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ABSTRACT: Residential wood combustion is an important source of
ambient air pollution, accounting for over 25% of ﬁne particulate matter
(PM2.5) emissions in Canada. In addition to these ambient contributions,
wood smoke pollutants can enter the indoor environment directly when
loading or stoking stoves, resulting in a high potential for human
exposure. A study of the eﬀectiveness of air cleaners at reducing wood
smoke-associated PM2.5 of indoor and outdoor origin was conducted in
31 homes during winter 2009−10. Day 1, the residents’ wood burning
appliance operated as usual with no air cleaner. Days 2 and 3, the wood
burning appliance was not operational and the air cleaner was randomly
chosen to operate in “ﬁltration” or “placebo ﬁltration” mode. When the
air cleaner was operating, total indoor PM2.5 levels were signiﬁcantly
lower than on placebo ﬁltration days (p = 0.0001) resulting in a median
reduction of 52%. There was also a reduction in the median PM2.5 inﬁltration factor from 0.56 to 0.26 between these 2 days,
suggesting the air cleaner was responsible for increased PM2.5 deposition on ﬁltration days. Our ﬁndings suggest that the use of
an air cleaner reduces exposure to indoor PM2.5 resulting from both indoor and ambient wood smoke sources.

■

INTRODUCTION

Indoor and outdoor wood burning appliances, e.g., stoves,
wall insert ﬁre places, furnaces, and outdoor wood boilers, are
widely used for space and water heating and to a lesser extent
cooking in the wintertime in the Annapolis Valley, Nova Scotia.
In a recent source apportionment analysis conducted in the
Annapolis Valley, Nova Scotia, Canada, the mean wood smoke

Residential wood combustion is an important source of
ambient air pollution, accounting for over 25% of ﬁne
particulate matter (PM2.5) emissions in Canada.1 Since wood
smoke emissions often occur in residential areas and pollutants
can also enter the indoor environment directly when loading or
stoking stoves, they also have a high potential for human
exposure.2−5 This is of concern since exposure to wood smoke
has been associated with declines in lung function,6 increasing
respiratory symptoms in children7,8 and increased emergency
room visits.7,9
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Paul, MN) operating at a ﬂow rate of 1.7 L min−1. The
DustTrak monitors have been shown to overestimate compared
to gravimetric PM2.5 methods and as such will be referred to as
ﬁne particles (FP).18 MS&T area samplers (37 mm diameter, 2
μm pore size, ring supported PTFE ﬁlters, Air Diagnostics and
Engineering Inc. Harrison, ME) and Thermo ChemCombs (47
mm diameter, Preﬁred Quartz ﬁlters, Model 3500, Thermo
Scientiﬁc, Waltham, MA, U.S.A.) were also deployed at these
locations to collect 24-h PM2.5 samples. Both operated at a ﬂow
rate of 10 L min−1 using SKC Inc. Leland Legacy pumps (SKC
Inc., Eighty Four, PA, U.S.A.) with ﬂow rate checks performed
pre and post sampling using a TSI 4140 digital mass ﬂow meter
(TSI, St. Paul, MN). An end ﬂow rate change of ±20% was
deemed acceptable. Pre and post sample gravimetric measurements of the 37 mm diameter PTFE ﬁlters were conducted in
accordance with USEPA quality assurance guidelines.19 The
quartz ﬁlters were analyzed for levoglucosan, a wood smoke
chemical marker, at the University of Montana, following a
method summarized in Bergauﬀ et al.20−22 Brieﬂy, the quartz
ﬁlter was spiked with a deuterated recovery standard, placed in
a vial, and extracted by ultrasonication using ethyl acetate
containing 3.6 mM triethylamine. The extract was ﬁltered, and
reduced in volume to approximately 500 μL before being
evaporated to dryness and derivatized with N Obis(trimethylsilyl)triﬂuoroacetamide, trimethylchlorosilane, and
trimethylsilylimidazole to convert the sugar anhydrides to its
trimethylsilyl derivatives. Sample fractions were analyzed by gas
chromatography/mass spectrometry on a Hewlett-Packard
GC/MSD (GC model 6890, MSD model 5973, HewlettPackard Company, Palo Alto, CA, U.S.A.) using an HP-5 MS
capillary column or equivalent. Following this analytical
method, minimum detection limits for levoglucosan were
185.0 ng/mL.20 The PTFE ﬁlters were analyzed by XRF and
future manuscripts will utilize the data for source apportionment analyses.
Air exchange rates (AER) were measured inside the home by
the perﬂuorocarbon tracer (PFT) technique.23 Four PFT
emitters were deployed on day 1 and taken down at the end of
sampling on day 3. A daily capillary adsorption tube (CAT)
placed in the main living area was used as the receptor for the
PFT tracer gas in all homes. In a subset of 8 homes, a second
CAT was placed in the basement. For each home, the air
exchange rate, expressed as air changes per hour (ACH), was
calculated by dividing the air ﬂow rate by the technicianmeasured house volume. In the subset of homes with two
CATs, the air exchange rate was determined using the volumeweighted measured concentrations in the basement and living
area.
A 3M Filtrete FAP02-RS model air cleaner was used as they
are designed to operate in rooms up to 15.8 m2, a condition
met by the primary room sampled in each home. The published
clean air delivery rates (CADRs) for this model are 3.6 m3/min,
2.9 m3/min, and 4.2 m3/min for dust, tobacco smoke, and
pollen, respectively.24 Prior to the sampling period in each
home, a new 3M ﬁlter was installed. A Davis Vantage Pro II
weather station (Davis Instruments Corp. Hayward, California
94545 U.S.A.) was deployed outside each home, which
recorded temperature (T), pressure (mb), and relative
humidity (RH) at 15 min intervals. Indoor temperature (T)
and relative humidity (RH) were recorded at 1 min intervals
using a YesTek monitor (Model 206 Falcon).
Descriptive statistics for daily FP, levoglucosan and air
exchange are presented for each experimental day. Since no

