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Hello,
I've attached my testimony and supporting reference documents.
Please add them to the record for LU-24-027.

Question: One of my reference documents is a 60 Minutes Story on YouTube

- https://www.youtube.com/watch?v=iYFksPCL-I8
What is the best way to get this video on the record?

Please note: Allow the large pdfs to fully populate before saving them. Otherwise the full
documents are not saved and cannot be accessed.

Thank you.

Carol

Carol McClelland Fields, PhD, BCC
541 243 3675
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Resource 3: https://dnr.wisconsin.gov/topic/OpenBurning/Impacts.html
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HEALTH IMPRCTS OF SMOKE
IMPACTS OF SMOKE FROM BURNING CLEAN WOOD AND LEAVES

When household waste, like wood and leaves, are burned, they produce smoke, which contains vapors and
particulate matter (solid and liquid droplets suspended in the air). Air pollution from smoke can impact human
health.

People exposed to these air pollutants can experience eye and nose irritation, difficulty breathing, coughing and
headaches. People with heart disease, asthma, emphysema or other respiratory diseases are especially sensitive to
air pollutants. Other health problems aggravated by burning include lung infections, pneumonia, bronchiolitis and
allergies.

IMPACTS OF SMOKE FROM BURNING TRASH AND PLASTIC

Burning trash can cause long-term health problems. The toxic chemicals released during burning include nitrogen
oxides, sulfur dioxide, volatile organic chemicals (VOCs) and polycyclic organic matter (POMs). Burning plastic and
treated wood also releases heavy metals and toxic chemicals, such as dioxin.

Other chemicals released while burning plastic include benzo(a)pyrene (BAP) and polyaromatic hydrocarbons
(PAHs), which have both been shown to cause cancer. If agricultural bags or containers are contaminated with
pesticides or other harmful substances, those will also be released into the air.
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Abstract

Fires that occur in the wildland urban interface (WUI) often burn structures, vehicles, and their contents in addition to biomass in the
natural landscape. Because these fires burn near population centers, their emissions may have a sizeable impact on public health,
necessitating a better understanding of criteria and hazardous air pollutants emitted from these fires and how they differ from
wildland fires. Previous studies on the toxicity of emissions from the combustion of building materials and vehicles have shown that
urban fires may emit numerous toxic species such as hydrogen cyanide, hydrogen fluoride, hydrogen chloride, isocyanates, polycyclic
aromatic hydrocarbons (PAHs), dioxins and furans, and a range of toxic organic compounds (e.g. benzene toluene, xylenes, styrene,
and formaldehyde) and metals (e.g. lead, chromium, cadmium, and arsenic). We surveyed the literature to create a compendium of
emission factors for species emitted from the combustion of building and vehicle materials and compared them with those from
wildland fires. Emission factors for some toxic species like PAH and some organic compounds were several orders of magnitude
greater than those from wildfires. We used this emission factor compendium to calculate a bounding estimate of the emissions from
several notable WUI fires in the western United States to show that urban fuels may contribute a sizeable portion of the toxic
emissions into the atmosphere. However, large gaps remain in our understanding of the fuel composition, fuel consumption, and
combustion conditions in WUI fires that constrain our ability to estimate the impact of WUI fires.

Keywords: smoke, structure fires, toxic emissions, particulate matter

Significance Statement

Wildfires in the wildland urban interface (WUI) burn homes and vehicles leading to potentially greater emissions of hazardous air
pollutants than from wildfires burning only natural vegetation. The greater proximity of these wildfires to population centers and
the potentially more toxic emissions make fires in the WUI a unique threat to public health. We estimate the emissions from several
recent WUI fires in California and find greater emissions of some hazardous air pollutants attributable to urban fuels when compared
with natural biomass and other anthropogenic sources in the airshed. Our results demonstrate that WUI fires are a potential major
source of hazardous air pollutants and a better understanding of what and how much is emitted from them is needed.

Introduction

The wildland urban interface (WUI) is the area where residential
and commercial buildings are intermixed in wildlands or high
population densities are adjacent to wildlands. In recent decades,
the WUI has been growing in area, people, and homes (1). This

repeatedly experiencing highly destructive fires. Although infre-
quent, catastrophic fires like Northern California’s Camp Fire in
2018 and Australia’s 2019/2020 fires destroyed over 10,000 struc-
tures to become two of the most destructive fires in modern times.
Smaller WUI fires, where several hundred to over a thousand

mingling of the urban environment with the natural hasled to in-
creasingly destructive wildfires (2). Wildfires have also been in-
creasing in intensity with a warming climate and overgrowth of
fuels, with some fires experiencing explosive growth, rapidly con-
suming thousands of acres and destroying entire neighborhoods
within a day or several days (3). WUI fires occur across the world,
with some areas like the Mediterranean, Australia, and California

structures destroyed, are much more frequent and are wide-
spread (4). These small WUI fires occur across North America
but are concentrated in areas that are prone to wildfire. Recent ex-
amples include the 2021 Marshall Fire in Colorado (1,091 struc-
tures), the 2016 Ft McMurray Fire in Alberta (3,244 structures
destroyed), the 2016 Gatlinburg Fires in Tennessee (2,460 struc-
tures), the 2015 Bastrop County Complex in Texas (1,500
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structures), and so on (5). The upward trend of destructive wild-
fires has accelerated in recent years in California (6) and in other
parts of the United States as fire danger and at-risk population
continues to grow (7).

Wildland fires are one of the largest sources of pollutants to the
atmosphere and, in some parts of the United States, can contrib-
ute as much as 50% of the fine particulate matter (PM, s) during
active fire years (8) and cause poor air quality in large parts of
the United States for weeks at a time (9). The smoke from wildfires
is composed of a diverse mixture of chemical species, including
many hazardous air pollutants, like formaldehyde and polycyclic
aromatic hydrocarbons (PAHs), which are known to cause cancer
(10). This smoke has been linked to adverse health outcomes such
as increased all-cause mortality and increased respiratory ill-
nesses (11). Children, the elderly, and those with underlying con-
ditions are particularly susceptible to the adverse effects
associated with smoke exposure (11).

When fires occur in the WUI, a common question is if the
smoke is any different from a “normal” wildfire burning only nat-
ural vegetation (i.e. biomass), and if more or different actions are
needed to reduce exposure and protect vulnerable populations.
The burning of structures and vehicles has differing and poten-
tially more toxic emissions from those fires burning biomass, typ-
ical of wildfires on wildlands. Studies of occupational exposure of
municipal firefighters have identified a range of acutely toxic and
carcinogenic species such as isocyanates, volatile organic com-
pounds (VOCs), and heavy metals from structure and vehicle fires
(12-15). As such, firefighters use personal protective equipment
and carry out decontamination procedures on their equipment
to reduce exposure to these species (16). Because WUI fires will
also emit these hazardous air pollutants, they may pose a unique
threat to human health apart from normal wildfire smoke. Toxic
metals have been observed at sites downwind of WUI fires, and in-
creasing concentrations coincide with increasing numbers of
structures destroyed in the fire (17). However, there remains min-
imal information about WUI fire emissions and their potential im-
pact on first responders and public health (18).

The combination of more intense wildfires, longer fire seasons,
and larger population in the WUI lead to an increased risk of cata-
strophic WUI fires. Because these fires occur near where people
live, the emissions from burning of structures and vehicles may
have an outsized impact on public health compared with wildfires
that occur in more remote and less populated areas. The objective
of this study was to develop an estimate of WUI fire emissions to
identify the potential types and amounts of chemical species that
may be emitted from these fires. We draw upon emissions data
developed for structural fire environmental impact assessments
and fire toxicity testing to provide an initial estimate of what
may be emitted from WUI fires. We compare WUI fire emissions
with other air pollution sources to provide some context for the
importance of WUI fire emissions on public health. This informa-
tion is a critical first step to guide future measurement efforts, to
develop emissions inventories, and inform on the potential public
health risks to WUI fires.

Results

Demographics of the WUI emission factor
compilation

Of the 92 references identified that discussed emissions from
structural, vehicular, furnishings, plastics, chemical, wiring, or
other standard household materials, 28 references reported

emission factors (also referred to as yields) for a total of 346 test
conditions covering a range of chemical species that were in-
cluded in the urban fuel emission factor compilation (Table S1).
Many of these observations were derived from studies done by
the SP Swedish National Testing and Research Institute, now the
Research Institutes of Sweden (RISE), to develop inputs for their
Fire Life Cycle Analysis (LCA) tool (19). These studies ranged in
scale and comprehensiveness of the materials investigated and
the chemical species measured. The studies included in the com-
pilation were carried out from 1993 (20) through 2020 (21) with the
median study year of 2005. The average home age in 2022 is ~44
years (22). Additionally, the major structural components of a
house may not change over its lifetime (23); therefore, older stud-
les’ burning structural components may still provide representa-
tive data for current homes. However, older furnishings burned in
studies done in previous decades may not be representative of
newer furnishings that may contain differing amounts of com-
pounds like flame retardants. Additionally, consumer electronic
products and vehicles have changed substantially over the past
three decades and older studies with these materials may not be
representative of what exists in a modern home (18). Finally,
homes in the WUI may differ from the US-wide averages. For ex-
ample, WUI homes may be newer, reflecting the growth of WUI
areas in the past few decades, and may consist of more fire-
resistant materials, reflecting building codes intended to reduce
wildfire risk.

Given the limited amount of data to draw from, simplified fuel
categories (Table S1) were developed to provide some insight into
the different types of emissions from different materials in the ur-
ban environment. Most observations were from tests with struc-
tural or other household materials (house category: 242
observations, 70%), followed by vehicles or their components (ve-
hicle category: 48 observations, 14%), bulk chemicals or plastics
(chemical category: 29 observations, 8%), and electronic waste
or cables (electronic category: 27 observations, 8%). Most of the
house category consisted of furnishings or textiles found in the
home (253 observations) with few studies investigating wood
products (36 observations), which are estimated to contribute
the bulk of the combustibles in the home (18). The vehicle cat-
egory consisted mostly of car components—such as dashboards
and seats (32 observations)—and tires (10 observations). These
categories do not have distinct boundaries as many materials
may be easily assigned to multiple categories, such as polyureth-
ane foam, which can be found in seat cushions in vehicles or in
mattresses in the home. Nonetheless, these categories are illus-
trative of the combustible materials that may exist in certain com-
partments of the urban environment.

We also categorized emissions by their scale: full scale being
multicomponent mixtures combusted at their full size (e.g. full
room or vehicle), large scale being multicomponent mixtures
burned at less than their full size (e.g. portions of carpet and pad-
ding) or single component mixtures (e.g. tire pile), and small scale
being small pieces of materials burned in controlled benchtop ex-
periments (e.g. tube furnace or small cone calorimeter).

We identified only six observations of full-scale fires with fur-
nishings in the home (24, 25) and nine full-scale vehicle fires (21,
26-28). The coverage of different species reported from these full-
scale tests was variable. For example, Willestrand et al. (21) only
reported inorganic gas phase emissions such as carbon dioxide
(COy), carbon monoxide (CO), hydrogen cyanide (HCN), hydrogen
fluoride (HF), hydrogen chloride (HCI), total hydrocarbons (THC),
and various size fractions of PM from burning electric vehicles,
while Fiani (27) and Lonnermark and Blomgvist (26) reported a
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wide range of inorganic gases, PM, metals, VOCs, PAHs, and diox-
ins from burning vehicles.

There were several large-scale experiments (20, 25, 27-36) re-
sultingin 94 observations for a range of materials (electronics, ap-
pliances, furniture, and chemicals). Many of the observations
(nearly 70%) were from small-scale experiments carried outin a
tube furnace or cone calorimeter (26, 31, 37-48). Some of these
small-scale experiments were done with a controlled atmosphere
(i.e. controlled air composition) to represent different combustion
phases that occur in enclosure fires where oxygen can become de-
ficient as it is consumed in the fire.

Most of the emission factors reported were for the primary
combustion emissions (CO,, PM, and NOx) and particularly for
the potent asphyxiants, CO and HCN, which are critical for esti-
mating fire toxicity (49). Several studies (24-27, 31, 32, 34, 35)
measured a wide range of hazardous pollutants including VOCs,
PAHs, and polychlorinated dibenzodioxins and furans (PCDD/F).
No study measured the full complement of hazardous air pollu-
tants that may be important drivers of health risk, and lumping
the studies into categories was needed to create a more complete
set of emission factors as a first approximation of the emissions
from WUI fires.

Variation of emission factor by category
We compare emission factors across WUI categories with those
used to estimate wildfire emissions (50, 51) for select species in
Fig. 1. Violin plots are shown for species representing primary
combustion emissions, criteria air pollutants, and hazardous met-
als that were selected with the greatest coverage across categor-
les. Emission factors for all species for WUI categories are
provided in Table S1.

There are some clear trends across the fuel categories by spe-
cies type (Table S2). Species like CO,, CO, and PM (including

PM, s and inhalable particulate matter—PM,() that are produced
from all combustion systems are emitted at similar levels from
all fuel categories. Some hydrocarbons and oxygenated hydrocar-
bons typical of biomass combustion (e.g. methane, formaldehyde,
and acrolein) are emitted in greater amounts from biomass com-
bustion compared with urban fuels. However, most species had lar-
ger emission factors for urban materials compared with biomass.
Generally, the inorganic gases and VOC emission factors are one
to three orders of magnitude greater from urban fuels compared
with biomass. Emission factors for HCl and PAHs are three orders
of magnitude and dioxins/furans are five and six orders of magni-
tude greater for urban fuels compared with biomass. Some of these
large differences (i.e. dioxins/furans) are not only because of very
large emission factors for urban fuels, but also because the emis-
sion factors are comparatively very low from biomass.

There are many gaps in the emissions data that make it difficult
to compare for all species from all categories. Even for biomass
burning that has been well studied in the past few decades (52),
there is still minimal data on metal emissions from wildfires.
Metal emissions may serve as a unique fingerprint for WUI fires
(17) but are not included in the Smoke Emissions Reference
Application (SERA) database from which our biomass burning
emission factors were derived (51). Therefore, we estimated bio-
mass metal emission factors by applying SPECIATE (US EPA’s re-
pository of speciation profiles) PM compositional profiles to PM
emission factors to compare with median emission factors from
structure and vehicle fuels (Fig. 2). These comparisons show Cu
over 61,000% and Zn over 412,000% greater for vehicle emissions
compared with biomass (Table S2), which correspond to the ele-
vated Cu and Zn emissions observed from fires with greater num-
bers of structures involved in the analysis by Boaggio et al. (17).
This provides further evidence that WUI fires may have a distinct
metal signature from wildfires burning only biomass.
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Fig. 1. Violin and strip plots of emission factors for select chemical species [A) CO; B) HCI; C) HCN; D) PM; E) benzene; F) benzo(a)pyrene; G) formaldehyde;
H) Pb; and I) PCDD] for each of the major categories: biomass, chemicals, electronics, house, and vehicle.

Gzoz Aey g0 uo 1senb Aq 86zz0z//98 1 pebd/g/z/alonue/snxauseud/woo dno-olwapeoe//:sdyy wolj papeojumoq



http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgad186#supplementary-data

http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgad186#supplementary-data

http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgad186#supplementary-data



4 | PNAS Nexus, 2023, Vol. 2, No. 6
B Structure X Vehicle  OBiomass
1.E+04
1Ex03 [
o 1.E+02 Q
<
b5 1.E+01 s-
- Oy X %
9 1.E+00 =
o X
© 1.E-01
= X X
S 1.E-02 :
o = X X)K [ 9)
v 1.E-03 ] % .*C) =
€ )K ~ OF O O
w  1.E-04 14 OO
o ©
1.E-05 O
1.E-06
1.E-07 O
9
1F08 Lo v v
A X NANNGELO NS CCUTOSICS500>CUGEZT T 0 00LHy VOVVVVVVVGULIVVECUVTVVONSUVVUUVUVVVVUVD VD VO DAL
OOoONEIONUCﬂIgwEoo<{88UU Z > Um<mzu§u.m°'c:ccc::cc°:=‘c‘c--‘c§cc:wécc::ccccccc:cccc:ccgo
OC=Z0FZ AT TI FRo0a = CTOTVVIDGEE>>L >N JUIEGIIIVIIIIIDIDITIIIDIOO
z = SN RN e R o a0 D5 ERE S5 58 2EE S SF o585
g S8 wumw'gwwﬁmn.zgg-cg-c SELPOESEEEaSSEEEEaagagE0
g me = @8 ﬂ;ﬂ; com - © -g_%—c‘ﬂm I-I-mEE EMCEUEEWGJD-‘DACS
2 [* Yor-g <
2 £% 5 22 8ET £ §g5ao g<S 225 SS9 9=&
g < &z o< & 2052 £ T Q9w EEcc MEc
£S5 C = - <oz o CCN oxRe N¥g
g = <£ 385 537" 289
w NN oER
s © 55 585
1) L0
£ 8

Fig. 2. Median structure and vehicle emission factors compared with mean biomass emission factors from the SERA database (data in Table S2).

Table 1. Case study destructive WUI fires in California occurring during 2020 and 2017.

Fire name Air basin Cause Duration Burned area Structures Vehicles Structures destroyed/
(acres) destroyed destroyed® area burned (building/
mile?)
TubbsP SF Bay Area Power line 2017 October 8-2017 142,813 7,774 7,070° 98.0
October 31
Thomas South Power line 2017 December 4— 281,893 1,063 1,526 24
Central 2018 January 12
Coast
North Complex Mountain Lightning 2020 August 17— 318,935 2,352 3,377 4.7
2020 December 5
Glass/LNU SF Bay Area Lightning/ 2020 September 27— 363,220 3,011 4,323 2.6
Lightning arson 2020 October 20
Complex 2020 August 17—
2020 October 2
CZU Lightning North Lightning 2020 August 16— 86,509 1,490 2,139 11.0
Complex Central 2020 September
Coast 22
August Complex  North Coast Lightning 2020 August 16— 1,032,648 935 1,343 0.6

2020 November 12

“Estimated from the vehicle to structure ratio destroyed in the 2018 Camp Fire, which was 1.44 as described in the Methods section.

