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Abstract

A series of longitudinad human exposure particulate matter (PM) panel studies were conducted
from 1997 through 2001 in a number of U.S. cities. These studies were conducted by the U.S. EPA’ s
Office of Research and Development (ORD) or by organizations sponsored through the National
Exposure Research Laboratory (NERL). A primary god of this research was to determine the
relationships between personal exposures to particles and associated gases relative to Sationary
outdoor monitor concentrations in high-risk subpopulations as defined by the National Research
Council’s PM research priorities. Vaidated data from this effort will be used to assess the contribution
of ambient pollution to persona exposure and to identify human activity patterns that might contribute to
persona exposure. Common features of the studies included use of a single survey questionnaire to
assess human activity patterns and repesated use of a PM monitoring gpproach that would permit
comparison of the data among the investigators. The investigators varied their study locations,
monitoring seasons, and study populations so that an in-depth characterization of PM exposures among
potentidly sensitive subpopulations could be performed.

The panel studies monitored voluntary participants over the course of 7 to 28 day periods.
Each study was defined by the study pand, monitoring season, and locdlity. The number of participants
in each study ranged from 5 to 63. Susceptible subpopulations of interest included Chronic Obstructive
Pulmonary Disease (COPD) patients, individuas with cardiovascular disease, the ederly, asthmatics,
and African-Americans having hypertensgon. Panels of hedthy individuals were dso included in the
assessment. The dderly have been identified as one of the most sensitive subpopulationsin the U.S. to
hedlth effects associated with PM exposures, consequently, while subject age in each study varied, the
majority of subjects were over age 65.

The exposure assessment included integrated (24-h) and/or redl-time monitoring of PM size
fractions of PM,, 5, PM,, and PM ., 5. The subscripts represent the particle size sampled; for instance,
PM,, 5 represents 50% collection of particles of 2.5 mm in diameter. Persond, resdentia indoor,
resdentia outdoor, and community-based PM air monitoring was performed using a variety of
insrumentation. PM-related toxic gases of nitrogen dioxide (NO,), sulfur dioxide (SO,), carbon
monoxide (CO), and ozone (O5) aso were measured. Monitoring took placein Batimore, MD (2
studies); Fresno, CA (2 studies); Atlanta, GA (2 studies); Boston, MA (2 studies); Los Angeles, CA (2
studies); Seattle, WA (2 studies); New York, NY (1 study); and Research Triangle Park, NC (2
sudies).

This report describes the completion of field measurements associated with the various studies
and their progress to date. Individual study designs and future recommendations are o reported. In
excess of 15,000 persond, residential, and community-based PM mass concentration measurements
have been performed. Combined, these studies have monitored over 200 individuas and represent
over 4000 total monitoring days during the 4-year period (1998-2001). References to peer-reviewed
summaries and presentation abstract titles of data findings are dso included.
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INTRODUCTION

In July 1997, the US Environmental Protection Agency’s (EPA) Adminigtrator issued a new
Particulate Matter (PM) National Ambient Air Quality Standard (NAAQS) for PM,, 5 which was based
largely on epidemiologica investigations that indicated increased risks of mortality and morbidity were
associated with concentrations of ambient particles. At the same time, Congress established amagjor
research initiative to reevauate the NAAQS, as mandated by the Clean Air Act. As part of this
initiative, the National Research Council (NRC) conducted an independent study to identify the most
important research priorities and to develop a conceptual plan for PM research related to the new
PM,, s NAAQS (Research Priorities for Airborne Particulate Matter I: Immediate Prioritiesand a
Long-Range Research Portfolio, NRC, 1998). A high priority in the first three years was gaining a
better understanding of outdoor measures versus actual human exposures (NRC Research Topic 1):

“What are the quantitative relationships between concentrations of particulate-matter
and gaseous co-pollutants measured at stationary outdoor air-monitoring sites, and
[what are] the contributions of these concentrations to actual personal exposures,
especially for potentially susceptible subpopulations and individual s?”

Additiondly, the council directed researchers to gather more information on the toxicological
mechanisms and actua human exposuresto PM of ambient origin.

This document fulfills the mandate of the NERL to “ . . .Compl ete the field monitoring
component of a series of longitudinal panel studies and report upon the preliminary PM mass
exposure data resulting from these efforts” and thus meets the annuad performance measure
(APM#1) egtablished in response to the Goverment Performance and Results Act (GPRA). Asa
summary report, data are reported on apreiminary basis and are not discussed in depth. (Appendix D
contains tabular summaries of PM mass concentration deta from the completed sudies) Data
summaries associated with the exposure assessment of co-related gases, time activity patterns, source
gpportionment, associated hedlth effects, and other databases devel oped (or currently being
developed) from the field studies will be reported separately.

