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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• WUI fire emissions show chemical pro
files distinct from biomass wildfire 
smoke.

• Ultrafine particles (PM₀.₁) were highly 
enriched with non-crustal metals.

• PACs and metals exceeded LA back
ground and biomass wildfire levels by 
orders of magnitude.

• BTEX concentrations during the fire 
were 4.8–13 × higher than regional 
background.

• Ash contained PACs, metals, and PFAS, 
indicating persistent post-fire 
contamination.
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A B S T R A C T

The Los Angeles (LA) wildland–urban interface (WUI) fires of January 2025, are among the most destructive 
natural disasters in U.S. history, generating complex emission profiles that remain insufficiently characterized. 
An intensive field sampling campaign was conducted during the active burn period to collect and characterize 
the complex physicochemical properties of size-segregated particulate matter (WUIF-PM), vapor-phase 
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PAHs
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compounds (WUIF-VOC), and ash (WUIF ash). While regulatory air quality indices remained within moderate 
categories during the sampling period, chemical analyses revealed substantial enrichment of hazardous species 
relative to urban background and biomass-only wildfire conditions. Oxygenated and highly toxic polycyclic 
aromatic hydrocarbons (OPAHs) were found in ultrafine WUIF-PM0.1, (size < 100 nm) and the fractional con
centration (µg/g) of US EPA 16 priority polycyclic aromatic hydrocarbons (PAHs) in WUIF-PM2.5 exceeded recent 
levels for LA background, and biomass-only wildfires by an order of magnitude due to the excessive burn of 
human-made structures. Non-crustal metals were predominantly concentrated in WUIF-PM0.1 and consistently 
enriched relative to both LA background (up to ~30 ×) and biomass-only wildfire aerosols (10–1000 ×). Ben
zene, toluene, ethylbenzene, and xylene (BTEX) concentrations in WUIF-VOC air samples were 4.8–13-fold 
higher than background levels. More alarmingly, WUIF ash samples contained PAHs, metals, and per- and 
polyfluoroalkyl substances (PFAS) consistent with mixed combustion of structural materials and vegetation 
raising concerns for post-fire environmental health risks. These findings indicate that PM₂.₅ mass and criteria air 
pollutants alone may underestimate the toxicological burden of WUI smoke, and expanded physicochemical 
monitoring and characterization is needed to advance exposure assessment and health risk evaluation during 
complex WUI fire events.

1. Introduction

Wildland–urban interface (WUI) fires have emerged as a pressing 
environmental and public health concern, driven not only by climate 
change but also by the rapid expansion of human development into fire- 
prone landscapes [1]. Wildland-urban interface area has expanded at 
global level due to urbanization, increasing the proportion of wildfires 
that intersect populated areas and intensifying human exposure [2,3]. 
Although trends in WUI fire frequency vary geographically, the fraction 
of fires occurring in WUI zones and the rates of building destruction 
have risen, reflecting growing structural vulnerability and more conse
quential public health, environmental and economic impacts [4]. 
Extreme weather -driven projections further indicate that fire intensity, 
measured by fire radiative power, is likely to increase across most 
fire-prone WUI regions under near-term warming scenarios [5]. 
Contemporary WUI fires are increasingly characterized by greater 
exposure, higher damage potential, and escalating intensity, under
scoring the urgent need to better understand their environmental and 
health impacts.

Prior WUI fire disasters have highlighted both insights and knowl
edge gaps regarding emission characteristics from mixed fuel sources. 
The December 2021 Marshall Fire swept through suburban neighbor
hoods on Boulder County, Colorado, destroying over 1000 homes in a 
matter of hours. This blaze, which ignited natural vegetation and hun
dreds of structures, produced smoke and ash enriched in toxic constit
uents like polycyclic aromatic compounds (PACs), volatile organic 
compounds (VOCs), heavy metals (e.g., lead, arsenic), and other com
bustion byproducts in smoke affected homes [6,7]. Likewise, the August 
2023 Lahaina Fire in Hawaii rapidly burned through wildland grasses 
into an urbanized town, leveling thousands of buildings and leaving 
behind ash with elevated concentrations of heavy metals from building 
materials [8].

Wildland-urban interface (WUI) fires, such as the 2025 LA Fires, 
involve a diverse array of fuels, from trees and shrubs to homes, vehicles, 
and infrastructure, which burn under highly variable combustion tem
peratures and oxygen conditions. This heterogeneous fuel and com
bustion environment produces multiphase emissions, including 
particles, gases, and ash, with chemical profiles that can differ sub
stantially from purely vegetative wildfires [9]. Wildfire smoke is itself a 
complex mixture, with particulate matter spanning the fine (0.1–2.5 μm) 
and ultrafine nanoscale (<100 nm) ranges [9–11]. The nanoscale frac
tion is especially compositionally complex and dominated by organic 
carbon (>97%), including PACs and a wide array of toxic organics [10, 
12–14]. In WUI fires, the addition of anthropogenic materials can 
further broaden this chemical mixture to include co-emitted hazardous 
pollutants such as acid gases and cyanide, carcinogenic VOCs (e.g., 
benzene and formaldehyde), dioxins and furans, and metal-containing 
aerosols [12,15–20]. Many of these species are also present in biomass 
burning but occur in different combinations and relative abundances, 

yielding PM and ash profiles that differ from those of biomass-only 
wildfires and may have distinct toxicological relevance [16,21].

WUI emissions include toxic organics and co-emitted hazardous 
pollutants (e.g., cyanide and acid gases, carcinogenic VOCs such as 
benzene and formaldehyde, dioxins and furans, and metal aerosols) 
suggesting that WUI fire-derived PM (WUIF-PM) and ash (WUIF ash) 
may be more toxic than urban background PM or PM and ash from 
biomass-only wildfires [17,22].

A substantial epidemiologic and toxicologic literature, largely based 
on biomass-dominated wildfire events, suggests that wildfire smoke 
exposure is associated with significant health effects. Increases in 
wildfire-specific PM2.5 (WFPM2.5) that have been linked to surges in 
respiratory hospital admissions [23,24] and mental health emergency 
department visits [25], with mixed or inconclusive evidence for car
diovascular outcomes [26,27]. Toxicological investigations provide 
mechanistic support for these observations [28,29], and beyond acute 
impacts, chronic wildfire smoke exposure has been associated with 
increased odds of mortality [30]. Consistent with this evidence base, our 
own studies using laboratory-generated WFPM produced with the 
Wildfire Simulator (WiFS) show that WFPM2.5 is considerably more 
toxic [31–34], and associated with greater adverse health effects [35, 
36], than PM2.5 from other anthropogenic sources, underscoring the 
importance of composition beyond PM mass alone. However, whether 
and to what extent these established wildfire-related risks are amplified 
in WUI fires remains less well understood, because the inclusion of 
burned structures and consumer materials can alter the physicochemical 
properties and toxicity of PM and ash. Comprehensive physicochemical 
and toxicological characterization of WUI-derived particulate matter, 
gas-phase pollutants, and ash is therefore essential to support risk 
assessment and guide exposure mitigation.

