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Abstract

Wildland-urban interface fires are becoming more frequent, and their impacts on
adjacent urban centers are rising. In January 2025, the Eaton and Palisades fires
burned over 18,000 structures and 15,000 hectares of urban and wild lands and
blanketed parts of Southern California, USA in smoke and dust. Here we combine
hourly and multi-hour metals, particulate matter, and gas data from two sites with
meteorological and fire spatial extent data and several statistical methods to
understand the fire impacts on air quality. The primary receptor site, in
Huntington Park about 28 km from the Eaton fire, was intermittently directly
downwind. The smoke increased airborne lead concentrations by up to 250 times

its background, to about 0.2% of PM, s mass; arsenic, chlorine, bromine and copper
1
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were also highly elevated. Concentrations of elements associated with
resuspended soil began to rise when high winds started immediately prior to the
fire ignitions and decayed once the winds decreased. Potassium, often used as a
biomass burning tracer, was uncorrelated with smoke. It was strongly associated
with coarse particles, and its mass-normalized concentration fell within its normal
range during the fires, indicating potassium cannot be used as a fire tracer in this
context. Lead was elevated in smoke throughout the fire, thus its concentration
could not be used to determine urban versus wildland combustion within this
WUI fire event There was no clear tracer of urban vs. wildland burning in the
smoke or coarse particles. Finally, we found little evidence of fire-associated

pollution after the fires were extinguished.

Introduction

A growing body of evidence shows that wildfire smoke and dust result in
increased incidence of adverse cardiovascular, birth, developmental and mental
health outcomes'” and may be more toxic than typical urban air pollution.** While
the impacts of wildland smoke on urban air quality have been the subject of
substantial study, until recently studies of urban fires have been focused at small

scales, such as burning individual household items, a test structure, or on
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occupational exposures of firefighters.’”” In recent years, as large fires have
become more common in the ‘Wildland-Urban-Interface’ (WUI), a few studies
have begun to emerge describing the impacts of large fires that burn both
structures and wildlands.'*"™ Structure and WUI fires are likely to be even more
toxic than wildland burning, due to the addition of metals, halogens and organics

that may be less common of wildfire smoke, although many questions remain'*".

Fires produce smoke consisting of gases and combustion particles (PM,5, particles
smaller than 2.5 ym in diameter), coarse particles (PM;o.s, between 2.5 and 10 pm
in diameter), and larger ash particles. Metals reported in wildland fire smoke
include potassium (K), manganese (Mn), zinc (Zn), chromium (Cr), titanium (Ti),
and to a lesser extent, arsenic (As), lead (Pb), and copper (Cu) depending on fuel
composition, geology, and combustion phase.'>">'**' Mobilization of metals from
soil and vegetation by wildfires is well established; previous studies have
attributed calcium (Ca), aluminum (Al), iron (Fe) and silicon (Si) as tracers for

mobilized soil in wildfire ash and coarse PM across multiple landscapes.'>'"*"” K

12,20,22-25

has been considered to be a key tracer for smoke particles although some

studies have found it to have quite limited utility.*

Several studies have reported that structure fires have different elemental profiles
from wildland fires. Li et al. (2023),° investigated elemental emissions from several
watercraft and warehouse fires in Hong Kong. They found highly elevated

concentrations of Pb, Zn and Cu, in addition to Br and Cl. Significant levels of Pb,

3
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Cu, Zn and Cr were found in soil and indoor PM, s in burned areas left by the 2021
Marshall Fires in Colorado, which burned more than 1,000 structures.'**® The 2017
California wildland fire season included some of the most destructive fires ever
recorded, including the Camp Fire, which burned 63,052 hectares of land and
18,804 structures, and several other fires that burned extensive wildlands. Much
higher Pb, Zn and Ca were found in PM;; from the Camp Fire compared to the
other fires.” Boaggio et al.”” analyzed PM,s samples from several other California
WUI fires over a 13 year period and found that smoke from wildland fires
contained more magnesium (Mg), Mn, sodium (Na), and K, whereas fires that
burned more structures had elevated levels of Pb and Cu, in line with the

t.12

California Air Resources Board (CARB) repor

Because of the unique characteristics of Southern California geography, large WUI
and wildfires often start during strong wind events originating in the high deserts
to the North, a configuration that blows smoke and dust directly over Southern
California’s urbanized communities.”?®?!' The winds, known as Santa Anas,
continue offshore, but pollution plumes sometimes recirculate over the urbanized
area in subsequent onshore breezes. In January 2025, the Los Angeles area
experienced a period of intense Santa Ana winds. The winter rains, which
normally start in late fall had not yet arrived, leading to extreme fire risk. Within
about eight hours on January 7", two major fires ignited. The Eaton fire was

upwind of a large swath of Los Angeles. The Palisades fire, located on the western
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edge of the city adjacent to the Pacific Ocean, impacted the city’s air quality less
because the smoke was largely blown offshore. The fires burned 5,674 and 9,489
hectares of wildlands and 10,488 and 7,810 and structures respectively, and several

smaller or more distant fires also ignited in this period.

In 2022, the South Coast Air Quality Management District (AQMD) installed an
instrument to monitor hourly elements in PM,, in Huntington Park, about 28 km
south-southwest of the Eaton fire. This site is in an industrialized area expected to
have a relatively high urban ‘background’ of heavy metals and other pollutants.
The site also has a suite of instruments to characterize particulate matter mass,
black carbon, several gases, and meteorology. This station was often in the plume

of the Eaton fire or received recirculated air from the Eaton and Palisades fires.

Here we combine the hourly element data with several other data types and
models, including meteorological data, the Hybrid Single-particle Lagrangian
Integrated Trajectory model (HYSPLIT),*** elements from filters collected at the
University of California, Los Angeles (UCLA), and analysis of burn area and the
proportion of urban vs wildland burned as the fires progressed. We use positive
matrix factorization and other statistical tools to separate smoke from larger
particles. We investigate the degree to which elements were elevated compared to
typical urban conditions, the degree to which the smoke and dust impacted the air

quality in the area after burning ceased and the evidence that K is a useful tracer
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for urban or wildland fire emissions. We also look for separate signatures of urban

vs. wildland fires.

Materials and Methods

2.1 Fire Characteristics

We determined the fire burned area of the Palisades and Eaton fires and estimated
the fraction of urban vs wildland fuel using twice daily, 375m resolution fire
detections from the Visible Infrared Imaging Radiometer Suite (VIIRS)
instruments on the NOAA-20, NOAA-21, and S-NPP satellites (NASA FIRMS)*
using previously developed methods.** VIIRS fire detections are hot-spot-based.
For each satellite overpass time, detections are aggregated into clusters of circular
polygons with diameters of 375 meters. Landcover data is based on the 40-class
Scott and Burgan fuel model, which tracks urban/developed land as a fuel class.”
These data are available from LANDFIRE at 30m resolution. Total and urban fire
areas were computed as the product of the per-pixel (900m?®) area with the total
number of LANDFIRE and LANDFIRE urban pixels, respectively intersecting the

polygon. Burned area and percentages were computed on a per-satellite overpass

basis and averaged to hourly resolution.
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2.2 Huntington Park AQMD Site Data

Several pollutants and meteorological data were retrieved from the AQMD site in
the community of Huntington Park, CA. This site measures hourly PM,, elements
(ng/m®) (XAFS Sailbri Cooper Inc. Oregon, CA), BC (AE33, Aerosol USA Corp.),
PM,5 and PM,, (T640 Teledyne API); UFP (Environmental Particle Counter 3783,
TSI); HoS and CH, (G2204, Picarro); NO, NO,, and NOy (T200, Teledyne) on an
hourly basis. Elements with averages greater than three times the uncertainty in a
particular time period were included in our analysis; others were excluded (see SI

Section S1.1, Tab. S1).

