Research letter

Health burden associated with ﬁre smoke
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ushﬁres and hazard reduction burns routinely
expose Australians to ﬁne particulate matter with
an aerodynamic diameter of less than 2.5 mm
(PM2.5) with a range of health effects, including premature 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 cardiovascular and respiratory disease in the Sydney Greater Capital
City Statistical Area3 (GCCSA) during 2001e2013.

Sydney city-wide average PM2.5 levels, with values for veriﬁed ﬁre
smoke-affected days marked in red*

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 estimates of exposure and disease incidence. Dates of veriﬁed
LFS events affecting Sydney were retrieved from a
* Inset: Fixed air monitors for reported air quality data and Statistical Areas 3 in the Sydney Greater
previously validated database4 that included events
Capital City Statistical Area. u
identiﬁed in media archives, agency records, and satellite
images for all days on which 24-hour mean PM2.5 levels
exceeded the 95th percentile of the long term daily city-wide Our analysis suggests that LFS is an important contributor to
averages. For each day with a validated LFS event, the background overall air pollution and the related population health burden. Our
PM2.5 level was estimated from the mean of the values for the 30 health risk estimates assumed short term, immediate impacts of
nearest non-LFS calendar days in each year. Daily PM2.5 concentra- increased PM2.5 levels, but extended exposure is likely to have
tions were interpolated to Sydney GCCSA Statistical Area 3 (SA3) greater effects. Further, we included in our analysis only LFS
averages. The health burden was estimated for each SA3 from death events associated with PM2.5 levels exceeding the 95th percentile of
and hospitalisation incidence rates, daily PM2.5 exposure, and background values; our exposure estimates may therefore be
epidemiological risk estimates recommended by the World Health conservative. The excess deaths caused by LFS exposure are likely
Organization.5 Formal ethics approval was not required for this to be in vulnerable groups, such as older people and those with
analysis of publicly available data.
chronic diseases.
A total of 184 LFS days (3% of all days) were identiﬁed (Box); the
mean increase in mean population-weighted PM2.5 level attributable 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 to ﬁre smoke
on these days.

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.

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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