The January 2025 Los Angeles County WUI Fires provided a stark 
example of a modern WUI disasters, with extensive losses across both 
natural and built environments and major societal and economic im
plications. Two major fires broke out amidst unusually strong Santa Ana 
winds and drought conditions: the Eaton Fire in the San Gabriel 
Mountain foothills (affecting Altadena/Pasadena) and the Palisades Fire 
in the Santa Monica Mountains (affecting Pacific Palisades/Malibu). 
Both fires combined burned over 37,000 acres and destroyed more than 
18,000 homes and structures that generated more than 4.5 million tons 
of ash and debris [37]. At least 29 fatalities were attributed to the Los 
Angeles Fires, and tens of thousands of residents were displaced during 
mandatory evacuations.

In response to the Los Angeles WUI Fires, we conducted an intensive 
field sampling campaign during the active burn phase to characterize 
the physicochemical properties of emitted particulate matter (WUIF- 
PM), co-emitted gases, and residual ash. The primary objective of this 
study was to comprehensively characterize the composition of the Los 
Angeles WUI Fire emissions and to contextualize these emissions against 
(i) Los Angeles urban emissions, (ii) previously reported biomass-only 
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wildfires emissions, and (iii) prior WUI fire emissions. By systematically 
comparing both concentrations and compositional profiles from urban, 
wildfire, and WUI fire emissions, we aim to clarify how WUI fire emis
sions differ from conventional wildfire and urban pollution emissions, 
and to inform exposure assessment and health risk evaluation in the 
aftermath of large-scale WUI fire disasters.

2. Methods

2.1. Sampling methods

Detailed descriptions of sampling configuration, calibration pro
cedures, analytical protocols, and quality control measures are provided 
in the Supplemental Material.

Sampling Site Description. Ambient air and ash sampling were 
conducted at a residential site in Pasadena, CA, approximately 3.5 ki
lometers southwest of the Eaton Fire (Fig. 1). Sampling equipment was 
positioned ~1.5 m above ground level in an unobstructed backyard 
area. The campaign spanned January 16–22, 2025, during which fire 
containment increased from 50% to 95%. For contextual comparison, 
PM2.5, PM10, carbon monoxide (CO), and meteorological data were 
obtained from a EPA Air Quality System (AQS) monitoring station (Los 
Angeles North Main Street, AQS ID 06–037–1103) 4.3 km southwest 
from our sampling site. These data were used to evaluate regional 
pollutant trends and assess the influence of wind speed on PM2.5 
concentrations.

2.2. Size-fractionated WUI particulate matter

Size-segregated wildland–urban interface particulate matter (termed 

WUIF-PM; WUIF-PM0.1=ultrafine PM below 0.1 μm, WUIF-PM0.1–2.5=

PM larger than 0.1μm and smaller than 2.5μm; WUIF-PM2.5= fine PM 
below 2.5μm) was collected using three Harvard Compact Cascade Im
pactors (CCIs) [38]. One sample per WUIF-PM size fraction for each 
analyte group (i.e PACs and metals) was collected. For metal analysis, 
the WUIF-PM0.1 fraction was captured on a Teflon filter (PTFE mem
brane disc filter, 2 µm pore size, 47 mm diameter; Pall Corporation, Port 
Washington, NY), while the WUIF-PM0.1–2.5 fraction was collected on a 
chemically clean polyurethane foam (PUF) substrate for a 12.9-hour 
period from January 17, 2025, at 22:31 to January 18, 2025, at 11:27. 
For PAC analysis, WUIF-PM0.1 particles were sampled on a prebaked 
quartz filter (Pallflex Tissuquartz, 47 mm diameter; Pall Corporation, 
Port Washington, NY, USA), and WUIF-PM0.1–2.5 was collected on a 
chemically clean PUF from January 16, 2025, at 18:20 to January 17, 
2025, at 11:13 (total duration of 16.9 h). Particle collection for toxico
logical analysis (not part of this study) was performed using two CCIs 
from January 16, 2025, at 18:25 until January 22, 2025, at 14:18, 
totaling 139.9 h. Additionally, quartz filters for the PAC analysis were 
also used for elemental and organic carbon analysis (additional infor
mation is presented in the Supplemental Material). Field blanks were 
included for each size fraction to assess potential contamination during 
sampling and handling, with one blank analyzed per size fraction for 
PACs and for metals analysis. Flow rates were calibrated and kept at 30 
liters per minute with a TSI 4043 H mass flowmeter (TSI, Shoreview, 
MN, USA), to ensure accurate size separation and volumetric 
quantification.

Real-Time WFPM Monitoring. A Scanning Mobility Particle Sizer 
(NanoScan SMPS model 3910, TSI Inc., Shoreview, MN) was used to 
measure in real-time particle number concentrations in the 10 − 420 nm 
mobility diameter range.

Fig. 1. Particulate matter concentrations during the Los Angeles Fires in January 2026. A) Palisades and Eaton fire perimeters and the location of sampling site and 
closest Environmental Protection Agency Air Quality System (EPA AQS) site. B) Wind rose frequency plot of direction and wind speed frequency at the EPA AQS site. 
C) Size-fractionated wildland-urban interface fire-particulate matter (WUIF-PM) mass concentrations during sampling period and comparison to concomitant EPA 
AQS site values. D) time series plot with PM2.5 concentrations from EPA AQS site and average percent containment of the Palisades and Eaton fires (red line); orange 
area represents the sampling period of our measurements.
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WUIF Volatile Organic Compounds (WUIF-VOCs). Ambient 
WUIF-VOCs were collected using three pre-cleaned stainless steel ther
mal desorption tubes (Markes International, Bridgend, UK) connected to 
an SKC Pocket Pump TOUCH (SKC, Eighty Four, PA, USA) operating at a 
flow rate of 50 mL/min for 80 min. Sampling occurred during two pe
riods: January 16, 2025, at 18:00, and January 17, 2025, at 12:05. One 
tube served as a field blank. HEPA-Vent filters (Whatman, Wilmington, 
DE, USA) were employed during sampling to prevent particulate 
contamination.

WUIF ash Collection. Ash samples (n = 3) were collected from 
exposed horizontal outdoor surfaces within the WUI area using stan
dardized scraping techniques and contamination-controlled handling 
procedures. Samples were transferred to sealed containers for laboratory 
analysis.