2.3 UCLA Sample Collection and Analysis

In addition to the AQMD dataset we collected six PM,s sample filters on acid
washed 47 mm Teflon filters (Cytiva) and a cyclone separator (URG-2000-30E-42-
2.5, URG) at 92 LPM. The field blank was handled the same way as samples except
air was pulled through it for only 30 seconds. Filters were weighed in a
temperature and humidity controlled room before and after sampling using a
microbalance (Sartorius ME-5). Prior to chemical measurements, filters were
analyzed for black and brown carbon using an optical transmissometer (OT-21,
Magee Scientific, Portland, USA) at 370 and 880 nm. A detailed description of data
processing and loading correction can be found in Kuang et al., (2017).*® Total

concentrations for 26 elements were determined using Sector Field Inductively
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Coupled Plasma Mass Spectrometry (Thermo-Finnigan Element XR; see section

S1.2 for list of elements).”

24 Local wind speed and direction data near the burn areas and back

trajectories.

We used wind data from Huntington Park, and Eaton Canyon (SE215) [34.175, -
118.095], and Rubio Canyon (SE139) [34.200, -118.123] sites to characterize the
wind speed near the Eaton fire ignition site.” The latter two sites are 1.33 and 1.88
km from the ignition site of the Eaton fire, respectively (SI Fig. S1). SI Figure S2
shows Santa Ana wind periods which are consistent with the U.S. Forest Service

Santa Ana Wind Threat Index and red flag warning dashboard.*

Five hour air mass back trajectories were calculated with the NOAA Hybrid Single
Particle Lagrangian Integrated Trajectory (HYSPLIT) model for both the AQMD
and UCLA receptor sites to confirm that sampled air masses passed through the
active burn area.”*® The NOAA High-Resolution Rapid Refresh (HRRR) 3-km
resolution archived data was chosen for its high resolution. To avoid surface

effects that can influence the model, the starting elevation was set to 250m.
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2.5 Statistical analyses

To analyze the AQMD dataset we used the Spearman rank correlations (r;) using
the scipy.stats package in python and the U.S. EPA Positive Matrix Factorization
(EPA PMF 5.0) model.** The EPA PMF model was run with a minimum of 100
hourly measurements in line with the recommended minimum sample size. For a
detailed description of PMF input parameters and quality checks see SI Section

S1.3.

Results and Discussion

3.1 Locations and Fire Progression

Figure 1a shows the locations of the Eaton [34.203, -118.088] (yellow) and Palisades
[34.070, -118.544] (red) ignition sites, along with the two receptor sites for this
study — Huntington Park [33.980, -118.217] (blue/purple) and UCLA [34.069, -
118.445] (blue/gold) — and the smoke plumes on January 10, 2025. Figure 1b shows
new burned areas and the proportion of urban lands burned compared to the total

burn area as a function of time for the Eaton fire. SI Figure S3 shows a similar plot
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for the Palisades fire. Most structures were consumed in the first two days of both
fires peaking at ~50% burn area contribution. However, since fuel loading in urban
areas is estimated to be larger than for vegetation areas, urban fire is estimated to
contribute more than 50% of the fuel in the earlier period.* While urban fire made
up a small fraction of the new burned area by the morning of January 9 and later,
fuel consumed contributions by urban vs vegetation depend highly on the
assumed duration of combustion (which is uncertain) with urban fire still having

the potential to contribute a large fraction for longer durations.*

3.2 Metal concentrations during the wildfires

3.2.1 Huntington Park Site

Table 1 shows the time periods associated with each of the analyses below. From
the data prior to the fire, we selected the closest match to the post-fire period
(January 13 - 28, 2025) based on wind speed and direction, and avoiding major
holidays. During these periods winds were predominantly south/southwesterly,
from the coast (SI Fig. S4). While wind characteristics for our control period are
similar, it does not necessarily match other meteorological variables that impact

plume dilution, such as boundary layer height.

During the fires, the Huntington Park data show distinct patterns for fine smoke
(PM,5) and coarse (PM.,5) particles (Fig. 2), with mass concentrations peaking at

as much as 20 times their respective urban backgrounds observed in late

10
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November-early December. PM,;shas four distinct high peaks between Jan. 7 - 11,
while the coarse mode has only one high peak, followed by a few smaller peaks.
The Huntington Park site was in the Eaton fire plume for at least part of each day
from January 7 — 9 (SI Fig. S5). On the 10", back trajectories included the near-
coastal area expected to contain lingering smoke from both the Eaton and

Palisades fires.

Figure 2 also shows time series for Pb, As, chlorine (Cl), Ca, Ti, Fe and K. Like
PM,;, Pb, Cl and As also have four peaks (Fig. 2), as do bromine (Br), sulfur (S), Cu,
Zn and BC (SI Figs. S6-59). Pb, Cl and As exceeded their average urban
background concentrations by about 250, 30 and about 20 times, respectively (SI
Fig. 57-58). The Pb content in the particles (e.g., its mass-normalized concentration)
was also highly elevated (Fig. 2k), approaching 2% of PM,s mass, a factor of 10
higher than its background. While a handful of other elements (Ca, Al, Si, K,
rubidium (Rb) and Zn) had mass-normalized concentrations that exceeded their
respective backgrounds during the fires, these elements exhibited many other

peaks that were the same or larger at other non-fire times (SI Figs S10-512).

In contrast to PM,s, the coarse particles started to increase several hours before
ignition of the Eaton fire, coincident with the onset of strong Santa Ana winds, and
they increased further shortly after ignition (Fig. 2). PM,,, Ca, Ti, Fe and K (Fig. 2),

Al, Si, Cr, Mn, nickel (Ni), strontium (Sr), and barium (Ba) (SI Figs. S8and S9) all

11
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have similar time series. Peak concentrations for Ca and K were about 30 times and

Ti and Fe about 15 times their background levels.

3.2.2 UCLA PM2.5

We collected six PM;; filter samples plus a blank on the roof of the Mathematical
Science Building (32m above ground level) at UCLA, from January 7 — 14, 2025.
Filters were analyzed for mass, black and brown carbon and total concentrations of
26 elements. Four filters (#2-5) were partially impacted by the fires based on back
trajectories (SI Fig. 513) and chemical composition, and all except #2 was collected
after the fire fronts had moved primarily to wildlands (Figs 1, SIS3 and S13). Filter
#2 was partially downwind of the small Sunset fire [34.110, -188.353], which
burned vegetation surrounded by urbanized areas; all were likely impacted by one
or both of the Eaton and Palisades fires. At the UCLA site highly elevated (by more
than a factor of 10) volume-normalized concentrations of Pb, Zn, Cu, As, Ni, BC, S,
and tin (Sn) were observed in the fire-impacted samples #2-4, especially on January
9™ (Filter #3, Fig. 3). K, Ba, phosphorous (P), zirconium (Zr) and Cr were elevated

by less than a factor of 10.

