon monoxide, airborne
particulates (PM;, and PM,s), temperature and relative humidity. The sensors report in real-time, with
the data used to identify, review, and respond to indoor air quality and temperature issues.”*

In Latvia, indoor air quality is monitored in public schools, and social care and rehabilitation centres,
with real-time levels of carbon dioxide, air temperature and relative humidity displayed on a publicly
available website. Government funding is available for constructing ventilation systems.”

In Australia, there are various existing airborne infection in school-related national resources,
including an October 2021 Australian Health Protection Principal Committee (AHPPC) statement
on COVID-19, schools and reopening Australia, a January 2022 National Framework for Managing
COVID-19 in Schools and Early Childhood, and national ‘Help stop the spread’ resources from May
2020.7¢ The National Health and Medical Research Council recently released Staying healthy:
Preventing infectious diseases in early childhood education and care services - 6th edition,
providing ways for education and care services to help limit the spread of infectious diseases
among children.”*

The Victorian Government requires Victorian schools to continue to implement various practices to
reduce the risk of COVID-19 transmission,”*® and provides ventilation and air purification guidance.”
The ACT Government reportedly purchased over 1,000 carbon dioxide monitors for public schools to
help schools improve ventilation.”®

AIRAH, the Australian heating, ventilation, air conditioning and refrigeration industry association, has
published guidance to improve school ventilation, Guidance Document for Primary and Secondary
Schools - COVID-19 Ventilation Optimisation.”s' In February 2024, a non-government group launched
the COVID Safety for Schools Course, a video-based course for principals and teachers at Australian
primary and secondary schools about minimising the risk of COVID spreading at schools.”? OzSAGE,
another non-government group, published guidance on making schools and childcare safer.”s

8.4.5 Residential aged care homes

Indoor air quality is important in residential aged care homes, as older people generally spend more
time indoors than other people, and can be more susceptible to the health impacts of poor indoor
air quality.’s

A 2020 report from RMIT University for the Victorian Department of Environment, Land, Water and
Planning and Virtual Centre for Climate Change Innovation reported on an investigation of indoor air
quality in aged care homes (and schools) using one-year long monitoring and measurements. The
study found the occupancy rates of aged care home common rooms varied significantly during the
day. The study found carbon dioxide levels in the common rooms of up to 2,000ppm. The researchers
also looked at the effect of adding a fresh filtered air ventilation system to the common rooms, and
found that the system reduced the indoor carbon dioxide levels by up to 1,000ppm.”®

The Australian Government introduced the National Aged Care Design Principles and Guidelines
in July 2024. The Design Principles and Guidelines consider clinical supports and safety features,
including infection prevention and control measures and good air quality and ventilation.”®
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The Principles and Guidelines are being introduced on a voluntary basis and the level of uptake
within the aged care sector will inform recommendations about long-term arrangements and future
regulatory considerations.”’

The Australian Commission on Safety and Quality in Health Care published The Aged Care Infection
Prevention and Control Guide.”®® This aims to support the prevention and control of infections

in all settings where aged care is provided. The guide supplements The Australian Guide for the
Prevention and Control of Infection in Healthcare, which sets out a national approach to infection
prevention and control, focusing on core principles and how healthcare organisations can reduce the
impact of infection-related risks.”s°

8.4.6 Planning, design and green screens

Outdoor pollution from, for example, vehicles and industry, can be worse near these pollution
sources. A study in Wollongong and Liverpool, NSW, found particulate pollution at busy intersections
atlevels ten times worse than background levels measured at official air monitoring stations
nearby.’0

Land use planning, buffers, siting and design guidance can assist in reducing this outdoor air
pollution from coming into nearby indoor spaces. This can have a particular impact where outdoor
pollution sources are proposed to be near sensitive use sites like childcare centres, schools,
residential aged care and hospitals.”®' It can also have a particular impact when high-density housing
is zoned around pollution sources, such as busy roads, railway stations or rail freight routes. Green
walls/spaces may also assist in reducing outdoor air pollution before it enters nearby buildings.
However, this is likely to depend on species selection and location.”®? In particular, care should be
taken not to compound air pollution issues by increasing the pollen load in the air.

Planning and design can also be used to reduce indoor sources of air pollution, and to address
energy efficiency. The National Science and Technology Council identified an opportunity at

the building planning stage for indoor air quality to be improved, avoiding the need for added
interventions post-construction. It advised that the building industry should explicitly consider how
the built environment could support natural ventilation as a lower cost intervention. It advises that
government could support this planning step with updated building policy settings, considering
current codes.’®

Care is also needed to ensure that air-tightness energy efficiency upgrades do not reduce
ventilation, with potentially significant airborne disease transmission risks and other health impacts.
Recognising this, Asthma Australia recently called for sealing gaps to minimise infiltration of outdoor
air pollution, support thermal comfort, and reduce energy costs, but without compromising indoor
air quality.”®