contribution to ambient PM2.5 during winter 2008/09 was
56.2% (range 32.6% - 73%).10 This suggests a signiﬁcant impact
of wood smoke emissions on a local scale. As well, the
Annapolis Valley’s topography is conducive to trapping
emissions especially during thermal inversions (typically 2 to
5 severe inversions occur per winter) leading to elevated mean
24-h PM2.5 concentrations greater than 20 μg/m3.10
A small number of studies have identiﬁed air cleaners as an
inexpensive method of reducing indoor PM2.5.11−14 Mechanistically, air cleaners contribute to reduced particle concentrations by increasing the decay rate (k). Therefore, air cleaner
use in homes impacted by wood smoke could be reasonably
expected to lower PM2.5 of both indoor and ambient origin, as
well as decrease the inﬁltration factor (Finf), which is the
fraction of the outdoor air particle concentration that
penetrates the building envelope and remains suspended in
indoor air.15,16
In order to better understand the eﬃcacy of air cleaners in
improving indoor air quality in homes impacted by wood
smoke, a study of indoor and outdoor PM2.5 was conducted in
the Annapolis Valley, Nova Scotia between December 2009 and
April 2010. Days with the air cleaner in use were compared to
days with placebo ﬁltration. During both ﬁltration and placebo
ﬁltration days, the wood stove was not in operation in order to
assess the impact of PM2.5 of ambient origin on indoor air
quality. Days when the wood stove was operational were
compared to days with placebo ﬁltration in order to better
understand the impact of the wood-burning appliance itself on
indoor air quality. Total indoor PM2.5, Finf, and the components
of indoor PM2.5 including levoglucosan were examined.