®Includes Nuns, Patrick, and Atlas Fires which occurred in the same air basin during the same time.

“The Camp Fire vehicle to structure ratio was used for the Nuns, Patrick, and Atlas Fires and summed with that reported for the Tubbs. The California DMV estimated
4,000 vehicles destroyed in the Tubbs Fire in a 2018 blog post: https://www.dmv.ca.gov/portal/news-and-media/dmv-identifies-thousands-of-vehicles-destroyed-in-

northern-california-wildfires/.

Estimated air pollutants emitted from WUI fires

We used several wildfires that burned in California in 2017 and
2020 to demonstrate a variety of WUI fires (Table 1). These wild-
fires span from those with very large burn area consuming pri-
marily biomass fuels (August 2020 Fire) to relatively small
wildfires with a small burn area, but large numbers of structures
and vehicles destroyed (Tubbs 2017 Fire). The locations and the
extent of the wildfires are shown on the map in Fig. 3. We com-
pared the emissions from each wildfire with other air pollution
sources in the same air basin to provide a frame of reference for
the quantity of emissions that population is routinely exposed
to. These emissions were derived from the most recent release
of the National Emissions Inventory (NEI), 2017 (53), and include

the annual emissions for all nonfire sources for counties in the
air basin.

Emissions were categorized as “Fire” for emissions from burning
wildland biomass in each wildfire (derived from NEI estimates),
“WUI” for emissions from burning vehicles and structures (calcula-
tions described in the Methods section), and “Other” for emissions
from all other sources in the air basin (derived from NEI estimates).
Other sources included point sources like industrial facilities, area
sources like oil and gas operation, and mobile sources from on-road
and off-road operations and represent their emissions over the en-
tire year. For some air basins, the Other category is sizeable due to
densely populated areas and many anthropogenic activities. The
wildfires analyzed here impacted a range of air basins, with the
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Fig. 3. Location and combustibles consumed for destructive WUI fires in California during 2017 and 2020 used in this analysis. A) Final spatial extent for
each wildfire. B) Consumed combustibles for each fuel type, for each fire, as described in Table S3.
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Fig. 4. Emissions estimates in tons for criteria pollutants and select hazardous air pollutants [A) CO; B) PM; C) formaldehyde; D) benzene; E) benzo(a)

pyrene; and F) Pb] for Fire, Other, and WUI categories for each case study fire.

most densely populated being the San Francisco air basin, which
was impacted by the Tubbs 2017 and Glass-LNU 2020 Fires.
Conversely, the CZU Complex Fire impacted the mostly rural/agri-
cultural areas in North Coastal air basin that has much lower Other
emissions compared with the other air basins in California.
Another key pointis the difference in temporal distribution of these
emissions, where Other emissions are for the entire year, the Fire
emissions are spread out over the several weeks of the wildfire,
and the WUI emissions are occurring over just a few days. By not
distinguishing across these time frames, our comparison may ob-
scure the importance of differing acute exposures for emissions
distributed over days, weeks, or a year.

Primary combustion emissions

Figure 4 compares the total emissions by category for select spe-
cies for each wildfire (all species are listed in Table S3). The WUI
emissions are minimal compared with the Fire and Other sources
for most criteria air pollutants (i.e. PM, CO, NOx, and SOx) and pri-
mary combustion species (i.e. CO,, CH, and other hydrocarbons).
These results suggest that the regulatory air pollution monitoring
network would not be able to detect any difference in emissions
from a WUI fire when compared with other sources or wildfires.
Not surprisingly, the Fire emissions are generally larger than
Other emissions for these primary combustion pollutants for all
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wildfires, except for the two that impacted the San Francisco Bay
Area air basin, where there are substantial emissions over the
year from anthropogenic activity.

For most of the wildfires evaluated here, the WUI emissions for
oxygenated hydrocarbon species are much lower than the Fire
emissions of those species. This is not surprising, since oxygen-
ated hydrocarbons such as formaldehyde, acetaldehyde, and
acrolein are emitted from biomass burning in large amounts.
The one exception to this trend is for the Tubbs wildfire, which
has comparatively low acreage burned (<150,000 acres), but
many structures destroyed (>7,700). For the Tubbs wildfire, the
WUI emissions are either greater or similar to the Fire emissions,
but typically less than Other emissions in the densely populated
San Francisco Bay Area air basin.

Hazardous air pollutant emissions

The hazardous air pollutants like PAH, toxic metals, and chlori-
nated hydrocarbons exhibit different trends from the criteria pol-
lutants and hydrocarbon pollutants. Fire and WUI categories both
have high PAH emissions of similar magnitude. Only the August
Fire and CZU Fires, with their low destroyed structure to area
burned ratios (Table 1), routinely had larger Fire PAH emissions
compared with WUI PAH emissions. Again, the Tubbs Fire is not-
able in this comparison with 78 times higher benzo(a)pyrene
emissions compared with Fire emissions and 13 times Other emis-
sions in the San Francisco Bay Area air basin (estimated for 2017).
Lead (Pb) (Fig. 4F) was the only metal for which data were available
from all three categories, but not from all wildfires. Pb emissions
were two to three times Other and Fire emissions for all wildfires.
There were limited data for all other hazardous air pollutants,

prohibiting comparison across the three main categories (Fire,
Other, and WUI).

A more comprehensive view across many species can be made
with a heat map of the ratio of WUI to Fire categories (Fig. 5A) and
WUI to Other categories (Fig. 5B). Different species are shown in
each figure since not all categories have all species. The heat
map presentation also makes it readily apparent that the Tubbs
Fire is the only wildfire in our case study where the WUI emissions
dominate the Fire emissions for all species but the oxygenated hy-
drocarbons and primary combustion emissions. One interesting
feature is the high ratios for phenanthrene differing from the oth-
er PAH. This is likely due to the vehicle emission factors, which
were much higher than the other fuel categories. These emission
factors were for full-scale burns where combustion involved the
entire vehicle and may be more representative of emissions in a
WUI fire. However, there are too few emission factor observations
for the other categories for this difference to be conclusive.

The ratio of the WUI to the Other heat map also shows
some distinctive patterns, with all the PAH ratios well above
1. Chlorobenzene, Cl, Sb, and HCI also have ratios much larger
than 1. This is the first evidence that WUI fires may be the largest
emission source for some of these species into an air basin. Some
of these air pollutants may be important drivers of health risk and
in current emissions inventories they are not estimated.

Discussion

Emissions inventories play an important role in identifying the
major sources of air pollution and the drivers of health risk. This
information can be used to guide policy decisions made to reduce
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Fig. 5. Heat map of the ratio of emissions between categories. A) WUI emissions to Fire emissions. B) WUI emissions to Other emissions for each wildfire.
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the public health risk to hazardous air pollution, including deci-
sions on future research efforts, air quality monitoring infrastruc-
ture, public health outreach, and mitigation measures. Until now,
structural fire emissions have not been inventoried in the United
States and thus were not included in assessments of the impacts
of air pollution on human health. We demonstrate that WUI fires
may be a sizeable source of certain hazardous air pollutants, but
not necessarily contribute to increased criteria air pollutants or
greenhouse gases that are routinely monitored. Moreover, in
some locations and some years, WUI fires may constitute the sin-
gle largest source of these pollutants and may be an important
driver of risk.

Although there is likely very large uncertainty in the inventory
developed here, there is no unambiguous method to validate a
WUI fire emissions inventory. Such an evaluation would require
measurements of before and after fire fuel loadings, assessment
of combustion conditions during the fire, in addition to near-fire
emissions measurements. This type of data set does not currently
exist. Furthermore, ambient monitoring data are not suitable for
comparison because dispersion, atmospheric chemistry, and the
impact of other sources need to be factored in, all of which intro-
duce large uncertainties. We ensure our inventory has the highest
data quality by following recognized good practices for developing
a bottom-up inventory that is transparent, complete, and accur-
ate given the available information (54, 55). Although we have at-
tempted to generate an inventory with the best available
information to achieve the greatest accuracy, there are many
data gaps that result in large uncertainty of the estimates pre-
sented here. Our study improved upon existing methodologies
by applying assumptions appropriate for WUI fires, but the data
sources for calculating the inventory need further improvement
to better estimate average emissions and uncertainty estimates.

We examined each input into the inventory to identify where
improvements are needed. A large source of uncertainty in the
WUI fire emissions inventory is the amount, composition, and
condition of the fuel. Similar to wildfire emissions inventories,
the data inputs on the fuel can be thelargest source of uncertainty
in the emissions estimate (56). Statistics on new home construc-
tion (57) and home energy usage (58, 59) can provide some infor-
mation and the major materials that are used in structures (e.g.
roofing and siding), but not information on insulation or indoor
surface finishes, plumbing fixtures, or wiring. Moreover, these
sources do not provide detailed information on the chemical com-
position of the materials in the structure. There is no standardized
source of information on commercial buildings, which may also
be consumed in a WUI fire. Information on the contents in the
home are derived from fuel loading surveys, the majority of which
focus on fire risk and only quantify the combustibles inside the
structure, while it is clear from the metal emission factor data
that noncombustible materials are being transformed in the com-
bustion process and emitted into the air. Much more detailed in-
formation on the composition of all the materials in the
structure and contents are needed to estimate emissions for en-
vironmental health risk.

Even with detailed knowledge of the amount and chemical
composition of the structure, vehicle, and their contents, there
are many unknowns related to the combustion conditions, poten-
tial chemical interactions, and resulting emissions. One critical
unknown is the amount of WUI fuel that is consumed in the
fire. Current fire statistics only report if a structure is destroyed
or damaged, but there is no linkage to how much of the original
structure remains in each of these categories. We assumed 80%
of the combustibles are consumed when a structure is destroyed

and did not include damaged structures. This may be a conserva-
tive estimate since many postfire images show complete destruc-
tion, but these images may show a biased subset of homes. More
information is needed on how much of the destroyed or damaged
structure or vehicle remains after the fire to provide a better esti-
mate of fuel consumption and how that may vary between fire
scenarios.

The sizeable literature on fire safety engineering and fire tox-
icity has highlighted the importance of the chemical composition
of the fuel, the oxygen available for combustion, and the tempera-
ture in controlling the amount and composition of emissions (49).
Standardized methods have been developed to study the emis-
sions of materials combusted in a range of conditions that are typ-
ical for enclosure fires occurring within a structure (49). However,
there is currently no information on the combustion conditions in
WUI fires and what fraction of the fuel may burn at high tempera-
ture under- or overventilated or in low-temperature smoldering
processes. This uncertainty also exists in the wildfire emissions
inventory where common practice is to assume that a fraction
of the fuel burns in flaming conditions versus smoldering condi-
tions (60, 61). The flaming-smoldering fraction is modeled de-
pending upon the fuel characteristics and environment
conditions (62).

Drawing upon our understanding of pollutant formation in
waste incineration and open waste burning, we know that fuel
chemistry, temperature, and residence time all interact and great-
ly impact emission rates of some species (63-65). Much of the
emissions data relied on for this inventory are derived from the
combustion of individual materials and often in the absence of
the inorganic support structures or surfaces that may exist in
homes. Additionally, the few studies carried out at full scale likely
have combustion conditions that differ than those in WUI fires
that often occur during extreme winds (66).

The emissions estimates compiled here are a reasonable first
approximation despite the large number of unknowns. These re-
sults suggest that some hazardous air pollutants, but not criteria
air pollutants, may be emitted from WUI fires in much larger
amounts than wildfires in wildlands or other anthropogenic sour-
ces. However, this estimate may greatly differ than what is truly
emitted, and additional research is needed to develop and refine
data inputs to the emissions model and this needs to be verified
with measurements of concentrations near WUI fires to constrain
and improve this emissions estimation method. Current monitor-
ing networks focus on criteria pollutants and have measurements
of detailed chemical composition with minimal spatial and tem-
poral resolution (18). Supplemental measures of detailed chem-
ical composition of ambient concentrations near WUI fires, in
addition to information on urban fuels and combustion condi-
tions, are greatly needed to improve the emissions estimates de-
veloped in this study.

Methods
Emission factor compilation

We compiled emission factors from a comprehensive literature
search of simulations of fires of structures, vehicles, and their
components (Table S1). Web of Science and Google Scholar were
used to identify peer-reviewed and other data sources reporting
emissions from the burning of urban materials. Key words in-
cluded combinations of “fire,” “smoke,” “toxicity,” “municipal,”
“structure,” “vehicle,” “car,” “furnishings,” and a variety of individ-
ual materials (e.g. “wood,” “plastic,” “fabric,” and “textile”). Each
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Table 2. Comparison of assumptions for emissions estimates from structure fires across estimation methods.

CARB 1999 SP 2009 BC 2000 WUI Fire
2022
Reference California Air Resources SP Technical Research institute of British Columbia Ministry of Water, This study
Board, Lozo 1999 (67) Sweden, Blomqgvist and McNamee Land, and Air Protection, Wakelin 2000
2009 (68) (69)
Combustible structure 1,649 ft? 2,150 ft?
11 tons 33.4 tons
Combustible content 7.9 1b/ft? 3.69 Ib/ft? 5.87 Ib/ft?
Fraction consumed 7% 5% room of origin 80%
35% several rooms
80% multiple structures
Loading factor—mass 1.23 tons/fire 1.04 tons/fire® 39.72 tons/
burned per structure fire

“Total combustible fuel consumed per fire incident, assumed one incident equivalent to one structure.

source was reviewed for relevance to a WUI fire; specifically, we
determined if the fuel was representative of a human-made (e.g.
vehicle) or human-processed natural material (e.g. wood decking)
and if the combustion conditions were a suitable simulation of
open burning. Lab-scale studies focusing on waste incineration
or those using devices such as a fluidized bed reactor, which
may have high temperatures and/or pressures, well-mixed fuel
and oxidizer, or mechanically processed fuel (e.g. pulverized),
were deemed to be not representative of open burning conditions
that may occur in a WUI fire and were excluded from the data set.
The list of relevant sources was further expanded by reviewing
sources citing the initial list of sources. Sources providing only
concentration data were excluded from the data set since they
could not be used to generate emission factors. Sources reporting
duplicate information were identified and the source with the
most comprehensive data reported was included in the data set.
Only full-scale data were retained for experiments using the iden-
tical fuels at multiple scales (e.g. the TOXFIRE experiment (33)).

Emission factor or yield data from each study were consoli-
dated in an Excel spreadsheet and categorized by the scale of
the experiment: full scale (involving multiple items at full size)
or other (e.g. lab scale, bench scale, and microscale); type of ma-
terial: house or vehicle; material subtype: furnishing, component,
or tire; and combustion conditions: flaming, overventilated or
smoldering, underventilated. Emissions were reported as factors
(e.g. gemitted species/kgload) or yields (e.g. g emitted species/kg
combustible load) from combustion of structural or vehicular
components. In the absence of information on combustibles
per fuel charge, it was assumed that the entire fuel charge was
made of combustible material. Units were converted for all spe-
cies to grams per kilogram. An initial review of the compilation
was made for each species by category. Outliers were investi-
gated and sources with consistently higher emission factors
were removed. Removal of these sources reduced the number
of species reported, but they were limited to small-scale
experiments.

A summary emission factor data set was developed for use in
emissions inventory development by taking the median of all ob-
servations for any house materials, regardless of scale or combus-
tion conditions. For the vehicle category, the median of the
full-scale experiments was used since there were more compre-
hensive emissions available for those experiments. In the case
that emissions data from full-scale vehicle experiments were
not available, the median emission factor from the entire data
set for any vehicle material was used. Species where this gap-
filling approach was used are highlighted in red text in Table S2.

Biomass burning emission factors for comparison with the WUI
emission factors were derived from the online SERA database (51).
The complete SERA database for all vegetation types and experi-
mental approaches was filtered to remove emission factors asso-
ciated with slash fires and outliers and downloaded on 2022
December 1.

Emissions inventory methodology

Several methods for estimating emissions from structures and ve-
hicles have been published in the context of municipal fires (67—
70). All methods use the same basic emissions inventory develop-
ment approach of:

Ex=AxXBXFXEFy (1)

where E, is the mass of emissions of species x, A is the activity (e.g.
number of houses or vehicles consumed by fire), Bis the combust-
ible mass of fuel, F is the fraction of the fuel consumed, and EF, is
the emission factor for species x. Major differences among meth-
ods exist in the assumptions used to estimate the combustible
fuel loading for the structure (or vehicle), the fraction of fuel con-
sumed in the fire, the emission factor, and the chemical species.
We have translated these methods for the WUI fire context by
modifying key assumptions of fuel load and consumption
(Table 2) and updating and expanding emission factors.

Emissions estimates from municipal fires assume a small per-
centage (e.g. ~7% in CARB 1999 (67)) of the structure is consumed
and that most of the fuels are from the room of origin. Images of
neighborhoods after a wildfire has passed through show many
houses are reduced to only the noncombustible components,
such as masonry. Therefore, we assumed a greater percentage
of the combustible loading would be consumed in a WUI fire.
We used 80% as an initial estimate following a survey of fire inves-
tigators in Sweden estimating ~80% loss when the fire spreads to
multiple structures (68). This may be an underestimate for a WUI
fire in the United States where most of the homes are wood con-
struction (18), which is relatively uncommon in Sweden (68).
Since most of the combustibles are consumed in WUI fires, we
also inventoried the entire home as opposed to just the rooms
where most municipal fires begin (kitchen and bedroom) to in-
clude in the combustible load.

The structural combustible load is estimated from data for a
typical North American house built in 1998 compiled by the
National Academies (18) and detailed in Table S4. The house con-
tents are estimated from the median of fire load density measure-
ments in North American residences of 600 MJ/m? reported in Xie
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etal. (71). Fire load density is converted to combustible mass using
the material distribution from SP 2009 method (68) and the mater-
ial energy content from Elhami-Khorasani et al. (72) (detailed
in Table S5A and B). The vehicle composition was similarly
calculated for a typical sedan model year of 2017 (detailed
in Table S6) of 931b of tires and 8101b of combustible material
(18, 73).