8.4.7 Clean air shelters

When outside air is heavily polluted, such as during bushfires or industrial incidents, people are
sometimes advised to shelter in public buildings with central air conditioning systems. These
buildings may include local libraries and shopping centres. There is some research and guidance
examining the effectiveness of these shelters, including in Australian settings.”®®
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8.5 Guidance, education and awareness

Safe Work Australia provides guidance around indoor air quality in occupational settings.’®®

The Australian Building Codes Board provides guidance to assist in understanding the National
Construction Code’s indoor air quality requirements.’®” Several organisations provide health-related
indoor air quality advice in healthcare settings, including the Australian Commission on Safety

and Quality in Health Care and the Infection Control Expert Group. Australian, state and territory
governments currently provide varying levels of public guidance on their webpages on the health
impacts of indoor air quality.”®® The National Clean Air Agreement 2021-2023 work plan has better
knowledge, education and awareness as one of its four key strategic approaches and includes a
project aiming to ensure national consistency of public air quality information and health advice.”®°

While COVID-19 and bushfire smoke have raised awareness in some parts of the community of
the importance of indoor air quality, there remains significant scope for additional guidance. This
guidance would aim to motivate individuals to take steps to reduce the impacts of poor indoor
air quality on their health. There is also scope to increase awareness among key professional
stakeholders, including in the building, healthcare, aged care and education sectors.””®

There is scope for provision of this guidance to be coordinated, with sharing of guidance materials
and research within and between jurisdictions.

8.51 Professional guidance and education

Noting that many actions to improve indoor air quality depend on the people designing, using and
maintaining buildings, the World Health Organization recommends that training should be provided
to professionals, especially in the building sector (design, construction, operation and maintenance)
and other decision-makers, including health professionals working in public health as well as

clinical care.””

Inthe UK, a 2020 coroner’s report found the adverse effects of air pollution on health were not being
communicated sufficiently to patients and their families by medical and nursing professionals. The
coroner called on this to be addressed at undergraduate and postgraduate levels and in professional
guidance.””2 A 2020 joint publication of the UK Royal College of Physicians and the Royal College of
Paediatrics and Child Health recommended that guidance should be provided to health professionals
to understand the health risks of poor indoor air and how to support their patients with indoor air-
related ilinesses.””

Consideration could be given to including the health impacts of air pollution in curricula for medical
and health professionals in Australia.

Additional guidance onindoor air quality issues in workplaces could also be considered.
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8.5.2 Public guidance and education

The World Health Organization also recommends the dissemination of information to the public to
raise public awareness and assist people to take reasonable measures to reduce the risks to their
health from indoor air pollution.””

Systemic changes are likely to be more effective and proportionate than actions by individuals
themselves in reducing some of the negative health effects of poor indoor air quality. However, while
systemic changes are considered and implemented, a first step is to raise public awareness of the
health impacts of indoor air quality.

Public guidance has been developed during this project and is available on the Australian Centre for
Disease Control website at https://www.cdc.gov.au/topics/environmental-health/indoor-air-quality

An existing relevant short course is the University of Tasmania’s free online short course on bushfire
smoke, covering the physical and mental health impacts of bushfires and bushfire smoke, and what
people can do to reduce their risk.”’®

Figure 5. Example of existing UK campaign

Covid-19 gathers
like smoke.

//, 1 '\
’ .

Source: https://m.facebook.com/northlincscouncil/videos/6628212050582386/?refsrc=deprecated&locale2=ms_MY&_rdr
[video animation - screenshots above]

8.5.3 Teaching air quality safety at school

Air quality safety could be taught in schools. Water, sun, road and food safety are referred to in
the Australian Curriculum and may be covered under one of the eight learning areas or through a
Curriculum Connection.”’s '[M]aintenance of clean air’ is already referenced in the sustainability
cross curriculum priority currently included in Version 9 of the Australian Curriculum.””” Teaching
activities could cover issues such as indoor air quality, and bushfire smoke.
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8.5.4 Product information, labelling and rating schemes

The World Health Organization states that product information has a vital role in awareness raising
and stimulating behaviour change.””®

In Australia, the Australian Building Codes Board's Indoor Air Quality Verification Methods Handbook
lists a number of data sources for low-emission materials.””? In November 2024, the Green Building
Council of Australia published Responsible Products Guidelines, including a focus area on healthy
products, considering issues like occupational health and safety and chemicals of concern.’®

Jurisdictions including Japan, France, Denmark, Finland and the United States have various
product emission labelling schemes. Japan, for example, has a formaldehyde emission grade

label that is placed on building materials (wooden materials, paints, adhesives, etc) that may emit
formaldehyde.”® The Finnish M-1Label (Finnish Classification of Indoor Climate) is an emission
classification of building materials that aims to promote the development and use of low-emitting
building materials, fixed furniture and office furniture.”®2 Denmark has Danish Indoor Climate
Labelling, a labelling scheme for building materials, furniture and fixtures documenting the influence
on indoor air quality.”®® The European Union has a harmonisation framework for health based
evaluation of indoor emissions from construction products.’®* The US EPA developed the Safer
Choice label, which includes a restriction on volatile organic compound content to minimise indoor
air pollution and associated respiratory concerns.’®

