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PROJECT SUMMARY

We propose to conduct a Superdite project in Batimore to provide an extended, highly time, size, and
compogitiondly resolved data set, including an indicator of cardiopulmonary responsein support of testing
hypotheses relating to source attributionand health effects of PM. Such information is needed to support
development of State Implementation Plans and the setting of Nationd Ambient Air Qudity Standards.
Specific hypotheses involve investigations of the toxicity of aerosol components as affected by age,
indugtrid vs urban character, and seasond differences in source terms and atmospheric chemistry.  The
toxicologica metrics chosen, i.e., cytokine and reactive oxygen species (ROS) assays, will be used in
corrdations with PM metrics, in much the same manner as EPA’s Integrated Air Cancer Program used
mutagenicity assays to gpportion ambient PM mutagenicity among air pollution sources. The project will
encompass hourly resolved cytokine/ROS assays of PM2.5 as a metric of toxic response; dong with
amilarly time-resolved measurements of PM mass, number vs Size didtribution, light-scattering coefficient;
PM aulfate, nitrate, organic carbon, and dementa carbon usng commercid continuous and semi-
continuous monitors.  In addition, three important new instruments will be fidded: UMCP's semi-
continuous monitor for quantitatively determining aerosol metals and trace elements;, UDE's third
generdion single particle mass-goectrometric andyss sysem (RSMS I11) for continuous Sze and semi-
quantitative determination of individud aerosol particle condituents, from 10 nm to 2.5 um; and JHU's
advanced 3 wavelength LIDAR for three dimensona mapping of Batimore' s wind fields and aerosol
concentrations, including plumes from discrete sources. Traditiona 24-hr collections for FRM mass and
selected aerosol condtituents will provide thelink with PM network data. Extensive exploratory organic
compound anadyses will be performed to reved the presence of potentidly useful tracer species for
receptor modeling, andidentitiesand concentrationsof potentialy toxic PM organic congtituents, especidly,
water soluble polar organic compounds which might contribute to cardiopulmonary-related responses.
Gram quantities of PM2.5 will be collected weekly and archived for subsequent use by the research
community.



The highly-time (hourly and subhourly) size, and species resolved composition metrics will permit
resolution of their contributions by sources, thus, providing the link between the hedlth effects metric and
sources. Source dlocations will be reinforced by inclusion of the standard meteorologica data in the
multivariateandysesand 3-dimensond wind field and particle concentrationmaps. Plumewidthand, thus,
time of influence on afixed Ste increases with increasing distance from the source. Thus, with highly time-
resolved pollutant metrics loca (evenindividud), more distant, and regiond source contributionswill likely
be readily resolved into different factors by multilinear regression and advanced factor analysistechniques.
The 3-D maps will powerfully and visudly document the movement of particles from the sources to the
receptor, and ultimately improve our understanding of atmaospheric stability and seasona-mesoscale flow
patterns in driving aerosol fields over Bdtimore city. Note that Bdtimore, like most of the large
northeasterndegpwater port cities, experiences highly complicated loca flow patternswhich make source-
based modding extremdly difficult.

Time-resolved rotating drum impactors (RDI) will be used to separate fresh accumul ation aerosol from
nearby sources from aged and cloud processed aerosol, and from tailing coarse particle fractions. The
spectra determined from RDI measurements will be used to confirm plume “hits’ and as a cdibration
reference for sngle particle measurements.  Cytokine and ROS assays on selected RDI samples will be
performed to investigate differences in agrosol age.  Mulitvariate calibration modds will be used to
datidicdly interpret and interrelate data developed by the variety of new and established techniques.
Professor Hopke will utilize his considerable experiencein both aerosol measurements and advanced data
andyss methods (MLR, PLS, and back propagation neura networks), to provide these critica data
anayses.

The equipment will beingdled in trailers and deployed to aprimary urban Site, an indudtridly influenced
urbanresidentid site, and community Sites, in support of hypotheses suggested above. Measurementswill
be made continuoudy over a 12 month period and will encompass 45-day intengve campaigns to be
conducted in summer and winter in South Baltimore to test hypotheses regarding effects of industriad
influence and source resolving power of our measurement strategy.

Theinfluenceof emissionsfrom sourceregionsat variousdistances, thevariety and severity of loca
sources, the rich regiona and interpretive contexts provided by the IMPROVE dte at the Shenandoah
Nationa Park, the NARSTO upper air dation at Ft. Meade, and abundance of prior regional source
atribution studies make Bdtimore an excellent location for the proposed measurements and hypothesis
teding. Given the severity of diverse sourcesin close proximity to densaly populated areas combined with
the complex wind fields, the Batimore community of scientists and regulators desperately needs the
extengve, array of high-quality data which we propose to develop.

Supplemental Keywords: Receptor modeling, aerosol particles, trace dements



BALTIMORE SUPERSITE: HIGHLY TIME AND SIZE RESOLVED
CONCENTRATIONS OF URBAN PM2.5AND ITSCONSTITUENTSFOR
RESOLUTION OF SOURCES AND IMMUNE RESPONSES

PROJECT DESCRIPTION

THE BALTIMORE SUPERSITE TEAM

The University of Maryland proposesto |lead the following sdect group of internationaly-recognized urban
aerosol scientists most of whom have worked with one or more members of the team in workshops, pier
review pands, proposas, and/or publications:

Universty of Maryland at College Park (UMCP), led by Dr. John. M. Ondov, will be responsible
for overdl project management, deployment of a semi-continuous monitor for accurae
determination of aerosol metds, a high-frequency aerosol durry sampler for biologic testing, and
abulk PM2.5 collector, and retrospective quantitative dementd andyses.

Universty of Delaware (UDE), led by Drs. Anthony S. Wexler and Murray V. Johnston, will
deploy, and operate a3™ generation automated single-particle mass spectrometer system for near-
red time condituent analyss.

Clarkson University (CU), led by Dr. P. K. Hopke, will be responsible for multivariate data
reduction, hypothesis testing, data base development and management, and project quality
assurance.

Universty of Maryland & Batimore (UMAB), led by Dr. Katherine Squibb, will be responsible
for retrospective cytokine assays.

Johns-Hopkins University (JHU). Dr. Timothy J. Buckley, will be responsible for measurements
at urban community Stes, integration with a series of hedlth effects and exposure studies to be
conducted during the project period, and local implementation of the QAQC plan; Dr. Marc B.
Parlange for measurements with anadvanced 3-color scanning LIDAR system for 3- dimensiond
mapping of urban wind fields and PM concentrations.

Horida Internationd University (FIU), led by Dr. Wolfgang Rogge, will beresponsblefor organic
compound analysis for source identification.

GOALSOF THE BALTIMORE SUPERSITE PROGRAM

The god of the Batimore Superditeisto conduct specid, detailed, and extensive high-qudity, chemica and
physical characterizations of urban aerosol particlesin areevant airshed in support of the following three
priority objectives. i) development of State Implementation Plans (SIPS), ii) setting of National Ambient
Air Quality Standards (for PM2.5, and possibly its condtituents); and iii) evauation and field testing of
advanced measurement technology and methods to facilitate their trangtion to the monitoring arena. As
soecificdly stated by EPA, priority objective i encompasses the development of data needed to



substantidly improve knowledge of source receptor relationships. Priority ii encompasses devel opment
of monitoring data and samples to support hedth and exposure studies, and hedlth risk assessments.
Implicit in this objective is the improvement of knowledge of relationships between PM and its toxic and
epidemiologic effects on humans. As discussed below, we believe that the key to achieving such
improvementsliesin the gpplication of advanced technologiesto providefar higher tempora resolution and
far richer speciation of PM condtituents than can be achieved by either EPA’s traditiona monitoring
networks or even its soon-to-be-implemented Speciation Program. In addition, akey component of our
proposd isthe application of biologica assays as ametric of human cardiopulmonary response.

BACKGROUND AND RATIONALE
Metrics of Cardiopulmonary Response

In our supersite we will measure metals and cytokine and reactive oxygen speciesinduced in cell cultures
by exposureto PM. Herewe providetherationdefor these measurements. Recent epidemiologic studies
have recently shown that short-term increases in urban particulate air pollution are associated with
increased mortality and morbidity from respiratory and cardiovascular diseases (1-10). The studies
suggest that non-accidenta death rates in cities correlate with daily levels of respirable aerosol particles,
even a particulate concentrations below the current Nationd Ambient Air Qudity Standard. Mortdity
vicims tend to be ederly, with pre-existing respiratory disease, however Costa and Dreher (11) have
reported that individuas with asthma gppear to be a higher risk. Other studies have established a link
between leves of arborne particles and respiratory symptoms in children and hospital admissions for
bronchitis, asthma and pneumonia (12-17).

The precise mechanism by which air particles exert ther toxic effects is not known. However, recent
evidence suggests strongly thet particles sufficiently small to reach the dveoli of thelung may directly initiate
(or exacerbate) irritation of respiratory tissues by stimulating loca cellsto release reactive oxygen species
(ROS; eg., hydrogen peroxide and superoxide free radicas) and inflammatory mediators, such as
cytokines like TNFa and IL-6 (18,19). Cytokines are messenger chemicals which help to regulate the
immune response.  Certain cytokines summon and activate additional immune cells such as
polymorphonuclear phagocytes(PMN). Thesecdllsattack bacteriaand foreign particles, delivering aburst
of ROS which is accompanied by collateral damage to surrounding cells. Tissue damage can lead to
changes in fluid balance which in turn can affect cadiopulmonary function. Recent anima sudies have
demondtrated that inhdation of particles induces inflammeatory responses in the lungs (20). Numerous
dudiesinvitro (21-23) further support the conclusion that therespiratory toxicity of respired particleslies
in their ability to stimulate immune responses through an enhanced production of cytokines and reactive
oxygen species (ROS).  Thus, experimentd evidence strongly suggests that a release of inflammatory
mediators contributes to the toxic effects of particulate air pollutants.

There are many specific components of air particles could play arole in simulating respiratory cells to
produce cytokines and ROS. Possible candidates include endotoxin and inorganic compounds (11,20
22,24), mineral oxides (25,26), water-soluble metals (11, 20); diesd soot and/or its components (27),
polar organic compounds (OC, e.g., produced by atmaospheric oxidation of volatile OC), and the ultrafine



aerosol particles. Recent studiesindicate that, of these, water-sol uble inorganic compounds seem to exert
the most profound effects (11,20,22,24, 27,29,30-32). Adamson and coworkers (20) showedinanimals
that the pulmonary response and cdll injury resulting from exposureto urban air particleswas much greater
for the water-soluble fractions compared to the insoluble materid. Smilarly, anima studies by Costaand
Dreher (11) suggest that the dose of soluble metals, not particulate mass, relates most closely with
associated cardio-pulomonary effectsin both hed thy and compromised hogts. Ininvitro studies, Verones
et a. (23) found that acidic, water soluble components of resdud ail fly ash (ROFA) wereresponsiblefor
the simulation of cytokinereeaseby respiratory epithelid cells. Thesestudiesargue againg theimportance
of polar organicsin the respiratory response to particulate matter.

Studies by Carter and coworkers (22) aso suggest that specific metads might be more active than others
in stimulating airway cedls. Carter’s results indicate that exposure to V increases cytokine production in
arway epithdid cdls and that vanadium compounds, but not those of Fe or Ni, mimic the cytokine
response of airway epithelia cells to resdua oil fly ash. Results reported by Becker et d. (21) dso
indicated that the Fe component of aerosol particles was not an important mediator of the cytokine
response of aveolar macrophage, again suggesting that theinflammatory responseismeta specific. Taken
together, these studies provide strong evidence that water soluble components of urban PM are key
determinantsof therespiratory effectsobserved during air pollution episodes, duetotheir ability to timulate
the production of cytokines and ROS within the lung. The in vitro sudies with arway cdls strongly
support and provideamechanism for the inflammatory responses observed in wholeanimd studies. These
resultsal so demonstrate that cytokine and ROS responsesby respiratory cellsin culturearegoodindicators
of in vivo responses to particles. These assays, then, provide us with a means of predicting key toxic
response one would expect to seein an inhaation study and in humans exposed to these particles. By
determining the immuno-reectivity of particlesin ambient air, we can begin to identify key sourcesthat will
alow usto regulae and minimize human hedlth effects of ar pollutants.

These observations are especialy important in view of the fact that the masses of various inorganic
condtituents, including fird-series trangtion metas cgpable of producing ROS, heavy metds, and toxic
metaloids, are predominately associ ated with primary aerosol emissonsfrom high-temperaturecombustion
sources (HTCYS), such as cod- and ail-fired power plants (CFPP and OFPP), municipal and medica
incinerators, diesdl powered vehicles, and resdentid furnaces.

In addition to meta's, secondary organic compounds are of interest asthey are polar and, therefore, could
in-part be responsible for cytokine and ROS production observed for soluble PM extracts (27). Littleis
know about the ambient concentrations of such compounds, so they need to be determined.

Nature of Urban Aerosols.

In HTCSs, both particle composition and size are primarily governed by fuel compostion , time-
temperature history, and the type and efficiency of emission control devices (33). Most HTCSs are
controlled, and virtudly dl of them emit large fractions of their mass in particles of respirable sze. Their
unique compositions provide the basis for receptor modeling and, thus, for tracing their movement in the
atmosphere. Vanadium, for example, is highly enriched rdative to the other dementsin fud oil dueto the
presence of V porphyrins and, for this reason, is extensvely used as an inherent tracer of emissons from



fud-ail combustion (34). Likewise, Znand Cd, Se, As, Ti, C, and sulfate areinherent tracers (i.e., marker
eements) of particles from municipa incineraiors, locad cod combudtion, sted production, paint
manufacture and spray painting, diese motor vehicles, and regionaly-distributed secondary aerosol (31).

Theory and more than a decade of experimenta evidence show that the discrete aerosol particle
populations emitted from these sources largely remain discrete over the urban scale (33,36). Masked by
the overwheming presence of the secondary aerosol, these primary agrosol populations are not readily
detected in aerosol massor sulfate size distributions but are, instead, reveal ed through measurement of key
marker species(33). Theresult isthat urban atmospheresare comprised of complex mixturesof physicaly-
discrete agrosol populations rather than complex aggregates of particles from many sources. As a
conseguence, cardiopulmonary responses associ ated with specific atmospheric particle popul ations should
be resolvable and attributable to specific types of sources which would, therefore, be subject to targeted
control.

As discussed by Ondov and Wexler (36 and referencestherein), primary particulate mass emissonsfrom
HTCSsareemitted in narrow accumul ation aerosol peakswith geometric mean diametersbetween 0.1 and
0.3 um, and are observed in this Size range in ambient Sze spectraof the their marker dements. Oncein
the atmosphere, these particles grow by capturing water vapor, sulfur dioxide (which becomes converted
to secondary sulfate) and various other materids of secondary origin, including polar organic compounds.
Thus, older or more highly-processed aerosol particles are subgtantidly larger, i.e., with geometric mean
gzestypicdly between 0.4 and 1 um. (Thisincludes*®droplet” modes observed in size spectrafor particles
collected near the Chesapeake Bay (37) and over Lake Michigan (38). Thus, sSize sdective sampling can
be used to resolving local and distant sources. This has been well demonstrated (33)

It isimportant to realize that most toxic particulate air pollutants, including metas, metdloids, soot and its
associated organic matter, are emitted in the primary particles, i.e., those emitted directly from the sources.
Nearly dl of the Secondary aerosol mass (e.g. sulfate, nitrate, ammonium, polar organic compounds)
becomes associated with the primary particles. Therole of secondary aerosol materidsis, then, often to
mediate primary particle Sze and chemidry, eg., solubility of metals and their valence state. The role of
polar secondary organic compoundsand their immune responsesis not well known, however, being water
soluble, these may contribute to the toxicity attributed to soluble PM fractions.