The CARB 1999 and BC 2000 emissions estimates are based on a
set of default emission factors that are applied per ton of com-
bustible mass burned. The SP 2009 emissions estimate breaks
down the combustibles by type (e.g. wood, paper, textiles, rubber,
and plastics) and uses material-specific emission factors (68).
There is a paucity of emissions data available for each combust-
ible type and only a few have complete data for a wide range of
hazardous pollutants. There was insufficient data to adequately
capture the impact of the variation within a type (e.g. textiles
may be cotton, wool, or acrylic), so emission factors were lumped
into the two general categories for house and vehicles as described
above. These emissions measurements spanned all combustion
conditions: pyrolysis, smoldering, and flaming; in the absence of
information on typical structural/vehicle combustion conditions
in a wildfire, the median was taken for all observations.

WUI fire case studies

We identified WUI fires within California with corresponding EPA
NEI data to obtain estimates of burned area and emissions from
each wildfire and comparison data from other source sectors
(e.g. industrial emissions). The NEI calculates fire emissions using
the BlueSky Framework, which models the fuel loading, fraction
consumed, and applies vegetation-specific emission factors for
each fire (74). The NEI is produced every 3 years with 2020 the
most recent release (74). While other wildfire emissions inventor-
ies exist with greater temporal coverage, they do notinclude emis-
sions from other emissions sources and may not include
emissions for a wide range of hazardous air pollutants. Eight of
the current Top 20 Most Destructive California Wildfires (com-
piled by Cal Fire as of 2022) occurred during 2020 and 2017 (75).
These fires provide a range burned acreage and structures de-
stroyed and were used in this analysis to illustrate the scale of
WUI fire emissions in comparison with other emissions sources.
The ratio of structure destroyed to burned area ranges from 0.6
to 98 (building/mile?) and encompasses that observed in the
Camp Fire (78.5 building/mile?), which is the most destructive
fire in California, but could not be included in the analysis because
of the lack of an NEI emissions estimate for the wildland biomass
fuels.

California provides records of the number of structures de-
stroyed but does not report the number of vehicles destroyed in
each fire. The California Department of Resources Recycling and
Recovery estimated 27,000 destroyed vehicles were recovered
from the cleanup operation after the Camp Fire, which results in
an estimated 1.44 vehicles per structure destroyed in the fire.
This ratio is applied to all other fires to provide an estimate of
the vehicles consumed in each of the wildfires. However, the ac-
tual number of vehicles destroyed may vary widely between fires
depending upon the time allowed for evacuation, since vehicles
may be moved from the area threatened by the fire.
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Protect Surface Waters While Cleaning Up Your Property
After a Wildfire

This fact sheet provides homeowners with guidance for protecting water quality during wildfire cleanup by
using stormwater management techniques. Ash and debris generated from wildfires can be harmful to our
rivers and streams. When rainwater carries sediment and debris from burned areas it also transports pollutants
to our surface waters. Many of these pollutants can be toxic to humans and aquatic life.

Cleaning up the ash

When cleaning up ash, be sure to use the appropriate safety measures. Visit the Oregon Department of
Environmental Quality’s How to Safely Clean Up Ash and Debris From Burned Buildings page for more
information about safely cleaning up ash and debris. Never hose ash into streets or storm drains. Instead,
direct wash water to vegetated areas or other areas of your yard where the lawn or plants help filter the ash out
of the water as it soaks into the ground. Clean out accumulated debris in storm drains and stormwater
conveyance ditches on your property to prevent flooding.

Stabilizing your site

Control the perimeter: Place straw wattles, long tubes of straw often available at local hardware stores,
around burned structures or vehicles to contain debris and filter runoff. Wattles can also be placed at the top of
streambanks or around storm drains on your property. If you don’t have access to wattles, you can use fallen
branches, small berms like the photo to the right, or check dams to contain debris.

Preserve existing vegetation: Preserving the existing vegetation on
a burned site is typically the best preventative measure for erosion
and the least expensive. Vegetation prevents soil from eroding and
carrying ash and debris with it. When possible, leave vegetation in
place and prevent equipment from driving over it.

Stabilize entry and exit points: Protect areas where vehicles and
heavy equipment travel into and off of the property. Use paved
access points if they are available, or place gravel on entry and exit
points.

Compost berm to stabilize site.

Translation or other formats
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Install soil stabilization measures: For larger areas of exposed
soil, apply a layer of weed-free straw. The straw will reduce the
impact of raindrops on soil particles and will prevent erosion. For
hillsides and slopes, erosion fabric and wattles are effective for
preventing transport of sediment.

Vegetate for long-term stabilization: Reseed areas where it is
appropriate, and plant larger shrubs and trees for additional soil
stabilization from plant roots.

Manage household hazardous waste: Burned structures can
leave behind contaminants. Visit DEQ’s How to Safely Clean Up
Ash and Debris From Burned Buildings page for more information
about how to manage household hazardous waste in ash and fire
debris.

For more information

N \

Graveled site entrance.

There are partners and resources available assist homeowners after wildfire. The following partners, programs

and resources may be especially relevant:

e DEQ’s basin coordinators for questions on water quality impacts.

Oregon Department of Forestry - Help after a wildfire.

e County soil and water conservation districts, Oregon State University Extension Service and local

watershed councils can often provide technical assistance and link landowners with funding resources.
e Oregon Department of Emergency Management — Wildfire Response and Recovery website.

Non-discrimination statement

DEQ does not discriminate on the basis of race, color, national origin, disability, age, sex, religion, sexual
orientation, gender identity, or marital status in the administration of its programs and activities. Visit DEQ’s

Civil Rights and Environmental Justice page.

700 NE Multnomah Street, Suite 600, Portland, Oregon 97232
Phone: 503-229-5696, Toll-Free in Oregon: 800-452-4011

State of Oregon
[:J=] Department of Environmental Quality



https://www.oregon.gov/deq/wildfires/Pages/After-the-Fire-safety.aspx

https://www.oregon.gov/deq/wildfires/Pages/After-the-Fire-safety.aspx

https://www.oregon.gov/deq/FilterDocs/basincoordinators.pdf

https://www.oregon.gov/odf/fire/pages/afterafire.aspx

https://www.oacd.org/regions-and-directory-of-districts

https://extension.oregonstate.edu/topic/forests/fire/resources

https://www.oregon.gov/oweb/resources/pages/watershed-councils.aspx

https://www.oregon.gov/oweb/resources/pages/watershed-councils.aspx

https://wildfire.oregon.gov/

https://www.oregon.gov/deq/about-us/Pages/titleVIaccess.aspx

HARVEY Julie * DEQ

Here is alternate language. I think I mentioned last week that I personally think this updated version should be a factsheet from HQ as it pertains to all of WQ. It was done out of Eugene back in 2020 as that’s where a majority of the 2020 wildfire impact to homeowners was. If so, I’m providing this alternate text based on what we adopted for the Water quality and post-fire assessments factsheet.
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Disaster Response

Plan for the unexpected and protect your assets with industry leading
services provided by one of the most trusted and experienced disaster
response companies.

Contact Us

“2y Customer Service A Emergency Response
[1 1\ 800.592.5489 A 800.899.4672

ﬁ Environmental Solutions Field and Industrial Services Disaster Response

Gncate an Environmental Services Facility)

Specialized Solutions

In the aftermath of a natural disaster or catastrophic event, our experienced crews provide disaster waste emergency response and
management, cleanout and decontamination, debris removal and hazardous waste disaster cleanup and disposal service.

Dependable Incident Preparedness.

Being prepared for natural disasters and other catastrophic events can minimize the impact to your operations and make all the difference in
how quickly you're back up and running. Republic Services is here to help you plan for the unexpected and protect your assets with industry-
leading services provided by the most trusted and experienced disaster response companies.

Fastest Mobilization. Exceptional Service.

We understand the importance of getting operations back up and running as fast as possible. Republic Services leads the industry in reliability
and efficiency, with the fastest mobilization times and best available resources. Our experienced crews provide exceptional service throughout
each step of a response, ensuring all work is done thoroughly, safely and in compliance with all regulations.

Our Capabilities

Incident Response and Management

» Full ICS/NIMS support teams

+ Onsite HSEQ and Regulatory Compliance Specialists

« Oil spill response and recovery

¢ Chemical and hazardous materials response

» Disaster waste emergency response

« High hazard response and standby

« Biological and infectious disease response and decontamination

Disaster Debris Removal and Waste Disposal Clean out and Decontamination Services

L]

Retail/facility decontamination services

Chemical identification and packaging

Emergency lab packing

Pressure washing services

Vacuum services including emergency pump outs and hydro excavation

+ Flood water management and mobile treatment

Construction and demolition (C&D) waste

Asbestos containing material and PCBs

Compressed gas cylinders and other volatile hazards

Biological material and bichazardous waste

+ Hazardous waste disaster cleanup

+ Hazardous and non-hazardous waste transportation and disposal
+ Hazmat disaster cleanup

L]
L]

L] L ]
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Hurricane Hazardous Waste Response

Our comprehensive programs offer innovative solutions and 24/7 support when you need it most. In the aftermath of a hurricane, our
experienced crews provide dependable disaster waste emergency response and incident management, hazardous waste disaster cleanup and
decontamination, debris removal and waste disposal services. We have helped thousands of customers in the wakes of some of the most
devastating hurricanes to make landfall including:

* lan « Rita » Wilma
e Ivan  Sandy  Irma
» Katrina « Harvey » Michael

Wildfire Hazardous Waste Response

Significant quantities of hazardous material and debris create unigue challenges for cleanup and recovery from the widespread destruction
caused by a wildfire. Our dedicated crews have supported hazardous waste disaster cleanup efforts for dozens of wildfires, including countless
major disasters over recent years. During each event, our crews worked closely with regulators to provide management, assessment and removal
of Household Hazardous Waste (HHW), asbestos containing material, and other hazardous debris from thousands of sites across the Pacific
Northwest and other areas of the country.

Disaster Response and Recovery Brochure

Resources

: : j The Imperative of Natural Disaster Preparedness for Businesses
Learn more about our Environmental Services and solutions.

Hurricane Ida Recovery
View More =

Recovery Efforts in Louisiana after Hurricane Ida Makes Landfall

Why Republic Services?

« 24/7 emergency response hotline

« More than 30 years of emergency response experience

« Preparedness, response and recovery all from the same provider
« Convenience and reduced risk

« Nationwide network of owned and operated disposal assets

Treatment & Disposal Field & Industrial E&P Services
A leader in hazardous waste treatment and disposal, we  Expert support for field and onsite environmental needs  Oil- and gas-specific waste treatment, recovery and E&
provide safe, compliant solutions for all your waste with solutions including remediation, retail, lab pack, waste disposal landfill operations {including ail drilling
streams with a comprehensive set of disposal options industrial cleaning, vacuum services, tank and equipment waste and fracking wastewater) are permitted and ide:
and advanced treatment capabilities. rental, and industry-leading disposal and transportation located and operate 24/7.

capabilities.
Learn More = Learn More = Learn More =

Give Us a Call Send Us an Email
: First Name i Last Name H
Customer Service
800.592.5489
« Current and prospective business customers can talk to a support specialist, 9-5pm ET Emiad : REsineNtimbEy It
« Find out more about our solutions for all your regulated waste needs
Company Name K Check if current customer
Emergency Response
800.899.4672 Zip Code .
97330 ! Industry o
¢ Receive ER incident support from our 24/7 command center
¢ Hazardous waste incident containment and response
« Natural disaster response
» High-hazard (SRS) and Oil spill (NRC) response Please provide any additional information on your service needs and if you're a direct generator or 3rd party.
Submit

COR Customer Web Portal

Transform your business with our Environmental Services account management
platform. Register for faster approvals, and access an extensive list of
documents, forms and reports. COR provides customers superior service from
any device for complete account management of all your waste to increase
productivity and efficiency while meeting your sustainability goals.

(6o )
e "o

Leading the Way in
Environmental Services i ¥ ») REPUBLIC

SERVICES
At Republic Services, we're dedicated to creating a cleaner, safer, healthier world B
for all. Working with our customers, we provide solutions that make businesses

more efficient while taking care of the planet - and protecting the bottom line.

See our Sustainability in Action
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PFAS Disposal Solutions

Republic Services offers the technology and expertise to responsibly
manage the per- and polyfluoroalkyl substances (PFAS) waste needs of
customers while working closely with local, state and federal regulators to
ensure compliance with the evolving regulatory framework.

Contact Us

ﬁ Environmental Solutions Treatment and Disposal Services PFAS Solutions

Gncate an Environmental Services Facility)

Single-Source Solution

We are a single-source solution for the responsible management of waste containing PFAS, with a network of specialized facilities designed to dispose of or treat these types
of complex waste streams. We manage remediation projects from start to finish - from collection to transport to the final disposal or treatment location. We ensure that all
regulatory requirements are followed during each phase.

Accepted Waste Streams

» Agueous Film Forming Foam (AFFF) and fire-related debris
+ Contaminated or impacted soil, sludge and biosolids
 Liquid and liquid-phase waste

+« Wastewater, leachate, filter cake

Technology and Expertise

With more than 70 years of experience providing comprehensive environmental services throughout North America, Republic Services is an industry leader with the
technology and expertise to address your PFAS hazardous waste needs and achieve compliance.

+ We provide safe, viable and permanent PFAS waste disposal options customized to fit your needs while protecting the environment from future contamination.
« Our experts also work closely with federal and state regulators to assess the evolving regulatory framework surrounding PFAS management to ensure compliance.

Industries We Serve

» Federal and state government

Environmental engineering and consulting firms and fire protection consultants
Fire departments and wastewater treatment plants

Chemical, oil and gas, refining, automotive and aerospace manufacturing industries
Aviation

-

-

-

-

Our Capabilities

« RCRA Subtitle C landfills in arid climate with zero leachate discharge at
our western U.S. landfills

« Subtitle D disposal

« Underground injection well disposal for liquid and liquid phase waste

« Thermal, carbon filtration, ion exchange or resin filtration systems
capable of meeting water quality standards set by local POTWs

« Turnkey PFAS remediation, transportation and additional waste
disposal solutions

Long-Term Secure Disposal Options

Republic Services’ landfills in Grand View, Idaho, and Beatty, Nevada, offer the securities of RCRA Subtitle C landfill design and construction with the added natural protection
of being in arid locations with very little rain and low humidity.

The design, construction and guality assurance requirements of Subtitle C landfills offer the most stringent performance capabilities to prevent waste from impacting the
environment. As a result, disposing of PFAS-contaminated waste in Republic Services’ Subtitle C arid climate landfills ends the mobility cycle and stops future contamination.

Our Subtitle C Landfills

Grand View - Idaho
Beatty - North Carolina

» Double or triple synthetic liners

» Multiple leachate collection and removal systems
» Leak detection systems

« Run on, runoff, and wind dispersal controls

« Construction quality assurance program

[ﬁ% Injection Well Disposal Solutions

Injection wells allow hazardous and non-hazardous waste to be disposed of in deep, confined rock formations. Injection wells offer safe, compliant and cost-effective
wastewater disposal solutions.

Our Injection Wells

Winnie Facility - Texas
Detroit Industrial Well - Michigan

« Permitted for all Class | and Class Il non-hazardous industrial waste

« Multiple steel and cement barriers and constant monitoring prevents
leakage

« Safe, cost-effective alternative to traditional wastewater treatment
options

» Accept hazardous wastewater as bulk waste, tankers, small containers
and totes by road or rail
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Benefits of Injection Wells Accepted PFAS Liquid Waste Safety and Compliance
« A simple and safe solution  Landfill leachate » Waste streams are responsibly stored until
« Material fully encapsulated eliminating further » AFFF injected
environmental impact » End-of-life products, like cleaning solvents » Waste sampled and analyzed to ensure
» Leak detection systems » Process water residual from manufacturing injection compatibility
» Cost-effective facilities » More than 4,500 feet deep with approved Class
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Adheres to EPA guidance for PFAS- | no-migration petitions

contaminated liquid waste Liquids with high solids content are handled
with a filter press system

Frequent Mechanical Integrity Testing (MIT)

Thermal Treatment Solutions

Our compliant thermal treatment of PFAS-contaminated soils and sediments creates a clean and recycled product.

The Thermal Treatment Process Our Thermal Facilities
1. Ensure materials are non-RCRA or RCRA-exempt Moose Creek Facility - Alaska
2. Inject contaminated soil into a kiln
3. Heat the soil to 1200-1500°F » High temperature thermal oxidizer
4. Draw gas vapors and particulates into a secondary combustion chamber to + Remediates any level of hydrocarbon contamination
destroy PFAS compounds with 1800-2000°F temperatures  Superior cleanup with wet scrubber
5. In the cooling tower, spray gases and particulates with water to cool to 350°F « Assures air quality is 5x cleaner than stringent state regulations
6. Cool exhaust gases in the quench duct before they enter the scrubber
7. Expose gases to caustic solution
8. Exhaust gases through a stack on top of the scrubber

ha® Industrial Services for AFFF

Our Industrial Services professionals have the latest equipment and training to safely and efficiently decommission large-scale AFFF deluge hangar fire suppression systems
and manage handheld fire extinguishers.

Our Capabilities

Evacuate AFFF concentrate from fire suppression system tanks
Dismantle tanks, hose reels, piping and valve removal

Remove AFFF bladders

Transport and dispose of AFFF and rinse waters in drums, totes or bulk
tankers

« Transport LTL for small quantities

« Containerize and transport debris and piping in roll-offs

« 24/7 Emergency Response
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%=9 Comprehensive Remediation Solutions

Republic Services takes a partnership approach to provide premier turnkey remediation services for your waste segregation, profiling, excavation, loading, transportation and
disposal of PFAS-contaminated soils, water, sediment and debris.

With $10 billion in funding available through the Infrastructure Investment and Jobs Act for PFAS remediation projects, Republic Services is working with industrial,
government and environmental engineering and consulting firms nationwide to provide soil remediation and environmental cleanup services that remove and dispose of
PFAS-contaminated soil, low-level radiation and other hazardous or non-hazardous materials safely and compliantly.

Resources Case Studies

Learn more about our Environmental Services and solutions. See how we implement our environmental solutions in the field.

