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ABSTRACT: The Eaton Canyon firestorm burned thousands of A Le(;d(;‘;'(;‘e“"a"°" tepm)
acres of urban land, devastating local communities and destroying 7 O 50100

nearly 20,000 structures. Measurements of roadside dust, storm- O oo

water runoff, and atmospheric aerosols show that this fire was a © 200250
source of lead (Pb) into the urban environment. Lead o :iigiﬁﬂ
concentrations in roadside dust within the urban burn scar were :jgzjgg

significantly elevated immediately after the fire, remaining high
through repeat rainfall events but decreasing over the course of
subsequent months. During active structure fires, high aerosol lead
was observed in the smoke plume. Lead in roadside rainwater was
elevated in the urban burn area after the first rain. The source of
lead in all cases is likely burning structures, which contained lead in paint and plumbing, resulting in widespread urban lead
concentrations in excess of healthy thresholds set by regulators.
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B INTRODUCTION 2025.'%"" The Eaton Canyon fire started on January 7th, 2025
Lead (Pb) is a neurotoxic heavy metal that occurs naturally in near the city of Altadena, CA, and was not fully contained until
the Earth’s crust. Exposure to elevated lead concentrations in January 31st, 2025. Driven in part by Santa Ana wind gusts
humans can lead to a variety of deleterious health effects, reaching 100 mph, this firestorm proceeded to burn a

including behavioral and learning problems in children,
impacts on fetal development in pre%nant women, and, if
acute exposure is high enough, death.'™ Prior to the adoption

combined 14,000 acres of forested and urban land and
damaged or destroyed 19,500 structures across the cities of

. 10 /o
of environmental regulations in the mid-1900s, lead was used Altadena, Pasadena, and Sierra Madre, CA (Flgure 1).
widely—often as an additive in metal alloys, gasoline, and In the aftermath of the Eaton Canyon fire, we collected
L o24 . ‘ . o
paints.”” Lead persists in the environment, and thus, a legacy samples to evaluate the impact on lead contamination in the

of lead contamination is still present in many urban areas.
Cleanup of this legacy lead is a target of ongoing environ-
mental remediation efforts, and the deleterious health effects of

environment. We investigated lead concentrations in roadside

dust, atmospheric aerosol, and stormwater runoft to constrain

this lead are well documented and continue into the present the spatial and temporal distribution of this urban lead. We
day.>™” demonstrate that the Eaton Canyon fire was a source of lead
Many buildings constructed prior to extensive environ- far above background levels and showed that this elevated lead

mental regulation (generally pre-1978 in the United States)™®®

contain lead in paint and plumbing. While hazardous, this lead
can often be managed such that it does not necessarily always
pose an immediate public health threat. However, it can be re-
exposed as older buildings degrade or are destroyed, with fire
being a particularly effective pathway for releasing lead into the
local environment.

The Eaton Canyon firestorm was one of three major fires
that burned in the greater Los Angeles, CA, area in January

persisted for months.
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Figure 1. Area of the Eaton Canyon firestorm, with the yellow shaded region depicting the fire perimeter, and black points representing destroyed
structures. Roadside dust sampling sites are shown as circles, colored by lead concentration. The red rectangle highlights the sites within the urban
burn scar. The blue rectangle highlights those downwind of the fire in urban Pasadena. All other regions are coded as “foothills” and are outside of

the urban burn.

B MATERIALS AND METHODS

Dust was sampled from street gutters across the study area using a
plastic broom and dustpan. Samples were collected in places where
significant dust was present at each location, if possible compositing
material from multiple sites within a few meters of the collection site.
Specific coverage for each sample was dictated in part by the need to
collect material of sufficient size for analysis. Many samples contained
significant additional debris such as leaves, twigs, and, in some cases,
litter. Samples were collected into sealed 1-gallon plastic bags,
returned to the laboratory, air-dried inside their collection bags, and
then sieved to isolate the fraction <250 ym using brass test sieves.
This size fraction was chosen to represent the environmentally mobile
material on streets.

