ADVANCEMENT OF THE SCIENCE

Enhancing Environmental Health
Literacy and Reducing Indoor PM, ,
Through Accessible Interventions in
Underserved Communities: A Pilot
Study in Homewood, Pennsylvania

A b S t rac t Indoor air pollution poses health risks, especially in
resource-limited communities where inadequate ventilation contributes to
exposures to fine particulate matter (PM, ), nitrogen dioxide (NO,), sulfur
dioxide (SOZ), and ozone (03). These pollutants can worsen asthma and
other respiratory conditions. This pilot study, conducted in Homewood, a
historically underserved Pittsburgh, Pennsylvania, neighborhood, aimed to
improve environmental health literacy (EHL) and test low-cost interventions
(i.e., MERV-13 HVAC filters and HEPA purifiers) paired with an EHL
training module. Using AQMesh pods, indoor air quality was monitored in
9 homes and 1 outdoor reference site for 2 weeks pre- and post-intervention.

Monitors measured PM, , NO,, SO,, and O,. Participants completed an Air

2.5°
Quality Index (AQI) quiz before and after EHL training, and spirometry was
pilot tested to assess feasibility for future studies. Post-intervention, PM,
declined in 6 of 8 intervention homes (75%), with significant reductions
in 3 homes and a significant increase in 1 home. Pooled data showed a

21% decline in mean PM, _, although this finding was not statistically

2.5°
significant. AQI quiz scores5 improved in 7 of 9 participants (78%). No
consistent changes were seen for gaseous pollutants. Our findings suggest
that combining low-cost filtration or purifiers with EHL training can reduce
particulate exposures, strengthen self-efficacy, and demonstrate feasibility

of integrating spirometry into community-based indoor air quality research.

Keywords: indoor air quality, PM air filtration interventions,

2.5
environmental health literacy, residential exposure, low-cost interventions,
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Introduction Agency [US. EPA], 2025a). Poor IAQ con-

Air pollution is a leading environmental
risk factor for premature death worldwide
(World Health Organization, 2026). While
outdoor air pollution is well-studied, indoor
air quality (IAQ) is equally critical, as U.S.
residents spend approximately 90% of their
time indoors (U.S. Environmental Protection
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tributes to respiratory symptoms and asthma
exacerbations, particularly in children, older
adults, and individuals with preexisting
conditions (Logue et al., 2011; Zhang &
Smith, 2003).

Exposure to fine particulate matter
(PM, ), ozone (O,), sulfur dioxide (SO,),
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and nitrogen dioxide (NO,) is linked to
asthma development and hospitalizations
(Abbah et al., 2024; Varopichetsan et al.,
2025). Asthma disproportionately affects
disadvantaged populations, who experi-
ence higher prevalence and morbidity due
to structural inequities such as proximity to
highways, industry, and aging housing (Bell
& Ebisu, 2012; Clark et al., 2014; Mikati et
al., 2018). Elevated indoor pollutant lev-
els—especially in poorly ventilated homes—
are associated with increased asthma preva-
lence (Belanger et al., 2006; Lanphear et al.,
2011), while early-life exposure to NO, and
O, increases asthma risk (Blakemore, 2025;
Nishimura et al., 2013).

HEPA purifiers, high-efficiency HVAC fil-
ters, and source control are recommended to
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reduce indoor pollution (Barn etal., 2008; Fisk,
2013). When paired with education, these
interventions also strengthen awareness and
encourage lasting behavior change (Breysse
et al., 2010; Butz et al., 2011). For individu-
als with asthma, management requires not
only reducing environmental triggers but also
building self-efficacy to recognize and respond
to exposures. Our pilot study incorporated
home-based spirometry to assess respiratory
outcomes alongside environmental health lit-
eracy (EHL) training and linked observed IAQ
changes to asthma-related health.

Conducted in the Homewood neighbor-
hood of Pittsburgh, Pennsylvania, this pilot
study evaluated the combined effect of afford-
able air filtration, targeted education, and at-
home spirometry—supported by 1AQ moni-
toring—to address health inequities in an
underresourced urban community.

Methods

Study Area

Homewood, a neighborhood in eastern Pitts-
burgh with a population that is home to
approximately 87% Black residents, accord-
ing to the US. Census Bureau (2024), faces
high poverty, aging housing, and dispropor-
tionate air pollution from local traffic and
neighborhood sources. Although not adja-
cent to major industrial facilities, regional
emissions—particularly from US. Steel’s
Clairton Coke Works, which is the largest
coke plant in North America—contribute to
countywide PM, . burdens through transport.
These conditions reflect broader environ-
mental justice patterns in Allegheny County
(Marusic, 2024; US. EPA, 2025a).

According to the 2024 Environmental Jus-
tice Index (EJI) from the Centers for Disease
Control and Prevention (CDC), Homewood
ranked in the 94th percentile for air toxics
cancer risk, 85th for PM, . exposure, 97th
for cumulative environmental and social bur-
dens, and 87th for poor air quality relative to
all USS. Census Bureau tracts. The EJI under-
scores chronic disease, housing quality, and
environmental exposures as key drivers of
health disparities.

