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Abstract

Purpose: To assess household air pollution levels in urban Chicago households and examine how
socioeconomic factors influence these levels. Methods: We deployed wireless air monitoring devices to
244 households in a diverse population in Chicago to continuously record household fine particulate
matter (PM, s5) concentration. We calculated hourly average PM, 5 concentration in a 24-hour cycle.
Four factors—race, household income, area deprivation, and exposure to smoking—were considered
in this study. Results: A total of 93085 h of exposure data were recorded. The average household PM, 5
concentration was 43.8 igm . We observed a significant difference in the average household PM, s
concentrations between Black/African American and non-Black/African American households (46.3
versus 31.6 pg m ), between high-income and low-income households (18.2 versus 52.5 pgm ),
and between smoking and non-smoking households (69.7 versus 29.0 ug m ). However, no
significant difference was observed between households in less and more deprived areas (43.7 versus
43.0 pg m ). Implications: Household air pollution levels in Chicago households are much higher
than the recommended level, challenging the hypothesis that household air quality is adequate for
populations in high income nations. Our results indicate that it is the personal characteristics of
participants, rather than the macro environments, that lead to observed differences in household air
pollution.

Introduction

Air pollution ranks among the leading causes of premature death globally. In 2018, the World Health
Organization (WHO) reported that an estimated 7 million deaths are attributable to the combined effects of
indoor and ambient air pollution [1]. Notably, previous research has identified ambient particulate matter (PM)
exposure as a determinant of increased all-cause mortality or disability-adjusted life years [2—5], with PM, 5
having been specifically shown to increase the risk for pulmonary, cardiovascular and neurological diseases [6—
9].In 2021, the WHO released new guidelines detailing health effects and standard levels of air pollution for both
outdoor and indoor environments [1]. Regarding outdoor and ground-level air pollution, analytical
infrastructures used to measure ambient air pollution are sophisticated, with pixelated PM, 5 levels being widely
available at 0.01° x 0.01° geographical areas [ 10—12]. Despite how advanced these ambient PM, 5 collection
methods are, there remain gaps in data accessibility for household environments, limiting our understanding of
the impacts of household air pollution and associated health effects. The scarcity of data on indoor environments

© 2024 The Author(s). Published by IOP Publishing Ltd
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is particularly striking when considering that urban populations spend up to 90% of their time indoors [13, 14].
However, recent development in low-cost air quality sensors offer a cost-effective approach to researching the
indoor environment on a large scale, contributing to the growing body of data on household air pollution [5,
15-17].

Previous research has highlighted exposure disparities in outdoor environments, showing that socio-
economically disadvantaged groups face higher levels of ambient air pollution [18-20]. However, the degree to
which these disparities extend to indoor environments remains underexplored, especially among Black and
African American households. Since outdoor environments at least partially contribute to indoor environments
[21-23], we hypothesize that these exposure levels may be impacted by race, contextual deprivation, household
income, and smoking status. Race, deprivation, and household income are all adverse exposures to pollutants in
neighborhoods housing minority populations where pollution is prevalent [24—26], and these exposures are
mediated by neighborhood-level characteristics of deprivation and household income [27-34]. Conversely,
smoking actively contributes PM to indoor environments, so its inclusion is necessary in measuring potential
confounding that may arise from smoking behavior [35-37].

Given the nature and characteristics of built environments, evidence suggests that the levels of household air
pollution often exceed the levels of ambient air pollution [38, 39]. However, the existing research on the
relationship between household and ambient pollution levels remain incomplete [38], underscoring the need
for increased scaling of household air quality data collection.

Within this context, we considered four socioeconomic variables in our study: race, household income,
contextual deprivation, and smoking. These variables were chosen because prior research suggested their
substantial impact on indoor air quality, and investigation of these variables is in accordance with the
longitudinal cohort goals of the Chicago Multiethnic Prevention and Surveillance Study (COMPASS) that seeks
to understand why certain racial or population sub-groups are high risk for a variety of chronic diseases [40].
Understanding how the health of Chicagoans is shaped by where they live is central to addressing these
overarching cohort study aims, and our study provides preliminary data on household environments for certain
racial and population sub-groups.

In this analysis, indoor air pollution refers to the aggregation of indoor environments where PM can
accumulate, such as inside homes, at workplaces, or inside schools. Conversely, household air pollution—the
target of this pilot research program—remains understudied when compared to aggregated indoor
environments. We will investigate exclusively household environments.

