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1.  What	is	forest	fire	
smoke?	

2.  What	new	tools	to	
measure	smoke	
exposures?	

3.  What	are	the	public	
health	impacts	of	smoke	
exposures?	

4.  How	can	we	track	these	
impacts?	

5.  How	can	we	minimize	
these	impacts?	

Overview	



A	complex	and	dynamic	mixture	
What	is	in	smoke?	 Important	variables?	
•  ParNculate	maOer	
•  Carbon	monoxide	
•  Ozone	
•  Oxides	of	nitrogen	

and	sulfur	
•  VolaNle	organic	

compounds,	such	as	
benzene	and	
formaldehyde	

•  Heavy	metals	

•  Fuel	characterisNcs,	
especially	when	
mixed	with	building	
materials	

•  CombusNon	
temperature	

•  Meteorological	
condiNons	

•  Distance	from	fire	



What	new	tools	do	
we	have	to	assess	

smoke?	



Low-cost	networks	



Smoke	forecasts	



Blended	models	



Known	public	health	impacts	

•  All-cause	mortality	(↑	less	than	1%)	
•  Decreased	lung	funcNon	(depends	on	measure)	
•  Respiratory	symptoms	(↑	5-10%)	
•  Respiratory	rescue	medicaNon	use	(↑	5-10%)	
•  Respiratory	physician	visits	(↑	5-10%)	
•  Respiratory	emergency	visits	(↑	5-10%)	
•  Respiratory	hospital	admissions	(↑	2-5%)	

(approximate	change	per	10	µg/m3	PM2.5)	

Bigger	impacts	in	people	
with	asthma	and	COPD	



Emerging	evidence	

•  Cardiovascular	health	care	usage	
•  Myocardial	infarcNon		
•  Out-of-hospital	cardiac	arrest	
•  CongesNve	heart	failure	
•  Ischemic	heart	disease	
•  Stroke	
•  Angina	
•  Hypertension	
•  Reduced	birth	weight	
•  Mental	health		

All	likely	to	be	
smaller	impacts	

than	on	respiratory	
health,	therefore	
harder	to	detect	



Evidence	urgently	needed	
•  Babies	in	utero	
•  Infants	
•  Mental	health	
•  Highly	vulnerable	

populaNons	

All	relevant	to	northern	
populaEons	

Black, Carolyn, et al. "Early life wildfire smoke exposure is associated with immune dysregulation and lung function 
decrements in adolescence." American journal of respiratory cell and molecular biology 56.5 (2017): 657-666.	



Public	health	surveillance	in	BC	





The	BC	Asthma	
Monitoring	

System	(BCAMS)	
LimitaNons:	
-  RetrospecNve	
-  Health	data	delays	
-  Disparate	PM	sources	

The	dream:	
-  ProspecNve	
-  Flexible	
-  Integrated	

McLean	et	al	(2015).	IJERPH:	12(6)	



Total	area	burned	in	BC	
Updated	to	Sep	5	



The	boOom	panel:		
• 	Range	of	PM2.5	
predicNons	within	
the	HSDA	
• Observed	PM2.5	

HSDA	report	



The	top	panel:		
• 	DispensaNons	
predicted	using	
maximum	of	the	
PM2.5	range	
• 	Observed	
counts	with	
anomaly	
indicators		

HSDA	report	



IntervenNons	



Home	air	cleaners	

existed for both seasons, with slopes of 0.33 and 0.25 for
winter (R2¼ 0.35) and summer (R2¼ 0.40), respectively, for
HI data. Similar regression relationships were found between
pDR and levoglucosan measurements.

Infiltration
Mean infiltration during summer for days without HEPA
filters in place was 0.61, indicating that a substantial
proportion of outdoor particles remained suspended indoors.
During winter, when windows were not opened as frequently,
the mean infiltration was 0.28, indicating a substantial
reduction in the concentration of outdoor generated particles
indoors, relative to outdoors. Significantly, higher infiltration
was measured for the summer season (Po0.05) with some
values exceeding 1.0 for days when filters were not in place
(Figure 1). With the removal of all particles of indoor origin,
Finf values 41 represent 4100% outdoor particle penetra-
tion. As this is not physically possible, Finf values 41.0
indicate the inability of our algorithm to fully remove indoor
generated particles or alternatively may result from impreci-
sion in the modeling.