The only elements that had appreciably elevated mass-normalized concentrations
in the fire-impacted samples were Pb and Cu; Pb was about 0.6% of PM; at its

peak, exceeding Al and Fe. In contrast, Al, Fe, Ca, Mg, Ti, Mn, Ba, Sr, vanadium
12
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(V), Zn and Cr each contributed markedly less to PM,s mass during the fires than
to the samples with little or no fire impact. BC, K, S, Sn, As and Ni were fairly
constant across all samples. Filter #5 appears to be more like the non-fire samples;
it is unclear if that is because it is mostly typical urban PM; s or another reason,
such as smoke originating from areas far from the urban edge. This indicates that
while fire emissions overwhelmed urban sources of particulate pollution, the fire-
related PM, s particles were comprised of smaller amounts of many elements but
higher amounts of a few metals: Pb, Cu and to a lesser degree, Zn compared to

non-fire particles.

3.3 Source apportionment for the Huntington Park site

The background periods (Tab. 1) were best fit with 3-factor solutions: a mixed
marine source and two urban sources (SI Fig. 14). Note that our ‘sources’” derived
from PMF in different periods and named the same way are similar, but not
identical. The Huntington Park site is about 20 km from the coast and winds are
predominantly onshore. The mixed marine source has high loadings of Cl, Br, and
S and PM,s and 10 - 25% of many other elements, including about 15% of the K.
The urban dust factor has 60 — 80% of the Si, K, Ca, Ti, Mn, and Fe, along with NO
H,S, As, and Sr, and 20 — 30% of Cr and Pb. The second urban factor has high
loadings of NO, BC, Pb, and Cr. Br, Cu, and Zn, elements associated with brake

and tire wear® are fairly evenly split between these two factors.
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During the fire (January 7 —11), data were best resolved with a four-factor solution
(Fig. 4). The ‘smoke’ factor is characterized by high loadings of Cl, Pb, Br, Zn, As,
Cu, BC and PM,5 and agrees with earlier structure fire smoke measurements.”'**
Pb, As, and Cu have been associated with emissions from burning common
building materials such as copper wiring and piping, pressure-treated wood and
lead-based paint, and persist in the urban environment over decades.”™>*
Halogens in PM,s have been linked to burning plastics, including polyvinyl
chloride (PVC), and brominated flame retardants, which are widely used in
construction, household goods, and insulation.” The smoke factor has four distinct
peaks (Fig. 4e) closely matching the smoke-associated elements (Fig. 2), and
includes about 17% of the K. Contributions from this factor were minimal after
midday, January 10. The fire-crustal factor contains ~70% of the elements Si, Ca,
Ti, Fe, Sr, K and PM.,s. This factor is dominant during the initial phase of the fire
coincident with the high wind period (Figs 2 and 4), after which it decays away.
The remaining two profiles are similar to the mixed urban profiles observed before

the fires (SI Fig. S14), although one of them contains more S and Cl than the urban

factors in the pre-fire period, suggesting marine influence in this factor.

The period immediately after the fire, from January 12 — 18 was best fit with a four-
factor solution (SI Fig. S15). This solution splits the crustal elements, with one
factor containing 75% of the Pb, 45-60% of the K, Ca, Ti, Ca, Ti, Mn, Sr, around 30%

of the Cu, As, Ba and Zn. The other crustal factor contains zero Pb and 20-40% of

14



57

58
282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

59

60

most all other elements except S, Cl and Br. The other two factors are similar to the
mixed transportation and mixed marine factors observed during the background
period. PM concentrations were much lower than during the fire and in the normal
range (SI Fig. S6), but Pb moved from being strongly associated with the mixed
transportation factor before the fires (and the smoke factor during the fires) to the

crustal factor (SI Figs. S15-520).

The next post-fire periods (January 19 — 23 and 24 — 28) were best fit with three-
factor profiles (SI Figs. S16-517) that are similar to the pre-fire period. However, Pb
remains primarily associated with the crustal-dominated factor rather than the
mixed transportation factor prior to the fires. This pattern persists at least through
late February, the last time we were able to investigate (Fig. S18-20). This could
potentially be due to resuspension of lead-enriched smoke particles deposited on
the soil. During this period however, in absolute terms, the airborne Pb
concentration was lower than in the fall prior to the fires and often below the limit

of detection (SI Tab. S2, Fig. S9).

3.4 Correlation Analyses for Smoke Peaks and other Shorter Periods

To explore shorter duration events, we calculated Spearman’s r correlation heat
maps (Tab. 1, Fig. 5, SI Figs. 521-28). During the background period most elements
as well as BC, methane and NO, were strongly correlated with PM;;.5 and in most

cases, with one another (SI Fig. S21). In contrast, the elements associated with

15
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mixed marine PMF factor, S, Cl, and Br, correlate with PM,s. All other pollutants

except PM;o.5 have insignificant or weakly negative correlations with PMs.

Strong winds, a proximate cause of the massive fires, began about 9 hours before
the Eaton Fire ignited. HYSPLIT back trajectories (SI Fig. S5) for this period
confirm direct transport from the Eaton Fire area to Huntington Park, although
pollutants may also originate from other areas along the trajectory. During this
period, correlations between the crustal elements Al, Si, Ca, Ti, Mn, Fe, K and Sr
and PM,., 5 tightened (r >0.96) (SI Fig S22). Because of the distance from the fire to
Huntington Park, substantial amounts of PM;.,5 from the fires might be expected
to reach the site during high winds present at the beginning stages of the fires

when transport times were under a few hours, but less so later.

SI Figures S23 — 525 show the correlation heat maps for smoke peaks 1, 3, 4, and the
last days of the Eaton and Palisades fires, respectively. During peak 1, winds,
PMi.5 and PM,5 were both high and correlated, so essentially all elements are
correlated with one another. During peaks 3 and 4 burning was primarily in
wildland areas and back trajectories were partially from a fire area (SI Fig. S5).
PM, 5 was more elevated than PM;,»5 and winds were low, so the latter likely had
more contributions from local sources. These peaks are less distinct but mostly
separate PM,s and PM;.5 clusters compared to smoke peak 2 (see Fig. 5). The
crustal elements are less tightly correlated; K correlates with PM,;5 in peak 3 and

with PMg,5 in peak 4 (SI Fig. S25). Comparing the four smoke peaks, the first two
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of which took place when a large fraction of the burning was in urban areas and the
last two in wildlands does not reveal a clear chemical signature of wildland vs.

urban burning.

Figure 5 shows the correlation heat map for smoke peak 2 from 9:00 — 18:00,
January 8, when the ratio of urban to wildland area burned was highest (Fig. 1b).
At this time, PM;o.,5 and PM,; were negatively correlated, allowing the smoke and
coarse particles to be cleanly separated. The smoke components, PM,s, Cl, Br, S,
Pb, Cu, Zn, As, BC are all tightly correlated. UFP are correlated with the crustal
elements, but also with methane and NO,; because the fires were 28 km from the
site and UFP coagulate rapidly, elevated UFP from the fires are not expected. Al,
Si, Ca, Ti, Mn, Fe and Sr and PM,., 5 correlate with one another (0.88<r<0.99) more
tightly than during the non-fire reference period (0.73<r<0.94). This is consistent
with several studies that report enhanced dust emissions in wildfire plumes,®*'
although especially because winds had died down there was likely less
contribution of the fires to PM;o.5. However, similar to in the UCLA PM, s samples,
the (mass-normalized) PM;.,5 content of several elements, including Cr, Ni, Ba, S
and Se drop during the fires, and K and Cl have many higher peak concentrations
during non-fire periods (SI Figs. 511, S12, Tab. S2), suggesting higher content of

these elements in particles from local soil and industrial sources than from the

fires.