The goal of this pilot study is to determine household air pollution exposure levels in a diverse study
population in Chicago and elaborate on whether differences in socioeconomic factors contribute to exposure
disparities in household air quality.

Methods

This study leverages data from COMPASS, an ongoing, longitudinal cohort study with a focus on
underrepresented populations on the South Side of Chicago [40]. The deidentified data that support the findings
of this study are available from the corresponding author upon reasonable request. Since 2013, COMPASS has
enrolled over 13,000 participants. Beginning in March 2019, COMPASS deployed low-cost air quality
monitoring devices to participants to study the household environment. Distribution was generally paused for
two years during the COVID-19 pandemic but has since resumed, totaling 244 sampled households.
Distribution began in March of 2019 and continued consistently through February of 2020, with cohort data
being gathered throughout each month of that first year of piloting. A handful of households were enrolled
during December 2020, January 2021, and August 2021. Beginning in January 2022 and continuing through
December 2023, distribution resumed for nearly all months during this two-year time span except November
2022 and February 2023. Three air monitoring devices were used, including Purpleair PA-II-SD (henceforth
‘Purpleair’, n = 117), Edimax Edigreen Home (henceforth ‘Edigreen’, n = 121), and Edimax AirBox (henceforth
‘Edimax’, n = 11). Five households received both Edigreen and Edimax devices. Field studies conducted by the
Air Quality Sensor Performance Evaluation Center have quantified their sensitivity, with Purpleair
(R*=0.93-0.97), Edigreen (R* = 0.82-0.83), and Edimax (R* = 0.61-0.87) showing reasonable predictive
power when compared to EPA-approved air quality monitoring devices [41]. All R* coefficients calculated the
linearity between the sensor and available federal reference equipment or equivalent [41]. Deployment of
different device types was part of piloting feasibility. These monitoring devices measured concentrations of
PM, o, PM, 5, and PM ¢ ¢. Results of all hourly PM concentrations can be found in Supplemental Materials.
Participants were asked to set up the devices on a table or shelf approximately 3 feet above the floor in the
room of their home where their daily activities predominantly occur. The devices recorded PM concentrations
continuously for the duration of their time in participants” homes, with durations ranging from 1 day to multiple
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weeks. Devices were then retrieved by research assistants. We calculated the average hourly concentration of
each PM type for each household. We stratified each household by the four selected socioeconomic factors,
respectively, and described the trends of household air pollution in stratified groups. These factors were chosen
as important predictors of socioeconomic status of study participants. Our COMPASS cohort has recruited
study participants who are most representative of socioeconomically disadvantaged populations throughout
greater Chicago, which helps us to draw conclusions about the city’s most disadvantaged population sub-groups,
aligning with our COMPASS cohort expectations.

Despite best efforts to control where air monitoring devices are displayed in the household, we are unable to
consider vertical variation as a potential confounder of collected data among our participant households. While
itis true that there is a vertical component to PM suspension during certain times of the day or at certain
apartment elevations [42—45], we are unable to standardize the height at which our participant households
placed their air quality monitor. To control variability to the best of our ability, our instructions to participants
remained uniform, so all participants received the same information about where they should be placing their
air quality monitor.

To contrast household environments with outdoor environments, we leveraged raster data from
Washington University-St. Louis. These fine-resolution raster images were used to generate mean
concentrations of ground-level PM at each participant household. Raster images offer summarized ground-level
PM for all households ata 0.01° x 0.01° geographic area, providing descriptive data to contrast household
environments from outdoor environments. However, satellite imagery data is only available by month through
2022. To compensate for the lack of existing data for 2023, we made the assumption that ground-level PM did
not considerably vary by month, year over year. So, for households reporting data in 2023, we used satellite data
from 2022 to develop their outdoor exposure levels. Between 2019 and 2022, satellite PM levels varied between
6.0—13.6 ugm > [10]. In the event that household data collection spans multiple months, each month of active
data collection was mapped to corresponding raster imagery, and the resulting ground-level concentrations
were averaged for all valid months of active data collection for a household.

We calculated the uncertainty of our summary statistics by considering both intra- and inter-household
variations. All analyses were conducted using R (version 4.3.0) [46] for statistical analysis or ArcGIS Online [47]
for ecological analysis of ground-level PM. All participants provided written informed consent to participate in
this study.

Results

A total of 244 households were sampled for household air quality monitoring. These households recorded valid
PM, 5 data for a total 0f 93,085 h (381.5 h per household on average).