PFAS Solutions Brochure Air Force Civil Engineers PFAS Remediation

PFAS Injection Well Disposal Solutions City of lonia, MI Dispose PFAS-Contaminated Waste Solids

Safe and Compliant PFAS Industrial Services O'Hare Airport and Republic Services Join Forces to Remediate New Runway Site

PFAS White Paper

View More =»

Why Republic Services?

« Safe and secure PFAS disposal

+ Compliance with evolving regulatory framework
¢ End the mobility cycle

+ Unmatched capacity and capabilities

« Ability to handle any waste volumes/needs

« Experienced professionals

Landfill Services Wastewater Treatment Remediation Solutions
A comprehensive suite of disposal solutions for Environmentally safe solutions for industrial wastewater From project start to completion, our experienced tear
hazardous and non-hazardous waste streams through a  including metal, acid, base, organic, cyanide, suspended  offer you turnkey environmental remediation service z
nationwide network of owned and operated RCRA-, solids, petroleum-contaminated water, latex, water- waste disposal packages.
Subtitle C-, Subtitle D- and TSCA-permitted landfills. based paints, industrial process wastes, tank rinse and

used oil.
Learn More = Learn More = Learn More =

COR Customer Web Portal

Transform your business with our Environmental Services account management
platform. Register for faster approvals, and access an extensive list of
documents, forms and reports. COR provides customers superior service from
any device for complete account management of all your waste to increase
productivity and efficiency while meeting your sustainability goals.
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Give Us a Call Send Us an Email
ClUstOmar Sarice First Name ul Last Name K
800.592.5489

Email N Phone Number L

« Current and prospective business customers can talk to a support specialist, 9-5pm ET
« Find out more about our solutions for all your regulated waste needs

Company Name { Check if current customer

Emergency Response

800.899.4672 Zip Code .
97330 I Industry 2
¢ Receive ER incident support from our 24/7 command center
¢ Hazardous waste incident containment and response
¢ Natural disaster response
« High-hazard (SRS) and Oil spill (NRC) response Please provide any additional information on your service needs and if you're a direct generator or 3rd party.
Submit

Company Resources Customer Support Products & Services Subscribe

About Insights & Articles Pay My Bill Residential Services Enter email address
Careers Sustainability See Schedule Business Services
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To: landfillappeals@bentoncountyor.gov

Subject: Oppose/Deny LU-24-027 — Disaster Debris Impacts
Dear Benton County Commissioners Wyse, Malone and Shepherd,
Submitted by:

Carol McClelland Fields — 37326 Soap Creek Road

PhD in Industrial/Organizational Psychology.

Co-Chair of Soap Creek Prepared (since 2022) and Soap Creek Valley Firewise
(since 2023)

Author of five published books

10-year resident living less than 5 miles from Coffin Butte Landfill, which was less
than 1/2 the size it is now when we moved here.

I have smelled the landfill stench INSIDE my house several times in 2025

Health challenges exacerbated by landfill toxins and PFAS

Avid observer of nature and impacts on the environment

| am writing because we strongly oppose any expansion of the Coffin Butte landfilland urge
you to uphold your Planning Commission’s unanimous denial of LU-24-027, Republic
Services’ application to expand the Coffin Butte Landfill. The Planning Commission

carefully considered all evidence provided by the applicant, as well as considerable
testimony, and concluded unanimously that the application did not meet the required
Burden of Proof.

SHORT SUMMARY

On March 31, 2025, 60 Minutes (CBS) aired: California wildfires left behind 9 billion
pounds of toxic ash and debris after the devastating wildfires that ravaged cities in Los
Angeles, California in January 2025. Watch here:
https://www.youtube.com/watch?v=iYFksPCL-I8

Here’s what happens after a wildfire:

e First Priority: Remove hazardous waste, electric car batteries, power wall chargers,
or any other batteries. These materials cannot be recycled; they must go to hazardous
material landfills. Even after a fire is out, lithium batteries can explode or reignite
because they are unstable. Teams must dismantle and neutralize hazardous materials
before moving them.

o Republic Services has stated that Coffin Butte Landfill takes hazardous disaster
debris from wildfires.






o Republic Services’ own Environmental Services Map does NOT list Coffin Butte
Landfill as an Environmental Services Facility.

Second Priority: Remove all toxic ash, debris, and the top six inches of
contaminated soil and transport it to dry-climate landfills. In LA, this amounted to 9
Billion (yes, that’s a B) pounds of toxic ash and debris were removed and taken to 17
landfills and recycling centers in various dry-climate landfills throughout the
southwest.

o Given our wet climate, adding more hazardous disaster debris into the Coffin Butte
Landfill Expansion will generate even MORE toxic, PFAS-laced leachate than the
current landfill.

o Given that the detrimental impacts of PFAS chemicals are cumulative, this
means human bodies, wildlife, and the environment will carry increasing levels of
PFAS in their systems.

Third Question: Homes that Didn’t Burn. 10,000 homes didn’t burn to the ground
during the LA Wildfires, but indoor air quality within these homes remains incredibly
toxic. Because home-owners haven’t suffered a “physical loss,” insurance co. may not
cover clean-up or losses.

If a large fire originates on Coffin Butte Landfill Expansion or is sparked by flying
embers from a nearby fire:

The toxic nature of a burning landfill (smoke, ash, soot, particulate matter, gases,
and chemicals), would negatively impact the entire region — where the fire burned
and downwind of the fire. (Think about how far we were from the 2020 fires that
turned out skies red for weeks.)

Even if your home survives the fire, the ash, chemicals, and soot penetrating the
buildings through cracks around windows and doors make your home

unlivable. Furthermore, it is toxic and dangerous to continue to live in the region. A
2023 EPA study found that emission factors for some toxic compounds were more than
1,000 times higher in urban wildfires than in fires that burned in woodland

areas. Ensuing health challenges range from: headaches, dizziness, and cognitive
trouble to reproductive, kidney, respiratory problems, cardiovascular problems, and
cancer.

The proposed use seriously interferes with uses on adjacent property, with the character
of the area, or with the purpose of the zone [Benton County Code 53.215 (1)]

The proposed use imposes an undue burden on any public improvements, facilities,
utilities or services available to the area [Benton County Code 53.215 (2)]






FULL DESCRIPTION OF FINDINGS

| want to draw your attention to a recent segment that was broadcast on 60 Minutes (CBS)
on March 31, 2025: California wildfires left behind 9 billion pounds of toxic ash and

debris. (Resource 1: https://www.youtube.com/watch?v=iYFksPCL-18 - For copyright reasons, | have no
other way to share this 60 Minutes episode. | did include a screenshot of the page.)

You are likely aware of the devastating wildfires that ravaged neighborhoods and cities in
Los Angeles, California in January 2025. Watching this short 15-minute segment raised my
awareness of what happens after wildfires:

Debris Removal Phase 1 - Removing hazardous waste, electric car batteries,
power wall chargers, or any other battery. Even after afire, lithium batteries can
explode or reignite because they are unstable. It takes six people up to two hours to
remove six drums of cells from each battery, then the cells go into a saltwater bath
for three days, and finally they are steamrolled to make sure they can no longer
function. This material can’t be recycled, it must go to hazardous material
landfills.

Debris Removal Phase 2 - Removing the rest of the debris —in this case, 9 Billion
(yes, that’s a B) pounds of toxic ash and debris from the 2025 LA Fires —and
depositing the debris in 17 landfills and recycling center in various dry-climate
landfills throughout the southwest. In addition, they scraped 6 inches of
contaminated soil throughout the region. (The current “rule” is that anything
deeperthan 6 inches is said to be due to prior contamination.)

Devastating Limbo for Homes that Didn’t Burn — 10,000 homes didn’t burn to the
ground during the LA Wildfires, which might sound like cause for celebration until
you learn that these homes are filled with soot, ash, and toxins, asbestos,
exploded batteries, insulation, lead levels, arsenic, and debris. The indoor air
quality within these homes is incredibly toxic. There is a film of toxic dust
throughout every home and smell the toxicity. Can these homes be cleaned to the
point of being livable? Or are they total losses. Unfortunately, this is new territory
and because they haven’t suffered a “physical loss,” the clean-up and their losses
may not be covered by insurance.

This information concerns me for two reasons.

1. If a large fire originates on Coffin Butte Landfill + Expansion or is sparked by
flying embers from a nearby fire, the toxic nature of a burning landfill (smoke,
ash, soot, particulate matter, gases, and chemicals), would negatively impact the





entire region — where the fire burned and downwind of the fire.

In the aftermath of a large wildfire, even if your home survives the fire, the ash,
chemicals, and soot penetrate the buildings through cracks around windows and
doors, making your home unlivable. Furthermore, it is toxic and dangerous to
continue to live in the region. Ensuing health challenges range from: headaches,
dizziness, and cognitive trouble to reproductive, kidney, respiratory problems,
cardiovascular problems, and cancer.

A 2023 study by researchers at the Environmental Protection Agency (EPA) found
that emission factors for some toxic compounds were more than 1,000 times higher
in urban wildfires than in fires that burned in woodland areas. (Resource 2:
https://academic.oup.com/pnasnexus/article/2/6/pgad186/7202258)

Excerpt from Abstract

Fires that occur in the wildland urban interface (WUI) often burn structures, vehicles,
and their contents in addition to biomass in the natural landscape. Because these fires
burn near population centers, their emissions may have a sizeable impact on public
health, necessitating a better understanding of criteria and hazardous air pollutants
emitted from these fires and how they differ from wildland fires.

Excerpt from Significance Statement

Wildfires in the wildland urban interface (WUI) burn homes and vehicles leading to
potentially greater emissions of hazardous air pollutants than from wildfires
burning only natural vegetation. The greater proximity of these wildfires to population
centers and the potentially more toxic emissions make fires in the WUI a unique
threat to public health...Our results demonstrate that WU fires are a potential major
source of hazardous air pollutants and a better understanding of what and how much is
emitted from them is needed.

Now imagine how toxins generated from a Coffin Butte Landfill-based fire
would contribute to the impact of a local WUl fire.

Burning trash can cause long-term health problems. The toxic chemicals
released during burning include nitrogen oxides, sulfur dioxide, volatile
organic chemicals (VOCs) and polycyclic organic matter (POMs). Burning
plastic and treated wood also releases heavy metals and toxic chemicals,
such as dioxin.





Other chemicals released while burning plastic include benzo(a)pyrene
(BAP) and polyaromatic hydrocarbons (PAHs), which have both been shown
to cause cancer. If agricultural bags or containers are contaminated with
pesticides or other harmful substances, those will also be released into the

air. (Resource 3: https://dnr.wisconsin.gov/topic/OpenBurning/Impacts.html)

Increasing the size of the landfill with an expansion would contribute
additional toxins to any local WUI fire.

e The proposed use seriously interferes with uses on adjacent property, with the
character of the area, or with the purpose of the zone [Benton County Code
53.215 (1)] - A Toxic fire definitely interferes with use of adjacent property and
beyond - nearby homes, Benton County, surrounding counties; the entire
character of the area would be irrevocably changed; and Rural Residential

properties and Urban would no longer be livable.

e The proposed use imposes an undue burden on any public improvements,

facilities, utilities or services available to the area [Benton County Code 53.215
(2)] - Undue burden would especially impact fire & emergency services, health
services, mental health services, Republic Service employees, utility employees,
and residents who pay county taxes.

The Bottom Line: Expanding the landfill in such close proximity with residential
neighborhoods, agricultural lands, and forested areas, creates greater fire risk
and more likelihood that WUI fires would be catastrophic in nature.

Given wildfire debris from structures is so hazardous — asbestos, insulation,
plastics, exploded batteries, appliances, coolant fluid, polyester curtains, cleaning
products, lead, arsenic, mercury, cadmium, chromium and a variety of other
dangerous PFAS chemicals - Why on Earth is hazardous/disaster debris coming
to Coffin Butte Landfill?

Corporate Republic Services Site lists several services under Disaster Response:
(Resource 4: https://www.republicservices.com/environmental-solutions/emergency-response-
services/disaster-response)

Disaster Debris Removal and Waste Disposal

e Flood water management and mobile treatment





e Construction and demolition (C&D) waste

e Asbestos containing material and PCBs

e Compressed gas cylinders and other volatile hazards

e Biological material and biohazardous waste

e Hazardous waste disaster cleanup

e Hazardous and non-hazardous waste transportation and disposal
e Hazmat disaster cleanup

Wildfire Hazardous Waste Response

Significant quantities of hazardous material and debris create unique challenges
for cleanup and recovery from the widespread destruction caused by a wildfire.
Our dedicated crews have supported hazardous waste disaster cleanup efforts
for dozens of wildfires, including countless major disasters over recent years.
During each event, our crews worked closely with regulators to provide
management, assessment and removal of Household Hazardous Waste (HHW),
asbestos containing material, and other hazardous debris from thousands of
sites across the Pacific Northwest and other areas of the country.

Republic Services’ Environmental Services Map does NOT list Coffin Butte
Landfill as an Environmental Services Facility.
(Resource 5: https://www.republicservices.com/facilities/environmental-solutions)

In addition, | don’t see any mention of these disaster services on the Coffin
Butte Landfill’s site.

DEQ Fact Sheet: Protect Surface Waters While Cleaning Up Your Property
(Resource 6:
https://www.oregon.gov/deq/wildfires/Documents/wfSWHomeownersFS.pdf)

After a Wildfire: Ash and debris generated from wildfires can be harmful to
our rivers and streams. When rainwater carries sediment and debris from
burned areas it also transports pollutants to our surface waters. Many of these
pollutants can be toxic to humans and aquatic life. Water seeping through
hazardous disaster debris would amplify these effects.

Under their Corporate PFAS Solutions Services, Republic Services describes their
Long-Term Secure Disposal Options are RS’ landfills in Grand View, ldaho, and
Beatty, Nevada, that have special design and construction “with the added natural
protection of being in arid locations with very little rain and low humidity.”






(Resource 7: https://www.republicservices.com/environmental-
solutions/treatment-disposal/pfas-solutions)

The pollutants from disaster debris are toxic to humans and water species.

The best place to put disaster debris is in an arid location. We all know this area

is not an arid location with very little rain and low humidity. Coffin Butte Landfill +
Expansion has the exact opposite description — high levels of rain and humidity.

Why on Earth is the Coffin Butte location / expansion taking in hazardous

waste?

Given our wet climate, adding more dangerous disaster debris into the
Coffin Butte Landfill + Expansion will generate even MORE toxic leachate
than the current landfill already does. This toxic commodity needs to be
disposed of even though no local water treatment plant has the ability to remove
PFAS from the leachate to create non-harmful water.

Instead, the diluted leachate gets released into the Willamette River upstream
from cities that receive their drinking water from the Willamette River.

Given that the detrimental impacts of PFAS chemicals are cumulative, this
means human bodies, wildlife, and the environment will have increasing levels
of PFAS in their systems.

Republic Services may be “getting rid” of a noxious problem, but at what cost to
the people, wildlife, and ecosystems downstream?

The proposed use does seriously interfere with uses on adjacent property, with
the character of the area, or with the purpose of the zone [Benton County Code
53.215 (1)] - Additional leachate that is even more toxic than the “regular landfill

leachate” impact adjacent properties and beyond — local wells, water intakes
along the Willamette River; if our waterways become polluted due to the extra
toxic leachate and the regular toxic leachate, the character of our area and the
state of Oregon would be compromised. Imagine the public relations nightmare
if people along the Willamette River have health impacts from leachate
chemicals in their drinking water. What kind of reputation will Corvallis and
Benton County have then?





e The proposed use does impose an undue burden on any public improvements,
facilities, utilities or services available to the area [Benton County Code 53.215
(2)] - Extra toxic leachate from disaster debris + additional leachate from the
expansion would impose an undue burden on health services, agriculture, and
residents throughout the Willamette Valley.

The Bottom Line: Disaster Debris does not belong in a landfill in a wet climate.
Republic Services built state-of-the-art landfills in dry climates for this very reason!

Please reject LU-24-027. Thank you for your consideration and for protecting the health
and future of Benton County.

Sincerely,
Carol McClelland Fields
Corvallis, OR 97330
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Abstract

Fires that occur in the wildland urban interface (WUI) often burn structures, vehicles, and their contents in addition to biomass in the
natural landscape. Because these fires burn near population centers, their emissions may have a sizeable impact on public health,
necessitating a better understanding of criteria and hazardous air pollutants emitted from these fires and how they differ from
wildland fires. Previous studies on the toxicity of emissions from the combustion of building materials and vehicles have shown that
urban fires may emit numerous toxic species such as hydrogen cyanide, hydrogen fluoride, hydrogen chloride, isocyanates, polycyclic
aromatic hydrocarbons (PAHs), dioxins and furans, and a range of toxic organic compounds (e.g. benzene toluene, xylenes, styrene,
and formaldehyde) and metals (e.g. lead, chromium, cadmium, and arsenic). We surveyed the literature to create a compendium of
emission factors for species emitted from the combustion of building and vehicle materials and compared them with those from
wildland fires. Emission factors for some toxic species like PAH and some organic compounds were several orders of magnitude
greater than those from wildfires. We used this emission factor compendium to calculate a bounding estimate of the emissions from
several notable WUI fires in the western United States to show that urban fuels may contribute a sizeable portion of the toxic
emissions into the atmosphere. However, large gaps remain in our understanding of the fuel composition, fuel consumption, and
combustion conditions in WUI fires that constrain our ability to estimate the impact of WUI fires.

Keywords: smoke, structure fires, toxic emissions, particulate matter

Significance Statement

Wildfires in the wildland urban interface (WUI) burn homes and vehicles leading to potentially greater emissions of hazardous air
pollutants than from wildfires burning only natural vegetation. The greater proximity of these wildfires to population centers and
the potentially more toxic emissions make fires in the WUI a unique threat to public health. We estimate the emissions from several
recent WUI fires in California and find greater emissions of some hazardous air pollutants attributable to urban fuels when compared
with natural biomass and other anthropogenic sources in the airshed. Our results demonstrate that WUI fires are a potential major
source of hazardous air pollutants and a better understanding of what and how much is emitted from them is needed.