There are many indoor air quality devices coming onto the market in Australia, with different
purposes, effectiveness, safety profiles, maintenance requirements, benefits and risks. For indoor
air cleaning devices, the University of Melbourne publishes the Guide to air cleaners.’®® Several
other jurisdictions have developed government-provided public guidance in relation to portable air
purifiers. For example, in California, USA, the California Air Resources Board provides guidance on
how to select a safe and effective air cleaner.”®

In terms of rating air cleaning devices by their impact on indoor air quality, consideration could be
given to adopting a system like the energy efficiency star rating schemes, but for pollutant removal
efficacy instead of energy usage. In Belgium, air purification devices and carbon dioxide meters are
covered by product health and environmental quality requirements defined as part of the legislation
on product standards.”®
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Appendix A -
Summary of air contaminants, sources
and potential health effects

Table 1is adapted from tables in the Australian Building Codes Board's Indoor Air Quality Verification
Methods Handbook (2023) .78 Contaminants not included in the handbook tables include airborne
microplastics, as well as particulate matter as a whole, PMy,, PM, 5 or ultrafine particles.

Table 1. Summary of common air contaminants, their sources and potential health
effects (source - Tables 2110 2.6 of the ABCB'’s Indoor Air Quality Verification
Methods Handbook’°)

Contaminant Source Health effects
Animal products
Danders Protein materials from skins of Allergic responses in susceptible

domestic animals. individuals, including asthma, hay fever,
eczema and hives.

Particles from feathers, Birds & bats roosting in buildings, Shortness of breath, hay fever,

bird, bat and rodent rodent infestation. wheezing and asthma.

excreta.

Scales, hairs and faecal Microscopic mites (which feed on House dust mite faecal matter and shed
matter from dust mites, shed human and domestic animal skin  hairs can initiate asthmatic responses
cockroaches and other scales). Other insects and arthropods. and various allergic conditions.

insects and arthropods.
Microorganisms

Bacteria such as Legionella Waters and soils containing the Potential infectious agents. Infections

pneumophilia organisms; e.g. aerosols from may range from fever & cough to
airconditioning system cooling towers  severe pneumonia and death. Potential
& shower roses, dust from potting mix  sensitising agents, particularly
&building site debris. airborne pyrogens.

Mycobacterium Infected individuals. Tuberculosis.
tuberculosis
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Contaminant

Moulds and mould
metabolites

Viruses

Combustion products

Carbon monoxide

Carbon dioxide

Nitric oxide

Nitrogen dioxide

Sulphur dioxide

Source

Fungi actively growing (Mycotoxins
including Trichothecines, affatoxins).

Non actively growing fungi (Spores,
hyphae fragments, organic
metabolites).

Viruses ... from infected people can
remain viable in air for at least 2
hours.

Incomplete combustion of carbon in
fuels in gas fires and stoves, kerosene
heaters, wood burning stoves and
open fires, especially if with inefficient
flues and poor ventilation; smoke; car
exhaust in buildings, carparks and
near busy roads.

Unvented heaters and stoves. People
in overcrowded rooms.

Fuel burning, including unflued gas
burners, smoke.

Fuel burning especially gas and
kerosene; smoke.

Wood burning fires and stoves.

Health impacts of indoor air quality

Health effects

Potential infectious agents.
Allergic reactions.

Allergic reactions.

Various viral diseases, from minor to
life threatening including rhinovirus
(common cold), influenza, measles,
severe acute respiratory syndrome
(SARS), middle east respiratory
syndrome (MERS), COVID-19.

Haemoglobin in the blood is

converted to the more stable
carboxyhaemoglobin, so that oxygen
carrying capacity is reduced. This

can lead to headache and nausea,
dizziness, impaired vision, loss of brain
function, unconsciousness and death.
Particularly harmful to angina sufferers,
pregnant women and their foetuses.

Ciddiness and headache. Loss of
mental acuity.

Respiratory disorders.

Respiratory disorders especially in
young children and people with other
respiratory ilinesses, shortness of
breath and wheezing. Since nitrogen
dioxide is less soluble than, say, sulphur
dioxide it penetrates much more deeply
into the lungs, where it can cause acute
lung damage. Eye irritation.

Since sulphur dioxide dissolves to
form sulphurous acid it has an irritant
effect on moist surfaces of the nasal
passages. The adverse effects are
increased with increased body activity.
Sulphur dioxide deposited on mucous
membranes is transported by the
bloodstream and damages liver tissue.
Effects are more severe in the elderly
and people with respiratory disorders.
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Contaminant
Organic compounds

Formaldehyde
(..[methanal])

Insecticides

Organochlorides, including
aldrin and dieldrin.

Chlordane/ heptachlor

Dichlorvos

Lindane

Others

Organic solvents

Ozone

Radon and radon
daughters

Source

Urea-formaldehyde insulating

foam, particle board, carpet backing,
permanent-press clothing,
cigarette smoke.

Soil treatment for termite control.

Termite, ant, cockroach and spider
control.

Some pest strips and flea collars.
Some surface spray insecticides.