Homewood experiences a disproportion-
ate asthma burden compared with both
county and national levels, reflecting broader
regional trends of elevated asthma preva-
lence (Allegheny County Health Department,

2022). These health disparities contribute to
a life expectancy gap of >10 years when com-
pared with higher-resourced nearby neigh-
borhoods such as Point Breeze (Lord, 2019).
Despite these challenges, Homewood ben-
efits from strong community infrastructure,
including the University of Pittsburgh’s Com-
munity Engagement Center (CEC), which
supports research, resources, and resident
engagement. Given the neighborhood’s ele-
vated asthma prevalence, our study focused
on participants with physician-confirmed
asthma to link indoor air quality (IAQ) inter-
ventions with health outcomes.

Study Design

Participants were recruited from the Univer-
sity of Pittsburgh Asthma & Environmental
Lung Health Institute at UPMC (AELHI)
Asthma Institute Research Registry, which
includes >2,300 asthma patients, 118 of
whom reside in the Homewood neighbor-
hood. The registry provides demographics,
comorbidities, medication data, lung func-
tion records, and family history, including
asthma status of first-degree relatives (Schuy-
ler & Wenzel, 2022).

Our study focused enrollment on asth-
matic adults from distinct Homewood house-
holds in US. Census Bureau tracts 1301-
1303, although 33% of participants lived just
outside these boundaries. The University of
Pittsburgh CEC outdoor monitor in tract
1303 served as the reference site for ambient
air quality. Each participant was monitored
for approximately 4 weeks (2 weeks pre- and
2 weeks post-intervention), with enrollment
staggered between March and October 2024.

Eligibility criteria included central HVAC
or alternative climate control and smart-
phone access. In addition to indoor monitor-
ing, participants received Bluetooth-enabled
portable spirometers to record lung function
at home, which enabled the linking of pollut-
ant changes with respiratory outcomes. Resi-
dential addresses were geocoded to confirm
eligibility. The University of Pittsburgh insti-
tutional review board approved the protocol
(STUDY23080092). We used anonymized
samples in our analysis.

At the initial home visit, participants com-
pleted a structured environmental health sur-
vey that asked about household characteristics
(housing type, ventilation, heating/cooling),
indoor exposure sources (gas stoves, candles,

smoking), and self-reported respiratory symp-
toms (see Supplemental Survey).

Participants attended an in-person group
session beginning with a 10-question AQI
quiz developed by our study team to assess
baseline knowledge of pollutants, health
impacts, and AQI use. An educational pre-
sentation then reinforced these concepts and
provided practical strategies for managing
indoor exposures. Together, the quiz and pre-
sentation were part of the EHL intervention
(see Supplemental Quiz).

Participants were trained to use a Blue-
tooth-enabled portable spirometer (Spiro-
bank Smart, Medical International Research)
and asked to use it several times a week. Each
spirometry effort recorded lung function test-
ing results: FEV,, FVC, and the FEV /FVC
ratio. Device-assigned quality grades (A-F,
based on American Thoracic Society criteria)
flagged errors (e.g., coughs, abrupt termina-
tions), and acceptable spirometry tests were
prioritized for analysis. The first spirometry
effort, which was at installation, was excluded
for all participants. Percent predicted values,
independent of race, were calculated with
Global Lung Initiative equations. Metadata
included demographics, date and time, and
attempt quality.

Participants completed a 2-week baseline
monitoring period with an air quality monitor
(AQMesh pods, Environmental Instruments
Ltd.), followed by an in-person session to
install their assigned intervention (air filter or
air purifier). Participants then began a 2-week
post-intervention phase using the same air
quality monitor. Weekly check-ins during
both phases ensured device function, adher-
ence, and technical support. IAQ was moni-
tored continuously for approximately 4 weeks.

At study completion, our study team con-
ducted in-person home visits to retrieve mon-
itoring equipment. Participants then attended
a group session where the team administered
the post-intervention AQI quiz and shared
individualized monitoring summaries.

Air Sampling

IAQ was continuously monitored with
AQMesh multisensor pods for 4 weeks (2
weeks baseline, 2 weeks post-intervention).
Pods recorded hourly PM, ., NO,, 0,, SO,,
temperature, and humidity. The pods were
placed at breathing height in commonly
occupied rooms, typically living areas.
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FIGURE 1
Map of Neighborhood in Homewood, Pennsylvania, With Participant Residences and University
of Pittsburgh Community Engagement Center (CEC) Outdoor Monitor Locations
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Note. Map created using ArcGIS Pro. The house icons indicate participant monitoring locations. The yellow marker shows the CEC outdoor monitor. Red circles represent a 0.5-mi buffer
around each participant’s residence to assess proximity to the outdoor monitor and other environmental sources.

For reference, a pod was installed outdoors
on the University of Pittsburgh CEC roof,
approximately 1.3 mi from the average resi-
dence in our study. Outdoor monitoring coin-
cided with indoor sampling, although power
failures prevented calculation of indoor to
outdoor ratios (I/O ratios) for three homes.