This report indicates that ORD has fully completed its 2001 fiscal year god to conduct PM
human exposure field measurements in response to NRC Research Topic #1. Thisgoa has been
accomplished in both atimely and cogt-effective manner. Fourteen peer-reviewed journd articles
summarizing results from studies conducted during 1997-1999 have aready been published, and
additiond articles are in development for the later-phase (1999-2001) studies. Peer-reviewed journa
aticletitles that summarize findings to dete, as well as presentations a nationa or internationd scientific
symposiain support of this effort, are reported in Appendix A and Appendix B. This effort has resulted
in the collection of a diverse and in-depth database for characterizing persona exposuresto PM in
potentialy susceptible subpopulations. This database will permit an extensive andysis of the
quantitative relationships between persona exposuresto PM of ambient origin and related co-pollutants



and the factors that influence these exposures. The NERL anticipates that this pooled database will be
publicaly available during 2003.

Report Overview

During the period of 1997-present, NERL’s PM Exposure Research Program focused
specificaly on NRC Research Topic 1 with the direct support of $6.0 million provided by EPA’s
ORD. Approximately $4.7 million supported research conducted by a series of university research
teams (cooperative agreements), while gpproximately $1.3 million supported NERL -designed research
plans. Longitudina panel exposure studies were conducted to characterize temporal variation of
persond exposure to PM, including that of PM messured at ambient Stes. These studies were
fundamenta to increasing scientists' understanding of the associations between persona exposure to
PM, PM measured at ambient sites, and hedlth effects, especidly for susceptible subpopulations.

Susceptible subpopulations of interest included Chronic Obstructive Pulmonary Disease
(COPD) patients, individuals with cardiovascular disease, the derly, asthmatics, and African-
Americans having hypertenson. Collaboretive efforts between the NERL and the National Health and
Environmental Effects Research Laboratory (NHEERL) permitted an integrated approach between
exposure assessment and hedlth effects research in the pand studies performed by these indtitutions.
The Research Triangle Indtitute (RTI1) contributed significantly to the field data collection for the sudies
performed by these laboratories. Cooperative agreements were awarded to three University consortia
Harvard University School of Public Health, New Y ork University School of Medicine, and the
University of Washington Department of Environmenta Health. The pand studies were designed to
evauate different susceptible subpopulations, geographica regions, seasons, and housing conditions.
Study designs from each research group were compared so that duplication or non-duplication of effort
was performed to more completely satisfy the overdl god of the research.

Common approaches used by each research group included measurements of persona
exposure using persona monitors as well as measurements of ambient, outdoor residentia, and indoor
resdential concentrations using stationary monitors. In addition, based on recommendations by the
NRC, a concerted effort was made to measure exposures to a number of gasesincluding SO,, NO,,
CO, and O;. For each participant, information on housing characterigtics, time/activity patterns and
potential sources of PM exposure was collected using diaries and questionnaires. The Office of
Management and Budget (OMB) approved atime-activity pattern diary and questionnaire for the pane
gudiesin 1999. All of the involved ingtitutions adopted these survey instruments for the studies
conducted during the 1999-2001 time period. (Copies of the questionnaires and diary used to
investigate time activity patterns and sources of PM exposure are provided in Appendix C.) Multiple
participants in each respective pane were monitored over 7-28 days to investigate both longitudina
and cross-sectional correlations between personal, indoor, outdoor, and ambient measurements. Data
from over 15,000 individua PM mass concentration measurements involving more than 200 individuds
and their resdences were collected in these studies.



The overdl god of dl the longitudind panel sudies was to characterize inter-persona and intra:
persond variability in exposure to PM and to describe the relationship between persona exposures to
PM of ambient origin and ambient concentration measurement based on centra-site monitoring for
susceptible subpopulations. Specific objectives that were developed to meet this god are the following:

. To quantify persona exposures and indoor ar concentrations for PM/gases for potentialy
sengtive individuals (cross sectiond, inter- and intrapersondl).

. To describe (magnitude and variability) the relationships between persona exposure, and
indoor, outdoor and ambient air concentrations for PM/gases for different sensitive cohorts.
These cohorts represent subjects of opportunity and relationships established will not be used
to extrapolate to the generd population.

. To examine the inter- and intrapersond variability in the relationship between persona
exposures, and indoor, outdoor, and ambient air concentrations for PM/gases for sengitive
individuds.