Receptor M odeling.

The data will be collected with very high time, Sze, and composition resolution and on a single paticle
bass. Thisadvanced approach will facilitate receptor modeling, which is now discussed. As discussed
by Gordon (35) the contributions of sources to ambient concentrations of PM2.5 mass and its various
elementa condtituents are frequently well-determined by receptor modeling techniques, i.e., modelswhich
assess source contributions based on observations of pollutants a sampling, i.e., receptor, Stes. These
typicaly involve chemica massbaance (CMB), multiplelinear regresson (MLR), factor andysis(FA), or
some combination or modification of these basic mode types. Note that despite efforts to improve



emigsoninventoriesfor criteriaand toxic ar pollutants, thelack of accurateinventoriesgenerdly precludes
accurate source attribution by the emission/disperson modeling approach. Instead, the agency relies
heavily on receptor-based modeling for source attribution and for eval uation and devel opment of source-
based models. Receptor models have been gpproved for use in the development of SIPsand are EPA’s
mogt reliable tools for developing source-receptor reationships, especidly in with complex air flow
regimes.

Chemicd massbaance(CMB) modd s permit quantitative estimation of the concentrationsof PM and PM
condtituents attributable to the various generic sources provided that the relative abundances of various
condtituentsof their emissons(i.e., “ source profiles’) areknown. Inthe CMB approach, one assumesthat
the aerosol mass concentration (M) measured at the receptor is the linear sum of the contributions of its
various sources. Generdly, M; is expressed in ug/n?.  Provided that the “source profiles’ (i.e, relative
abundances of the pollutant species, X, for each of the sources) are known, coefficients representing
the fractional contributions to these sources may be determined either by matrix inversion or by
a least-squares fitting method. Once Ms are found, the contributions of toxic components and
source-marker species are determined as the products of the Ms and Xs. Two great advantages
of CMB are that quantitative apportionments are obtained directly and that the magnitude of the
results are constrained by the ambient concentration data. However, it is necessary that all sources
(or at least generic source types) influencing the receptor be identified and that accurate source
profiles be available. Ambient PM concentrations and its various € emental condtituentsin Washington,
DC, and rura areas around the Chesapeake Bay are wdll fit using available profiles (39). For example,
90% of aerosol PM is typicaly accounted for and differences between observed and apportioned
concentrations of key source marker species are often <15% (35). A CMB can be determined on
individud aerosol samples and the results corrdated with cytokine and ROS responses.  This approach
would be most useful when gpplied to samples strongly influenced by a source whose PM dicitsastrong
response. This favors short sample collections and conditiona sampling (i.e., winds from a narrow range
of directions) to isolate aerosol from sourceslying in certain directions.

Asrecognized by Lewiset d. (40), virtudly any property of or ”response’ to aerosol particlesemitted from
a source (or sources) may be determined by MLR, by regressing the “response’ variable (e.g., in units of
response/cubic meter of air) against a series of tracer variables (e.g., concentrations of intrinsic tracer
species specific to each of the sources). The responses and concentrations of the marker species must be
determined in each of N samples and the coefficients are determined by regresson, and is therefore,
epecidly suitable for large data sets. Lewis et d. (35)used MLR to gpportion the mutagenic activity
associated with ambient urban aerosol particles among sources emitting soot.

Recently, new approaches to factor analysis have been developed. One method, Positive Matrix
Factorization (PMF), utilizes aleast-squares formalism that permitsthe weighting of individua datapoints
within the anadlyss. Note that such a weighting scheme permits these methods to incorporate “missng”
values into the andysis by giving such data points appropriately low weights, thereby, removing a
heretofore, annoying and confounding problem. The method has been successfully gpplied to precipitation
(41-42) and more recently, to datafrom Alert, N.W.T. (43), to Nationa Park Service data (44,45), and
to NOAA data from Barrow, Alaska (46).



Chemica massba ance cd culationshave most often performed using e ementd condtituentsof fineparticles
because the reactivity of obviousorganic tracer candidates (e.g., PAH) madethem largely unsuitable (47-
51). However, Rogge et al. (51) recently determined that n-alkanes, isoalkanes, anteisoalkanes,
higher molecular weight n-alkanoic acids, hopanes, steranes, indeno[1,2,3-cd]pyrene,
indenofluoranthene, benzo[g,h,i]perylene, coronene and elemental carbon were sufficiently stable
to be used as tracers in urban atmospheres. Therr utility in gpportioning sources of atmaspheric fine
organic carbon has been demonstrated in Los Angeleswhere 85% of the fine organic carbon aerosol PM
was successfully apportioned (51,52). However, the spectrum of possibly-important organic marker
specieshas not been extensively investigated in Northeastern air sheds, including Bdtimore.  For example,
many past studies quantified only afew compound classes found in airborne particulate matter. Recent
sudiesby Rogge et d. (53-67) and other researchers ( 68-73) identified and quantified far more than 100
organic compounds in ambient and source samples. But these studies have amost exclusvely been in
Cdifornia and virtudly no comparable data are avail able for Batimore or much of the North Eagt. Profiles
for road dust, wood burning, and plant debris (asubstantial road dust constituent) developed in Cdifornia
will not be highly applicableto Batimore where vegetation is characteri zed by more hardwood speciesand
street dust iscontaminated with fugitiveindugtrid emissons. Furthermore, Californiaautomobilesusemore
effident catalytic convertorsthan do those sold in the eastern states. In addition, the organic source profiles
may have changed in both absolute and relative magnitudes. For example, the regiond vehicle fleet now
contains a much higher proportion of catalytic converter-equipped vehicles, dtering the emisson signature
(74). Clearly, detailed surveysof thekinds of compoundsthat might be suitablefor source attribution need
to be performed in Northeaster cities, wherein lie most of the US population.

Need for Highly-Time and Size Resolved Data

Currently, most of the data obtained for receptor modeling is derived from samples collected over
12 or 24 hour periods. This is far longer than time scales for changes in source strengths and
important meteorological parameters, e.g., wind direction, mixing height, temperature, and relative
humidity (RH). The accompanying homogenization of source signals by this practice severely
reduces the resolving power of correlation techniques (e.g., multilinear regression and factor
analysis), such that little information is often gained. Some years ago, Lioy et al. (75) showed that
one could resolve more sources with principal components analysis if one had more (i.e., 6 hr
resolution) highly time resolved data. Since more highly time resolved data will involve fewer
sources contributing to the sample, it should be possible to improve the precision with which source
contributions to the sample are estimated. Likewise improved size resolution will facilitate receptor
modeling. The ultimate in resolution is size-resolved single particle analysis.

Baltimor €' s Suitability for the Proposed Investigation

Batimoreis a populous and important, midAtlantic, industrial deepwater port city, located 50 km north
of Washington, DC, and 150 km east of the Appadachian mountains. A mere two hour drive to
Philadelphia and four hoursto New Y ork, Batimore is a major transportation thoroughfare between
populous southern and norther cities. Its location makes it an excdlent end member of the great
northeastern “megalopolis’ extending from the Baltimore/WWashington region to Boston.  This corridor is
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highly important asit containsmost of the magjor Northeastern US citiesand the singlelargest concentration
of the US population.  Batimore is an excellent choice to study the properties of loca, regiond, and
interregiondly transported aerosol emissons affecting urban air qudity and investigating our hypothesis
regarding aerosol age, time-resolved sampling, and toxicologica response. Like much of the Northeast,
PM ar qudity in Bdtimore is heavily influenced by secondary sulfate formed during trangport of sulfur
emissions from the heavily industrial Ohio Vdley (35 ) which lies >300 kilometers to the west. Air
traveling from the Ohio Valley is orographically projected by the Appalachians which facilitates
cloud processing and

concomitant heterogeneous conversion of sulfur dioxide to sulfate, providing a more



aged/processed aerosol which can be differentiated from local emissions by particle size (33,36),
by chemical composition (e.g., S:Se ratio,35; and presence of Hydroxy methane sulfonic acid 76),
and thus by advanced FA of time- and size-resolved chemical data. Few sources (most notably one
oil- and one major coal-fired power plant which lie 60 and 200 km due west, respectively) lie to
the west, allowing for observation of mainly aged/processed inter-regionally transported aerosol
during west winds which dominate the region’s climatology.

The city isaso influenced by urban emissionsin Washington, DC, and acluster of coa-fired power plants,
and municipa and dudge incinerators along the Potomac River extending 50 to 90 km southwest of
Bdtimore. Localy, most of the Baltimore’s industry is concentrated in the 125 km? area comprising
South Baltimore and Dundalk (Figure 1), just a few kilometers from the center of the City, and
immediately adjacent to populous neighborhoods.

In all, the South Baltimore/Dundalk area contains =40 industrial facilities, including 16 chemical
manufacturing plants; 5 bulk materials shipping terminals; 2 medical waste, 1 municipal, and 1
sludge incinerator, 6 land fills for storage of domestic and industrial, including hazardous, waste;
the nation’s largest Yeast Plant, a rendering pant, an automotive painting plant, and a major Steel
plant. In addition to industrial sources, emissions from some 30,000 heavy diesel vehicles using
the City’s three major toll facilities (Ft. McHenry, Harbor Tunnel, and Key Bridge) each day adds
to the areas air pollution problems.

Mean and max PM 10 concentrations in south Batimore (Fairfield) substantialy exceed those observed
in rural and suburban areas of Maryland by as much as 50% (In 1997, means were31 ug/m? a Fairfidd
vs. 17 to 20 pg/m?; maximum at Fair field were 86 pug/n, respectively, versus 50 to 70 pg/ne a rurd and
suburban sites (77). Total aerosol carbon concentrations in summer range from to 2 to 10 pg/m®
(78), about 20% of this is elemental carbon, the remainder is characterized as organic carbon by
thermal-optical analysis (79). Duringthe AEOL OSintensive of August, 1995, concentrations of Ca, Cr,
Hg, Ti, Cl, Mn, Mo, Sb, and Zn measured in east Batimore during winds from the direction of the
BRESCO municipd incinerator, exceeded those measured upwind of the City by from 10 to >20-fold.
Note that Sb, Zn, Hg, Cr, and Cl are highly enriched in incinerator emissons and that CMB modeling
attributes mgjor fractions of the aerosol burden of these eementsto incineratorsin Maryland (35,36). In
samples influenced by winds from the Bethlehem Stedl plant and sources in Hawkins Point, Cr, Fe, Mn,
Sb, V, and Zn concentrations exceeded those outside the city by from 4- to 10-fold. Lastly, Baker (80)
has observed 10-fold enrichmentsin PAH concentrationsin the Curtis Creek area, presumably dueto the
high dengity of motor vehicles in the area. While there may be other factors, it is, perhaps, poignantly
relevant that the percentage of obstructive pulmonary disease deathsin the south Baltimoreregionisnearly
1.7-fold greater than for the whole of the city (81).

Thus, Batimore clearly offers arich “laboratory” for studies of air pollution and hedth. Its indugtria
character, now-aged inner-city housing, and heavy traffic pose diverse environmental exposures for the



city’ spopulation. Theintengty and magnitude of itsdiverse sourcesin proximity to densely populated aress
leads to acomplex matrix of chemica exposures. These conditions have lead to heightened community
concerns over thar environment and itsimpact on hedth. Severa prominent epidemiologig, toxicologis,
and community hedth scientists have attested to the need for supersite-quality data and information for
Bdtimore (Appendix I). Likewise, the Maryland Department of Environment attests to the need for the
supersite project to support the development of their SIP.  Note that because air pollutant transport
vectors are o affected by complicated interactions of seabreeze, drainage flows, heat idand, mesoscae
circulaions, and prevailing westerly winds, source-based modding is extremdly difficult. This further
accentuates the need for detailed receptor modding data and improved methodology in support of SIP
development.

Lagtly, UMCP was an eaxrly pioneer in the development of receptor modeding. Over the last 25 yearsthe
Maryland group has conducted numerous sourceattribution studiesin the Washington, DC, area(35), rura
Chesapeake Bay areas (39), and more recently in Batimore (82), usng standard PM monitoring
techniques and highly-sze resolved sampling methods (i.e., with Micro-orifice impactors, 33,34,36). The
rich understanding of PM issues and the nature of sourcesin theregion providesarich context for planning
the measurements and interpreting the data to be devel oped in the proposed supersite project. UMCP
has an extengve library of source profilesfor CMB modeling and isactively seeking to improveit. Severd
gudies have been completed in the aress traffic tunnels to develop the motor vehicle profile, including an
ongoing study by UMCP. Moreover, UMCP has developed hundreds of size spectrafor toxic elements
and thosewhich are useful markersof HTCSs, in and around Washington, DC (34), rurad Chesgpeake Bay
gtes (83) and more recently Batimore (82). The recent EPA study at Lake Clifton provides a basis for
year-to-year trends. The upper-air station operated by NARSTO 20 km south of Batimore at Ft.
Meade, and theIMPROVE steat the Shenandoah National Park help providetheregiona context for our

study.
OBJECTIVESAND HYPOTHESES

Our primary objectives will be to i) provide an extended, ultra high-quality multivariate data set, with
unprecedented temporal resol ution, designed to take maximum advantage of advanced new factor anadysis
and date-of-the-art multivariate statistical techniques; ii) provideimportant information on the potentia for
hedlth effects of particles from specific sources and generic types of sources, iii) provide large quantities
of well characterized urban PM for retrospective chemicd, physica, biologic andyses and toxicological
tegting, iv) provide sorely needed data on the sources and nature of organic aerosol presently unavailable
for the region, v) provide support to existing exposure and epidemiologic studies to achieve enhanced
evauationof health outcome-pollutant and -source relationships, and vi) test the specific hypothesislisted
below.

1. Reduced (i.e., hourly and sub-hourly; two-hourly for organic compounds) sampling/andysis
times will immensdly improve source attribution.

2. Various hedth effects of PM are associated with its specific chemica and physicd (but mostly
chemicd) components that, owing to the vast number of these, a source based adlocation of ar



toxins will provide the most useful information for PM standards and control.

3. Different aerosol condituents and properties will have different abilities to dicit cytokine
responses and that these difference might reflect differences in the extent and mode of action in
producing adverse hedth effects. For example, resdud oil fly ash dlicits a response (largely
attributed to V), whereas cod-fly ash dlicits alesser response.

4. Aerosol ageaffectsthesize, chemidry, and hedth effectsof PM. Thusspatidly distant upwind,
indudtrid area, and center-city aerosols differ sgnificantly in tempord variability and biologicaly
relevant composition.

5. Taken together, detailed sub-hourly information of mgor, minor, and trace inorganic and
organic aerosol constituents, Size-resolved aerosol particle concentrations, and cytokineresponses
will permit unprecedented resolution of sources of toxic PM components and their toxic effects.

6. 24-hour and short-term concentrations, cytokine and ROS responses, and hedlth effects of
potentidly toxic aerosol components in areas of Batimore that are strongly influenced by heavy
industry measurably exceed those observed in an urban downtown ste that is weskly influenced
by industria sources.

7. Some acute health responses are more closely associated with highly elevated short-term
exposures than they are with 24h averages.

8. Spatid digribution of various fine aerosol particle condtituents are highly inhomogeneous due
to both variations in sources and regiond circulations.

Ancillary objectivesinclude i) partnering with Maryland' s Department of Environment to share resources,
data, and expertise to reduce project costs and ensure assmilation of results into Maryland's SIP
development process, and to ii) augment the body of data collected by EPA’s Nationd Exposure
Research Laboratory (NERL ) Laboratory during their 1997-1998 year-long advanced monitoring study.
Thiswill be a cooperative agreement. We look forward to working closely with EPA colleagues.