The sieved sample was loaded into plastic XRF analysis cups (3.1
cm diameter Chemplex cups) and covered with a mylar film (3.6 mm
thickness). Sample cups were filled to a standard fill level providing >2
mm thickness of the sample. Tests with differing fill amounts showed
that analyzed concentrations did not depend on fill depth. Analysis
was conducted using an Olympus Vanta Core portable X-ray
Fluorescence analyzer (pXRF). Although this unit is capable of
hand-held use and use in the field, data reported here are from
analysis with the unit mounted inside a Vanta laboratory workstation,
converting it to a “benchtop” function and minimizing variability in
sample position. The analyzer uses a 4 W X-ray tube and a silicon drift
detector and was employed with its 8—40 kV W anode for the
reported Pb analyses. Analysis was conducted with collimation to a 3
mm diameter beam spot size, effectively representing the area of the
sample surface over which the analysis was conducted.

The use of pXRF for determination of Pb contents in urban soils is
well established in the scientific literature.”® Accuracy and precision
are generally highest when using ex situ methods (e.g,, in a laboratory
setting) such as those adopted here, including drying to mitigate the
effects of moisture content, use of a uniform grain size, and
preparation of samples in measurement cups.”” Under such
conditions, pXRF analyses can yield data that are statistically
indistinguishable from methods using inductively coupled plasma
mass spectrometry (ICP—MS) that are typically regulatory stand-
ard.

The nominal detection limit for Pb using the Vanta Core is
reported by the manufacturer as S ppm, though in practice with the
methods used, the limit of quantitation was found to be approximately
20 ppm. Analysis of 6 certified reference materials (CRMs) following
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this method during the timespan of sample analyses yielded median
accuracy relative to certified values ranging from 1.9% (for NIST
1633) to 41.3% (for TILL-1, a less well-characterized reference
material that also yielded many values below the detection limit). The
median for the three NIST reference materials was all within 5% of
certified values (Figure S1), and mean values were within 2.5%. The
reproducibility of CRM analyses, reported as % relative standard
deviation (% RSD) of all CRM analyses, ranged from 5.6% (for NIST
2587) to 56.1% (for TILL-1) and was inversely related to Pb content.
Deviation over time in CRM analyses was approximately random.
Results from CRM analyses are shown in Figure SI. The % RSD on
soil sample Pb analyses via this method (triplicates, n = 38 performed
during the same period of time as the sample analyses) ranged from
4.5 to 72.5%, with a median of 19.5% and no relationship with
concentration.

Street runoff samples were collected on January 26th at the same
sites where dust samples had been collected the day before. Rainfall
had started the night of January 25th and continued into the morning
of January 26th, delivering a total of 0.6 in. precipitation. Samples
were collected near the end of the rainfall from water flowing or
standing in street gutters. Samples were collected directly from the
gutters in polyethylene bags and transported back to the laboratory,
where they were filtered and acidified with 0.1% trace-clean
hydrochloric acid. Samples were then diluted 10-fold in 1.4 N nitric
acid spiked with 10 ppb In and analyzed using an Agilent 8900 Triple
Quad ICP—MS. The instrument was tuned to achieve the highest
sensitivities for *’Fe, '"In, and **Pb in a 10 ppb multielement
standard under MS/MS mode without using collision gas by using the
autotune function of the MassHunter Workstation. As the sensitivities
were optimized, 2.0—2.5 mL min~' H, gas was introduced into the
collision cell of the ICP—MS to reduce the isobaric interferences on
the elements of interest. The samples and multielement standard
solutions containing 10, 100, and 1000 ng g™ Li, Be, B, Na, Mg, Al,
Si, P, S, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Cd,
Sn, Sb, Ba, Pb, and In then were measured for their Li, °Be, 1'B, 2*Na,
Mg, VAL 258, 3P, S, PK, ¥Ca, Ti, SV, Cr, SSMn, ¥Fe, $°Co,
SONii, 5Cu, Zn, 7*As, "*Se, *Sr, Mo, '1°Cd, 7Sn, 2Sb, ''Ba,
208ph, and '*In signals under the MS/MS H, mode. The samples’
elemental composition was obtained by calibrating with In internally
and with the multielement standards externally.

https://doi.org/10.1021/acsestair.6c00015
ACS EST Air 2026, 3, 1789-1796
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Figure 2. Boxplots*' of monthly observed roadside dust lead concentrations (ppm) in each of the 3 domains. The urban burn scar is shown in red,
the foothills region in gray, and urban Pasadena in blue, following the convention in Figure 1. Outliers in the Burn Scar region (3 points total) are

removed for visualization.
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Figure 3. February 15th high-resolution spatial sampling of lead in roadside dust in red, plotted spatially with building construction date from the
Los Angeles county assessors database in blue hues.*” The red outline shows the fire perimeter.