Following baseline sampling, 6 homes with
central HVAC systems received -13 filters (Fil-
terBuy, Inc.); 2 homes without HVAC received
portable HEPA purifiers (GermGuardian
AC4825, Guardian Technologies); and 1 home

16  Volume 88 « Number 9

received no intervention due to HVAC access
limitations. All MERV-13 filters were of the
same rating and brand, and the filters were
matched to individual HVAC sizes. These fil-
ters capture >90% of particles >0.3 pm, with
evidence of respiratory benefits (Batterman et
al., 2012; Sarnat et al., 2014). The HEPA purifi-
ers are specified to remove up t0 99.97% of par-
ticles 0.3 pm and are designed for fine particle
and volatile organic compound (VOC) reduc-
tion in small-to-medium rooms (manufacturer
specifications from Guardian Technologies).

Prior to air monitor deployment, a 2-week
colocation calibration was conducted for all
AQMesh pods at the University of Pittsburgh
CEC to evaluate inter-device consistency.
Correlation coefficients for PM, _ across all
AQMesh monitors ranged from 0.90 to 0.99,
indicating strong agreement and confirming
monitor field suitability (Mead et al., 2013;
US. EPA, nd.). Reported detection limits
were 1 pg/m’ for PM, _, 10 ppb for NO, and

0,, and 5 ppb for O,.



KBI_E 1
Participant Demographics and Household Characteristics
Sex (n=9)
Female 8 (89)
Male 1(11)
Asthma-related characteristics
Confirmed asthma diagnosis (7= 9) 9 (100)
Age at asthma diagnosis (years) (n=7) Mean = 12
(Range: <1-40)
Regular inhaled steroid use (controller) (n = 8) 3(38)
Rescue medication use (inhaled or nebulized 3-agonist) (n = 8)
Current use 3(38)
Past use only 3(38)
No use 1(18)
Recent symptoms (last 30 days) (7= 9)
Frequent cough 6 (67)
Wheezing 5 (56)
Runny nose/watery eyes 7(78)
Nasal congestion 6 (67)
Multiple colds (>2) 1(11)
Shortness of breath 6 (67)
Indoor air quality complaints (n=9)
Temperature 3(33)
Odor 2(22)
Humidity 2(22)
Dust 5 (56)
Environmental exposures (1= 9)
Use of strong cleaners 8 (89)
Use of air fresheners 8 (89)
Use of candles 9 (100)
Residents who smoke 2(22)
Secondhand smoke exposure 3(33)
Time allocation of symptoms (7= 9)
Symptom relief within 1 hr after leaving home 5 (56)
Symptom relief during vacation 2(22)
Work outside the home (n=9)
Yes 5 (56)
No 4 (44)
continued on page 18
Data Analysis nonnormal (p < .05). The primary analysis

Data were analyzed in JMP Pro (version 17.0,
SAS Institute Inc.). Normality of pollutant
concentrations and AQI quiz scores were
tested with the Shapiro-Wilk test and found

used paired pre/post comparisons within each
intervention home (n = 8). Wilcoxon signed-
rank tests were applied, with p-values adjusted
using the Holm-Bonferroni method. Effect

sizes were estimated with Cliff’s delta, and 95%
confidence intervals (Cls) calculated via boot-
strapping to account for small, nonparametric
samples. One home, without an intervention
due to HVAC access issues, was excluded.

As a complementary analysis, pooled pre/
post comparisons across all intervention
homes assessed overall changes, reported as
median differences with 95% Cls. For PM, _,
pooled effects were quantified with the Wil-
coxon signed-rank test and Hodges-Lehm-
ann estimator of the median shift.

Next, I/O ratios were calculated by divid-
ing each participant’s daily indoor mean by
the corresponding outdoor mean from the
CEC monitor, which served as the reference.
Ratios of 1 indicate equal concentrations, >1
indicate higher indoor levels, and <1 indicate
lower indoor levels (Fabian et al., 2012).

Spirometry analyses retained weekly best
and worst efforts to summarize variability.
Pre/post changes in FEV;, FVC, and FEV//
FVC were described. Device adherence was
characterized by percent acceptable spirom-
etry tests, attempt frequency, and median
quality grade.

A spatial map in ArcGIS Pro (v3.3, ESRI)
displayed participant distribution and moni-
toring locations, with 0.5-mi buffers around
residences. To protect confidentiality, residen-
tial points were randomly offset within a small
radius, per institutional review board guidance.

Results

In total, 9 participants (8 female, 1 male,
ages 22-75 years, M = 46.4 £ 15.5 years)
with physician-confirmed asthma enrolled.
Most participants lived in Homewood or
nearby East End neighborhoods (East Liberty,
Wilkinsburg, Larimer); one participant from
Turtle Creek was included due to recruitment
challenges and registry eligibility (Figure 1).
Housing types included single-family homes,
apartments, and senior housing, with most
structures built before 1970 (Table 1).

Of the participants, 6 participants received
MERV-13 HVAC filters, 2 received portable
HEPA purifiers, and 1 participant did not
receive an intervention due to HVAC access
and filter sizing limitations.

