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Abstract

In January 2025, a series of fast-moving wildland-urban-interface (WUI) fires swept through
the Los Angeles (LA) metropolitan area, causing severe air pollution. While the impacts of
WU fires on outdoor air quality have been extensively studied, indoor exposure remains less
understood, despite most people sheltering indoors during WUI fires. This study investigates
the spatial and temporal patterns of indoor and outdoor PM,., concentrations across the
South Coast Air Basin, with a focus on Los Angeles County during the LA fires. Using high-
resolution data from co-located indoor and outdoor PurpleAir sensors, we analyze hourly
PM,.; levels and indoor/outdoor ratios. Outdoor PM,., concentrations spiked sharply during
the fires, reaching unhealthy levels. Indoor concentrations increased concurrently but to a
lesser extent, reflecting the partial shielding effect of indoor environments from outdoor air
pollution. The mean daily indoor/outdoor PM,. ratio was 0.50 during LA fire days, lower than
that ratio (0.81) during non-fire days. Indoor/outdoor PM,., ratios across sensors showed a
wide distribution, reflecting differences in building characteristics and occupant behavior,
such as the use of air purifiers. These findings emphasize the need for guidance and
interventions to reduce indoor PM ,.. exposure and protect public health during extreme WUI
fire events.
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Synopsis
Using a low-cost sensor network, we analyzed spatiotemporal patterns of outdoor and

indoor PM, s increases during the 2025 Los Angeles fire and quantitatively assessed their
differences, providing insights to inform health research and policy interventions.



Introduction

In January 2025, the Los Angeles metropolitan area experienced one of the most severe
wildland-urban interface (WUI) fire events (referred to as the LA fires below) in recent history.
Starting on January 7, multiple rapidly spreading WUI fires swept across Southern California,
fueled by dry vegetation and strong Santa Ana winds." The fires, especially the Palisades and
Eaton fires, have caused destructive damage throughout the region; by January 23, these
fires had burned more than 50,000 acres and destroyed at least 16,000 structures.’

WUI fires produce large volumes of smoke that contain a complex mixture of gases and
airborne particles. Among these, fine particulate matter (PM,.;) is of particular concern due
to its small aerodynamic diameter (less than 2.5 micrometers), which allows it to penetrate
deep into the lungs and even enter the bloodstream. These particles emitted from fires can
travel hundreds of kilometers to surrounding urban areas, elevating ambient PM,.g
concentrations well beyond health-based air quality standards.>? Furthermore, these
particles can also enter indoor spaces through ventilation systems, open windows, and
building leaks. Additionally, people tend to keep their windows closed during smoke, leading
to lower natural ventilation rate and the accumulation of indoor pollutants. Therefore,
indoor PM,sconcentrations increase during fires, due to both outdoor pollutant penetration
and indoor emissions, leading to increased exposure of residents to air pollution in the
indoor environments where they spend most of their time. Exposure to air pollution from fire
smoke has been consistently associated with increased hospital admissions for asthma,
bronchitis, ischemic heart disease, premature mortality, and adverse birth outcomes, with
particularly severe effects observed among children, the elderly, and those with pre-existing
medical conditions.*® Los Angeles is uniquely vulnerable to smoke exposure due to its high
population density and rapid expansion of wildland-urban interfaces, exposing millions of
residents to harmful pollution levels both outdoors and indoors.™’

Previous studies have used multiple observational data and modeling tools to estimate the
impact of fires on air pollution. Specifically, the Air Quality System (AQS), the ground-based
regulatory air monitoring network maintained by the U.S. Environmental Protection Agency
(EPA), has been used extensively to study the air quality impacts of fires.®' While AQS offers
reliable and accurate criteria pollutant measurements, its sparse spatial coverage limits its
ability to capture local-scale pollution spikes during rapidly evolving WUI fire events. To
address this shortcoming, some studies have used satellite data, but these approaches still



face challenges in predicting ground-level air quality where most human exposures occur.'-
3 Other studies also combined satellite data with chemical transport models to estimate
ground-level PM concentrations, but were mostly limited to the outdoor environment.'"
Particularly for the LA fires, Schollaert et al'" recently identified January 7-14 as the days
impacted by smoke using satellite data, AQS data, and PurpleAir sensors. However, most of
the studies focused on the impact of outdoor air quality of fires; there has not been a study
investigating indoor air quality during the LA fires, which motivates us to investigate this
using data from PurpleAir sensors.

The PurpleAir low-cost sensors provide valuable high-resolution data for both indoor and
outdoor air quality, significantly increasing the spatial coverage of air quality monitoring.
Their growing adoption in recent years across the Western U.S., particularly in Southern
California, presents a unique opportunity for us to investigate the indoor air quality impacts
of the LA fires. Previous studies have investigated the spatial and temporal patterns of
outdoor PM,s concentrations in Southern California using PurpleAir data combined with
machine learning, geostatistical, and chemical transport models.'®?° These studies showed
that after using appropriate data correction and calibration, the PurpleAir network data
could complement the regulatory monitors by providing additional temporal and spatial
variation details on fire smoke-impacted air quality.?’ Fewer studies have investigated indoor
air quality during fire events using low-cost sensors. Krebs et al (2021)?? assessed the
heterogeneity of PurpleAir PM, s concentrations from indoor and outdoor across a whole year,
confirming the validity of comparing and analyzing PurpleAir indoor and outdoor PM;5
concentrations. Liang et al (2021)? compared indoor and outdoor PM, s measurements from
PurpleAir sensors in California, and found that indoor PM,s levels increased noticeably
during WUI fire events, while the infiltration rate (from outdoor to indoor) during WUI fire days
was half of non-fire days. O’Dell et al (2023)?* paired indoor and outdoor PurpleAir monitors
in the western U.S. and found that PM,sindoor-to-outdoor ratio varies by region, while mean
indoor concentrations are 82% higher in fire days compared to non-fire days.

While the PurpleAir sensor data is useful for addressing spatial and temporal gaps in PMys
data, assessing indoor air quality using PurpleAir data requires addressing several
challenges. First, the metadata specifying whether a sensor is designated for indoor or
outdoor use is occasionally inaccurate. To address this issue, we developed a
reclassification method based on temperature variability, allowing us to more accurately
distinguish between indoor and outdoor sensors. Second, the number of co-located indoor-
outdoor sensor pairs is very limited. Meaningful comparison between indoor and outdoor
measurements requires careful collocation, ensuring sensors are close to each other.