■

EXPERIMENTAL SECTION
The study design, methodology, and instrument validation have
all been described in detail elsewhere.17 Brieﬂy, between
December 2009−April 2010 Health Canada and Dalhousie
University conducted a study of residential outdoor and indoor
air quality in the Annapolis Valley, Nova Scotia. Monitoring
was completed for 31 homes for three consecutive days each,
with two homes monitored concurrently per week. Indoor
monitoring equipment was placed on the main ﬂoor, typically
in the living room. Outdoor monitoring equipment was located
in the backyard, several meters away from the home. All
monitors were located at breathing height (1.5 m).
On day 1, participants used their indoor wood burning
appliance as normal. On the second day, the indoor wood
burning appliance was not operated. An air ﬁltration unit
(Filtrete Ultra Clean Air Puriﬁer model series FAP02-RS, 3M,
London, ON, Canada) with a 3M patented air ﬁlter was placed
on the opposite side of the room in relation to the air quality
monitors and was randomly assigned to operate in “ﬁltration”
or “placebo ﬁltration” mode (where the internal ﬁlter was
replaced with a placebo ﬁlter) on the “high” setting. On the
third day, the wood burning appliance remained inactive, and
the air cleaner was in the opposite mode to the previous day.
On days 2 and 3, supplementary electric heating was provided
to the home owners. Two technicians visited each home daily
to change out the monitoring equipment and administer
questionnaires. Ethics approvals to conduct the study were
obtained from both the Health Canada and Dalhousie
University Research Ethics Boards.
Continuous, near real-time (1 min integration) PM2.5 mass
concentrations were measured inside and outside each home
simultaneously using TSI DustTraks (Model 8520, TSI, St.
12158
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diﬀerences were observed for T and RH by experimental day,
descriptive statistics are presented on an aggregate basis only.
Indoor/outdoor ratios for each experimental day were
calculated for the daily FP and associated levoglucosan.
Estimates of Finf were created for each experimental day by
dividing the mean censored indoor concentration by the mean
outdoor concentration (censored I/O ratio). This approach has
been shown to agree well with other methods of estimating
Finf,16 and has the added beneﬁt of maximizing the number of
Finf estimates available. (See also Supporting Information, SI,
for results of applying 3 alternative methods for determining
Finf.) Indoor peaks were removed using a previously developed
censoring algorithm.25 The start of an indoor peak was
identiﬁed when the indoor concentration increased at least 5
μg/m3 from the previous half hour, and either the indoor
concentration increase exceeded a concurrent outdoor increase
in concentration or the indoor concentration was greater than
the outdoor concentration. The end of a peak was identiﬁed
when the indoor concentration was within 2 μg/m3 of the
background concentration. The background concentration was
considered to be the concentration in the hour prior to the start
of the peak. All half hours within the peak were assigned a
censored value equal to the background concentration. Indoor,
outdoor, and censored concentrations were then plotted to
ensure that all indoor generated peaks were removed, and that
the algorithm had not overcensored indoor levels that were
likely due to outdoor ﬂuctuations. Where necessary, data were
manually censored to resolve these issues. An example of this
censoring method output is supplied (Figure 1).

concentration was set to the total measured indoor
concentration, and the indoor-generated component was set
to zero.

C in(a) = Finf × Cout

(1)

C in(ig) = C in − C in(a)

(2)

A Wilcoxon signed rank test was performed to assess
diﬀerences between experimental days. All data analyses were
completed using SAS EG V4.2 (SAS Institute Inc., NC, U.S.A.).
All graphs were prepared using Statistica v10 (Statsoft, Inc.,
OK, U.S.A.).