2.3. Sample offline physicochemical characterization

2.3.1. Size-specific WUIF-PM mass concentrations
Gravimetric analysis of the size-segregated PM samples was per

formed using an analytical microbalance (Mettler Toledo, Columbus, 
OH) to determine time-integrated PM mass concentrations (µg/m³) by 
aerodynamic size. All filters and substrates were weighed pre- and post- 
sampling, with measurements conducted in triplicate (n = 3) after 48- 
hour conditioning in a temperature- and humidity-controlled 
environment.

2.3.2. Polycyclic aromatic compounds (PAC) analysis in WUIF-PM and 
WUIF ash

PAHs and oxygenated polycyclic aromatic hydrocarbons (OPAHs) in 
WUIF-PM size fractions and ash were analyzed following a protocol 
adapted from Tsiodra et al. (2024) [39], with full procedural details 
provided in the Supporting Information. Filters were spiked with 
deuterated surrogate standards and extracted using accelerated solvent 
extraction (50:50 n-hexane/dichloromethane), followed by silica col
umn fractionation. The PAC fraction was eluted, concentrated, and 
amended with an internal standard prior to analysis by GC–MS (Agilent 
7890/5975 C, HP-5MS column, full scan mode). Compounds were 
identified based on retention time, mass spectra, and deuterated ana
logs, and quantified using daily calibration-derived relative response 
factors. PACs were classified by type in terms of Traditional (US EPA 16 
priority PAHs), Emerging, Alkylated PAHs, and Oxygenated PAHs. A 
steadily growing body of literature highlights the need to include a 
broader suite of polyaromatic species, as reliance solely on the Tradi
tional class is recognized to substantially underestimate exposure and 
associated health risks [40–44].

Benzo[a]pyrene-equivalent concentrations (BaP-eq) were calculated 
to estimate the carcinogenic potency of particulate-associated PAC 
mixtures by summing the products of compound concentrations and 
their potency equivalency factors relative to BaP. Two approaches were 
used: (1) conventional potency equivalency factors (PEFs) for Tradi
tional PAHs following OEHHA/ATSDR guidance to enable comparison 
with prior studies, and (2) expanded BaP-eq estimates incorporating 
modeled PEFs from in silico QSAR predictions to include available PEFs 
for OPAHS, Emerging, and Alkyl PAHs [42].

2.3.3. Metal analysis in WUIF-PM and WUIF ash
The metal concentration in WUIF-PM0.1, WUIF-PM0.1–2.5, and WUIF 

ash samples were determined using inductively coupled plasma time-of- 
flight mass spectrometry (ICP-TOF-MS; TOFWERK, Thun, Switzerland). 
The elemental composition of individual particles was analyzed using 
single-particle (SP)- ICP-TOF-MS, following protocols detailed in our 
earlier work [45–47] and elaborated in the Supporting Information. 
Elemental ratio distributions were calculated on a per-particle basis, 
incorporating data from the entire particle population.

2.3.4. WUIF-VOC analysis in ambient air samples
Active and blank TD tube samples were analyzed using a standard

ized and validated procedure [48]. Each tube was thermally desorbed 
using an automated TD system (UltraA/Unity2, Markes International, 
Llantrisant, UK), and the released VOCs were subsequently separated 
and analyzed using a gas chromatography/mass spectrometry (GC/MS) 
system (Agilent 7890 A/5975 C; Agilent Technologies Inc., Santa Clara, 
CA, USA) operated in the scan mode for 84 target compounds 
(Supplemental Tables S1A and S1B).

2.3.5. Perfluoroalkyl substances analysis in WUIF ash
WUIF ash samples were prepared for PFAS analysis following Liu 

et al. (2021) [49], with full procedural details provided in the Sup
porting Information. Briefly, lyophilized and homogenized ash (200 mg) 
underwent alkaline treatment and ultrasonic methanol extraction, fol
lowed by neutralization and centrifugation. Combined extracts were 
concentrated and purified using Oasis WAX solid-phase extraction car
tridges (Waters, Milford, MA, USA). PFAS were eluted, concentrated to 
near dryness, reconstituted in methanol, filtered (0.22 μm), and spiked 
with isotopically labeled internal standards (Wellington Laboratories). 
Quantification was performed using a Waters Xevo UPLC TQ-XS system 
in accordance with EPA Method 1633.

2.4. WUIF-PM respiratory deposition modelling

Total particle deposition across the human respiratory tract, from 
head to the alveolar region, was estimated using the Multiple-Path 
Particle Dosimetry (MPPD) model, version 3.01 developed by Applied 
Research Associates, Inc [50,51]. The Yeh–Schum symmetric lung 
model [52] was used assuming a functional residual capacity (FRC) of 
3300 mL and a head volume of 50 mL. This model is based on the up
right posture exposure to a monodisperse aerosol, characterized by 
size-specific mass median aerodynamic diameters obtained from the 
WUIF-PM samples with effective particle densities provided in Table S2. 
Breathing parameters were set to reflect resting nasal respiration: 12 
breaths per minute, 625 mL tidal volume, and an inspiratory fraction of 
0.5. The deposited mass was integrated over the 23-day exposure win
dow corresponding to the active fire period.

3. Results and discussion

3.1. Size fractionated WUIF-PM concentrations and influence of 
meteorological variables

The WUIF-PM mass size distribution measured from gravimetric 
samples collected between January 16–22, 2025 is shown in Fig. 1c. The 
mean WUIF-PM2.5 mass concentration (18.1 μg/m³) closely matched the 
hourly average levels reported by the nearest EPA AQS station at North 
Main Street (16.7 μg/m³). Ultrafine WUIF-PM0.1 accounted for 40% of 
the total WUIF-PM2.5 mass, a fraction consistent with the high abun
dance of Aitken-mode particles reported in biomass-burning emissions 
[11,53]. The mean particle number concentration during Jan 16 sam
pling was 9181 #/cm3 (interquartile range (IQR)= 7520–13293 
#/cm3), with a geometric mean mobility diameter of 64.3 nm 
(IQR=51.7–75.3 nm) (Fig S1). However, we found no prior studies 
reporting mass-based ultrafine particulate concentrations specifically 
from WUI fire emissions.

Temporal trends further show that, with the exception of the peak 
fire period on January 8–9 (WUIF-PM2.5 mean= 68 μg/m³; maximum =
483 μg/m³), concentrations during the subsequent weeks remained 
similar to pre-fire conditions and below the NAAQS 24-hour PM2.5 
standard of 35 μg/m³ . This occurred despite several active fires 
remaining below 60% containment at the beginning of our sampling 
campaign and could have been due to the direction of prevailing winds. 
A sensitivity analysis suggests that strong Santa Ana winds played a 
significant role in diluting WUIF-PM levels. Winds originating from the 
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northeast transported emissions offshore, and a linear regression model 
indicated that each 1 mph increase in wind speed was associated with a 
1.2 μg/m³ decrease in hourly WUIF-PM2.5 concentrations, accounting 
for the containment percentage. These results imply that high wind 
velocities and wind direction, although contributing to fire spread, 
substantially reduced local ground-level WUIF-PM2.5 burden in urban 
areas of LA during most of the sampling campaign.

