Australian Government

(@, WoR CHINA  UN &

7))\ ENVIRONMENT \.
N DAY 2019 environment

Beat Air
Pollution

What are we breathing?

Clean aic healthier cities

Air Quality research by the Clean Air and Urban Landscapes (CAUL) Hub
Hugh Forehead

(240] UNIVERSITY
38 OF WOLLONGONG

Science ’.r . RMIT q WE%\%IE[EKE

L National
“‘ En\lgrr:)qnmental
e Programme MELSOURRE UNIVERSITY AUSTRAL[A

y AUSTRALIA




Air quality & health
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Fragranced products to blame for smog as
much as cars, study finds
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Air pollution causes ‘huge’ reduction in
intelligence, study reveals

Impact of high levels of toxic air “is equivalent to having lost a
year of education’

Air pollution in China is three times above World Health Organisation limits.
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Clean Air and Urban LandscageAUL) Hub
mission
AThe aimof our air quality (AQork:

To makecities healthier ando helppeople understand and
navigate theAir Quality environmenin their cities anchomes




Projects

Aheatwaves, trees & pollution

Awhat are we breathing?

Abalcony
Aroadside
Aindoors

ASTEM for air quality (Liverpool Girls High School)



Hot days

Heatwaves In Sydney

Aheatwavesaround Sydney aricreasing

Atheyalready cause significailiness

Athisis exacerbated by pollution that accompanfesatwaves
Awe wanted to understand why heatwaves caused ozpobution



Hot days
Biogenic Volatile Organic Compounds (BVOC)

ABVOC emissions in soutlastern Australia are modelled to be among
the highest in the world.
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emissions of BVOCSs In Australia: calculated at a factor of two.
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AWe used a computer model like a
aboratory

AFirst, could our model p)redict what
nappened on hot days™

Alt could so in the model we turn off
contributors to find the key mechanism.

ARan the mode| with both standard
emissions and temperatures (STD_ET)
average emissions (AVG_E), average
temperatures (AVG T) and both avera
emissions and temperatures (AVG_ET

ATurns out the speedp of emissions and
the speedup of chemistry each
contributed about half

ASTD ETAVG T=STD EARVG E




Hot days

causes of air pollution during heatwaves

Aon very hot days we found that trees increase their emissions of
chemicals that cause ozompellution

Athe chemistry that processes these emissions into extra ozone also
Speedsup

Aas a first response we need to make sure that air quality warnings
take account of this effect of extrenteat

Athereis little we can do about the emissions so we may need to act
on other components such as vehicles and industrial sources on

extreme heatdays
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Elevated Ozone Downwine
of Sydney on a Hot Summer
Afternoon
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Is the air quality monitoring network
representative of public exposure to pollutants?

AResearch question generated by public at a series of CAUL roadshow
events

ATwo experiments designed to address this question:

1. Western Airshed Particulate Study for Sydngyburn

2. Roadside Atmospheric ParticulatesSydney Randwick



1. WestermAirShedParticulate Study for Sydney
(WASPSSAuburn

AMobile air quality monitoring station
Installed on roof of twestory building
In Auburn

AMeasurements compared to nearby
permanent air quality monitoring sites
from the Office of Environment and
Heritage network.

Mobile Air Quality Station



WASPS®&uburn:
Results

Measurements from the
Auburn balcony sit¢orange)
correlated well with
measurements with the three
nearest permanent air quality
monitoring sites for all
monitored pollutants on

seasonal and daily timescales.
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2. Roadside Atmospheric Particulates in Sydn
(RAPS)

APM, - (particulate matter <
2.5Um) measurements were
made along and around ANZ/
Parade, Randwick over four
days and compared to nearby
permanent air quality
monitoring stations.

ATraffic counting was also
performed and compared to a
traffic model.
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RAPS: Results

Randwick Roadside  Randwick Side Stroals

OEH Rozelle

OEH Eariwood

Aaveragehourly PM, ;
concentration 13 pug/rat the
roadside, approximately twice
that of nearby permanent
monitoring stations

Aalong sidestreets, concentrations
were greater than the regional
background but less than the
roadside on Anzalede



WASPSS, RAPS

conclusions

Abiogenic emissions are important factors in urban air pollution

AOEH air quality monitoring stations represent what people are
breathing on balconies above street level

Aroadside concentrations of pollutants from traffic, are around double
those measured by air quality monitoring stations