Flea control and some head lice
treatments.

Adhesives, cosmetics, solvents,
polyurethane insulation materials,
paints, cleaning liquids, duplicating
machines, various plastics, correction
fluids, and smoke.

Photocopiers, ultraviolet light
sources, electrostatic air cleaners, car
exhausts, photochemical smog.

Radioactive decay of uranium-238

in soil, masonry, depending on the
geographic region. Particularly highin
granite regions.

Health impacts of indoor air quality

Health effects

Eye irritation, dermatitis, headaches,
nausea and respiratory complaints.
Carcinogenic.

Highly toxic, especially to nerve and
liver tissue. Carcinogenic.

Nausea, headaches, convulsions.
Damages membranes. Suspected
carcinogen.

Flu-like symptoms, breathing
difficulties, asthma.

Affects liver function.

Effects vary with the solvent
concerned. Many cause irritation of
eyes and respiratory tract; some cause
nausea; some are carcinogenic.

Respiratory disorders, especially in
asthmatics, the elderly and people with
pre-existing respiratory diseases, eye
irritation. Reduced exercise capability.

Carcinogenic, especially with respect
to lung cancer. The effect with smoke is
greater than additive.
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Appendix B -
Examples of air quality standards and
guidance levels relevant to indoor air quality

This appendix looks at the following examples of air quality standards and guidance levels relevant to
indoor air quality:

Morawska et al (2024)7%

Safe Work Australia Workplace exposure standards for airborne contaminants’? (to transition to
workplace exposure limits from December 2026)7%

Australian Building Codes Board Indoor air quality Verification Methods Handbook’®*
NHMRC previously recommended indoor air quality goals’®

AS 1668: The use of ventilation and airconditioning in buildings’®

National Aged Care Design Principles and Guidelines’™’

France - Regulatory system for monitoring indoor air quality

Japan - Standards for air environment and health management of buildings (as at 2020)7%

Thailand - Notification of the Department of Health regarding Indoor Air Quality Monitoring
Standards in Public Building B.E. 2565 (2022)7%°

Hong Kong - A Guide on Indoor Air Quality Certification Scheme for Offices and Public Places®®
Canadian Residential indoor air quality guidelines®'!

World Health Organization 2010 WHO Guidelines for indoor air quality: selected pollutants®®?
World Health Organization 2021 Air Quality Guidelines®®

National Environment Protection (Ambient Air Quality) Measure (NEPM (AAQ)) 8

The Safe Work Australia Workplace exposure standards for airborne contaminants are measured in the breathing zone of the worker by
an appropriately trained person. Inclusion in the table is for information, noting measurements under other standards in the table are
determined using other types of air or environmental monitoring.

Also has recommended exposure limits for acetaldehyde, acrolein, toluene and xylenes (not included in this table).
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Appendix B - Examples of air quality standards and guidance levels relevant to indoor air quality

Table 2. Examples of air quality standards and guidance levels relevant to indoor air quality

Pollutant Standard/source Level Averaging time or set point
(AT or SP)
PM25s Morawska et al 15 pg/md 1hour
Australian Building 25 pg/m? 24 hour
Codes Board (99th percentile)
10 ug/md 1year
Thailand No more than 25 ug/m® 24 hour average
World Health 15 pg/md 24-hour (99th percentile)
Organization 2021 (i.e. 3-4 exceedance days per year)
5 pg/ms Annual
NEPM (AAQ) 25 pg/m? 1day
8 ug/mg 1year
PM;o Australian Building 50 pg/m? 24 hour
Codes Board (99th percentile)
20 ug/m? 1year
NHMRC 90 pg/m3" 1year
Japan 015 mg/ms Measured at least every 2 months or
more frequently
Thailand 50 ug/md 24 hour average
Hong Kong 20/100 pg/m? 8-hour
World Health 45 ug/m? 24-hour (99th percentile)
Organization 2021 (i.e. 3-4 exceedance days per year)
15 ug/m? Annual (99th percentile)
(i.e. 3-4 exceedance days per year)
NEPM (AAQ) 50 ug/mé 1day
25 ug/m? Annual (99th percentile)

(i.e. 3-4 exceedance days per year)

i Table 2 of the National Environment Protection (Ambient Air Quality) Measure states the goal for PMzs from 2025 is 20 ug/m? (1 day) and 7 ug/

m? (1year).

i "Total suspended particulates’ rather than PMie specifically.

i 'Suspended particles’ rather than PMio specifically.
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Appendix B - Examples of air quality standards and guidance levels relevant to indoor air quality

Pollutant Standard/source Level Averaging time or set point
(AT or SP)
Carbon dioxide Morawska et al 800 ppm (absolute Threshold
value, scenario-based)
350 ppm (delta) Threshold
Safe Work Australia 5,000 ppm eight hour time weighted average (TWA)!
30,000 ppm 808 short term exposure limit (STEL)"
Australian Building 850 ppm" 8 hours

