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Air quality & health

Clean Air and Urban Landscapes (CAUL) Hub
mission
• The aim of our air quality (AQ) work:
To make cities healthier and to help people understand and
navigate the Air Quality environment in their cities and homes

Projects
• heatwaves, trees & pollution
• what are we breathing?
• balcony
• roadside
• indoors

• STEM for air quality (Liverpool Girls High School)

Hot days
Heatwaves in Sydney
• heatwaves around Sydney are increasing
• they already cause significant illness
• this is exacerbated by pollution that accompanies heatwaves
• we wanted to understand why heatwaves caused ozone pollution

Hot days
Biogenic Volatile Organic Compounds (BVOC)
• BVOC emissions in south-eastern Australia are modelled to be among
the highest in the world.
• We don’t know that much about them: large uncertainties in the
emissions of BVOCs in Australia: calculated at a factor of two.
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Hot days
modelling
• We used a computer model like a
laboratory
• First, could our model predict what
happened on hot days?
• It could so in the model we turn off
contributors to find the key mechanism.
• Ran the model with both standard
emissions and temperatures (STD_ET),
average emissions (AVG_E), average
temperatures (AVG_T) and both average
emissions and temperatures (AVG_ET).
• Turns out the speed-up of emissions and
the speed-up of chemistry each
contributed about half
• STD_ET – AVG_T = STD_ET – AVG_E

Hot days
causes of air pollution during heatwaves
• on very hot days we found that trees increase their emissions of
chemicals that cause ozone pollution
• the chemistry that processes these emissions into extra ozone also
speeds up
• as a first response we need to make sure that air quality warnings
take account of this effect of extreme heat
• there is little we can do about the emissions so we may need to act
on other components such as vehicles and industrial sources on
extreme heat days

Graphics from this work
were selected as Front Cover
for Journal of Atmosphere
Special Issue no. 12

Is the air quality monitoring network
representative of public exposure to pollutants?
• Research question generated by public at a series of CAUL roadshow
events
• Two experiments designed to address this question:
1. Western Airshed Particulate Study for Sydney- Auburn
2. Roadside Atmospheric Particulates in Sydney - Randwick

1. Western AirShed Particulate Study for Sydney
(WASPSS)- Auburn
• Mobile air quality monitoring station
installed on roof of two-story building
in Auburn
• Measurements compared to nearby
permanent air quality monitoring sites
from the Office of Environment and
Heritage network.

Mobile Air Quality Station

WASPSS- Auburn:
Results
Measurements from the
Auburn balcony site (orange)
correlated well with
measurements with the three
nearest permanent air quality
monitoring sites for all
monitored pollutants on
seasonal and daily timescales.

2. Roadside Atmospheric Particulates in Sydney
(RAPS)
• PM2.5 (particulate matter <
2.5µm) measurements were
made along and around ANZAC
Parade, Randwick over four
days and compared to nearby
permanent air quality
monitoring stations.
• Traffic counting was also
performed and compared to a
traffic model.

RAPS: Results
• average hourly PM2.5
concentration 13 µg/m3 at the
roadside, approximately twice
that of nearby permanent
monitoring stations
• along side streets, concentrations
were greater than the regional
background but less than the
roadside on Anzac Pde

WASPSS, RAPS
conclusions
• biogenic emissions are important factors in urban air pollution
• OEH air quality monitoring stations represent what people are
breathing on balconies above street level
• roadside concentrations of pollutants from traffic, are around double
those measured by air quality monitoring stations
• concentrations of pollutants decline rapidly with distance away from
busy roads
• potential solutions: AQ warnings for hot days, awareness of hazards
of busy & congested streets, reducing traffic emissions

Indoor environments and pollutants
• typical indoors environments are houses,
apartments, caravans, schools, offices,
public buildings, restaurants, and forms of
transport
• key indoor pollutants are volatile organic
compounds (VOCs) (e.g., benzene,
toluene, formaldehyde, ethanol, and dlimonene)
• some VOCs are hazardous e.g.,
formaldehyde and levels are regulated
(outdoors) (Australian Govt., 2011)