3.1.1. PAC concentrations in WUIF-PM
A total of 47 particulate-phase PACs were detected (40 PAHs and 7 

OPAHs), with a total WUIF-PM2.5 concentration of 10.6 ng/m3. Most of 
this PAC mass was associated with the WUIF-PM0.1–2.5 fraction (90.1%; 
Fig. 2a). Significant differences were observed in the chemical profile of 
PACs by size fraction. Low molecular weight (LMW; 128–178 g/mol) 
species dominated the WUIF-PM0.1–2.5 fraction (55.5% of PAC mass). In 
contrast, medium molecular weight (MMW; 202–228 g/mol; 56.9% PAC 
mass) and high molecular weight species (HMW; 252–300 g/mol; 38.2% 
PAC mass) together comprised over 95% of PAC mass concentrations in 
WUIF-PM0.1. WUIF-PM0.1 was enriched in non-Traditional and highly 
toxic PAC classes (emerging, alkylated, and oxygenated species collec
tively representing >50% of PAC mass), whereas WUIF-PM0.1–2.5 was 
dominated by Traditional PAHs (≈70% of PAC mass).

Seven of eight targeted OPAHs were detected in WUIF-PM2.5, 
totaling 1.6 ng/m3, with 25% of OPAH mass in WUIF-PM0.1 (Table S3). 
9-Fluorenone and 9,10-anthraquinone were the most abundant species, 
together accounting for ~70% of the measured OPAHs. These com
pounds are frequently reported in urban traffic related aerosols and 
diesel-influenced particulate matter [54,55], and have also been 
recently found in fresh biomass burning emissions [39]. The presence of 
multiple higher-molecular-weight ketone/quinone species (e.g., benzo 
(a)fluorenone and benzanthrone derivatives) is consistent with a mixed 
WUI source profile that can include high-temperature combustion of 
structural materials in addition to biomass burning and secondary 
oxidation of parent PAHs [56].

OPAHs are formed through primary emissions and secondary at
mospheric oxidation of their non-oxygenated precursor compounds, 
commonly referred to as parent PAHs. The ratio of OPAHs to their 
corresponding parent PAHs is frequently used in source apportionment, 
as elevated ratios may reflect secondary formation processes, oxidative 
aging, or differences in combustion conditions. Furthermore, OPAH-to- 
parent ratios were elevated in WUIF-PM2.5 (9-fluorenone/fluorene ≈

1.0; 9,10-anthraquinone/anthracene ≈ 4.0). While concentration data 
alone cannot uniquely separate formation pathways, these high ratios 
are consistent with two non-mutually exclusive mechanisms: (i) direct 
OPAH emissions during combustion [39] and (ii) secondary production 
via oxidative transformation of parent PAHs, coupled with dynamic 
gas–particle partitioning [57–60].

Despite the overall low WUIF-PM2.5 mass concentration, our results 
suggest a substantial enrichment of the particle-bound PAH concentra
tions relative to previously reported non-fire urban background levels in 
LA. Aldekheel et al. reported total Traditional PAHs of 0.88 ng/m3 in 
PM2.5 at an urban Los Angeles site [61]. While this comparison is based 
on a single urban reference point and does not capture the spatial het
erogeneity of the Los Angeles basin, it provides a useful contextual 
benchmark. Within this context WUIF-PM2.5, exhibits nearly an 
order-of-magnitude increase in the total Traditional PAHs concentration 
relative to reported urban background levels.

Comparison of fractional PAC concentrations further distinguish the 
LA WUIF-PM from biomass-based wildfire emitted PM (WFPM). For 
same PACs species included in both the LA WUIF-PM and the Canadian 
2023 WFPM samples the total fractional concentration was 631.9 μg/g 
in LA WUIF-PM2.5, exceeding values reported from the 2023 Canadian 
wildfire plume impacted New York City metropolitan area [10]
(343.3 μg/g). The same hierarchy was observed when comparing the 
fractional concentration Traditional PAHs between LA WUIF-PM2.5: 
503.9 μg/g; the Canadian plume: ~69.7 μg/g; and Southern California 
wildfire samples WFPM [13] ~50 μg/g). The interpretation of this 
comparison is limited by several factors, including differences in source 
characterization, sampling proximity to emissions, and the extent of 
atmospheric processing, and radical oxidation in the case of the Cana
dian wildfires. Long-range transported wildfire plumes are subject to 
photochemical transformation (e.g., photolysis, radical oxidation, and 
volatilization), which can substantially alter their chemical composition 
relative to the more locally sampled LA WUI Fire emissions.

Compositionally, the WUIF-PM was particularly enriched in LMW 
PAHs, which were > 6 × higher than in the Canadian wildfire WFPM 
and ~10 × higher than in Verma’s data. In contrast, MMW PAHs were 
most elevated in the Canadian WFPM, largely driven by high retene 
levels characteristic of softwood combustion. This LMW-rich particle- 
phase profile is consistent with relatively fresh biomass-based fire 
emissions, as laboratory and field observations of plume aging 
commonly show preferential loss of semi-volatile PAHs through 

Fig. 2. PAH concentrations in size fractionated wildland urban interface figure-particulate matter (WUI-PM) samples. A) Size-specific concentrations of polycyclic 
aromatic compounds (PAC) species in WUIF-PM0.1 (upper panel) and WUIF-PM0.1–2.5 (lower panel) plotted on different y-axis scales for clarity; Distribution of PAC 
among Traditional, Alkyl, oxygenated and highly toxic polycyclic aromatic hydrocarbons (OPAH), and Emerging categories in PM0.1 and PM0.1–2.5 from B) Los 
Angeles WUI fire and C) Canadian 2023 Wildfire from Cedeno-Laurent et al. 2024.
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volatilization and oxidation, yielding a relative enrichment of more 
persistent MMW/HMW PAHs during long-range transport. The LA 
WUIF-PM composition therefore suggests limited atmospheric process
ing prior to sampling and additional contributions from non-biomass 
WUI combustion sources, consistent with the mixed PAC-type compo
sition highlighted in Fig. 2B.

Furthermore, diagnostic PAH ratios further suggest that the particle- 
phase mixture reflects a complex WUI source profile rather than biomass 
combustion alone. On one hand, the Flt/(Flt+Pyr) and Ret/(Ret+Chr) 
ratios of 0.565 and 0.49, respectively, represent values characteristic of 
biomass or wood combustion [62,63]. On the other hand, the BaA/(
BaA+Chr) and IcdP/(IcdP+BghiP) ratios of 0.297 and 0.50, respec
tively, fell in the mixed-source range, consistent with simultaneous 
structural material, biomass influence, and local traffic emissions [64, 
65].