Nearly all participants reported using
strong cleaners (89%), air fresheners (89%),
and all used candles (100%), while more
than one half of participants reported gas
stove use (56%). Asthma symptoms were
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common: two thirds of participants reported
cough, nasal congestion, or shortness of
breath in the past 30 days, and more than
one half of participants noted symptom
relief after leaving their home. Most partici-
pants also expressed concern about outdoor
air quality and interest in learning more
about environmental triggers (Table 1).

Environmental Health

Literacy Outcomes

Average AQI quiz scores increased from 74 +
10% to 89 + 9.1% (p < .01) between pre- and
post-training. The largest gains were observed
in understanding criteria pollutants (+58.0%)
and air inversions (+23.8%) (Table 2). Smaller
improvements were observed in ozone adverse
health effects (+19.3%) and awareness of
ozone adverse effects (+11.1%), while knowl-
edge of PM, -sensitive groups rose slightly
(+0.25%). Respondents reached 100% accu-
racy post-test on several quiz items.

Indoor Pollutant Concentrations
Pre-intervention indoor PM__ levels in the 8
intervention homes ranged from 2.4 to 14.0
ug/m® (M = 7.7 + 4.0; Mdn = 6.6). Moreover,
2-week averages from 4 homes (50%) exceeded
the 2024 U.S. Environmental Protection Agency
(US. EPA) outdoor annual standard of 9.0 g/
m’, although all remained below the 24-hr
standard of 35 pg/m’. These comparisons ref-
erence ambient standards for context because
U.S. EPA has not established IAQ standards.

Our analyses excluded 1 home without
an intervention. Pooled across the 8 inter-
vention homes, the median change in PM,
(pre/post) was +1.1 pg/m*> (95% CI [0.1,
0.5]), corresponding to a 21% decline in
mean concentrations (from 8.8 to 6.9 ug/
m?). This reduction was not statistically sig-
nificant, though (Wilcoxon signed-rank, p =
.20) (Table 3). Individually, 6 out of 8 homes
showed numerical reductions, 3 of which
were significant; 1 home had a significant
increase and 4 showed smaller nonsignificant
changes. The largest decrease was -60.4%
(-7.3 pg/m?®), whereas the only increase was
+163% (+10.7 pg/m?) (Table 4).

1/O ratios for PM, . ranged from 0.64 to
0.82. Ratios for SO, and O, were consistently
<1.0, while 4 homes had NO, 1/0 ratios >1.0
(Table 5). Indoor NO, ranged from 1.7 to
22.3 ppb, SO, from 2.9 to 78.4 ppb, and O,
from 7.5 to 20.2 ppb. No statistically signifi-
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KBLE 1 continued
Participant Demographics and Household Characteristics
Time spent indoors (overall) (n=9)
0-25% 1(11)
26-50% 3(33)
51-75% 4 (44)
76-100% 1(11)
Time spent outdoors (n = 9)
0-25% 8(89)
26-50% 0
51-75% 1(11)
76-100% 0
Time spent at work (n=9)
0-25% 2(22)
26-50% 2(22)
51-75% 3(33)
76-100% 0
Vacuuming frequency (n=9)
Daily 2(22)
1 time per week 4 (44)
2-3 times per week 1(11)
2 times per month 1(11)
Never 1(11)
Dusting frequency (n=9)
Daily 1(11)
1 time per week 1(11)
2-3 times per week 1(11)
2 times per month 6 (67)
Never 0
Home dustiness perception (n=9)
Extremely 1(11)
Sometimes dusty 3(33)
Not dusty 1(11)
More when windows are closed 3(33)
More when windows are open 1(11)
continued »

cant pre/post changes were detected for gas-
eous pollutants within the homes (Table 6).

Outdoor PM, | Reference Monitoring

1/0 ratios for O, and SO, were consistently <1,
while several homes had NO, ratios >1 (Table
5). Outdoor PM, , at the CEC air quality moni-
tor (5.89 + 7.13 pg/m?) was compared with the

Lawrenceville US. EPA site (12.62 + 4.38 pg/
m’), which is 2 mi away, during March 24—
October 30, 2024. Overlapping dates showed a
correlation of r = .65 between monitors.

Spirometry Outcomes
Across participants, mean FEV, increased
by 83 ml (+4.5%) and mean FVC by 347 ml



KBLE 1 continued
Participant Demographics and Household Characteristics
Home environment (n = 9)
Recent renovation/demolition activities ‘ 2 (22)
Housing type (n=9)
Apartment 2(22)
House 6 (67)
Senior housing 1(11)
Year residence was built (n = 9)
Pre-1970 6 (67)
1970-2000 1(11)
Post-2000 2(22)
Unknown 1(11)
Pest and water management (n = 9)
Water leaks/signs of moisture 1(11)
Pest/rodent presence 2(22)
Ventilation and heating (7= 9)
Gas stove usage 5 (56)
Gas dryer usage 2(22)
Gas water heater usage 5 (56)
Regular ventilation usage in kitchen 4 (44)
Fireplace usage 2 (22)
Structural characteristics (n=9)
Attached garage 1(11)
Basement presence 5 (56)
Carpeting coverage (>50% of rooms) 5 (56)
Furry pet(s) presence (n=9)
Yes 2(22)
No 7(78)
Cooling System (n=9)
Central air conditioning usage 6 (67)
Window air conditioning usage 3(33)
Fan usage 3(33)
Open window(s) 3(33)
continued on page 20