Major indoor sources are:
• building materials
• consumer products

Australian Government (2011). National Environment Protection (Air Toxics) Measure (NEPM). National
Environment Protection Council Act 1994, s 21 and Acts Interpretation Act 1901, s 48 as applied by s 46A

Exposures and the indoor built environment
• people spend about 90% of their time
indoors
• pollutant levels indoors are usually
several times (to several hundred times)
higher than outdoors
• more than 90% of our exposure to
hazardous pollutants occurs indoors
• indoor air quality is generally unregulated
• emissions from consumer products and building materials are
generally unmonitored
• hazardous air pollutants and their sources are regulated
outdoors but not indoors

Recent indoor air quality research
• Fragranced consumer products: human health effects
• Fragranced consumer products and effects on asthmatics: an
international population-based study
• Indoor volatile organic compounds at an Australian university
• Emissions from residential dryer vents during use of fragranced and
fragrance-free laundry products

Fragranced consumer products: human
health effects
Methods
• an on-line survey was conducted of the adult Australian population,
using a national random sample representative of age, gender, and
state (n = 1098, 95% confidence level with a 3% margin of error)
• the survey instrument, a 35-item questionnaire, was developed and
tested over a two-year period, including cognitive testing with 10
individuals and piloting with over 100 individuals, before full
implementation in June 2016
• the survey drew upon participants from a large web-based Australian
panel (over 200,000 people) held by Survey Sampling International

Fragranced consumer products: human
health effects
Key findings
• in nationally representative population studies, 33.0% of Australians
report adverse health effects from exposure to fragranced consumer
products
• prevalence of adverse effects is over 100% higher for asthmatics
(compared with non-asthmatics)
Immune, Gastrointestinal,
Cardiovascular,
Musculoskeletal,
• one in three Australians report
Other—14.1%
one or more types of adverse
health effects from fragranced
products: air fresheners,
Migraine,
Respiratory, Asthma,
Neurological,
Mucosal Symptoms
laundry products, cleaning
Cognitive
—38.3%
—18.6%
supplies, household items,
colognes, personal care
products
Steinemann 2017, 2016

Skin—9.5%

Fragranced consumer products: human
health effects
Conclusions
• this study found that common fragranced products can trigger adverse
effects throughout the Australian population, with consequences for
public health, workplaces, businesses, and societal wellbeing
• it also indicates that some relatively straightforward and inexpensive
approaches, such as fragrance-free policies, could not only reduce
health risks but also increase revenues and societal access
• while research is needed to fully understand why fragranced products
are associated with a range of adverse health effects and in a substantial
portion of the population, it is important to take steps in the meantime
to reduce or eliminate exposure for prevention and public health

Fragranced consumer products and effects on
asthmatics
Methods
• nationally representative population-based cross-sectional studies,
using the same survey instrument, were conducted of adults ages 18–
65 in the United States, Australia, United Kingdom, and Sweden
• sample populations were representative of the general populations
according to age, gender, and region (n = 1137; 1098; 1100; 1100;
respectively; confidence limit = 95%, margin of error = 3% for all
studies)
• the surveys drew upon large web-based panels (with over 5,000,000;
200,000; 900,000; 60,000 people, respectively)

Fragranced consumer products and effects on
asthmatics
Proportion of asthmatics reporting
Key findings
• across the four countries, 26.0% of
adults (n = 1151) are asthmatic,
reporting medically diagnosed
asthma (15.8%), an asthma-like
condition (11.1%), or both.
• among these asthmatics, 57.8%
report adverse health effects,
including asthma attacks (25.0%),
respiratory problems (37.7%), and
migraine headaches (22.6%), from
exposure to fragranced products.
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Fragranced consumer products and effects on
asthmatics
Key findings (continued)
• for 24.1% of asthmatics, health problems from fragranced products
are potentially disabling. Further, 20.6% of asthmatics have lost
workdays or lost a job, in the past year, due to fragranced product
exposure in the workplace
• fragrance-free environments received widespread support. More
than twice as many individuals, both asthmatics as well as nonasthmatics, would prefer that workplaces, health care facilities and
professionals, airplanes, and hotels were fragrance-free rather than
fragranced