3.1.2. Metal concentrations in WUIF-PM
Metal concentrations showed a strongly ultrafine-dominated mass 

profile, with WUIF-PM0.1 contributing between 75% and 95% to the 
total WUIF-PM2.5 metal content across all detected species (Fig. 3A). The 
heavy metals with the highest concentrations were zinc, followed by 
copper, nickel, barium, and lead. WUIF-PM2.5 is strongly metal-enriched 
relative to the historical LA PM2.5. Using cold-season (i.e., late fall and 
winter) PM2.5 between 2005 and 2006 [66], geometric mean enrich
ment factors based on element-specific volumetric concentrations 
(ng/m3) for crustal and non-crustal metals are ~3 × (range ~1–60 ×) 
and ~7 × (range ~2–30 ×), respectively. Relative to decade-mean 
concentrations collected from 2015 to 2024, the corresponding crustal 
and non-crustal metal enrichment factors are ~2.2 × and ~30 × [67]. 
Of particular importance, the LA WUIF-PM2.5 lead concentration of 
8.4 ng/m3 is 1.75 × higher than the LA cold-season PM2.5 mean con
centrations and approximately 4 × higher than the annual 24-hour 
average concentration measured at the EPA North Street air moni
toring station during 2024 [68]. These enrichment ranges match the 
signal from burnt structural materials, coatings, and electronic compo
nents over biomass-dominated wildfire smoke or urban background 
aerosol [17] and raise serious environmental health concerns.

More interestingly, metals are substantially enriched in WUIF-PM 
compared biomass-based WFPM, with the most pronounced differ
ences observed in the ultrafine fraction (Fig. 3B Enrichment factors for 
Ni, Cu, Zn, Cd, Sb, and Pb in LA WUIF-PM0.1 relative to biomass wildfire 
PM₀.₁ range from 100- to 1000-fold [31,69]. In the fine fraction, 
WUIF-PM2.5 remains substantially enriched in metals compared with 
wildfire WFPM2.5 and firefighter-exposure aerosols, with enrichment 
factors generally in the 10–100-fold range. Crustal elements (e.g., Fe, 

Mn, V) show only modest enrichment in both ultrafine and fine frac
tions, whereas non-crustal metals display consistently strong enrich
ment across all comparison datasets [31,69,70].

Metal nanoparticle profiles from the LA WUI Fire showed pro
nounced differences from those observed during the Canadian biomass 
wildfire [10] (Figure S2). Metal particle number concentrations were 
approximately one to two orders of magnitude higher in LA WUIF-PM0.1 
than those in the Canadian wildfire WFPM0.1. The nanoparticles most 
elevated in WUIF-PM0.1 (i.e., Al, Ti, Fe, Cu, Zn, Ni, Sb, Sn, and Pb) are 
consistent with high-temperature volatilization–condensation pathways 
that nucleate metal-rich ultrafine particles during structural combus
tion. In contrast, the Canadian wildfire WFPM0.1 fraction was dominated 
by Mn, Fe, and Zn, reflecting biomass mineral content and the absence of 
anthropogenic metal bearing nanomaterials. In WUIF-PM0.1–2.5, particle 
number concentrations were generally lower than those measured 
during the Canadian wildfire, except for Ni, and W, which remained 
elevated in the WUI fire plume and are more characteristic of anthro
pogenic materials than biomass fuel matrices. However, these differ
ences should be interpreted with caution, as the Canadian wildfire 
plume reflects long-range transport and possibly photoaging, whereas 
the LA WUI Fire measurements are more source-proximal and freshly 
generated. As a result, size-selective removal during transport may in
fluence particle number concentrations and size distributions, limiting 
direct comparability between the two events.

3.1.3. Gaseous phase WUIF-VOC results
Mean WUIF-VOC concentration was 27.5 ppb, with a profile domi

nated by substituted aromatics and solvent/fuel-related species. The 
most abundant species are shown in Fig. 4A. Several compounds 
consistent with biomass burning (e.g., limonene, α-pinene) [71] and 
traffic and diesel emissions were also detected (long-chain aliphatic 
VOCs) [72]. Relative to urban background in Central LA (2022; 
UATMP/NATTS Central LA site), WUIF-VOC concentrations were 
consistently higher for key aromatics: benzene 1.27 vs 0.27 ppb 
(~4.8 ×), toluene 4.41 vs 0.57 ppb (~7.8 ×), ethylbenzene 0.92 vs 0.11 
ppb (~8.7 ×), total xylenes 6.36 vs 0.48 ppb (~13 ×), and styrene 0.20 
vs 0.02 ppb (~10 ×). While there are no existing reports of VOC during 
WUI fire events, the toluene and benzene concentrations reported in 
WUIF-VOC from the Marshall fires in Colorado in 2021 10 days after the 
fire are similar to those in LA WUIF-VOC concentrations here [6].

When compared against biomass-only wildfire smoke from Dick
inson et al., 2022, WUIF-VOC results show a distinct shift toward 
toluene and xylenes [73]. The across-fire mean concentrations were: 
benzene= 1.63 ppb, toluene= 1.82 ppb, ethylbenzene= 0.39 ppb, and Σ 
xylenes= 0.94 ppb. In contrast, LA WUIF-VOC had 

Fig. 3. A Non-crustal metal concentrations in wildland-urban interface-ultrafine and fine particulate matter (WUIF-PM0.1 and WUIF-PM0.1–2.5, respectively); 3B) 
metal enrichment factors (EF) in WUIF-PM0.1 and WUIF-PM2.5 compared with those in biomass-only wildfires (Gill et al. 2024; Jalava et al. 2006) and firefighter 
exposure monitoring (Tex=Teixeira et al. 2024). Color scale denotes EF on a log₁₀ scale with higher values indicating greater enrichment in WUIF PM relative to the 
comparison datasets.
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similar-to-slightly-lower benzene (1.27 ppb; ~0.78 × biomass-only) but 
substantially higher toluene (4.41 ppb; ~2.4 ×), ethylbenzene (0.92 
ppb; ~2.3 ×), and Σ xylenes (6.36 ppb; ~6.8 ×). This pattern is also 
captured by diagnostic ratios: benzene/toluene (B/T) in WUIF-VOC was 
0.29, whereas biomass-only fires clustered around ~1 (Dickinson 
fire-specific B/T spanning roughly 0.57–1.35; Fig. 4B). Likewise, LA 
WUIF-VOC Σxylenes/benzene was ~5.0 versus ~0.64 across the 
biomass-only fires. Although this shift is consistent with added contri
butions from mixed urban materials and fuel/solvent sources, aromatic 
emissions are also sensitive to combustion conditions [11,22]. In 
biomass burning, the balance between flaming and smoldering com
bustion can strongly influence VOC composition, with aromatic 

hydrocarbons enriched in the high-temperature profile and aromatic 
oxygenates and furans enriched in the low-temperature profile [74]. 
WUI fire surrogate burns further show that reduced oxygen availability 
and ventilation can increase non-methane organic compound (NMOG) 
yields, and that synthetic polymer combustion is an important source of 
reduced cyclic aromatics such as benzene and styrene [75]. Because 
modified combustion efficiency (MCE), an indicator of combustion 
conditions [76], could not be estimated for our field samples, we cannot 
resolve the relative contributions of fuel composition versus combustion 
conditions to the observed aromatic enrichment. We therefore interpret 
the elevated toluene, ethylbenzene, and xylenes as consistent with, but 
not uniquely diagnostic of, mixed urban material combustion 