17



69

70
343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361
71

72

For the last days of the fires (Jan. 10-12) and during the post-fire periods the
correlation matrices (SI Figs 526-28) are similar to Nov.-Dec. pre-fire period (SI Fig.
S21): most pollutants correlate with one another and there is a more or less clear

marine-related cluster.

Discussion

4.1 Potassium as a marker for fire emissions

The elemental data collected at both the UCLA and Huntington Park sites are not
consistent with the idea that K is a useful indicator of either structure or wildland
burning for either PM,s or PM,.,5 particles in the Los Angeles area. During the
fires, the PMF analysis places 63% of the K with the coarse particles and divides the
remaining K fairly evenly among the smoke and urban factors. The K content in
the particles rose and was tightly correlated with crustal elements and PM;g.,5
during the high wind period before the Eaton fire ignited (Figs. 2, 4, SI Fig. 522). It
continued to cluster primarily with crustal elements throughout the fire period
except briefly during smoke peak 3 (Fig. 5, SI Figs. 523 — S25). Further, there were

several other non-fire periods in the fall and spring during which particles had
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higher K content (SI Fig. S11). At the UCLA site, the mass-normalized PM,5 K
concentration was largely unchanged for fire and non-fire samples (Fig. 3).
Potassium hovers around 1-2% of both PMy, and PM;; at the two sites (Fig. 3, SI
Figs. S11 and S14). Rodenas et al.¥ reported 1 — 7% K content in particles from a
biomass burning in a laboratory setting; in the absence of fires, K content in the
particles at the two sites already falls within this range. Taken together our results

suggest that while the burning particles do contain significant K—unlike many

crustal elements, K does not decline in the UCLA smoke PM,; samples—, the
enhancement is not enough for the element to be a useful burning tracer in this

area, in line with the result found for the area around Beijing.***

4.2 Persistence of fire-related particulate pollution after the fires were

extinguished

In the absolute concentration data (SI Tab. S2), there is no evidence that PM
concentrations nor fire-related elements were elevated after the fires. PM
concentrations were not elevated outside their normal ranges even during the first
few days after the fires (SI Fig. S6). Pb, the element most elevated compared to non-
fire periods, had lower average concentrations in the spring following the fires
than it did in the fall prior. The PMF analysis did however move Pb to be
associated with the PM;o,5 and the crustal elements rather than the mixed

transportation source, a pattern that persisted at least into February (SI Figs S18-
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20). This may suggest resuspension of lead-enriched PM, s particles that deposited
on the soil." However, this crustal factor contributes little to PM mass (less than
2%), with the exception of a few brief spikes. Thereafter, the contribution returns to
background levels (SI Figs. S14 -S20). Further, because resuspension of deposited
particles would not cease when active burning stopped, the lack of elevated PM
and fire-related elements after the fires (SI Tab. S2; SI Fig. S6) is inconsistent with

resuspension as a major contributor to element levels during the fire in our data.

Several previous WUI fire observations have found elevated structure-related
elements such as Cu, Pb, Sn, Sb, As, Zn and Cr in ash and dust in near-fire zones.*
1545 For example after the 2021 Marshall fire, where sampled dust in smoke
impacted homes carried elevated metals such as Pb, Cu, Cr, and Zn that persisted
indoors for weeks and were resuspended by household activities like vacuuming
and running the fan."*® However, most resuspended particulate matter mass is in
a size range that would not be expected to travel long distances and impact
communities 10s of kms away. Taken together with the observation that the coarse
PM crustal elements were only high during high wind periods, these patterns
indicate that fire-related pollution did not persist appreciably in the broader Los
Angeles area after the fires and that the enrichments we report primarily reflect

active burning.

4.3 Comparison with Air Quality Standards
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The US Environmental Protection Agency National Ambient Air Quality Standard
(NAAQS,) for Pb is 150 ng/m?3 in total suspended particles, as a rolling three-month
average.” The US also has occupational exposure limits, but they are much higher.
At the Huntington Park site, PM,, Pb averaged about 2.1 ng/m3 during the pre-fire
baseline (Nov 27-Dec 11, 2024), then rose to about 108 ng/m? during the active fire
period (Jan 7-12, 2025). Over a 3 month period from January to March 2025, the
average was about 10.2 ng/m?3, well below the NAAQS, although these are PM;-

based measurements rather than the TSP basis on which the NAAQS is defined.

4.4 Comparison with other WUI fires

Data for elements in smoke from WUI fires is very limited. The most relevant
smoke study is of the Camp Fire, a large fire in Northern California. This fire, like
the combined Eaton and Palisades fires consumed about 18,000 structures, but
about 10 times as much wildland. Boaggio et al."” reported that Pb concentrations
on days impacted by smoke from the Camp fire were more than 40 times higher
than background at a monitoring station roughly 200 km away.'> Our data show
Pb concentrations at its height reaching above 250 times the background; over the
entire fire period it averaged 65 times higher (Fig. 2, SI Fig. S9). Larger enrichment
is expected for the closer proximity of our receptor sites (20 — 40 km), but other

factors may also play roles, particularly the makeup of the structures and the local
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geology. Boaggio et al.”” also observed consistently elevated Cu, Mn and As in
smoke from WUI fires, but did not indicate by how much. Cu and As are also
associated with smoke in our samples, but Mn is associated with the coarse mode

particles (SI Fig. S8-9).

Kelly et al.” measured elements in smoke 7 — 30 km offshore from the 2017 Thomas
fire which burned about 1060 structures and 114,000 hectares of land in coastal
southern California north of Los Angeles. While this has been considered a WUI
fire, the ratio of structures to wildland area burned is small compared to the Los
Angeles fires; further, measurements were performed on day 10 of the fire, when
primarily wild lands were burning. Both their volume and mass-normalized metal
concentrations were at the low end or below the ranges of the annual averages for
the Huntington Park site and the non-fire samples at UCLA, but well above

reference values over the Pacific Ocean.?

Boaggio et al."? suggested the ratio of (Pb + Cu)/K ratio as an indicator of structure
fire burning. This ratio is shown in SI Figs. 529 and S30 for the UCLA and AQMD
Huntington Park datasets, which ranged from 0.02 - 0.35 (six samples) and 0.02 -
0.46 (Jan 1 - Mar 30, 2025), respectively. The peak values exceeded the maximum
Camp Fire value of 0.11."* The highest UCLA values occurred between January 8
and 10, at the height of structure burning (Figs. 1b, 3d, 3e, SI S3). This ratio was also
high during the fires at the Huntington Park site. However, in the three month

dataset there were multiple other peaks that were similar or higher than the peak
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fire values. While this ratio may have utility as an indicator of WUI fire smoke, it

should be used with caution.

4.5 Markers of urban vs. wildland fires

Many elements expected to be enhanced in urban fire smoke are clearly evident,
including Pb, As, Cu, Zn, Cl, and Br in the initial smoke peaks when urban burning
was high (Fig. 2). Yet once the newly active urban burn area became low, these
elements remained high in the smoke, with only slightly weaker cross-correlations
(SI Figs. S24-525). The Pb content of the particles when only about 10% of the
burning area was urban (smoke peak 4) was essentially the same as when about
50% of the burning area was urban (smoke peaks 1 and 2, Fig. 2k). If Pb originated
solely from burning structures, its mass-normalized concentration should have
declined as the burned area shifted toward vegetation; instead, it persisted,

indicating that Pb does not cleanly distinguish urban from wildland burning.