The WHO guidelines on household air pollution recommend that mean PM, 5 concentrations not exceed an
average exposure of 5.0 pg m > per year [1], while also recommending that mean PM, 5 concentrations not
exceed concentrations of 15.0 pg m > more than 3—4 days per year [1]. Our results show average PM
concentrations that far exceed the recommended levels for PM, 5 (figure 1), with an average level of 43.8 pgm ™.
Only 21 households met the WHO recommendation on average exposure for PM, 5 (figure 1).

In a 24-hour period, we observed an increasing trend in PM, 5 levels in the morning, leading to a peak during
the same time period. This could be due to elevated traffic levels or personal household behaviors like smoking,
which we observed in households exposed to smoking and did not observe in households not exposed to
smoking (figure 2) [38, 39, 47]. After the morning, the observed concentrations decrease during the afternoon,
but again increased during the early evening. This source of increase may be due to human activities like cooking
or elevated traffic during rush hour [48]. We finally observed a decreasing trend in the very early morning after
midnight and before 5 AM. Our data suggest that the household air pollution levels are far higher than the
recommended levels, and these levels of exposure vary by socioeconomic variables (table 1).

Notably, our data illustrate significant differences in hourly PM, 5 concentrations between Black/African
American and Non-Black/African American participants for most hours in a 24-hour period (figure 2(a),
table 1). The average difference in PM, 5 concentration is 14.7 ug m > between these two groups (46.3 pgm ™ in
Black/African American group versus 31.6 jig/m” in non-Black /African American group). The difference
appears highest around noon, with the smallest difference occurring during the evening. These differences
between Black/African American and Non-Black/African American participants expand again at night and in
the early morning. For example, peak concentrations of PM, 5 in the morning were 56.6 g m > and 34.0 ugm >
for Black/African American and Non-Black/African American households, respectively. The difference in
PM, s reduced in the early evening, with a concentration of 38.5 ugm > and 34.8 pgm > at 6 PM for these
groups.
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Figure 1. Average particulate matter readings and interquartile ranges for all PM, 5 data. The marked vertical red line indicates the
daily average particulate matter reading concentration (jug/m?). The marked horizontal black line indicates the mean ambient PM, 5
for all households.

Similar to race, our data show significant differences between household income groups. Household air
pollution concentrations remained stable and low in households with income > $34,999, with an average level
0f 18.2 g m ™ for PM,, 5. In comparison, we observed higher average and substantial fluctuations for
households with lower income: over a 24-hour period, we observed an increasing trend in the morning,
peaking around noon; then a decreasing trend in the afternoon, followed by a slight increase at night. Among
households with reported incomes below $15,000, the peak concentration of PM, 5 was 51.9 pgm ™ in the
morning, increasing to 65.6 ug m° in the afternoon, and ultimately decreasing to 42.7 pg m "> at night.
During those same hours, households earning over $34,999 per year reported concentrations of 16.2 pgm >
19.8pgm >,and 18.5pgm >,

Our data show significant differences between smoking groups. Individuals were classified into the smoking
group if they self-reported current smoking and/or if they self-reported that an individual (including
themselves) had smoked inside their household in the preceding 12 months. Household air pollution levels
remained relatively stable and similar among households that reported they did not smoke and among
households with missing smoking data (figure 2). Among households with smoking data, we observed relatively
stable concentrations during the early morning (63.3 ug m > at 3 AM), observed a large increase around the

>
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Figure 2. Average PM, 5 concentrations (jg/ m?) for all households, stratified by Race (a), Area Deprivation Index (b), Household
Income (c), and Smoking Status (d). Figure A describes differences in Black/African American and non-Black/African American
households. Figure B describes differences between households above the median for reported Area Deprivation Index values (more
disadvantaged), and below the median for reported Area Depravation Index values (less disadvantaged). Figure C describes the
differences between different household income bins, including < $15,000, $15,000-$34,999, and > $34,999. Figure D describes
differences between households with a smoker in the preceding 12 months and/or if the resident is a current smoker (Yes) and those
who have not and are not a current smoker (No). All figures include a visualization for missing self-reported data from COMPASS
data collection. All figures provide summary data for ambient PM, stratified by grouping variables. The marked horizontal black line
indicates the average ambient PM, 5 for all households for comparison.
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afternoon (87.3 pgm”™

?at 11 AM), and observed a dip in PM, 5 concentrations in the early evening (62.6 at pg/

m’ at 7 PM). Additionally, the average value of households who do not smoke was the second smallest average
PM reading we detected, at 29.0 ug m ™~ (outside of households earning above $34,999 per year), while smoking
households reported the clear highest average PM reading (69.7 pg m ™).