Fig. 4. Volatile organic compounds (VOC) concentrations in vapor phase. A) Mean VOC concentrations (n = 3) by category; B) Comparison of Toluene/Benzene 
between Los Angeles wildland-urban interface Fire (LA WUIF), Los Angeles urban emissions and wildfire emissions reported by Dickinson et al. 2022: (CT)= Chief 
Timothy Fire; (WF)=Williams Flats Fire; (WL)=Whitetail Loop Fire; (N) Nethker Fire.

Fig. 5. Polycyclic aromatic carbon (PAC) concentrations in wildland-urban interface fire (WUIF) ash. A) Concentrations in ug g− 1 for individual species; B) Percent 
contribution of total PAC mass by PAC category, including the Traditional, Alkyl, Oxygenated and highly toxic polycyclic aromatic hydrocarbons (OPAH), and 
emerging; and C) by molecular weight (Low molecular weight=LMW; Medium molecular weight=MMW; High molecular weight=HMW).
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superimposed on biomass burning and local background sources.

3.1.4. PACs in WUIF ash
Twenty-eight PACs were detected in LA WUI ash, including 26 PAHs 

and 2 OPAHs (Figs. 5A and 5B). PACs in LA WUIF ash were dominated 
by LMW species (87% of total parent PAC mass) and the Traditional 
PAHs comprised the dominant fraction of quantified PACs in ash 
(Fig. 5C). Emerging OPAHs and alkyl PAHs were also detected. How
ever, their levels were in a reduced proportion by mass compared to 
species found in airborne PM. Recent experimental work simulating 
WUI fire emissions has shown that OPAHs can be preferentially formed 
in mixed fuel systems containing both biomass and synthetic materials 
(e.g., HDPE plastic), compared to biomass-only combustion [21], sup
porting their potential association with the combustion of human-made 
structures. However, OPAHs and alkylated PAHs can also originate from 
other sources such as traffic emissions and their presence in WUIF ash 
could reflect contributions from pre-existing urban dust [54].

Furthermore, WUIF ash PAH concentrations were compared to PAH 
concentrations from wildfire ash values reported by Yang et al., from 
compiled forest fire ash across 51 sites globally [77]. The mean total 
PAH concentration from the Traditional PAHs in forest fire ash was 
1322 ng/g, whereas the corresponding total in the LA WUIF ash was 
5363 ng/g, indicating approximately fourfold enrichment in the WUIF 
samples. This amplification was consistent across individual com
pounds, with most parent PAHs elevated by three to ten times relative to 
the forest fire ash average (Table S4).

PAH diagnostic (molecular) ratios are dimensionless ratios of 
selected PAH isomers (e.g., Flt/(Flt+Pyr), Ant/(Ant+Phe)) that are 
commonly used as first-order, qualitative indicators of dominant PAH 
sources because different fuels and combustion conditions produce 
characteristic isomer patterns [78]. Wildfire-ash reference ratios used 
here are drawn from the Yang et al. compilation (a meta-analysis syn
thesizing post-fire PAH datasets from 51 burned areas globally). Despite 
large differences in absolute concentrations, two widely used combus
tion indicators were nearly identical between the LA WUIF ash and the 
average ratios from the Yang et al. compilation [77]: Flt/(Flt+Pyr) was 
0.56 in wildfire ash and 0.55 in WUIF ash, and Ant/(Ant+Phe) was 0.12 
and 0.11, respectively—values consistent with 
pyrogenic/biomass-combustion signatures (Flt/(Flt+Pyr) > 0.5; 
Ant/(Ant+Phe) > 0.1). In contrast, IcdP/(IcdP+BghiP) decreased from 
0.532 (wildfire ash) to 0.381 (WUIF ash), shifting from the 
biomass/coal-combustion regime (>0.5) toward the 
petroleum-combustion/mixed-source range (0.2–0.5) and indicating a 
relative enrichment of benzo[g,h,i]perylene in the WUIF ash. This 
divergence is consistent with the more compositionally complex fuel 
mix typical of WUI fires, where burning of structural and 
petroleum-derived materials can contribute additional PAH signatures 
beyond biomass alone [79].

3.1.5. PAC BaP-eq calculations for the LA WUIF-PM and WUIF ash
BaP-equivalent (BaP-eq) concentrations were calculated for PM₂.₅ 

using both (i) the OEHHA-based approach applied to Traditional PAHs 
and (ii) an expanded set of QSAR-derived potency factors [42]. Despite 
substantially lower WUIF-PM2.5 mass during the WUI-LA Fire 
(18.1 µg/m3) compared with the Canadian wildfire WFPM (330 µg/m3), 
the WUIF-PM2.5 BaP-eq concentrations using the OEHHA/EPA approach 
were nearly identical (0.164 ng /m3 for LA WUIF-PM2.5 vs 0.161 ng /m3 

for the Canadian wildfire WFPM2.5). Using the Li et al. (2023) potency 
factors, BaP-eq remained comparable, with WUIF-PM2.5 within ~20% of 
the Canadian wildfire value (0.568 vs 0.680 ng /m3 respectively). These 
results indicate a markedly higher toxicity-weighted PAH burden per 
unit particle mass in LA WUIF-PM2.5 compared to the Canadian wildfire 
WFPM2.5 (~18-fold higher). Relative to urban background conditions in 
Los Angeles, WUIF-PM2.5 BaP-eq was also elevated. Aldekheel et al. 
reported BaP-eq ≈ 0.1 ng/m3 in urban LA PM2.5, whereas WUIF-PM2.5 
BaP-eq under the OEHHA/EPA approach was ~0.164 ng /m3, 

representing an increase of approximately ~50–60% during the WUI 
episode. Additionally, size-resolved results show that this 
toxicity-weighted enrichment is not evenly distributed across the par
ticle population. Although WUIF-PM0.1 contributed only ~10% of total 
particulate PAC mass, it accounted for 21% of total BaP-eq under the 
OEHHA/EPA approach and 28% under the Li et al. (2023) framework, 
indicating a disproportionately high BaP-eq burden per unit PAC mass in 
ultrafine particles. This enrichment is consistent with the preferential 
association of more chemically potent PAHs with the ultrafine fraction 
[10].