B RESULTS AND DISCUSSION

Lead in Roadside Dust

Dust collected in the immediate aftermath of the fires, near
burned homes, contained notably high levels of lead (Figure
1). Once neighborhoods had been reopened to access by
nonresidents, we collected samples of roadside dust from street
gutters both inside the burn area and in nearby locations. This
dust was sieved to obtain the fine fraction (<250 mm) and
analyzed for total lead concentrations by X-ray fluorescence
(XRF) spectrometry. Sampling locations were grouped into
three main regions—within the Eaton fire urban burn scar
(Burn Scar), a transect through urban Pasadena directly
downwind of the urban fire (Urban Pasadena), and the
remainder of samples along the mountain foothills outside of
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the burned area (Foothills) but still downwind of the wildland
burn. Data for samples collected on February 1st, the first data
on which samples were collected for all transect locations,
highlights the spatial distribution of lead in Figure 1. In the
Foothills locations, lead concentrations were typically below
100 ppm with a median concentration of 56 ppm. In Urban
Pasadena locations, roadside dust lead concentrations were
similarly low, with a median concentration of 83 ppm.
Observed lead concentrations increased dramatically in the
Burn Scar area, reaching up to 417 ppm with a median
concentration of 240 ppm. This increase is sufficiently high
that even under the known variability of the XRF technique
(see Materials and Methods), we expect the larger-scale spatial
differences to be robust.

https://doi.org/10.1021/acsestair.6c00015
ACS EST Air 2026, 3, 1789-1796
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These locations were resampled seven times between
January 26th and May 25th, over which time the amount of
lead within the urban burn scar decreased back toward
background levels (Figure 2). Median lead concentrations
across the sample time period within the urban burn scar were
183 ppm, as compared to the lower 57.5 ppm along the
foothills outside of the burn and 96 ppm in urban Pasadena.
There is no significant trend over time in the median lead
concentrations outside of the burn area for either the foothills
(slope = —0.1 ppm/day, p = 0.63) or in urban Pasadena (slope
= 0.04 ppm/day, p = 0.93) when fit with an interquartile-
range-weighted ordinary least-squares regression. However,
within the urban burn scar, where we expect additional lead
inputs from the urban fire, there is a significant trend of —1.56
ppm/day (p = 0.01). The observed decrease in median
concentrations begins between February and March, with a
decrease of approximately 100 ppm, from a median of 250
ppm to 148 ppm. The median lead concentration in the burn
scar decreased further to approximately 90 ppm and remained
relatively stable in the following two months.

In principle, roadside dust in this area could come from a
wide variety of sources, including not only ash and residue
from burned buildings but also local traffic, soil and vegetation,
transport and deposition of material from runoff, and
deposition of atmospheric aerosol."”~'* The very elevated
lead concentrations within the urban burn scar relative to the
locations outside provide strong evidence that the destroyed
structures are a dominant source of lead in the dust. This is
further supported by the median year buildings in this area
were constructed, 1945—a time when lead was still routinely
used in paint and plumbing.'> Our measurements in Urban
Pasadena and the Foothills are consistent with prior literature
on lead in roadside dust, which shows that concentrations can
be elevated above typical crustal rock, but are generally below
200 ppm.'>'31617

The supposition that lead from paint and other building
materials in urban structures was the primary source of lead in
roadside dust is further supported by a high-resolution
sampling of roadside dust from February 15th (Figure 3).
Within the burned area of Altadena, there is a pattern of older
houses toward the center of Altadena, in the south. Toward the
northern end of the burned area, the housing stock is generally
more recent and was largely built during the 1950s through the
1970s. This pattern is reflected in the lead concentrations
measured in roadside dust, with most samples containing less
than 100 ppm lead, while higher lead concentrations are much
more prevalent in toward the southern portion of the urban
burn scar. This is overall consistent with these observations of
elevated lead in roadside dust reflecting nearby burned
structures.

The lead measurements shown here are higher than those
from other well-studied fires at the wildland—urban interface.
Following the 2021 Marshall fire in Colorado, there was
limited evidence of lead concentrations in soils reaching the
levels observed following the Eaton fire."®'” This is consistent
with the difference in building age between the Marshall fire
(median construction year of 1986) and buildings in Altadena
(median year of 1945),"" reinforcing the likely source of lead
being older construction.