Several explanations are possible, including the persistence of high-Pb particles in
the air from earlier days of the fires, the potential for long combustion times in
urban fires (see Section 3.1), and the accumulation of Pb in (burning) soils adjacent
to the urban area. Pb emission factors from natural fuels are generally low,” but
prior work has reported elevated soil Pb in urban areas including the Los Angeles
area, attributed to legacy leaded gasoline, lead-based paint, and industrial

emissions,” however it is not clear how far into the surrounding wildlands this
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contamination reaches. Lead and related elements are clearly indicative of a WUI
fire, however within a single fire event these elements do not support

differentiation of structure vs. wildland burning.

Conclusions

In this study we investigate the composition of smoke transported tens of
kilometers from the large WUI fires that took place in 2025 in the Los Angeles
California area. We found elements associated with resuspended soils were
elevated prior to fire ignition, coincident with high winds, and then decayed as

winds subsided. Potassium, commonly used as a biomass burning tracer, was

uncorrelated with smoke PM; s particles and was instead associated with coarse
particles, indicating that K is not a reliable fire tracer in this geographical context.
Lead and several other elements were highly elevated in the smoke and remained
high even after the burning transitioned from urban to wildland areas. Fire-
associated pollution was only detectable for approximately six days following the

event and remained at background levels in the months that followed.

The persistence of Pb concentrations even after the majority of urban burning had
occurred, the lack of an elemental signature of urban vs. wildland fires, and the
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lack of an association between potassium and smoke highlights the complexity of
WUI emissions. Better understanding of the area’s soils and their emissions as they
are pyrolyzed could help unravel the causes of both Pb and K behavior. As WUI
fires become more common and intense, our results should caution researchers
against assuming K is useful as a wildfire tracer in the Los Angeles area and
potentially other locations and reassure Angelenos that the fires have not

degraded air quality across greater Los Angeles over the long term.

Supporting Information

The supplementary information includes site locations, metal selection criteria, and wind
data; VIIRS imagery for the Palisades Fire; HYSPLIT back-trajectories for each site; mass-
and volume-normalized particulate matter, black carbon, and metals data for the full
study period at the AQMD site; background and post-fire results from positive matrix
factorization (PMF) and Spearman rank correlation analyses; a summary of
concentrations for select metals across analysis periods; and lead-to-potassium and
copper-to-potassium ratios used to identify urban burning at each site.

Acknowledgments

The authors are grateful to Dr. Payam Pakbin, Dr. Mohammad Sowlat, and others at South
Coast Air Quality Management District, Dr. Marcelo Chamecki from the UCLA
Atmospheric and Oceanic Sciences Department, and the support from a UCLA Office of
the Vice Chancellor for Research grant. We thank Christa Dahman at the Wisconsin State
Hygiene Laboratory for elemental analyses of the UCLA samples.

25



101

102

508

509
510
511
512

513

514

515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544

103

104

Author Contributions

CB, KC, LT Formal Analysis; CB, KC Investigation; CB, KC, SP, LT, PS Methodology;
KC, CB, LT Data Curation; CB, KC, LT Visualization; CB, SP, KC, LT Writing -Original
Draft; SP, CB, KC, PS Writing- Review and Editing; SP Conceptualization and Funding
Acquisition.

References

(1) Su,J. G, Aslebagh, S.; Vuong, V.; Shahriary, E.; Yakutis, E.; Sage, E.; Haile, R.;
Balmes, J.; Jerrett, M.; Barrett, M. Examining Air Pollution Exposure Dynamics
in Disadvantaged Communities through High-Resolution Mapping. Sci. Adv.
2024, 10 (32), eadm9986. https://doi.org/10.1126/sciadv.adm9986.

(2) Gould, C. F.; Heft-Neal, S.; Johnson, M.; Aguilera, J.; Burke, M.; Nadeau, K. Health
Effects of Wildfire Smoke Exposure. Annu. Rev. Med. 2024, 75 (1), 277-292.
https://doi.org/10.1146/annurev-med-052422-020909.

(3) Navarro, K. M.; Kleinman, M. T.; Mackay, C. E.; Reinhardt, T. E.; Balmes, J. R,;
Broyles, G. A.; Ottmar, R. D.; Naher, L. P.; Domitrovich, J. W. Wildland
Firefighter Smoke Exposure and Risk of Lung Cancer and Cardiovascular
Disease Mortality. Environ. Res. 2019, 173, 462-468.
https://doi.org/10.1016/j.envres.2019.03.060.

(4) Gonzalez, D. H.; Cala, C. K.; Peng, Q.; Paulson, S. E. HULIS Enhancement of
Hydroxyl Radical Formation from Fe(Il): Kinetics of Fulvic Acid-Fe(II) Complexes
in the Presence of Lung Antioxidants. Environ. Sci. Technol. 2017, 51 (13), 7676-
7685. https://doi.org/10.1021/acs.est.7b01299.

(5) Aguilera, R.; Corringham, T.; Gershunov, A.; Benmarhnia, T. Wildfire Smoke
Impacts Respiratory Health More than Fine Particles from Other Sources:
Observational Evidence from Southern California. Nat. Commun. 2021, 12 (1),
1493. https://doi.org/10.1038/s41467-021-21708-0.

(6) Lonnermark, A.; Blomqvist, P. Emissions from an Automobile Fire. Chemosphere
2006, 62 (7), 1043-1056. https://doi.org/10.1016/j.chemosphere.2005.05.002.

(7) Liu,]. C,; Pereira, G.; Uhl, S. A.; Bravo, M. A,; Bell, M. L. A Systematic Review of
the Physical Health Impacts from Non-Occupational Exposure to Wildfire
Smoke. Environ. Res. 2015, 136, 120-132.
https://doi.org/10.1016/j.envres.2014.10.015.

(8) Fent, K. W.; Evans, D. E.; Babik, K.; Striley, C.; Bertke, S.; Kerber, S.; Smith, D.;
Horn, G. P. Airborne Contaminants during Controlled Residential Fires. J.
Occup. Environ. Hyg. 2018, 15 (5), 399-412.
https://doi.org/10.1080/15459624.2018.1445260.

26



105

106

545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585

107

108

(9) Li, T.; Chen, H.; Fung, J. C. H.; Chan, D. H. L.; Yu, A. L. C;; Leung, K. K. M.; Yu, J. Z.

(10)

(11)

(12)

(13)

(14)

Large Presence of Bromine and Toxic Metals in Ambient Fine Particles from
Urban Fires. Atmos. Environ. 2023, 295, 119554.
https://doi.org/10.1016/j.atmosenv.2022.119554.

Shi, H.; Jiang, Z.; Zhao, B,; Li, Z.; Chen, Y.; Gu, Y.; Jiang, J. H.; Lee, M.; Liou, K,;
Neu, J. L.; Payne, V. H.; Su, H.; Wang, Y.; Witek, M.; Worden, J. Modeling Study
of the Air Quality Impact of Record-Breaking Southern California Wildfires in
December 2017. J. Geophys. Res. Atmos. 2019, 124 (12), 6554-6570.
https://doi.org/10.1029/2019)D030472.

Rooney, B.; Wang, Y.; Jiang, J. H.; Zhao, B.; Zeng, Z.-C,; Seinfeld, J. H. Air Quality
Impact of the Northern California Camp Fire of November 2018. Atmos. Chem.
Phys. 2020, 20 (23), 14597-14616. https://doi.org/10.5194/acp-20-14597-2020.
Boaggio, K.; LeDuc, S. D.; Rice, R. B.; Duffney, P. F.; Foley, K. M.; Holder, A. L.;
McDow, S.; Weaver, C. P. Beyond Particulate Matter Mass: Heightened Levels
of Lead and Other Pollutants Associated with Destructive Fire Events in
California. Environ. Sci. Technol. 2022, 56 (20), 14272-14283.
https://doi.org/10.1021/acs.est.2c02099.