For LA WUIF ash, total BaP-eq concentrations were 219 ng/g using 
the Li et al. PEFs and 55 ng/g using the OEHHA/EPA approach, indi
cating substantial sensitivity of BaP-eq magnitude to the selected po
tency framework. This difference was driven primarily by dibenzo[a,h] 
anthracene, which was detected in ash but not observed in PM and 
carries a much higher potency weighting under the Li framework 
(PEF=10). Dibenzo[a,h]anthracene is a high potency carcinogenic PAH 
classified by the International Agency for Research on Cancer (IARC) as 
probably carcinogenic to humans (Group 2 A), while the EPA relative 
potency factor guidance places it at parity with BaP. Beyond dibenzo[a, 
h]anthracene, the increase in BaP-eq under the Li framework was further 
amplified by higher PEFs assigned to fluoranthene, benzo(b+j)fluo
ranthene, and chrysene, with additional contributions from benz[a] 
anthracene and benzo(k)fluoranthene, and OPAHs. However, assigned 
BaPeq PEF values for OPAHs are novel estimations based on limited 
toxicological data. Only a subset of the detected OPAHs currently have 
assigned PEFs, and therefore, the calculated BaPeq does not fully cap
ture the total toxic impact of OPAHs.

3.1.6. Metals in WUIF ash
Crustal elements (Fe, Al, Mg, Ca, Ti, and Si) accounted for most of the 

inorganic mass (approx. 98%). These major elements were accompanied 
by a broad array of trace and minor metals, including Mn, V, Ni, Co, Cu, 
Zn, As, Ba, La, Ce, and Pb, as well as detectable Ga, Sr, Y, Zr, Nb, Sn, Pr, 
and Nd, spanning roughly three orders of magnitude in concentration 
(Fig. S3).

Compared with ash from the 2020 North Complex and LNU Light
ning Complex WUI fires, the LA WUIF ash shows trace metal concen
trations similar to soil samples, with most elements at the lower end of 
the reported ranges by Alsheri et al., 2023 [47]. Copper, Zn, and Pb were 
one to two orders of magnitude lower than the median values reported 
by Alshehri et al., whereas V, Mn, Ni, and Co were near the reported 
medians, suggesting similar contributions from alloy steels, lubricants, 
and other metallic components associated with vehicles and residential 
infrastructure.

Sn, Pb, and Ba represent an additional compositional group sugges
tive of thermal decomposition of automotive and electronic materials. 
Sn and Pb are principal constituents of solder alloys and electrical 
connectors, whereas Ba serves as a filler in brake pads and pigments. The 
co-occurrence of these three elements mirrors the pattern identified by 
Alshehri et al. in vehicle ashes, where Sn- and Pb-bearing incidental 
nanomaterials (INMs) were observed. The presence of As and Zn sug
gests contributions from multiple potential sources, including anthro
pogenic materials and regional background composition. Arsenic and 
zinc may derive not only from treated materials such as legacy chro
mated copper arsenate in structures [45,80], but also from geogenic 
enrichment [81] and activities such as mining and agriculture, which 
are known to influence metal distributions in parts of California [82]. 
Similarly, Zn may reflect inputs from corrosion-resistant materials and 
tire-derived particles but can also be present in urban and regional 
background dust [83].

The presence of Ga, Y, La, Ce, Pr, and Nd reveals a growing electronic 
and rare-earth elements (REE) signature in modern municipal solid 
waste incinerators ashes [84]. These elements are key components of 
semiconductors, phosphors, and Nd–Pr–Fe–B permanent magnets used 
in lighting, motors, and appliances, suggesting that the combustion of 
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consumer electronics and vehicles may have contributed to the LA WUIF 
ash composition. While source attribution remains uncertain, the pres
ence and enrichment of these metals in WUIF ash is of relevance given 
their deposition near residential environments. The potential for mobi
lization, resuspension, and direct human contact with ash underscores 
their importance from an exposure and public health perspective.

3.1.7. PFAS levels in WUIF ash
Twenty-eight out of 40 targeted Per- and polyfluoroalkyl species 

(PFAS) were detected in the LA WUIF ash samples (n = 3, Table S5). 
Total PFAS concentrations (ΣPFAS) ranged from 60.5 to 205.8 ng/g 
(mean: 112.7 ng/g; median: 71.8 ng/g). Detected species were grouped 
into six compound classes (Fig. S4). Fluorotelomer sulfonates accounted 
for the majority of ΣPFAS, followed by short-(C4–C7; primarily PFHxA 
and PFBA) and long-chain (C8–C14; all mean concentrations <2 ng/g) 
perfluoroalkyl carboxylic acids (PFCAs). Ether-based PFAS represented 
6.6% of total mass, followed by perfluoroalkyl sulfonates (PFSAs), sul
fonamide precursors (1.0%), and fluorotelomer carboxylic acids 
(FTCAs).

6:2 FTS, the dominant species in the WUIF ash profile, is used in 
consumer and building materials [85] and in fluorotelomer-based 
aqueous film-forming foams (AFFFs) [86]. In WUI fire contexts, both 
source categories are plausible; however, several lines of compositional 
evidence favor a predominantly built-environment origin: the 
co-detection of ether-based replacement PFAS (HFPO-DA, PFEESA, 
NFDHA, ADONA), which are associated with post-2009 fluoropolymer 
processing aids in consumer and construction materials [87,88], and the 
absence of PFHxS, a hallmark of electrochemical fluorination–derived 
legacy AFFFs. Together, these observations suggest that combustion of 
PFAS-containing structural and consumer materials was the primary 
source of the observed fluorotelomer signature, though secondary con
tributions from firefighting activities cannot be excluded.

Short-chain PFCAs were consistently present at higher concentra
tions than long-chain homologues. This pattern may reflect the use of 
short-chain chemistries in post-2006 materials, transformation of fluo
rotelomer precursors during combustion, or both [89]. FTCAs (3:3 
FTCA, 7:3 FTCA), detected at low concentrations, are reported in
termediates in fluorotelomer degradation pathways [87] but may also 
occur as residual impurities in commercial products. The present data do 
not distinguish among these mechanisms.

Because the samples represent transported ash, the PFAS composi
tion likely integrates inputs from multiple burned structures and land
scapes and may reflect enrichment in fine ash fractions [90,91]. 
Reported concentrations represent targeted PFAS only; side-chain fluo
rinated polymers and other non-target fluorinated compounds were not 
quantified and may contribute to total organic fluorine.