Codes Board

National Aged Care 1,000 ppm

France 800 ppm indicates Direct-reading measurement (at least
satisfactory air two hours)
exchange®®
Japan 1,000 ppm Measured at least every 2 months or
more frequently
Thailand No more than 1,000
ppm
Hong Kong 1,440/1,800 mg/m? 8 hour
800/1,000 ppmv 8 hour
Canada 1,800 mg/m?® 24 hours
(1,000 ppm)

i TWA - the maximum average airborne concentration of a substance when calculated over an eight hour working day, for a five day
working week.

i STEL-a 15 minute time weighted average exposure limit which must not be exceeded at any time during an eight hour working day, even
if the exposure during the full day is less than the TWA exposure standard. Exposures at the STEL must not be longer than 15 minutes and
must not be repeated more than four times per day. There must be at least 60 minutes between successive exposures at the STEL.

i Based on body odour metric (i.e. 450 ppm above ambient CO2 level of 400 ppm).
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Pollutant Standard/source Level Averaging time or set point
(AT or SP)
Carbon Morawska et al 100 mg/m3 15 mins
monoxide
35 mg/m? 1 hour
10 mg/m3 8 hours

Safe Work Australia 34 mg/m? (30 ppm)87  eight hour time weighted average (TWA)

Australian Building 90 ppm 15 mins
Codes Board
50 ppm 30 mins
25 ppm 1hour
10 ppm 8 hours
NHMRC 9ppm 8 hour
Japan 10 ppm Measured at least every 2 months or
more frequently
Thailand No more than 9 ppm
Hong Kong 2,000/7,000 pg/m? 8 hour
17161 ppmv 8 hour
Canada 28.6 mg/m? (25 ppm) 1hour

11.5 mg/m? (10 ppm) 24 hours

World Health 100 mg/m? 15 mins
Organization 2010

35mg/m?®! 1hour

10 mg/m3 8 hours

7mg/m? 24 hours
World Health 4 mg/m? 24-hour (99th percentile)
Organization 2021 (i.e. 3-4 exceedance days per year)
NEPM (AAQ) 9.0 ppm 8 hours

i Assuming the 15 minutes and 1 hour exposure levels do not occur more often than once per day.
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Pollutant Standard/source Level Averaging time or set point
(AT or SP)
Nitrogen Safe Work Australia 3 ppm (5.6 mg/m?) eight hour time weighted average (TWA)
dioxide o
5 ppm (9.4 mg/m?) short term exposure limit (STEL)
Australian Building 200 pg/m? 1hour
Codes Board (0.0987 ppm)

40 ug/m? (0.0197 ppm)’  1year

NHMRC Under review at time of  Under review at time of publication
publication (2002)

Hong Kong 40/150 pg/m? 8 hour
21/80 ppbv 8 hour
100/200 pg/m?® 1hour
53/106 ppbv 1hour
Canada 20 ug/m3 (11 ppb) 24 hours
170 pg/m? (30 ppb) 1hour
World Health 200 pg/m? 1hour average
Organization 2010
40 pug/md annual average
World Health 25 pg/m? 24-hour (99th percentile)
Organization 2021 (i.e. 3-4 exceedance days per year)
10 ug/m3 Annual
NEPM (AAQ) 0.080 ppm 1hour
0.015 ppm 1year

Based on pressure of 101.325 kPa and temperature of 25°C (i.e. the conversion is mg/m? = ppm (molecular weight/24.4)).
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Pollutant Standard/source Level Averaging time or set point
(AT or SP)
Ozone Safe Work Australia 01 ppm (0.2 mg/m3) eight hour time weighted average (TWA)
peak limitation
Australian Building 100 pg/m® 8 hour, daily maximum limit
Codes Board (0.0473 ppm)
NHMRC 120 ppb 1hour
Thailand No more than 0.05 ppm
Hong Kong 50/120 pg/m? 8 hour
25/61 ppbv 8 hour
Canada 40 pug/m? (20 ppb) 8 hours
WHO 2021 60 pg/m? Peak season!
100 pg/m® 8 hour
NEPM (AAQ) 0.065 ppm' 8 hours
Formaldenyde  Safe Work Australia ~ 1ppm (1.2 mg/m?) eight hour time weighted average (TWA)
2 ppm (2.5 mg/m?) short term exposure limit (STEL)
Australian Building 01mg/m? 30 mins
Codes Board
NHMRC 130 pg/m3
France 100 ug/ms® 808 Short-term exposure
Japan 01 mg/m? (0.08 ppm) Conditionally measured; when newly-

built, repaired, reformed

Thailand No more than 0.08 ppm,
no more than 100 ug/m?

