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Abstract

The US Environmental Protection Agency (US EPA) recently conducted the Detroit Exposure
and Acrosol Research Study (DEARS). The study began in 2004 and involved community,
residential, and personal-based measurements of air pollutants targeting 120 participants and their
residences. The primary goal of the study was to evaluate and describe the relationship between
air toxics, particulate matter (PM), PM constituents, and PM from specific sources measured at a
central site monitor with those from the residential and personal locations. The impact of regional,
local (point and mobile) and personal sources on pollutant concentrations and the role of physical
and human factors that might influence these concentrations were investigated. A combination of
active and passive sampling methodologies were employed in the collection of PM mass; criteria
gases, semivolatile organics (SVOCs), and volatile organic compound (VOC) air pollutants

among others. Monitoring was conducted in six selected neighborhoods along with one
community sité using a repeated measure design. Households from each of the selected
communities were monitored for five consecutive days in the winter and and again in the summer.
Household, participant and a variety of other surveys were utilized to better understand human
and household factors that might affect the impact of ambient-based pollution sources upon
personal and residential locations. 'A randomized recruitment strategy was successful in enrolling
nearly 140 participants over the course of the study. Over 36,000 daily-based environmental data

points or records were ultimately collected. This paper fully describes the design of the DEARS

and the approach used to implement this field monitoring study and repbrts select preliminary

findings.
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Introduction

The US EPA’s Clean Air Goal is for the air in every community to be safe and healthy to breathe
(US EPA 2004). An intensive five year research effort to further this goal was conducted
beginning in 1998 uéing guidance from the National Research Council (NRC, 1998). One major
component of this effort involvéd longitudinal human exposure panel studies in an effort to better
understand the contribution of particulate matter (PM) of ambient origin to total personal
exposures over time (Williams et al., 1999; Ev;ms et al., 2000; Williams et al., 2000a,b,c,d;
Williams et al., 2002; Williams et al., 2003a,b; Wallace and Williams, 2005; Wallace et al,
2006a,b; McBride et al., 2007). Results from these studies showed that for fine PM mass and
sulfate, a central monitoring site could serve as an a_dequate surrogate for exposure in community-
based epidemiological studies (US EPA, 2004). These studies did not attempt to investigate
spatial differences across a metropolitan area relative to the composition of PM or the influence of
local sources upon such differences. Fine particulate mass and sulfates are often spatially
homogeneous with respect to mass conceﬁtration, and exposure and health effects using these
metrics can be reasonably predicted from central site monitoring data. To ensure that EPA
standards protect human health, we must be able \to evaluate exposure and health effects for those
PM species that will remain after particulate sulfates and other PM components are removed or
greatly reduced as a result of reduced emissions. Data show that outdoor to indoor correlations
are often poor for several species including ultrafines (Vette et al, 2001). Other studies have

shown that outdoor concentrations of elemental carbon and several organic species are non-
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homogenous across air sheds and are influenced by both mobile and stationary sources

seasonality (Rogge et al., 1993; Li et al., 2005; Olson et al., 2008). For those species thaf show
only weak associations between residential outdoor and central site concentrations or might have
mult iﬁle localized sources of origin, it is uncertain whether epidemiological studies based on
measurements at a éentral monitoring site will be adequate to evaluate potential individl._lal or
population-based health risks from a given source. For these speﬁies or sources, data and models
will be needed to develop better exposure surro gates for epidemiological studies and risk
assessments.

The US EPA’s longitudinal PM studies discussed earlier did not attempt to address similar
uncertainty issues associated with air toxics. Even so, the US EPA is directed to develop
standards that address significant sources of polhtants like industrial and mobile sources and
control urban air toxics by developing standards for the smaller area sources. Many of these
standards will require a risk assessment, which involves an understanding of how human
exposures are affected by specific psources of air toxics. Setting a standard that is defensible and
protective of human health requires a comprehensive scientific understanding of exposure to
ambient pollutants and the exposure-response relationship.

There have been some notable air toxics human exposure studies conducted in the past. These
include 'the TEAM (Total Exposure Assessment Methodology) studies (Wallace et al.,1985) and
the multi-city EXPOLIS (Exposure in Cities) study focusing upon a variety of air pollutants in
numerous European cities (Koistinen ct al., 1999; Helm et al., 2000; Jurvelin et al., 2000; Boudet

et al, 2001; Edwards et al., 2001; Jurvelin et al., 2001; Rotko et al., 2001; Chow et al., 2002).
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More recently the RIOPA study (Residential Indoor, Outdoor, and Personal Assessment) has

investigated the impact of spatial locations upon multiple air pollutants (Kousa et al., 2002;
Naumova et al., 2003; Reﬁ‘ et al-., 2004; Meng et al 2005; Weisel et al., 2005; Kwoﬁ et al., 2006).
The Genotox ER studies conducted in four European cities represent similar efforts to those
above and also involved a multi-pollutant monitoring approach (Nerriere et al., 2005, 2006). The
impact of spatial locations were included in all of the studies above but they were not specifically
" designed to aid in the development of human exposure models and had limitations relative to fully
estimating the contribution of major line, point, and regional pollutant sources upon personal and
residential locations. Linking specific sources with human exposures and their resulting health
effects is likely to provide data that can be applied to regulatory policy more quickly, and can help
support identification of biologically imiaortant characteristics and constituents as well (US EPA,
2004).

Source apportionment techniques are now being incorporated into exposure research in order
to evaluate the ambient-personal exposure relationship for PM from various sources as well as for
individual PM species (Landis et al., 2001; Hopke et al., 2003; Zhao et al., 2006; Meng et al.,
2007; Olson, 2008). Some studies have started to link specific sources with observed human
health effects (Riediker et al., 2004; Duvall et al., 2008). It is now recognized that the inclusion
of organic marker components into source apportionment is needed to moré adequately define
source factors (Schauer et al., 1996; Schauer and Cass, 2000; Olson et al., 2008). These efforts
have typically focused upon the use of particle-phase organics such as straight-chained

hydrocarbons, polynuclear aromatic hydrocarbons, carboxylic acids, hopanes, and sugars as
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source markers. More recently, the Multilinear Engine (ME) and Positive Matrix Factorization

(PMF) have been used as statistical tools to model these chemical markers (Paatero et al., 1999;
Hopke et al., 2003; Zhao et al., 2006). These approaches use a wide number of exposure variables
in assigning source contributions and can easily incorporate data on elemental, organic
concentrations, and a large number of other exposure variable data into their models. Only a few
such studies have incorporated residential and especially personal-based measures in their analyses
(Landis et al., 2001). The Detroit Exposure and Aerosol Research Study (DEARS) was designed
to provide data that will be used in support of the needs discussed above. PM, semivolatile
organics (SVOCs), and volatile organic compounds (VOCs), along with select inorganic and
organic pollutant classes were collected to better understand differences in source contributions
across a metropolitan area