Previous studies typically selected the nearest outdoor counterpart of indoor sensors or set
a distance threshold of 1 kilometer for comparison,?*? while it is clear whether they are
sufficiently close for representative comparisons.? In our study, we were able to determine
50 pairs of indoor and outdoor sensors located within close spatial proximity (30 meters) in
Los Angeles to identify differences attributable specifically to indoor versus outdoor PM s
concentrations, reducing the influence of spatial variability of outdoor PM, s concentrations.

Our study investigates how the disastrous LA fire affects both outdoor and indoor air quality,
and for the first time quantitatively compares their difference in PM2 5 concentrations. Using
hourly-averaged PurpleAir data across the South Coast Air Basin (SCAB), we calibrated PM; s
measurements and sensor location types (i.e., indoor and outdoor), identified pollution
hotspots, and analyzed PM concentrations of co-located indoor—-outdoor sensor pairs
before, during, and after the fire. The indoor and outdoor PM, 5 concentration levels reported
in this study could be further analyzed for public health studies. Furthermore, our study
offers insights for individuals seeking to reduce exposure to smoke and suggestions for air
quality management agencies aiming to strengthen public health protection.

Methods

PurpleAir data description

PurpleAir (PA) provides real-time monitoring air quality data through wide deployment of low-
cost sensors globally. We retrieved data of hourly-averaged PM, s concentrations along with
temperature and relative humidity (RH) for all publicly available and activated sensors
located within the South Coast Air Basin from the Purple Air API from January 1 to January 31,
2025.% Metadata such as GPS coordinates, location type (as labeled by users when first
activated), and sensor start date were included for further classification and analysis.

The PA dataset used in this study includes measurements from both PA-l and PA-Il sensors.
The majority are PA-Il sensors, which contain two Plantower PMS5003 laser-scattering
particle counters, referred to as channels A and B, that alternate measurements every 10
seconds. By incorporating two sensing channels, the design allows for cross-validation
between channels, enhancing data reliability through internal consistency checks. PA-I
sensors are primarily designed for indoor use and contain a single particle counter (typically
the Plantower PMS1003). These sensors report multiple estimated PM,s mass
concentrations, based on particle counts in different size bins and calibration algorithms



developed by Plantower, known as CF=1, ATM, and ALT-CF3.4. All sensors also include a
Bosch BME280 sensor for measuring temperature, relative humidity, and pressure.

For our analysis, we used the “CF_ATM” data field (referred to as “pm2.5_cf_atm” in the
PurpleAir APIl), which represents the calibrated PM,s concentrations by Plantower
accounting for particle hygroscopic growth under varying humidity. We further calibrated
both indoor and outdoor PurpleAir sensor readings based on the US EPA method (as
described in the following section). We used the same calibration methods for indoor and
outdoor PM, s concentrations to ensure comparability between them, since our analysis is
focused on indoor-to-outdoor relationships.

Data cleaning and calibration

We conducted multi-step cleaning and calibration of hourly PurpleAir measurements.

First, we removed data from PurpleAir sensors that did not report any temperature, relative
humidity (RH), and PM,sdata. We also removed sensors that have a data coverage of PMys
concentrations less than 50% in our study period, January 2025. The data coverage for each
sensor was computed as a ratio of the number of available hourly PM. s observations to the
total number of hours in January 2025.

Second, we removed implausible measurements. Specifically, we removed sensors if
recorded temperatures were outside the range of —200°F to 1000°F (-129°C to 537°C) or if
RH values were outside the 0-100% range.’® We also removed sensors whose monthly
average PM,., concentration exceeded 500 pg/m?®, as persistently high values may indicate

sensor malfunction.

Third, we assessed the quality and consistency of PM.s readings from the dual optical
particle counters, channels A and B within the Plantower PMS5003 sensor. These two
channels operate in alternating 10-second intervals and generate averaged PM,svalues over
two-minute periods. Each channel uses a laser-based method that measures 90° light
scattering from airborne particles, utilizing a 680+ 10 nm wavelength. Records were
removed when data from both channels was missing or equal to zero. For records with both
A and B available, consistency checks were performed: when the mean concentration was
<100 ug/m3, records were retained only if the absolute difference between A and B was
<10 pg/m?; for mean concentrations 2100 pg/m?, the relative difference |A - B| / average was
required to be =10%. When both channels A and B provided valid and consistent readings,
the average of the two was used. Note that, to maintain an adequate number of observations
for analysis, we did not remove data from sensors that only have one channel.



Lastly, to correct for biases in PurpleAir PM,s measurements, we applied the RH-based
calibration method developed by the US EPA, using different equations for typical ambient
PM2.5 concentrations and high concentrations due to fire smoke et al. (2022)].?' Figure S3
shows the comparison between our calibrated PurpleAir PM,s concentrations and those
measured by a nearby EPA air monitoring station.

Indoor and outdoor sensor reclassification

The metadata provided by PurpleAir users regarding sensor location type (indoor or outdoor)
could be inaccurate. To address this issue, we reclassified each sensor based on its
observed temperature variability. Specifically, we calculated the average daily temperature
range (i.e., daily maximum minus minimum) for each sensor from January 1 to January 31,
2025. Sensors with low daily temperature ranges (<5 °C) were likely installed indoors, as
indoor climate is more stable, while those with high ranges (>10 °C) were likely outdoors.
Based on this approach, we identified 35 of the 933 sensors retained after data cleaning as
likely misclassified. We reclassified 16 originally labeled as indoor sensors to outdoor, and
19 outdoor sensors to indoor (Figure S1).

Identification of co-located indoor and outdoor sensors

To identify co-located indoor and outdoor PurpleAir sensors for analyzing indoor—outdoor air
quality relationships, we used sensor metadata containing geographic coordinates.
Coordinates were converted to a projected coordinate reference system (EPSG:3857), and a
spatial proximity analysis was conducted. For each indoor sensor, we identified all outdoor
sensors located within 30 meters and active during the study period (January 1-31, 2025).
Sensor pairs (one indoor and at least one outdoor sensor) within this 30-meter buffer were
classified as co-located. When multiple outdoor sensors were paired with an indoor sensor,
we averaged their outdoor PM, s concentrations. Figure S4 shows the spatial distribution of
these sensor pairs; of the 62 co-located pairs identified in the South Coast Air Basin, 50 pairs
are located in Los Angeles County, covering the downwind area of smoke plume .