PROPOSED PROJECT DESIGN

To mest these objectives, we propose to implement an advanced monitoring program highly-focused on
the development of improved source-receptor relationships and which features highly-time resolved
measurementsof PM constituentsand encompassesaninnovativeyet precedented, surrogate hedl th-effects
concept, to extend the source-receptor paradigm to encompass correlation of the surrogateto PM sources
and component species.  Specifically, we plan to apply assaysfor cytokines and reactive oxygen species
(ROS) to PM samplesin amanner andogousto EPA Integrated Air Cancer Study’ s use of mutagenicity
assay's to gpportion mutagenic contributions from sources which ultimately lead to improved estimates of
cancer risks from air pollution sources (84,85).



The project will further encompass detailed i) organic compound identification and analysisiii) collection
of multiple gram quantities of PM2.5 for archival storage, more detailed chemical and physica
characterizations, and anima exposure studies (to be done by others not in this study); iii) three
dimensiond mapping of Batimore swind fieldsand aerosol concentrations, including plumesfrom discrete
sources, iv) sate-of-the art neura network and advanced factor andysis (FA) agorithms devel oped by
Professor Hopke for on-the-fly data reduction, hypothesis testing, and data quality analysis and method
intercompari Sons, V) continuous/semicontinuous monitoring of mass, sulfate, nitrate, eementa and organic
aerosol carbon (EC and OC, respectively), aerosol number concentration distribution, and light scattering
usng commercidly-available insruments, vi) rotating Drum impactor (RDI) measurementsfor quantitative
determinations of Sze spectraof emental PM condtituents; vii) measurements of FRM mass, EC, OC,
and eemental composition via standard 24-hour monitors, and viii) criteria and PAMS gases (VOC,
adehydes, SO,, NOy, O3, CO, ix) integration with toxicologica and epidemiologica field studies planned
and proposed by JHU and the University of Maryland School of Nursing (UMSON), and x) integration
and collaboration with Maryland’ s Department of Environment.

Important new instruments to be field tested are

! UMCP s new semi-continuous monitor for quantitetively determining aerosol metas and
trace elements,

! UDFE ' sthird generation single particle mass-spectrometric andyss system (RSMS 111)
for continuous size and semi-quantitetive determination of individua aerosol particle
condituents, from 10 nmto 2.5 um.

! JHU’ sgtae-of-the art 3wavelength LIDAR for three dimensiond mapping of Batimore's
wind fields and aerosol concentrations, including plumes from discrete sources.

STRATEGIC APPROACH

Our overdl drategic approach is to combine highly time, size, and composition resolved PM data with
cytokine/ROS assaysto maximally devel op rel ationships between sources, PM condtituents, and indicators
of human hedlth effects. Hourly resolved cytokine assayswill be employed for determining the potentia for
respiratory oxidant production and related respiratory irritation and stress, thus, providing auseful measure
of toxic response. From this vantage point, we can examine the kinds of particles, and kinds of organic
and inorganic species respongble for this important hedth-effects metric. The Highly-time (hourly and
subhourly) size, and species resolved composition metrics will permit resolution of their contributions by
sources, thus, providing the link between the hedlth effects metric and sources, i.e.,, quantitative estimates
of the potentid for PM emissons from sources to dlicit adverse cardiopulmonary effects.  Hourly
resolution would aso permit more optima corrdations with Asthma data to be provided by the Johns
Hopkins University. Source dlocations will be reinforced by incluson of the meteorologica datain the
Multivariate analysesand with 3-dimensond wind field and particle concentration maps. Plumewidthand,
thus, time of influence on afixed dte increases with increasing distance from the source. Thus, with highly
time-resolved pollutant metrics local (quite likely even individud), more distant, and regiona source
contributions will likely be readily resolved into different factors by the advanced FA technique (PMF)
developed by Professor Hopke. Asdiscussed above, PMF utilizes aleast-squares formalism that permits



the weighting of individua datapointswithintheanadysis. Such aweighting scheme permits these methods
to incorporate “missng” vaues into the andyss by giving such data points gppropriately low weights,
thereby diminating an annoying and complicating problem.  With improved time resolution and
accompanying improved source resolution, FA can often provide information on source profiles
that can then be employed in a CMB analysis. These can be used to augment the UMCP library
of source profiles that have been developed for the Baltimore area (82). Thus, we can explore the
quality of the CMB analysis of the highly time resolved samples as compared with the 24 hour
samples obtained in the chemical speciation samplers. In combination with improved FA methods,
there should be a substantial improvement in the ability to identify and resolve sources potentially
to the level of specific locally important sources. Although we are not trying to solve the local air
quality problems in Baltimore, this local environment can be used effectively to test our hypothesis
regarding highly-time-resolved sampling.

The 3-D maps will powerfully and visudly document the movement of particles from the sources to the
receptor, and ultimately improve our understanding of atmospheric stability and seasona-mesoscale flow
patterns in driving aerosol fields over Bdtimore city. Note that Bdtimore, like most of the large
northeastern cities, wherein lie the bulk of the US population, is a degpwater port city situated around a
complex array of rivers and inlets. Thisinduces complicated loca flow patterns dueto various phenomena
such as sea breeze and drainage flows which interact with loca heating patterns due to the urbanization
mixed with various mesosca e circulations and prevailing westerly winds. These interactions make source-
based modding extremdly difficult. The LIDAR measurements will be especidly useful in this regard.

Time-resolved rotating drum impactors (RDI) will be used to separate fresh accumulation aerosol from
nearby sources from aged and cloud processed aerosol and from tailing coarse particle fractions. The
spectra determined from RDI measurements will be used to confirm plume “hits’ and as a cdlibration
reference for single particle measurements.  Cytokine and ROS assays on selected RDI samples will be
performed to investigee differences in agrosol age (i.e., hypothesis 4).

Traditiond 24-hr collectionsfor FRM mass and salected aerosol congtituents are proposed to provide the
link with PM network data and will be useful in testing hypothesis (1 aove).

Collection of gram quantities of PM2.5 will permit more extensve eementd and organic compound
andyses. Primarily the bulk materia will be useful in developing a ligt of target anaytes for the organic
analysiswork and provide extra materid for testing cytokine and ROS assays. Moreover, we expect to
be able to make available a year’ sworth of weakly PM2.5 collections, of in excess of 1 g, each, to our
colleagues in the toxicologica research community, including JHU and EPA (Appendix I1).

The single particle mass spectrometer system will produce an enormous amount of data (almost 200
speciesin 10 sze ranges, will be generated each hour. We will gpply neura network technology for “on-

thefly” classfication of particles based on their mass spectra. Thiswill ensuretimely incluson of the data
into our database S0 it can be used to guide retrospective andyses/assays of samplesto be collected during
the project.

A magor task to be completed is to satisticaly interpret and interrelate data developed by the variety of



new and established techniques used to characterize the suspended particulate matter. The purpose will
be to to develop adeeper understanding of what the various measurement methods truly measure and how
these measurements can be related back to the objectives of the program. Therefore, Professor Hopkewill
utilize his considerable experience in both aerosol measurements and advanced data analysis methods
(MLR, PLS, and back propagation neura networks), to provide these critica dataandyses. We planto
devel op acomplete description of the useful range, limitations and accuracy of each of the techniques that
can be used to describe the physicdl characterigtics of the particles.

All of theproject informationwill beincorporated into aprofessionaly constructed, web-ported, database
built on UMCP sexigting air sampling and measurement system, and will be designed to let usersview time
seriesof any of thesampling or andyssparameters. Datafrom the vari ous semi-continuous and continuous
monitorswill be reprocessed to produce hourly averagesfor entry into thedatabase. All of theinformation
devel oped, including access to the project data base will be provided to the State of Maryland for usein
Sl Ps development, and to JHU and UMSN for correlation with CLINICAL hedth metrics determined in
their udies.

|ntegration with Hedth Effects Studies

The superdite developed in collaboration with the Johns Hopkins University School of Public Hedth will
exigt in an environment thet is fertile and productive with public hedth research including programs in
toxicology, epidemiology, and exposure assessment (Appendix I1). Under the direction of investigators at
the Johns Hopkins University Schools of Public Hedlth and Medicine, a number of exposure and hedlth
effects studies are funded and will occur during the period of ambient monitoring under this proposed
Supersite. Intensive ambient monitoring coincidenta with these health and exposure studies (Figure 2) will
alow expanded interpretation of the ambient concentration measurements and source characterization with
respect to hedth and exposure. Smilarly, the exposure and hedlth studieswill benefit tremendoudy through
the accessto datawhich will alow grester assessment of ambient and source contribution to exposure and
effects. In addition to the funded and pending studies shown below, it is anticipated that nearly as many
studieswill be proposed over the next two years during thetime of thisproposa’ sreview and the projected
one year set-up period. Although not al studies will be coincidenta with the proposed Supersite, these
studies demongtrate a pattern of successful research funding thet is likely to continue during the proposed
monitoring period.

Figure 2. Coincidence of Supersite Ambient Monitoring with Health/Exposure Study Monitoring



Monitoring of PM and related pollutants (NO,, and O5) is a component of al of the hedth studies shown
above (except 5). In studies 1B, 1C, 2A, 2B, 2C and 6, monitoring is conducted at the level of the
individud (persond monitoring) and the residence. In study 2C, daily pesk expiratory flow (PEF) and
FEV, will be coupled with daily measurements of exposure over 14 days for 50 asthmatics. Intensve
supersite monitoring under the current proposal will expand the analysis of the hedth outcome assessment
to include time and space (e.g., LIDAR) resolved ambient particle mass, chemistry, and sources. Projects
1B, 1C, 1D, 2A, 2B and 2C arewd |l suited in design and timing for coordination and linkagewith intensive
ambient monitoring under the current proposal.

Coincidenta exposure and centrd site (Clifton Park) monitoring will alow usto examine the adequacy of
the ambient measurement as an exposure surrogate. Therefore, the proposed study in combination with
exiging hedth and exposure studies will dlow the investigation of linkages between ambient PM
concentrations, exposure, and health outcome among asthmatics, a population subgroup thought to be
susceptible to PM’ seffects. Suchinvestigationshave beenidentified asapriority by the National Academy
of Sciencein their recent report on “Research Priorities for Airborne Particulate Matter”.

Furthermore, during the periods of community-based intensive monitoring (described below), we will be
able to invedtigate time resolved spatial associations between ambient PM at the central site and the
community location. We expect greater variability between sites than has been previoudy reported (86)
and as suggested by Dubowsky et d. (87) due to our Sting of the platform within the community, eg.,
within an urban corridor. We will be able to test whether such siting provides a better representation of
the communities ambient exposure.
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Deployment of I nstruments

We propose to equip two measurement platforms. Thefirgt isaprimary platform comprising the full set of
traditional and advanced monitoring instruments. The second is a secondary platform consisting of a
selected subset of measurements.  Instrumentsto be ingdled in each platform are listed in Attachment |
and described below. These will be housed in towable trailers (2 for the supersite platform, 1 for the
secondary platform). The platforms will be dlocated among three kinds of Stes in support of specific
objectives and hypotheses described above. These are asfollows.

1 Urban Supersite
2. Indugtridly-influenced urban residentid site
3. Community sitesin support of hedlth effects and exposure sudies

Experience has shown that little is gained by multi-site multivariate data collections, except in support of
wadll defined hypotheses. Therefore, detailed measurementswill be concentrated at the downtown site. The
main platformwill be deployed for in excess of 10.5 monthsat an urban supersitelocationto collect alarge
body of data at asingle location for resolution of tempora trends and to support hypotheses 1 -5and 7.
The urban Super Sitewill be centraly-located northwest of the downtown areaand well outside the south-
Bdtimoreindugtrid area. Thisis, therefore, in an areg, that tends to be well isolated from much (but not
al) of theindudtria emissonsin south Batimore, owing to the generdly southwesterly and westerly winds
and complex land/Bay interactions. Thus, to provide adifferent, yet, important atmosphere, to better test
hypotheses 1, 6, and 7, and to characterize, as fully as possble, important spatia differences, the main
platformwill be moved to the Indugtrialy-influenced urban residentid sitefor two 45-day intensive periods
(Intensves); one in summer, and one in winter.  The secondary platform is to be dlocated to the two
community locations for approximately two (20 21-day periods at each of two locations, i.e., East
Bdtimore and Mid-twon (i.e., 42 days at each location for atota of 84 days of sampling) to serve as
community-wideair sationsin support of hedth effectsand exposure studies, and to provide yet additiona
gpatid information. In support of the latter, our intention is to deploy the platforms such that the primary
platform is deployed at the urban Supersite when the secondary platform isdeployed at Community Sites.

Sampling Sites

Urban Super Site. Lake Clifton Park isour primary choicefor thissite, becauseitisalargely grassy area
surrounded by residentid neighborhoods and only lightly influenced by heavy industry; and because
extensve speci ation-site type measurements were conducted there for aone-year period (1997-1998) by
EPA. Theexisence of this high-quality data set will permit observation of year-to-year differences with
our proposed single-year study. Furthermore, UMCP performed bulk PM 2.5 collectionsat Lake Clifton
for usein aNIST Standard Reference Materia and for pilot toxicologica studies by EPA’s Pulmonary
Toxicology Branch at (NHEERL) at RTP, and used this site for tracer studies of the fate of diesd soot.
In addition, Lake Clifton was formerly the Ste of MDE' s PAMSII ste and MDE is currently negotiating
with EPA Region Il to return the siteto thislocation. A secure fenceisaready ingdled at Lake Clifton
asis apower transformer and feeder cables.  The compound, located on North Rose Avenue, is now
vacant and can readily accommodate the two trailers comprising our Super Site platform. It lies about 4
km from the JHU Homewood Campus, i.e.,, nicely within the range of the JHU LIDAR.



Non-Urban Background Site. To accommodate areduction in the funds requested we have diminated
thisste. However, we hopeto relocate aMaryland SLAM S siteto thislocation. Should thisbe possible,
our choicefor the non-urban steisthe UMBC campusto the west-south-west of thecity (Figurel). The
gteliesupwind (or at least outsde) of Batimore during al but relatively infrequent, easterly winds, and is
elevated rdative to the surrounding areas. The stewould permit definitive dassfication of City vsmore
regional ly-dispersed and trangported pollutants from the Washington, DC, area, 100 km south-south west
of Bdtimore, the Ohio Vdley, >300 km to the west, and source regions in Pennsylvania, in support of
tesing hypothess 1, that we can resolve regiondly distributed sources using highly-time-resolved
measurements made athe primary ste.

Indugtrially-Influenced Urban Site. The Fairfield monitoring site (1900 Patgpsco Ave) in South
Bdtimore is and excdlent choicefor our industridly-influenced urban Ste. The Steisa SLAMS (State
and Locd Air Monitoring Station)/NAMS (Neighborhood Air Monitoring Station) outfitted with High-
volume PM 10 and Andersen Sequential PM 2.5 monitors operated (every 6™ day and, periodicaly, every
3" day, respectively) by MDE  The site lies between the working-class neighborhoods of Brooklyn and
Farfidd. More than 18 substantial point industrial and municipal sources are located along a,
roughly, 225° arc extending west from the Fairfield/East Brooklyn communities on the Patapsco
River/Curtis Bay inlet, south through Brooklyn along Curtis Bay/Curtis Creek, and east through
Hawkins Point (Figure 1). Thesesourcesare superbly positioned to alow usto test the ability of highly-
time resolved monitoring to permit resolution of sources and evauate toxic potentia in support of
hypotheses 1-6, and achieve spatid characterization objectivesfor this highly-polluted neighborhood; one
that istypical of many Northeastern cities.