Study objectives

The DEARS was designed to examine the spatial variability of PM, 5 and PMo.25 and their
components as well as select air toxiés to determine the suitability of conducting health outcome
studies using a central site monitor in a metropolitan area having multiple source impacts. The six
major approaches used to meet the primary goal of.the study were:

(1) determine the associations between concentrations measured at central site monitors and
outdoor residential, indoor residential and personal exposures for selected air toxics, PM
constituents, and PM from specific sources,

(2) describe the physical and chemical factors that affect the relationship between central site

monitors and outdoor residential and indoor residential concentrations, including those that affect
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ambient source impacts,

(3) identify the human activity factors that influence indoor residential concentrations and
personal exposures to selected PM constituents and air toxics,

(4) improve and evaluate models used to chara;:terizc and estimate residential concentrations of
and human exposures to selected air toxics, PM constituents, and PM from specific sources,

(5) investigate and apply source apportionment models to evaluate the relationships for PM from
specific sources and to determine the contribution of specific ambient sources to residential
concentrations and personal exposures to PM constituents and air toxics, and

(6) determine the associations between ambient concentrations of criteria gases (O3, NO», and
S0:) and personal exposures for these gases as well as personal exposures to air toxics, PM
constituents, and PM from specific sources.

One of th.e primary hypotheses to be investigated involves determining the impact of local and
regional sources upon community, neighborhood and potentially personal exposures to air
pollutants and the role of varioué parameters influencing these relationships (e.g., housing stock,
personal activities, and meteorology). A full description of the data analysis objectives of the
DEARS is available online (www.epa.gov/dears). This paper describes the study desigﬁ and the

field implementation aspects of the DEARS along with some of the preliminary summary statistics

of select measurements.

Methods

Selection of the Detroit Area
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The Detroit area, specifically Wayne County, was selected for the DEARS because of its

current and projected future non-attainment status for PM, s, the number of point and mobile
source influences present, its geographic location, its meteofology, the presence of existing
ambient monitoring networks, the potential for state and local collaboration, and community-
based partnerships (NEI, 2002; Williams, 2005). This arca has been reported to contain a large
number of potential industrial point sources of PM and air toxics, including coke ovens, irom’stleel
manufacturing, coal-fired power plants, sewage sludge incineration, automotive industry,
refineries, and chemical plants (Kecler et al., 2005; Hammond et al., 2008). The border crossing
between Windsor, Canada and Detroit, MI, via the Ambasgador Bridge provided a large potential
diesel and automotive source from idling motor vehicles. An estimated 10,000 heavy diesel tractor
trailers and 30,000 gasoline vehicles cross this bridge every day. There are four major interstates
and many heavily traveled roadways in the area which served as potential line sources of vehicle
emissions in Dctal'oit and the surrounding Wayne County (Williams, 2008).

The Detroit Air Toxics Pilot Study (DATPS, 2004) involved the collection of PM and various
gaseous co-pollutants. Results indicated a significant variability in local air mass concentrations
of certain air toxics. In addition, they confirmed the presence of many industrial (point) sources
and seasonal variability in the pollutants mass concentrations. This report strengthened our
assessment that the Detroit area would be a viable location to field a study like the DEARS. This
included the need for it to be a PMa 5 non-attainment area and have a variety of neighborhoods
impacted differently with respect to local sources (Williams, 2005).

Enumeration Monitoring Areas (EMAs)
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A preliminary DEARS pilot study involving three days of environmental measurements was

conducted in prospective neighborhoods of interest based upon the information above as well as
census information on housing stock, population density, road traffic and other potential exposure
variables (Williams, 2008). This monitoring relied on cc;ntinuous (1-5 minute duration)
measurements of carbon monoxide, particulate matter, and polycyclic aromatic hydrocarbons
takeﬁ at a number of locations within the prospective neighborhoods and on multiple days. These
measurements provided the means to determine the relative scale of pollutant concentrations
observed across the Wayne County area. The pilot helped determine whether some of the
suspected point and line sources (such as mobile source influences in neighborhoods in close
proximity to roadways) had observable differences in concentrations that might distinguish them
from the other neighborhoods. Data were used to establish those communities that would be
targeted for participant recruitment.

The DEARS was designed to recruit approximately 120 participants (10 days each) resulting
n a total of i200 participant days. We attempted to enroll 40.individuals per sampling year (one
summer followed by one winter season) and then repeating this process two additional times over
the course of a three-year period with new sets of participants. .Participants were only monitored
during their year of recruitment and no cross-overs to the next monitoring cycle was allowed.
The sampling schedule was arranged so that at least one participant from cach EMA would be
participating each week (total of six participants across all EMAs). This ensured that the
environmental monitoring would have the necessary spatial spread.

EMAs 1, 3,4, 6, and 7 (Figure.l) were involved in the first two seasons of the DEARS.
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EMA #2 (Wyandotte) was originally considered for inclusion but ultimately its characteristics

were believed to be similar to some of those already involved and therefore was never
incorporated into the recruitment strategy. Following the first year, it was determined that EMA 7
had very low concentrations of most pollutants and that personal monitoring there mi ght not be
very informative. We therefore reallocated resources and performed only daily outdoor
monitoring at a former residential site in EMA 6 during the remainder of the study. As a result,
we were then able to perform full personal and residential monitoring for EMA 5 during the last
four- seasons of the DEARS. Prior to the last year of monitoring it was determined that there
would not be a sufficient number of available homes in the EMA 3 area to potentially allow for
successful recruiting. We therefore converted EMA 3 to an outdoor only monitoring situation
just like that discussed previously for EMA 6 with the exception that we triangulated a series of
outdoor monitoring locations around the Ambassador Bridge to further assist our investigations
of this potential local source. We also enrolled a second person for one of the remaining EMAs

each week to allow for investigations of intra-neighborhood variability.

Study Neighborhoods and Demographics

Residential neighborhoods (EMAs) were selected based on proximity to known or suspected
point and line sources. Figure 1 provides a depiction of each EMA selected for inclusion in the
DEARS with respect to surrounding areas. Data from the 2000 Census (Census. 2000) was used
to estimate potential populations in each EMA, their demographics and their housing stock.

Participants were monitored for five consecutive (24-hr) days in each of two consecutive seasons
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(summer, winter). Table 1 gives a description of each area, the associated census tracts

(Wayne County, MI) and the suggested a priori point and line source impacts. This table shows
that a mix of mobile source impacted (diesel or gasoline vehicles) as well as various industrial
source impacted areas were selected for inclusion. The various neighborhoods also provided the
means examine the influence of housing stock, age, and similar factors. The non-smoking
households were required to live in either single family dwellings, or live in duplex-like situations
where they had their own heating and cooling systems and did not share any common hallways
with other families. This was a requirement to limit the influence of potential PM and air toxic
sources from neighbors that could not be documented.