■

RESULTS AND DISCUSSION
Housing Characteristics. Housing characteristics for all
homes are presented in Table 1. Approximately half of the
Table 1. Housing Characteristics
category

N (homes)

primary wood burning appliance
free standing wood stove
21
wall insert
3
pellet stove
1
wood furnace
3
free standing and wall insert
1
wood furnace and wall insert
1
outdoor wood boiler
1
garage type
no garage
16
detached garage
8
attached garage with no door
2
attached garage with connecting door
5
number of days per week wood burning appliance in use
5 to 7 days
28
3 to 5 days
2
1 to 2 days
1
construction year
1945 and before
14
1946 to 1960
3
1961 to 1980
7
1981 to 2000
4
2001 or later
3

% total
67.7
9.7
3.2
9.7
3.2
3.2
3.2
51.6
25.8
6.5
16.1
90.3
6.4
3.2
45.2
9.7
22.6
12.9
9.7

homes included in the study were built prior to 1945 (n = 14).
The primary heating fuel source was wood, or a combination of
wood with oil or wood with electricity (n = 24). The size of the
homes ranged from <200 to 350 m2 with only 7 homes having
attached garages.
QA/QC. Prior to the commencement of the study,
DustTraks were assessed for precision and bias by running
them side by side to determine bias-corrected precision.18,26
This resulted in a bias-corrected mean precision of 6% (std.
dev. 3%; range 3−10%). The limit of detection (LOD) of
DustTrak monitors has been estimated at 3−5 DustTrak units,
corresponding to 1−2 μg/m3 gravimetric equivalent. 18
Similarly, the LOD of the PM2.5 gravimetric method has been
reported to be 7.5 μg/ﬁlter.27 Our contract laboratory reports
an MDL of 20 μg/ﬁlter (personal communication, Xinbang
Feng, Alberta Innovates). For our 10 Lpm pumps, this
corresponds to about 1.3 μg/m3. More than 80% of the
DustTrak and gravimetric PM2.5 samples exceeded these
nominal LODs. A regression of the outdoor DustTrak

Figure 1. DustTrak measurements indoors (blue), outdoors (red), and
censored indoors (green). At times, the indoor measurements are not
censored (no apparent sources) and the green curve overlays
(obscures) the blue one.

In order to calculate a valid estimate of Finf, at least 75% of
the daily data were required to create both the censored indoor
mean and outdoor mean.
As shown in eqs 1 and 2, the home speciﬁc estimates of Finf
were used to estimate the ambient component (Cin(a)) and the
indoor-generated component (Cin(ig)) of the total indoor FP
concentration. In cases where the ambient component
exceeded the total indoor concentration, the ambient
12159
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Table 2. Descriptive Statistics for Environmental Measurements
measurement
FP (μg/m3) (daily
averages)

experiment condition

location

N

min

25th

median

75th

max

wood burning appliance
on

indoor
outdoor
indoor
outdoor
indoor
outdoor
indoor
outdoor
indoor
outdoor
indoor
outdoor
indoor
outdoor
indoor
outdoor
indoor
outdoor
indoor
outdoor
indoor
outdoor
indoor

31
29
31
29
29
31
29
31
19
30
32
22
27
29
19
18
19
20
95
92
95
95
32

4.63
2.09
0.90
0.91
2.60
0.51
0.43
0.64
0.35
0.42
0.37
0.34
ND*
ND
ND
0.055
ND
0.021
15.24
−14.37
26.00
41.44
0.13

7.74
5.67
1.81
6.35
4.16
2.93
3.35
2.09
0.81
1.75
1.56
1.79
0.059
0.071
ND
0.113
0.036
0.068
19.21
−1.39
30.16
74.35
0.34

9.88
8.73
3.17
7.66
8.58
5.90
4.15
2.90
1.92
2.51
3.87
3.67
0.085
0.151
0.034
0.169
0.050
0.096
20.76
1.40
33.04
85.75
0.46

14.13
11.68
6.13
14.10
13.57
11.57
6.31
3.05
4.63
5.22
8.17
5.78
0.134
0.260
0.078
0.416
0.102
0.282
21.85
4.56
38.13
90.67
0.66