Hong Kong 30/100 pg/m? 8 hour
24/81 ppbv 8 hour
70/100 pg/m? 30 mins
57181 ppbv 30 mins

Canada 50 ug/m3 (40 ppb) 8 hours

123 ug/m? (100 ppb) Thour

World Health 01mg/m?3 30-minute average
Organization 2010

i Average of daily maximum 8-hour mean ozone concentration in the six consecutive months with the highest six-month running average
ozone concentration. Note: Annual and peak season is long-term exposure, while 24 hour and 8 hour is short-term exposure.
i 'Photochemical oxidants (as ozone)'.
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Pollutant Standard/source Level Averaging time or set point
(AT or SP)
Total volatile Australian Building 500 pg/m? 1 hour
organic Codes Board
compounds
NHMRC 500 pg/m?3'
Thailand No more than
1,000 ppm
Hong Kong 200/600 pg/m® 8 hour
871261 ppbv 8 hour
Sulphur Safe Work Australia 2 ppm (5.2 mg/m?) eight hour time weighted average (TWA)
dioxide
5ppm (13 mg/m?) short term exposure limit (STEL)
NHMRC 500 ppb 10 min
220 ppb 1hour
20 ppb 1year
World Health 40 pug/md 24-hour (99th percentile)
Organization 2021 (i.e. 3-4 exceedance days per year)
NEPM (AAQ) 010 ppm 1 hour
0.02 ppm 1day
Benzene Safe Work Australia ~ 1ppm (3.2 mg/m?) eight hour time weighted average (TWA)
France 2pug/m? Long-term exposure
Hong Kong 5.3 ppbv (17 ug/m?) 8 hour
World Health No safe level of
Organization 2010 exposure can be
recommended

Tetrachloroeth- Safe Work Australia 50 ppm (340 mg/m3) eight hour time weighted average (TWA)

ylene
150 ppm (1020 mg/m3)  short term exposure limit (STEL)
Hong Kong 37 ppbv (250 pg/m?) 8 hour
World Health 0.25mg/m? annual average
Organization 2010

With single volatile organic compounds at 50% total volatile organic compounds concentration.
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Pollutant Standard/source Level Averaging time or set point
(AT or SP)
Trichloroeth- Safe Work Australia 10 ppm (54 mg/m3) eight hour time weighted average (TWA)
ylene
40 ppm (216 mg/m?) short term exposure limit (STEL)
Hong Kong 43 ppbv (230 pg/m?) 8 hour
World Health Risks and
Organization 2010 concentrations
discussed but no
threshold provided
Naphthalene Safe Work Australia 10 ppm (52 mg/m3) eight hour time weighted average (TWA)
15 ppm (79 mg/m?) short term exposure limit (STEL)
Hong Kong 1.9 ppbv (10 ug/m3) 8-hour
Canada 10 pg/m? (1.9 ppb) 24 hours
World Health 0.01mg/m3 annual average
Organization 2010
Polycyclic Hong Kong 1.2x10°* ppbv 8 hour
Aromatic
Hydrocarbons (12ng/m?)
(as benzo(a)
pyrene)
World Health No threshold can be
Organization 2010 determined and all
indoor exposure is
considered relevant
to health
Radon NHMRC 200Bg/m? 1year
France 300Bg/m?
Hong Kong 150/167 Bg/m™® 8-hour
Canada 200 Bg/m? Exposure limit
World Health Risks and
Organization 2010 concentrations
discussed but no
threshold provided
Lead Safe Work Australia 0.05 mg/m? eight hour time weighted average (TWA)
NHMRC 1.5 pg/mg 3month
NEPM (AAQ) 0.50 ug/md 1year
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Pollutant Standard/source Level Averaging time or set point
(AT or SP)
Total bacterial ~ Thailand No more than 500 1year
count CFU/m3
Hong Kong 500/1,000 cfu/m? 8 hour
Mould Hong Kong Assessment in form of

prescriptive checklist

Total fungal Thailand No more than 500
count CFU/m?
Ventilation Morawska et al 14 litres/s per person When the space is occupied
(other than clean air supply rate in
carbon dioxide the breathing zone
- set

EL?C):K c:rebon Australian Building Provides guidance on

L. Codes Board how to comply with
dioxide row National Construction
above) Code ventilation

provisions
AS 1668 10 litres/s per

person minimum
effective outdoor
airflow (mechanical
ventilation)

Direct ventilation
openings like operable
external windows and
doors, with an area

of not less than 5%

of the floor area of
the enclosed space
(natural ventilation)

National Aged Care Guideline 1.9
makes a number of
recommendations,
including spot
checking indoor
air quality, creating
cross-ventilation, and
maximising use of
outdoor areas.

France Annual ventilation

assessments
required. 8%°
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Pollutant Standard/source Level Averaging time or set point
(AT or SP)

Ventilation Hong Kong Ventilation rate:

cont. ,
For office -
8.5 L/s/person

For mall -
4.6 L/s/person

Occupancy density:

For office - layout plan
(7-10 occupants/100m?

For mall - occupancy

permit (40 transient

occupants/100m?)
Indoor spaces ~ Morawska et al Public spaces

Safe Work Australia Workplaces

Australian Building Most buildings'

Codes Board

NHMRC For formaldehyde -
residences, schools

AS 1668 Most new building
types

National Aged Care Residential aged care
homes

France Facilities hosting

children under six
years old, nursery
schools and primary
schools, recreational
facilities and
secondary education
or vocational

training places

Japan Gross floor space >
3,000m?