. To identify and mode the factors that contribute to the inter- and intrgpersona variability in the
relationships between persond exposures and indoor, outdoor, and ambient air concentrations

for PM/gases.

. To determine the contribution of ambient concentrations to indoor air/persona exposures for
PM/gases.

. To examine the effects of air shed (location, season), population demographics, and residentia

Setting (gpartment vs stand-alone homes) on the relationship between persona exposure and
indoor, outdoor, and ambient air concentrations for PM/gases.

This report provides a detailed description of the individua studies conducted in support of this
god. Dataare provided detailing the range of PM mass concentrations observed during the studiesin
relation to specific geographicd locations, seasons, sengtive subpopulations, and particle size fraction.
Thefollowing isasummary of some of the highlighted results from the Sudies:

» Data collection was completed in 8 mgjor exposure sudies. These were performed in various esst
coast and west coast U. S, cities to investigate potentid differencesin aerosol properties due to
geographica setting. Monitoring took place between 1998 and 2001. These studiesinvolved
multiple season/subpopul ation/location variables (total of 14).

» More than 200 people were recruited to participate in the exposure studies from Boston, MA; Los
Angees, CA; Batimore, MD; Research Triangle Park, NC; Sesattle, WA; Fresno, CA; New York,
NY; and Atlanta, GA. The mgority of these individuas had a range of underlying disease states or
other factors (cardiovascular, pulmonary, aged, etc.) that were postulated asincreasing their potential
for experiencing adverse health effects from PM exposures.
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* In excess of 15,000 filter samples were collected and andlyzed for integrated (24-h) PM mass
concentrations. Collocated PM, 5, PM ;, samples were typicaly collected a the community and
resdentia locations. PM,., s was collected or determined by mass differentia in many of the sudies.

* More than 4000 sampling days of individual human exposure to PM were included in these studies.
In addition to the PM,, ; and/or PM,, human exposure data, an equivaent amount of time-activity
pattern and PM source data were collected.

» Techniques were established, validated, and improved in the recruitment, retention, and participation
of senditive subpopulations for human exposure assessments. In some ingtances, thisinvolved
populations with an average age well over 65. Thiswas accomplished by improved recruitment and
retention srategies that involved integrating community concerns about participant involvement in the
study, improvementsin persona monitoring equipment that reduced participant burden, and
development of mutudly beneficid relaionships with private indtitutions (such as retirement facilities).
Combined, these practices combined available resources and helped in achieving the study
objectives.

» Numerous peer-reviewed journa articles have been published based on the exposure studies.
References are provided in Appendix A. These articles provided integra information used in the
March 31, 2001 draft verson of ORD’s Ambient Air Qudity Criteria Document for Particulate
Matter (2001 PM AAQCD) and summarized some of the personal, resdential, and ambient PM
meass concentration findings from specific longitudind panel sudies. In addition, over 50 dbdtracts
describing the preliminary results from al of the pand studies have been presented or accepted for
presentation a nationa and internationd scientific conferences (Appendix B).



EXPERIMENTAL DESIGN OF PARTICULATE MATTER HUMAN
EXPOSURE LONGITUDINAL PANEL STUDIES

PM exposure panel studies were performed by NERL/NHEERL/RTI scientists and scientists at
three university consortia (Harvard University School of Public Hedth, New Y ork University School of
Medicine, and the University of Washington Department of Environmental Hedlth). The Harvard
consortium included Rutgers University, the Environmental and Occupationd Hedlth and Safety Ingtitute
(EOHSI), and Emory Universty. The study designs of each research group were fundamentaly smilar
athough the studies were conducted by different researchers in cities throughout the U.S. Therationde
for amilar study approaches was to produce the largest PM exposure database possible by combining
the data from severd exposure studies conducted independently in various geographic regions using
pand s with differing characteristics.

The common gpproach used in each study included measurements of persond PM exposure
and ambient (community), outdoor residentia, and indoor residentid PM concentrations. In addition,
exposuresto SO,, NO,, CO, and O; were measured at the recommendation of the NRC. For each
participant, questionnaires and diaries were used to collect information on time/activity patterns and
potentia sources of PM exposure. Multiple participants in each respective panel were monitored over
time (7-28 days) to investigate both longitudina and cross-sectional correlations between persond,
indoor, outdoor, and ambient measurements. Although each research group employed the same basic
study design, dightly different exposure monitoring instruments, study populations, and locations were
sdected. 1n addition to the exposure measurements, study-specific hedth effect monitoring was
performed in the Baltimore, Fresno, Atlanta, New Y ork, and Sesttle studies to help relate certain
physiologica responses to persond, indoor, and/or outdoor concentrations of particles and associated
gases. Tables 1 and 2 show asummary of the study designs and the measurements madein al of the
exposure studies. Information concerning the types of PM mass monitors used in the various studies
are summarized in Table 3.