A total of 137 participants enrolled in the DEARS. The over-enrollment (>120) was needed
when a participant would complefe their first season (summer) fo liowed by self or study-
withdrawal prior to their seoohd and final monitoring period (winter). A new enrollee would then
be inserted into that season of monitoring to complete the sampling schedule. Study withdrawal
occurred when a participant was no longer available or deemed non-compliant with respect to
acquiring their full cooperation (primarily availability for household monitoring or tobacco smoke
exclusions). Only 18 of the 137 enrollees (13.1%) either removed themselves or were removed
ﬂ‘o;n the study.

Study Participant Selection and Recruitment
Selection criteria for participants were: (1) non-smoking, (2) living in a non-smoking household,
(3) ambulatory, (4) expectations to live in the same dwelling for the next nine months, (5) living in

a detached home, (6) being age 18 or older, and (7) being able to understand cither English or
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Spanish instructions. There were no health restrictions on enrollment other than being

ambulatory. Likewise, there were no enrollment restrictions on occupation, socio-cconomic-
status, sex or ethnicity. The DEARS was a purposeful, randomized household selection. The
focus in recruitment was not the individual per se, but the location of the residence and its
proximity to other monitoring locations. Volunteers were provided information concerning this
observational study and their informed consent was documented. Spanish-speaking interpreters
and trans.lated study documents were provided for all participants who could not communicate in
English. The observational human exposure research component of the DEARS was approved by
an e_xtémal Institutional Review Board (IRB) prior to the initiation of the study. Participant
recruitment documents and the data collection instruments were approved by the RTI
International’s IRB, and the Office of Management and Budget, respectively. The daily
participant burden relative to the personal and residential monitoring was estimated to be ~ 45
minutes/day.

Recruitment was based on the location of the selected EMAs and the households within each
EMAs. Census tracts in the EMAs became candidates for the study based upon the local poiht
and line sources, prevailing southwest wind direction, and density of the housing. Once the
census tracts were selected, marketing lists with names, addresses, and phone numbers of
occupied houses were obtained from Marketing Systems Group (Fort Washington, PA).
Geographic coordinates for the addresses were obtained from Tele Atlas (Lebanon, NH) to
ensure the residences were located within the target areas. Several stratified cluster samples were

then selected for each EMA and a systematic approach was used to ensure geographic
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representativencss and protect against selection bias. Recruitment started with the first

randomly selected sample cluster for each EMA and continued in serial fashion down each such
list until the roster for each EMA was complete. Recruiters worked as far into the list as
necessary to get the needed respondents. Homes from new cluster samples were added when ail
homes available for contact on a previous list had been exhausted. Recruiters followed typical
procedures for door-to-door household recruitment that included a lead letter followed by home
visits. Respondents who completed all aspects of the study for two consecutive seasons received a
maximum of $250 burden compensation as well as two $50 gift cards awarded by local
community action groups for their participation.

Recruitment visits were conducted in cooperation with local community action groups. These
groups included the Community Action Against Asthma (CAAA) and the Arab Community
Center for Economic and Social Services (ACCESS). Working with these groups was an
important component in the recruiting process due to their familiarity with the neighborhoods, and
their ability to share the value of the DEARS with the local. community. A community roll-out
meeting was held in June 2004 where the goals and purposes of the DEARS were presented to
local community action groups', city and state and regional environmental officials. A DEARS
website (Www.epa.gov/dears) was established where participants, local institutions and other
interested parties could gain the latest information on the study as it progressed.

Farticipant retention strategy
The DEARS utilized a number of techniques to encourage retention. Participants were provided

fact sheets, frequently asked questions, brochures, and a DEARS video explaining the study and
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its purpose. In addition, they often received phone calls from the DEARS Principal

Investigator following their monitoring to see if they had any additional questions or issues related
to their involvement. Recruitment staff called participants between seasons to encourage their
retention and inform them of the study schedule. Participants were able to “self-schedule” their
monitoring periods for the upcoming seasons. They were provided two exposure monitoring
debriefings with the Principal Investigator held between the summer and winter periods. The first
was used to update the participants on the progress of the study and their role in making it a
success. They were also provided examples the exposurc monitoring data packets they would
later receive. A second debriefing v;ras held prior to their second season where each participant
received their individual exposure data from the prior season. These packets contained summaries
of their personal, residential indoor, residential outdoor and community-based concentrations of
regulated criteria pollutants such as PM. 5 and nitrogen dioxide. In addition, a debriefing with
local community leaders was held in October 2007 to provide summaries of pollutant

concentrations and preliminary data findings.

Study staffing

Field data collections were performed under contract with RTI International (Durham, NC). Staff
familiarized themselves with the many operating procedures followed by two days of intensive
hands-on training each season. This training was followed by performing three days of practice
runs in a mock participant’s home involving all of the study procedures. This training helped to

ensure high rates of data collection and quality.
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Measurement plan
The DEARS was designed to be conducted over a three year period. The decision to collect
1200 participant-days was established based upon observed historical inter-and intra-variability of
PM, 5 mass concentrations from previous studies (Williams, 2008). These calculations determined
that approximately 800 participant-days (80 participants each monitored for 10 days) would be
needed to ensure sufficient statistical power. However, no such historical data was available to
establish the needed sampling population to investigate various PM mass components, gas phase
or semi-volatile pollutants of interest. Therefore, a goal of 1200 total monitoring days was
established for all measures to ensure sufficiency. This length of time was needed to allow for the.
extensive data collections of approximately 1200 participant monitoring days. Sample collections
over such a long period also helped to alleviate any possible concerns of data collections during a
single “rogue” season where meteorology might be quite different from normal. Data collections
during the extremes of the seasonal calendar (summer and winter) were desired so that the effects
of meteorology upon human and environmental factors could be examined. These seasons also
offered the greatest potential of having fairly ;:onsistcnt conditions for the longest periods of the
calendar year (Williams, 2008).

Daily sampling from Tuesday to Sunday morning was conducted during each monitoring
season to evaluate expected daily variations in industrial source emissions, traffic volumes, and
personal activities. This was determined to be the best schedule for the collection of five days of

continuous measurements having a mixture of weekend and weekday events. Such a schedule
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would collect data when a majority of the local industries were operating as well as a typical

snapshot lof weekly traffic patterns.

Monitoring took place across all of the study platforms starting at a nominal time of 9 am +
2.5 hr, resulting in no more than a 10% disagreement in any potential site comparison time
overlap. A total of six particiﬁant homes were involved each day. Figures 2a-d provide
representations of the personal, residential indoor, residential outdoor and central community site
monitoring platforms used in the study. The DEARS was designed so that in nearly every
instance, consistent methodologies were used across the various platforms. Normally thi;s would
mean that the same sampler type would be used on all four monitoring locations. A number of
passive sampling methodologies were deployed to meet this requirement and minimize participant
burden.