(exclusively, school >
8,000 m?)

i Higher maximum exposure levels for carbon monoxide in carparks.
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Pollutant Standard/source Averaging time or set point

(AT or SP)

Indoor spaces  Thailand Buildings used for

cont. public gatherings for
public activities such
as politics, education,
religion and society
recreational or
commercial facilities
where air conditioning
systems are used®© !

Hong Kong Offices and public
places

Canada Residential

World Health Indoor exposure to air

Organization 2010 pollutants

World Health Outdoor and indoor

Organization 2021 environments
globally, other than
occupational settings
(due to specific
characteristics
of the relevant
exposure and risk
reduction policies and
potential differences
in population
susceptibility of the
adult workforce in
comparison with
general population)

NEPM (AAQ) Monitored in
ambient air

i Public buildings include: office buildings; shopping malls, shopping centres, supermarkets; convention centre buildings, auditoriums,
meeting rooms, exhibition centres; services facilities; food and beverage facilities; fitness facilities, indoor sports; schools; hotels; theatres;
public transit buildings; library, art gallery, museums; religious buildings; aged care; early childhood; other public buildings can apply indoor
air quality monitoring values as appropriate.
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Public guidance

Australian Centre for Disease Control ‘Indoor air quality’ webpage
+ https://www.cdc.gov.au/topics/environmental-health/indoor-air-quality

« linked from Australian Centre for Disease Control ‘Air quality’ website
(https://www.cdc.gov.au/topics/environmental-health/air-quality)

Indoor air quality

Australians spend most of our time indoors. The air quality within these spaces affects our health.
Learn about how you can improve indoor air quality.

Indoor air quality

Indoor air quality is affected by many things, including:

+ outside air pollution coming inside, such as emissions from vehicles and industry and smoke
from bushfires and wood heaters

- particulate matter from sources in the home, such as wood heaters

- volatile organic compounds, such as formaldehyde, emitted from building materials
and furnishings

+ microorganisms like viruses, bacteria and fungi (including moulds) which can be transmitted
through the air

« gases like carbon dioxide, carbon monoxide and nitrogen dioxide from sources such as gas
heaters, cooktops and stoves

 tobacco smoke and vape aerosols

 dust, dust mites and pollen

« asbestos

- lead

« pollutants from domestic pets, such as pet dander.

Indoor air can have much higher concentrations of some pollutants and different health risks than
outdoor air.

Learn more about specific indoor air pollutants.
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Health impacts of poor indoor air quality

Health impacts from air pollution in indoor environments include:

carbon monoxide poisoning from using wood or gas heaters without enough ventilation
transmission of infectious diseases like influenza, RSV and COVID-19 by airborne viruses
respiratory and cardiovascular impacts from particulate matter

asthma from dust mite allergens.

High levels of carbon dioxide and particulate matter pollution can affect educational results in school
classrooms and reduce workplace productivity.

Ways to improve indoor air quality

There are simple ways to improve indoor air quality and reduce health problems. You can:

not smoke or vape

increase outside air flow by opening windows (if the outside air is clean)

wear a P2 or N95 respirator mask to reduce the spread of airborne viruses

use high efficiency particulate air (HEPA) filters suitable for the size of the indoor space

when cooking, use a high-efficiency exhaust fan vented outside to remove emissions and
cooking odours

use an exhaust fan to remove steam and moist air
keep exhaust fans clean from dirt and grease

avoid generating moisture indoors (for example, using a clothes dryer without sufficient
ventilation) or having damp surfaces that encourage microbiological growth

manage moisture in buildings, in both the internal environment and in the fabric of the
building itself

use a door mat to help keep outdoor dust out
remove indoor dust regularly, and clean air conditioner filters regularly

ensure any mechanical ventilation systems are well-maintained, and have a high-grade filter,
to bring clean outside air indoors

where possible, choose an alternative method than a wood heater to heat your home

avoid cleaning products, air fresheners, scents and sprays, cosmetics, glues, paint, varnishes,
carpet and fibreboard with high volatile organic compound content

avoid running a vehicle engine in a garage attached to a dwelling
avoid using charcoal bead cookers, barbecues, camping stoves or outdoor heaters indoors
keep your pets and their bedding clean.

Make sure you have sufficient ventilation, even when sealing draughts to save money on heating
and cooling costs.
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What to do if the outside air is polluted

Keep inside air as clean as possible from outdoor air pollutants such as smoke, vehicle fumes
and industrial pollution. You can:

« close windows and doors during short episodes of outside air pollution and open them when
air quality improves

« USe areverse cycle air conditioner or set other types of air conditioners to recirculate indoor
air during short episodes of outside air pollution

+ avoid using evaporative coolers during short episodes of outside air pollution, as they bring
outside air inside

- during lengthy periods of outside air pollution, air out indoor spaces when the outside air
quality improves even temporarily

+ Use a suitable HEPA filter to reduce airborne viruses and some other indoor air pollutants
- wear aP2or NS5 respirator mask.

If you or anyone in your care has trouble breathing, chest pain or discomfort call 000 for
an ambulance.

People who are sensitive to smoke should actively monitor symptoms and follow their health
management plan recommended by their doctor.