(+13.4%), while the FEV /FVCratio remained
stable. The median percentage of acceptable
spirometry tests was 58.1%, with an aver-
age of 1.16 attempts per day. In total, 2 par-
ticipants produced fewer than 10 acceptable
efforts; 1 participant submitted no acceptable
efforts; and 1 participant developed pneumo-
nia, affecting results. The group median qual-
ity grade was “D,” reflecting low reliability

(Table 7). Participant-level plots show vari-
ability; Figure 2 displays FEV, trajectories
and Figure 3 shows FVC trajectories.

Discussion

This pilot study evaluated affordable TAQ
interventions (ie., MERV-13 HVAC filters
and HEPA air purifiers) paired with EHL
education in an underserved Pittsburgh

neighborhood. Findings highlight both the
potential and the challenges of applying
exposure-reduction strategies in real-world,
resource-limited settings.

PM, . Findings

As expected, PM, . was the pollutant most
responsive to the study intervention. Pooled
analysis across 8 intervention homes showed
a nonsignificant 21% decline. Expressed as
a median change, indoor PM, . decreased
by 1.1 ug/m® (95% CI [0.1, 6.5]; Wilcoxon
signed-rank p = .20), suggesting a modest
but directionally beneficial reduction. At
the individual level, most homes exhibited
decreases, 3 of which remained significant
after multiple-testing adjustment, while 1
home showed a significant increase.

These mixed outcomes suggest that
low-cost filtration and purifier interven-
tions can meaningfully reduce exposures in
some households but could have limited or
adverse effects in others. Variability under-
scores the influence of housing character-
istics, intervention fidelity, and occupant
behavior. The observation that homes with
higher baseline PM, _ often showed the larg-
est decreases aligns with prior studies and
suggests that targeting households with
the highest PM,, burdens could maximize
impact. Conversely, the increase of PM, .
levels in one home highlights that interven-
tions are not universally protective and that
changes in airflow or resident activities can
offset intervention benefits.

Taken together, these findings indicate that
while accessible interventions hold promise,
their effectiveness is context dependent. The
wide confidence interval around the pooled
estimate (95% CI [0.1, 6.5] pg/m®) reflects
the uncertainty of the findings from this
small pilot study, but its directionality sup-
ports potential benefit. Larger studies with
longer follow-up are needed to confirm if
these modest reductions can be sustained and
scaled in resource-limited communities.

Baseline Concentration Effects

Homes with higher pre-intervention PM, .
appeared to benefit most. The largest decreases
occurred in homes starting above 12 pg/m’,
with reductions of approximately 20-60%.
This finding suggests that interventions are
most effective where baseline exposures
are elevated, which is consistent with prior
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research findings on the differential benefits of
filtration in high-burden environments.

Mixed Outcomes

Although most homes showed reductions,
one home experienced a significant post-
intervention increase in PMz.s’ rising from 6.6
to 17.3 pg/m’ (p < .001). This increase could
reflect resident behavior or resuspension of
particulates from airflow changes. Prior stud-
ies similarly have shown that filtration effec-
tiveness depends not only on equipment but
also on usage patterns and household activi-
ties (Barn et al., 2008; Butz et al., 2011; Fisk,
2013; Zhang & Smith, 2003). Taken together,
these findings underscore that effectiveness
varies with infrastructure, behavior, and
indoor sources.

Outdoor Reference and

Spatial Variability

Comparison of the CEC air quality moni-
tor with the nearby Lawrenceville U.S. EPA
site (March 24-October 30, 2024) showed
a moderate correlation (r = .65), indicating
similar temporal patterns. Mean concentra-
tions at the CEC site were consistently lower,
likely reflecting differences in siting, instru-
mentation, or data completeness.

While most days fell within the “good”
AQI category, the correlation and known
spatial variability underscore the need for
multisite monitoring in environmental jus-
tice communities, where exposures can be
highly localized (Clark et al., 2017; Mikati
et al., 2018). Reliance on a single fixed-site
monitor introduces uncertainty, especially for
pollutants such as NO, that has strong local
variation (Apte et al., 2017; Marshall et al,,
2008). Future studies should consider paired
indoor—outdoor monitors at each participat-
ing home to better capture heterogeneity.