In contrast with race, smoking status, and household income, the differences between area deprivation
groups were small. The average PM, 5 concentrations are 43.7 ugm > and 43.0 pgm ™ in the less deprived and
more deprived groups, respectively. No significant difference is observed between the two groups. Overall,
compared to more individual-level race, household income, and smoking status variables, the area deprivation
at the contextual level demonstrates a minor role in the household exposure disparities.

The exposure disparities between socioeconomic groups remained when we exclude households that
reported smoking (Supplemental tables S13-S21; figure S4), when we exclude households with average PM, 5
readings below 200 ug m > (figure $3), and when we exclude households with data spanning fewer than 3 days
(figure S5). Results for PM; o and PM 4 o demonstrate consistent patterns and can be found in Supplemental
Materials (Supplemental tables S1-S12; figures S1, S2). Additional consideration of seasonality may be found in
the Supplemental Materials. Seasonality considers the potential that gas stoves are used to heat homes during
colder months, of which we observed mild increases in concentrations of particulate matter of all concentrations
in the evenings during winter months (figures S6-S8). We stratified the seasonality analysis by household
income, and the trends of household income persisted when stratifying by season, except for during the winter.
All'households appeared to follow the same pattern of increased particulate matter exposure in evenings.

Discussion

As apilot study leveraging our diverse cohort in Chicago, Illinois, our research contributes to the growing pool
of data on household air pollution levels and also suggests a relationship between socioeconomic factors. To
frame our data against other similar global findings, research in French homes revealed a similar relationship
between socioeconomic factors and household air pollutants, where increasing income levels were generally




Table 1. Average and standard deviation observations of PM, s concentrations, stratified by grouping variables. average ground-level PM, s, stratified by grouping variables, is provided for comparison.

Race Area depravation Household income Smoking status
All households
Black/African Non-black/African More Below Between $15,000 and Above
American American Less deprived deprived $15,000 $34,999 $34,999 Yes No
Sample Size n=244 n=188 n=>51 n=127 n=111 n=292 n=43 n=061 n=95 n=133
Total number of hours recorded 93,085 77,538 13,733 44,770 44,363 33,758 22,324 22,956 33,087 53,857
Average (;Lg/ms) 43.8 46.3 31.6 43.7 43.0 52.5 56.3 18.2 69.7 29.0
Intra-household standard 19.2 18.1 23.2 19.1 19.7 19.8 18.6 134 21.8 15.3
deviation
Inter-household standard 22.8 229 22.6 22.0 239 25.6 22.9 12.1 28.9 17.1
deviation
Overall standard deviation 29.8 29.2 324 29.1 31.0 32.4 29.5 18.1 36.2 22.9
Average ambient PM, 5 8.8 8.8 9.1 8.9 8.8 8.8 8.6 9.0 8.8 8.9
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associated with lower average PM, 5 concentrations, with households in the highest income group reporting the
lowest mean household concentrations [49]. For the highest income population, the French reported an average
PM, 5 level of 37.2 pg m ™ [49], which is higher than what we observed in our study. From a global perspective,
these concentration levels in high income countries (HIC) are comparable to those in low- and middle-income
countries (LMIC). Recent findings show that a microenvironment involving cooking and eating ranged from
reported household PM, 5 levels of 39.9-427.5 ug m ™ in LIMCs, such as Pakistan, Bangladesh, and Cambodia
[50]. Our data are also comparable to household PM, s levels reported during cooking and eating in Malaysia
(39.9 pg m™?) and Thailand (58.2 ug m ), with some of our sampled households far exceeding these reported
national averages [50]. The general consensus is that household air pollution is a more concerning public health
issue in LMIC than in HIC because of clean technology and less use of biomass fuel; however, our monitoring
data challenges this consensus [39, 51, 52]. These results help to show that the burden of adverse PM exposure
remains worrisome for the US, especially among socioeconomically disadvantaged populations [49].