Time activity information, data on housing characteristics, and source usage were collected
using adiary and questionnaires that were developed and reviewed by dl consortia and submitted
approved by OMB. Copies of the survey forms are provided in Appendix C. Approval for these
studies was obtained in July 1999, and dl studies performed after this date used these common survey
formsto collect time activity pattern and environmenta factors data. OMB approval of the
questionnaires and diary were contingent upon their use only for characterizing the participants involved
(non-transferrable to the genera or specific subpopulations). Therefore, data associated with the panel
studies should be viewed as representing unique participant pools as defined by each pand’ s study
design. Volunteersinvolved in the studies were participants of opportunity and where not selected
based upon a gatistica survey design. Individua quality assurance project plans (QAPPs) were
developed for each panel study, and data quality objectives for the collected data were validated versus
these standards. 1t was requested that all QAPPS follow EPA quality assurance guidelines (EPA-
QA/Gb). More detailed descriptions of the study designs used in each study are provided below.



Table1l. Summary of PM exposure pand study designs conducted by the NERL/NHEERL/RTI Research Group

Study City Baltimore-2 Fresno-1 Fresno-2 RTP-1 RTP-2
Panel Description Retirement facility, Retirement facility, Retirement facility, Low SES neighborhoods, Cardiac Defibrillators,
elderly elderly elderly minorities with controlled
hypertension
Number of Participants 20 60 residential 60 residential 35 8
5 personal 16 personal
Seasons (Days/Season) Summer (28) Winter (12) Spring (12) Spring (7), Summer (7), Fall | Spring (7), Summer (7), Fall
(7), Winter (7) (7), Winter (7)
PM 2.5 Mass PI,IF,O A PI,IF,O A P 1,IF,OA P,1,0A P,1,0,A
PM 10 Mass I,LIF,OA I,LIF,OA P 1,IF,OA I,O,A I,O,A
PM Nephelometer P I — P P I P
PM Number Count IF, O IF, O IF, O [, O select homes I, O select homes
EC-OC IF,O,A IF,O,A IF,O,A P,1,0A P 1,0A
NO, IF,O,A IF,O,A IF,O,A I,A I,A
0, IF,O,A IF,O,A IF,O,A PA P,A
CO IF,O,A IF,O,A IF,O,A I,O,A I,O,A
Speciation Monitoring IF,O,A IF1,0,A IF1,0A — —
(VAPS)
Elements (SO,) PI,IF,O A PI,IF,O A P 1,IF,OA P,1,0A P,1,0,A
Size Distribution — — 1,0 I, O (select homes) —
Air Exchange — — PFT PFT PFT
Health Measures Primary HRV Primary HRV Primary HRV PEF, FEV, pulse, 0, sat. PEF, FEV, pulse,
0, sat.
SES = Socioeconomic status, P = Personal, | = Indoor residential, IF = Indoor facility, O = Outdoor residential, A= ambient, EC-OC = elemental and organiccarbon,

PFT = perfluorotracer method, HRV = Heart rate variability, BP = Blood pressure, PEF = Peak expiratory flow, FEV = Forced expiratory volume
O, sat= blood oxygen saturation, pulse = heart rate pulse



Table2. Summary of PM exposure pand study designs conducted under cooper ative agreement with the NERL