Identification of fire days

For our further analysis of indoor vs outdoor daily concentrations in Los Angeles County, we
identified days when co-located indoor and outdoor PurpleAir sensors’ air quality readings
were impacted and not impacted by smoke from the LA fire. We used the cleaned and
calibrated dataset described above and retained only sensors-days with at least 18 valid
hourly observations to ensure data reliability. We classified a sensor-day as fire-impacted
within the fire period (January 7-12, 2025) if its daily average outdoor PM,s concentration
exceeded 12 pg/m°>. This threshold, based on the U.S. National Ambient Air Quality
Standards (NAAQS) for annual average PM.s, was used as a conservative indicator of

possible WUI fire smoke influence. All other days that were not classified as fire days were
considered as “non-fire days”.

Results and Discussion
Number of available indoor and outdoor PurpleAir sensors

1000

900 4
Ak g —k——k A=A

200 -

-
et _oh-—k=
C 800- d‘_*’_‘._‘—rl-*‘i
= D b el U
Q Sy
(¥] 700 W Sensor Type
- _4- Outdoor (Before data cleaning
Q 600 and reclassification)
(7] OQutdoor (After data cleaning
C s00- *= and reclassification)
v Indoor (Before data cleaning
] 400 - and reclassification)
Q Indoor (After data cleaning
= 300- and reclassification)
=2
c
=

100 -

-, a2 B R s e e e o o e o, e o e, o e, e e, e e, o, e

Date (Pacific Time)

Figure 1. Daily count of unique indoor and outdoor activated PurpleAir sensors operating in the
South Coast Air Basin (SCAB) during January 2025. Solid lines with circle markers represent
sensors retained after data cleaning and reclassification, while dashed lines with triangle
markers show counts before data cleaning and reclassification. Daily counts only include
sensors recording at least 18 hours of data on a given day in Pacific Standard Time (PST).



Figure 1 shows the changes in the number of activated sensors in our study period. The
change in count of activated sensors throughout January 2025 in the South Coast Air Basin,
reflect both fire-related disruptions and human responses to WUI fire events. Both indoor
and outdoor sensor activity dropped on January 8, likely due to power outages or
connectivity loss caused by WUI fires. However, after January 10, the number of sensors
begantoincrease steadily. This upward trend might be attributed to increased public interest
in local air quality, as more individuals activated existing PurpleAir sensors or installed new
PurpleAir Sensors in response to fire events. From January 8 to January 31, 2025, the total
number of activted indoor sensors increased from 278 to 380, while the number of activated
outdoor sensors increased from 713 to 878. These trends may reflect public interest in
understanding and responding to air quality challenges following extreme air pollution
events like WUI fires.

Figure 1 also compares the number of available sensors before and after data cleaning and
reclassification of indoor/outdoor sensor types. Following these procedures, the number of
sensors included in our analysis (solid lines) is slightly lower than the total number of
available sensors (dashed lines). Their difference reflects our removal of data with dual-
channel inconsistencies, temperature and humidity-related anomalies, and low data
coverage. In particular, the difference was much higher after mid-January, because many
newly activated sensors had less than 50% data coverage in January and were excluded from
our analysis. Nonetheless, the cleaned dataset still provided a substantial number of high-
quality observations, with more than 250 indoor sensors and more than 650 outdoor sensors,
providing both strong data quality and sufficient spatial coverage for subsequent analysis.



Hotspots of Indoor and Outdoor PM,... Concentrations
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Figure 2. Daily maps showing the spatial distribution of indoor and outdoor PM,,..¢
concentrations across the South Coast Air Basin (SCAB) from January 7-12, 2025
(Pacific Time). Each dot represents a PurpleAir sensor, and its color represents daily
average PM,.. concentration, categorized into seven concentration bins according to
the U.S. EPA Air Quality Index (AQI) thresholds: Good, Moderate, Unhealthy for
Sensitive Groups, Unhealthy, Very Unhealthy, and Hazardous. For each day, only
sensors with at least 18 valid hourly readings are included. SCAB and county
boundaries are shown in black, with the boundary of the intersection of Los Angeles
County and SCAB highlighted in bold.



The high density of indoor and outdoor PurpleAir sensors in the South Coast Air Basin
(especially LA County) enables us to investigate the spatial and temporal variability of PM,s
concentrations during the LA fire period (Figure 2). Figure 2 shows drastic increases in
outdoor PM,s concentrations between January 7 and January 11, peaking on January 9.
Outdoor sensorsin LA County recorded elevated PM, s concentrations in the unhealthy range,
reaching the unhealthy and very unhealthy Air Quality Index (AQI) levels. In the center of LA
County, some sensors recorded extremely high outdoor PM,s concentrations above 125.5
pg/ms. In contrast, San Bernardino, Riverside, and Orange Counties had fewer sensors and
experienced much milder PM2.5 pollution during the same period, with most outdoor PM;5
concentrations remaining in Good or Moderate AQI levels. The spatial pattern of elevated
PM..s concentrations during the LA fire is likely driven by prevailing Santa Ana winds and the
location of fires, which blew Palisades Fire smoke offshore and constrained Eaton Fire
smoke largely within the LA basin.?®?” As a result, the LA fires predominantly affected PM,s
levels in LA County,™ with limited impact on neighboring counties during this time period.

Indoor sensors also recorded increases in PM,s concentrations during this period, though
levels remained considerably lower than outdoor concentrations. Most indoor sensors
showed concentrations in the 9-55.4 pg/m® range during January 8-9 (yellow to orange dots
on the maps), with a few in central Los Angeles exceeding 55.4 pg/m?®, reaching unhealthy
AQI levels. Note that AQI is designed for outdoor air quality assessment, but we also
describe it for indoor air quality just to put numbers into perspective.

Both outdoor and indoor PM,s concentrations started to decline after January 9 with the
spatial range and intensity of hotspots (red and purple dots) visibly shrinking on the map.
PM.s concentrations returned to Good and Moderate AQI levels on January 12. This rapid
decrease may reflect both reduced fire intensity and favorable meteorological conditions for
dispersion outdoors, reduced infiltration indoors, and potentially greater air cleaning and
filtration indoors.