Our selected variables were chosen to compare understood relationships between indoor environments and
population sub-groups of interest. Neighborhood characteristics and surrounding environments of
predominantly Black and African American communities is often the designated mechanism for adverse PM
exposure for Black and African American individuals. Chicago is among the most segregated cities in the United
States [53], with unequal health disparities on the city’s South Side [53]. As one of the nation’s largest contiguous
African American Communities, Chicago’s South Side faces disproportionate environmental burdens in
conjunction with its demonstrated disparities in health outcomes [20, 54-56]. Notably, there exist racial and
socioeconomic disparities in living in proximity to polluting industrial facilities, as Black individuals at lower
education levels and income levels were significantly more likely to live within a mile of a polluting facility [56],
and air quality in Chicago among marginalized communities is threatened by the expansion of polluting
industries [57]. Recent investigation into potential risk factors stratified by race have found that Black and
African American individuals are exposed to higher-than-average concentrations from all polluting sectors,
including industrial, vehicular, construction, and commercial cooking-based PM, 5 [32]. From a structural
perspective, environmental racism has aggregated Black and African American individuals into urban regions
that experience disproportionate exposure burdens from pollution sources. Urban histories of redlining, among
other racial histories intended to localize minority residency, have contributed to creating environmental
injustice and physical environments where PM, 5 is unavoidable for minorities [25, 57, 58]. As particulate matter
from surrounding sources may be a contributor to indoor environments [35], these risk factors help to
characterize the South Side’s exposure to particulate matter and environmental toxins, and this research analyzes
household environments against the backdrop of these multiple risk factors. For these reasons, and in
conjunction with previous research on this particular cohort, we identify race as a potential risk factor for
worsened indoor PM exposure, which has been a relatively understudied risk factor when compared to other
chosen socioeconomic variables [59].

Consideration of Area Depravation Index (ADI) would help to elucidate the contributions of the
surrounding environment on household environments. The Area Depravation Index systematically ranks
neighborhoods based on socioeconomic disadvantage, and it considers income, education, employment, and
housing quality [60, 61]. Given our hypotheses about historically Black neighborhoods and their interaction
with environmental PM, including ADI helps to understand how neighborhood characteristics outside of race
contribute to household environments. Notably, reduced housing quality may serve as a risk factor for
household PM exposure, as lower quality households may inefficiently exchange household and outdoor air.
More generally, ADI considers neighborhood characteristics as the mechanism to adverse air quality exposures.
Using ADI, we are able to approximate neighborhood characteristics for our participant households to
understand the neighborhood-level contribution to adverse particulate matter exposure, and we contribute to
existing research using area depravation as a proxy for socioeconomic status of study participants [62—66].

Household income was considered as a more participant-specific descriptor of socioeconomic standing.
Our hypothesized mechanism for improved socioeconomic standing would suggest that higher household
incomes may afford individuals the opportunity to personally reduce their risk factors for PM exposure. These
personal reductions may be via improved housing quality, improved air exchange mechanisms, or higher quality
cookware and household appliances. However, these aforementioned personal reductions are not exhaustive, so
grouping individuals by their income level will help us to understand how adverse air quality affects low-income
households. Notably, our grouping of households allows us to understand how a household earning less than
$15,000 per year, the federal poverty line designated for a one-person household [67], may be impacted by
adverse household air quality, which parallels existing studies using household income to define socioeconomic
status [49, 62, 68].

Lastly, smoking status was included as a potential risk factor to our dataset, as the mechanism by which
tobacco smoke deposits PM, 5 into trapped, indoor spaces is well understood [35-37]. If tobacco smoke is
unable to escape indoor environments, it disproportionately contributes to worsened PM levels. We hope to
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further understand how indoor smoking behavior contributes to household environments. In the event that
tobacco smoking confounded our data results, we have included an analysis of non-smoking households
exclusively in the Supplemental Materials.

Within this analysis, we are able to parallel the investigation of sparse, yet existing literature on adverse air
quality exposure among low-income and smoking population sub-groups [49, 62, 68—70]. In addition to this
research, we are able to magnify these results to the Chicagoland geography and apply our novel findings to
understudied relationships between indoor air pollution exposure and race [59]. Since our results do not show
robust significance when comparing area deprivation groups, this may suggest that household air pollution
exposure may be more attributable to individual factors instead of neighborhood exposures, such as individual
behaviors and smoking status. When considering individual race, household income, and smoking status, these
metrics appear to contribute much more to the household air quality than a household’s neighborhood
surroundings.