Introduction

The wildland urban interface (WUI) is the area where residential
and commercial buildings are intermixed in wildlands or high
population densities are adjacent to wildlands. In recent decades,
the WUI has been growing in area, people, and homes (1). This

repeatedly experiencing highly destructive fires. Although infre-
quent, catastrophic fires like Northern California’s Camp Fire in
2018 and Australia’s 2019/2020 fires destroyed over 10,000 struc-
tures to become two of the most destructive fires in modern times.
Smaller WUI fires, where several hundred to over a thousand

mingling of the urban environment with the natural hasled to in-
creasingly destructive wildfires (2). Wildfires have also been in-
creasing in intensity with a warming climate and overgrowth of
fuels, with some fires experiencing explosive growth, rapidly con-
suming thousands of acres and destroying entire neighborhoods
within a day or several days (3). WUI fires occur across the world,
with some areas like the Mediterranean, Australia, and California

structures destroyed, are much more frequent and are wide-
spread (4). These small WUI fires occur across North America
but are concentrated in areas that are prone to wildfire. Recent ex-
amples include the 2021 Marshall Fire in Colorado (1,091 struc-
tures), the 2016 Ft McMurray Fire in Alberta (3,244 structures
destroyed), the 2016 Gatlinburg Fires in Tennessee (2,460 struc-
tures), the 2015 Bastrop County Complex in Texas (1,500
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structures), and so on (5). The upward trend of destructive wild-
fires has accelerated in recent years in California (6) and in other
parts of the United States as fire danger and at-risk population
continues to grow (7).

Wildland fires are one of the largest sources of pollutants to the
atmosphere and, in some parts of the United States, can contrib-
ute as much as 50% of the fine particulate matter (PM, s) during
active fire years (8) and cause poor air quality in large parts of
the United States for weeks at a time (9). The smoke from wildfires
is composed of a diverse mixture of chemical species, including
many hazardous air pollutants, like formaldehyde and polycyclic
aromatic hydrocarbons (PAHs), which are known to cause cancer
(10). This smoke has been linked to adverse health outcomes such
as increased all-cause mortality and increased respiratory ill-
nesses (11). Children, the elderly, and those with underlying con-
ditions are particularly susceptible to the adverse effects
associated with smoke exposure (11).

When fires occur in the WUI, a common question is if the
smoke is any different from a “normal” wildfire burning only nat-
ural vegetation (i.e. biomass), and if more or different actions are
needed to reduce exposure and protect vulnerable populations.
The burning of structures and vehicles has differing and poten-
tially more toxic emissions from those fires burning biomass, typ-
ical of wildfires on wildlands. Studies of occupational exposure of
municipal firefighters have identified a range of acutely toxic and
carcinogenic species such as isocyanates, volatile organic com-
pounds (VOCs), and heavy metals from structure and vehicle fires
(12-15). As such, firefighters use personal protective equipment
and carry out decontamination procedures on their equipment
to reduce exposure to these species (16). Because WUI fires will
also emit these hazardous air pollutants, they may pose a unique
threat to human health apart from normal wildfire smoke. Toxic
metals have been observed at sites downwind of WUI fires, and in-
creasing concentrations coincide with increasing numbers of
structures destroyed in the fire (17). However, there remains min-
imal information about WUI fire emissions and their potential im-
pact on first responders and public health (18).

The combination of more intense wildfires, longer fire seasons,
and larger population in the WUI lead to an increased risk of cata-
strophic WUI fires. Because these fires occur near where people
live, the emissions from burning of structures and vehicles may
have an outsized impact on public health compared with wildfires
that occur in more remote and less populated areas. The objective
of this study was to develop an estimate of WUI fire emissions to
identify the potential types and amounts of chemical species that
may be emitted from these fires. We draw upon emissions data
developed for structural fire environmental impact assessments
and fire toxicity testing to provide an initial estimate of what
may be emitted from WUI fires. We compare WUI fire emissions
with other air pollution sources to provide some context for the
importance of WUI fire emissions on public health. This informa-
tion is a critical first step to guide future measurement efforts, to
develop emissions inventories, and inform on the potential public
health risks to WUI fires.

Results

Demographics of the WUI emission factor
compilation

Of the 92 references identified that discussed emissions from
structural, vehicular, furnishings, plastics, chemical, wiring, or
other standard household materials, 28 references reported

emission factors (also referred to as yields) for a total of 346 test
conditions covering a range of chemical species that were in-
cluded in the urban fuel emission factor compilation (Table S1).
Many of these observations were derived from studies done by
the SP Swedish National Testing and Research Institute, now the
Research Institutes of Sweden (RISE), to develop inputs for their
Fire Life Cycle Analysis (LCA) tool (19). These studies ranged in
scale and comprehensiveness of the materials investigated and
the chemical species measured. The studies included in the com-
pilation were carried out from 1993 (20) through 2020 (21) with the
median study year of 2005. The average home age in 2022 is ~44
years (22). Additionally, the major structural components of a
house may not change over its lifetime (23); therefore, older stud-
les’ burning structural components may still provide representa-
tive data for current homes. However, older furnishings burned in
studies done in previous decades may not be representative of
newer furnishings that may contain differing amounts of com-
pounds like flame retardants. Additionally, consumer electronic
products and vehicles have changed substantially over the past
three decades and older studies with these materials may not be
representative of what exists in a modern home (18). Finally,
homes in the WUI may differ from the US-wide averages. For ex-
ample, WUI homes may be newer, reflecting the growth of WUI
areas in the past few decades, and may consist of more fire-
resistant materials, reflecting building codes intended to reduce
wildfire risk.

Given the limited amount of data to draw from, simplified fuel
categories (Table S1) were developed to provide some insight into
the different types of emissions from different materials in the ur-
ban environment. Most observations were from tests with struc-
tural or other household materials (house category: 242
observations, 70%), followed by vehicles or their components (ve-
hicle category: 48 observations, 14%), bulk chemicals or plastics
(chemical category: 29 observations, 8%), and electronic waste
or cables (electronic category: 27 observations, 8%). Most of the
house category consisted of furnishings or textiles found in the
home (253 observations) with few studies investigating wood
products (36 observations), which are estimated to contribute
the bulk of the combustibles in the home (18). The vehicle cat-
egory consisted mostly of car components—such as dashboards
and seats (32 observations)—and tires (10 observations). These
categories do not have distinct boundaries as many materials
may be easily assigned to multiple categories, such as polyureth-
ane foam, which can be found in seat cushions in vehicles or in
mattresses in the home. Nonetheless, these categories are illus-
trative of the combustible materials that may exist in certain com-
partments of the urban environment.

We also categorized emissions by their scale: full scale being
multicomponent mixtures combusted at their full size (e.g. full
room or vehicle), large scale being multicomponent mixtures
burned at less than their full size (e.g. portions of carpet and pad-
ding) or single component mixtures (e.g. tire pile), and small scale
being small pieces of materials burned in controlled benchtop ex-
periments (e.g. tube furnace or small cone calorimeter).

We identified only six observations of full-scale fires with fur-
nishings in the home (24, 25) and nine full-scale vehicle fires (21,
26-28). The coverage of different species reported from these full-
scale tests was variable. For example, Willestrand et al. (21) only
reported inorganic gas phase emissions such as carbon dioxide
(COy), carbon monoxide (CO), hydrogen cyanide (HCN), hydrogen
fluoride (HF), hydrogen chloride (HCI), total hydrocarbons (THC),
and various size fractions of PM from burning electric vehicles,
while Fiani (27) and Lonnermark and Blomgvist (26) reported a
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wide range of inorganic gases, PM, metals, VOCs, PAHs, and diox-
ins from burning vehicles.

There were several large-scale experiments (20, 25, 27-36) re-
sultingin 94 observations for a range of materials (electronics, ap-
pliances, furniture, and chemicals). Many of the observations
(nearly 70%) were from small-scale experiments carried outin a
tube furnace or cone calorimeter (26, 31, 37-48). Some of these
small-scale experiments were done with a controlled atmosphere
(i.e. controlled air composition) to represent different combustion
phases that occur in enclosure fires where oxygen can become de-
ficient as it is consumed in the fire.

Most of the emission factors reported were for the primary
combustion emissions (CO,, PM, and NOx) and particularly for
the potent asphyxiants, CO and HCN, which are critical for esti-
mating fire toxicity (49). Several studies (24-27, 31, 32, 34, 35)
measured a wide range of hazardous pollutants including VOCs,
PAHs, and polychlorinated dibenzodioxins and furans (PCDD/F).
No study measured the full complement of hazardous air pollu-
tants that may be important drivers of health risk, and lumping
the studies into categories was needed to create a more complete
set of emission factors as a first approximation of the emissions
from WUI fires.

Variation of emission factor by category
We compare emission factors across WUI categories with those
used to estimate wildfire emissions (50, 51) for select species in
Fig. 1. Violin plots are shown for species representing primary
combustion emissions, criteria air pollutants, and hazardous met-
als that were selected with the greatest coverage across categor-
les. Emission factors for all species for WUI categories are
provided in Table S1.

There are some clear trends across the fuel categories by spe-
cies type (Table S2). Species like CO,, CO, and PM (including
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PM, s and inhalable particulate matter—PM,() that are produced
from all combustion systems are emitted at similar levels from
all fuel categories. Some hydrocarbons and oxygenated hydrocar-
bons typical of biomass combustion (e.g. methane, formaldehyde,
and acrolein) are emitted in greater amounts from biomass com-
bustion compared with urban fuels. However, most species had lar-
ger emission factors for urban materials compared with biomass.
Generally, the inorganic gases and VOC emission factors are one
to three orders of magnitude greater from urban fuels compared
with biomass. Emission factors for HCl and PAHs are three orders
of magnitude and dioxins/furans are five and six orders of magni-
tude greater for urban fuels compared with biomass. Some of these
large differences (i.e. dioxins/furans) are not only because of very
large emission factors for urban fuels, but also because the emis-
sion factors are comparatively very low from biomass.

There are many gaps in the emissions data that make it difficult
to compare for all species from all categories. Even for biomass
burning that has been well studied in the past few decades (52),
there is still minimal data on metal emissions from wildfires.
Metal emissions may serve as a unique fingerprint for WUI fires
(17) but are not included in the Smoke Emissions Reference
Application (SERA) database from which our biomass burning
emission factors were derived (51). Therefore, we estimated bio-
mass metal emission factors by applying SPECIATE (US EPA’s re-
pository of speciation profiles) PM compositional profiles to PM
emission factors to compare with median emission factors from
structure and vehicle fuels (Fig. 2). These comparisons show Cu
over 61,000% and Zn over 412,000% greater for vehicle emissions
compared with biomass (Table S2), which correspond to the ele-
vated Cu and Zn emissions observed from fires with greater num-
bers of structures involved in the analysis by Boaggio et al. (17).
This provides further evidence that WUI fires may have a distinct
metal signature from wildfires burning only biomass.

Fig. 1. Violin and strip plots of emission factors for select chemical species [A) CO; B) HCI; C) HCN; D) PM; E) benzene; F) benzo(a)pyrene; G) formaldehyde;
H) Pb; and I) PCDD] for each of the major categories: biomass, chemicals, electronics, house, and vehicle.
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Fig. 2. Median structure and vehicle emission factors compared with mean biomass emission factors from the SERA database (data in Table S2).

Table 1. Case study destructive WUI fires in California occurring during 2020 and 2017.

Fire name Air basin Cause Duration Burned area Structures Vehicles Structures destroyed/
(acres) destroyed destroyed® area burned (building/
mile?)
TubbsP SF Bay Area Power line 2017 October 8-2017 142,813 7,774 7,070° 98.0
October 31
Thomas South Power line 2017 December 4— 281,893 1,063 1,526 24
Central 2018 January 12
Coast
North Complex Mountain Lightning 2020 August 17— 318,935 2,352 3,377 4.7
2020 December 5
Glass/LNU SF Bay Area Lightning/ 2020 September 27— 363,220 3,011 4,323 2.6
Lightning arson 2020 October 20
Complex 2020 August 17—
2020 October 2
CZU Lightning North Lightning 2020 August 16— 86,509 1,490 2,139 11.0
Complex Central 2020 September
Coast 22
August Complex  North Coast Lightning 2020 August 16— 1,032,648 935 1,343 0.6

2020 November 12

®Estimated from the vehicle to structure ratio destroyed in the 2018 Camp Fire, which was 1.44 as described in the Methods section.

®Includes Nuns, Patrick, and Atlas Fires which occurred in the same air basin during the same time.

“The Camp Fire vehicle to structure ratio was used for the Nuns, Patrick, and Atlas Fires and summed with that reported for the Tubbs. The California DMV estimated
4,000 vehicles destroyed in the Tubbs Fire in a 2018 blog post: https://www.dmv.ca.gov/portal/news-and-media/dmv-identifies-thousands-of-vehicles-destroyed-in-

northern-california-wildfires/.

Estimated air pollutants emitted from WUI fires

We used several wildfires that burned in California in 2017 and
2020 to demonstrate a variety of WUI fires (Table 1). These wild-
fires span from those with very large burn area consuming pri-
marily biomass fuels (August 2020 Fire) to relatively small
wildfires with a small burn area, but large numbers of structures
and vehicles destroyed (Tubbs 2017 Fire). The locations and the
extent of the wildfires are shown on the map in Fig. 3. We com-
pared the emissions from each wildfire with other air pollution
sources in the same air basin to provide a frame of reference for
the quantity of emissions that population is routinely exposed
to. These emissions were derived from the most recent release
of the National Emissions Inventory (NEI), 2017 (53), and include

the annual emissions for all nonfire sources for counties in the
air basin.

Emissions were categorized as “Fire” for emissions from burning
wildland biomass in each wildfire (derived from NEI estimates),
“WUI” for emissions from burning vehicles and structures (calcula-
tions described in the Methods section), and “Other” for emissions
from all other sources in the air basin (derived from NEI estimates).
Other sources included point sources like industrial facilities, area
sources like oil and gas operation, and mobile sources from on-road
and off-road operations and represent their emissions over the en-
tire year. For some air basins, the Other category is sizeable due to
densely populated areas and many anthropogenic activities. The
wildfires analyzed here impacted a range of air basins, with the
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Fig. 3. Location and combustibles consumed for destructive WUI fires in California during 2017 and 2020 used in this analysis. A) Final spatial extent for
each wildfire. B) Consumed combustibles for each fuel type, for each fire, as described in Table S3.

Fig. 4. Emissions estimates in tons for criteria pollutants and select hazardous air pollutants [A) CO; B) PM; C) formaldehyde; D) benzene; E) benzo(a)

pyrene; and F) Pb] for Fire, Other, and WUI categories for each case study fire.

most densely populated being the San Francisco air basin, which
was impacted by the Tubbs 2017 and Glass-LNU 2020 Fires.
Conversely, the CZU Complex Fire impacted the mostly rural/agri-
cultural areas in North Coastal air basin that has much lower Other
emissions compared with the other air basins in California.
Another key pointis the difference in temporal distribution of these
emissions, where Other emissions are for the entire year, the Fire
emissions are spread out over the several weeks of the wildfire,
and the WUI emissions are occurring over just a few days. By not
distinguishing across these time frames, our comparison may ob-
scure the importance of differing acute exposures for emissions
distributed over days, weeks, or a year.

Primary combustion emissions

Figure 4 compares the total emissions by category for select spe-
cies for each wildfire (all species are listed in Table S3). The WUI
emissions are minimal compared with the Fire and Other sources
for most criteria air pollutants (i.e. PM, CO, NOx, and SOx) and pri-
mary combustion species (i.e. CO,, CH, and other hydrocarbons).
These results suggest that the regulatory air pollution monitoring
network would not be able to detect any difference in emissions
from a WUI fire when compared with other sources or wildfires.
Not surprisingly, the Fire emissions are generally larger than
Other emissions for these primary combustion pollutants for all
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wildfires, except for the two that impacted the San Francisco Bay
Area air basin, where there are substantial emissions over the
year from anthropogenic activity.

For most of the wildfires evaluated here, the WUI emissions for
oxygenated hydrocarbon species are much lower than the Fire
emissions of those species. This is not surprising, since oxygen-
ated hydrocarbons such as formaldehyde, acetaldehyde, and
acrolein are emitted from biomass burning in large amounts.
The one exception to this trend is for the Tubbs wildfire, which
has comparatively low acreage burned (<150,000 acres), but
many structures destroyed (>7,700). For the Tubbs wildfire, the
WUI emissions are either greater or similar to the Fire emissions,
but typically less than Other emissions in the densely populated
San Francisco Bay Area air basin.

Hazardous air pollutant emissions

The hazardous air pollutants like PAH, toxic metals, and chlori-
nated hydrocarbons exhibit different trends from the criteria pol-
lutants and hydrocarbon pollutants. Fire and WUI categories both
have high PAH emissions of similar magnitude. Only the August
Fire and CZU Fires, with their low destroyed structure to area
burned ratios (Table 1), routinely had larger Fire PAH emissions
compared with WUI PAH emissions. Again, the Tubbs Fire is not-
able in this comparison with 78 times higher benzo(a)pyrene
emissions compared with Fire emissions and 13 times Other emis-
sions in the San Francisco Bay Area air basin (estimated for 2017).
Lead (Pb) (Fig. 4F) was the only metal for which data were available
from all three categories, but not from all wildfires. Pb emissions
were two to three times Other and Fire emissions for all wildfires.
There were limited data for all other hazardous air pollutants,

prohibiting comparison across the three main categories (Fire,
Other, and WUI).

A more comprehensive view across many species can be made
with a heat map of the ratio of WUI to Fire categories (Fig. S5A) and
WUI to Other categories (Fig. 5B). Different species are shown in
each figure since not all categories have all species. The heat
map presentation also makes it readily apparent that the Tubbs
Fire is the only wildfire in our case study where the WUI emissions
dominate the Fire emissions for all species but the oxygenated hy-
drocarbons and primary combustion emissions. One interesting
feature is the high ratios for phenanthrene differing from the oth-
er PAH. This is likely due to the vehicle emission factors, which
were much higher than the other fuel categories. These emission
factors were for full-scale burns where combustion involved the
entire vehicle and may be more representative of emissions in a
WUI fire. However, there are too few emission factor observations
for the other categories for this difference to be conclusive.