Behavioral Influences

Our survey data revealed frequent occupant
behaviors linked to indoor particulate gen-
eration, including gas stove usage (56%),
candle/incense burning (44%), and cleaning
agent usage (67%). These activities could
have contributed to smaller or absent post-
intervention reductions. Of note, the home
with the sharpest PM, , increase had an air fil-
ter installed; the increase, then, suggests that
occupant behavior and ventilation changes
can offset the benefits of having an air filter.
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BLE 1 continued

Frequency of open windows in warm weather (n = 9)

Participant Demographics and Household Characteristics

Characteristic # (%)

Sometimes 4 (44)

Always 3(33)

Never 2(22)
Concerns about outdoor air worsening asthma (n = 9)

Yes 6 (67)

No 3(33)
Interest in learning about environmental asthma triggers (n = 9)

Yes 8(89)

No 1(11)
Interest in in-home air monitoring discussion (n = 9)

Yes 8(89)

No 1(11)
Intervention Type (7= 9)

Air filter 6 (67)

Air purifier 2(22)

No intervention 1(11)
Community improvement suggestions for asthma (n = 9)

Air quality 2(22)

Housing conditions (includes housing, hazards, environmental hazards) 5 (56)

Trees 2(22)

Pollen 1(11)

Knowledge and precautions (includes knowledge, air alert, precautions) 4 (44)

Trash 4 (44)

Exhaust from cars and school buses (includes exhaust, cars, school buses) 4 (44)

This finding underscores the need to pair
technical interventions with education that
targets behaviors that negatively affect IAQ.

Spirometry Outcomes

Spirometry results highlighted both feasibil-
ity and limitations. Across participants, mean
FEV, increased by 83 ml (+4.5%) and mean
FVC by 347 ml (+13.4%), while the FEV /FVC
ratio remained stable. Data quality restricted
interpretation: 1 participant provided no
results; 2 participants submitted fewer than
10 efforts; and 1 participant developed pneu-
monia, which affected spirometry results. The
median quality spirometry test grade of “D”
reflected low reliability. Participant-level vari-
ability is shown in Table 7 and FEV, and FVC
trajectories in Figures 2 and 3, respectively.

These findings suggest that although at-
home spirometry is feasible, consistent tech-
nique and adherence are crucial for meaning-
ful results. Stronger protocols with real-time
feedback, adherence tracking, and symptom
diaries are needed to improve interpretability
and better assess the links between IAQ inter-
ventions and asthma outcomes (as measured
by spirometry).

Regulatory Benchmarks

The 2024 US. EPA annual PM, , standard
of 9.0 pg/m’, although intended for out-
door air, served as a benchmark. Pre-inter-
vention PM, _ exceeded this level in 5 of 9
homes, suggesting that indoor exposures in
underserved housing might surpass outdoor
health-based standards (U.S. EPA, 2026).



| TABLE 2

Understanding air quality and AQI

Comparison of Correct Answers to the Pre- and Post-Tests for the Environmental Health Literacy Quiz

Theme and Test Question Pre-Test (%) Post-Test (%) Average Score (%) | Score Improvement
(%)

1. AQI definition 86.7 100 93.3 13.3
9. Groups sensitive to PM, 7.1 714 7.2 0.3
Health effects of pollutants
3. Pollutant effect 68.9 71.4 70.1 25
4. Ozone adverse health effect 64.4 83.8 741 194
5. Awareness of ozone adverse effect 88.9 100 94.5 11.1
8. Unhealthy air quality 100 100 100 0
Sources and conditions affecting air quality
2. Criteria pollutants 13.3 714 42.3 58.0
6. Air pollution causes 100 100 100 0
7. Air inversions 60.0 83.9 71.9 23.9
10. Air quality information 100 100 100 0

Note. One participant’s response was omitted from the data because they did not complete the post-knowledge assessment. AQI = Air Quality Index.

| TABLE 3

Pre-
Intervention
M = SD

Intervention
M = SD

Group-Level PM, , Pre- and Post-Intervention Concentrations Across Intervention Homes (n = 8)

Absolute
Change
(ng/m?)

Post-

% Change

Median
Change
(95% Cl)

Significance

(ng/m?)

All intervention homes 7.7+40

(ng/m?)
6.1+48 -21

-1.6

1.1[0.1,6.5] .20 Not significant

Note. Cl = confidence int°verval.

1/0 ratios for PM, . ranged from 0.64 to 0.82,
indicating generally lower indoor concen-
trations than outdoors. This finding aligns
with prior study results that showed limited
outdoor infiltration and stronger influence
of indoor sources where ventilation or fil-
tration is inadequate (Fabian et al., 2012;
Logue et al., 2011).

Nitrogen Dioxide

NO, results were variable. All indoor con-
centrations remained below the US. EPA
1-hr outdoor standard of 100 ppb, but post-
intervention changes were inconsistent.
Moreover, 4 of the 6 homes had 1/O ratios
>1.0, suggesting possible indoor sources

such as gas stoves (Belanger et al., 2006;
U.S. EPA, 2025b). Our study results could
also reflect spatial heterogeneity in outdoor
levels, as homes near busways or roadways
could have higher exposures than what was
captured by the single CEC air quality moni-
tor. Overall, our study findings highlight the
difficulty of mitigating gaseous pollutants
with filtration and the need for more spa-
tially resolved monitoring.

Sulfur Dioxide

SO, was detected in all homes at relatively
low concentrations. Although 1 home
showed short-term pre-intervention peaks
above the US. EPA 1-hr standard of 75

ppb, these detected levels were episodic. No
homes exceeded the standard when averaged
across monitoring periods. The SO, 1/O ratios
were <1.0, suggesting outdoor contributions
from traffic and industry. Seasonal differences
could also explain variability, as SO, can rise
in colder months with increased heating
demands (Chen & Zhao et al., 2011).