Personal monitoring was conducted via a nylon vest (Figure 2a). Use of this vest has been
previously reported (Williams et al., 2003a). The vest provided the means to distribute the 4-5 Ibs
of monitoring equipment on the participant’s shoulders in a comfortable manner. It had low
dander and was believed to have had low VOC and carbonyl emissions. Sampling inlets were
situated in the breathing zone of the participant. A minimum of 5 cm spacing between the various
monitor inlets was maintained to prevent pollutant “starvation” issues. The vest was to be worn
outside of all clothing regardless of season. DEARS participants were asked to wear the vest at
all times with the exception of sleeping, bathing, and clothing changes. There were some
incidences where participants did remove their vest such as long periods of sitting on a couch,

lying (not sleeping) in bed or similar events. When not worn, the vests were requested to be



The DEARS 17
suspended nearby on a hanger at the same height as the participant. In addition to monitoring

equipment, the vest also contained electronic sensors that helped to determine the degree of
participant compliance. Such a system has been previously described (Rodes et al., 2001). This
compliance term reflects the percentage of time that the panicipant actually wore the vest during
the planned monitoring period. This can be an important statistic relative to knowing how
accurate the “personal” monitoring was. We will describe monitoring compliance in a separate
report.

Residential indoor monitoring was performed using an aluminum luggage dolly (Figure 2b).
The use of such systems has previously been described (Williams 2000a; Williams 2003a,b; Olson,
2008). Monitors placed on this platform were positioned approximately 1-1.5 m above the floor
level and at lcést 12 inches from any wall surface. This was often in a living room or den. The
cart was not placed near known influences like fireplaces, heating and air conditioning vents,
direct sunlight, lamps, or in the way of foot traffic.

Residential outdoor monitoring was performed using an aluminum bluff bo dy as well as other
weather-shielded sampling inlets (Figure 2c). Inlet heights were at the 2 m level. These systems
had low VOC and carbonyl emission features as well as the ability to withstand the Michigan
winters. Heater systems were insta.lled in the air pump storage cases. This was needed to prevent
purﬁp failures when temperatures often fell below freezing. It was also determined that gentle
heating of the active filter-based monitor i.ﬁlets would be needed to ensure that their inlets
remained opened from ice or frost formation. This was accomplished by heating strips on the

backs of the monitors warming them to approximately 5 °C, just enough to prevent inlet freeze-
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over from occurring. Outdoor monitors were typically situated in the back yard of each home

and if at all possible, fully open with respect to air movement. The preferred location was at least
3 m from any street/driveway or structure, away from the overhang of any tree or building, away
from heating and cooling units, and away from bushes or othcr.‘vegetation. Sampling stands were
typically positioned with 2 meters separation from each other.

The central community monitoring site was located at Allen Park, MI (N42 11.808 W83
20.867). This site was kindly provided by the Michigan Depéﬂment of Environmental Quality
(MDEQ) and represented the best fit for placement of the DEARS central site due to its security,
positioning relative to the other available MDEQ monitoring locations and the DEARS
neighborhoods. DEARS equipment was set up at a site within the larger MDEQ site (double
fencing) and only DEARS-authorized personnel had access to the equipment. This particular site
had been the subject of a recent 2002 EPA air toxics research study (DATPS, 2004)._ This
provided the means to more accurately determine which possible methodologies had the
sensitivities to collect a high percentage of analytes above their detection limits. Aluminum stands
- and bluff bodies were used to support the monitoring equipment at this site (Figure 2d).
Additional spacing between monitors was employed at this site due to operation of a 16.6 Ipm
dichotomous sampler and a high volume (113 Ipm) Tisch sampler used for SVOC collections.
Both of these instruments are described in detail later. A minimum of 2 m separation between
these and the other lower volume samplers was maintained. All inlets were positioned 2 m above

the ground.
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Measurement methods

Daily monitoring was based on a 24-hr integrated time period, running from ~ 9 am to 9am. The
various methods and sample collection scheme have been summarized in Table 2. The majority of
the collected environmental measures were PMs s based. PM, s sample collections were collected
at all four spatial locations (personal, residential indoor, residential outdoor, and central
community) using the Personal Environmental Monitor (PEM). Details about its use have been
reported elsewhere (Williams et al., 2000a,b,c,d; Williams et al., 2003a,b; Rodes et al., 2001;
Riediker et al., 2004; Olson et al., 2008). The PEM utilizes a 37 mm Teflo filter (Gelman - -
Sciences, Ann Arbor, Michigan). Filter samples collected by the PEM were analyzed by
gravimetric analysis following a minimum of 24-hr equilibration in an environmental weighing
chamber. The techniques. used to perform the gravimetric analysis and considerations to
successfully perform these at low mass loadings have been reported elsewhere (Lawless and
Rodes, 1999; Williams et al 2000d; Williams et .al., 2003a). Following gravimetric analysis, the
Teflon filters were analyzed by for selected elements by X-ray Fluorescence (XRF). Details
about the normal XRF operational procedures employed for these types of samples have been
reported by Dzubay et al., (1988) and Landis et al., (2001).

Personal DataRam-1000 (pDR) nephelometers (Thermo Scientific, Waltham, MA) were
operated at all four spatial locations (residential indoor, residential outdoor, ambient and personal)
throughout the study. We have reported upon the use of such devices as an aid in determining the
impact of daily activities upon a personal’s total PM exposuré (Rea et al., 2001; Wallace et al.,

2006a,b). These same reports provide information on how nephelometric estimates compare with
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more traditional filter based approaches. The pDR normally operates in a passive particle

diffusion mode. We modified the pDR by placing a 2.5 pum PEM inlet and a short drying column
upstream of the pDR’s optical bench via short lengths of tubing, Size fractionated particles (2.5
pum) entered the optical detector of the pDR and exited past an in-line temperature and relative
humidity (RH) sensor. This provided the means to evaluate relative humidity and nephelometer
performance. The device was deployed in this manner for the first three seasons.. However, the
drying column used was determined to occasionally discharge particles causing spurious peaks.
This led to the decision to remove the drying train even if this meant loss of data due to RH
saturation of the detector as will sometime occur. Nephelometers were operated without the
drying tubes for the final three seasons. An analysis of the effects of RH on nephelometer data
versus collocated gravimetric samples has recently been completed. This has provided the means
to establish a simple algorithm for RH correction of the data from the final seasons. A full
description of the modified pDR and the algorithm that has been established will be reported
elsewhere.

Additional PEM-based samples were collected for the determination of elemental and organic
carbon (EC-OC). These were collected at all locations with the exception of on the person.
During the recent Research Triangle Park PM Panel Study (Williams et al., 2003a,b), it was
observed that similar collections as those employed here for EC-OC often resulted in excessive.
OC artifact on personal and indoor samples. This is believed to be due to SVOCs from a variety
of indoor sources that have little to do with OC of ambient origin (Ray ct al., 2005; Sihabut et al.