Schug, F.; Bar-Massada, A.; Carlson, A. R.; Cox, H.; Hawbaker, T.J.; Helmers, D.;
Hostert, P.; Kaim, D.; Kasraee, N. K.; Martinuzzi, S.; Mockrin, M. H.; Pfoch, K. A.;
Radeloff, V. C. The Global Wildland-Urban Interface. Nature 2023, 621 (7977),
94-99. https://doi.org/10.1038/s41586-023-06320-0.

Silberstein, J. M.; Mael, L. E.; Frischmon, C. R.; Rieves, E. S.; Coffey, E. R.; Das, T.;
Dresser, W.; Hatch, A. C.; Nath, J.; Pliszka, H. O.; Reid, C. E.; Vance, M. E.;
Wiedinmyer, C.; De Gouw, J. A.; Hannigan, M. P. Residual Impacts of a Wildland
Urban Interface Fire on Urban Particulate Matter and Dust: A Study from the
Marshall Fire. Air Qual. Atmos. Health 2023, 16 (9), 1839-1850.
https://doi.org/10.1007/s11869-023-01376-3.

(15) Jech, S.; Adamchak, C.; Stokes, S. C.; Wiltse, M. E.; Callen, J.; VanderRoest, J.;

(16)

(17)

Kelly, E. F.; Hinckley, E.-L. S.; Stein, H. J.; Borch, T.; Fierer, N. Determination of
Soil Contamination at the Wildland-Urban Interface after the 2021 Marshall
Fire in Colorado, USA. Environ. Sci. Technol. 2024.
https://doi.org/10.1021/acs.est.3c08508.

Harries, M. E.; Allen, D. T.; Adetona, O.; Bell, M. L.; Black, M. S.; Burgess, J. L.;
Dryer, F. L.; Holder, A. L.; Mascarefas, A.; Rosario-Ortiz, F. L.; Stec, A. A,; Turpin,
B. J.; Zelikoff, J. T. A Research Agenda for the Chemistry of Fires at the
Wildland-Urban Interface: A National Academies Consensus Report. Environ.
Sci. Technol. 2022, 56 (22), 15189-15191.
https://doi.org/10.1021/acs.est.2c07015.

Holder, A. L.; Ahmed, A.; Vukovich, J. M.; Rao, V. Hazardous Air Pollutant
Emissions Estimates from Wildfires in the Wildland Urban Interface. PNAS
Nexus 2023, 2 (6), pgad186. https://doi.org/10.1093/pnasnexus/pgad186.

27



109

110

586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625

11

112

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

Reid, J. S.; Koppmann, R.; Eck, T. F.; Eleuterio, D. P. A Review of Biomass
Burning Emissions Part II: Intensive Physical Properties of Biomass Burning
Particles. Atmos. Chem. Phys. 2005, 5 (3), 799-825. https://doi.org/10.5194/acp-
5-799-2005.

Lopez, A. M.; Pacheco, J. L.; Fendorf, S. Metal Toxin Threat in Wildland Fires
Determined by Geology and Fire Severity. Nat. Commun. 2023, 14 (1), 8007.
https://doi.org/10.1038/s41467-023-43101-9.

Vicente, A.; Alves, C.; Calvo, A.I; Fernandes, A. P.; Nunes, T.; Monteiro, C.;
Almeida, S. M.; Pio, C. Emission Factors and Detailed Chemical Composition of
Smoke Particles from the 2010 Wildfire Season. Atmos. Environ. 2013, 71, 295-
303. https://doi.org/10.1016/j.atmosenv.2013.01.062.

Kelly, R. L.; Bian, X.; Feakins, S. J.; Fornace, K. L.; Gunderson, T.; Hawco, N. J.;
Liang, H.; Niggemann, J.; Paulson, S. E.; Pinedo-Gonzalez, P.; West, A. ).; Yang,
S.; John, S. G. Delivery of Metals and Dissolved Black Carbon to the Southern
California Coastal Ocean via Aerosols and Floodwaters Following the 2017
Thomas Fire. J. Geophys. Res. Biogeosciences 2021, 126 (3), e2020)G006117.
https://doi.org/10.1029/2020JG006117.

Calloway, C. P.; Li, S.; Buchanan, J. W.; Stevens, R. K. A Refinement of the
Potassium Tracer Method for Residential Wood Smoke. Atmos. Environ. 1967
1989, 23 (1), 67-69. https://doi.org/10.1016/0004-6981(89)90098-X.

Li, J.; P6sfai, M.; Hobbs, P. V.; Buseck, P. R. Individual Aerosol Particles from
Biomass Burning in Southern Africa: 2, Compositions and Aging of Inorganic
Particles. J. Geophys. Res. Atmos. 2003, 708 (D13), 2002)D002310.
https://doi.org/10.1029/2002)D002310.

Pio, C. A; Legrand, M.; Alves, C. A,; Oliveira, T.; Afonso, J.; Caseiro, A.; Puxbaum,
H.; Sanchez-Ochoa, A.; Gelencsér, A. Chemical Composition of Atmospheric
Aerosols during the 2003 Summer Intense Forest Fire Period. Atmos. Environ.
2008, 42 (32), 7530-7543. https://doi.org/10.1016/j.atmosenv.2008.05.032.
Lee, T.; Sullivan, A. P.; Mack, L.; Jimenez, J. L.; Kreidenweis, S. M.; Onasch, T. B;
Worsnop, D. R.; Malm, W.; Wold, C. E.; Hao, W. M.; Collett, J. L. Chemical Smoke
Marker Emissions During Flaming and Smoldering Phases of Laboratory Open
Burning of Wildland Fuels. Aerosol Sci. Technol. 2010, 44 (9), i-v.
https://doi.org/10.1080/02786826.2010.499884.

Yu, J.; Yan, C,; Liu, Y.; Li, X,; Zhou, T.; Zheng, M. Potassium: A Tracer for Biomass
Burning in Beijing? Aerosol Air Qual. Res. 2018, 18 (9), 2447-2459.
https://doi.org/10.4209/aaqr.2017.11.0536.

California Air Resources Board (CARB). Camp Fire Air Quality Data Analysis;
California Air Resources Board, 2021.
https://ww2.arb.ca.gov/sites/default/files/2021-07/Camp_Fire_report_July2021.
pdf.

28



113

114

626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665

115

116

(28) Raphael, M. N. The Santa Ana Winds of California. Earth Interact. 2003, 7 (8), 1-
13. https://doi.org/10.1175/1087-3562(2003)007%3C0001:TSAWOC
%3E2.0.CO;2.

(29) Westerling, A. L.; Cayan, D. R.; Brown, T.].; Hall, B. L.; Riddle, L. G. Climate,
Santa Ana Winds and Autumn Wildfires in Southern California. Eos Trans. Am.
Geophys. Union 2004, 85 (31), 289-296. https://doi.org/10.1029/2004E0310001.

(30) Miller, N. L.; Schlegel, N. J. Climate Change Projected Fire Weather Sensitivity:
California Santa Ana Wind Occurrence. Geophys. Res. Lett. 2006, 33 (15),
2006GL025808. https://doi.org/10.1029/2006GL025808.