More information

Find more information about:

+ indoor air quality in homes

+ ventilation and reducing the risk of COVID-19 transmission
+ choosing an air purifier (including HEPA filters)

- face masks

« wood heaters and their alternatives

« the Australian Government's Energy Savings Package, which will support upgrades to
household energy efficiency

+ thelinks between indoor air quality and climate change in the National Health and
Climate Strategy

« managing air quality risk in workplaces

« Quidance on good air quality and ventilation in residential aged care home in the National
Aged Care Design Principles and Guidelines.
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https://www.dcceew.gov.au/sites/default/files/documents/delivering-cheaper-cleaner-and-smarter-energy-households-fs.pdf
https://www.health.gov.au/our-work/national-health-and-climate-strategy
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https://www.health.gov.au/resources/publications/national-aged-care-design-principles-and-guidelines
https://www.betterhealth.vic.gov.au/health/healthyliving/wood-fires-and-breathing-problems
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Asbestos is a group of six types of naturally occurring, rock forming silicate minerals made up of thin,
microscopic fibres or a mixture that contains one or more of these minerals. Before being banned,
asbestos was used in arange of industries including in the construction and transport industries,
and can be found in older buildings and products, such as fibrous cement sheeting, flue pipes,
drains, roofs, gutters, brakes, clutches and gaskets.®"

Carbon dioxide is produced by human and animal respiration, and also through the combustion of
carbon-based materials such as fuels, gas and wood.

Carbon monoxide is a colourless, tasteless, odourless, non-irritating, but very toxic, gas. Itis
produced from the incomplete combustion of fuels such as kerosene, gas, wood or charcoal, as well
as in cigarette smoke, and can build up in poorly ventilated garages.®?

Microplastics - tiny pieces of plastic - are increasingly present throughout the environment.
Airborne microplastics are increasingly being recognised as an emerging contaminant and potential
risk to human health. These tiny fragments of plastic can be inhaled, and have been found in the
lungs and bloodstream, and in organs and tissues throughout the body.8”

Mould is a type of fungus that grows in moist or humid places. Mould spores and fragments in the air
can be inhaled or swallowed.8™

Nitric oxide (NO) and nitrogen dioxide (NO,) are two of the most toxicologically significant oxides
of nitrogen.®® Traffic is the main outdoor source of nitrogen dioxide, and outdoor sources can
influence indoor concentrations. Indoor sources include tobacco smoke, as well as gas and wood
burning appliances such as cooktops, ovens, space and water heaters and fireplaces, particularly
unflued or poorly maintained appliances. Underground parking garages can have high levels of
nitrogen dioxide 8™

Particulate matter - PM or particle pollution - is a mixture of solid and liquid particles in the air
categorised by size (but not by constituents, so can consist of many substances). PMy; is particulate
matter with a diameter of 10 um or less; PM, s is fine particulate matter, with a diameter of 2.5 ymor
less; and PMOQ.1is ultrafine particulate matter, with a diameter of 0.1 um or less. To give a sense of
scale, a human hair strand has an average diameter of 50 to 70 pm.8”

Per- and poly-fluoroalkyl substances (PFAS), are a class of manufactured chemicals that have
been used to make products that resist heat, stains, grease, and water. There are many different
types of PFAS, including perfluorooctane sulfonate (PFOS) and perfiuorooctanoic acid (PFOA) £

um = micrometre. 1um is the same length as one millionth of a metre.
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Polycyclic aromatic hydrocarbons are formed by the incomplete combustion of coal, oil, petrol,
wood, tobacco and other organic materials.®® Naphthalene is traditionally used as the main
ingredient in mothballs for home use. It also has industrial and veterinary uses.

Radon is a naturally occurring radioactive gas that comes from rocks and soil. It releases radioactive
particles when it decays.

Sulphur dioxide is a non-flammable, colourless gas with a strong odour.82°

Viruses are tiny infectious agents that multiply inside the cells of a host organism. There is robust
evidence supporting the airborne transmission of many respiratory viruses.

Volatile Organic Compounds (VOCs), are organic chemicals that are generally liquids at room
temperatures but being volatile, they are capable of forming vapours in air. They often arise in

indoor air from organic solvents used in a diverse range of building and consumer products as these
dry over days to months. Tobacco smoke and e-cigarette aerosols both contain VOCs .82 Several
hundred VOCs may exist in indoor air environments. The World Health Organization has defined
organic compounds based on boiling points as: VOCs, very volatile organic compounds (VVOCs) and
slightly volatile organic compounds (SVOCs). This report uses the term VOCs for these for simplicity.
A measure known as total VOC (TVOC) is an aggregated concentration of all VOCs in the boiling point
range of ~60-80°C to 240-260°C.

Other indoor air pollutants discussed in this report include:

+ bacteria

« cosmetics, fragrances, aerosol deodorants and cleaning products

- environmental tobacco smoke and vape aerosols

- human skin cells, bioeffluents, dust mites, and animal dander, hair and excreta
- lead and other heavy metals

- ozone

« pollen

- silicadust.
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