Figure 1 shows an example plot of indoor and outdoor
PM concentrations for one of the study residences on days
with and without the HEPA filter in place. In both seasons,
as well as for data pooled across seasons, significantly lower
mean Finf were measured when filters were in place (Po0.05,
Table 2). In summer, the use of air cleaners resulted in an
overall mean infiltration of 19% while in winter on average
only 10% of outdoor generated particles remained suspended
indoors. In addition, infiltration was lower on days when
filters were in place for 23 out of 26 homes (Figure 2).

Air Cleaner Efficiency
No significant differences in ACE were found between
summer and winter (P40.10). In 3 of 26 homes, we

estimated negative efficiencies as a result of no calculated
reduction in infiltration on the day in which filters were in
place. These three homes all had relatively low Finf (o0.4).

Modeling
Data on categorical (Table 3) and continuous variables were
collected. The age of sampled homes ranged from 5 to 60
years, floor area ranged from 640 to 4330 ft2, air exchange
rates ranged from 0.40 to 0.69 h"1, the number of windows
ranged from 4 to 21, and the degree of carpeting ranged from
0 to 93% of the entire household. Only air exchange rate
significantly differed between homes sampled in summer
(mean, SD: 0.26, 0.20) and winter (mean, SD: 0.14, 0.06)
seasons. No housing characteristics could significantly
explain the variability seen in Finf values for the winter or
summer seasons. When seasonal data were combined,
increasing number of windows and the summer season were
significantly related to increased infiltration (R2¼ 0.41,
Po0.0001). This result is consistent with Finf calculations
for our work, which showed lower infiltration for homes
sampled in winter for both filter and no filter days. An
increase in infiltration with the number of windows in a home
is reasonable as more windows may lead to greater air
exchange rates due to leakage. No variables were significantly
associated with ACE for winter, summer or combined
seasonal data suggesting that the use of air cleaners may be
effective in most homes, regardless of the characteristics of
the home.

Sensitivity Analysis
For summer samples, 52% of these data consisted of at least
one 1-min average data point collected at an RH485%. For
affected homes, an average of 24% of these data were
removed in this sensitivity analysis. For winter, 38% of these
data consisted of at least one 1-min average data point

Figure 1. Indoor and outdoor particles with an aerodynamic diameter less than 2.5 micrometers (PM2.5) sampling conducted at a home for 2 days
and calculated infiltration (Finf) values for both days (with and without high-efficiency particulate air (HEPA) filter). Personal DataRAM (pDR)
concentrations are not corrected based on colocated HI sampling and gravimetric analysis.

PM2.5 infiltration and air cleaner effectiveness Barn et al.

Journal of Exposure Science and Environmental Epidemiology (2008) 18(5) 507

Barn	et	al	(2008),	JESEE	
Barn	et	al	(2016),	Environmental	Health	



N95	masks	



Community	evacuaNons	
•  41	evacuaNons,	13,000	evacuees	
•  18%	met	all	criteria,	37%	met	none		

KrsNc	&	Henderson	(2015);	Remote	Sensing	of	Environment;	166:	1-7	



Resources	
BCCDC	documents:	
www.bccdc.ca/health-info/health-your-environment/air-quality	
	

About	smoke:	
hOps://www.youtube.com/watch?v=frANxu725d4	
	

Who	is	at	risk:	
hOps://www.youtube.com/watch?v=7uAj9lxbFNw	
	

Protect	yourself:	
hOps://www.youtube.com/watch?v=p6DEIEnztjA	
hOps://www.youtube.com/watch?v=7uAj9lxbFNw	
	

Air	cleaners:	
hOps://www.youtube.com/watch?v=ShRQ75Sa74A	
hOps://www.youtube.com/watch?v=Gq69AHSEQ6I	
	

Masks:	
hOps://www.youtube.com/watch?v=yA3XM4p3Q7U	
	

Using	smoke	forecasts:	
hOps://www.youtube.com/watch?v=H4IZMPhaazY	
	
	

	
	
	
	
	
	



QuesNons?	
	

sarah.henderson@bccdc.ca	