»

2005). While there have been a number of suggésted approaches of dealing with the OC artifact
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(Turpin et al., 2000; Olson et al., 2005), it was decided such procedures would not be

employed in the DEARS due to their expense. Olson et al., (2005) reported that even when
utilizing extensive artifact correction methodologies, OC varied by micro-environment, suggesting
that systematic OC correction may be difficult. Furthermore, they also reported lower denuder
efficiencies compared with previous studies, possibly the result of higher concentrations of polar
organic compounds that are expected in micro-environmental samples. Based upon these
findings, we determined that there still remained sufficient doubt at this point in a fully acceptable
OC correction methodology and therefore none was instituted in the DEARS. PEMs (2.5um)
were therefore deployed with a single 37 mm quartz filter. Filters were analyzed for EC-OC by
Sunset Laboratories (Hillsborough, North Carolina) using the NIOSH 5040 protocol (Birch and
Cary, 1996).

A novel optical absorbance analysis was performed to estimate black carbon (BC) as well as
environmental tobacco smoke (ETS) on the filters collected by the PEM and other non-quartz
based filters. This technique involved a spherical photometer as previously described (Lawless et
al., 2004). While this device was not expected to be equivalent to more sophisticated
methodologies attempting to determine carbonaceous species (like EC-0C), or even the
components of ETS, data from this device was mmmediately useful in the field in situations were
ETS compliance with the participants came into question. A portable unit was placed in the field
laboratory where filters were examined for ETS impact. Such data provided ficld staff with the
ability to quickly investigate high ETS samples with the participants and determine if this was an

issue of compliance or passive exposure beyond their control.
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A prototype personal coarse PM monitor (C-PEM) was designed by RTI International and

evaluated in the DEARS. It was designed to directly collect both PM, s and PM .2 s size fractions
on Teflon-based media using a 2 Ipm sampling rate. Data collections were limited to non-personal
locations. A dichotomous sampler at the central community site was operated to aid in its
evaluation. Gravimetric analyses were performed as previously described. Patent rights are
currently being pursued for this RTI International device and specifics about its operation will be
reported elsewhere.

PM: 5 particle-bound nitrate was collected at all locations (éxcept personal) using mini-
denuders. The mini-denuder operated at a 0.8 Ipm flow rate and consisted of a size selective inlet,
two honeycomb d.cnuders, and a single 15 mm sodium carbonate coated glass fiber filter. The
design and evaluation of this sampler have been reported by Demokritou et al (2001).

Nitrogen dioxide, sulfur dioxide, and ozone were collected using Ogawa passive dosimeters.
Nitrite-coated filters were used for the collection of gaseous 0zone and triethylamine-coated
filters were used for the separate collection of nitrogen dioxide and sulfur dioxide. These filters
were subsequently extracted with water and the extracts analyzed by ion chromatography. These
devices have been used previously in other EPA air monitoring studies and the details of their use
reported (Varns ct al., 2001; Murkerjee et al., 2004). These devices are typicaily capable of
producing environmental limits of detection on the order of 3-5 ppb for these named gases based
upon a 24-hr integrated sampling period.

Three carbonyls (formaldehyde, acetaldehyde and acrolein) were measured as part of the

DEARS at all spatial localities. This was performed using a passive monitor, the Personal
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Aldehyde and Ketone Sampler (PAKS). Zhang et al., (2000) have published upon this passive

monitor and the theory behind its development. It utilized a C-18 absorbent bed coated with
dimethylaminonaphthalene-1-sulfonyl hydrazine (dansyl hydrazine) contained within a
polyethylene cartridge. The recovered PAK‘S were extracted with 2 ml of acetonitrile and then
analyzed via HPLC with fluorescence detection. Theoretical PAKS sampling rates of 4.6 ml/min
for acrolein at temperatures of 25 °C havé been reported (Zhang et al., 2000). Formaldehyde and
acetaldehyde had slightly higher reported sampling rates. A full description of the use of the
PAKS in the DEARS will be reported in the future.

VOCS were collected using 89 mm X 6.4 mm o.d. Perkin Elmer ceramic-coated stainless steel
diffusion tubes at all spatial locations. These automated thermal desorbtion tubes were loaded
with 40/60 Carbopack X (Supleco, Bellefonte, PA). McClenny et al., (2005) have reported upon
this methodology and its applicability for 24 hr integrated mo nitoring as was performed in the
DEARS. While the device has the capability of collecting a large number of VOCs, a total of 25
were ultimately selected for the DEARS relative to their value for future source apportionment
modeling (Williams, 2008). These included a mixture of nine aromatics (e. g., benzene, toluenc),
and 16 chlorinated hydrocarbons (e.g., carbon tetrachloride, chlorobenzene). The minimum
detection limit for a majority of these have been determined to be under 40 ppt (parts per trillion)
for a 24-hr sampling period.

Particle-bound SVOCs were collected at all locations except for personal. Harvard Impactors
(HI) operating at 10 Ipm and employing a single 37 mm Teflo filter (Gelman Sciences, Ann Arbor,

Michigan) were used. Williams et al., (2003a) and Liu et al., (2003) have previously reported
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upon the use of this sampler for indoor and outdoor PM air monitoring. Comparisons of the HI

and the PEM have been reported by Wallace et al., (2003, 2006b). Williams et al., (2000d) have
suggested potentiél SVOCs losses with the PEM and the HI used here for such collections and
operating at a higher flow rate than the PEM might be more susceptible to such loses. Olson et
al., (2008) have demonstrated that daily residential samples collected at 10 lpm for 24 hr using
the HI can provide sufficient material for the determination of many important molecular markers
for source apportionment.

A larger collection of SVOCs was performed at the community monitoring site using a Tisch

-TE-1202 high volume sampler (Tisch Environmental, Cleveland, OH). McDow et al., (2008) have

reported upon the use and subsequent analysis of organic markers from this sampler from a recent
study. This PM, s size fractionated cyclonic monitor operated at a nominal flow rate of 113 Ipm
and employed a 10 cm quartz fiber filters (Gelman Sciences, Ann Arbor, Michigan). Operating
this sampler enabled us to collect ~ 160 m’ of air in a given 24-hr sampling period. All of the
preliminary organic marker research needed for source apportionment in the DEARS would first
be performed using these samples from the community site. Data from this analysis would then be
used to determine which markers might be routinely and successfully measured using the 10 Ipm
HI samples collected from the residential indoor and residential outdoor locations.

.Dai]y residential indoor air exchange (AE) values were estimated for every home. This was
performed using the perfluorocarbon tracer (PFT) methdd first reported by Dietz and Cote (1982)
and Dietz et al., (1986). The preparation of the tracer sources and the tracer receptor tubes was

performed under contract to the Brookhaven National Laboratory (BNL-Upton, NY). Guidance
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was provided by BNL relative to the types and numbers of tracer sources placed in each home.

- Source(s) were placed in the homes 24 hr prior to the first day of measurement to allow for
adequate distribution.