Community Sites. Community Steswill chosen to augment the exigting hedth and exposure field sudies
planned by JHU. The six projects of opportunity previoudy identified in Figure 2 will occur a two
locations. Projectsin Center no. 1 arefocused on the community in East Batimore near the Johns Hopkins
School of Hygiene and Publich Hedth while the projectsin Center no. 2 are focused on the community in
the Mid-Town Didtrict of the City. Both studies are anticipated to be coincidental with our proposed
Supersitemonitoring. Weanticipatethat two 21-day community-based intensive monitoring campagnswill
be interfaced with 2-3 exposure/hedlth studies. The LIDAR support during these campaigns, combined
with smultaneous Super- and Community -Site measurements proposed will provide a highly-complete
picture of the spatid distributions of PM and its components between them.

M easurements and Analyses M ethods

The mgority of the measurements were sdected for the express purpose of determining source receptor
rel ationshipsfor avariety of pollutant metrics, including cytokine responses (See description, bel ow section,
page). Insofar asour primary hypothes s postul atesthat reducing measurement timeswill permitimproved
source resolution, we have € ected to field anew-generation highly-time resol ved instruments and to depl oy
them aslong as possible.  Other measurements were chosen by the need to maintain links with traditiona
technology and foster a measure of commonality among the various Supersites. Measurements will be of
two types, continuous or semicontinuous collectionsgmeasurements to be performed throughout the 12
month study period and off-line retropective andyses of collected samples.



Asindicated in Attachment | the various instruments and measurements to be deployed at each dte are
conveniently grouped into three categories: i) commercia continuous and semi-continuous monitors, ii)
specid ingruments, andiii) collectionsfor off-lineanayses. Thefirgt category includesbasic meteorologica
measurements, monitors for physica aerosol properties (i.e, number vs sze distribution and light
scattering), aerosol mass, sulfate, nitrate, and EC/OC; VOC; NOx, SO,, and O,.

Commercial Continous/Semi-Continuous Monitors

M eteor ological M easur ements. Meteorologica measurementsto befielded comprise wind speed and
direction, barometric pressure, Temperature and RH (measured at two heights to estimate atmospheric
dability) and solar insolation; dl of which will be ingtaled on both the primary and secondary platforms.
In addition, JHU will deploy a 3-D sonic anemometer and Krypton hygrometer on the primary platform
to obtain sensble momentum and heat fluxes to better determine atmospheric stability and mixing, and
combined with LIDAR to characterizethevertica structure of the boundary layer. Such information should
be extremely ussful to MDE and EPA for modd development and will facilitate interpretation of LIDAR
time-series measurements described below. Data from these sensors will be recorded continuoudy (5
minute averages of data recorded at intervals of 1 to 10 ) throughout the 12-plus month measurement
period. Sensors to be used are high-quality research grade units or in the case of solar insolation are
deemed adequate for our study.

Physical Aerosol Properties. Number vssizedigtribution and light scattering ingruments will beingaled
on both platforms. The latter will serve to give an indication of suspended particle surface area, permit
cdculation light extinction coefficient and visud range. Furthermore, the integrd light-scattering moment
of the distribution can be a useful descriptor metric of the accumulation aerosol. We propose to use
relatively a ample and inexpensve (Radiance Research M903) single-band integrating nephel ometer.
More sophisticated nephelometers can provide crude Sze digtribution information, but & highly-eevated
cost. Such ingruments are not needed here, because we will obtain far superior size digtribution data at
appropriate time intervals with high-quaity aerosol spectormeters.  Specificdly, a Scanning Mobility
Particle Spectrometers (SMPS) will be deployed a the supersite platform and community Ste platform to
messure aerosol number distribution in the ultrafine/near accumulation region (0.020 to 0.5 pum). Onewill
be supplied by Clarkson Unviersity and the second unit will be obtained by factory upgrade of UMCPs
older differential mobility andlyzer. (Notethat the latter isinappropriate for ambient aerosol monitoring as
it requires >30 minutes to sequentialy scan its Sze domain.) Clarkson University and UMCP will each
provide optical Sngle-particle spectrometers (Climet 208 C with high-resol ution pulse height andlyzer and
a Particle Measurement Systemns high-volume forward scattering LASER spectrometer, respectively) for
measuring the size distribution of particles with diameters in the 0.5 to >10 um range. These will be
assigned to the primary and secondary platforms, respectively, for the entire measurement period. During
the Community-based intensives, JHHU’s Aerodynamic Particle Sizer (APS, Therma Systems, Inc.) will
be collocated on the secondary Platform to permit rigorous fiddd comparison of these two fundamentdly
different insruments. Aerosol particle scattering coefficients and concentrationsin discrete Sze ranges will
be used as metrics in the advanced FA investigations to investigate source-receptor and immunologica
response hypotheses.

Semi/Continuous M ass, Sulfate, Nitrate, and EC/OC Monitors. Variousmonitorsfor each of these



parameters continueto be devel oped and tested.  For aerosol mass, the R& P (Rupprecht and Patashnick
Co., Inc.) TEOM (Tapered Eement Oscillating Microbalance) is by far the most widdly used instrument.
It is extensively used in Europe and the U.SA., and was used by EPA in their Lake Clifton study. The
MDE currently hasone TEOM deployed at Ft. M eade and has agreed to deploy another at our Super Site.
MDE finds FRM and TEOM PM2.5 mass measurements to be highly correlated (90) in Batimore.
Therefore, intheinterest in continuity and comparaility of dataand uniformity for field technicians, we will
probably purchase another TEOM for use on our secondary platform. R&Pisaso marketing sulfate and
nitrate monitors designed by Herring.  To our knowledge, these are currently the closest to production
(however pricing isnot yet set on either) and appear to giverdiableresults. Nevertheess, we will review
results of instrument intercomparisons made over the next 18 months or so and will consder other choices
(e.g., the Harvard CAMM and TBS ingtruments for aerosol massand sulfate/nitrate, respectively) should
this gppear prudent. Note that we are aware of only two commercidly available (or soon to be) field
ingruments for EC and OC measurements, i.e., R&P' s (Series 5400) Ambient Particulate Monitor and
aningtrument being targeted for limited salesby Sunset Laboratory (SL). EC/OC measurementsare, more
or less, operationdly defined. Aerosol is collected on afilter and subjected to various heeting cyclesto
remove volatile carbon, followed oxidation of EC. Differencesinaerosol collectiontemperaturesand more
importantly, filter face velocities, can substantidly influence these measurements.  The SL instrument
messures laser transmission through the filter to better account for OC to EC conversion (an unwanted
artifact) and has a high-temperature cycle to determine carbon in the form of carbonate. However, their
indrument is pricey (estimated $55k) in comparison with the R& P instrument ($26 k). Detection limits
reported for the two instruments are comparable (0.1 and 0.25 ug carbon, absolute, for SL and R&P
respectively) and ether should be capable of measuring carbon in as short as 30 minutesin Bdtimore. We
would like to ingal an EC/OC ingrument on both platforms and we bdlieve it likely to be adequate for
investigation of project hypotheses, however funds are available to ingal an EC/OC ingtrument only at the
L ake Clifton supergte. Again, wewill reeva uatethischoice asnew informeation becomesavailable. If need
be, we can deploy a single Sunset Laboratory instrument on the primary platform.

NOXx, O3, SO,, CO, and VOC measurements. Monitorsfor these gaseswill be supplied by MDE for
insulation in our primary platform and will be made available onan hourly bass. VOC measurements for
56 ozone precursor hydrocarbon compoundswill be determined on Site by automated gas chromatography
on40-min samples collected each hour during 5 months (May - September) comprising the ozone season.
Due to thelr reactivity, the VOC andyses may be of limited vaue, however, they will likely be useful in
interpreting polar organic compound analyses of aerosol particles to be collected by FIU (see below).
Professor Rogge will provide a model 300 gas filter corrdation andyzer (Advanced Pollution
Instrumentation Inc., San Diego, CA) with a0 to 10 ppm scae for improved CO measurements. The
Maryland Department of Environment will ingtal a smilar (0 to 50 ppm), but older instrument in the
secondary platform.

Collectionsfor Off-Line Analyses
FRM mass and Speciation Sampling. The MDE will provide Andersen FRM mass and Speciation

samplers for use on the Secondary Platform. We will purchase an additiond pair of these samplers for
indalation at Lake Clifton. Thesearewill be operated daily to collect samplesfor gravimetric, XRF, and



EC/OC andyses. Gravimetric andyses will be done by UMCP. XRF and EC/OC determinations will
be done by contract reliable contract [aboratories (EC/OC by Sunset Laboratory, using the method of
Birchand Cary (79). Weintend to rely on the nitrate monitor for nitrate an will only occasiondly field
denuders and nylonfilters for off-line nitrate anayses by ion chromatography. We intend to andlyze one-
third of the daily speciation samplesfor dementsdetermined by XRF. The datawill be used in multivariate
cdibration analyses involving the UMCP SEAS and UDE' s RSM Ss I11 measurements described below
and the hourly EC/OC measurements described above.

Size Segregated Aerosol Sampling. Size-segregated aerosol samples will be collected daily for 24
hours throughout the field study with a3 stage rotating drum impactor (RDI, 88) to collect particlesin the
ranges <0.3, 0.3 to <1.0, and 1.0 to 10 um. Four of the samples will be chosen each month for
retrogpective dementa analyses by PIXIE, without subdivison of the subdirates into sub-dally intervals.
Duringintensvegtudiesat theindustrialy-influenced Sitein south Batimore, 8-stage drumimpactor samples
will dso be collected daily. Five setswill be chosen for retrospective PIXIE andys's after the subgtrates
are divided into 24 (hourly) intervas. Alternately we will select 10 setsof 12 hourly divisonsfor andysis.
These samples will be used to permit resolution of “hits’ from discrete plumesfrom loca sources (sub-0.3
pumfraction), aged intraand interregionaly transported aerosol (0.3 to 1 um fraction), and coarse particles
(1to 10 umfraction) of road dust and fugitiveemissons (e.g., from Batimore smany bulk storagefacilities)
dispersed by traffic-induced turbulence and wind. Drum impactors/PIXIE analyses have been used
successfully in remote areas (90) and should be effective when deployed at urban stes. The Drum
impactors will be operated with high-precision flow controllers designed and built by UMCP. Thesewiill
diminate artifact broadening of narrow accumulation aerosol pesks which are caused by flow rate
fluctuations during sampling.

Bulk PM 2.5 collections. Bulk PM2.5 collectionswill be made weekly primary platform sitesusing the
UMCEP s ultra-high-volume sampler (UMUHVS). The device is comprises 1- and 3-meter cyclones(to
allow PM2.5 to be collected at nearly 6000 and 9000 LPM), computer controlled 27 HP Roots Blower,
and an enclosure holding 10 discrete 8'x10" filter holders (91). The system as sufficient power to collect
PM on Teflonmembranefilters (Gellmann, 3 um pore). At modest ambient PM 2.5 loadings of 15 pg/nt,
we can collect 1.4 g/week. Thefilter facevelocity issubgtantialy lower thanthat of standard high-volume
samplers used to collect samplesfor organic compound anadlyses. The systemisdready indtdled in a24-ft
traller and has been operated at the Atlanta Supersitein August.  In addition to submitting the materia to
eementa analyses and cytokine/ROS assays, we intend to use this materia for exploratory organic
compound anayses and will archive the remaining materid (1 g/week) for eventud distribution to the
toxicology community.

PM2.5 Coallections for Cytokine/ROS Assays. Virtudly dl of the mass of the various dementa
congtituents of the urban atmospheric aerosol liesin particles with diameters >50 nm (33). This materia
istypically collected onfiltersor by impaction onto dry (often sticky) surfaces. However, asthese methods
promote particle agglomeration, it is often difficult to quantitatively remove the collected particlesfrom the
substrates so thet they can be used in bioassays. In addition, these methods are not well suited to the
collection of numerous 60-min samples. Therefore, we propose to collect samples for bioassay usng a
novel aerosol concentrator devel oped jointly by UM CP and the Harvard School of Public Hedlth, inwhich
aerosol particlesare hygroscopicaly growntoform 4 umdropletsprior to collection by impactioninto glass



impactor. The sampler (UMHFAS) is a component of the semic-continuous eemental aerosol system
(SEAYS) described below for semi continuous sampling and on-line andlysis of hourly aerosol durry
samples. In additionto providing the sample in an agqueous suspension, the method has been automated
to provide for multiple sequentia sample collection using an XY fraction collector. The sampler will
provide atotal PM2.5 sampling rate of 200 L min to provide sequentiad hourly PM2.5 samples at the
primary platform sites through out the project period. At average ambient PM 2.5 concentrations >90 g
PM 2.5 will be collected in hourly samples, even at levelsas low as8 ugm=.  Approximately 1000 hourly
samples will be retrospectively selected for cytokine/ROS assays described below.

Cytokine/ROS assays. The specific ams of the project are to test the ability of PM, 5 samples to
gtimulate the secretion of four cytokines by cultured alveolar mouse macrophage (RAW 264.7). Both Th
1-type ( (IL-6 and TNF&) and Th 2-type (IL-8 and GM-CSF) cytokineswill be measured to detect the
potential for particles to induce ether an inflammatory response or to enhance an dlergic asthmeatic
response (21,27). The cytokine TNFa plays asgnificant rolein stimulaing theinflammeatory response by
activating macrophage and neutrophils, thereby increasing ROS and NO production, while IL-6 plays a
role in the induction of acute phase proteins and the regulation of Band T cell responses. Cytokines|IL-8
and GM-CSF (granulocyte/macrophage colony stimulating factor) play an important role in upregulating
the asthmatic response, as GM-CSF activates eosinophils while 1L-8 acts as a chemoattractant for
activated eognophils. AlterationsinIL-8 and GM-CSF secretionwill be used asameasure of the potentia
for PM,, 5 particles to induce and/or increased the severity of asthmatic episodes.

Particlepreparation: PM, s sampleswill belyophilized to concentrate the sample and weighed to obtain
a dry weight measure. At the time of andysis, each sample will be resuspended in RPMI 1640 with
penidllin (50 U/ml) and streptomycin (50 pg/ml) a aconcentration of 1 mg/ml and sonicated for 20 minutes
inan ultrasonic water bath. Cell culture: RAW 264.7 mouse macrophage cell line (American Type Tissue
Culture Collection, Rockville, MD) will be maintained in RPMI 1640 (Mediatech, Farfax, VA)
supplemented with 50 U/ml penicillin, 50 pg/ml streptomycin, 2 mM L-glutamine, 1 mM sodium pyruvate,
10 mM N-2-hydroxyethyl piperazine-N’-2-ethanesulfonic acid buffer (GIBCO BRL, Gaithersburg, MD),
pH 7.3, and containing 10% defined newborn caf serum (NCS; Hyclone, Logan, UT) a 37° C in 5%
CO,-enriched air (29). All media and reagents will be tested for endotoxin to assure a concentration of
<0.1 ng/ml. New cultures will be started monthly from frozen stocks. Cytokine assay: For the cytokine
assays, cellswill be seededin 96 well plates (1 x 10° cellsper well) and alowed to attach for 2 hr.  Fresh
RPMI 1640 media supplemented with 50 U/ml penicillin, 50 pg/ml streptomycin, 2 mM L-glutamine, and
1 mM sodium pyruvate, will be placed in each well and an diquot of aPM, 5 sample will beadded to give
a particle concentration of 50 ug/ml. After 24 hr, media from each 96 well plate will be tested for I1L-6,
IL-8, TNF4, and GM-CSF usng commercidly available ELIZA kits (R&D Systems, Minnegpolis, MN
and Endogen, Cambridge, MA). Reaults from the cytokine assays will be expressed as ng cytokine
released/ml. Viahility of cdlsremaining in thewdlswill be determined by trypan blue excluson. Samples
showing significant toxicity to the cells (viability <90%) will be diluted and re-evauated. To Sandardize
assays run on different days, each run will include urban particulate matter SRM 1648 samples (NIST,
Gaithersburg, MD).

