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Health burden associated with fire smoke
in Sydney, 2001e2013
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Sydney city-wide average PM2.5 levels, with values for verified fire

ushfires and hazard reduction burns routinely
exposeAustralians tofine particulatematterwith
smoke-affected days marked in red*

* Inset: Fixed air monitors for reported air quality data and Statistical Areas 3 in the Sydney Greater
Capital City Statistical Area. u
B an aerodynamic diameter of less than 2.5 mm
(PM2.5) with a range of health effects, including prema-
ture mortality.1 Exposure to landscape fire smoke (LFS)
will rise as the frequency of bushfires increases with
climate change.2 To estimate the health effects of PM2.5

exposure attributable to LFS in Sydney, we assessed
all-cause mortality and hospitalisations for cardiovascu-
lar and respiratory disease in the Sydney Greater Capital
City Statistical Area3 (GCCSA) during 2001e2013.

Our methods are described in the online Appendix. In
brief, we quantified the population-level health effects
attributable to pollutant exposure on the basis of risk
estimates from epidemiological studies and local esti-
mates of exposure anddisease incidence.Dates of verified
LFS events affecting Sydney were retrieved from a
previously validated database4 that included events
identified in media archives, agency records, and satellite
images for all days on which 24-hour mean PM2.5 levels
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exceeded the 95th percentile of the long term daily city-wide
averages. For each day with a validated LFS event, the background
PM2.5 level was estimated from the mean of the values for the 30
nearest non-LFS calendar days in each year. Daily PM2.5 concentra-
tions were interpolated to Sydney GCCSA Statistical Area 3 (SA3)
averages. The health burdenwas estimated for each SA3 fromdeath
and hospitalisation incidence rates, daily PM2.5 exposure, and
epidemiological risk estimates recommended by the World Health
Organization.5 Formal ethics approval was not required for this
analysis of publicly available data.

A total of 184 LFS days (3% of all days) were identified (Box); the
mean increase in mean population-weighted PM2.5 level attribut-
able to LFS was 12.1 mg/m3 (standard deviation, 12.1 mg/m3).
We estimated that 197 premature deaths (95% confidence interval
[CI], 101e295 deaths), 436 cardiovascular hospitalisations (95%CI,
163e717 hospitalisations), and 787 respiratory hospitalisations
(95%CI, 119e1494 hospitalisations)were attributable tofire smoke
on these days.

Exposure estimates were based on a small number of air pollution
monitors (six). Our conservative methods were similar to those
applied in a recent assessment of hazard reduction burning near
Sydney during May 2016 which estimated that 14 premature
deaths were caused by LFS exposure.6 Our results indicate that the
health impact of LFS exposure during 2001e2013 was similar to
having a May 2016-like event every 12 months.
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Our analysis suggests that LFS is an important contributor to
overall air pollution and the related population health burden. Our
health risk estimates assumed short term, immediate impacts of
increased PM2.5 levels, but extended exposure is likely to have
greater effects. Further, we included in our analysis only LFS
events associatedwith PM2.5 levels exceeding the 95th percentile of
background values; our exposure estimates may therefore be
conservative. The excess deaths caused by LFS exposure are likely
to be in vulnerable groups, such as older people and those with
chronic diseases.

Seventy-seven deaths in New South Wales were directly
attributed to bushfires during 1901e2011.7 Our study indicates
that a substantial additional health burden is associated
with the indirect effects of smoke from bushfires and hazard
reduction burns. We recommend that the health risks of fire
smoke pollution be explicitly factored into managing fires
through collaboration between health, environment, and fire
management agencies.
Acknowledgements: We acknowledge funding from the United States Department of the Interior and
the United States Fire Service through the Joint Fire Science Program; and a Research Training Program
stipend from the Australian Government.

Competing interests: No relevant disclosures.