246.32
61.97
21.26
65.28
64.42
35.66
83.71
14.43
11.28
22.60
30.19
115.97
0.689
1.557
0.189
3.258
0.448
1.458
24.64
11.29
45.07
96.47
1.23

indoor
indoor

30
32

0.24
0.27

0.36
0.39

0.55
0.67

1.06
1.16

ﬁltration
placebo ﬁltration
PM2.5 (gravimetric) (μg/
m3)

wood burning appliance
on
ﬁltration
placebo ﬁltration

levoglucosan (ng/m3)

wood burning appliance
on
ﬁltration
placebo ﬁltration

temperature (°C)

all days

relative humidity (%)

all days

AER (air exchanges/h)

wood burning appliance
on
ﬁltration
placebo ﬁltration

0.08
0.13

median I/O ratio (min−
max)
1.11 (0.17−117.8)
0.42 (0.08−2.29)
1.42 (0.24−19.72)
1.24 (0.05−20.7)
0.63 (0.08−5.78)
1.20 (0.03−24.0)
0.49 (0.06−10.80)
0.17 (0.00−0.77)
0.36 (0.00−14.62)
n/a
n/a
n/a
n/a
n/a

*Not detected.

Table 3. Descriptive Statistics for the Inﬁltration Factor and the Indoor-Generated and Ambient Components of Indoor Fine
Particle Concentration
components by experimental condition
wood burning appliance on
Finf
indoor-generated component (μg/m3)
ambient component (μg/m3)
ﬁltration
Finf
indoor-generated component (μg/m3)
ambient component (μg/m3)
placebo ﬁltration
Finf
indoor-generated component (μg/m3)
ambient component (μg/m3)

n

min

25th

median

75th

max

median ambient (min−max) (%)

26
26
26

0.14
0.62
1.26

0.48
2.83
3.66

0.58
3.97
4.82

0.71
7.72
7.36

0.96
245.01
11.96

51 (0.5−94)

28
28
28

0.07
0.00
0.31

0.15
0.30
1.49

0.26
0.65
2.26

0.40
2.23
3.39

0.84
18.16
7.57

79 (11−100)

28
28
28

0.16
0.00
0.76

0.39
1.06
2.14

0.56
2.38
3.52

0.72
10.97
6.07

1.00
63.19
13.76

59 (2−100)

Descriptive Statistics. When the air cleaner was in
operation, indoor FP levels were signiﬁcantly lower (median
= 3.17 μg/m3) than on days when the placebo ﬁltration
(median = 8.58 μg/m3) was employed (p = 0.0001) (Table 2).
Overall, the air cleaner resulted in a signiﬁcant reduction of
52% in median indoor FP concentrations compared to days
with placebo ﬁltration (Table 3). The air cleaner use also was
associated with reductions of 42% and 30% in the median
concentrations of levoglucosan on the other 2 days, but neither
reduction achieved signiﬁcance at the p = 0.05 level.
FP Finf. FP Finf estimates can be found in Table 4 and Figure
2. Median FP Finf estimates were 0.58 (wood burning appliance
on), 0.26 (ﬁltration), and 0.56 (placebo ﬁltration). Corresponding estimates using the sulfur indoor/outdoor ratio were nearly
identical: 0.55, 0.25, and 0.52 (Table S1 in Supporting

concentrations on the PM2.5 values resulted in a slope of 0.94
(standard error 0.05) and an intercept of 0.24 (SE 0.30) μg/m3
(n = 78) with an adjusted R2 of 0.79. The corresponding
regression for indoor concentrations gave a slope of 0.87 (SE
0.02) and an intercept of −0.71 (SE 0.26) μg/m3 (n = 75) and
adj. R2 = 0.96. Since the DustTrak and gravimetric PM2.5
samples agreed quite well, the DustTrak data presented in this
manuscript have not been corrected to their gravimetric
equivalent. The LOD for levoglucosan was estimated to be
185 ng/ﬁlter.20 Nine indoor and two outdoor samples were
below the LOD. Limited data were available for the
levoglucosan results with only 14 residences having valid
comparable data across the diﬀerent sampling days, primarily as
a result of pump failures.
12160
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Table 4. Change in Environmental Concentrations Related to Experimental Conditions
comparisons across experimental conditionsa,b