Harvard School of Public Health New York University University of Washington
Study City Atlanta Boston Los Angeles N.Y.C. Seattle
Panel Description COPD, MI COPD, MI, Spouses COPD Lung Disease COPD, Healthy, MI
Number of Participants 15+ 92 30 15 16 107 (57+50°)
Seasons (Days/Season) Fall (7), Spring (7) Winter (7), Summer (7) Winter (7), Summer (7) Winter (12), Summer (12) Fall (10), Winter (10), Spring (10)
PM 2.5 Mass P, 1,0,A P,1,0,A P, 1,0,A I,0A P,1,0,AU
PM 10 Mass 1,0, A (Spring) 1,0,A P, 1,0, A P, 1,0, A 1,OA
P.I,0.A (Fall)
PM Nephelometer - - - P, 1,0, A P, 1,0 A
PM Number Count - - - - I,0° A
EC-OC P, 1,0,A P,1,0,A P, 1,0,A P, 1,0,A P, 1,0 A
NO, P, 1,0,A P, 1,0,A P, 1,0,A P, 1,0 P, 1,0,A
O, P, 1,0,A P, 1,0,A P, 1,0,A - P, 1,0,A
O3 P, 1,0,A P, 1,0,A P, 1,0,A - -
VOCs - - - - P,1,0,U, A
(6(0) I, 0 B,1,0,A I,0 - B, I,A
Trace Elements P, 1,0, A P, 1,0,A P, 1,0, A P, 1,0 P, 1,0, A
Sulfate P,1,0,A P, 1,0,A - P, 1,0 -
Nitrate - - P, 1,0,A P, 1,0 -
Air Exchange Rate PFT PFT PFT CO, PFT, CO,
Health Measures HRV, BP, O, - - PEF/FEV,, Pulse, O, Sat., PEF/FEV,, HRV,
Sat.,PEF/FEV, pulse, BP, urine biomarkers'
symptoms
COPD = Chronic obstructive pulmonary disease, M| = Miocardial infarction
B = Breath, P = Personal, | = Indoor, O = Outdoor, A = Ambient, U-Urine samples, O, sat= blood oxygen saturation, pulse = heart rate pulse

PFT = Perfluorotracer method, HRV = Heart rate variability, BP = Blood pressure, PEF = Peak expiratory flow, FEV = Forced expiratory volume

2 EPRI-API Funding;

5 PM Center Grant;° CARB Funding; “NHEERL Funding



Table3. Summary of PM mass measur ement methods used in panel studies

Institution Personal Residential Residental Ambient PM Size Fraction Monitorsor Inlets
Indoor Outdoor (um) Compared
NERL/NHEERL/RTI PEM and PEM or HI and PEM and FRM PEM, FRM, and PM, ¢ and/or PM PEM, TEOM, VAPS,
nephel ometer nephemoleter TEOM, VAPS, or  combinations of FRM, cyclone; FRM,
HI TEOM, VAPS, HI, DFPSS, TEOM; PEM,
DFPSS or Dichot HI, TEOM DICHOT,
Harvard University HPEM, PEM HPEM, PEM HPEM, PEM HI, FRM PM,, . and/or PM ,, HI, FRM; PEM, HI;
HPEM, HI; HPEM,
PEM
University of HPEM and HI, nephelometer  HI, nephelometer  HI, HPEM, FRM, PM ;(nephelometer),  HI, HPEM, FRM
Washington nephel ometer nephel ometer PM, ¢ and/or PM
New Y ork University PEM and HI HI HI, FRM PM 4o HPEM, nephel ometer
nephel ometer

PEM =Personal Exposure Monitor® (impactor, 2-4 |pm), HPEM=Harvard Pesonal Exposure Monitor® (dua impactor, 4 Ipm), HI=Harvard Impactor (impactor, 10 or
20 Ipm), FRM =Federal Reference Monitor (impactor, 16.6 Ipm), TEOM=Tapered Element Oscillating Microbalance® (impactor, 16.6 |pm), VAPS=V ersatile Air
Pollutant Sampler® (impactor, 15 to 3 Ipm), DFPSS=Dual Fine Particle Sampling Systemt® (impactor, 16.6 |pm), Dichot=Dichotomous sampler (impactor, 16.6 Ipm),
nephelometer (eg., MIE® model pDR-1000 or Radiance Reflectance).



Baltimore Summer 1998 Study (NERL/NHEERL/RTI)

This study took place in July-August, 1998, and included measurements of persond, agpartment,
indoor residentia, outdoor residentia, and outdoor central site ambient concentrations over a 28-day
period. This study sought to build upon earlier findings from a 1997 pilot study conducted in Batimore
using asmilar sudy design. The 1998 study involved 21 ambulatory elderly (65+) resdents of asingle
18-gory building. The sudy ste was within 3 km of the retirement facility sudied in theinitia 1997
pilot sudy (Williams et d., 2000a). The facility used in the 1998 study was sdected primarily because
it met specific exposure monitoring and epidemiologica study requirements (i.e., an adequate
population size for subject recruitment, minimum number of known indoor, outdoor, or loca PM
sources, and adminigtrative cooperation). The all-brick facility was built in 1994 and used a centraized
roof-mounted HVAC system for common and adminigtrative areas of the building (such as halways).
Private gpartments had their own independent thermostats and smaller, salf-contained HVAC systems.
All of the gpartments within the facility had exterior windows and balconies. Based upon the 1997
sudy and data from the U.S. EPA’s AIRS database, populations living near this location were
expected to be exposed primarily to regiond, rather than locally- generated, outdoor PM,, 5 sources.
This was a basic requirement of subject selection for the epidemiologica component of the study which
focused on the day-to-day variability of PM concentrations and observed human hedlth effects.