Ozone

Indoor O, levels were consistently low and
unchanged post-intervention. I/O ratios <1.0
reflect the short indoor half-life of O, due to
surface reactivity (Weschler, 2000). All O,
levels were well below the U.S. EPA 8-hr stan-
dard of 70 ppb.
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TABLE 4

PM, . Pre- and Post-Intervention Concentrations and Statistical Significance by Participant

Participant Intervention Pre- Post- % Change Absolute Significance
Intervention Intervention Change
M= SD M = SD
1 Air filter 121 +18.8 95+17.3 =21 -2.6 .54 Not significant
2 Air filter 8.0+17.3 6.7 +6.6 -15 -1.2 .36 Not significant
3 Air purifier 24 +41 1.8+05 =23 -0.6 .047 *
4 Air filter 6.0+17.5 50+10.9 -17 -1.0 A7 Not significant
6 Air filter 6.6 £15.3 172 +26.8 163 10.7 <.001 e
7 Air purifier 140225 6.8 9.1 -52 -7.3 <.001 o
8 Air filter 36+14 35+39 -4 -0.1 .59 Not significant
9 Air filter 120+249 48+93 -60 -7.3 <.001 b
*p<.05.%p<.01.**p<.001.
Note. Values are reported as M = SD (rounded to 1 decimal). Due to the non-normal distribution of PM, , data, Wilcoxon signed-rank tests were used for pre- and post-comparisons.
Participant 5 was omitted because no intervention was provided.

Environmental Health Literacy

The EHL intervention produced promising
gains. Quiz scores improved significantly,
with the largest increases observed on items
with low baseline knowledge, whereas
items already answered correctly showed

little changg, .which is consistent with ceiling 1 0.82 102 058 0.71

effects. Participants also reported greater con-

fidence in interpreting AQI values and link- 2 077 113 062 075

ing exposures to asthma symptoms. 3 0.64 0.91 0.67 0.79
Notably, several participants described 4 0.70 0.95 0.55 0.82

experiencing symptom relief after leaving 5 0.68 1.06 0.61 0.73

their homes, suggesting an opportunity for 9 0.79 1.01 0.69 0.76

future EHL efforts to emphasize strategies that
empower occupants to recognize and miti-
gate 1AQ issues, thereby potentially reducing
symptom severity in the home environment.
These improvements mirror prior research
findings that have showed EHL can promote
protective behaviors and intervention use
(Ramirez-Andreotta et al., 2016). Future stud-
ies should employ validated instruments and
tailor EHL modules to context-specific expo-
sures (e.g., gas stoves, candles, cleaning prod-
ucts) to maximize the intervention’s effect.

Limitations

The small sample size (n = 9) of our pilot
study limits statistical power and generaliz-
ability, underrepresenting variability in hous-
ing, behavior, and environmental conditions.
Monitoring spanned only 4 weeks across
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| TABLE &

Participant

PM, . 1/0 Ratio

Ratio of Indoor to Outdoor (1/0) Air Pollutants by Participant

NO, I/0 Ratio

S0, 1/0 Ratio 0, 1/0 Ratio

S0, = sulfur dioxide; 0, = ozone.

Note. Participants 6, 7, and 8 were excluded due to the absence of matched outdoor data. NO, = nitrogen dioxide;

spring—fall 2024, restricting assessment of
seasonal or long-term trends.

Intervention fidelity varied due to HVAC
access, air purifier placement, and inconsis-
tent use. Verification was limited, and self-
reports can be biased. Future work should
incorporate objective tools (e.g., smart
plugs, data loggers, photo documentation) to
improve adherence tracking.

We excluded 27% of AQMesh air monitor
data because of missing or negative values.
Most homes in our study retained >80% com-
pleteness, but 2 homes had extended gaps
from unplugging the AQMesh or loose con-
nections, and the outdoor monitor failed dur-

ing one period. While no devices routinely
malfunctioned, participant-related interrup-
tions highlight the need for proactive moni-
toring (e.g., daily checks, backup power).
Even with calibration, such loss in air quality
monitoring might skew exposure estimates,
as noted in other continuous monitoring
studies (Mead et al., 2013; U.S. EPA, nd.).
We conducted multiple within-home com-
parisons, and although we applied p-value
adjustments, the small sample size limits
confidence in observed findings. The pooled
PM, . estimate showed a modest median
reduction but with a wide 95% CI, under-
scoring uncertainty in effect size. Still, reduc-



TABLE 6

Indoor and Outdoor Gaseous Pollutant Concentrations (Pre- and Post-Intervention) by Participant