n

median % change

median diﬀerence

pc

# of homes with decrease

28
29

−16
−52

−1.65
−3.48

0.5
0.0001

18
23

25
27

−25
−40

−1.31
−1.44

0.2
<0.0001

17
21

25
27

−37
−71

−1.08
−1.44

0.9
0.01

15
20

29
28

−35
−2

−2.58
−0.22

0.2
0.7

20
14

16
14

−42
−30

−0.06
−0.02

0.6
0.2

10
9

17
13

0
28

0.00
0.02

0.9
1.0

8
5

3

indoor FP (μg/m )
placebo ﬁltration vs wood burning appliance on
ﬁltration vs placebo ﬁltration
ambient component of indoor FP (μg/m3)
placebo ﬁltration vs wood burning appliance on
ﬁltration vs placebo ﬁltration
indoor-generated component of indoor FP (μg/m3)
placebo ﬁltration vs wood burning appliance on
ﬁltration vs placebo ﬁltration
outdoor FP (μg/m3)
placebo ﬁltration vs wood burning appliance on
ﬁltration vs placebo ﬁltration
indoor levoglucosan (ng/m3)
placebo ﬁltration vs wood burning appliance on
ﬁltration vs placebo ﬁltration
outdoor levoglucosan (ng/m3)
placebo ﬁltration vs wood burning appliance on
ﬁltration vs placebo ﬁltration

a
% change for placebo ﬁltration vs woodburning appliance on = (placebo ﬁltration − woodburning appliance on)/(woodburning appliance on) ×
100. b% change for ﬁltration vs wood burning appliance on = (ﬁltration − placebo ﬁltration)/(placebo ﬁltration) × 100. cWilcoxon Ranked Sum
Test.

3.9 μg/m3, and mean Finf estimates were reduced from 0.28 to
0.10, when using a HEPA ﬁlter in 19 homes in a wood smoke
impacted community.11 A Montana study of two homes
measured PM with a diﬀerent method than was used in this
study; they were however able to demonstrate a 61% reduction
in PM2.5 when comparing operating and nonoperating Filtrete
air ﬁlters, which compares with our ﬁndings.12 In a Danish
study of 27 residences impacted by heavy traﬃc emissions, the
impact of a particle ﬁltration unit was assessed in an indoor PM
intervention study. The authors were able to estimate during
the active ﬁltration that the median PM2.5 concentration was
54.5% lower (57.4% and 51.7% for bedroom and living room,
respectively) compared with the median during the placebo
ﬁltration. For both rooms, the diﬀerence was statistically
signiﬁcant (p < 0.01, independent sample t test).14 A Swedish
personal, indoor and outdoor study conducted to identify the
impacts of domestic wood burning on exposure compared
homes with a wood stove to a set of reference homes. They
found elevated, but not signiﬁcantly diﬀerent, PM2.5 in homes
with wood burning (median =12 μg/m3 vs 9.5 μg/m3 p =
0.278).28
Total Indoor FP Concentrations and Indoor Components. Similar results to the total indoor FP were observed for
the corresponding ambient-generated and indoor-generated
components (see Tables 3 and 4). That is, both the ambientgenerated and indoor-generated components were higher on
days when the wood burning appliance was in operation
(indoor-generated median = 3.97 μg/m3; ambient-generated
median = 4.82 μg/m3) compared to days when placebo
ﬁltration was employed (indoor-generated median = 2.38 μg/
m3; ambient-generated median = 3.52 μg/m3). These diﬀerences were not statistically signiﬁcant, possibly a result of the
limited sample size. However, when the air cleaner was in
operation, both components of the indoor FP decreased
signiﬁcantly compared to placebo ﬁltration (indoor-generated
median = 0.65 μg/m3, p = 0.01; ambient-generated median =
2.26 μg/m3, p < 0.0001). Overall, the air cleaner resulted in a

Figure 2. Boxplot of Finf estimates by experimental day. Boxplots show
medians, 25−75 percentiles (box) and min−max (whiskers).