(31) Billmire, M.; French, N. H. F.; Loboda, T.; Owen, R. C.; Tyner, M. Santa Ana
Winds and Predictors of Wildfire Progression in Southern California. Int. J.
Wildland Fire 2014, 23 (8), 1119. https://doi.org/10.1071/WF13046.

(32) Stein, A. F.; Draxler, R. R.; Rolph, G. D.; Stunder, B. J. B.; Cohen, M. D.; Ngan, F.
NOAA's HYSPLIT Atmospheric Transport and Dispersion Modeling System.
Bull. Am. Meteorol. Soc. 2015, 96 (12), 2059-2077.
https://doi.org/10.1175/BAMS-D-14-00110.1.

(33) Draxler, R. R.; Hess, G. D. An Overview of the HYSPLIT_4 Modelling System for
Trajectories, Dispersion, and Deposition.

(34) Schroeder, W.; Oliva, P.; Giglio, L.; Csiszar, I. A. The New VIIRS 375 m Active Fire
Detection Data Product: Algorithm Description and Initial Assessment. Remote
Sens. Environ. 2014, 143, 85-96. https://doi.org/10.1016/j.rse.2013.12.008.

(35) Berman, M. T.; Ye, X.; Thapa, L. H.; Peterson, D. A,; Hyer, E. .; Soja, A. J.;
Gargulinski, E. M.; Csiszar, I.; Schmidt, C. C.; Saide, P. E. Quantifying Burned
Area of Wildfires in the Western United States from Polar-Orbiting and
Geostationary Satellite Active-Fire Detections. Int. J. Wildland Fire 2023, 32 (5),
665-678. https://doi.org/10.1071/WF22022.

(36) Thapa, L. H.; Saide, P. E.; Bortnik, J.; Berman, M. T.; Da Silva, A.; Peterson, D. A,;
Li, F.; Kondragunta, S.; Ahmadov, R.; James, E.; Romero-Alvarez, J.; Ye, X.; Soja,
A.; Wiggins, E.; Gargulinski, E. Forecasting Daily Fire Radiative Energy Using
Data Driven Methods and Machine Learning Techniques. J. Geophys. Res.
Atmos. 2024, 129 (16), e2023JD040514. https://doi.org/10.1029/2023)D040514.

(37) Scott, J. H.; Burgan, R. E. Standard Fire Behavior Fuel Models: A Comprehensive
Set for Use with Rothermel’s Surface Fire Spread Model; RMRS-GTR-153; U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station:
Ft. Collins, CO, 2005; p RMRS-GTR-153. https://doi.org/10.2737/RMRS-GTR-153.

(38) Kuang, X. M.; Scott, J. A,; Da Rocha, G. O.; Betha, R.; Price, D. J.; Russell, L. M.;
Cocker, D. R.; Paulson, S. E. Hydroxyl Radical Formation and Soluble Trace
Metal Content in Particulate Matter from Renewable Diesel and Ultra Low
Sulfur Diesel in At-Sea Operations of a Research Vessel. Aerosol Sci. Technol.
2017, 57 (2), 147-158. https://doi.org/10.1080/02786826.2016.1271938.

29



117

118

666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706

119

120

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

Herner, J. D.; Green, P. G.; Kleeman, M. J. Measuring the Trace Elemental
Composition of Size-Resolved Airborne Particles. Environ. Sci. Technol. 2006, 40
(6), 1925-1933. https://doi.org/10.1021/es052315q.

University of Utah, MesoWest. MesoWest Station Data for SE139 and SE215.
https://mesowest.utah.edu/.

Tom Rolinski. Developing the Santa Ana Wind Threat Index; U.S. Forest Service,
2025. https://www.fs.usda.gov/science-technology/fire/forecasting/santa-ana-
wildfire-threat-index.

U.S. Environmental Protection Agency. EPA Positive Matrix Factorization (PMF)
5.0 Fundamentals & User Guide; U.S. Environmental Protection Agency:
Washington, D.C., 2014.
https://www.epa.gov/sites/default/files/2015-02/documents/pmf_5.0_user_gui
de.pdf.

Brown, S. G.; Eberly, S.; Paatero, P.; Norris, G. A. Methods for Estimating
Uncertainty in PMF Solutions: Examples with Ambient Air and Water Quality
Data and Guidance on Reporting PMF Results. Sci. Total Environ. 2015, 518-519,
626-635. https://doi.org/10.1016/j.scitotenv.2015.01.022.

Schissel, C.; Meyer, M.; Thompson, E.; Kimura, Y.; Stokes, S.; Kleeman, M. J.;
Raffuse, S.; Allen, D. T. Fine Spatial and Temporal Scale Fuel and Emissions
Inventories for the Eaton and Palisades Wildland Urban Interface (WUI) Fires.
ACS EST Air 2026, 3 (1), 156-164. https://doi.org/10.1021/acsestair.5c00287.
Shen, J.; Taghvaee, S.; La, C.; Oroumiyeh, F.; Liu, J.; Jerrett, M.; Weichenthal, S.;
Del Rosario, I.; Shafer, M. M.; Ritz, B.; Zhu, Y.; Paulson, S. E. Aerosol Oxidative
Potential in the Greater Los Angeles Area: Source Apportionment and
Associations with Socioeconomic Position. Environ. Sci. Technol. 2022, 56 (24),
17795-17804. https://doi.org/10.1021/acs.est.2c02788.

Kohl, L.; Meng, M.; De Vera, J.; Bergquist, B.; Cooke, C. A.; Hustins, S.; Jackson,
B.; Chow, C.; Chan, A. W. H. Limited Retention of Wildfire-Derived PAHs and
Trace Elements in Indoor Environments. Geophys. Res. Lett. 2019, 46 (1), 383-
391. https://doi.org/10.1029/2018GL080473.

Rodenas, M.; Alféldy, B.; Gregoric, A.; Soler, R.; Rigler, M.; Yubero, E.; Vera, T.;
Borras, E.; Crespo, J.; Mufioz, A. Chemical and Optical Properties of Biomass
Burning and Diesel Emissions and Their Atmospheric Aging: A Comprehensive
Chamber Study. Atmos. Environ. 2025, 363, 121592.
https://doi.org/10.1016/j.atmosenv.2025.121592.

Liu, X.; Zhu, J.; Van Espen, P.; Adams, F.; Xiao, R.; Dong, S.; Li, Y. Single Particle
Characterization of Spring and Summer Aerosols in Beijing: Formation of
Composite Sulfate of Calcium and Potassium. Atmos. Environ. 2005, 39 (36),
6909-6918. https://doi.org/10.1016/j.atmosenv.2005.08.007.

Alshehri, T.; Wang, J.; Singerling, S. A.; Gigault, J.; Webster, J. P.; Matiasek, S. J.;
Alpers, C. N.; Baalousha, M. Wildland-Urban Interface Fire Ashes as a Major

30



121

122

707 Source of Incidental Nanomaterials. J. Hazard. Mater. 2023, 443, 130311.

708 https://doi.org/10.1016/j.jhazmat.2022.130311.

709 (50) Villarruel, C. M.; Figuerog, L. A.; Ranville, J. F. Quantification of Bioaccessible
710 and Environmentally Relevant Trace Metals in Structure Ash from a Wildland-
711 Urban Interface Fire. Environ. Sci. Technol. 2024, 58 (5), 2502-2513.

712 https://doi.org/10.1021/acs.est.3c08446.