The role of metas versus endotoxin in the induction of cytokines in this system will be determined in a
subset of samples by running experiments with and without polymyxin B (an endotoxin inhibitor).



Endotoxins are well established inducers of cytokines in macrophage cells, and are often components of
PM,, 5 fractions due to the presence of gram-negative bacteria, molds and fungi in this fraction (30-32).
PM,, s samples will be tested for endotoxin using the Limulus polyphemusamebocyte assay (Whittaker
Bioproducts, Wakersville, MD). The standard assay will be run with and without polymyxin B on PM, 5
samples with endotoxin concentrations greeter than 0.1 ng/ml, so that the effects of metdsin the samples
can be separated from those produced by endotoxin.

Sampling and Analyses for Organic Compounds. Organic compounds will be sampled dally for 24
hours using modified high-volume air samplers by drawing air through a quartz fiber filter and a
polyurethane foam (PUF) trapin series. In addition, volatile organic compoundswill be sampled by MDE

using stainless sledd SUMMA canisterscollected 24 hrsevery 6™ day dl year. MDE analyzesthese or 56

PAMS compounds and a complete list of toxic organic compounds (TO14, including benzene and many

subgtituted benzenes). During the two 45-day intensives organic compounds will be sampled for

consecutive 2-hour (possibly hourly) intervals in support of our primary hypotheses regarding source
resolution. Immediately after each filter sample is removed from the sampling device, they will be stored

inafreezer at -2°C and retrogpectively anayzed within one monthafter collection. Asdiscussed below,

we are interested in total (gaseous + particulate) concentrations of the various species. Thus, we can
operate the particle sampler a ahigher flow rate(i.e., 0.5 m* mint) thanwoul d otherwise be advisable (due
to“blow-off” lossesfromthefilter) if accurate gas/particul ate partitioning weredesired. Two-hour sampling

will correspond to 80 m®. Total ambient concentrations (gaseous+ particulate) of individua PAHsrecently

measured (92) at the Ft. McHenry National Monument (about 1 km from the proposed study site) ranged

from 0.01 ng nT® (methylanthracene) to 21 ng n1® (phenanthrene). At these concentrations, target PAH

andyteswill be present in 2-hour samplesfrom Baltimoreat levels5- to >130-fold greater than our method

detection limits. While we have not yet measured other hydrocarbons in Batimore, based on
PAH/hydrocarbon ratios for Los Angeles and measured PAH concentrations in Batimore, we will have
ample andytica sengtivity for these compounds, as well.

Filter/PUF-Analysis. The objectives of the organic compound analyses are to support the primary
hypotheses, ducidate atmospheric chemigtry, provide important compositiond information to the hedth
effects community, and especidly to identify marker speciesfor source attribution. Because our primary
hypotheses involve source attribution, gas/particle resolution is not essential. However, PUFF and filter
samples will be extracted and analyzed separately. Professor Rogge will deploy adenuder system during
collectionof someof the samplesin an effort to obtai n better measurements of thetrue PM 2.5 organic mass
component. Asthere are reative few dataon organic compound species in the Northeast and fewer in
Bdtimore, exploratory efforts will be made to identify the kinds of compounds present. At least the
following compound classeswill be searched for and when identified al so quantified: n-alkanes, n-alkanoic
acids, n-alkanols, n-akanones, furans, furanones, resin acids, serols, PAHs, compoundsidentified in smog
chamber experiments as possible secondary organic atmospheric reaction products, and others.

Compounds anayzed for will include species known to be useful markers of sources (Attachment 11).
Beyond the listed compounds, best effortswill be used to quantify al identifiable compoundsin the sample
extracts. Bulk PM2.5 samples collected early inthe study (during testing to be conducted beforethe onset
of our 12 month field study). Additional bulk PM2.5 samples will be analyzed periodicaly to identify
seasond differences in compounds and classes. Four dally Filter/PUF sample pairs will be selected for
andyss each month. At least 90 of the samples collected during the intensives will dso be andyzed



retrospectively.  The andyses will provide compaositiond information (monthly averaged) throughout the
12 months of sampling, highly-time resolved samples for testing hypotheses listed above, and a mgor
contributionto our knowledge of the chemica composition of organic particulate matter. The andysiswill
be conducted via GC-MS, using well-established micro-methods (93-98) for these kinds of samples.

Special Measurements

SEAS. The new semi-continuous aerosol monitor for the determination of aerosol meta concentrations
(99) recently developed by the University of Maryland (@College Park, UMCP) in collaboration with the
Harvard School of Public Health under an EPA STAR Grant award. The semi-continuous system consst
of a high-frequency aerosol sampler (HFAS) and state-of -the-art true s multaneous mutlielement Graphite
Furnace Atomic absorption spectrometer. The HFAS consst of a State-of-the-art dynamic aerosol
concentrator in which particles are grown by condensation of water vapor to facilitate separation from the
ar stream. PM 2.5 is sampled a 200 L min™ and delivered to GFAA system or to a sample fraction
collector for on or off-line analyses, respectively. In <10 (for urban air) to 20 (rura air) minutes we
typicaly collect enough durry to permit 4 suitesof 4 or 5 eements to be determined, each in triplicate,
however, virtualy any sampling period up to afew hours may be sdected. At the 200 L min sampling
rate, analyte masses delivered to the GFAA & the smallest concentrations observed by our group inrurd
Maryland air exceed ingtrumental sengtivities(rivaling far moreexpensivel CP-M Sbut withfar lesssample
volume requirement) achieved at UMCP our laboratory by factors of 2 to >400 for Al, As, Cd, Cu, Fe,
Mn, Ni, Pb, Se, V, and Zn. These should be more than adequate for proposed 1-hr sampling periods.
In addition to high tempord resolution, it is of paramount importance that anadytica concentration
measurements be accurate. Tests with NIST Standard Reference Materia 1648 (“Urban Particulate
Materid™) confirm these results for Cd, P, Zn, Se, As, Cr, Mn, Cu, and Ni. Teds for the remaining
dementsarein progress. Additiond field tests of the instrument are being madein College Park, MD, and
a the Atlanta Super Site in August, 1999. A schematic of the collector is shown in Attachment I11.
Detectionlimitsfor achieved in aerosol durry samples collected for 60 minutesarelisted in Attachment V.

The SEAS will be deployed at primary platform dtes.  The instrument will be configured to permit
continuous collection of hour long samples with on-line anadlysesfor As, Cu, Mn, Ni, and Cr throughout
a 12 month sampling period. Twelve additiona dements (Cd, Se, Ag, Pb, Al, Fe, Zn, Ca, V, Ti, Be, Ba,
and Bi - Bi isused as an internd standard) will be andlyzed retrogpectively in up to 1000 of the samples
(i.e., 40 days worth) on an identica Graphite Furnace (with Zeeman background correction) andytica
platform. The elements sdected include criteria pollutants (Pb and Be), hazardous air pollutants (known
asair toxins; i.e, Cd, Cr, Cu, Ni, As, and Se), first series trangtion metas either known (V and Zn) or
suspected to dicit respiratory inflamation (Ti, V, Cr, Mn, Fe, Ni, Cu, Zn; i.e., dl but Sc and Co); essentia
nutrients (Fe, Zn, Se, Cr), and the aguatic toxin, Al. In addition, most are primary source marker species
(i.e, Asand Fe, stedl; Zn, Cd, Cr, Po, Ag, incinerators, Ni and V, resdud fud oil combustion; Se, cod
combugtion; Ti, paint manufacture and applications (fine particles) or crustd dust (coarse particles); Ca
limestone/congtruction materid; and Cu, Cd, Zn, respective smelter emissions and/or metals processing.

The andyticad platform permits truly-smultaneous determinations of up to 5 dements. Anayses are done
in suites of 4 or 5 dements (i.e., suite 1: As, Cu, Mn, Ni, Cr to be done online; suite 2: Cd, Se, Ag, Pb;
auite 3: Al, Fe, Zn, Ca, and Bi (Bi is an internd standard); and suite 4: V, Ti, Be, Ba). Until more



experience is gained, 3 replicate analyses will be made for each element during both on- and off-line
andytica protocols. Analysis of each suite about 5 minutes per replicate, so that the time to complete 3
replicates is 15 minutes per suite, dlowing for more than enough time for online analyses of samples and
andysisof 1 reagent blank and 2 multi ement standard solutions each hour. However, we envision that
reagent blanks will be analyzed in triplicate every 6 hours and 3 to 5 multidement standard solutions (i.e.,
of different concentrations) will be andyzed severd times each day. The system will require maintenance
every 3 days to replace the furnace tube and various reagents.  Series of samples will be sdected for
andysesfor the remaining eements based on the online results and observations made with continuous
aerosol and gas instruments described above and with those made with the RSMS 11l and LIDAR
ingtruments described below.

Single Particle Mass Spectrometry (RSMSI11)

We proposeto use an on-line single particle anays stechnique to measure the particle-by-particles zeand
composition over the Sze range from 10 nmto 2.5 microns. Particles of anarrow sze range are focused
aerodynamicdly to the source region of a mass spectrometer. The focused particle Size is selected by
adjudting the upstream pressure -- the Cunningham continuum correction factor is pressure dependent and
the variation in upstream pressure determines the mean free path and therefore the particles sizefocused.
For particlestoo smdl to be detected by light scattering, an excimer laser oriented colinear with the particle
beamisfired at afixed rate and particlesare randomly hit. For larger particles, light from adoubled YAG
laser is detected from forward scattering by two PMTs to synchronize the laser with the particle arrival.
In either case, if aparticleisin the beam when the excimer fires, it is desorbed and ionized. Theionsare
anayzed in atime-of-flight mass spectrometer. Spectra from each particle are recorded and Stored ona
PC. Theinstrument has been tested in the laboratory and found to have a 0.1 mass percent sengitivity to
metdsin 50 nm particles. Theinstrument and thesetestsare described in more detail in Carson et d. (100)
and Geet d. (101). Figure 1 shows a schematic of the instrument.

RSMS-II can analyze for a wide range of compounds and compound classes including &) speciation of
inorganics such as metals and metd oxides, refractory crustad materials such as slicon dioxide, and
electrolytic compounds such as sulfates and nitrates, b) speciation of aromatic organic compounds, and €)
diginguishing dementa from organic carbon (see Attachment 2). Since the compounds can usudly be
speciated, we can use composition information to determine source. For insdtance, we have shown that
aulfur speciation is sraightforward so that HMSA can be used as a marker for cloud processing while
MSA can be used asamarker for seaspray particles. Theanalyssis surface sdectivefor larger particles
at low laser power but samplesthe bulk of smdler particles(101). Thehit rate, measured in the laboratory
and with ambient particles, ranges between 10 and 300 particles per minute under typica atmospheric
concentrations, depending on the particle size sampled. RSM ST will be automated and capable of Szing
paticlesaslargeas 2.5 um.

LIDAR
Active remote sensing of particles in the aimospheric boundary layer will be accomplished by deploying

the Johns Hopkins Elagtic LIDAR. The LIDAR is undergoing modifications to become the world' s first
3 - color system (1.064, 0.532, 0.355). The attenuation coefficient for each of the colors can be used



to integrate particle concentrations up to 2.5 micron to determine PM 2.5 more accurately.  The system
will be used to measure the three-dimensiond distribution and transport of aerosols throughout the south
Bdtimore study area during the intensive phase of this experiment and on a routine basis throughout the
entire study project. The LIDAR will augment the point sensors used in this project by providing a
noninvasive ingrument capabl e of mapping the parti culate concentrationsin three dimensionsat long ranges
(to 10 km) with high (1.5 meter) spatid resolution. The LIDAR will be used to map wind velocitiesin the
boundary layer, emissons from cars, power plants, various manufacturing facilities, and the genera

development of the boundary over the course of the day above the city and the surrounding ares, including
the Chesgpeake Bay. The LIDAR provides a means for abtaining red-time horizontally and verticaly
resolved information such that emission fluxes can be determined from various sources through the city.

With the LIDAR, full-scde field measurements of stack effluent as a function of down wind distance,
vertica height and prevailing wind speed can be obtained. Theability to generate time sections of pollutant

digtributions above the city is crucid to resolving many of theissuesrdated to air qudity and ultimately to
human hedlth. Verticd layering of pollutants is well known, but detailed descriptions of the tempora
evolution of these layers would not be available without the power of the scanning LIDAR system. The
scanning capability alows regular detailed temporaly and spatidly distributed measurements of aerosols
which can be used to andyze sources and dispersion in the turbulent atmosphere. In addition to
characterizing the evolution of events above the south Baltimore Site, and  the city more generdly, the
LIDAR will ad in both the identification of mesoscale trangport of particulates from outside Batimore city
and their ultimate dispersal away from loca sources. Findly, the LIDAR isthe ided supplement to the
point sensorsto be deployed inthis project, which locally arevery accurate, but do not provideinformation
on the local spatid variability of the particles.

Over the 12-month field study period, the LIDAR scanswill be made 4 times aday, every other day, to
investigate seasona aerosol patternsthroughout Baltimore and to provide mixing layer height over the City,
ahighly ussful parameter that cannot be otherwise rdiably be obtained. The LIDAR will belocated at the
Wynman Park building near the Homewood campus of johnsHopkins. Thelocation of thebuildingisided
so that theinvestigatorswill have easy and regular accessto theinstrument during the normal course of their
work. The same measurements as the south Batimore study will be employed.

During the intensve south Batimore study, the LIDAR system which will be deployed from the roof a
building overlooking the study area. At the start of each hour afull three-dimensional scan over the study
gtewill be taken. (210 degrees a 10 degree dices). During the rest of the time period horizonta scans
will be used to develop times series particulate motion and wind fidlds. In addition individua plumes will

be followed, and street emissions followed aong with the evolution of the atmospheric boundary layer
inverson. Graphic presentations of the various scans will be entered into the project data base.

DATA REDUCTION, VALIDATION, INTERPRETATION, AND DISSEMINATION
On-the-fly datareduction of RSMS111 Data
The development of the on-line system to characterize individua arborne particles has resulted in a

practica ingrument that yield alarge quantity of data on the sze dependent composition of the particles.
The next gep is to be able to reate the vast quantity of data efficiently for use in guiding retrospective



andyses and hypothesis testing. Dr. Hopke has been actively examining the problem of single particle
classfication for dmost 15 years. The previous efforts have beenbased on data produced by computer-
controlled scanning e ectron microscopy, but the basi ¢ classification and quantification conceptswill bethe
same. Theideaisto sort the particles into homogeneous groups where we mean that al of the particles
within the group have basicdly the same characteritics. Not al particleswill fal into well defined groups,
but we can typically classfy morethan 70% to 75% of the particlesinto classes. Themassof each particle
is estimated based on its aerodynamic diameter and thus, the airborne particle massfor each classcan be
determined.

The critical task is the particle classfication. Professor Hopke has used severa gpproaches including
hierarchica clugter andysis, rule-building expert systems, and more recently, artificid neurd networks
particularly Kohonen (102) and Adaptive Resonance Theory (ART) networks. The Kohonen approach
has been tested with both smulated and real data (103). ART-2a has been applied to the particle-by-
particle data provided by the CCSEM anaysis (104,105) and more recently Hopke has demongtrated the
utility of the ART-2aapproach for ATOFM Sdataaswell (106). The ART-2aisthemorelikely candidate
for the problem of the classfication of the particle by particle data since it can dynamicaly update the
classfication as it processes new particles. One of the mgor tasks will be to set up the systemto handle
the large data sets that are produced by the RSMS 111 system. Instead of thousands of particles that we
have analyzed in the past, we must be prepared for hundreds of thousands of particles. Professor Hopke
will choose the most gppropriate approach and adapt it to efficiently classfy the particles, etimate the
individua particle masses, and caculate the class mass fractions and their uncertainties, on-line.