Aconcentrations of pollutants decline rapidly with distance away from
busy roads

Apotential solutions: AQ warnings for hot days, awareness of hazards
of busy & congested streets, reducing traffic emissions



Indoor environments and pollutants

Atypicalindoors environmentare houses, Pwin. = = A
apartments, caravans, schools, offices, & ... ’
public buildings, restaurants, and forms G—
transport 3

'5' »
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A keyindoor pollutantsare volatile organic Fa '\'
compounds (VOCs) (e.d., benzene, g A
toluene, formaldehyde, ethanol, and d ___@% =

limonene)

A someVOCs are hazardoesy., Major indoor sources are:
formaldehyde and levels are regulated A building materials
(outdoors) (Australian Govt., 2011) A 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

A peoplespend about 90% of their time Exposure to VOCs
IndOOI’S B From sources close to us
A pollutant levels indoors are usually ® From other sources

several times (to several hundred times)
higher than outdoors

Amorethan 90% of our exposure to
hazardougollutants occurs indoors

Aindoor air quality is generally unregulated

A emissiondrom consumer products and building materials are
generally unmonitored

A hazardousair pollutants and their sources are regulated
outdoors but not indoors



Recent indoor air quality research

AFragranceconsumer products: human health effects

AFragranced consumer products and effects on asthmatics: an
International populatiorbased study

Alndoor volatile organic compounds at an Australian university

AEmissions from residential dryer vents during use of fragranced and
fragrancefree laundry products



Fragranced consumer products: human
health effects

Methods

Aan 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

Athe survey instrument, a 3em questionnaire, was developed and
tested over a tweyear period, including cognitive testing with 10
individuals and piloting with over 100 individuals, before full
Implementation in Jun2016

Athe survey drew upon participants from a large wielised Australian
panel (over 200,000 people) held by Survey Samphegnational



Fragranced consumer products: human

health effects
Keyfindings

Ain nationally representative population studie33.0% of Australians
report adverse health effects from exposure to fragranced consumer

products

A prevalenceof adverse effects isver 100%higher for asthmatics

(compared with norasthmatics)

Aonein three Australians report
one or more types of adverse
nealth effects from fragranced
oroducts: air fresheners,
aundry products, cleaning
supplies, household items,
colognes, personal care
p rOd u CtS Steinemann 2017, 2016

Immune, Gastrointestinal,
Cardiovascular
Musculoskeletal,
0T 1T U| uKG

Respiratory , Asthma,
Mucosal Symptoms
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Migraine,
Neurological,
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Fragranced consumer products: human
health effects

Conclusions

Athis study found that common fragranced products can trigger adverse
effects throughout the Australian population, with consequences for
public health, workplaces, businesses, and socwe&dbeing

Ait also indicates that some relatively straightforward and inexpensive
approaches, such as fragranftee policies, could not only reduce
health risks but also increase revenues and socasteéss

Awhile research is needed to fully understand why fragranced products
are associated with a range of adverse heelflectsand in a substantial
portion of the population, it is important to take steps in the meantime
to reduce or eliminate exposure for prevention and pubkalth



Fragranced consumer products and effects or
asthmatics

Methods

Anationallyrepresentative populatiofbased crossectional studies,
using the same survey instrument, were conducted of adults ages 18
65 In the United States, Australia, United Kingdom, 8neden

Asamplepopulatlons were representative of the general populations
|oozNny3 02 | 3SZ HSVRSNI ' VR NJ
NBEALISOGADSEtE&eT O2YyFARSYOS fAYAO

studieg

Athe surveys drew upon large wdimsed panels (with over 5,000,000;
200,000; 900,000; 60,000 people, respectiyely



Fragranced consumer products and effects or
asthmatics | | |
Proportion of asthmatics reporting

Keyfindings health problems from exposure to

. fragranced consumer products
Aacrossthe four countries, 26.0% of ... J g

I Rdzt Ga 6y I mMmMpmO FNB FaldKYFOAOZ
reporting medically diagnosed
asthma (15.8%), an asthnti&e

condition (11.1%), or both.