Comparison of PM,s Concentrations between Indoor and Outdoor Sensors

As shown in Figure 2, the LA fires led to much higher increases of outdoor PM, s levels in LA
County, compared to other counties within the South Coast Air Basin. To better understand
indoor and outdoor exposure trends during the fire period and compare them, we focused
our temporal analysis of PM,s concentrations on sensor data aggregated in LA County to
capture fluctuations in both indoor and outdoor air quality (Figure 3).
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Figure 3. Hourly average PM2.5 concentrations from PurpleAir sensors in Los Angeles County

within SCAB during January 2025. Panel (a) shows co-located indoor and outdoor sensor pairs

in LA County; panel (b) includes all available indoor and outdoor sensors in LA County. Indoor

and outdoor PM2.5 concentrations are plotted as solid red and blue lines, respectively. Shaded

background colors represent updated U.S. EPA AQI thresholds: green (Good =9.0 pg/m3), yellow

(Moderate =35.4 pg/m®), orange (Unhealthy for Sensitive Groups <55.4 pg/m°®), and purple

(Unhealthy and Above 255.5 ug/m?®). Daily burned area in LA County (km?) is overlaid as gray bars.
All data is shown in Pacific Time.

From January 1 to 7, PM.s concentrations were consistently low. Outdoor levels typically
ranged from 10-25 pg/m3, while indoor PM,s levels were below 15 pg/m3 in most cases.
Average outdoor PM levels were within the Good and Moderate AQI levels, suggesting
relatively clean air quality conditions.

The Eaton and Palisades fires, which began on January 7, triggered drastic PMjs
concentration increases across the LA County (and SCAB). Data from co-located sensors
shown in Figure 3(a) is especially useful for comparing indoor versus outdoor concentrations,
because each indoor sensor is positioned within 30 meters of corresponding outdoor
sensors. The mean outdoor concentrations surged rapidly and peaked in the afternoon of
January 9 at ~87 pg/m3, reaching the Unhealthy AQI level. Indoor PM, s concentrations from
co-located sensors also rose substantially, peaking at ~40 ug/m3 in the afternoon of January
9. During the peak smoke period (January 8-11), indoor and outdoor PM,s concentrations
exhibited similar temporal patterns. Overall, the indoor PM,s concentrations were lower
than outdoors, suggesting that indoor environments offer a degree of protection from WUI
fire smoke. However, the concentrations still exceeded the “Unhealthy for Sensitive Groups”
AQI threshold, indicating notable indoor exposure when outdoor PM,s is heavily impacted
by smoke.



Following the peak PM,s concentrations in the afternoon of January 9, both indoor and
outdoor PMys declined rapidly, returning to pre-fire levels by the end of January 12. In the
absence of new WUI fire activity, outdoor PM,s still had fluctuations, possibly due to the
influence of other emission sources and meteorological factors such as vehicle exhaust,
atmospheric stagnation, or residential wood burning. During this same period, indoor PM;5
concentrations remained relatively stable, suggesting the role of indoor environments in
buffering occupants from ambient air pollution. Figure 3(b) includes the mean
concentrations of all available ~700 outdoor and ~300 indoor sensors across Los Angeles
County. The overall temporal trends are similar to those of the 50 co-located sensor pairsin
Figure 3(a). Figures 3(a) and 3(b) both show clear peaks of outdoor PM, s concentrations on
January 9 at ~87 ug/m3 for outdoor sensors of co-located pairs and ~71 ug/m3 for all outdoor
sensors.

Figure 3 also presents the daily burned area data to provide context for the fire burning
situation. The temporal alignment between periods of burned area and PM, s peaks confirms
WUI fire smoke as the primary pollution driver during early January. In contrast, PM.s
fluctuations in mid-to-late January occurred without significant burning, suggesting other
emission sources or meteorological factors. Itis also worth noting that an increase in burned
area may not necessarily result in measured increases in concentrations. This could be
partially due to limited or no sensor coverage in the downwind area of fires (e.g., the ocean).
This could explain the lack of observed elevated PM,s concentrations correlated with the
burned area in late January (mainly from the Hughes Fire in North of SCAB).
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Figure 4. Histograms of hourly PM,.; concentrations and indoor/outdoor PM2.5 ratios from co-
located PurpleAir sensor pairs in LA County during LA fire days and non-fire days in January 2025.
Panels (a) and (b) show histograms of hourly indoor (yellow bars) and outdoor (blue bars) PM2.5
concentrations and indoor/outdoor PM2.5 ratios during WUI fire-impacted days, while panels
(c) and (d) display the corresponding distributions for non-impacted days. Indoor/outdoor ratios
(panels b and d) are calculated as the indoor concentration divided by the outdoor
concentration, measured by each co-located sensor pair.

We further classified the PM,s concentration data of co-located sensors into sensor-days
impacted by LA fire and non-fire days, and presented the distribution of hourly PM,s
concentrations for days impacted and not impacted by the LA fire. During the LA fire days
(Figure 4a), outdoor PMs levels had a wide variability with many readings exceeding 50
pg/m® and some surpassing 100 pg/m? (the 90™ percentile reaching 85.2 pg/m®). In contrast,
during non-fire days (Figure 4c), the vast majority of outdoor PM, s concentrations remained
below 25 ug/m3, with a 90" percentile at 22.7 pg/m3, much lower than the concentrations
during fire days.

Indoor PM, s concentrations remained comparatively lower and more stable. For both LA fire
days and non-fire days, indoor PM, s distribution were heavily skewed to the right (Figures 4a



and 4c). Despite the increases in indoor PM,s concentrations, they generally remained
within the “Good” and "Moderate" AQI categories.

Distribution of both indoor and outdoor PM,s concentrations shifted towards higher
concentrations during the LA fire days, as compared to non-LA fire days. During LA fire-
impacted days, the median hourly outdoor and indoor PM, s concentrations were 30.2 ug/m3
and 10.9 pg/m3, respectively. The median hourly outdoor and indoor concentrations were
8.0 |.|g/m3 and 4.9 ug/m3 during non-fire days, respectively. Overall, we found that indoor

concentrations were lower than those outdoors.
Indoor/outdoor PM2.5 ratios during LA fire days and non-fire days

Despite the increases in PM,sconcentrations for both indoor and outdoor sensors during LA
fire days, Figure 4b shows that hourly indoor/outdoor PM, s ratios were significantly lower
during LA fire days, where most ratios fell within 0.1 to 1, with a peak between 0.1 and 0.2
and median ratio of 0.36. In contrast, as shown in Figure 4d, during non-fire days, the
distribution had a higher median ratio of 0.66 and double modes with peaks observed at~0.3
and ~0.8. Notably, during LA fire days, a much smaller portion of ratios exceeded 1.0
compared to non-fire days, indicating less frequent instances where indoor PMgs
concentrations surpassed outdoor levels during LA fire days.