The ratio of the WUI to the Other heat map also shows
some distinctive patterns, with all the PAH ratios well above
1. Chlorobenzene, Cl, Sb, and HCI also have ratios much larger
than 1. This is the first evidence that WUI fires may be the largest
emission source for some of these species into an air basin. Some
of these air pollutants may be important drivers of health risk and
in current emissions inventories they are not estimated.

Discussion

Emissions inventories play an important role in identifying the
major sources of air pollution and the drivers of health risk. This
information can be used to guide policy decisions made to reduce

Fig. 5. Heat map of the ratio of emissions between categories. A) WUI emissions to Fire emissions. B) WUI emissions to Other emissions for each wildfire.
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the public health risk to hazardous air pollution, including deci-
sions on future research efforts, air quality monitoring infrastruc-
ture, public health outreach, and mitigation measures. Until now,
structural fire emissions have not been inventoried in the United
States and thus were not included in assessments of the impacts
of air pollution on human health. We demonstrate that WUI fires
may be a sizeable source of certain hazardous air pollutants, but
not necessarily contribute to increased criteria air pollutants or
greenhouse gases that are routinely monitored. Moreover, in
some locations and some years, WUI fires may constitute the sin-
gle largest source of these pollutants and may be an important
driver of risk.

Although there is likely very large uncertainty in the inventory
developed here, there is no unambiguous method to validate a
WUI fire emissions inventory. Such an evaluation would require
measurements of before and after fire fuel loadings, assessment
of combustion conditions during the fire, in addition to near-fire
emissions measurements. This type of data set does not currently
exist. Furthermore, ambient monitoring data are not suitable for
comparison because dispersion, atmospheric chemistry, and the
impact of other sources need to be factored in, all of which intro-
duce large uncertainties. We ensure our inventory has the highest
data quality by following recognized good practices for developing
a bottom-up inventory that is transparent, complete, and accur-
ate given the available information (54, 55). Although we have at-
tempted to generate an inventory with the best available
information to achieve the greatest accuracy, there are many
data gaps that result in large uncertainty of the estimates pre-
sented here. Our study improved upon existing methodologies
by applying assumptions appropriate for WUI fires, but the data
sources for calculating the inventory need further improvement
to better estimate average emissions and uncertainty estimates.

We examined each input into the inventory to identify where
improvements are needed. A large source of uncertainty in the
WUI fire emissions inventory is the amount, composition, and
condition of the fuel. Similar to wildfire emissions inventories,
the data inputs on the fuel can be thelargest source of uncertainty
in the emissions estimate (56). Statistics on new home construc-
tion (57) and home energy usage (58, 59) can provide some infor-
mation and the major materials that are used in structures (e.g.
roofing and siding), but not information on insulation or indoor
surface finishes, plumbing fixtures, or wiring. Moreover, these
sources do not provide detailed information on the chemical com-
position of the materials in the structure. There is no standardized
source of information on commercial buildings, which may also
be consumed in a WUI fire. Information on the contents in the
home are derived from fuel loading surveys, the majority of which
focus on fire risk and only quantify the combustibles inside the
structure, while it is clear from the metal emission factor data
that noncombustible materials are being transformed in the com-
bustion process and emitted into the air. Much more detailed in-
formation on the composition of all the materials in the
structure and contents are needed to estimate emissions for en-
vironmental health risk.

Even with detailed knowledge of the amount and chemical
composition of the structure, vehicle, and their contents, there
are many unknowns related to the combustion conditions, poten-
tial chemical interactions, and resulting emissions. One critical
unknown is the amount of WUI fuel that is consumed in the
fire. Current fire statistics only report if a structure is destroyed
or damaged, but there is no linkage to how much of the original
structure remains in each of these categories. We assumed 80%
of the combustibles are consumed when a structure is destroyed

and did not include damaged structures. This may be a conserva-
tive estimate since many postfire images show complete destruc-
tion, but these images may show a biased subset of homes. More
information is needed on how much of the destroyed or damaged
structure or vehicle remains after the fire to provide a better esti-
mate of fuel consumption and how that may vary between fire
scenarios.

The sizeable literature on fire safety engineering and fire tox-
icity has highlighted the importance of the chemical composition
of the fuel, the oxygen available for combustion, and the tempera-
ture in controlling the amount and composition of emissions (49).
Standardized methods have been developed to study the emis-
sions of materials combusted in a range of conditions that are typ-
ical for enclosure fires occurring within a structure (49). However,
there is currently no information on the combustion conditions in
WUI fires and what fraction of the fuel may burn at high tempera-
ture under- or overventilated or in low-temperature smoldering
processes. This uncertainty also exists in the wildfire emissions
inventory where common practice is to assume that a fraction
of the fuel burns in flaming conditions versus smoldering condi-
tions (60, 61). The flaming-smoldering fraction is modeled de-
pending upon the fuel characteristics and environment
conditions (62).

Drawing upon our understanding of pollutant formation in
waste incineration and open waste burning, we know that fuel
chemistry, temperature, and residence time all interact and great-
ly impact emission rates of some species (63-65). Much of the
emissions data relied on for this inventory are derived from the
combustion of individual materials and often in the absence of
the inorganic support structures or surfaces that may exist in
homes. Additionally, the few studies carried out at full scale likely
have combustion conditions that differ than those in WUI fires
that often occur during extreme winds (66).

The emissions estimates compiled here are a reasonable first
approximation despite the large number of unknowns. These re-
sults suggest that some hazardous air pollutants, but not criteria
air pollutants, may be emitted from WUI fires in much larger
amounts than wildfires in wildlands or other anthropogenic sour-
ces. However, this estimate may greatly differ than what is truly
emitted, and additional research is needed to develop and refine
data inputs to the emissions model and this needs to be verified
with measurements of concentrations near WUI fires to constrain
and improve this emissions estimation method. Current monitor-
ing networks focus on criteria pollutants and have measurements
of detailed chemical composition with minimal spatial and tem-
poral resolution (18). Supplemental measures of detailed chem-
ical composition of ambient concentrations near WUI fires, in
addition to information on urban fuels and combustion condi-
tions, are greatly needed to improve the emissions estimates de-
veloped in this study.

Methods
Emission factor compilation

We compiled emission factors from a comprehensive literature
search of simulations of fires of structures, vehicles, and their
components (Table S1). Web of Science and Google Scholar were
used to identify peer-reviewed and other data sources reporting
emissions from the burning of urban materials. Key words in-
cluded combinations of “fire,” “smoke,” “toxicity,” “municipal,”
“structure,” “vehicle,” “car,” “furnishings,” and a variety of individ-
ual materials (e.g. “wood,” “plastic,” “fabric,” and “textile”). Each
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Table 2. Comparison of assumptions for emissions estimates from structure fires across estimation methods.

CARB 1999 SP 2009 BC 2000 WUI Fire
2022
Reference California Air Resources SP Technical Research institute of British Columbia Ministry of Water, This study
Board, Lozo 1999 (67) Sweden, Blomqgvist and McNamee Land, and Air Protection, Wakelin 2000
2009 (68) (69)
Combustible structure 1,649 ft? 2,150 ft?
11 tons 33.4 tons
Combustible content 7.9 1b/ft? 3.69 Ib/ft? 5.87 Ib/ft?
Fraction consumed 7% 5% room of origin 80%
35% several rooms
80% multiple structures
Loading factor—mass 1.23 tons/fire 1.04 tons/fire® 39.72 tons/
burned per structure fire

“Total combustible fuel consumed per fire incident, assumed one incident equivalent to one structure.

source was reviewed for relevance to a WUI fire; specifically, we
determined if the fuel was representative of a human-made (e.g.
vehicle) or human-processed natural material (e.g. wood decking)
and if the combustion conditions were a suitable simulation of
open burning. Lab-scale studies focusing on waste incineration
or those using devices such as a fluidized bed reactor, which
may have high temperatures and/or pressures, well-mixed fuel
and oxidizer, or mechanically processed fuel (e.g. pulverized),
were deemed to be not representative of open burning conditions
that may occur in a WUI fire and were excluded from the data set.
The list of relevant sources was further expanded by reviewing
sources citing the initial list of sources. Sources providing only
concentration data were excluded from the data set since they
could not be used to generate emission factors. Sources reporting
duplicate information were identified and the source with the
most comprehensive data reported was included in the data set.
Only full-scale data were retained for experiments using the iden-
tical fuels at multiple scales (e.g. the TOXFIRE experiment (33)).

Emission factor or yield data from each study were consoli-
dated in an Excel spreadsheet and categorized by the scale of
the experiment: full scale (involving multiple items at full size)
or other (e.g. lab scale, bench scale, and microscale); type of ma-
terial: house or vehicle; material subtype: furnishing, component,
or tire; and combustion conditions: flaming, overventilated or
smoldering, underventilated. Emissions were reported as factors
(e.g. gemitted species/kgload) or yields (e.g. g emitted species/kg
combustible load) from combustion of structural or vehicular
components. In the absence of information on combustibles
per fuel charge, it was assumed that the entire fuel charge was
made of combustible material. Units were converted for all spe-
cies to grams per kilogram. An initial review of the compilation
was made for each species by category. Outliers were investi-
gated and sources with consistently higher emission factors
were removed. Removal of these sources reduced the number
of species reported, but they were limited to small-scale
experiments.

A summary emission factor data set was developed for use in
emissions inventory development by taking the median of all ob-
servations for any house materials, regardless of scale or combus-
tion conditions. For the vehicle category, the median of the
full-scale experiments was used since there were more compre-
hensive emissions available for those experiments. In the case
that emissions data from full-scale vehicle experiments were
not available, the median emission factor from the entire data
set for any vehicle material was used. Species where this gap-
filling approach was used are highlighted in red text in Table S2.

Biomass burning emission factors for comparison with the WUI
emission factors were derived from the online SERA database (51).
The complete SERA database for all vegetation types and experi-
mental approaches was filtered to remove emission factors asso-
ciated with slash fires and outliers and downloaded on 2022
December 1.

Emissions inventory methodology

Several methods for estimating emissions from structures and ve-
hicles have been published in the context of municipal fires (67—
70). All methods use the same basic emissions inventory develop-
ment approach of:

Ex=AxXBXFXEFy (1)

where E, is the mass of emissions of species x, A is the activity (e.g.
number of houses or vehicles consumed by fire), Bis the combust-
ible mass of fuel, F is the fraction of the fuel consumed, and EF, is
the emission factor for species x. Major differences among meth-
ods exist in the assumptions used to estimate the combustible
fuel loading for the structure (or vehicle), the fraction of fuel con-
sumed in the fire, the emission factor, and the chemical species.
We have translated these methods for the WUI fire context by
modifying key assumptions of fuel load and consumption
(Table 2) and updating and expanding emission factors.

Emissions estimates from municipal fires assume a small per-
centage (e.g. ~7% in CARB 1999 (67)) of the structure is consumed
and that most of the fuels are from the room of origin. Images of
neighborhoods after a wildfire has passed through show many
houses are reduced to only the noncombustible components,
such as masonry. Therefore, we assumed a greater percentage
of the combustible loading would be consumed in a WUI fire.
We used 80% as an initial estimate following a survey of fire inves-
tigators in Sweden estimating ~80% loss when the fire spreads to
multiple structures (68). This may be an underestimate for a WUI
fire in the United States where most of the homes are wood con-
struction (18), which is relatively uncommon in Sweden (68).
Since most of the combustibles are consumed in WUI fires, we
also inventoried the entire home as opposed to just the rooms
where most municipal fires begin (kitchen and bedroom) to in-
clude in the combustible load.

The structural combustible load is estimated from data for a
typical North American house built in 1998 compiled by the
National Academies (18) and detailed in Table S4. The house con-
tents are estimated from the median of fire load density measure-
ments in North American residences of 600 MJ/m? reported in Xie
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etal. (71). Fire load density is converted to combustible mass using
the material distribution from SP 2009 method (68) and the mater-
ial energy content from Elhami-Khorasani et al. (72) (detailed
in Table S5A and B). The vehicle composition was similarly
calculated for a typical sedan model year of 2017 (detailed
in Table S6) of 931b of tires and 8101b of combustible material
(18, 73).

The CARB 1999 and BC 2000 emissions estimates are based on a
set of default emission factors that are applied per ton of com-
bustible mass burned. The SP 2009 emissions estimate breaks
down the combustibles by type (e.g. wood, paper, textiles, rubber,
and plastics) and uses material-specific emission factors (68).
There is a paucity of emissions data available for each combust-
ible type and only a few have complete data for a wide range of
hazardous pollutants. There was insufficient data to adequately
capture the impact of the variation within a type (e.g. textiles
may be cotton, wool, or acrylic), so emission factors were lumped
into the two general categories for house and vehicles as described
above. These emissions measurements spanned all combustion
conditions: pyrolysis, smoldering, and flaming; in the absence of
information on typical structural/vehicle combustion conditions
in a wildfire, the median was taken for all observations.

WUI fire case studies

We identified WUI fires within California with corresponding EPA
NEI data to obtain estimates of burned area and emissions from
each wildfire and comparison data from other source sectors
(e.g. industrial emissions). The NEI calculates fire emissions using
the BlueSky Framework, which models the fuel loading, fraction
consumed, and applies vegetation-specific emission factors for
each fire (74). The NEI is produced every 3 years with 2020 the
most recent release (74). While other wildfire emissions inventor-
ies exist with greater temporal coverage, they do notinclude emis-
sions from other emissions sources and may not include
emissions for a wide range of hazardous air pollutants. Eight of
the current Top 20 Most Destructive California Wildfires (com-
piled by Cal Fire as of 2022) occurred during 2020 and 2017 (75).
These fires provide a range burned acreage and structures de-
stroyed and were used in this analysis to illustrate the scale of
WUI fire emissions in comparison with other emissions sources.
The ratio of structure destroyed to burned area ranges from 0.6
to 98 (building/mile?) and encompasses that observed in the
Camp Fire (78.5 building/mile?), which is the most destructive
fire in California, but could not be included in the analysis because
of the lack of an NEI emissions estimate for the wildland biomass
fuels.

California provides records of the number of structures de-
stroyed but does not report the number of vehicles destroyed in
each fire. The California Department of Resources Recycling and
Recovery estimated 27,000 destroyed vehicles were recovered
from the cleanup operation after the Camp Fire, which results in
an estimated 1.44 vehicles per structure destroyed in the fire.
This ratio is applied to all other fires to provide an estimate of
the vehicles consumed in each of the wildfires. However, the ac-
tual number of vehicles destroyed may vary widely between fires
depending upon the time allowed for evacuation, since vehicles
may be moved from the area threatened by the fire.

Acknowledgments

The views expressed in this article are those of the authors and do
not necessarily represent the views or policies of the US

Environmental Protection Agency. The authors acknowledge
Christine Wiedinmyer and Nathan Pavlovic for helpful discussion
on the development of emissions inventories. This research was
supported, in part, by an appointment to the Research
Participation Program for the US Environmental Protection
Agency, Office of Research and Development, administered by
the Oak Ridge Associated Universities through an interagency
agreement between the US Department of Energy and
Environmental Protection Agency.

Supplementary material

Supplementary material is available at PNAS Nexus online.

Funding

This work was supported by the U.S. Environmental Protection
Agency. A.A. was supported in part by interagency agreements
with the U.S. Department of Agriculture (#92532401) and
Department of the Interior (#92533501).

Author contributions

A.L.H. conceived the study. A.L.H., A.A.,]J M.V, and V.R. collected
thedata. AL.H. and A.A. analyzed the data. A.L.H. wrote the draft
manuscript. All authors contributed to the final manuscript.

Data availability

All data used to generate the figures and tables in this manuscript
may be found in the supplementary material.

References

1 Urban wildland interface communities within the vicinity of fed-
eral lands that are at high risk from wildfire. 2001. Federal
Register, p. 751-777.

2 Bowman DMJS, et al. 2020. Vegetation fires in the Anthropocene.
Nat Rev Earth Environ. 1:500-515.

3 Higuera PE, Abatzoglou JT. 2021. Record-setting climate enabled
the extraordinary 2020 fire season in the western United States.
Glob Change Biol. 27:1-2.

4 St. Denis LA, Mietkiewicz NP, Short KC, Buckland M, Balch JK.
2020. All-hazards dataset mined from the US National Incident
Management System 1999-2014. Sci Data. 7:64.

5 Barrett K. 2022. Wildfires destroy thousands of structures each
year. (Headwaters Economics); [accessed 2022 Dec 1]. https:/
headwaterseconomics.org/natural-hazards/structures-destroyed-
by-wildfire/.

6 Buechi H, Weber P, Heard S, Cameron D, Plantinga AJ. 2021.
Long-term trends in wildfire damages in California. Int J
Wildland Fire. 30:757-762.

7 Peterson GCL, Prince SE, Rappold AG. 2021. Trends in fire danger
and population exposure along the wildland-urban interface.
Environ Sci Technol. 55:16257-16265.

8 O'Dell K, Ford B, Fischer EV, Pierce JR. 2019. Contribution of
wildland-fire smoke to US PM,s and its influence on recent
trends. Environ Sci Technol. 53:1797-1804.

9 LiY,etal 2021. Dominance of wildfires impact on air quality ex-
ceedances during the 2020 record-breaking wildfire seasonin the
United States. Geophys Res Lett. 48:e2021GL094908.

Gzoz Aey g0 uo 1senb Aq 86zz0z//98 1 pebd/g/z/alonue/snxauseud/woo dno-olwapeoe//:sdyy wolj papeojumoq


http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgad186#supplementary-data
http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgad186#supplementary-data
http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgad186#supplementary-data
http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgad186#supplementary-data
https://headwaterseconomics.org/natural-hazards/structures-destroyed-by-wildfire/
https://headwaterseconomics.org/natural-hazards/structures-destroyed-by-wildfire/
https://headwaterseconomics.org/natural-hazards/structures-destroyed-by-wildfire/

10

| PNAS Nexus, 2023, Vol. 2, No. 6

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

O'Dell K, et al. 2020. Hazardous air pollutants in fresh and aged
western US wildfire smoke and implications for long-term expos-
ure. Environ Sci Technol. 54:11838-11847.