Multivariate Calibrations and Data Quality Analyses

The proposed measurements will produce both traditional 24-hr measurements of aerosol mass and
elementa condtituents and more highly -time resolved measures of these species aswell as particle types.
The problem is to relate (i.e, cdibrate) the measurement of components using the sophisticated
measurements at the superdite to the measured component concentrations obtained from chemical
Speciation monitorsand to the FRM mass concentrations, and to identify deficiencies and differences, and
ultimately identify their causes. This problem will be solved using one of severa multivariate cdibration
methods including partial least squares and back propagation neura networks. Such tools are sorely
needed if we are to understand the quality of our data. Partid least squares and artificia neura network
modeling tools to be applied to this problem are described in Appendix I11. By using these methods to
examine the relationships among the methods, we will better understand the response of the speciation or
FRM sampler to various composition aerosols. We can aso use the same methodol ogy to understand the
response of oneinstrument like light scattering to other gppropriately time resolved dataor therelationships
between the remote sensing measurements and the related monitoring data.  Findly these models can be
used to hel p examine the sources of airborne particulate matter based on the detail ed speciation resultsthat
will be obtained in these studies. One reference for the application of multivariate Satistics to dataquality
is Xie et d. (Xie, Y., Hopke, P. K., Paatero, P., Anal. Chim. Acta, 384:193-205, 1999; see also:
Martens, H., Nales, T., Multivariate Calibration, John Wiley & Sons, Chicester, UK, 1989).

An example of how the techniques can be gpplied isasfollows. If 24-hr FRM mass measurements made
on 365 days were the Y block, and hourly averages of the semicontinuous mass data were used to
construct a24 dement wideby 365 dementlong Y block, then themodd could berunto produce atable



of factor scores representing weights of the hourly va ues needed to give agreement with the predicted 24-
hr values. If one or more large hourly scores are observed, for example, on agiven day, or if they are
conggtently large at certain times of the day, then there would be reason to seek the cause. In thisway,
the multivariate method can be used to identify bad data , e.g., due to operator error, and reved
shortcomings in themethod such as poor performance related to weether or seasonal conditions. Likewise,
24-hour and hourly composition data derived from speciation and time-resolved systems, respectively,
could by used to identify problematic periods and trends. Thus, we advocate performing many such
anayses.

Data Base and Dissemination of Results

To effectively manage the large volume of data that will be produced through this measurement program,
it will be necessary to have an effective data basing sysem. The University of Maryland dready has a
relational data management system that has been developed primarily for their instrumental neutron
activation analysis data, but was designed to accommodate data from other instruments. This system will
serve as an excdlent garting point for an expanded system that will aso be interrdlated with the
meteorologica data base. The data base be professiondly constructed and will feature multi-level
password protection, multi-level dataquaity flagging, and instantaneous display of summary datisticsand
user-selected time series plots of any of the sampling or andysisparameters.  The database will be made
available on the web via password protected access by project participants including MDE and EPA
personnel.  Data from the various semi-continuous and continuous monitors will be reprocessed to
produce hourly averages for entry into the data base. Project datawill be archived on CD ROM and on
hard driveswhich, we believe, should preserve the datain retrievable form for 10 yearsor more. Weplan
to make at least two copies of the project dataon CD ROM. Additiondly, we plan to archive data on
separate hard drivesat UM CP and on an additionaly redundant pair of hard drivesat Clarkson Unviersity.

Datadisseminationwill includeworkshops, conference presentations, and peer-reviewed publications. We
intend to hold three work shops: two to alow project participantsto discuss and interpret data, and athird
to dissaminate the information to Bdtimore City hedth professonds, community interest groups,
individuals, and other stakeholders, e.g., the Concerned Citizens for a Better Brooklyn.  All of the
information devel oped, including accessto the project data base will be provided to the State of Maryland
for usein SIPs development, and to JHU and UMSON for correlation with CLINICAL hedth metrics
determined in their sudies. Lastly we will make the data available NARSTO' s Permanent Data Archive.

EXPECTED RESULTSOR BENEFITS

The proposed project should provide the State of Maryland and the Scientific community with an
unprecedented quantity of high-quality highly time-, Size-, and compostiondly-resolved data, new organic
compound data, and extensive characterizations of PM digtributions, wind fields, boundary layer height;
dl of specia utility to receptor-based source attribution for reconciling local emissons data and
development of SIPs, We expect to demondtrate that source resolution will substantialy benefit from
collectionof highly- time-, Sze-, and composition-resolved deta; how certain congtituentsof particlesfrom
certain sources account for important immumological responses;, how concentrations of PM congtituents
and their immunological responses differ between industria, urban, and non-urban environments, and



further provide indghtsinto the affects of aerosol ageon theseresponses. Many high-quality manuscripts
will be published in peer-reviewed journals, and several new Ph.D. urban aerosol scientist will betrained.

COLLABORATIONS

The Bdtimore Supersite project will be conducted in collaboration with and benefit from a congtelation
of epidemiologig, toxicologist, hedth care professonds, and exposure assessment scientis.  Their
contribtuions are described in Appendix 11. Individuas and their project titles are as follows: From JHU,
M. WillsKarp, Paticulate Matter Induced Exacerbations of Allergic Ashma; J. Jaakkola, The
Reationship of Air Pollutnats and Allergens to Asthma Morbidity; P. A. Eggleston, Community
Environmentd Intervention Trid; T.J. Buckley, Evduation of Indirect PM10 Exposure Assessmentina
Cross-Sectiond Epidemiological Study of Asthma Exacerbation in Urban Children, and VOC Exposure
in an Industry Impacted Community; J. M. Samet, Environmenta Epidemiology and Human Exposure
Assessment; T. W. Kensler, Biomarkers and Prevention; J. A. Yager, Molecular Toxicology; W.
Mitzner, Environmental Lung Diseeses M .A. Trush, Pilot Projdect Program; S. P. M. Reddy, Molecular
Bass of PM-Induced Respiratory Toxicity; and A. Togias, The Inner-City Environment and Ashma;
Severa additiona projects are pending. In addition UMCP has a long-standing collaboration with B.
Sattler, Batimore Environmental Justice Project. Lastly, we hope to continue past collaborations with
various EPA colleagues.

GENERAL PROJECT INFORMATION
Project Schedule

The proposed project period is Jan 1, 2000 to Dec 31, 2003. The firgt 18 months will be dedicated to
purchase, cdibration, and congruction, and ingtdlation of instruments, data base management program
congtructed, and coding the “on-the-fly” particle classfication program for RSMS 1. During the first 3
months, our externa advisory pand members will be sdlected and first project planning meeting will be
held. Support saff candidates will be interviewed and hiring decisons will dso be made within thefirg 3
months. The UMUHV S and aHFASS are dready inddled in atrailer and will be deployed later in the
first project year, whenthe former will be operated to collect exploratory samples for organic compound
andyses and cytokineg/ROS assays. Exploratory LIDAR measurements will also be made during this
period. We anticipate initiating our 12-month field study in the 18" month, presumably in mid to late
summer of 2001. Intensive campaigns in South Batimore will be conducted in Jan. and June of 2002.
Community campaignswill be conducted according to the schedulein Figure2. A dataanaysisworkshop
will be held in the second part of the measurement period, and again early in the 4™ year of the project.
The lagt 16 months of the project will be dedicated to datainterpretation, synthesis, and developing afina
project report.

Per sonnel and Proposed M anagement
Dr John Ondov (UMCP), FI, will serve as be responsible for overdl project management, integration of

individud project components and coordination of thefinal synthesis of theresults. Ondov will be assisted
by an interna steering committee composed of the individua co-investigators, through frequent telephone



conference and email communications. An externa advisory committee, comprised of ar pollution
monitoring, epidemiology, toxicology, and policy/regulatory experts from the scientific community &t large
and EPA, to review the project plan early in thefirst year. Day-to-day operation of the project will bethe
responsibility of a Post-Doctora aerosol scientist to be hired for the project in the capacity of Field
Manager. Two fidd sampling technicianswill be hired for the project to ensure uninterrupted maintenance
of the stes. The technicians will further be supported by graduate research assstants from UMCP and
JHU, especidly, during intensve campaigns. Theseindividuas will report directly to the Field Manager.
The Dr. Ondov and will be responsble for the deployment the UMCP SEAS instrument, the high-

frequency aerosol durry sampler for biologic testing, bulk PM2.5 collections, and Dr. Susan s (UMCP)
retrogpective quantitativedementd analyses. Drs. Anthony S. Wexler andMurray V. Johnston (Univ.
Ddaware) will build, deploy, and operate the 3™ generation automated single-particle mass spectrometer
systemfor near-rea timecondituent analysis Dr. Anthony Wexler will supervisetheUniversity of Ddaware
portion of the project and organize the UD portion of the field program. Dr. Murray Johngton will assst
Dr. Wexler in supervisng the Research Associate and Graduate Student with instrument construction and
data andysis. Dr. Phillip Hopke (Clarkson Univ.) will assigt in thefindization of the sampling design, deta
analyss, and interpretation of the results of the measurement campaign. Hewill beresponsblefor the“on-

the-fly” multivariate data reduction program to be used by RSMS 11, hypothesis testing, data base
development and management, and will serve asproject quality assurance officer. Assuch, hewill perform
the QAQC audits. Dr. Hopke will be assisted by Dr. Ziad Ramadan and an externa contractor. Dr.

Katherine Squibb (UM, Batimore) will beresponsiblefor conducting cytokine assayson PM, s samples.
Dr. Timothy J.. Buckley (Johns-Hopkins Univ.) will oversee the planning and implementation of the
monitoring campaigns a the community Stes, and will be in charge of implementing the quality assurance
proceduresfor the project. Dr. Buckley will aso serve asaliaison between Supersite project investigators
and epidemiology, toxicology, and exposure researchers at the Johns Hopkins School of Public Hedth.

Dr. MarcB. Parlange (Johns Hopkins Univ.) will be responsible for deployment and operation of an
advanced 3-wavelength scanning LIDAR system for 3- dimensiona mapping of urban wind fields and
relaive PM concentrations. Dr. Wolfgang Rogge (Florida Internationd Univ.) will be responsible for
organic compound sampling and analysis for source identification.

Dr. Buckley isexperienced in the design and conduct of community-based human exposure studies This
field-based experience is complemented by |aboratory studiesinvestigating biomarkers of exposure. Dir.
Buckley is currently involved in research on the exposure and effects of air pollution on children with
asthma, exposure to air pollutants from an industry-impacted community, and the derma absorption of
VOCsinwater and VOC biomarkersin breath.

Dr. Philip K. Hopke is Chair of the Department of Chemistry and holds a joint appointment in the
Depatment of Civil and Environmental Engineering & Clarkson University. He has been apioneer in the
characterization of source/receptor relationships for ambient air pollutants and the use of multivariate
datistical methods for data andyss. He is dso currently involved in the development of measurement
methods for characterizing ultrafine and radioactive particles. Prof. Hopke will be asssted by Dir.
Alexandre Polissar. Dr. Polissar has been working with Prof. Hopke for the past 5 years on application
of PMF and ME to various data sets.



Dr. Ondov hasconducted multi-disciplinary projectsfor the U.S. DOE, Martin MariettaCorporation, and
the University of Maryland. He has designed and built sampling systemsfor slack monitoring, including a
200 cfm system for Sze-segregating and collecting kg-quantities of stack-emitted aerosol; ambient PM., 5
aerosol samplers, and, in ajoint project with the Harvard School of Public Hedlth, is responsible for
development of the semi-continuous monitor. He deve oped unique methodol ogy for gpportioning fugitive
emissonsfromindudtria plantsto specific processesand pioneered the devel opment of extremely sensitive
enriched rare-earth isotopic tracer techniques for use in source attribution and studies of aerosol particles
over trangport distances of 100s of km. He has conducted severa receptor modeling studies usng
intentiond tracers and tracers of opportunity, including studies to determine the sources and fluxes of toxic
substances depositing onto surface waters of Lake Michigan and the Chesapeake Bay. Ondov aso
pioneered the application of highly-size resolved sampling to €ucidate urban aerosol sources, age, and

deposition.

Dr. Marc Parlange, Professor at Johns Hopkins University in the Department of Geography and
Environmenta Engineering, holds joint gppointments in the Departments of Mechanica Engineering and
Earth and Planetary Science at Hopkins. He has extengve research experience in fluid mechanics in the
environment, amospheric boundary layer, turbulence, LIDAR (light detection and ranging), Large Eddy
Simulation, aerosol trangport, hydrology, and flow in porous media.

Dr. Rogge is aleading expert on tracing fine particulate source emissons in the urban amosphere using
fine particle-associated organic marker compounds. He identified and verified severa source-derived
marker compounds. Two of his journa papers received appreciable publicity in nationa and internationa
newspapers, radio, and TV throughout the United States of America and Europe. Other sources
investigated include gasoline and diesel powered vehicles, dud fuel powered vehicles operating on naturd
gas and gasoline; road dugt, brake dugt, and tire dugt, leaf surface abrason products, naturd gas home
appliances, hot asphdt roofing tar pot fume, boilers burning No.2 didtillate fuel oil, wood burning in open
firegplaces and campfires, restaurant type hamburger frying and charbroiling, resdentia charbrailing,
resdential cooking using natural gas and dectricity. Furthermore, Dr. Rogge generated one of the most
extensve ambient dataset on fine parti cl e-associ ated organic compound concentrations presently available
for theLosAngdesareaand Southern FHorida. The organic tracer technique devel oped by Dr. Roggewas
tested in many waysand showed remarkabl e resultswhen using aLagrangian type disperson mode aswell
as a Chemica Mass Bdance (CMB) modd to predict fine particle associated organic compound
concentrations for the greater Los Angeles area.

Dr. Squibb has over 20 years of experience conducting research on mechanisms of the toxic effects of
metalsin mammdian whole animd and cdllular sysems at the Nationd Inditute of Environmental Hedlth
Sciences, thelndtitute of Environmental Medicinea NY U, and the University of Maryland, Bdtimore. Her
research hasincluded studies of the effects of metason lung tissuefollowing inhaation exposure and effects
of meta ions on macrophage activity.

Drs. Wexler and Johnston have been working together on single particle instruments for analyzing
atmospheric particlessince 1991. They have built the only instrument currently availablefor routine on-line
andyds of ultrafine particdles. They have published over 15 papers together that describe single particle



ingruments, characterizing their performanceinthelaboratory, andinvestigating atmospheric aerosol issues.
They will be performing fine and ultrafine measurements a the Atlanta supersite during August 1999.

Facilities and Equipment

UMCP. Fadlitiesavailableat UMCPincludeawell-equipped Nuclear AndysisL aboratory (120 n?) with
7 intrindic Ge detectors (24 to >40% efficiencies relative to 3 x 3 Nal) with resolutions (FWHM at the
1332 keV photopesk of °Co) of from 1.76 to 1.88 kev., acold room (4°C) for sample storage, a 120
¥ Class 100 Clean Room complex, a 100 m? aerosol measurements|aboratory, and newly-renovated 39-
¥ clean chemistry laboratory. Thelatter containsaMillipore MilliQ+ water purification system., 3 laminar
flow clean benches, two laminar-flow clean air hoods (oneis equipped with ascrubber to permit perchloric
acid digestions), a computer-controlled Mettler UMT2 eectronic balance ingtaled in a seded,
environmenta enclosure for gravimetric andyss a 50% rdative humidity. The Class-100 room contains
a 6.7 n? particle-free work surface for sample packaging and preparation includes a laminar-flow dean
bench dedicated to coating aerosol collection substrates. Neutron irradiations are performed at fluxes of
from 7.7 x 10" to 1 x 10™ n/cm/sec at the 20 MW research reactor located at the National Ingtitute for
Standards and Technology (NIST) in Gaithersburg, MD. A Dionex lon chromatography and PEICP-MS
are available at UMCP.