The participants were recruited from multiple floors of the facility to determine the spatid
variation of persond and apartment PM mass concentrations. A subgroup of 15 primary participants
were selected for near-daily monitoring (n = 23 days). The remainder of the study participants were
used as replacements when needed. Personad monitoring was performed using a PM,, 5 Persona
Environmental Monitor® (PEM; MSP Inc.; Minnegpolis, MN ) located near the individuas' breathing
zone and secured to alightweight cloth vest worn by theindividuals. Persona monitors were operated
concurrently with al of the stationary measures beginning a gpproximately 8:00 am. (+ 15 min) each
day. Environmenta surveys were collected from the subjects each analyss day to gather information
concerning time activity patterns and conditions within the facility.

The sampling gpproach used in the 1998 Bdtimore study is outlined in Table 1 (Batimore 2).
Persona and indoor monitoring focused primarily on fine particles, however, someindoor PM,,
samples were d o collected every other day. In addition to measurements of PM mass, supplemental
measurements were made to better characterize PM including particle nephelometry, number count,
and chemica speciation (EC-OC, elements, SO, etc.). Continuous monitoring of criteria pollutants
was conducted ingde the retirement facility, outsde the facility, and a a centra community monitoring
gte. Theadditiona instrumentation used to characterize PM included redl-time microbal ances
(TEOMSs®), PM,, ; prototype Federal Reference Method (FRM) monitors, endotoxin collection,
persond and stationary nephelometers, and versdtile air pollution samplers (VAPS®). The TEOMs
were used so that redl-time mass concentrations were available for the epidemiologic investigation.
Locating multiple instruments at the same location alowed comparison of indoor and outdoor PM mass
concentration sampling methodol ogies and collection of samples for PM speciation (e.g., individua
particle characterization, ementa andyss).



Repetitive PM, 5 (n = 15) and PM,, (n = 5) monitoring was planned for the apartment of each
subject who participated in persona PM, s monitoring on at least an every-other-day schedule
following an initid every-day measure (day 1-3). The sampling schedule was maintained over 28 days
and was projected to yield approximately 225 PM,, s and 75 PM;, apartment samples. Residentia
indoor, resdentia outdoor, and ambient PM, s and PM;, samples (n = 28 days) were collected daily
and operated concurrently with the persona and apartment monitors (8:00 am. to 8:00 am.). These
measurements were critica to the epidemiologica component of the study based on findings from the
pilot study which indicated associations between indoor/outdoor fine PM mass concentrations and
some cardiovascular hedlth effects (Liao et a., 1999). Residentia indoor measurements were
performed a a centra site within the fadility in a 5™ floor gpartment while residentia outdoor monitoring
occurred on the facility’ s rooftop. Ambient samples were collected a a community monitoring platform
located 11 km south-southeest of the residentia facility where ambient monitoring had been performed
during the 1997 pilot study (Williams et d., 2000a).

A new red-time persona nephdometer (MIE pDR® personad DataRAM, MIE, Inc.; Bedford,
MA) was used to characterize persona PM exposures for a salect number of participants (n=5). A
total of 41 participant monitoring days was performed. The nephelometer was worn adjacent to the
gravimetric PM mass monitor on the vest for comparative purposes. The data collected usng the
nephelometers provided some of the first continuous persona exposure measurements (1-minute
averaging time) collected on a high-risk subpopulation (Howard-Reed et d., 2000; Rea et d., 2001).

All of the PM mass concentration data from this study have been vaidated and afull database
of thisinformation has been developed. Very low PM mass concentration limits of detection were
edtablished after improved gravimetric andysis techniques were developed by RTI (Lawless and
Rodes, 1999). Based upon 24-h sampling periods and 2.8 n® of collected air volume, detection limits
of approximately 2 ug/m? were established for the nearly 900 low-volume (persond, residentia and
ambient) samples collected over the 28 days of the study. Method performance data are summarized
in Table D-1. A large number of other filter-based and redl-time PM mass measurements were dso
performed (Williams et d., 2000b,c). Creason et d. (2001) have recently reported upon potential
hedth findings from this sudy.