The indoor/outdoor PM; s ratios also exhibit a wide range. For LA fire days, their interquartile
range (IQR) is 0.34, with Q1 at 0.23 and Q3 at 0.57. Their IQR for non-fire days (0.55) is even
higher, with Q1 at 0.39 and Q3 at 0.94. The high variability in indoor/outdoor PM,s ratios
(Figures 4b and 4d) suggests that the protective role of indoor environments in reducing
PM2.5 exposure varies.

Table 1. Summary statistics of daily PM.s concentrations from co-located indoor and outdoor
PurpleAir sensors in the area of Los Angeles County that is within the South Coast Air Basin
during January 2025. The table reports the mean * standard deviation of outdoor PM,
indoor PM.s, indoor/outdoor ratios, and differences of indoor minus outdoor
concentrations for days impacted and not impacted by the LA fire. N indicates the number
of sensor-day pairs used in each calculation, with each pair representing one day of data
from co-located indoor and outdoor sensors.



Mean Indoor Mean Outdoor Mean Mean Indoor-

concentration concentration Indoor/outdoor Outdoor difference
(ng/md) (ng/md) ratio (ng/md)
LA fire days
18.6+19.2 41.2+29.5 0.50+0.40 -22.7+26.5
(N=119)
Non-fire days
7.0+7.6 11.3%£10.9 0.81+0.75 -4.3+9.2

(N=1297)

Table 1 shows a summary of mean and standard deviation for PurpleAir daily indoor and
outdoor PM,s concentrations. Outdoor mean PM,s concentrations reached 41.2 pg/m®
during the LA fire days, a factor of four times higher than the mean PM,s concentrations
during non-fire days (11.3 pg/m®). Indoor mean concentration was 18.6 pg/m? during fire-
impacted days, a factor of 2.7 higher than the concentration during non-fire days (7.0 pg/m°).
The increases in indoor concentrations we observed during the Los Angeles fires are
comparable to findings by Liang et al. (2021),2 which concluded that indoor mean
concentrations tripled during fire-impacted days in Northern California.

Table 1 also compares the indoor versus outdoor PM,s concentrations. The mean
indoor/outdoor ratio decreased from 0.8 during non-fire days to 0.5 during LA fire days. The
absolute difference between mean indoor PM,s concentrations and outdoor PMjs
concentrations during LA fire days reached 22.7 pg/m3, which is significantly larger than 4.3
ug/m3 on non-fire days. These differences, together with the pattern shown by Figures 4a and
4b, reflect the protective role of indoor environments in mitigating exposure to WUI fire-
related PM,s. They may also reflect actions taken by residents during high pollution events,
such as the active use of air filters.

Discussion

Our analysis of PurpleAir sensor data provides a comprehensive comparison between
indoor and outdoor PM,s and for LA fire and non-fire days, providing valuable insights into

the extent to which indoor environments may buffer residents from elevated outdoor
pollution levels during WUI fire events. We found that both indoor and outdoor PM,s



concentrations experienced large increases during LA fire days in Los Angeles County and
had similar temporal and spatial patterns. Across most co-located indoor-outdoor sensor
pairs, indoor PM, s concentrations were consistently lower than outdoor levels, reflected by
an average indoor/outdoor ratio of 0.81 during non-fire days. This ratio declined further
during the LA fire period to 0.50. All these findings highlight the partial protection offered by
indoor environments against outdoor fire smoke. Given public health warning and
messaging about the dangers of inhaling high concentrations of outdoor PM;s, it is expected
that most individuals living in LA residences would have sealed up their homes to try and
limit infiltration from outdoors, to the extent possible. People might have also avoided
cooking and vacuum cleaning in response to widespread public health advisories. That said,
even with changes in human behavior, indoor concentrations of PM, s still increased during
the LA fire, due to both infiltration from outdoors and emissions of indoor sources.

The distribution of indoor/outdoor PM,s ratios was unimodal during fires (Figure 4b) and
bimodal on non-fire days (Figure 4d). We hypothesized that the modes might indicate the
extent of protective actions taken by individuals. On fire days, it is anticipated that most
residents would employ protective measures, such as using air purifiers. In contrast, on non-
fire days, there might be a mix of people who actively maintained protective measures and
those who did not. The broad range of the indoor/outdoor ratios suggests that exposure
outcomes can vary depending on building characteristics, such as the Minimum Efficiency

Reporting Values (MERV) rating of filters in central air conditioning systems, outdoor climate,

as well as the behaviors of occupants, such as whether they use air purifiers, aligning
previous studies investigating infiltration rate variations.?®?° Similarly, Xiang et al. (2021)3°
found that outdoor to indoor infiltration factors during wildfire days varied substantially
across buildings, ranging from 0.33 - 0.76. They also found that high-efficiency particulate
air (HEPA) air purifiers operating in auto mode could reduce indoor PM,., concentrations by
48% - 78%.

We acknowledge several limitations of this study, some of which could be addressed by
future studies. First, most households only have a single sensor, which may not adequately
capture the spatial variability of PM,s within indoor environments. Second, future analyses
could be improved by identifying and excluding periodic indoor emissions (from activities
such as cooking and cleaning) to better isolate WUI fire-related impacts. Moreover,
quantifying infiltrated PM,s, which is the fraction of indoor PM,s originating from outdoor
sources, may help to more accurately characterize exposure attributable to WUI fire
events.? Lastly, the PurpleAir sensor network could also be further expanded to enhance its
spatial coverage and enable a more comprehensive assessment of PM,.. exposure patterns.