A total of five survey instrurﬁents were used in the DEARS. In brief, these survey instruments
provided the means to collect information such as:
 participant descriptors such as age, gender, occupation, ethnicity,
© detailed description of each house, including room size/volumes, heating and air conditioning
systems,
° potential activities that might be associated with known or suspected sources of PM, VOC,
SVOCs, carbonyls other pollutants of interest,
e daily time activity diaries based upon 15-min intervals of both location, activity and level of
exertion. This diary was also used to record participant-recalled exposure events, and
e source surveys taken within a 0.5 mile radius of the participant’s home in which 6hservab1e or
potential pollutant sources where logged. Logging was done using geo-positioning (GPS)
equipment. Examples of such sources were gas stations, busy highways, construction sites, and
train tracks to name but a few. No attempts were made to directly estimate source strengths from

these observations.

Quality assurance

Initial data quality indicators (DQIs) were established based upon either historical or anticipated

results and are reported in Table 3. In some cases, the listed DQIs for minimum detection limits
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were significantly reduced as the study progressed. Written operating procedures were

developed before the study and then used in the training of all field and laboratory staff.
Operating procedures and the project’s comprehensive Quality Assurance Pro ject Plan were
examined after every season in order to improve data collection and quality. The DEARS had a
large quotient' of quality assurance and quality control sampleé. built into its design. Blank media
(e.g., PM filters, Ogawa badges, Perkin Elmer tubes) were analyzed prior to the initiation of cach
season to ensure that media of acceptable quality was available. Normally, a single lot of media
or a relatively small number of lots were used to assist in the determination of laboratory blanks.
Ficld and shipping blanks often exceeded 10% of the samples for a given environmental measure
each season. Blank data were thén used to correct all raw field data. Negative values being
reported here are the result of such data corrections from field and laboratory blanks. A
minimum of 5% field sampling duplicates were performed for a majority of all measures with the
exception of some personal monitoring procedures (e.g., PMa 5 nephelometry) due to participant
burden concerns. Laboratory duplicates (wh.ere samples could be split or reanalyzed) were
performed for a minimum of 5% of the samples collected..

Intensive audit checks of both field and laboratory situations were performed each season.
Evaluations were documented each monitoring season (including staff training) and were then
used to highlight areas requiring immediate improvement. Following each season a “Iessoﬁs
learned workshop” was conducted. Such efforts enabled procedures to be reviewed for means to
improve precision, completeness, or other quality assurance indicators before the start of the next

season. Computer-assisted checks were automatically performed on the raw data to indicate the
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presence of missing or mislabeled samples, samples not meeting QA specifications for flow rate

or collection period/date, database transcription accuracy, and other possible sources of error.

Results
A total of 1700 contacts were made relative to securing the 137 total participants. Of the 1532
potentially eligible households, a total of 522 were formally screened for participation. The
majority of those residences not screened (987) were either no longer occupied or refused an
mvitation to be screened. Smoking households (180) represented a significant number of those
who failed to meet the preliminary inclusion list for screening.. While household recruitment rates
varied across the various EMAs (15.1- 51.9%), the mean aggregate rate was 34.1%. Participant
retention between the summer and winter monitoring sessions was determined to average 73%
indicating the success of the DEARS retention strategy. Table 4 provides a summary of
participant demographics for those who enrolled into the study. Nearly 90% of all participants
lived in single family dwellings. Almost 80% of those who participated were females and this
could reflect the non-availability of males in the home to participate due to work or other
considerations. Approximately 66% of the enrollees were not employed. This would suggest that
many of the residents were either retired or stay-at-home residents. Participant ages ranged from
18 to 79 years with a mean 0f 42. The majority were African-American (50%), followed by
Hispanics and others (31%). Less than 20% of the cohort was Caucasian.

Cumulative data collection rates for the environmental metrics are summarized in Table 5.

Nearly 9700 filter-based PM samples were collected. Initial quality assurance review indicated
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that valid sample collection occurred well over 95% of the time for most types of samples.

These rates arc an indication of the sample being collected for the correct part icipant, during the
correct period of time, and at the correct flow rate (if applicable).

The sample collections for season #6 (winter 2007) were substantially lower than for the other
five seasons. The overall scope of this season had to be scaled down due to budgetary
considerations. In doing so, participant compliance records were examined from season #5 and
every attempt was made to retain only the most compliant participants while still ensuring that we
maintained good spatial variability across all of the EMAs. The total number of participants in
this final season was 20 (as compared to the normal of 40). The minor reduction in scope during
the final season is not expécted to have an adverse influence on the data analysis.

Table 5 provides insight as to the value of using passive-based monitors when feasible.
Collection rates for the Perkin Elmer tubes (VOCs), PAKS (carbonyls) and the criteria pollutant
gases measured by Ogawa badges (nifrogen dioxide, sulfur dioxide, and ozone) routinely had
some of the highest collection efficiencies (>95%). This should not be surprising as they have no
moving parts, do not require any power supplies and are simple to place and recover. The real-
time nephelometer (pDR) routinely had a completeness efficiency of > 90%. Even so, the
completeness percentage represented here will require modification as we further review data for
this monitor concerning the issues related to the initial use of the drying apparatus in the first three
seasons.

Summary statistics associated with select PM and gaseous co-pollutant mass concentrations

are reported in Tables 6-7 for all participant-days. These values represent preliminary summaries
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that have passed initial QA reviews for data collections. The summaries are provided here to

reflect the overall trends observed in the DEARS. Even though the DEARS had a participant and
residential indoor exclusion concerning tobacco smokir;g, some participants were non-compliant
or had guests who did not abide by these constraints. We estimate this to be as high as 19% of all
indoor sampling events. ETS impacted data have not been excluded in th(; summary statisﬁcs
presented here. Very specific analyses will be performed in the future to fully determine the
impact of environmental and human exposure factors like ETS, season, daily household
operations, and human activity patterns on pollutant concentrations.

Ambient PM, s mass concentrations were typically just below the annual National Ambient Air
Quality Standard of 15 pg/m’ (median = 14.0 pg/m’). There were however, daily maximums that
exceeded the 35 pg/m’ daily standard (maximum = 66.4 ug/m’). Season #2 (winter 2005) had the
highest number of exceedences (14.3%) while scason #4 (winter 2006) had the lowest (0%).
Personal exposures to total PM, s mass often exceeded that associated with ambient or outdoor
measures. It is expected that cooking and other iqdo_or exposure events, including the presence of
ETS, mfluenced the summary statistics presented here. Personal ETS exposures are probably
skewing this initial observation.of these primary relationships. Data from residence surveys
indicate that few of the study participants had central air conditioning. Therefore, most homes
were operated in the summertime with their windows open allowing full infiltration of ambient
PM. The relative closeness of the median values between indoor, outdoor and ambient PM- s
mass concentrations (14.0, 14.5, 14.0 pg/m’, respectively) supports this conclusion.