Fragranced consumer products and effects on
asthmatics
Conclusions
• this study provides evidence that asthmatics can be profoundly,
adversely, and disproportionately affected by exposure to fragranced
consumer products
• moreover, the study points to a relatively straightforward and costeffective approach to reduce risks; namely, to reduce exposure to
fragranced products

Indoor VOCs at an Australian university
Methods
• sampling of VOCs:
active sampling, small pump attached to sampling
media
simultaneously collected ambient samples
• analysis of samples
Ultra high performance liquid chromatography (UHP/LC)
for aldehydes
Gas chromatography mass spectrometry (GC/MS) for
VOCs

Indoor VOCs at an Australian university
Results: Indoor to outdoor ratios of hazardous air pollutants

Indoor VOCs at an Australian university
Key findings
• analysis of 41 VOCs across 20 locations revealed indoor concentrations
higher than outdoor concentrations for 97% of all VOC measurements
• hazardous air pollutants (formaldehyde, benzene, toluene, and xylenes)
were up to an order of magnitude higher indoors than outdoors
• further, d-limonene, ethanol, hexaldehyde, β-pinene, and isobutane
were two orders of magnitude higher indoors than outdoors
• the most prevalent VOCs (e.g., ethanol, d-limonene, and formaldehyde)
have links with building materials, furnishings, and fragranced consumer
products such as air fresheners and cleaning supplies

Indoor VOCs at an Australian university
Conclusions
• this study indicates that university indoor environments can be
important but largely unrecognized sources of pollutant exposure
• future work can examine:
• the effectiveness of strategies to reduce pollutants through
fragrance-free policies
• selection of low emitting construction materials and furnishings
• evaluation of the green building certification scheme
• ongoing monitoring and assessment of indoor environments

Dryer vent emissions study
Methods
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Dryer vent emissions study
Results (d-limonene concentration)

Dryer vent emissions study
Conclusions
• this study demonstrated the improvements to air quality after
switching from fragranced to fragrance-free products
• it found that, by a change to fragrance-free laundry products,
concentrations of d-limonene can be almost completely eliminated
from the dryer vent emissions
• this strategy may also reduce the formation and concentrations of
secondary pollutants such as formaldehyde, acetaldehyde, and
ultrafine particles
• findings from this study can provide an important foundation for
future research, and for demonstrating cost-effective strategies to
reduce VOC emissions and personal exposures

Air quality, urban heat & STEM in Liverpool, NSW
• in 2018, Liverpool had the state’s worst air pollution of fine particles
(PM2.5) and increasingly hot summer maxima
• our research collaboration will map these problems, engage the
community and offer ways to help people to stay healthy and to enjoy
spending time in public places

Air quality, urban heat & STEM in Liverpool, NSW
a large & diverse team
• we are working with potential future female scientists from Liverpool
Girls’ High School, the council, the NSW Office of Environment and
Heritage (OEH) and the Australian Nuclear Science and Technology
Organisation (ANSTO)
• built a free internet of things (IoT) network for public use, using a
Federal Smart Cities grant, measuring air quality and pedestrian
traffic
• this year, the council are formulating a master plan for public space
as the city grows. This and related research will contribute valuable
data

STEM at Liverpool Girls’ High School
•
•
•
•

OEH have installed a full air quality station on the school grounds
ANSTO have installed a radon detector (atmospheric turbulence)
researchers from CAUL and the other agencies will work with students
the High School students will have access to data from cutting-edge air
quality equipment and can use IoT technology
• community engagement, other projects

for more details see:
the journal Atmosphere
Special Issue no. 12

Thank you, any questions?
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