As shown in Figure 2, Los Angeles County has a much higher density of both indoor and
outdoor sensors compared to the surrounding counties (San Bernardino, Riverside, and
Orange) in SCAB. This higher adoption of PurpleAir sensors in LA County may be due to its
denser population and greater public awareness. However, within LA County itself, there is
also a data gap in Assembly Bill 617 disadvantaged communities, especially in the South
and Southeast Los Angeles community (comparing Figure 2 and Figure S5). Both the data
gaps within and outside of LA County underscore the critical role of building a high-
resolution sensor network in tracking PM,s concentrations during WUI fire events and in
identifying pollution hotspots that may not be captured by sparse regulatory monitors.3'-%

Our findings are important for conducting future exposure analysis and guiding effective
public health interventions. Analyses of co-located PurpleAir sensors could provide
information of exposure estimates in future epidemiological studies targeting WUI fire health
effects.®® Expanding such sensor networks across Los Angeles communities would provide
further data support for both scientific research and public risk communication. With indoor
levels still tripling despite reduced infiltration during WUI fire days, residents are advised to
stay indoors with enhanced filtration systems to reduce high-level PM, s exposure.3® Public
messaging during WUI fire events has also been shown to effectively prompt protective
behaviors.*® We suggest policymakers in Los Angeles support public outreach initiatives
regarding the air quality impact of WUI fires and offer subsidies for HEPA purifiers and air
quality monitors in disadvantaged and high-risk communities.

Acknowledgment

This work was supported by the University of Southern California (USC) President’s
Sustainability Award and the CLIMAte-related Exposures, Adaptation, and Health Equity
(CLIMA) Center funded by the National Heart, Lung, And Blood Institute of the National
Institutes of Health under Award Number P20HL176204. The content is solely the
responsibility of the authors and does not necessarily represent the official views of the
National Institutes of Health. We thank the PurpleAir sensor team, especially Andrew White,
for their helpful suggestions. We appreciate the high-performance computing resources
provided by the Center for Advanced Research Computing (CARC) at the University of
Southern California. We also thank colleagues in our research group at USC, especially
Diego Ramos Aguilera, Hao Hu, Venezia Ramirez, Sahar Fazelvalipour, and Michaela Dowd,
for their helpful insights and contributions. The manuscript has not been formally reviewed
by the South Coast Air Quality Management District. The views expressed in this document



are solely those of the authors and do not necessarily reflect those of the South Coast Air
Quality Management District. South Coast Air Quality Management District does not
endorse any products or commercial services mentioned in this publication.

References

(1) Qiu, M.; Chen, D.; Kelp, M.; Li, J.; Huang, G.; Yazdi, M. D. The Rising Threats of Wildland-
Urban Interface Fires in the Era of Climate Change: The Los Angeles 2025 Fires. The
Innovation 2025, 6 (5), 100835. https://doi.org/10.1016/j.xinn.2025.100835.

(2) May, N. W.; Dixon, C.; Jaffe, D. A. Impact of Wildfire Smoke Events on Indoor Air Quality
and Evaluation of a Low-Cost Filtration Method. Aerosol Air Qual. Res. 2021.
https://doi.org/10.4209/aaqr.210046.

(3) Enayati Ahangar, F.; Pakbin, P.; Hasheminassab, S.; Epstein, S. A.; Li, X.; Polidori, A.;
Low, J. Long-Term Trends of PM2.5 and Its Carbon Content in the South Coast Air Basin:
A Focus on the Impact of Wildfires. Atmos. Environ. 2021, 255, 118431.
https://doi.org/10.1016/j.atmosenv.2021.118431.

(4) Carreras-Sospedra, M.; Zhu, S.; MacKinnon, M.; Lassman, W.; Mirocha, J. D.; Barbato,
M.; Dabdub, D. Air Quality and Health Impacts of the 2020 Wildfires in California. Fire
Ecol. 2024, 20 (1). https://doi.org/10.1186/s42408-023-00234-y.

(5) Reid, C. E.; Brauer, M.; Johnston, F. H.; Jerrett, M.; Balmes, J. R.; Elliott, C. T. Critical
Review of Health Impacts of Wildfire Smoke Exposure. Environ. Health Perspect. 2016,
124 (9), 1334-1343. https://doi.org/10.1289/ehp.1409277.

(6) Khalili, R.; Liu, Y.; Xu, Y.; O’Sharkey, K.; Pavlovic, N.; McClure, C.; Lurmann, F.; Yang, T.;
Chen, X.; Vigil, M.; Grubbs, B.; Al Marayati, L.; Lerner, D.; Lurvey, N.; Marsit, C. J.;
Johnston, J.; Bastain, T. M.; Breton, C. V.; Farzan, S. F.; Habre, R. Adverse Birth
Outcomes Associated with Heat Stress and Wildfire Smoke Exposure During
Preconception and Pregnancy. Environ. Sci. Technol. 2025, 59 (25), 12458-12471.
https://doi.org/10.1021/acs.est.4c10194.

(7) Goralnick, E.; Nadeau, K.; Moyal-Smith, R.; Szema, A. Long-Term Health Implications of
the Los Angeles Wildfires and Insights From Military Burn Pit Exposures. 2025.

(8) Burke, M.; Childs, M. L.; De La Cuesta, B.; Qiu, M.; Li, J.; Gould, C. F.; Heft-Neal, S.;
Wara, M. The Contribution of Wildfire to PM2.5 Trends in the USA. Nature 2023, 622
(7984), 761-766. https://doi.org/10.1038/s41586-023-06522-6.

(9) Childs, M. L.; Li, J.; Wen, J.; Heft-Neal, S.; Driscoll, A.; Wang, S.; Gould, C. F.; Qiu, M.;
Burney, J.; Burke, M. Daily Local-Level Estimates of Ambient Wildfire Smoke PM2.5 for
the Contiguous US. Env. Sci Technol 2022.

(10) Gupta, P.; Doraiswamy, P.; Levy, R.; Pikelnaya, O.; Maibach, J.; Feenstra, B.; Polidori, A.;
Kiros, F.; Mills, K. C. Impact of California Fires on Local and Regional Air Quality: The
Role of a Low-cost Sensor Network and Satellite Observations. GeoHealth 2018, 2 (6),
172-181. https://doi.org/10.1029/2018gh000136.

(11) Schollaert, C.; Connolly, R.; Cushing, L.; Jerrett, M.; Liu, T.; Marlier, M. Air Quality
Impacts of the January 2025 Los Angeles Wildfires: Insights from Public Data Sources.
Environ. Sci. Technol. Lett. 2025. https://doi.org/10.1021/acs.estlett.5c00486.



(12) Raffuse, S.; O’Neill, S.; Schmidt, R. A Model for Rapid PM,s Exposure Estimates in
Wildfire Conditions Using Routinely Available Data: Rapidfire v0.1.3. Geosci. Model
Dev. 2024, 17 (1), 381-397. https://doi.org/10.5194/gmd-17-381-2024.