Participant Intervention NO, Pre- NO, Post- S0, Pre- S0, Post- 0, Pre- 0, Post-
Intervention Intervention Intervention Intervention Intervention Intervention
M = SD (ppb) M = SD (ppb) M = SD (ppb) M = SD (ppb) M = SD (ppb) M = SD (ppb)
1 Air filter 43+12 26+19 135+11.5 15.8 8.5 140+23 19170
2 Air filter 22.3+£26.9 17.4 £ 3.7 78.4+107.4 53.7£15.2 191 + 3.6 20.1 £ 2.1
3 Air purifier 10.0+£0.6 11.2+14 3717 51+14 11.6+1.0 10.7 £ 0.6
4 Air filter 12824 144 +45 153276 14.8 £ 31.3 11129 10.7 39
6 Air filter 98+25 10.6 + 2.7 13.7 6.6 245+13.3 92+24 7515
7 Air purifier 148+84 13.8+7.0 54+17 4421 141 +438 123+£3.3
8 Air filter 1.7+17 21x21 31.1+£624 18.9+205 20419 20223
9 Air filter 7417 88+1.0 29+6.5 39+71 8.0x26 10.0+£1.7
CEC outdoor, spring Reference 15.0+ 105 15.2+11.0 9.4+11.7 149 +152 291 +11.2 352145
(March—-April 2024)
CEC outdoor, fall Reference 15756 13.0+ 8.7 0.5+21 3.0+6.8 224 +£13.2 242 +16.2
(September—October
2024)
Note. No statistically significant pre- and post-change differences were observed for nitrogen dioxide (NO,), sulfur dioxide (SO,), or ozone (0,) using Wilcoxon signed-rank tests. Participant
5 was omitted because no intervention was performed. University of Pittsburgh Community Engagement Center (CEC) outdoor values are shown separately for the spring and fall
monitoring windows to account for seasonal variability.

| TABLE 7

Spirometry Usage Metrics

Participant Spirometry Acceptable Total Test Acceptable Test Attempts Test Attempts
Quality Grade Spirometry Tests Attempts Spirometry Tests per Day per Unique Day

(#) (#) (%) (M) (M)

1 B 7 33 21.2 1.2 1.7

2 D 55 125 44.0 4.2 4.2

3 D 115 136 84.8 4.7 4.7

4 D 9 25 36.0 1.0 2.3

5 A 26 33 78.8 1.1 15

6 D 13 18 72.2 0.6 2.6

8 A 25 32 78.1 1.1 1.4

9 D 14 58 241 1.5 4.8

Group median D 19.5 33 58.1 1.2 24

Note. Participant 7 did not submit spirometry data, resulting in no usable results.

tions in 6 of 8 homes (75%) suggest potential
benefit, although larger trials with adequate
power are warranted.

Spirometry results were also limited by
adherence: 1 participant submitted no data;
2 participants submitted fewer than 10 valid

efforts; and 1 participant developed pneu-
monia, which skewed spirometry results.
The median quality spirometry grade of “D”
indicated low reliability, limiting the ability
to link lung function changes to pollutant
reductions. Future protocols should extend

monitoring, add real-time feedback, and
pair spirometry with symptom diaries to
improve interpretability.

Interpretation of EHL outcomes requires
caution. Percent change scores are influenced
by baseline knowledge, with greater relative
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gains when initial knowledge was low and
minimal change when items were already cor-
rect (ie., ceiling effects). Moreover, the AQI
quiz and training module were developed
for this project and used for the first time.
Although they were informed by US. EPA
resources, they are not validated instruments,
which limits comparability and underscores
the need for validated or refined community-
specific tools in future work.

Conclusion

Our pilot study demonstrates the feasibil-
ity of combining low-cost TAQ interven-
tions with EHL training in an underserved,
asthma-affected community. A nonsignificant
pooled reduction in PM,  was observed, with
6 of 8 (75%) homes showing a decline in
PM, , levels and 1 home showing an increase.
The increased PM, . level, despite the house
having an air filter, reflects the influence of
housing conditions, occupant behaviors,
and intervention fidelity. Overall, the pooled
median reduction of 1.1 pg/m* (95% CI [0.1,
6.5]) suggests a directionally beneficial effect,
although the wide confidence interval high-
lights uncertainty. Gaseous pollutants (NO,,
SO,, O,) showed inconsistent trends, under-
scoring limitations of filtration-based strate-
gies for these pollutants.

EHL training improved knowledge of air
quality indicators and mitigation strategies,
illustrating the value of pairing technical
interventions with education. Spirometry
implementation proved feasible, but limited
adherence and poor data quality prevented
robust conclusions about respiratory out-
comes. Still, at-home lung function monitor-
ing provided participants with a tangible link
between air quality and asthma management.

Overall, multimodal approaches—inte-
grating filtration, education, and self-moni-
toring—hold promise for reducing exposures
and strengthening self-efficacy in dispropor-
tionately burdened communities. Effective-
ness remains context dependent, however.
Larger, longer-term studies with stronger
adherence verification, validated educational
tools, and improved spirometry protocols are
needed to confirm these pilot study results
and guide scalable interventions. >
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FIGURE 2

Participant-Level Best Weekly FEV, Values
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Note. Participant-level weekly best efforts for forced expiratory volume in 1 s (FEV,) recorded during the pre- and post-
intervention monitoring periods. Each trajectory represents an individual participant. One participant provided no valid
spirometry measurements and was excluded from the figure.

FIGURE 3

Participant-Level Best Weekly FVC Values
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