Cascio WE. 2018. Wildland fire smoke and human health. Sci
Total Environ. 624:586-595.

Fent KW, et al. 2018. Airborne contaminants during controlled
residential fires. ] Occup Environ Hyg. 15:399-412.

Fabian TZ, et al. 2014. Characterization of firefighter smoke ex-
posure. Fire Technol. 50:993-1019.

Fent KW, et al. 2020. Flame retardants, dioxins, and furans in air
and on firefighters’ protective ensembles during controlled resi-
dential firefighting. Environ Int. 140:105756.

Keir JLA, et al. 2020. Polycyclic aromatic hydrocarbon (PAH) and
metal contamination of air and surfaces exposed to combustion
emissions during emergency fire suppression: implications for
firefighters’ exposures. Sci Total Environ. 698:134211.

Stolpman D, Williams DN, Solouki T, Harris DD. 2022.
Decontamination of metals from firefighter turnout gear. J
Occup Environ Hyg. 19:79-86.

Boaggio K, et al. 2022. Beyond particulate matter mass: height-
ened levels of lead and other pollutants associated with destruc-
tive fire events in California. Environ Sci Technol. 56:14272-14283..
National Academies of Sciences, and Medicine. 2022. The chemis-
try of fires at the wildland-urban interface. Washington (DC): The
National Academies Press.

McNamee M, Butry D, Kneifel J. Tools and techniques for impact
analysis. 2023. In: Meacham BJ, McNamee M, editors. Handbook of
fire and the environment: impacts and mitigation. Cham: Springer
International Publishing. p. 289-322.

Lemieux PM, Ryan JV. 1993. Characterization of air pollutants
emitted from a simulated scrap tire fire. Air Waste 43:1106-1115.
Willstrand O, Bisschop R, Blomgvist P, Temple A, Anderson J.
2020. Toxic gases from fire in electric vehicles. RISE Report.
2020:90.

Anonymous, American Community Survey; [accessed 2022 Dec 9].
https:/data.census.gov/mdat/#/search?ds=ACSPUMS1Y2021&cv=
YRBLT&wt=WGTP.

US Environemental Protection Agency. 2016. Analysis of the life-
cycle impacts and potential for avoided impacts associated with
single family homes. 530-R-13-004.

Blomgvist P, Rosell L, Simonson M. 2004. Emissions from fires
part II: simulated room fires. Fire Technol. 40:59-73.

Andersson P, Simonson M, Rosell L, Blomqvist P, Stripple H. 2003.
Fire-LCA model: furniture study. SP Report. 2003. 22.
Lonnermark A, Blomgvist P. 2006. Emissions from an automobile
fire. Chemosphere 62:1043-1056.

Fiani E. 2013. Improvement of the knowledge of the atmospheric
emission from vehicles fires contribution of this source to the
national emission inventory. INERIS-DRC-13-119925-05193A-
Synthesis.

Guerin S, Collet S. 2019. Atmospheric emissions of dioxins and
brominated furans in accidental fires of waste containing bromi-
nated substances. INERIS-170785-00117B.

Gann RG, Averill JD, Johnsson EL, Nyden MR, Peacock RD. 2010.
Fire effluent component yields from room-scale fire tests. Fire
Mater. 34:285-314.

Lonnermark A, Blomgqvist P, Mansson M, Persson H. 1996.
TOXFIRE—fire characteristics and smoke gas analyses in under-
ventilated large-scale combustion experiments. SP Report. 1996. 46.
Andersson P, Rosell L, Simonson M, Emanuelsson V. 2004. Small
and large scale fire experiments with electric cables under well-
ventilated and vitiated conditions. Fire Technol. 40:247-262.

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

Andersson P, Simonson M, Rosell L, Blomqvist P, Stripple H. 2005.
Fire-LCA model: cable case study [I-NHXMH and NHMH cable. SP
Report. 2005. 45.

Lonnermark A, Blomgvist P, Mansson M, Persson H. 1996.
TOXFIRE—fire characteristics and smoke gas analysis in under-
ventilated large-scale combustion experiments: Tests in the
ISO 9705 Room. SP Report. 1996. 45.

Lonnermark A, Blomgvist P. 2005. Emissions from fires in elec-
trical and electronics waste. SP Report. 2005. 42.

Lonnermark A, Blomgvist P. 2005. Emissions from tyre fires. SP
Report. 2005. 43.

Andersson P, Blomqvist P, Loren A, Larsson F. 2013. Investigation
of fire emissions from Li-ion batteries. SP Report. 2013. 15.
Blomgqvist P, Hertzberg T, Tuovinen H, Arrhenius K, Rosell L.
2007. Detailed determination of smoke gas contents using a
small-scale controlled equivalence ratio tube furnace method.
Fire Mater. 31:495-521.

Blomgvist P, McNamee M, Stec A, Gylestam D, Karlsson D. 2010.
Characterisation of fire generated particles. SP Report. 2010. 1.
Durlak SK, Biswas P, ShiJ, Bernhard MJ. 1998. Characterization of
polycyclic aromatic hydrocarbon particulate and gaseous emis-
sions from polystyrene combustion. Environ Sci Technol. 32:
2301-2307.

Fabian TZ, et al. 2010. Firefighter exposure to smoke particulates.
IN 15941.

Hertzberg T, Blomqvist P, Dalene M, Skarping G. 2003. Particles
and isocyanates from fires. SP Report. 2003. 5.

Kozlowski R, Wesolek D, Wladyka-Przybylak M. 1999.
Combustibility and toxicity of board materials used for interior
fittings and decorations. Polym Degrad Stab. 64:595-600.

Persson B, Simonson M. 1998. Fire emissions into the atmos-
phere. Fire Technol. 34:266-279.

Reisen F, Bhujel M, Leonard J. 2014. Particle and volatile organic
emissions from the combustion of a range of building and fur-
nishing materials using a cone calorimeter. Fire Saf J. 69:76-88.
Stec AA, RhodesJ. 2011. Smoke and hydrocarbon yields from fire
retarded polymer nanocomposites. Polym Degrad Stab. 96:
295-300.

Stec AA, Hull TR. 2011. Assessment of the fire toxicity of building
insulation materials. Energy Build. 43:498-506.

Wesolek D, KozlowskiR. 2002. Toxic gaseous products of thermal
decomposition and combustion of natural and synthetic fabrics
with and without flame retardant. Fire Mater. 26:215-224.
Blomgvist P, Sandinge A. 2018. Experimental evaluation of fire
toxicity test methods. RISE Report. 2018. 40.

Stec AA, Hull TR. 2010. Fire toxicity. Cambridge: Elsevier Science.
Prichard §J, et al. 2020. Wildland fire emission factors in North
America: synthesis of existing data, measurement needs and
management applications. Int J Wildland Fire. 29:132.

University of Washington. 2022. Smoke Emissions Reference
Application (SERA); [accessed 2022 Dec 1]. https:/depts.
washington.edu/nwfire/sera/.

Urbanski SP, O'Neill SM, Holder AL, Green SA, Graw RL.
Emissions. 2022. In: Peterson DL, McCaffrey SM,
Patel-Weynand T, editors. Wildland fire smoke in the United
States: a scientific assessment. Cham: Springer International
Publishing. p. 121-165.

U.S. Environmental Protection Agency. 2020. 2017 NEIinteractive
report.

European Environmental Agency. 2019. EMEP/EEA air pollutant
emission inventory guidebook 2019. EEA report no 13/2019.
IPCC. 2019. Refinement to the 2006 IPCC guidelines for National
Greenhouse Gas Inventories. Switzerland: IPCC. p. 2019.

Gzoz Aey g0 uo 1senb Aq 86zz0z//98 1 pebd/g/z/alonue/snxauseud/woo dno-olwapeoe//:sdyy wolj papeojumoq


https://data.census.gov/mdat/#/search?ds=ACSPUMS1Y2021&amp;cv=YRBLT&amp;wt=WGTP
https://data.census.gov/mdat/#/search?ds=ACSPUMS1Y2021&amp;cv=YRBLT&amp;wt=WGTP
https://depts.washington.edu/nwfire/sera/
https://depts.washington.edu/nwfire/sera/

Holderetal. | 11

56

57

58

59

60

61

62

63

64

65

66

Larkin NK, Raffuse SM, Strand TM. 2014. Wildland fire emissions,
carbon, and climate: U. S. emissions inventories. For Ecol Manag.
317:61-69.

National Association of Home Builders. 2022. National statistics;
[accessed 2022 Dec 1]. https:/www.nahb.org/news-and-
economics/housing-economics/national-statistics.

U.S. Census Bureau. 2022. American Community Survey (ACS).
U.S. Energy Information Administration. 2022. Residential
Energy Consumption Survey (RECS).

Anderson GK, Sandberg DV, Norheim RA. 2004. Fire Emission
Production Simulator (FEPS) user’s guide; [accessed 2022 Dec
1]. https:/www.frames.gov/catalog/6921.

Urbanski S. 2014. Wildland fire emissions, carbon, and climate:
emission factors. For Ecol Manag. 317:51-60.

Finney MA. 1998. FARSITE: fire area simulator-model develop-
ment and evaluation. RMRS-RP-4.

Linak WP, Wendt JOL. 1993. Toxic metal emissions from inciner-
ation: mechanisms and control. Prog Energy Combust Sci. 19:145-185.
Lemieux PM, Lutes CC, Santoianni DA. 2004. Emissions of organic
air toxics from open burning: a comprehensive review. Prog
Energy Combust Sci. 30:1-32.

McKay G. 2002. Dioxin characterisation, formation and mini-
misation during municipal solid waste (MSW) incineration: re-
view. Chem Eng J. 86:343-368.

Keeley JE, Syphard AD. 2019. Twenty-first century California, USA,
wildfires: fuel-dominated vs. wind-dominated fires. Fire Ecology 15:24.

67

68

69

70

71

72

73

74

75

Lozo C. 1999. Structure and automobile fires; [accessed 2022 Dec
1]. https:/www.arb.ca.gov/ei/areasrc/fullpdf/full7-14.pdf.
Blomgvist P, McNamee MS. 2009. Estimation of CO2-emissions
from fires in dwellings, schools and cars in the Nordic countries.
SP Technical Note. 2009. 13.

Wakelin T. 2005. 2000 British Columbia emission inventory of cri-
teria air contaminants: Methods and calculations.

Eastern Research Group. Chapter 18: structure fires. 2001. In:
EIIP. Volume 3. Research Triangle Park (NC): U. S. Environmental
Protection Agency.

Xie Q, Xiao J, Gardoni P, Hu K. 2019. Probabilistic analysis of
building fire severity based on fire load density models. Fire
Technol. 55:1349-1375.

Elhami-Khorasani N, Salado Castillo JG, Gernay T. 2021. A digi-
tized fuel load surveying methodology using machine vision.
Fire Technol. 57:207-232.

Davis SC, Boundy RG. 2021. Transportation energy data book: edition
39. Oak Ridge (TN): Oak Ridge National Laboratory. ORNL/
TM-2020/1770.

Office of Air Quality Planning and Standards. 2021. 2017 national
emissions inventory: January 2021 updated release, technical support
document. U.S. Environmental Protection Agency. EPA-454/
R-21-001.

CALFIRE. 2022. Top 20 Most Destructive California Wildfires; [ac-
cessed 2022 Dec 1]. www.fire.ca.gov/media/tlrdhizr/top20_
destruction.pdf.

Gzoz Aey g0 uo 1senb Aq 86zz0z//98 1 pebd/g/z/alonue/snxauseud/woo dno-olwapeoe//:sdyy wolj papeojumoq


https://www.nahb.org/news-and-economics/housing-economics/national-statistics
https://www.nahb.org/news-and-economics/housing-economics/national-statistics
https://www.frames.gov/catalog/6921
https://www.arb.ca.gov/ei/areasrc/fullpdf/full7-14.pdf
http://www.fire.ca.gov/media/t1rdhizr/top20_destruction.pdf
http://www.fire.ca.gov/media/t1rdhizr/top20_destruction.pdf

Resource 3: https://dnr.wisconsin.gov/topic/OpenBurning/Impacts.html





https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vcGF5LWJpbGw=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc2NoZWR1bGU=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vY3VzdG9tZXItc3VwcG9ydA==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc2VydmljZS1hbGVydHM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20v
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vcmVzaWRlbnRz
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYnVzaW5lc3Nlcw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZW52aXJvbm1lbnRhbC1zb2x1dGlvbnM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc3VzdGFpbmFiaWxpdHk=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYWJvdXQtdXM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc2VhcmNo
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYWNjb3VudC9sb2dpbg==
https://getfireshot.com/pdf_dGVsOisxODAwNTkyNTQ4OQ==
https://getfireshot.com/pdf_dGVsOisxODAwODk5NDY3Mg==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20v
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZW52aXJvbm1lbnRhbC1zb2x1dGlvbnM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZW52aXJvbm1lbnRhbC1zb2x1dGlvbnMvZmllbGQtc2VydmljZXM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZW52aXJvbm1lbnRhbC1zb2x1dGlvbnMvcmVzb3VyY2Vz
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc2l0ZXMvZGVmYXVsdC9maWxlcy9sZWdhY3lfZG9jdW1lbnRzL0Vudmlyb25tZW50YWwtU29sdXRpb25zL0Rpc2FzdGVyLVJlc3BvbnNlLVJlY292ZXJ5LVNvbHV0aW9ucy1Ccm9jaHVyZS5wZGY=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYmxvZy9uYXR1cmFsLWRpc2FzdGVyLXByZXBhcmVkbmVzcy1rZXktdG8tcmVkdWNlLXJpc2stYW5kLWxpbWl0LW9wZXJhdGlvbmFsLWltcGFjdA==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYmxvZy91cy1lY29sb2d5LWFpZHMtcmVjb3ZlcnktZWZmb3J0cy1hZnRlci1odXJyaWNhbmUtaWRhLW1ha2VzLWxhbmRmYWxs
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYmxvZy9yZWNvdmVyeS1lZmZvcnRzLWxvdWlzaWFuYS1hZnRlci1odXJyaWNhbmUtaWRhLW1ha2VzLWxhbmRmYWxs
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZW52aXJvbm1lbnRhbC1zb2x1dGlvbnMvdHJlYXRtZW50LWRpc3Bvc2Fs
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZW52aXJvbm1lbnRhbC1zb2x1dGlvbnMvZmllbGQtc2VydmljZXM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZW52aXJvbm1lbnRhbC1zb2x1dGlvbnMvZXhwbG9yYXRpb24tcHJvZHVjdGlvbg==
https://getfireshot.com/pdf_dGVsOjgwMDU5MjU0ODk=
https://getfireshot.com/pdf_dGVsOjgwMDg5OTQ2NzI=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYWNjb3VudC9sb2dpbg==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc3VzdGFpbmFiaWxpdHk=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYWJvdXQtdXM=
https://getfireshot.com/pdf_aHR0cHM6Ly9qb2JzLnJlcHVibGljc2VydmljZXMuY29tL3VzL2Vu
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc3VwcGxpZXJz
https://getfireshot.com/pdf_aHR0cHM6Ly9tZWRpYS5yZXB1YmxpY3NlcnZpY2VzLmNvbS8=
https://getfireshot.com/pdf_aHR0cHM6Ly9pbnZlc3Rvci5yZXB1YmxpY3NlcnZpY2VzLmNvbS9pbnZlc3Rvci1vdmVydmlldz9jPTgyMzgxJnA9aXJvbC1pcmhvbWU=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYWJvdXQtdXMvZXRoaWNzLWFuZC1jb21wbGlhbmNl
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYmxvZw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc3VzdGFpbmFiaWxpdHk=
https://getfireshot.com/pdf_aHR0cHM6Ly9yZWN5Y2xpbmdzaW1wbGlmaWVkLmNvbS8=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZmFjaWxpdGllcw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYnVzaW5lc3MtZGV2ZWxvcG1lbnQ=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vcGF5LWJpbGw=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc2NoZWR1bGU=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYWNjb3VudC9tYW5hZ2UvYWNjb3VudC1pbmZv
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vY29udGFjdC11cw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vY3VzdG9tZXItc3VwcG9ydC9mYXE=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc2VydmljZS1hbGVydHM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vY3VzdG9tZXItc3VwcG9ydC9mZWUtZGlzY2xvc3VyZXM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vY3VzdG9tZXItc3VwcG9ydC9mZWUtZGlzY2xvc3VyZXM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZW52aXJvbm1lbnRhbC1zZXJ2aWNlLXRlcm1zLWNvbmRpdGlvbnM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZW52aXJvbm1lbnRhbC1zZXJ2aWNlLXRlcm1zLWNvbmRpdGlvbnM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vY3VzdG9tZXItc3VwcG9ydC9yZXNpZGVudGlhbC1zZXJ2aWNlLXRlcm1z
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vcmVzaWRlbnRz
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYnVzaW5lc3Nlcw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZW52aXJvbm1lbnRhbC1zb2x1dGlvbnM=
https://getfireshot.com/pdf_aHR0cHM6Ly9wbGF5Lmdvb2dsZS5jb20vc3RvcmUvYXBwcy9kZXRhaWxzP2lkPWNvbS5yZXB1YmxpY3NlcnZpY2VzLm15cmVzb3VyY2U=
https://getfireshot.com/pdf_aHR0cHM6Ly9pdHVuZXMuYXBwbGUuY29tL3VzL2FwcC9teS1yZXNvdXJjZS9pZDg5NjAxMTI2Ng==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuZmFjZWJvb2suY29tL1JlcHVibGljU2VydmljZXM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuaW5zdGFncmFtLmNvbS9yZXB1YmxpY19zZXJ2aWNlcy8=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cubGlua2VkaW4uY29tL2NvbXBhbnkvcmVwdWJsaWMtc2VydmljZXMtaW5jLw==
https://getfireshot.com/pdf_aHR0cHM6Ly90d2l0dGVyLmNvbS9SZXB1YmxpY1NlcnZpY2U=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cueW91dHViZS5jb20vQHJlcHVibGljX3NlcnZpY2Vz
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vcHJpdmFjeQ==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vcHJpdmFjeSNhbm5leC1h
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vcHJpdmFjeQ==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vdGVybXMtb2YtdXNl
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc2l0ZW1hcA==



https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vcGF5LWJpbGw=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc2NoZWR1bGU=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vY3VzdG9tZXItc3VwcG9ydA==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc2VydmljZS1hbGVydHM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20v
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vcmVzaWRlbnRz
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYnVzaW5lc3Nlcw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vZW52aXJvbm1lbnRhbC1zb2x1dGlvbnM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc3VzdGFpbmFiaWxpdHk=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYWJvdXQtdXM=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vc2VhcmNo
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vYWNjb3VudC9sb2dpbg==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20v
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cucmVwdWJsaWNzZXJ2aWNlcy5jb20vY3VzdG9tZXItc3VwcG9ydC9mYWNpbGl0aWVz
https://getfireshot.com/pdf_dGVsOjgwMC41OTAuNTIyMA==
https://getfireshot.com/pdf_dGVsOjgwMC4yNzQuMTUxNg==

Protect Surface Waters While Cleaning Up Your Property
After a Wildfire

This fact sheet provides homeowners with guidance for protecting water quality during wildfire cleanup by
using stormwater management techniques. Ash and debris generated from wildfires can be harmful to our
rivers and streams. When rainwater carries sediment and debris from burned areas it also transports pollutants
to our surface waters. Many of these pollutants can be toxic to humans and aquatic life.