Information, SI). Also, despite a lack of detailed agreement (R2
≤ 50%), all three methods of estimating Finf agreed in showing
that Finf was reduced by about a factor of 2 by ﬁltration. Finf
estimates were not signiﬁcantly diﬀerent between days with the
wood burning appliance on and days with placebo ﬁltration (p
= 0.8).
Finf was signiﬁcantly diﬀerent between days with ﬁltration
and placebo ﬁltration (p < 0.0001). This suggests that the
reduction in Finf on ﬁltration days (0.26) is a result of the air
cleaner increasing the deposition rate (k) of particles. A rough
estimate of this increase in k due to the air ﬁlter is on the order
of 0.6−0.7 h−1, compared to a value of 0.2−0.3 h−1 when the
ﬁlter was oﬀ. (Note that k appears in the denominator of the
expression for Finf = Pa/(a + k), where P is the penetration
factor and a the air exchange rate.) This calculation is described
further in the SI.
A recent study in British Columbia, Canada reported that
mean indoor PM2.5 concentrations were reduced from 5.8 to
12161
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71% median reduction in the indoor-generated component and
a 40% median reduction in the ambient-generated component.
Levoglucosan. Levoglucosan, a sugar anhydride from the
incomplete combustion of cellulose, has been identiﬁed as a
selective organic marker of biomass combustion.29−32 Ambient
levoglucosan concentrations have been measured in multiple
airsheds, including Seattle, WA (13−760 ng/m3),33 Spokane,
WA (2−327 ng/m3),34 Fresno and Bakersﬁeld, CA (23−7590
ng/m3),35 and Libby, MT (1980−3700 ng/m3).36 Indoor
residential levoglucosan concentrations have been measured
from 238.1 ± 310.1 to 1050 ± 1027 ng/m3 in wood burning
communities.21,37 As demonstrated in Table 2, the concentrations measured in this study were much lower in both the
indoor and ambient environments compared to these other
published studies.
I/O Ratios. Table 2 presents the I/O ratios by sample day
for ﬁne particles and levoglucosan concentrations. Median I/O
ratios for FP were 1.11, 0.42, and 1.42, while the median I/O
ratios for levoglucosan were 0.49, 0.17, and 0.36 when the
wood burning stove was on, during ﬁltration and during
placebo ﬁltration, respectively. This suggests that a large
contribution of wood smoke indoors results from both ambient
sources and from the wood stove when it is operating. The
comparatively lower median I/O ratio found when the air
cleaner was in use suggests that the air cleaner was eﬀective at
removing some of the inﬁltrated FP and levoglucosan from the
indoor air. Results were also highly variable by home, as seen in
Table 2, suggesting that for some homes there were signiﬁcant
indoor or outdoor sources inﬂuencing the ratios.
Limitations of the study include only having 1 day per
scenario in each home. This was a result of the need to
complete all sampling during the winter season and having
limited access to monitoring equipment. An additional day of
monitoring to compare when the woodstove was operational
with an air cleaner running would have been beneﬁcial for
explaining the ambient contribution. The lack of available
levoglucosan data to compare across the diﬀerent experimental
days made it diﬃcult to identify the true sources of particulate
matter. It is also unknown how the gas-particle partitioning for
levoglucosan changed across the samples collected, and how
the semivolatile nature of levoglucosan under diﬀerent
temperatures inﬂuenced our sample results.38 This should be
investigated in future studies. A factor contributing to the
possibility for error was the extremely low level of outdoor PM
concentrations, sometimes dropping below 1 μg/m3 for a daily
average as measured by the gravimetric samplers. At such low
levels, the DustTrak instruments can display zero oﬀsets and
zero drift, leading to errors of about the same magnitude as the
measurements.18
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