Seasonality is expected to be a factor relative to PM infiltration into homes. As discussed
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above, homes were often open during the summer but more tightly sealed in the winter due to

the cold temperatures. The personal/ambient sulfur ratio is onc means of defining the personal
exposure factor (F[;cx) to PM, 5 of ambient origin (Wallace and Williams, 2005). A similar
approach (indoor/ambient sulfur ratio) has also been used to define infiltration of ambient PM- s
into residential locations (Fi,?). Results indicate that the median PM; s Fpex was 0.68. In other
words, based upon sulfur as a marker of PM of ambient origin, 68% of the total PM, s mass
individuals were routinely exposed to was associated with ambient sources. The range of values
associated with Fiy¢ in the study ranged from 0.16 to 6.4 with a median of 0.7. Values for both of
these exposure féctors that exceed 1.0 are indicative of sulfur sources other than that associated
with PM of ambient ofigin or resuspension of previously deposited PM. ETS is a candidate for
being responsible for many of these observations. Some DEARS participants burned candles,
operated kerosene heaters and had other potential sources of sulfur-related particles in their
residences which will also need to be examined for their impact upon these exposure factors.

The overall closeness of the Fyex and Fipr (0.68 versus 0.70) values suggests that DEARS
participants often spent considerable amounts of time in their own residences or locations with
similar infiltration factors. Surveys and time activity pattern data will be used to further document
this preliminary assumption. Median PM, .5 mass concentrations were observed to be higher
indoors as compared to outdoor and ambient locations (10.0, 7.4, 7.5 pg/m’), respectively. This
might be suggesting that resuspension of coarse PM tracked into residences was occurring. The
presence of carpet and other floor covgrings in the various residences, along with other potential

exposure factors such as recent residential remodeling or cleaning activities, will be examined to
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see if there are reasonable explanations for the homes reporting daily PM,¢.» s mass

concentrations as high as 335 pg/m’.

Select gaseous pollutant data are reported in Table 7. Median ambient measures of ozone
were ~ 20 times higher than personal concentrations. This ﬁnding is reflective of the degradation
of ozone as it pénetrates the indoor environment where DEARS participants spent a majority of
their time. Personal NO, exposures were sometimes significantly higher than ambient conditions,
with one maximum observed at 474 ppb. Preliminary investigations of such incidences often
revealed the use of multiple gas appliances in the participant’s residence. In such circumstances,
DEARS participants were inﬁnediately contacted and informed of the potentially hazardous
situation and the neeﬁ to have their appliances serviced for possible malfunctions. Personal SO,
concentrations were routinely at or well below the determined Ogawa’s limit of detection for this
pollutant (3.1 ppm). Personal exposures to this pollutant ranged from -2.2 to 14 ppb ovér the full
duration of the study. Seasonality is expected to be a significant factor relative to the gaseous co-

pollutant concentrations, especially for O; and NO,, and will be examined in the future.

Discussion

Data from the DEARS will be used to identify the contribution of various pollutant sources
(automotive, industrial and natural sources) to air pollutant concentrations at the community,
neighborhood and potentially the personal level. The DEARS w;xs fielded with a geographically
purposeful, household recruitment strategy. This will allow the data to be potentially more useful

than if a convenience-type recruitment scheme had been utilized. The full extent of this value will
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not be known until data analyses are more fully realized. The study has already benefited the

local communities involved. Each of the DEARS participants has received detailed information
about their own potential exposures. Community groups and environmental institutions, along
with city, count;z and state air quality officials have been briefed on preliminary findings. Some of
these findings are now available on the DEARS website (www.epa.gov/dears). This website also
provides listings of the planned analyses associated with the project’s statistical analysis plan.
Such -documentatioﬁ is located on the “Background” link. The Study Design document present at
this location fully documents the planned analyses.

Collection of personal, residential indoor, residential outdoor and community-based measures
in the DEARS will allow for the estimation of personal exposure and residential infiltration factors
for specific pollutants and potentially their sources of origin. These data in turn, will be used to
further evaluate and refine human exposure models that characterize the magnitude of exposure
along with its uncertainty and variability. An example of this type of model is the US EPA’s
Stochastic Human Exposure and Dose Simulation (SHEDS). The SHEDS model is being used to
model potential human exposures to air toxics and PM (Georgopoulos et al., 2005). These models
are needed to reduce the uncertainty of current risk assessments using ambient-based
environmental monitoring. In addition, the field data collection methods developed and applied in
the DEARS will be used as a prﬁtotype for other community-based air toxic programs.

Data from the DEARS will allow the US EPA to more fully investigate the uncertainty of
using community-based central monitors for epidemiological studies, especially for those

pollutants that might not be as homogeneous as PM, s mass concentrations. The knowledge
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gained will then be used in planning future epidemiological studies and/or as direct inputs in the

risk assessment process. Little is actually known about the homogeneity of various PM mass
constituents. The same holds true for many air toxics. The DEARS will provide the means to
investigate intra- and inter-personal variability for many of the monitored pollut aﬁts.

The DEARS will have a major impact upon source apportionment. Source apportionment has
often had to rely upon elemental findings in its attempt to estimate the contribution of various
source categories to the local airshed. This is often because of its availability and usually has little
to do if this is the best choice for doing apportionment. The DEARS will provide the means to
investigate source impacts at the community and neighborhood level and has the potential of
being applicable to both residential indoor as well as personal levels of exposures. What makes
the DEARS database so unique for this purpose is that it will allow not only ambient PM
constituents to be used in the apportionment process, but also VOCs, SVOCs and potentially
even the information gained from the personal and residential survey information. The DEARS
represents one of the most complete human exposure measurement studies linked to intensive
survey and questionnaire findings. The study has resulted in an extensive integrated database
containing personal, residential indoor, residential outdoor and community-based environmental
measurements for a wide variety of PM and air toxic components. A wealth of survey data have
been collected. Databases have been developed using the Statistical Analysis System (SAS)
hierarchy for ease of data queries. These databases are currently undergoing full validation with
the intention of making them available in a publically-accessible format sometime after 2010.

A number of novel methodologies were employed in the DEARS for the first time or deployed
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more extensively than in earlier studies. Examples of these include the PAKS, the Perkin Elmer

VOC diffusion tubes, the C-PEM, and a size fractionated PM: s nephelometer. These extensive
evaluations, often numbering in the thousands of attempts will allow the research community-at-
large to take advantage of the information gained concerning their performance characteristics
and their utility for future studies. This is especially important considering the need to minimize
participant burden during personal monitoring.

The DEARS will provide the means to dctcmﬁne if proximify of a residence to mobile or
stationary sources has an impact on personal to source relationships. Its data will be used to
calculate inﬁltr.ation factors, pcﬁetration rates and removal rates for different pollutants and
different housing conditions. Its design which focused upon single family or independent duplex
housing situations, does have limitations in that it is not fully applicable for such analyses for other
demographic situations (large communal settings like apartments). The mmpact of climate
(summer vs. winter seasons) on these factors will also be evaluated. Time-activity and real-time
PM. 5 data will be used to determine the impact of spending time in non-residential locations and
personal activities on exposure. This will be critical in understanding the importance of
commuting and work place activities on exposures to non-ambient sources.
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Figure Captions

Figure 1. General locations of the DEARS monitoring locations. Their classification
was a priori based upon the NEIL, information from the MDEQ and other sources.
EMA #2 (not shown) in the Wyandotte area was originally planned but ultimately
not incorporated into the monitoring.

