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INTRODUCTION

he purpose of the study was to characterize the
I effects of selected parameters on the evaluation
of wildfire smoke residues when evaluating their
impact on structures, primarily residential properties
but other structures as well. The study included wildfire
smoke residue samples that were collected from houses
that were potentially impacted by various wildfires
in northern California. The parameters included the
frequency with which a residue was detected, the distance
of the site from the wildfire, the elapsed time between
the inspection and the wildfire, the effect of sampling
location in the structure, the effects of sampling method,
and the numerical guideline for evaluating if a structure

had been impacted by wildfire smoke residues.

Rationale for Sampling Method

In practice, wet wipes may perform better than tape
lifts for sampling hard surfaces.! In addition, wet
wipes may be the preferred residue sampling method
within the industry.? About 80% of the wildfire smoke
residue samples submitted to the EMSL facility in
Cinnaminson, NJ were wipes, 10% were tape lifts,
and 10% were micro-vacuum samples. At EMSL’s
Pasadena, CA facility, 70% of the samples were wipes,
25% were tape lifts, and 5% were micro-vacuums.

The wet-wipe sampling method offered several poten-
tial advantages for collecting wildfire smoke residues,
especially since char was expected to be the dominant
wildfire smoke residue.!

First, the method could be applied to both smooth
and intricate hard surfaces, as well as heavily loaded
surfaces. Second, the sample preparation step
increased homogeneity of subsamples for analysis
by optical microscopy. which reduced analytical
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l SYNOPSIS : j

Wildfire smoke residues were evaluated in 343 northern
California houses that were potentially impacted by one of 22
wildfires. A total of 1,715 wet-wipe samples were collected
from five hard-surface sampling areas in each house, including
exterior surfaces, attics, interior window sills, interior hard
surfaces, and return air plenums.

The samples were analyzed for char, ash, and soot. Char was
detected in 363 of the samples, ash was detected in 37 of the
samples, and soot was detected in four of the samples. Char was
the primary wildfire smoke residue based on the frequency of
detection and was the most useful for evaluating the impact of
wildfire smoke residues on structures.

Char concentrations on interior surfaces were primarily
detected in four concentration ranges: <1%, 1%—2%, 3%-10%,
and >10%. More than half (55%) of char concentrations on
interior surfaces in impacted structures were 1%-2%, with an
additional 28% exceeding 10%.

Char concentrations were less than 1% in all five sampling
areas in 147 (43%) of the 343 houses and were 1% or more in
at least one sampling area in 196 (57%). Defining sampled sur-
faces with a char concentration of 1% or more as having been
impacted by wildfire smoke residues was a practical criterion,
it was consistent with the laboratory LOQ, and it was a useful
guideline for evaluating impact.

Houses closest to the wildfire were impacted by char to a greater
extent than those farther from the wildfire. About 74% of exterior
samples and 65% of interior samples with char concentrations
of 1% or more were collected within one mile of the wildfire.
Although peak concentrations decreased with distance from the

wildfire in the range of 1-30 miles, the average concentrations did
not vary substantially in the range of 6-50 miles.

The average char concentrations on exterior surfaces, interior
window sills, and interior hard surfaces declined at small but
relatively constant rates during the first 10 months. Therefore,
the elapsed time between the wildfire and the inspection may
need to be considered when evaluating initial conditions.

The char concentration measured for one sampling area was
not a good indicator of the char concentrations measured at other
sampling areas. There was at least a 3% difference in the aver-
age char concentration between the interior window sills and hard
surfaces in 44% of the 143 houses that had a char concentration
of 1% or more in both locations. These results suggested that the
inspection and sampling strategies for evaluating the impact of
smoke residues should include the concepts of “similar impact
areas” and “similar restoration areas.”

The wet-wipe sampling method was effective for sampling
wildfire smoke residues, especially the dominant residue
(char). The method could be applied to smooth and intricate
hard surfaces, as well as heavily loaded surfaces. The sample
preparation step increased the homogeneity of subsamples for
analysis, which reduced analytical variability and dispersed
obstructing debris particles.

The wet wipe method allowed composite samples to be
collected, with each composite sample representing the result for
three to five individual surfaces. Composite samples increased
the probability of detecting wildfire smoke residues, resulted in
a better characterization of the space that was sampled, and
reduced sampling cost.






LOCATION CHAR ASH S00T CHAR  Exteriors Attics Window Sills Interiors
Window Sills 40% 2.6 % 06 % SAMPLES 132 31 136 49
Exterior Surfaces 39% 5.8 % 06 % 1% | 08% 0% 28% 29%
Interior Surfaces 14% 1.2% 2% 0% 3% 28% 26%
Attic Surfaces 9% 1.2% 3%-5% 19% 26% 14% 12%
HVAC Returns 4% >5%—10% 18% 13% 0.7% 0%

Table 1. Percentage of similar sampling areas impacted by >10% 61% 58% 29% 27%

wildfire smoke residues in the 343 houses.