Cleaning up the ash

When cleaning up ash, be sure to use the appropriate safety measures. Visit the Oregon Department of
Environmental Quality’s How to Safely Clean Up Ash and Debris From Burned Buildings page for more
information about safely cleaning up ash and debris. Never hose ash into streets or storm drains. Instead,
direct wash water to vegetated areas or other areas of your yard where the lawn or plants help filter the ash out
of the water as it soaks into the ground. Clean out accumulated debris in storm drains and stormwater
conveyance ditches on your property to prevent flooding.

Stabilizing your site

Control the perimeter: Place straw wattles, long tubes of straw often available at local hardware stores,
around burned structures or vehicles to contain debris and filter runoff. Wattles can also be placed at the top of
streambanks or around storm drains on your property. If you don’'t have access to wattles, you can use fallen
branches, small berms like the photo to the right, or check dams to contain debris.

Preserve existing vegetation: Preserving the existing vegetation on
a burned site is typically the best preventative measure for erosion
and the least expensive. Vegetation prevents soil from eroding and
carrying ash and debris with it. When possible, leave vegetation in
place and prevent equipment from driving over it.

Stabilize entry and exit points: Protect areas where vehicles and
heavy equipment travel into and off of the property. Use paved
access points if they are available, or place gravel on entry and exit
points.

Compost berm to stabilize site.
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Install soil stabilization measures: For larger areas of exposed
soil, apply a layer of weed-free straw. The straw will reduce the
impact of raindrops on soil particles and will prevent erosion. For
hillsides and slopes, erosion fabric and wattles are effective for
preventing transport of sediment.

Vegetate for long-term stabilization: Reseed areas where it is
appropriate, and plant larger shrubs and trees for additional soil
stabilization from plant roots.

Manage household hazardous waste: Burned structures can
leave behind contaminants. Visit DEQ’s How to Safely Clean Up
Ash and Debris From Burned Buildings page for more information
about how to manage household hazardous waste in ash and fire
debris.

For more information

Graveled site entrance.

There are partners and resources available assist homeowners after wildfire. The following partners, programs

and resources may be especially relevant:

e DEQ’s basin coordinators for questions on water quality impacts.

Oregon Department of Forestry - Help after a wildfire.

¢ County soil and water conservation districts, Oregon State University Extension Service and local
watershed councils can often provide technical assistance and link landowners with funding resources.
¢ Oregon Department of Emergency Management — Wildfire Response and Recovery website.

Non-discrimination statement

DEQ does not discriminate on the basis of race, color, national origin, disability, age, sex, religion, sexual
orientation, gender identity, or marital status in the administration of its programs and activities. Visit DEQ’s

Civil Rights and Environmental Justice page.

700 NE Multnomah Street, Suite 600, Portland, Oregon 97232
Phone: 503-229-5696, Toll-Free in Oregon: 800-452-4011
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To: landfillappeals@bentoncountyor.gov

Subject: Oppose/Deny LU-24-027 - Disaster Debris Impacts
Dear Benton County Commissioners Wyse, Malone and Shepherd,
Submitted by:

Carol McClelland Fields — 37326 Soap Creek Road

PhD in Industrial/Organizational Psychology.

Co-Chair of Soap Creek Prepared (since 2022) and Soap Creek Valley Firewise
(since 2023)

Author of five published books

10-year resident living less than 5 miles from Coffin Butte Landfill, which was less
than 1/2 the size it is now when we moved here.

I have smelled the landfill stench INSIDE my house several times in 2025

Health challenges exacerbated by landfill toxins and PFAS

Avid observer of nature and impacts on the environment

| am writing because we strongly oppose any expansion of the Coffin Butte landfill and urge
you to uphold your Planning Commission’s unanimous denial of LU-24-027, Republic
Services’ application to expand the Coffin Butte Landfill. The Planning Commission

carefully considered all evidence provided by the applicant, as well as considerable
testimony, and concluded unanimously that the application did not meet the required
Burden of Proof.

SHORT SUMMARY

On March 31, 2025, 60 Minutes (CBS) aired: California wildfires left behind 9 billion
pounds of toxic ash and debris after the devastating wildfires that ravaged cities in Los
Angeles, California in January 2025. Watch here:
https://www.youtube.com/watch?v=iYFksPCL-I8

Here’s what happens after a wildfire:

e First Priority: Remove hazardous waste, electric car batteries, power wall chargers,
or any other batteries. These materials cannot be recycled; they must go to hazardous
material landfills. Even after a fire is out, lithium batteries can explode or reignite
because they are unstable. Teams must dismantle and neutralize hazardous materials
before moving them.

o Republic Services has stated that Coffin Butte Landfill takes hazardous disaster
debris from wildfires.




o Republic Services’ own Environmental Services Map does NOT list Coffin Butte

Landfill as an Environmental Services Facility.

Second Priority: Remove all toxic ash, debris, and the top six inches of
contaminated soil and transport it to dry-climate landfills. In LA, this amounted to 9
Billion (yes, that’s a B) pounds of toxic ash and debris were removed and taken to 17
landfills and recycling centers in various dry-climate landfills throughout the
southwest.

o Given our wet climate, adding more hazardous disaster debris into the Coffin Butte
Landfill Expansion will generate even MORE toxic, PFAS-laced leachate than the
current landfill.

o Given that the detrimental impacts of PFAS chemicals are cumulative, this
means human bodies, wildlife, and the environment will carry increasing levels of
PFAS in their systems.

Third Question: Homes that Didn’t Burn. 10,000 homes didn’t burn to the ground
during the LA Wildfires, but indoor air quality within these homes remains incredibly
toxic. Because home-owners haven’t suffered a “physical loss,” insurance co. may not
cover clean-up or losses.

If a large fire originates on Coffin Butte Landfill Expansion or is sparked by flying
embers from a nearby fire:

The toxic nature of a burning landfill (smoke, ash, soot, particulate matter, gases,
and chemicals), would negatively impact the entire region — where the fire burned
and downwind of the fire. (Think about how far we were from the 2020 fires that
turned out skies red for weeks.)

Even if your home survives the fire, the ash, chemicals, and soot penetrating the
buildings through cracks around windows and doors make your home

unlivable. Furthermore, it is toxic and dangerous to continue to live in the region. A
2023 EPA study found that emission factors for some toxic compounds were more than
1,000 times higher in urban wildfires than in fires that burned in woodland

areas. Ensuing health challenges range from: headaches, dizziness, and cognitive
trouble to reproductive, kidney, respiratory problems, cardiovascular problems, and
cancer.

The proposed use seriously interferes with uses on adjacent property, with the character
of the area, or with the purpose of the zone [Benton County Code 53.215 (1)]

The proposed use imposes an undue burden on any public improvements, facilities,
utilities or services available to the area [Benton County Code 53.215 (2)]



FULL DESCRIPTION OF FINDINGS

| want to draw your attention to a recent segment that was broadcast on 60 Minutes (CBS)
on March 31, 2025: California wildfires left behind 9 billion pounds of toxic ash and

debris. (Resource 1: https://www.youtube.com/watch?v=iYFksPCL-18 - For copyright reasons, | have no
other way to share this 60 Minutes episode. | did include a screenshot of the page.)

You are likely aware of the devastating wildfires that ravaged neighborhoods and cities in
Los Angeles, California in January 2025. Watching this short 15-minute segment raised my
awareness of what happens after wildfires:

Debris Removal Phase 1 - Removing hazardous waste, electric car batteries,
power wall chargers, or any other battery. Even after afire, lithium batteries can
explode or reignite because they are unstable. It takes six people up to two hours to
remove six drums of cells from each battery, then the cells go into a saltwater bath
for three days, and finally they are steamrolled to make sure they can no longer
function. This material can’t be recycled, it must go to hazardous material
landfills.

Debris Removal Phase 2 - Removing the rest of the debris —in this case, 9 Billion
(yes, that’s a B) pounds of toxic ash and debris from the 2025 LA Fires —and
depositing the debris in 17 landfills and recycling center in various dry-climate
landfills throughout the southwest. In addition, they scraped 6 inches of
contaminated soil throughout the region. (The current “rule” is that anything
deeperthan 6 inches is said to be due to prior contamination.)

Devastating Limbo for Homes that Didn’t Burn - 10,000 homes didn’t burn to the
ground during the LA Wildfires, which might sound like cause for celebration until
you learn that these homes are filled with soot, ash, and toxins, asbestos,
exploded batteries, insulation, lead levels, arsenic, and debris. The indoor air
quality within these homes is incredibly toxic. There is a film of toxic dust
throughout every home and smell the toxicity. Can these homes be cleaned to the
point of being livable? Or are they total losses. Unfortunately, this is new territory
and because they haven’t suffered a “physical loss,” the clean-up and their losses
may not be covered by insurance.

This information concerns me for two reasons.

1. If a large fire originates on Coffin Butte Landfill + Expansion or is sparked by
flying embers from a nearby fire, the toxic nature of a burning landfill (smoke,
ash, soot, particulate matter, gases, and chemicals), would negatively impact the



entire region — where the fire burned and downwind of the fire.

In the aftermath of a large wildfire, even if your home survives the fire, the ash,
chemicals, and soot penetrate the buildings through cracks around windows and
doors, making your home unlivable. Furthermore, it is toxic and dangerous to
continue to live in the region. Ensuing health challenges range from: headaches,
dizziness, and cognitive trouble to reproductive, kidney, respiratory problems,
cardiovascular problems, and cancer.

A 2023 study by researchers at the Environmental Protection Agency (EPA) found
that emission factors for some toxic compounds were more than 1,000 times higher
in urban wildfires than in fires that burned in woodland areas. (Resource 2:
https://academic.oup.com/pnasnexus/article/2/6/pgad186/7202258)

Excerpt from Abstract

Fires that occur in the wildland urban interface (WUI) often burn structures, vehicles,
and their contents in addition to biomass in the natural landscape. Because these fires
burn near population centers, their emissions may have a sizeable impact on public
health, necessitating a better understanding of criteria and hazardous air pollutants
emitted from these fires and how they differ from wildland fires.

Excerpt from Significance Statement

Wildfires in the wildland urban interface (WUI) burn homes and vehicles leading to
potentially greater emissions of hazardous air pollutants than from wildfires
burning only natural vegetation. The greater proximity of these wildfires to population
centers and the potentially more toxic emissions make fires in the WUI a unique
threat to public health...Our results demonstrate that WUI fires are a potential major
source of hazardous air pollutants and a better understanding of what and how much is
emitted from them is needed.

Now imagine how toxins generated from a Coffin Butte Landfill-based fire
would contribute to the impact of a local WUI fire.

Burning trash can cause long-term health problems. The toxic chemicals
released during burning include nitrogen oxides, sulfur dioxide, volatile
organic chemicals (VOCs) and polycyclic organic matter (POMs). Burning
plastic and treated wood also releases heavy metals and toxic chemicals,
such as dioxin.



Other chemicals released while burning plastic include benzo(a)pyrene
(BAP) and polyaromatic hydrocarbons (PAHs), which have both been shown
to cause cancer. If agricultural bags or containers are contaminated with
pesticides or other harmful substances, those will also be released into the

air. (Resource 3: https://dnr.wisconsin.gov/topic/OpenBurning/Impacts.html)

Increasing the size of the landfill with an expansion would contribute
additional toxins to any local WUI fire.

e The proposed use_seriously interferes with uses on adjacent property, with the
character of the area, or with the purpose of the zone [Benton County Code
53.215 (1)] - A Toxic fire definitely interferes with use of adjacent property and
beyond - nearby homes, Benton County, surrounding counties; the entire
character of the area would be irrevocably changed; and Rural Residential

properties and Urban would no longer be livable.

e The proposed use imposes an undue burden on any public improvements,

facilities, utilities or services available to the area [Benton County Code 53.215
(2)]- Undue burden would especially impact fire & emergency services, health
services, mental health services, Republic Service employees, utility employees,
and residents who pay county taxes.

The Bottom Line: Expanding the landfill in such close proximity with residential
neighborhoods, agricultural lands, and forested areas, creates greater fire risk
and more likelihood that WUI fires would be catastrophic in nature.

Given wildfire debris from structures is so hazardous — asbestos, insulation,
plastics, exploded batteries, appliances, coolant fluid, polyester curtains, cleaning
products, lead, arsenic, mercury, cadmium, chromium and a variety of other
dangerous PFAS chemicals — Why on Earth is hazardous/disaster debris coming
to Coffin Butte Landfill?

Corporate Republic Services Site lists several services under Disaster Response:
(Resource 4: https://www.republicservices.com/environmental-solutions/emergency-response-
services/disaster-response)

Disaster Debris Removal and Waste Disposal

e Flood water management and mobile treatment



e Construction and demolition (C&D) waste

e Asbestos containing material and PCBs

e Compressed gas cylinders and other volatile hazards

e Biological material and biohazardous waste

e Hazardous waste disaster cleanup

e Hazardous and non-hazardous waste transportation and disposal
e Hazmat disaster cleanup

Wildfire Hazardous Waste Response

Significant quantities of hazardous material and debris create unique challenges
for cleanup and recovery from the widespread destruction caused by a wildfire.
Our dedicated crews have supported hazardous waste disaster cleanup efforts
for dozens of wildfires, including countless major disasters over recent years.
During each event, our crews worked closely with regulators to provide
management, assessment and removal of Household Hazardous Waste (HHW),
asbestos containing material, and other hazardous debris from thousands of
sites across the Pacific Northwest and other areas of the country.

Republic Services’ Environmental Services Map does NOT list Coffin Butte
Landfill as an Environmental Services Facility.
(Resource 5: https://www.republicservices.com/facilities/environmental-solutions)

In addition, | don’t see any mention of these disaster services on the Coffin
Butte Landfill’s site.

DEQ Fact Sheet: Protect Surface Waters While Cleaning Up Your Property
(Resource 6:
https://www.oregon.gov/deqg/wildfires/Documents/wfSWHomeownersFS.pdf)

After a Wildfire: Ash and debris generated from wildfires can be harmful to
our rivers and streams. When rainwater carries sediment and debris from
burned areas it also transports pollutants to our surface waters. Many of these
pollutants can be toxic to humans and aquatic life. Water seeping through
hazardous disaster debris would amplify these effects.

Under their Corporate PFAS Solutions Services, Republic Services describes their
Long-Term Secure Disposal Options are RS’ landfills in Grand View, ldaho, and
Beatty, Nevada, that have special design and construction “with the added natural
protection of being in arid locations with very little rain and low humidity.”



(Resource 7: https://www.republicservices.com/environmental-
solutions/treatment-disposal/pfas-solutions)

The pollutants from disaster debris are toxic to humans and water species.

The best place to put disaster debris is in an arid location. We all know this area

is not an arid location with very little rain and low humidity. Coffin Butte Landfill +
Expansion has the exact opposite description — high levels of rain and humidity.

Why on Earth is the Coffin Butte location / expansion taking in hazardous

waste?

Given our wet climate, adding more dangerous disaster debris into the
Coffin Butte Landfill + Expansion will generate even MORE toxic leachate
than the current landfill already does. This toxic commodity needs to be
disposed of even though no local water treatment plant has the ability to remove
PFAS from the leachate to create non-harmful water.

Instead, the diluted leachate gets released into the Willamette River upstream
from cities that receive their drinking water from the Willamette River.

Given that the detrimental impacts of PFAS chemicals are cumulative, this
means human bodies, wildlife, and the environment will have increasing levels
of PFAS in their systems.

Republic Services may be “getting rid” of a noxious problem, but at what cost to
the people, wildlife, and ecosystems downstream?

The proposed use does seriously interfere with uses on adjacent property, with
the character of the area, or with the purpose of the zone [Benton County Code
53.215 (1)] - Additional leachate that is even more toxic than the “regular landfill

leachate” impact adjacent properties and beyond - local wells, water intakes
along the Willamette River; if our waterways become polluted due to the extra
toxic leachate and the regular toxic leachate, the character of our area and the
state of Oregon would be compromised. Imagine the public relations nightmare
if people along the Willamette River have health impacts from leachate
chemicals in their drinking water. What kind of reputation will Corvallis and
Benton County have then?



e The proposed use does impose an undue burden on any public improvements,
facilities, utilities or services available to the area [Benton County Code 53.215
(2)] - Extra toxic leachate from disaster debris + additional leachate from the
expansion would impose an undue burden on health services, agriculture, and
residents throughout the Willamette Valley.

The Bottom Line: Disaster Debris does not belong in a landfill in a wet climate.
Republic Services built state-of-the-art landfills in dry climates for this very reason!

Please reject LU-24-027. Thank you for your consideration and for protecting the health
and future of Benton County.

Sincerely,
Carol McClelland Fields
Corvallis, OR 97330
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