Figure 2 a,b,¢,d. Personal monitoring (a) was performed used a nylon vest with active and passive
monitors positioned in the breathing zone. Residential indoor (b) and outdoor monitors (¢) deployed
the same equipment with the exception of weather shielding. Community monitoring (d) was
conducted at a State of Michigan air monitoring site located at Allen Park.
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_Table 1. DEARS residential neighborhoods and possible source impacts.

EMA# Census tracts Potential source impacts’ Neighborhood proximity to
freeway"

1 5238 heavy industrial =300 m

3 5209, 5211, 5234 diesel truck traffic <300 m

4° 5003 industry and automotive <300 and =300

5 5241 industrial : =300 m

6 5401, 5402, 5403, 5404, mobile source (freeway) <300 m

5421,5422, 5426
7 5870 regional =300 m
Allen Park 5766 .- industrial and freeway <300 m

“This represents the general area of the neighborhood involved (decimal degrees).

*Neighborhoods within 300 m of busy roadways were considered as potentially impacted by near-road
mobile source emissions in the establishment of the study areas. Source impacts defined here are those
believed from a priori determinations of the NEI and other information gathered before the study was
initiated. These descriptors have yet to be evaluated with the DEARS data.

“The residential areas for EMA 4 changed after the first 2 years to exclude near-road influences.
This EMA therefore had an eventual combination of homes either within or beyond 300 m of a

major roadway.
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Table 3. DEARS pre-study target data quality indicators (DQIs).

% Completeness

Metric MDL MQL % % Collection  Analysis
Precision Accuracy
_ () ()
PEMs ng/m’ 1.75 5.1 20 5 95 99
HIs ug/m’ 08 24 20 5 95 99
CPEM2.5  pg/m’ 2.0 5.0 20 20 95 99
CPEM10-  pg/m’ 2.0 5.0 20 20 95 99
25
Tisch pg/m’ 1.0 3.3 NA 20 90 NA
Dichot = pg/m’ 1.0 3.0 10 10 95 99
SVOCs ng/m’  ~0.02  ~0.06 30 20 95 90
VOCs pptv ~50 ~150 - 20 30 95 90
Acrolein pg/m’ 0.5 1.5 15 20 95 95
Acetalde- ug/m’ 5.0 15.0 15 15 95 95
hyde -
Formalde-  pg/m’ 6.0 18.0 15 20 95 95
hyde ' :
Nitrate ng/m’ 0.1 0.3 10 10 95 90
SO2 badge ppm 8.0 24 10 20 95 95
NO2 ppm 3.0 9.0 - 10 20 95 95
badge
O3 badge ppm 3.0 9.0 10 20 95 95
MIE- pg/m’ 155 45 20 5 90 NA
PM2.5
PFT-air  exchange/ 0.1 0.3 15 25 95 95
exchange hr _ ‘
EC-OC pg/m’ 0.2 0.6 5 5 95 95
PM-XRF  ng/filter  ~50 = ~50 20 10 95 95
__Surveys counts NA NA NA NA 95 NA

MDL= minimum detection limit, MQL= minimum quantitation limit
PEM=Personal Environmental Monitor, HI= Harvard Impactor, CPEM=Coarse PEM
MIE=Personal DataRam (pDr), Dichot=dichotomous sampler, EC-OC= elemental/organic carbon.
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Table 4. Cumulative DEARS participant demographics and related statistics.

Demographic N Mean or Std Min Max
_ ) % of total

Age (years) 133 420 - 151 18.0 78.0

Race-missing 4 2.9%

Race-Caucasian 25 18.4%

Race-African-American 42 30.7%

Race-Other including Hispanics 69 50.7%

Gender-missing 1 0.7%

Gender-male 30 21.9%

Gender-female 106 77.4%

Employed outside the home-missing 1 0.7%

Employed outside the home (No) 46 33.6%

Employed outside the home (yes) 90 65.7%

Home description-(other) 1 0.7%

Home description-missing 2 1.5%

Home description-mobile home 2 1.5%

Home description-external entry apartment 2 1.5%

Home description-duplex 11 8.0%

Home description-one family detached structure 119 86.9%

Age of home (years) 134 63.9 23.8 6.0 125.0

Estimated time away from home each day (hr) 135 5.0 3.9 0.0 18.0

Estimated commuting time one-way to work (min) 47 17.4 12.3 0.0 59.0
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Table 6. Select environmental PM-based findings from the DEARS.

Metric Days Season Min Max Mean  Std Dev  Median  99%
S (ugm)  (uym’)  (ug/m’) (ugm’) (ugim’) (ug/m)

Personal PM, s 874 1-6 -0.5 255.8 20.3 20.9 15.6 113.6
Indoor PM, 5 973 1-6 -1.3 297.8 18.7 20.1 14.0 91.2
Outdoor PM, 5 1347  1-6 -1.1 85.6 16.3 9.7 14.5 43.4
Ambient PM, s 189 1-6 2.8 66.4 16.9 10.6 14.0 63.0
Indoor PM 9.5 5 438 4-6 -0.6 335.4 12.8 18.5 10.0 63.1
Outdoor PM o5 585 46 - -19 31.1 8.2 4.9 7.4 23.0
Ambient PM,o.5s 87 4-6 0.5 19.1 7.9 4.0 T.5 19.1

PM. 5 personal 788 1-5 -0.01 - 4.09 0.7 0.29 0.68 1.56
exposure factor

PM-s residential 855 1-5 0.16 6.45 0.7 0.33 0.70 1.48
infiltration factor

PF|T arr exchange 916 1-6 0.1 17.0 1.5 1.5 1.0 7.5
(h7) '

Table 7. Sclect environmental gaseous co-pollutant findings from the DEARS.

Metric Days Seasons Min Max Mean Std Median 99%
(ppb) (ppb) (ppb)  Dev  (ppb)  (ppb)
; (ppb)

Personal O; 936 -6  -54 432 2.1 3.3 1.0 15.0
Ambient O, 199 1-6 3.0 53.0 25.0 11.5 24.0 52.0
Personal NO, 891 1-6 -3.0 474.0 29.9 374 23.1 188.0
Outdoor NO> 989 3-6 -1.0 65.0 20.3 9.7 20.0 48.0
Ambient NO, 198 1-6 0.0 48.0 239 8.2 231 47.5
Personal SO, 928 1-6 -4.0 12.4 0.5 1.7 0.0 6.0
Ambient SO, 195 1-6 -2.2 14.0 2.8 2.8 2.0 14.0