Aamongthese asthmatics, 57.8%

report adverse health effects,
iIncluding asthma attacks (25.0%), L-_._._l
respiratory problems (37.7%), and

From air  From the scent From a room From being  From other

mlgralne headaCheS (226%), from fresheners or of laundry  cleaned with near someone  types of

deodorizers products scented wearing a fragranced

exposu re tO frag ran CEd p rOd u CtS . coming froma  products fragranced products

dryer vent product




Fragranced consumer products and effects or
asthmatics

Keyfindings(continued)

Afor 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 thevorkplace
Afragrancefree environments received widespread support. More
than twice as many individuals, both asthmatics as well as non

asthmatics, would prefer that workplaces, health care facilities and
professionals, airplanes, and hotels were fragrafree rather than

fragranced



Fragranced consumer products and effects or
asthmatics

Conclusions

Athis study provides evidence that asthmatics can be profoundly,
adversely, and disproportionately affected by exposure to fragranced

consumer products

Amoreover the study points to a relatively straightforward and cost
effective approach to reduce risks; namely, to reduce exposure to

fragranced products



Indoor VOCs at an Australian university

Methods

A samplingof VOCs:
active sampling, small pump attached to sampling

media |
simultaneouslycollected ambient samples

A analysisof samples
Ultra high performance liquid chromatography (UHP/

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
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Indoor VOCs at an Australian university

Key findings
Aanalysisof 41 VOCs across 20 locations revealed indoor concentrations
higher than outdoor concentrations for 97% of all Vi@&asurements

Ahazardousair pollutants (formaldehyde, benzene, toluene, and xylenes)
were up to an order of magnitude higher indoors thaurtdoors

Afurther, d-limonene, ethanolhexaldehyd& -pinene and isobutane
were two orders of magnitude higher indoors thaatdoors

Athe most prevalent VOCs (e.g., ethanoljrdonene, and formaldehyde)
have links with building materials, furnishings, and fragranced consume

products such as air fresheners and clearsngplies




Indoor VOCs at an Australian university

Conclusions

Athis study indicates that university indoor environments can be
Important but largely unrecognized sources of pollutarposure
Afuture work can examine:

Athe effectiveness of strategies to reduce pollutants through
fragrancefree policies

Aselection of low emitting construction materials afuinishings
Aevaluation of the green building certificatimeheme
Aongoing monitoring and assessment of indeawironments



Dryer vent emissions study

Methods

: Pump &
emperature and / VOC

samplin
media
—
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relative humidity |
sensor

“ .~ Clothes dryer

- with aluminium
~ 4 ducting attached [

" during air quality
sampling

Dryer vent air sampling



Dryer vent emissions study

Resultgd-limonene concentration)

Household | Household Dryer Vent Samples, With Detergent
Type Number
Before switching After switching Percentage | Fragrance-Free
from Fragranced to | from Fragranced | reduction in d- (ug/m3)
Fragrance-Free [to Fragrance-Free limonene
(Hg/m?) (Hg/m?3) (%)
Fragranced #1 2.35 1.50 36.2 -
Households #2 10.52 0.13 8.8 -
#3 2.51 0.46 81.7 -
#4 118 0.36 99.7 -
Fragrance-Free #5 - - - 0.26
Households #6 _ _ _ 0.24




Dryer vent emissions study

Conclusions

Athis study demonstrated the improvements to air quality after
switching from fragranced to fragrandéeee products

Ait found that, by a change to fragranéee laundry products,
concentrations of dimonene can be almost completely eliminated

from the dryer ventemissions

Athis strategy may also reduce the formation and concentrations of
secondary pollutants such as formaldehyde, acetaldehyde, and
ultrafine particles

Afindingsfrom this study can provide an important foundation for
future research, and for demonstrating cesffective strategies to
reduce VOC emissions and persosgosures



Air quality, urban heat & STEM In Liverpool, NS\
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Ay HamyX [AOBSNLR2f KIR (K 301 0S¢
(PM, o) and increasingly hot summer maxima

A 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, NS\
a large & diverse team

A we are working with potential future female scientists from Liverpool
DA NI aSthool, the&uncil, the NSW Office of Environment and
Heritage (OEH) and the Australian Nuclear Science and Technology
Organisation (ANSTO)

A built a free internet of thingsl@T) network forpublicuse, using
Federal SmarCitiesgrant, measuring air quality and pedestrian
traffic

A 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 Gl

A OEH have installed a full air

guality station on the school grounds

A ANSTO have installed a radon detector (atmospheric turbulence)

Aresearchers from CAUL ano

the other agencies will work with student:

Athe High School students wii

hAve access to data from cutthegigeair

guality equipment and can us®Ttechnology
A community engagement, other projects ~ _
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for more detalls see:
the journal Atmosphere
Special Issue no. 12



Thank you, any questions?
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