3.1.8. WUIF-PM respiratory deposition modeling
WUIF-PM mass deposition in the human airway was estimated using 

the MPPD model over the 23-day duration of the Palisades and Eaton 
fires in the LA metropolitan area (Fig. S5). Size-specific concentrations 
were derived from the integrated sample size distribution and average 
PM10 concentrations measured at the EPA LA North Main Street station. 
Total inhalable WUIF-PM10 respiratory deposition was 9.83 mg, of 
which 36.3% corresponded to the ultrafine fraction. This total inhala
tion dose was 7.43% higher than the estimated 9.15 mg dose during the 
3-day air quality advisory in the US Northeast following the 2023 Ca
nadian wildfires [10]. Moreover, after accounting for chemical enrich
ment, the toxicological burden is expected to increase substantially. This 
is also indicative of the case of PAHs and the BaP-eq calculations pre
sented in previous section. More specifically, the Traditional PAH total 
BaP-eq dose during the LA WUI episode was 4.6-fold higher than that 
estimated for the biomass-based Canadian wildfire PM in the New York 
area. Although estimating lifetime risk and health impact due to 
PM-bound PAH levels will require mechanistic toxicological studies, 
emerging data from simulated WUI fires on impact on respiratory health 

point to impact on lung effects and innate immune function [21].

3.1.9. Strengths, limitations, and implications for future research
This work provides a physicochemically resolved snapshot of a major 

urban WUI fire episode using measurements of size-fractionated PM, co- 
occurring gases, and transported ash, shedding light on potential envi
ronmental health implications. The findings highlight the chemical 
complexity of WUI fires, and their comparison to biomass-based fires 
suggests the potential for increased environmental and public health 
risks. A central finding is that PM2.5 mass concentration metric alone 
does not adequately capture the toxicological burden associated with 
WUI chemical complexity. Even when PM2.5 mass levels were relatively 
low for much of the LA WUI fire episode, multiple particle- and gas- 
phase constituents exceeded orders of magnitude the fractional con
centrations in baseline LA pollution and previously documented wildfire 
events. The complexity in chemical composition supports an unambig
uous structural-combustion signature that is readily distinguished from 
both biomass smoke and LA urban background, even at similar PM2.5 
mass concentrations. The presence of highly toxic compounds such as 
emerging PAHs, PFAS, toxic metals found in both the WUIF-PM2.5 and 
WUIF ash raise serious concerns for potential environmental health 
implications.

This study has several limitations. The limited number of samples, 
with one sample per analyte group, restricts spatiotemporal resolution 
and limits the generalizability of our findings beyond the specific 
collection period and location. In addition, while samples were collected 
during the active fire period, they missed the peak exposure window of 
Jan 8–9. Nonetheless, it has been shown that during our sampling 
period, health service utilization remained elevated despite AQI 
returning toward baseline [92].

The compositional enrichment of WUIF-PM with highly toxic com
pounds reinforces the need for composition-informed air pollution 
exposure metrics [93], particularly for WUI fires in densely populated 
regions where PM2.5 peaks may be brief and below the NAAQS 
mass-based PM2.5 standard.

Important knowledge gaps remain for emerging contaminants such 
as PACs (e.g., oxygenated and substituted species), and the complex 
mixtures of multi-phase pollutants, for which toxicological benchmarks 
and health-relevant dose metrics are limited; mechanistic toxicological 
studies and integration of real world WUIF-PM hazard characterization 
data into risk-relevant frameworks are priority needs.

The ash burden, measured on the order of millions of tons deposited 
across communities, creates a plausible pathway for prolonged exposure 
via resuspension and indoor migration, contamination of surface waters 
and edible plants, extending potential inhalation contact beyond the 
active fire period and increasing the importance of ash physicochemical 
characterization for remediation planning. Finally, the LA episode’s 
extended duration (≈23 days), despite only a few high-PM days, moti
vates future work that focuses on potential synergistic health implica
tions from pollutants from other anthropogenic sources such as traffic.

Environmental implications

The chemical composition of emissions from the 2025 Los Angeles 
WUI fires indicates that environmental contamination extends beyond 
traditional wildfire impacts and includes pollutants associated with the 
combustion of urban infrastructure. Elevated concentrations of particle- 
boundtoxic polycyclic aromatic hydrocarbons, non-crustal metals, BTEX 
compounds, and PFAS in ash suggest that these fires mobilize complex 
mixtures of contaminants capable of persisting in air, soil, and indoor 
environments during recovery. The enrichment of hazardous species in 
ultrafine particles further increases the potential for long-range trans
port and human exposure. Together, these findings indicate that con
ventional air quality indicators may underestimate environmental 
hazards associated with WUI fires and highlight the need for expanded 
monitoring and post-fire environmental management strategies.
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[31] Jalava, P.I., Salonen, R.O., Hälinen, A.I., Penttinen, P., Pennanen, A.S., 
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McGarry, J.K.P., Moser, E.P., Nuñez, L.A., Pukkila, E.J., Scott, P.S., Sutton, P.J., 
Johnston, N.A.C., 2022. Health Risk Implications of Volatile Organic Compounds 
in Wildfire Smoke During the 2019 FIREX-AQ Campaign and Beyond. GeoHealth 6 
(8), e2021GH000546. https://doi.org/10.1029/2021GH000546.

[74] Sekimoto, K., Koss, A.R., Gilman, J.B., Selimovic, V., Coggon, M.M., Zarzana, K.J., 
Yuan, B., Lerner, B.M., Brown, S.S., Warneke, C., Yokelson, R.J., Roberts, J.M., De 
Gouw, J., 2018. High- and Low-Temperature Pyrolysis Profiles Describe Volatile 
Organic Compound Emissions from Western US Wildfire Fuels. Atmos Chem Phys 
18 (13), 9263–9281. https://doi.org/10.5194/acp-18-9263-2018.

[75] Link, M.F., Davis, A.Y., Lima, N.M., Falkenstein-Smith, R.L., Bryant, R.A., Cleary, T. 
G., Poppendieck, D., 2025. Wildland-Urban Interface (WUI) Smoke Yields of 
Nonmethane Organic Gases from Combustion of Small-Scale Residential Building 
Surrogates. ACS EST Air 2 (11), 2455–2466. https://doi.org/10.1021/ 
acsestair.5c00187.

[76] Urbanski, S.P., 2013. Combustion Efficiency and Emission Factors for Wildfire- 
Season Fires in Mixed Conifer Forests of the Northern Rocky Mountains, US. Atmos 
Chem Phys 13 (14), 7241–7262. https://doi.org/10.5194/acp-13-7241-2013.

[77] Yang, B., Shi, Y., Xu, S., Wang, Y., Kong, S., Cai, Z., Wang, J., 2022. Polycyclic 
Aromatic Hydrocarbon Occurrence in Forest Soils in Response to Fires: A Summary 
across Sites. Environ Sci Process Impacts 24 (1), 32–41. https://doi.org/10.1039/ 
D1EM00377A.
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