Lead in Atmospheric Aerosol

The dominant pathway by which the fires could impact lead
concentrations in regions outside of the burn scar is through
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atmospheric transport and deposition. The low concentration
of lead these regions is consistent with the time series of lead in
atmospheric particulate matter (Figure 4). Smoke from the
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Figure 4. Top panel shows a reproduced time series of aerosol PM, g
lead concentrations as measured at the ASCENT Pico Rivera site (the
yellow star in the left panel) in January 2025.>* The bottom panel
shows the spatial distribution of days with smoke over the greater Los
Angeles region in January 2025.

January 2025 fires covered much of the greater Los Angeles
region. Satellite-estimated smoke extents show the number of
days in January 2025 when a smoke plume was identified from
the NOAA Hazard Mapping System (HMS) smoke plume
data.”® In general, most of Southern California had at least 1
day with smoke overhead, and regions downwind of the Eaton
firestorm (and the other LA fires) had upward of a week of
smoky days. Similar to other major urban fire events, this
smoke contained considerable lead concentrations for at least a
portion of the time that burning occurred.”"** Previously
published measurements of lead in particulate matter with a
diameter less than 2.5 um (PM,;) from the Atmospheric
Science and Chemistry Network (ASCENT) are plotted in
Figure 4 from January 7th through January 12th.*” This site,
located in Pico Rivera (shown as a yellow star in Figure 4), has
been operational since July 2023 and reports hourly lead PM, g
concentrations. Lead in PM, ; was low (near 0) outside of a
four-day window (Jan 8th—Jan 11th) when concentrations
increased to approximately 100 ng/m? with a peak of nearly
500 ng/m’.

Considerable ash deposition was reported downwind of the
fire throughout Los Angeles.”> However, the reasonably short
increase of lead in PM,—along with relatively high winds
diluting the transported ash—helps explain why elevated lead
concentrations in roadside dust were kept fairly local to the
burned area and were not very elevated in dust downwind in
Pasadena.

The relatively brief window of elevated lead concentrations,
despite the large number of smoke days, can be at least

https://doi.org/10.1021/acsestair.6c00015
ACS EST Air 2026, 3, 1789-1796
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Figure 5. Boxplots*' of observed roadside dust lead concentrations (ppm) in the Foothills and Burn Scar domains from January 25th through Feb
16th (left). The urban burn scar is shown in red and the foothills region in gray, following the convention in Figure 1. Outliers in the Burn Scar
region (3 points total) are removed for visualization. Blue bars show the cumulative runoff flow in Eaton Wash between roadside dust observations.
Gutter water samples from January 26th alongside street dust from January 25th are shown on the right as a function of longitude, where the red

shaded region denotes the urban burn scar.

partially explained by two factors. First, the source of smoke
changed as the fire moved through urban structures to burning
vegetation in the nearby mountain wildlands—this change in
fire fuel modifies the aerosol and ash composition.””"**
Second, the HMS smoke plume data do not provide
information regarding the vertical structure of the plume—
smoke may be detected above a region, but the smoke can be
high aloft and may not reach a sensor at the surface”—or,
correspondingly, may not end up deposited on the surface.

Impacts of Rainfall on Environmental Lead

The decreasing roadside dust lead concentration in the burn
scar was likely driven by several concomitant major rainfalls. In
the month following the Eaton fire, there were three main
rainfall events impacting the burn scar area.”® The first and
smallest rain event started on January 26th and accumulated an
average of 0.6 in. across the urban burn region, followed by a
series of scattered rainfall events throughout the week that
began on February 6th, which accumulated a total of 2.5 in. of
rain, and then the largest and most intense rain event in this
time frame which began on February 13th and accumulated an
average of 3.5 in. Runoff from these events was measured at
the Eaton Wash, a site representative of the scale of runoff
throughout the Eaton Canyon fire burn.’® As is typical in
Southern California, runoff increased nonlinearly with rainfall
from 5632 to 117,589 to 301,840 cubic feet for the January
26th, February 6th, and February 13th rain events, respectively
(Figure $).