Reevant equipment available for use in this project include: 1) one SEAS, complete with SIMAAG000
andyss platform, ii) the computer-controlled UM UltraHigh-V olume Sampler; iii) one 24-ft towablefield
laboratory trailer; iv) 5 hp PM2.5 high-volume sampler with 1000 LPM volumetric flow sensing system;
iv) 2 meteorologicd stations each with wind speed and direction, temperature, and humidity sensors, and
Campbe | CR10 datalogger; v) collgpsible 10-m met tower; vi) aPMS high-volume forward-scattering
laser spectrometer, vii) TS differentid mobility andyzer with continuous condensation nuclel counter, viii)
3 ten sage micro-orifice impactors; and ix) an 8.5 m plexiglass aerosol chamber (1 nt cross-sectiona
area) for testing particle generators and samplers, and xii) alow background counting facility. Particle
generation eguipment includes nebulizers with 8K dischargers and diffusion dryers. Available software
packagesinclude: StatMost v3.5; L otus SmartSuite 97, Word Perfect Office 8, Microsoft Office97; Sigma
Plot, v5; Mathcad v8.0; Matlab, v5, and the UM data management and andysis system which controls
sample data entry (including data-logger files) and INAA andysis functions,

University of Delaware. Dr. Wexler and Dr. Johnston have separate laboratories. Dr. Wexler's
laboratory isoriented toward building and fielding Sngle particleinstruments. The portion of thelaboratory
dedicate to single particle andlysisis about 800 squarefet. Inaddition, it hasa8 foot by 14 foot portable
laboratory for transporting aerosol instrumentation to field stesand housing them there. Both single phase
and three phase power digtribution systems are available. The laboratory includes a single particle
instrument that has been used in the fiddd. A sgnificant fraction of Dr. Johnston's laboratory is oriented
towards developing new andytica chemicd techniquesfor usein single particle andysis. About haf of his
[aboratory, around 1500 squarefest, isdedicated to single particleanalysisandincludesal aboratory-based
TOF dngle paticle andyss ingrument and one under development based on ion mobility mass
gpectrometry. Both laboratories share a range of aerosol instruments including a TSI APS, SMPS,
VOAG, nebulizer, and powder dispenser, and acustom-maderadial DMA. Bothlaboratoriesare outfitted
with laser warning lights, light curtains, fume hoods, a range of power sources, compressed gas, cooling



water, and wet lab facilities. Each laboratory has independent single particle andysisingrumentation. The instrument in Dr. Johngton's laboratory
is dedicated to |aboratory gpplications. The onein Dr. Wexler's laboratory can be used in the laboratory or in the field.

Florida International University. Currently, two air pollution laboratories are available with together 1,000 ft2. One of the laboratories is
exclusively dedicated for trace organic compound andysis. Current equipment includes : i) 1 HP 6890 gas chromatograph with FID detector ii)
1 HP 5973 MSD interfaced with HP6890 GC; iii) 1 Buechi rotary evaporator; iv) 1 Micro-baance; v) 7 PC computers; vi) 1 APl CO-andyzer,
300 Series; vii) 1 API NO/NO,/NO, -analyzer, 200A Series, viii) 2 MSP PM2.5 samplers; ix) 2 MSP PM 10 samplers, x) 3 Grasby-Anderson
6-Stage Cascade Impactors; xi) 2 2HP air sampling pumpd xii) 4 1/2HP air sampling pumps; xiii) 1 Data acquistion gtation; xiv) 2 Temperature
sensors; xv) 1 Humidity sensor; xvi) 1 Large dry gas meter; xvii) 1 Smadl dry gas meter; xviii) 1 Dehumidifier; xix) A number of volume flow
controllers; xx) 1 stainless sted dilution tunnel; xxi) 1 large indoor stainless stedl environmenta chamber (27 ).

University of Maryland, Baltimore. Laboratory space available for this project includestwo Program in Toxicology laboratories |ocated at the
University of Maryland, Baltimore County (UMBC) Technology Center at the UMBC South Campus. One 300 sg. ft [aboratory isafully equipped
tissue culture facility. The second laboratory (500 sq ft) is a well equipped biochemistry [ab. Equipment available for the project includes a
Beckman L8-80 ultracentrifuge, a GPKR centrifuge, a Sorva RC2B centrifuge, aHewlett-Packard UV/UV S spectrophotometer, aVirtis Freeze-
Dryer, and a PerSeptive Biosystems Cytofluor Series 4000 fluorescence multi-well plate reader. Five IBM/PC Pentium Processor computers
located intheofficesand laboratoriesat UM ,B and UMBC areavailable. Thesearelinked to the Unix Main Frame computersat thetwo campuses
providing access to the Internet. The Program in Toxicology has one full time secretary and one business manager available to support the
adminidirative agpects of this project. The project dso has the full facilities of the UM,B Department of Pethology available to it, which includes
tissue and organ culture, immunology, €ectron microscopy, and histology labs.

Johns Hopkins University. Equipment avallable: i) Mode 3320 and 3300 Aerodynamic Particle Sizers (APS); i) Anderson Dichotomous
Samplers; iii) MSP PM10 and PM2.5 persond impactors; iv) LIDAR: The Hopkins LIDAR that will be used in this study is aduplication of the
miniature eagtic LIDAR system developed by Los Alamos Nationa Laboratory. This LIDAR has been sdlected as a“ Popular Science Best of
What's New” and haswon an R& D100 award for its design and controlling/andysis software (thisaward is an internationd award, given annualy
by R&D magazine, and is consdered to be the most prestigious award for engineering). The system possesses a sophisticated computer control
system to essentialy operate the entire system independent of operator control and a well-developed analysis package (developed in part by
Parlange). The system consists of a 1.064 micron ND:Y AG laser, operating at approximately 125 md/pulse, 50 pulses per second, coupled to a
10 inch Cassegrain telescope and is capable of taking monogtatic, eastic scattering measurements with 1.5 m range resol ution (adjustable) out to
arange of 3to 12 km (depending on ambient particulate loading and upon the number of averaged pulses). Incoming light isfocused at the back
of the telescope on an |R-enhanced Silicon Avaanche Photodiode detector (APD) operating in current mode that is used to convert the light to
a voltage signd. Data collection is via a 100 MHz trangent digitizer card indtdled insde a PC. A computer-controlled motor system scans the
atmosphere in azimuth and eevation, depending on the type of scan desired. A user-friendly control system operates the laser, scanner motor,
detector gains, and digitization equipment. On-sSite graphics are presented in acolor display of spatia concentrations.






ATTACHMENT 1. Summary of Proposed M easur ements

—Instrument/Sampler ThStrument Sites Frequency Duration
Commercial Continuous/Semicontinuous Monitors
Ultrafine/near accumulation aerosol 0.02 to 0.5 nm Scanning Mobility Particle Spectrometer, Forward 1,2 5min 12 months
Scanning Laser Spectrometer
Far accumul ation aerosol/coarse size spectrum 0.5t0> 10 mMm Optical Particle Counter 1,2 5min 12 months
Accumulation aerosol vs. aerodynamic size spectra 0.5to> 10 mm Aerodynamic Particle Spectrometer 2 5min community
Intensives
Light Scattering entire range Integrated Nephal ometer, Radiance Res. 1 2 sec 12 months
Mass concentration PM2.5 TEOM, 1400A 1,2 5min 12 months
Sulfate concentration PM2.5 To be determined (e.g. R& P, HSPH) 1 10 min 12 months
Nitrate concentration PM2.5 To be determined (e.g. R& P, HSPH) 1 10 min 12 months
EC/OC PM2.5 R& P Series 5400-99-004-743-0025 1 30 to 60 min 12 months
Temp (2 heights), RH, Wind speed and direction, RM Y oung/Campbell Sci. met station 1 12 months
barometric pressure, solar insulation
Sensible latent heat and momentum fluxes 3-D Sonic Annemometer & Krypton hygrometer 1 12 months
Ozone TECO 1 12 months
NOx, TECO 1 2 months
0, TECO 1 12 months
VOC Hewlet Packard GC 1 12 months
Special Measurements 1 1hr 12 months
As, Cu, Mn, Ni, Cr PM2.5 UMCP SEAS 1 1lhr 12 months
Cd, Se, Ag, Pb, Al, Fe, Zn, Ca, V, Ti, Be, Ba PM2.5 UMCP SEAS, retrospective analysis 1 1hr Intensives
Single particle classification by composition and size (most
metals,e.q., Na, Mg, K, Cr, Cu, Zn, Cd, Cs, La, Pb, some
valence information, NH,S0,, sulfites, hydroxymethane
sulfonic acid, methane sulfonic acid, EC/OC, polynuclear approx 1 min
aromatic hydrocarbons) 10nm to UDE RSMSIII 1 every 10 min 12 months
2.5mm
3-D PM/wind fields, and mixing height JHU 3-wavelength Lidar area 1 scan every 6 12 months
hrs
210° scan at 5°intervals horizontal by 75° vertical, 8 km range JHU Eye-Safe Lidar area 1 scan every Intensives
hour
210° scan at 1/2° intervals horizontal by 75° vertical, 8 km range JHU Eye-Safe Lidar area 1 scan every Intensives
hour
Selective plume mapping and time series scans JHU Eye-Safe Lidar area 1 scan every Intensives
hour
Collections for Off-Line Analyses
FRM Mass Conc. <2.5mm RAAS 2.5 - 100 1,2 24 hr 12 months
Speciation Sampler (for elemental and EC/OC <2.5nmm RAAS 2.5 - 400 1 24 hr 12 months
analysis)
Size Segregated Aerosol <0.3to 10 mm 3 Stage RDI 1 24 hr 12 months
Highly-Size Resolved Aerosol <0.069 to 10 3 Stage RDI 1 24 hr hrly 12 months
mm resolution
PM2.5 for Cytokine/ROS assays <2.5mm UMHFAS 1 1hr 12 months
Bulk PM <2.5mm UMUHVS 1 1 week 12 months
Organic Compounds <2.5nmm 2-HPHVS 1 24 hr 12 months
1 lto2hrs | ntensives




ATTACHMENT II: ORGANIC MARKER SPECIES

Table 2. Organic Species to be Determined in Source Profiles

Emission Source

Motor Vehicles

Non-catalytic converter-
equipped vehicles

Heavy-duty diesel trucks

Secondary organic aerosol

Wood comubstion

Vegetative detritus

Meat cooking

Cigarette smoke

Hot asphalt roofing tar and
road asphalt

Road dust, brake linings, tire debris

Fuel oil

Natural gas combustion

Potential Organic Tracer Compounds

n-alkanes, especially n-pentacosane; total hopanes
and steranes

coronene, benzo[g,h,i]perylene
hydrocarbon *fingerprints,” based on emission
profiles

C3-C9 aliphatic dicarboxyilic acids; aromatic
polycarboxylic acids

n-alkanoic acids =C18; total resin acids, especially
dehydroabietic, isopimaric, and primaric acids and
retene

predominance of odd over even n-alkanes,
especially C29, C31, and C33; predominace of odd
over even n-alkanoic acids

oleic acid

high MW branched alkanes, especially
isohentriacontane and anteisodotriacotane

Characteristic hopane or sterane in local petroleium
sources

No unique organic tracers, use Al and Si for road
dust

No unique organic tracers, use elemental tracers

hydrocarbon *fingerprints,” based on emission
profiles

Refs. (see
page 39)

1

3,4

2,5,6

7,8

10

11

12

13

14




ATTACHMENT I1l1. SCHEMATIC OF THE SEASCOLLECTOR

Ambient Air

l

2.5 um Inlet

| Valve 2
| Valve 3

| Valve 1
enoid Valve 1
enoid Valve 2

Sampling Mode Time
Steam — |:| Sample Collection | 20 min
T Switch Valves 5 sec
Mixing Purge Sample 10 sec
Chamber Switch Valves 5sec O
O valve open @ valve closed

[®[®|Op?
Ole[e@[Of=

@(0|0|@pa
eI
®(O[0|@)o

Steam Condenser
Generator

Water l

Virtual | [ |Mass Flow
Impactor Controller

~ Peristaltic

N~ Pump ( 2
Ball Vacuum
Valve 1 Bal Pump
Valve 2
Solen()ld g _l air Mass Flow| |
Valve 1 Air-Liquid Controller
Separator Ball
Valve 3
liquid
q Solenoid
Valve 2 Filtered
Air
Water Compressed Fraction
Reservoir Air Colllector
|'——-——-—> GFAAS Analysis for:
As, Cr, Cu, Mn, Ni
Cd, Pb, Sb, Se

Al, Bi, Fe, Zn






_A'I‘I'ACHMENT IV: Estimated Detection Factors for SEAS

Factor Above DL

Ambient Air
Concentration (1)
ng/m3 DL
Element average minium [o]0]
Ag 0.059 0.006 1
Al 121 24.8 6
As 0.69 0.337 10
Cd 0.131 0.0119 0.4
Co 0.159 0.051 8
Cr 0.79 0.039 1.6
Cu 2.35 0.31 5
Fe 117 33 6
Mn 3.09 0.05 1.8
Mo 0.712 0.057 4
Ni 2.92 0.36 16
Pb 4.13 0.316 3
Sb 0.495 0.185 8
Se 1.53 0.592 8
Sn 14
Ti 12 0.017 10
\Y 3.24 0.564 18
Zn 13.5 4.7 6

for minimum
ambient air
concentrations

12
827
67
60
13
49
16
165

148

1.7
63
1,567

for average
ambient air
concentrations

118
4,033
138
655
40
988
118
585
309
36
365
75
12
383

1,200
360
4,500

(1) UMCP data for rural Maryland sites.
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APPENDIX I1:
JOHNSHOPKINSUNIVERSITY
COLLABORATIONS

1 Active. EPA/NIEHS Center for Childhood Asthma in the Urban Environment.
Overarching god is to examine how exposures to environmenta pollutants and dlergens may
relate to arway inflammation and repiratory morbidity in children with ashmaliving in the inner
city of Batimore.

A. Mechanisms: Particulate M atter Induced Exacerbations of Allergic Asthma.
The overdl god of this proposd isto establish acausa relationship between PM
exposure and asthma morbidity and to determine the mechanisms by which PM dicits
these effects. Studieswill be conducted using amurine mode of susceptibility to
dlergic asthma. Sensitized mice will be exposed to PM and airway response,
eosnophilic inflammeation, Th2 cytokine (IL-4), and devated IgE will be measured in
order to test the hypothesis that PM exposure exacerbates dlergic asthma. Preiminary
Studies suggest that ambient urban Batimore particulate eicits a more toxic response
than cod fly ash (Wdterset d. 1999). The availability of well characterized (chemidtry,
sze, and source) Batimore urban particulate would provide a sgnificant resource to
advance thisresearch. P.I.: MarshaWills-Karp; Project Period 12/1/98 - 11/30/03.

Waters DM; Breysse PN; Wills-Karp M (1999): Outdoor air particulates composition and effects.
Abstract and Poster Discussion presented at the American Thoracic Society Annua Mesting in San
Diego.

B. The Rdationship of Air Pollutants and Allergensto Assthma Morbidity. The
proposed case/ control epidemiologic study ams to e udicate the relationship between
exposures to dlergens and air pollutants and asthma morbidity among inner city children
with asthma. Study design is a case control with a sample size of 300. Children aged
6-11 years will be recruited from five inner-city schools in East Batimore within 1 km
of Clifton and near the Johns Hopkins University School of Public Hedlth. Children's
exposure will be assessed based on indoor residentia monitoring with persona
monitoring conducted in asubset of individuds. Target pollutants measured include
PM, 5, PMyg NO,, and O; PM will be measured & 4 |pm over athree day period
usng MSP™ impactors. Outcome assessment will include spirometry and reported
symptoms. Pl: Jouni Jaakkola; Project Period 12/1/98 - 11/30/03; Data Collection
Period: 9/99 - 9/02.