Prior studies have mentioned that Black and African American individuals live in more deprived areas with
higher air pollution [25, 57, 58], but little is known how this is reflected in indoor environment. Our study
provides opportunities to examine how outdoor exposure inequalities would influence the indoor environment.
While we have identified industrial and environmental sources of pollution as potential contributors to adverse
indoor environments [25, 32, 35, 56—58], our observations suggest that macro environments (neighborhood
ADI and ambient PM, 5) did not predict the difference in household air pollution level (table 1). By contrast, it is
the personal characteristics, such as smoking, household income, and race, that lead to difference in indoor
environment. These personal contributions may be mediated by our observed socioeconomic variables of
interest, as previous research demonstrated adverse exposures to smoking behaviors among Black and African
American populations in Chicago [71] and has shown how household income and socioeconomic status may
mediate usage of gas stoves for cooking and heating of low-income households [72-75]. Our findings offer novel
insights about environmental exposure disparities.

Two unstudied variables of interest, household educational attainment and aforementioned household
cooking behavior, should be considered in future analyses. Since our findings illustrate that particulate matter
concentrations remain high in the mornings when no cooking would be happening, this may suggest inefficient
air exchange among participant households. In 2023, the CDC recommended 5+ indoor air exchanges for
optimal reduction of individual indoor exposures during the COVID-19 pandemic [76]. Additionally, CDC
research on the relationship between indoor PM, 5 and air exchange rates found that buildings where quarterly
air exchange rates above the 25th percentile (0.31/hour) reported lower PM, 5 concentrations than buildings
with exchange rates below the 25th percentile [77]. In comparing expected concentrations of PM, s during
working hours, these researchers found that expected PM, s was 30% lower in second quartile buildings
(0.31-0.47 /hour) when compared to first quartile buildings (< 0.31 /hour), 29.3% lower in third quartile
buildings (0.47-0.84/hour), and 13.6% lower in fourth quartile buildings (> 0.84 /hour) [77]. These data
suggest that even modest improvements to air exchange reduce expected indoor PM, 5. Given these findings,
our data suggest that many participant households may have an inadequate exchange rate of indoor air,
especially among low income and smoking households. Conversely, we observe very stable particulate matter
concentrations among high income and non-smoking populations. These variables may correlate to the
efficiency of air exchange within a household. Our findings warrant future research into the sufficiency of hourly
air exchanges among an urban population. Given our findings that show variable PM exposure in the evenings,
the relationship of smoking behavior during the day and household educational levels may reveal insufficient
hourly air exchanges in the household. Future research should consider the interactive effects of individual
behaviors like smoking and cooking and the efficiency of intra-household hourly air exchanges.

Our analysis relied on accurate and continued data collection for PM readings during our study period. Our
study has limitations from the style and scope of the study design. First, our relatively small sample size—both in
total households and in some selected demographics—restricts the generalizability of our data over a large
geographic area. Second, given that COMPASS is a predominantly Black and African American cohort study, we
are unable to extend our results to demographic groups beyond Black and African American participants. Third,
although our sample measures multiple PM concentrations, we lack data on accurate placement of air quality
monitoring devices within the household, which may affect the readings that low-cost air quality monitoring
devices report. Fourth, we relied on multiple device types, as this was part of piloting feasibility. Fifth, we did not
consider household infrastructure, such as housing quality, ventilation, air exchange, and presence of other
household toxicants beyond ADI. Lastly, our study was conducted in an urban setting, and our findings may not
apply to rural areas. Despite these limitations, this study adds to the growing body of data and literature
describing the health risks of household air pollution. Our findings emphasize the importance of considering
socioeconomic factors and disparities in future investigations of household air quality and the need for
continued targeted intervention work and community partnerships in disadvantaged populations, especially in
urban settings where household and ambient air pollution levels may be highest.
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Conclusion

Our results, together with recent studies, corroborate the utility of low-cost sensors in collecting household air
quality household data over large populations [5, 78]. Future research would benefit from continued use of these
devices to investigate the relationship between socioeconomic disadvantage and adverse household air quality
exposure. Given the widely understood health risks associated with PM exposure, monitoring the household
environment is important for reducing incidence of chronic respiratory conditions and all-cause mortality from
PM exposure. In settings where populations are spending the majority of time indoors—especially given the
increasing propensity of working indoors or from at-home settings [5]—addressing disparities in household
environments remains crucial. Even in cities in HIC, the famous ‘Harvard Six Cities Study’ showed the burden of
fine particulate matter exposure, with individuals being at an increased risk of developing lung cancer and
cardiovascular diseases at similar levels of exposure to what we have found in our study [79]. Based on our data,
we believe this pilot research study describes how household environments for a predominantly Black and
African American cohort in Chicago are at unhealthy levels of exposure when compared to WHO
recommendations [1], and our findings suggest that personal contributions to household air pollution may
contribute more to indoor environments than environmental sources of air pollution.
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