Dataindicates thet ardatively low coefficient of variation (<48%) existed between individua
personal exposures on a day-to-day basisin this communa setting. PM, s mass concentrations for this
varigble were dso rdatively low (typicaly lessthan 48 pg/n?). It is believed that human activity
patterns (low known incidences of exposures to indoor PM sources such as cooking aerosols) and little
time spent outdoors grestly influenced these results. Both Howard-Reed et d., (2000) and Reaet d.,
(2001) have reported upon these activity patterns and the use of a personal nephelometer that
permitted red-time assessment of these influences upon potential human exposures. Landiset d.,
(2001) have characterized the relationships between particles of ambient origin to those observed
during persond exposure monitoring in this subject population. Summaries of PM mass concentrations
relaiveto PM, 5, PM,, and PM ., 5 Size distributions across various spatia boundaries (persond,
gpartment, residentia indoor, resdential outdoor, and ambient locations) are reported in Tables D-3
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through D-6. Numerous peer-reviewed journa articles of this effort not sited here have also been
published (Williams et ., 2000d; Conner et d., 2001; Rodes et a., 2001).

Speciation of the PM mass, source apportionment, and investigation of the relationships
between PM mass and gas-phase co-pollutant concentrations determined during the study have been
performed. Results of these findings have been presented in over 10 presentation abstracts at national
or international symposia. Preparation of peer-reviewed journd articles concerning these topicsis
currently being performed. It is anticipated that publication of the mgority of these articles will occur
during the 2001-2002 calendar years.

Fresno Winter and Spring 1999 Studies (NERL/NHEERL/RTI)

A resdentid retirement facility in Fresno, Cdiforniawas sdected for these PM exposure and
hedth sudies. The facility conssted of sngle-story apartment living units (duplexes and quadruplexes)
spread across arelatively large campus area. The 1999 Fresno studies were performed to contrast
geography (west coast versus east coast), season, housing, and other factors to the aforementioned
Bdtimore study. The location of the retirement facility in Fresno provided ambient and persona PM
measurements in awestern area of the U.S. typicaly characterized by high nitrate concentrations. The
demographics of the participants underlying hedlth status was smilar to that of the participantsin the
Bdtimore study; however, the participants in the Fresno study were more active asindicated by a
preliminary assessment of thelr activity patterns. This, aswell as housing and other factors, are believed
to have affected both their persond aswell as their indoor (apartment) PM,, 5,,, mass concentrations

(higher exposure potentid).

A monitoring platform located about two miles south of the selected retirement facility was used
to collect ambient data. Data from the platform provided regiona-scale community monitoring
information to compare with outdoor measurements made on the grounds of the retirement facility.
Outdoor monitoring was performed a a single location on the premises of the retirement facility. PM, 5
was the primary targeted PM species dthough specid measurements were made of particlesin the
PM, ,to PM,,; Size range outside of one residence using a a Laser Aerosol Spectrometer (LAS-X®)
and a Scanning Mohbility Particle Szer® (SMPS; TSI, Inc. St Paul MN).

An empty gpartment on the retirement campus was used as an ongite centra indoor monitoring
gte. The outdoor monitoring Site was located in a grassy area between severd buildings. Both the
gpartment and its adjoining courtyard were equipped with instrumentation to monitor particle mass
(PM, 5 and PM ), CO, and Os. In addition to usng Marple PEMsfor PM, s and PM,,, supplementa
instrumentation was used to characterize indoor and outdoor particle concentrations and characteritics.
The additional monitoring equipment included TEOMs, PM, s FRM samplers and Dud Fine Particulate
Sampling Systems (DFPSS®) for PM, 5; aLAS-X and a SMPS particle counter for ultra-fine particles
(< 0.1 pm). These samplerswere used to provide continuous data on particle mass concentration,
reference measurements, samples for subsegquent chemical speciation (e.g., analyses for elements,
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elementd and organic carbon), and ultrafine particle count data for indoor/outdoor comparisons. A
total of 60 residences participated, and a subgroup of 16 participants was monitored for persona PM
exposure. Daily persona exposures of PM, s and PM,, were dternately measured during the spring
Sudy. In addition, air exchange measurements were made insde each residence during the spring