(13)Vu, B. N.; Bi, J.; Wang, W.; Huff, A.; Kondragunta, S.; Liu, Y. Application of Geostationary
Satellite and High-Resolution Meteorology Data in Estimating Hourly PM2.5 Levels
during the Camp Fire Episode in California. Remote Sens. Environ. 2022, 271, 112890.
https://doi.org/10.1016/j.rse.2022.112890.

(14) Skipper, T. N.; Kaiser, J.; Odman, M. T.; Hasheminassab, S.; Russell, A. G. Local Scale
Air Quality Impacts in the Los Angeles Basin from Increased Port Activity during 2021
Supply Chain Disruptions. Environ. Sci. Atmospheres 2024, 4 (3), 321-329.
https://doi.org/10.1039/d3ea00166k.

(15)Zhang, D.; Wang, W.; Xi, Y.; Bi, J.; Hang, Y.; Zhu, Q.; Pu, Q.; Chang, H.; Liu, Y. Wildland
Fires Worsened Population Exposure to PM, s Pollution in the Contiguous United
States. Environ. Sci. Technol. 2023, 57 (48), 19990-19998.
https://doi.org/10.1021/acs.est.3c05143.

(16) Schulte, N.; Li, X.; Ghosh, J. K.; Fine, P. M.; Epstein, S. A. Responsive High-Resolution
Air Quality Index Mapping Using Model, Regulatory Monitor, and Sensor Data in Real-
Time. Environ. Res. Lett. 2020, 15 (10), 1040a7. https://doi.org/10.1088/1748-
9326/abb62b.

(17) Xue, Z.; Gupta, P.; Christopher, S. Satellite-Based Estimation of the Impacts of
Summertime Wildfires on PM,s Concentration in the United States. Atmospheric
Chem. Phys. 2021, 21 (14), 11243-11256. https://doi.org/10.5194/acp-21-11243-2021.

(18) Liu, J.; Banerjee, S.; Oroumiyeh, F.; Shen, J.; Del Rosario, I.; Lipsitt, J.; Paulson, S.; Ritz,
B.; Su, J.; Weichenthal, S.; Lakey, P.; Shiraiwa, M.; Zhu, Y.; Jerrett, M. Co-Kriging with a
Low-Cost Sensor Network to Estimate Spatial Variation of Brake and Tire-Wear Metals
and Oxidative Stress Potential in Southern California. Environ. Int. 2022, 168, 107481.
https://doi.org/10.1016/j.envint.2022.107481.

(19) Lu, Y.; Giuliano, G.; Habre, R. Estimating Hourly PM2.5 Concentrations at the
Neighborhood Scale Using a Low-Cost Air Sensor Network: A Los Angeles Case Study.
Environ. Res. 2021, 195, 110653. https://doi.org/10.1016/j.envres.2020.110653.

(20) Bi, J.; Wildani, A.; Chang, H. H.; Liu, Y. Incorporating Low-Cost Sensor Measurements
into High-Resolution PM, s Modeling at a Large Spatial Scale. Environ. Sci. Technol.
2020, 54 (4), 2152-2162. https://doi.org/10.1021/acs.est.9b06046.

(21) Barkjohn, K. K.; Holder, A. L.; Frederick, S. G.; Clements, A. L. Correction and Accuracy
of PurpleAir PM2.5 Measurements for Extreme Wildfire Smoke. Sensors 2022, 22 (24),
9669. https://doi.org/10.3390/5s22249669.

(22) Krebs, B.; Burney, J.; Zivin, J. G.; Neidell, M. Using Crowd-Sourced Data to Assess the
Temporal and Spatial Relationship between Indoor and Outdoor Particulate Matter.
Environ. Sci. Technol. 2021, 55 (9), 6107-6115.
https://doi.org/10.1021/acs.est.0c08469.

(23) Liang, Y.; Sengupta, D.; Campmier, M. J.; Lunderberg, D. M.; Apte, J. S.; Goldstein, A. H.
Wildfire Smoke Impacts on Indoor Air Quality Assessed Using Crowdsourced Data in
California. Proc. Natl. Acad. Sci. 2021, 118 (36), e2106478118.
https://doi.org/10.1073/pnas.2106478118.



(24) O’Dell, K.; Ford, B.; Burkhardt, J.; Magzamen, S.; Anenberg, S. C.; Bayham, J.; Fischer,
E. V.; Pierce, J. R. Outside in: The Relationship between Indoor and Outdoor Particulate
Air Quality during Wildfire Smoke Events in Western US Cities. Environ. Res. Health
2023, 7 (1), 015003. https://doi.org/10.1088/2752-5309/ac7d69.

(25) PurpleAir Real-Time Air Quality Monitoring. https://develop.purpleair.com/ (accessed
2025-06-20).

(26) Woolcott, O. O. Los Angeles County in Flames: Responsibilities on Fire. Lancet Reg.
Health - Am. 2025, 42, 101005. https://doi.org/10.1016/j.lana.2025.101005.

(27) Mountain and Valley Winds. https://www.weather.gov/safety/wind-mountain-valley
(accessed 2025-07-21).

(28) Lunderberg, D. M.; Liang, Y.; Singer, B. C.; Apte, J. S.; Nazaroff, W. W.; Goldstein, A. H.
Assessing Residential PM, s Concentrations and Infiltration Factors with High
Spatiotemporal Resolution Using Crowdsourced Sensors. Proc. Natl. Acad. Sci. 2023,
120 (50), e2308832120. https://doi.org/10.1073/pnas.2308832120.

(29)Holder, A. L.; Vreeland, H.; Brittingham, H.; Coefield, S.; Hassett-Sipple, B.;
Deckmejian, L.; Schmidt, B. R. Influence of Building Characteristics on Wildfire Smoke
Impacts on Indoor Air Quality. ACS EST Air 2025.
https://doi.org/10.1021/acsestair.5c00144.

(80) Xiang, J.; Huang, C.-H.; Shirai, J.; Liu, Y.; Carmona, N.; Zuidema, C.; Austin, E.; Gould,
T.; Larson, T.; Seto, E. Field Measurements of PM2.5 Infiltration Factor and Portable Air
Cleaner Effectiveness during Wildfire Episodes in US Residences. Sci. Total Environ.
2021, 773, 145642. https://doi.org/10.1016/j.scitotenv.2021.145642.

(831)Mullen, C.; Flores, A.; Grineski, S.; Collins, T. Exploring the Distributional
Environmental Justice Implications of an Air Quality Monitoring Network in Los Angeles
County. Environ. Res. 2022, 206, 112612.
https://doi.org/10.1016/j.envres.2021.112612.