Sampling Locations

The percentages of sampling locations impacted by
char, ash, or soot concentrations of 1% or more in the
343 houses were listed in Table 1 for each of the five
similar sampling areas. Freasor example, char was
detected on exterior surfaces in 39% of the houses and
on attic surfaces in 9% of the houses. For interior sur-
faces, char concentrations of 1% or more were detected
in 40% of interior window sill samples but in only 14%
of interior hard surface samples. A char concentration
of 1% or more was detected 2.8 times more frequently
on interior window sills compared to interior hard sur-
faces, suggesting that interior window sills were a
good sampling location for evaluating exposure of the
structure to wildfire smoke residues.

Table 2 describes the percentage of samples in each
of the five ranges of char concentrations for four of the
five similar sampling areas in this study. The samples
were collected in the 196 houses in which a char con-
centration of 1% or more was detected. Char concentra-
tions on exterior and attic surfaces were concentrated
primarily in the higher concentration ranges. About
97% of the char concentrations were 3% or more, and
approximately 60% of the exterior and attic samples
had a char concentration exceeding 10%.

Char concentrations in the interior window sill and
hard surface samples were concentrated at the lower
char concentrations, with a secondary grouping at the
highest concentration. About 55% of the interior surface
samples had a char concentration of 1%-2%, and about
28% had a char concentration exceeding 10%. While
97% of the char concentrations were 3% or more in the
exterior and attic samples, about 55% of the interior sur-
face samples had a char concentration of less than 3%.

In a previous study of 64 houses by Ward, the char
concentrations for wet-wipe samples were less than
1% in 14 houses (22%), it was 1%—2% in 37 houses
(58%), 2% 5% in 10 houses (15%), and greater that
5% in three houses (5%).* Both Ward’s study and the
current study suggest that 50%-60% of impacted

Table 2. Percentages of samples in each concentration
range of char by sampling location for 196 residue-
impacted houses.

structures may be expected to have an average char
concentration of 1%-2% for interior samples.

Distance from Wildfire

The distances of the houses from the subject wild-
fire varied from less than a mile to a maximum of
150 miles, with 92% of the houses located within 30
miles of the wildfire. The houses closest to the wildfire
were impacted by char to a greater extent than those
farther from the wildfire. The majority of samples with
1% or more of char were collected within one mile of
the wildfire, as illustrated in Figure 1. The percentage
of samples collected at a distance of one mile or less
were 63% and 67% for interior locations and 74% for
attic and exterior surfaces. An additional 9%—16% of
samples were collected within 1-2 miles, depending
on the sample area in Figure 1, with a similar range of
percentages collected at 3—5 miles.

The Impact of Distance on Wild Fire Char
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Figure 1. Percentage of samples with a char concentration
of 1% or more collected within two miles of the wildfire by
a similar sampling area.

The average concentration of char generally
decreased with distance from the wildfire, as illus-
trated in Table 3. Exterior concentrations were about
2—4 times the average interior concentration for each
similar sampling area. An increase in the average char
concentration at the greater distances was due to a
small number of elevated values for a limited number
of total samples.












heavily loaded surfaces. The sample preparation
step increased the homogeneity of subsamples for
analysis, which reduced analytical variability and
dispersed obstructing debris particles.

The wet wipe sampling method allowed composite
samples to be collected, with each composite sample
representing the result for 3—5 individual surfaces.
Composite samples increased the probability of
detecting wildfire smoke residues, resulted in a better
characterization of the space that was sampled, and
reduced sampling cost by allowing more surfaces to
be sampled using fewer samples.

Char was the primary wildfire smoke residue based
on the frequency of detection and was most useful
in evaluating both exposure of the structures and the
impact of wildfire smoke residues. The frequencies
of detection for ash and soot were too low to be
useful for assessing impact.

Each of the five similar sampling areas was an
independent similar impact area; caution should
be used when extrapolating char concentrations
between sampling areas to evaluate impact.

Houses closest to the wildfire were impacted by
char to a greater extent than those farther from the
wildfire. About 65% of the interior surface samples
with a char concentration of 1% or more were
collected within one mile of the wildfire. About 74%
of the exterior surface samples were collected within
one mile of the wildfire.

The results of the study suggested that more than half
(55%) of char concentrations on interior surfaces
may be expected to be less than 3%. Therefore,
using a char concentration of “1% or more” for wet-
wipe samples as the minimum char concentration
for assessing impact was reasonable for the houses
included in this study, and was consistent with the
laboratory LOQ.

The results of the study suggested that the char
concentration measured for one of the five sampling
areas should not be used to evaluate the impact of
char for other sampling areas. Each similar sampling
location should be evaluated independently. Char
concentrations on interior surfaces were primarily
<1%., 1%-2%, 3%-10%, and >10%.

LIMITATIONS

This was a relatively large study, but just one study.
Additional studies should be performed to validate
these results and to examine these and other factors
that may affect evaluation and assessment strategies
for wildfire smoke residues.

The wildfire smoke residue samples were collected
using the wet-wipe sampling method. Generalizing the
results and conclusions of this study to other sampling
methods should be done with caution.

The replicated study in reference 2 comparing the
wet-wipe and tape lift sampling methods for evaluating
char concentrations was based on limited sample size.

The inspections and sample collection were per-
formed by an environmental company. The objectives,
the extent of residue impact characterization, and the
distribution of elapsed times may have been different
if the inspections had been performed by a restoration
contractor, independent environmental professional, or

another party. @@
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