713 (51) National Ambient Air Quality Standards for Lead; 2008; Vol. 40.

714 https://www.epa.gov/lead-air-pollution/national-ambient-air-quality-

715 standards-naaqs-lead-pb.

716 (52) Holder, A. L.; Rao, V.; Kovalcik, K.; Virtaranta, L. Particulate Pb Emission Factors
717 from Wildland Fires in the United States. Atmos. Environ. X 2023, 20, 100229.
718 https://doi.org/10.1016/j.aea0a.2023.100229.

719 (53) Mielke, H. W.; Reagan, P. L. Soil Is an Important Pathway of Human Lead
720 Exposure. Environ. Health Perspect. 1998, 106 (suppl 1), 217-229.

721 https://doi.org/10.1289/ehp.98106s1217.

722 (54) Laidlaw, M. A. S.; Filippelli, G. M. Resuspension of Urban Soils as a Persistent
723 Source of Lead Poisoning in Children: A Review and New Directions. Appl.
724 Geochem. 2008, 23 (8), 2021-2039.

725 https://doi.org/10.1016/j.apgeochem.2008.05.009.

726 (55) Wu, J.; Edwards, R.; He, X. (Elaine); Liu, Z.; Kleinman, M. Spatial Analysis of
727 Bioavailable Soil Lead Concentrations in Los Angeles, California. Environ. Res.
728 2010, 770 (4), 309-317. https://doi.org/10.1016/j.envres.2010.02.004.

729 (56) Hung, W.-C.; Hernandez-Cira, M.; Jimenez, K.; Elston, I; Jay, J. A. Preliminary
730 Assessment of Lead Concentrations in Topsoil of 100 Parks in Los Angeles,
731 California. Appl. Geochem. 2018, 99, 13-21.

732 https://doi.org/10.1016/j.apgeochem.2018.10.003.

733 (57) NASA Earth Observatory (Image by Lauren Dauphin using Landsat data from
734 USS). Smoke Streams from Palisades and Eaton Fires; 2021.

735 https://earthobservatory.nasa.gov/images/153813/smoke-streams-from-
736 palisades-and-eaton-fires.

737

738

739

740

741Figures and Tables
742Table 1. Time periods selected based on the wind data retrieved at the Eaton

743 Fire start.

123 31

124



125

126
Time Analysis | Start End Huntington | Comments
Period Park wind
speed (m/s)
avg. * st.
dev.
Pre-fire | PMF 11/28/24 12/4/24 0.98 £ 0.68 | Background period split
00:30 23:00 into two periods for
0.79 £ 0.45 | better fit.
12/5/24 12/9/24
00:30 23:00
Heat 11/27/24 12/12/24 0.95 = 0.62 | Background period.
map 00:30 23:00
2.17 £ 1.27 | Brief period of Santa Ana
1/7/25 8:00 | 1/7/25 winds immediately
18:00 before ignition.
Fire PMF 1/7/25 1/11/25 1.09 £ 0.93 | Eaton fire ignition at
Smoke 18:00 23:00 18:18.
peak 1 | Heat
map 1/7/25 1/8/25 2.04 £ 0.93 | High winds at
Fig. 2 22:00 7:00 Huntington Park, urban
color: fire.
Green 0.87 £ 0.28
1/8/25 9:00 | 1/8/25
Smoke 18:00
peak 3 0.79 = 0.20
Pink 1/9/25 1:00
Smoke 1/9/25 Shift from wurban to
peak 4 11:00 0.58 £ 0.15 | wildland fire.
Orange 1/9/25
21:00 Wildland burning
1/10/25 continues for both
11:00 0.87 £ 0.44 | Palisades and Eaton
fires.
1/10/25
12:00 Wildland fires continue.
1/12/25
12:00
Post- PMF* 1/12/25 1/18/25 0.95 + 0.51 | For post-fire analysis,
fire 00:30 23:00 PMF is split into seven
1.01 = periods to capture
1/19/25 1/23/25 0.54 separate  high  wind
00:30 23:00 periods for two months
1.31 + 0.64 | post-fire, and to ensure
1/24/25 1/28/25 that enough data entries
00:30 23:00 1.00 = 0.59 | are used for each period.
1/29/25 2/5/25 1.19 £ 0.61
00:30 12:00
1.15+ 0.72
2/5/25 2/12/25
13:00 23:00
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2/13/25 2/20/25
00:30 23:00
Heat 1/12/25 1/19/25 0.95 = 0.53 First week after fires.
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748 Figure 1. (a) Satellite map of the Palisades (red) and Eaton (yellow) fire
749 smoke plumes, the Huntington Park (purple) and UCLA (blue/gold)
750 site on January 10, 2025, at approximately 10 AM.>’ (b) Bar plot of
751 new burn area of wildland (green) and urban (yellow) areas (left axis,
752 log scale) and percentage of total burned area (blue) classified as
753 urban (right axis, linear scale) for each satellite overpass for the
754 Eaton fire.
755
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Figure 2. Time series of Huntington Park of (a) PM.s and (e, g, i) three
smoke-associated elements ; (b) PMi, and (d, f, h, j) four associated
crustal elements; and wind (c) during the high-wind pre-fire period
(blue), smoke peaks 1-4 (green, yellow, pink, and orange) and the last
days of the fires (purple). Panels (d-j) are volume normalized; k and 1 are
mass-normalized. Fire period average from January 7 - 12 is marked
with a red line, and the non-fire average including data from November
2024 - March 2025, but excluding the fire period, is marked by the blue

line.
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Figure 3. Bar plots of elements collected on filters at the UCLA
receptor site (log scale) for (a-c) volume-normalized filter collected
from Jan 7-8 (jade), Jan 8-9 (yellow orange), Jan 9 (maroon), Jan 9-10
(red), Jan 10-11 (orchid), and Jan 13-14 (sky blue), as well as (d-f)
mass-normalized (filter collected from Jan. 7 - 8 (green), Jan. 8 - 9
(yellow), Jan. 9 (brick red), Jan 9-10 (orange), Jan 10-11 (purple), and
Jan 13-14 (blue) All of the samples except the first and last had at
least some back trajectories that intersected an area that was
burning, although the majority of back trajectories for samples 2 and
5 were not from a burn area, *indicates filters sampled with at least
some back trajectories leading to active fires; (see text). Data for Al,
Mn and W were omitted for clarity; these metals had nearly identical
patterns as Fe, Ti/Sr and Co respectively.
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Figure 4. PMF results for January 7 - 11, 2025 showing the four-factor
source profiles fine smoke particles (red), fire- and wind-related
coarse ‘dust’ (orange), mixed vehicular exhaust, brake, and tire wear
(green), mixed urban (blue), and corresponding temporally resolved
factor contributions and windspeed for the Huntington Park site.
PM,s and PMo.5 are in pg/m3, gases are in ppm or ppb, BC and
elements are in ng/m?*. The ‘normalized factor contributions’ in the
lower panel show temporal variations in the contribution of each
factor relative to itself over time. The black squares in the upper
panels show the contributions of each factor to PM; s, PMig.5 etc. in
absolute terms.
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Figure 5. Correlation heatmap showing Spearman’s r values (p <
0.05) for 9:00 - 18:00 on January 8 for the Huntington Park site
(smoke peak 2). Pink and green indicate positive and negative
correlations respectively, and intensity the strength of the
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correlation. PM; s and PMj.5 are in pg/m?®, metals are in ng/m3, CH,

in ppm and other gases are in ppb.
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