(82)Sun, Y.; Mousavi, A.; Masri, S.; Wu, J. Socioeconomic Disparities of Low-Cost Air
Quality Sensors in California, 2017-2020. Am. J. Public Health 2022, 112 (3), 434-442.
https://doi.org/10.2105/ajph.2021.306603.

(83)deSouza, P.; Kinney, P. L. On the Distribution of Low-Cost PM2.5 Sensors in the US:
Demographic and Air Quality Associations. J. Expo. Sci. Environ. Epidemiol. 2021, 31
(3), 514-524. https://doi.org/10.1038/s41370-021-00328-2.

(34) Los Angeles Human Exposure and Long Term Health Study.
https://hsph.harvard.edu/alumni-friends/la-health-study/ (accessed 2025-07-17).

(35) Jerrett, M.; Connolly, R.; Garcia, D. A.; Bekker, C.; Nguyen, J. T.; Su, J.; Li, Y.; Marlier, M.
E. Climate Change and Public Health in California: A Structured Review of Exposures,
Vulnerable Populations, and Adaptation Measures. 2024, 7121 (32).

(36) Horing, J.; Shivaram, R.; Azevedo, I. M. L. Perceptions of Wildfire Risk and Adaptation
Behaviour in California. Environ. Res. Clim. 2025, 4 (1), 015010.
https://doi.org/10.1088/2752-5295/ada8ca.



Supporting Information

Data cleaning and sensor type reclassification

Table S1. Number of indoor and outdoor PurpleAir sensors remaining after each data cleaning
and reclassification step.

The number of sensors after each step

Data Cleaning Steps Indoor Sensors Outdoor Sensors  Indoor Sensor Removed Outdoor Sensor Removed
Data before QC 418 960 0 0
Step1: Basic Filtering 326 798 92 162
Step2: Temperature & Humidity Check 324 768 2 30
Step3 : A/B Channel Check 323 738 1 30
Stepd : Reclassify Location 326 735 Outdoor =+ Indoor: 19 Indoor < Qutdoor: 16

This table
shows the number of indoor and outdoor sensors retained after each data cleaning step. “Data
before QC” shows the initial sensor count, followed by the number of sensors after each step:
(1) basic filtering for missing values and negative values, (2) removal of implausible
temperature and humidity records, (3) A/B channel consistency check, (4) reclassification of
sensor locations. The number of sensors removed at each step is listed, and final row
summarizes sensors reclassified between indoor and outdoor categories.



Reclassifying PurpleAir Sensor Location Type
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Figure S1.
Comparison before and after location reclassification using daily average temperature range as a
criteria. Panel (a) shows the distribution of sensors using the original location labels provided by
PurpleAir, while panel (b) uses labels after reclassification based on temperature variability.
Each bar represents the number of indoor (orange) and outdoor (blue) sensors falling within a
specific 1°C-wide bin of average daily temperature range.



Co-located PurpleAir Sensor-EPA Air Quality Monitoring Stations in SCAB
Table S2. Co-Located EPA Air Quality Monitoring Stations and Purple Air Outdoor Sensors

Co-Located EPA Sites and Purple Air Outdoor Sensors

Station Name Matched EPA Air Monitoring Sation  Matched PurpleAir Sensors ID of matched PurpleAir Sensors
Rubidoux 60658001 7 2612, 3537, 4748, 5280, 5284, 6806, 180081
Long Beach Route 710 Near Road 60374008 1 104940

Based on Euclidean distances calculated in projected coordinates, PurpleAir sensors reclassified
as outdoor were matched to EPA air monitoring stations (AMS) if located within 30 meters. This

table lists EPA AMS and the AQS site number and IDs of nearby matched sensors, serving as
reference for sensor comparison analyses. EPA AMS 060374008 had one matched sensors, while

EPA AMS 060658001 had seven.

EPA & PurpleAir Outdoor Sensors with GAI Boundary in SCAB

Rubidoux (060658001)
—_——————

Long Beach Route 710
Near Road (060374008)

EPA AQS Site
e PurpleAir Outdoor

(C) OpenStreetMap contributors (C) CARTO

Figure S2. Co-located EPA AMS and PurpleAir outdoor sensors in SCAB. Orange squares indicate
EPA monitoring sites, and blue circles represent matched PurpleAir outdoor sensors.
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Figure S3. Comparison of hourly PM,.s concentrations measured by EPA regulatory monitors
and co-located PurpleAir outdoor sensors. Hourly PM,.s concentrations recorded by EPA
regulatory monitors (orange lines) and the corresponding average of co-located PurpleAir
outdoor sensors (blue lines) at two monitoring sites (060658001 and 060374008) in the South
Coast Air Basin (SCAB). Only PurpleAir sensors with 218 valid hourly records per day were
included in the hourly average. The comparison spans January 1 to January 31, 2025.



Number and Location of Co-located Indoor-Outdoor PurpleAir Sensor in SCAB

Table S3. The number of co-located indoor-outdoor pairs in each county in SCAB.

County name Number of Pairs
Los Angeles 50
Orange 7
Riverside 4
San Bernadino 1

A sensor pair was defined as an indoor—outdoor sensor combination located within 30 meters
of each other. Los Angeles County hosts the vast majority of sensor pairs (50), while Orange,
Riverside, and San Bernardino Counties contain fewer pairs, reflecting differences in sensor
network density and urban data availability.

Co-located Indoor/Outdoor Sensors in SCAB
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Figure S4. Map of 62 co-located indoor—outdoor PurpleAir sensor pairs identified across SCAB.
Each pair consists of one indoor sensor (blue circle) and at least one outdoor sensor (orange
triangle) located within 30 meters of each other. Co-located pairs were primarily concentrated
in urbanized areas of Los Angeles County.



Disadvantaged communities in SCAB

PurpleAir Sensors

EastLos
Angeles, Boyle
Heights, West
Commerce

[0 Disadvantaged Communities

Sout
Los Angeles

Southeast
Los Angeles

Wilmington,
Carson,
West Long
Beach

(C) OpenStreetMap contributors (C) CARTO

Figure S5. Map of Assembly Bill 617 disadvantaged communities (orange polygons) and

PurpleAir sensors (purple dots) across SCAB.

The disadvantaged communities within LA County (especially in South Los Angeles and

Southeast Los Angeles) have sparser PurpleAir sensors coverage.
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