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Forest	  fire	  smoke	  is	  
complex,	  but	  we	  study	  
the	  health	  effects	  of	  PM	  	  

From the US Environmental Protection Agency 



3. Results

There were 284,326 deaths during the 13.5 year study period.
Nearly half were coded as cardiovascular while approximately 10%

were coded as respiratory. There were 52 days on which PM10

exceeded the 99th percentile of its distribution (47.3 mg/m3). All
days were successfully identified as being smoke events (N¼46),
dust events (N¼4), or both (N¼2). Dust events, though far fewer

Fig. 1. Map of Australia showing the location of Sydney in relation to arid and semi-arid eco-climatic regions of Australia, the source of most atmospheric dust (based on
Hutchinson et al., 2005). Inset shows the urban areas of Sydney, the location of air monitoring stations and adjacent forested areas, the source of most severe bushfire
smoke events (Parsons et al., 2006).

Fig. 2. Daily PM10 Sydney, Australia 1994–2007 showing identified bushfire smoke and dust pollution events. The 95th and 99th percentiles are indicated.
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The	  most	  extreme	  
PM	  exposures	  many	  
will	  ever	  experience	  



We	  do	  not	  
measure	  PM	  
everywhere	  in	  
the	  province	  



Health	  effects	  
follow	  the	  
populaFon	  
pyramid	  



-‐3.3g	  1st	  trimester	  
-‐9.7g	  2nd	  trimester	  
-‐7.0g	  3rd	  trimester	  

Holstius et al. EHP 2012:120(9) 

Emerging	  evidence	  for	  birth	  effects	  consistent	  
with	  those	  for	  urban	  parKculate	  mater	  





Cariboo-‐
ChilocoKn,	  BC	  in	  
the	  summer	  of	  

2010	  



We	  oNen	  use	  MODIS	  
fire	  radiaKve	  power	  
(FPR)	  to	  help	  define	  

smoky	  periods	  	  



Historical	  FRP	  to	  
separate	  	  

fire-‐affected	  and	  
non-‐fire-‐affected	  
local	  health	  areas	  
with	  PM	  monitors	  



Salbutamol	  
dispensaKons	  in	  fire-‐
affected	  populaKons	  



Salbutamol	  
dispensaKons	  in	  non-‐	  

fire-‐affected	  populaKons	  

Elliott et al. Environmental Health 2013: 12 



Monitor	  PM	   Remote	  sensing	  aerosol	   Remote	  sensing	  fire	  

Remote	  sensing	  smoke	   VenKng	  index	  

Remote	  
sensing	  data	  
can	  help!	  



PopulaKon-‐
weighted	  

esKmates	  for	  
all	  LHAs	  	  

Yao & Henderson. Journal of Exposure Assessment and Environmental Epidemiology In press 



Model	  validaKon	  using	  
pharmaceuKcal	  data	  



Model	  validaKon	  using	  
pharmaceuKcal	  data	  



Model	  validaKon	  using	  
physician	  visits	  



Model	  validaKon	  using	  
physician	  visits	  



Daily	  5X5	  km	  
esFmates	  for	  

populated	  areas	  
2003-‐2012	  



128	  smoky	  
days	  in	  90th	  
percenFle	  of	  
FRP	  and	  70th	  
percenFle	  of	  
populaFon-‐
weighted	  
PM2.5	  



Underlying 
Cause ICD-10 Deaths Smoky 

Days 
Other 
Days 

All non-
accidental 

Excluding  V-Y 137,841 1.02 
(1.00-1.04) 

1.00 
(0.98-1.03) 

All 
cardiovascular 

I00 - I99  44,648 1.04 
(1.00-1.07) 

1.03 
(0.99-1.07) 

     IHD 
 

I20 - I25 20,162 1.01 
(0.96-1.06) 

1.01 
(0.96-1.07) 

     Stroke I69 10,764 1.08 
(1.01-1.15) 

1.02 
(0.94-1.11) 

     MI I21 - I23 9,208 1.01 
(0.93-1.09) 

1.03 
(0.95-1.12) 

All respiratory J00 - J99 14,287 1.09 
(1.03-1.15) 

1.04 
(0.97-1.12) 

     COPD J44 5,618 1.03 
(0.94-1.13) 

1.02 
(0.92-1.14) 

     LRI J13 - J22 5,130 1.11 
(1.00-1.21) 

1.05 
(0.93-1.19) 



Conclusions:	  
1.  Respiratory	  and	  cardiovascular	  

effects	  consistent	  with	  urban	  PM	  
2.  Cover	  the	  enKre	  pyramid	  from	  

subclinical	  to	  mortality	  
3.  Small	  effects	  may	  not	  be	  detected	  

when	  unmonitored	  populaKons	  not	  
included	  

4.  ConKnued	  improvements	  to	  exposure	  
assessment	  are	  necessary	  