study.
Winter Study

The winter Fresno study was conducted over a 28-day period from February 1-28, 1999
(Table 1) with the participation of approximately 60 residents of the retirement facility. Sampling
conssted of both integrated and red-time measurements. Twenty-four hour integrated persona air
sampling was conducted on 5 participants using a persond sampling system attached to PM, s PEM
sampling units. The pump and datalogger were placed in the pockets of a short-waist coat with inlets
located near the breathing zone. Integrated monitoring insde the residence was conducted daily,
except Sundays, in about 60 gpartments for PM, 5. PM;, samples were collected in a subset of 12 of
these gpartments usng PEMs. The sampling location within each residence was standardized to be
about 1.5 meters above the floor (the approximate breathing zone of an average adult), not adjacent to
awall or other flow-obstructing object, and not immediately adjacent to a potential source such asa
sove or heat vent. All integrated samples, including persona and in-residence samples, were collected
over a 24-hour period beginning at or near 8:00 am. each day. A basdine questionnaire was
adminigtered to dl participants a the beginning of the study to gather information about their individua
resdences and their persond activities. Also, daily persond activity diaries were kept by each
participant wearing a persona monitor. Gas-phase co-pollutants, PM mass speciation, and PM size
distribution measurements were performed in this study with additiona reports summarizing these
findings expected to be developed and published during the 2002-2003 calendar years. Evanset d.,
(2000), Reaet d., (2001), Vette et d., (2001) and Rodes et d., (2001) have reported upon the PM
mass concentration findings associated with the first study.

Summer Study

The second phase of the Fresno study was conducted during a 28-day period from April 19 to
May 16, 1999 (Table 1). The main objective of Fresno 2 was to determine the seasona variation in
personal PM exposures and PM concentrations between winter and spring. Historical data collected in
Fresno indicated that the coarse fraction of PM,, was higher in the oring than in the winter. In order to
determineif exposuresto PM,, were higher in spring, a PEM sampling unit equipped with a PM inlet
was added to the daily in-residence monitoring program for al resdences included in the study. Also,
the persona monitoring component for Fresno 2 was increased to include 16 residents, with 24-hour
integrated measurements of persona exposures to PM, s and PMy, collected on dternate days. Fine
and coarse particle mass samples were collected using a dichotomous sampler each day at the outdoor
central Ste and every third day &t the platform ste. Twelve participants carried MIE persond
nephelometers on aternate days for two weeks to provide some red-time data on personal exposures
to relate with time activity pattern. Air exchange rates were estimated for each participating residence
using a perfluorocarbon tracer (PFT) method (Dietz, 1982). Specid studies were aso performed to
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characterize PM removal efficiency by resdentia heating and cooling systems (Rodes et d., 2001) as
well asthe role of season, particle Sze, and meteorology upon aerosol concentrations (Lawlesset d.,
2001). PM mass concentration findings from this study have been reported (Evans et d., 2000;
Howard-Reed et a, 2000; Reaet d., 2001; Vette et a., 2001 and Rodes et d., 2001).

Summary of Fresno Studies

Validated databases for dl of the PM mass concentration measurements have been devel oped.
Data provided in Tables D-7 though D-9 summarize dtatitics associated with some of the PM mass
concentrations from the two Fresno studies. Evanset d., (2000), Howard-Reed et d., (2000), and
Reaet d., (2001) have reported upon the preliminary PM mass concentration findings associated with
the two studies. The expected changein PM,, 5/PM, ratio did occur with ambient PM,, s mass
concentrations faling significantly between the firgt (winter) and second (spring) seesons. Prdiminary
investigation of the human activity data associated with the participants in the two studies suggest that
they were significantly more active than elderly residents of the 1998 Batimore Study (Howard-Reed
et d., 2000; Reaet a., 2001). Persona exposures of PM, 5 or PM,,, which were at or above mass
concentrations found indoors or in comparison to ambient measurements, might have been influenced
by this higher activity level. Other factors could aso be responsible. Reduction of data from the PM
mass Speciation, gas-phase co-pollutant, human activity pattern and hedth effects variable
measurements is currently underway. The human and environmenta factors thet influenced these results
are gill being investigated with additional reporting anticipated for the 2002-2003 caendar year.

Research Triangle Park 2000-2001 Studies (NERL/NHEERL/RTI)

The Research Triangle Park (RTP) studies were conducted to extend and enhance the data set
generated in the Batimore and Fresno studies. The studies addressed the effect of housing conditions
(e.g., congtruction type, ventilation status) and investigated how persond time activity patterns and
indoor PM sources might affect the relationship between personad PM exposures and ambient
concentrations. The RTP studies greatly expanded monitoring persona exposure across both the
number of participants, aswell asthe overdl period of measurement (one calendar year). Additiondly,
individua homes, rather than acommund gpartment building or communa campus, were monitored for
PM mass concentrations across a wide geographica setting (RTP area, North Caroling).

Table 2 dso indicates the variety and depth of the study design with the incluson of
measurements for eemental