Received 8 Jan 2018, accepted 20 Feb 2018.n

ª 2018 AMPCo Pty Ltd. Produced with Elsevier B.V. All rights reserved.
)
j
16

A

p
ril

2
0
18
1 World Health Organization. Review of evidence on
health aspects of air pollution — REVIHAAP project:
final technical report. Geneva: WHO, 2013. http://www.
euro.who.int/__data/assets/pdf_file/0004/193108/
REVIHAAP-Final-technical-report-final-version.
pdf?ua¼1 (viewed Feb 2018).
hool of Public Health, Universit
, Commonwealth Scientific
2 Williamson G, Bowman DMJS, Price O, et al. A
transdisciplinary approach to understanding
the health effects of wildfire and prescribed
y of Sydney, Sydney, NSW. 3Menzies Institute for Medical
and Industrial Research Organisation, Melbourne, VIC. 309

https://www.mja.com.au/sites/default/files/issues/208_07/10.5694mja18.00032_Appendix.pdf
http://www.euro.who.int/__data/assets/pdf_file/0004/193108/REVIHAAP-Final-technical-report-final-version.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0004/193108/REVIHAAP-Final-technical-report-final-version.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0004/193108/REVIHAAP-Final-technical-report-final-version.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0004/193108/REVIHAAP-Final-technical-report-final-version.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0004/193108/REVIHAAP-Final-technical-report-final-version.pdf?ua=1
mailto:joshua.horsley@sydney.edu.au
https://doi.org/10.5694/mja18.00032


Research letter
M
JA

2
0
8

(7
)

j
16

A
p
ri
l
2
0
18

310
fire smoke regimes. Environ Res Lett 2016;
11: 125009.

3 Australian Bureau of Statistics. Australian
Statistical Geography Standard (ASGS).
Updated June 2017. http://www.abs.gov.au/
websitedbs/D3310114.nsf/home/Australianþ
StatisticalþGeographyþStandardþ(ASGS)
(viewed Feb 2018).

4 Hanigan IC, Morgan GG, Williamson GJ, et al.
The Biomass Smoke Validated Events Database.
2015. https://doi.org/10.4225/64/59276c30b3a01
(viewed Feb 2018).

5 World Health Organization. Health risks of air pollution
in Europe e HRAPIE project. Recommendations for
concentrationeresponse functions for costebenefit
analysis of particulate matter, ozone and
nitrogen dioxide. Cpenhagen: WHO, 2013. http://www.
euro.who.int/__data/assets/pdf_file/0006/238956/
Health_risks_air_pollution_HRAPIE_project.pdf?Ua¼1
(viewed Feb 2018).
6 Broome RA, Johnston FH, Horsley J, Morgan GG. A rapid
assessment of the impact of hazard reduction burning
around Sydney, May 2016. Med J Aust 2016; 205:
407-408. https://www.mja.com.au/journal/2016/205/
9/rapid-assessment-impact-hazard-reduction-burning-
around-sydney-may-2016

7 Blanchi R, Leonard J, Haynes K, et al. Environmental
circumstances surrounding bushfire fatalities
in Australia 1901e2011. Environ Sci Policy 2014;
37: 192-203.-

http://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
http://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
http://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
http://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
http://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
http://www.abs.gov.au/websitedbs/D3310114.nsf/home/Australian+Statistical+Geography+Standard+(ASGS)
https://doi.org/10.4225/64/59276c30b3a01
http://www.euro.who.int/__data/assets/pdf_file/0006/238956/Health_risks_air_pollution_HRAPIE_project.pdf?Ua=1
http://www.euro.who.int/__data/assets/pdf_file/0006/238956/Health_risks_air_pollution_HRAPIE_project.pdf?Ua=1
http://www.euro.who.int/__data/assets/pdf_file/0006/238956/Health_risks_air_pollution_HRAPIE_project.pdf?Ua=1
http://www.euro.who.int/__data/assets/pdf_file/0006/238956/Health_risks_air_pollution_HRAPIE_project.pdf?Ua=1
https://www.mja.com.au/journal/2016/205/9/rapid-assessment-impact-hazard-reduction-burning-around-sydney-may-2016
https://www.mja.com.au/journal/2016/205/9/rapid-assessment-impact-hazard-reduction-burning-around-sydney-may-2016
https://www.mja.com.au/journal/2016/205/9/rapid-assessment-impact-hazard-reduction-burning-around-sydney-may-2016

	Health burden associated with fire smoke in Sydney, 2001–2013
	Acknowledgements