In between each of these rain events, we sampled the
roadside dust across the transects shown in Figure 1 and
measured lead concentrations, shown as a time series in Figure
S for the Foothills and Burn Scar locations. The first two rain
events did not appreciably change lead concentrations in the
urban burn scar. However, the largest and most intense rain
and runoff flow on February 13th was followed by the
substantial 100 ppm decrease in lead that is apparent in Figure
2. This is consistent with the highly nonlinear threshold-based
sediment transport process by which stormwater removes
roadside dust—significant rainfall in a short period of time
leads to powerful streams which wash out old sediment and
wash in new sediment. Throughout the Foothills locations,
there was not a statistically significant trend in roadside dust
lead, consistent with both our assumption that these sites
reflect the urban background lead concentrations in the area
and the larger trends present in Figure 2.
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Following the first rainfall event on January 26th, we
sampled stormwater runoff in the same locations as the
northern transect in Figure 1 (i.e, Burn Scar and Foothills
sites), by collecting from puddles of standing or slowly flowing
water as close as possible to the original sampling site, within
roughly 2 h of the end of rainfall. Samples were filtered (0.2
mm), acidified, and analyzed for lead concentrations by
ICPMS. Inside the burn scar, average lead concentrations in
water were 7.0 + 1.4 ppb (1s SD), while outside of the burn
scar, average lead concentrations were 2.2 + 0.4 ppb (Figure
S). The individual sites with the highest dust lead were not
necessarily those with the highest rainwater lead, though both
rainwater and dust showed the same overall pattern of elevated
Pb within the urban burn scar (positive correlation; R = 0.32).
We would not necessarily expect a direct relationship between
lead concentrations in the runoff and dust at each specific
sampling site, as the runoff represents a different catchment
area than the equivalent catchment for transported dust and
may be variably impacted by dilution.

Long-Term Outlook and Public Health Impacts

These high observed lead concentrations in roadside dust,
atmospheric aerosol, and runoff could pose a potential health
risk, particularly for more vulnerable populations such as
children, people who are pregnant, and those with chronic
health conditions. Soil with lead concentrations above 80 ppm
can cause elevated blood lead levels and a potential decrease in
children’s I1Q_exceeding 1 point.””** Nearly all of the urban
burn scar dust meets this criterion (even considering potential
variability in XRF measurements), as do most of the other dust
samples. Indeed, lead concentrations above this threshold are
ubiquitous in urban environments like Los Angeles and are a
known public health concern.””*° The burned area roadside
dust concentrations are all significantly higher than 80 ppm,
closer to the observed ranges found in other notable urban lead
disasters (e.g, greater than 250 ppm), including the Exide
facility lead poisoning in Vernon, CA,” and urban lead
concentrations following natural disasters like Hurricane
Katrina®"** and Hurricane Sandy.”® Additionally, the runoff
concentrations of lead are in line with other studies that show
increased concentrations following fires at the wildland—urban
interface.”* > Atmospheric lead concentrations were generally
well below what would be necessary to meet unhealthy
levels.”> However, these health concentration definitions are
based on rolling three month average lead concentrations, and
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the short spike in atmospheric lead did not last long enough to
meaningfully raise that longer-term average."” Detailed health
assessments of acute exposure to elevated environmental lead
concentrations are limited, and as such the full human health
impact of this exposure event remains uncertain.

From a policy perspective, the lead levels in the stormwater
runoff and atmospheric aerosol were generally below
regulatory thresholds. However, many of the roadside dust
samples collected were well above both the EPA threshold for
soils of 200 ppm” and the California state threshold of 80
ppm.27 In particular, nearly all of the roadside dust
measurements in the burn scar prior to April 2025 met the
criteria for cleanup for both federal and state lead levels,
further motivating ongoing remediation efforts in the region.
Moreover, it is likely that other contaminants besides lead were
emitted during the fires.” Additional work investigating the
concentration distributions of those contaminants will be
informative for an environmental quality assessment.

Current remediation procedures focus on removing
contaminated soil in only a portion of the Eaton Canyon fire
burn area, centered on the footprint of burned structures.””
Our sampling strategy focused on the material outside of this
footprint (ie., street gutters) and measured highly elevated
lead concentrations. Roadside dust is more readily removed by
rainfall, wind, and municipal cleanup (e.g., street sweeping)
than dust on properties off the street. We posit that the
measurements here are likely an upper bound on how rapidly
lead may be removed from the urban environment following
this fire—even if lead in roadside dust has decreased, it does
not guarantee decreased lead in nearby properties. Our work
therefore supports continued efforts to map the distribution of
environmental lead contamination from the Eaton Canyon
fires on individual properties and community spaces, both
within the burned areas and in nearby neighborhoods.
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