C. Community Environmental Intervention Trial. In thiscommunity-based
randomized controlled clinicd trid the effectiveness of current treetments for home
adlergen and pollutant control recommendations in reducing alergen and pollutant
exposure in inner city homes will be tested (n=100). Air pollution control measures will
include a program in cigarette smoking cessation and use of an in-home air cleaner. Air
pollution exposure will be measured as described in 1C above. The effectiveness of the
intervention will be evauated based on measurements of exposure and hedth at four
time periods over aone year period. Pl: Peyton A. Eggleston; Project Period 12/1/98
- 11/30/03; Data Collection Period: 9/99 - 9/02.

D. Evaluation of Indirect PM ,, Exposure Assessment in a Case Control
Epidemiological Study of Asthma Exacer bation in Urban Children. Thisstudy is



designed to complement the epidemiologic case control investigation by making direct
measurements of PM,, exposure for anested subset of children for comparison to the
indirect exposure estimate (n=30). Personal PM exposure will be measured as
described in 1B. Furthermore, this project will entail indoor measurements a schools
and resdentid air exchange rate measurements using perfluorocarbon tracers. Pi:
Timothy J. Buckley; Project Period 12/1/98 - 11/30/00; Data Collection Period: 9/99 -
9/00.

Pending: EPA/National Center for Environmental Toxicology and Epidemiology. This
Center will address indoor exposures resulting from motor vehicle emissons and their hedth
risk to adult asthmatics.

A.

Indoor/Outdoor Reationships and Exposure Among Asthmatic Adultsin the
Urban Environment. This study will test two hypotheses: 1) mobile sourcesarea
primary determinant of indoor ar pollution in the urban environment; and 2) among
agthmatic adults living in an urban inner-city traffic corridor, mobile sources are a
primary determinant of ar pollution exposure. This study will conducted in centrd
Bdtimorein aresdentid area south and east of the train Sation. The air pollutants
measured include PM,, PM 1, PM 1o (TSI Respicon™ sampler), NO,, VOCs, and
O;. Sampleswill collected as 24-h periods and related to peak flow measurements
and reported symptoms defined in 2C below. PI: Timothy J. Buckley; Project Period:
1/00 - 1/03; Field Collection Period: 6/00 - 6/02

M obile Source Air Pollution: Biomarkers of Exposure and Effect. Biomarker
development with a project designed to examine markers of polycyclic aromatic
hydrocarbons (e.g., 1-hydroxypyrene) and benzene (e.g., trans, trans-muconic acid)
aswell as biomarkers of oxidative damage. Pl: Paul T. Strickland; Project Period:
1/00 - 1/03; Field Collection Period: 6/00 - 6/02.

Respiratory Health Effects of Exposureto Urban Air Pollution from Vehiclesin
Adultswith Asthma. The primary objective of this sudy is to examine the effects of
short-term exposure to urban air pollution from vehicles on ventilatory lung function and
respiratory systems in adults with asthma. The exposure measurements are described
in 2A. Asthmatic adults subjects (n=50) will be monitored over 14 consecutive days
using 24h integrated measurements. Pl Jouni JK. Jaakkola, Project Period: 1/00 -
1/03; Field Collection Period: 6/00 - 6/02.

Active: Johns Hopkins Center in Urban Environmental Health. To develop prevention

drategies to reduce morbidity and mortality induced by environmenta agents prevaent in urban
areas. Bdtimore City and its environs are our prime target, but our research will be rdlevant to
many urban settings. Project Period: 3/98 - 3/03

A.

Environmental Epidemiology and Human Exposure Assessment. To identify the
environmenta factors associated with increased disease risk in resdents of Baltimore
City. Director: JM. Samet.

Biomarkersand Prevention. To develop mechanisticaly based, validated
biomarkers for use in molecular epidemiology investigations of populations and
individuas a high-risk from environmenta exposures and to use these biomarkers to
asess the efficacy of intervention/prevention strategies. Director: T.W. Kender.
Molecular Toxicology. To conduct research targeted towards a mechanistic
understanding of the toxicologica impact of environmental chemicas on biologic
systems at the molecular level. Director: JA. Yager.



D. Environmental Lung Disease. To understand the role of inhaed pollutants and
dlergens on pulmonary function in humans and experimental models. Director: W.
Mitzner.

E Pilot Project Program. To support innovative new research that supports the mission
of the Center providing preliminary data for the development of competitive research
proposas. Director: M.A. Trush.

Active: Molecular Basis of PM-Induced Respiratory Toxicity. Thelong-term god of

the proposed research project is to € ucidate the molecular basis of particulate matter (PM)-

induced respiratory toxicity. This hypothesswill be tested by usng a human primary airway
epithelid cdl culture sysem asamode to isolate and characterize genesthat are regulated by

PM. Recent advances in the development of high-density cDNA microarrays have facilitated

studies designed to smultaneoudy profile gene expression patterns and clone differentidly

expressed genes related to various biologica processes and diseases. This project isbeing
conducted as a pilot project under 3.E. shown above. P.l.: S.P.M. Redddy.

Active: The Inner-City Environment and Asthma. Thisis an asthma case-control study

where gpproximately 150 asthmatics and 275 controls will be recruited in order to provide

additiond evidence that cockroach dlergy has a causd relationship to asthmaand to asthma
severity. Subjects will include both adults and children. The study is designed to investigate
changes in respiratory function associated with relocation from old to new public housng where
dlergen loading will be measured. The investigators are considering provisons for including
measures of air pollution exposure. P.I. A. Togias, Project Period 4/1/99 - 3/31/04; Data

Collection Period: 4/1/00 - 3/31/03.

Activee VOC Exposurein an Industry Impacted Community The primary god of the

proposed study isto provide exposure information to a community concerned over their health

hazard due to the intendity and proximity of industrial sources. VOC and PM,, 5 will be
measured indoors and on parent / child pairsin 40 homes in the industry-impacted community

(South Bdtimore) and for 25 homesin a contral location. VOCs will be sampled onto 3M

OVM badges while PM,, 5 will be collected usng aMSP™ impactor sampling a 4 Ipm.

Sampling will be conducted over athree day period during two seasons. P.l. T.J. Buckley;

Project Period: 8/1/99 - 7/30/01; Data Collection Period: 9/99 - 2/01.

Pending: Effect of Urban Pollutants on Peripheral Airway Function. Thelong term god

of this research isto identify potentia mechanisms that can account for the clinica

manifestations associated with episodes of high particulate air pollution. A well established
canine modd will be used to examine in the smalest airways of the lung the interactive effects of

co-exposure to respirable particulate matter (PM) and an ambient gaseous co-pollutant. P.1.:

A. Freed.



APPENDIX Il
MULTIVARIATE STATISTICAL TECHNIQUES

Multivariate Calibrations and Data Quality Analyses M ethods

Partial Least Squares. Thetheory and properties of the partia least squares (PLS) have been
extensvely studied and reported over the years[1,2,3]. A brief description of the partia least squares
(PLS2) dgorithm (with more than one dependent variable) will be presented. Thebascideain PLSis
to find a set of latent variables in the measurement variable space (X) that have a maximum covariance
with the dependent variable space (Y). The advantage of this gpproach isthat the latent variable
andysis reduces the number and redundancy in the X block data by compressing the information into a
limited number of components (latent variables). However, it is donein such away asto optimize the
prediction power of the resulting solution.  Thus, linear combinations of the origina variables are found
that are rotated to have maximum ability to predict the Y block. TheY variables contain the
information about the training objects. The PLS modd can be formulated to resemble aregresson
equeation:

Y=XB +E &

where B isthe matrix of PLS regresson coefficients, E isthe mairix of resduas, and X isthe mairix of
independent variables.

Theegimation of B, B, can be obtained through the generdized inverse of X, X*, provided by
the PLS2 dgorithm:

B=X'Y=WP W) Q )

where W isthe matrix of weights of the X-space, Q isthe loadings matrix for the Y -gpace, and P isthe
X-gpace loadings matrix.

To obtain the PLS mode with the best predictive performance, the optima number of PLS
components to be used in the model needs to be determined. Cross-validation will be applied. The
performance criterion is the prediction resdua sum of squares (PRESS). That is, within the training set,
al of the objects are divided into severa subgroups (cdled vaidation sets). For aproblem such asthis
one, we would typicdly create a least 10 vaidation sets. Each vaidation set isleft out of the training
Set and predicted by the modd built from the remaining training objects. The processiis repegted until
al of the validation sets are predicted, and the overall PRESS vaueis caculated. The number of PLS
components corresponding to the minimum PRESS is then used to build the find modd to predict the
additional new test objects.

After the estimation of the regression coefficients, B, isobtained from the training s, the
prediction of dependent variablesfor atest set of objectsis done by:

Yieg = X(esB ©)

Thefina PLS modd can then be used in the prediction of the values of the Y matrix. By
looking at these relationships, we can begin to understand the response of the speciation or FRM
sampler to various composition aerosols. We can aso use the same methodol ogy to understand the
response of one ingtrument like light scattering to other appropriately time resolved data.

Artificial Neural Network Modeling. An atificid neurd network isamathematica mode of a
complex sysem. A schematic diagram of an artificid neura network is shown in Figure 1, where the



large circles are artificia neurons and the connections represent weights that describe the importance of
the sgnd being tranamitted adong a given path. Thus, the net input to a given neuron would be given by

N
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where Inpj isthe total Sgnal being transmitted
from one neuron to the next dong asingle
axon, Wy isthe weight function for that
connection, and @ (x) isatrangfer function.
The conceptud basis for artificid neurd
networks has been in the literature for along
time [4, 5]. However, it was not until Hopfield
[6] introduced the nove concept of non-
lineerity between the total input received by a OVTPUT HAYER
neuron from the other neurons and the output
produced and transferred onward to other
neurons through the function @ (x). The
nonlinear output and the possible feedback
coupling of outputs with inputs gave new flexibility to this old architecture and sparked amgor new
field of interest across a number of disciplines. A detailed description of artificid neurd networksin
chemistry has been provided by Zupan and Gasteiger [7].

HIDDEN LAYER

Figure 6. Schematic outline of an artificid neura
network.

The Neural Network Model. An atificid neurd network (ANN) gpproximates a function of severd
variablesin terms of the functions of one variable and summeation. 1n most ANN applications, a
network [8, 9] with one hidden layer is used (Figure 1):
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where x; is theinput vaue which combine to form avector x, 1 isthe output from the modd, f isthe
function connecting x and y, @ (x) isthe transfer function, usudly asgmoidd function, @ (x) =[1 +
exp(-x)] %, Wl isthe weight connecting theinput i with the hidden layer neuron s, w() isabiasterm
for each neuron in the hidden layer, W isthe weight connecting the neuronsin the hidden layersto the
output layer, w9 a bias term for the output, i=1,...,N isthe counter for input neurons, and s=1....,.Sis
the counter for hidden neurons

For thistype of network, the neurons are digposed in layers without feedback connections
between layers. The transfer function @(x) in each neuron is usualy asigmoid function [8]. It has been
proven by Cybenko [10], Hornik [11,12], Funahashi [13], and Bulsari [14] that such a network alows
an accurate gpproximation to any continuous function in the interval [0,1]. The connection weights are
adjusted during the learning cycles using the error back propagation rule [6, 15]. The updating rule
minimizes the mean square error (MSE) function which is the difference between the initidly known
vaues of the gpproximated function over the discrete set of points and the neura network
goproximation of the function for the same set of points. For each training iteration, dl of the synaptic
weights are updated. The nonlinearizing function used in the neurd net works only with datain the range
[0,1] and therefore the data are range scaled to the [0,1] interval for the calibration data. However,
this does not guarantee that the test set datawill fal in this range and therefore asmdler range is used
for range scding the cdlibration data. The choice of thisrangeis crucid for the functioning of the neurd
net. Calibration works best with the caibration datain the range [0,1], but data can be scaled to meet



this criterion. Although the weightsin the ANN are difficult to directly interpret, there are waysto
linearize the problem and make them more interpretable [16]

Missing Data Values. All of the raw datawill be archived. During the measurement period, some of
the datawill be missng, below detection lime (BDL), or otherwise suspect. These data must be
handled carefully during subsequent satistical andyss. We have ddt with this Stuation in the past and
will use proven techniquesin the proposed study [17][18].

Positive Matrix Factorization

Supposed Y isan by m matrix congsting of the measurements of n chemica speciesinm
samples. The objective of receptor modeling is to determine the number of pollutant sources, say p, the
chemica compositions of each source and the amount that each of the p sources contribute to each
sample. The corresponding factor mode can be written as.

Y " GF%E (6)

where G isan by p matrix of source compositions (source profiles) and F isap by m matrix of source
contributions to the samples. For the Alert data, each sample actudly is aroutine observation aong the
time axis, S0 F isactudly the tempord variation of the sources. E represents the part of the data
variance un-modeed by the p factors model.

PCA isthewidely used technique for solving such a bilinear modd. However, as previoudy
described, Paatero and Tapper [1993] noted that the customary form of PCA is based on unredlistic
assumptions about the errors in the eements of the data matrix, and such assumptions are unlikely to be
reglized in mogt physica or chemicd Stuaions. Conventional PCA is solved by an implicitly weighted
least squares gpproach where weighting is based on such unredlistic error assumptions and thus poor
fits may be produced [Paatero and Tapper, 1993]. Furthermore, thereis no technique to chose a
transformation from infinite candidates which guarantee to transform the abgiract factors of PCA into a
unique, physicaly meaningful solution. Therefore a new technique, PMF, was developed for solving the
same hilinear model and avoiding such problems. In the PMF, sources are congtrained to have non-
negative species concentration, and no sample can have negative source contribution. Also, the error
estimates of the observed data, which are usualy available for the environmenta measurements, were
used asamoreredigtic scaling. The principle of PMF can thus be presented as.

Cn;1’r|1:Q(Y,o,G, F) ™
where
p
& "V & lzjlgnkfkj (8)
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withg, $ O and f; $ O for k =1, ...,p, and 6 isthe known matrix of uncertainties of Y.
Thisform of factorization is quite different from the cusomary PCA. G and F are determined
S0 that the Frobenius norm of E divided by 6 (dement-wisdly) is minimized. According to Paatero and
Tapper [1993,1994], it isimpossible to perform factorization by usng singular vaue decomposition
(SVD) on such a point-wise scaled matrix with inequality congtraints. PMF uses a unique agorithmin
which both matrices are varied Smultaneousin each iteration step. The dgorithm is described by
Paatero [1997a]. The process continues until convergence.



The methods just described andyzes a series of samples analyzed for multiple chemica
condituents at asingle Ste. These data can be presented in a standard matrix. Alternatively, we can
have data from a series of gtes, collected over time and andyzed for multiple species. The resulting
datawould be athree-way array. There are other approaches whereby three-way arrays can be
developed as will be discussed below. When athree-way data array is available, there are different
methods to extend two-way factorization into three-way Stuations. One three-way data analyss
technique fits the data into a trilinear model which is expressed as.

Y " ABC% E (10)
or
Yiik " aghbjhckh % &k fo h* 1,..p (12)

whereY isan x mx q three-way data array, A, B, C are the resulting 2-way factor matrices in each of
three modes and E isthe un-modeled part of Y. Based on the same non-negativity constraints and
minimization criterion, PMF can solve the trilinear modd [Paatero, 19970).

Brief Description of the Multilinear Engine
The Multilinear Engine (ME) [Paatero, 1999] is anew concept for solving avariety of multil-
inear problems. The multilinear modd can be written in the sums-of-products form:
K,

yi.yi%ei.lz] k fi % e (12)
1 jOeg,

where theindex i enumerates the equations which form the model to be solved. Essentidly each
equation corresponds to each of the measured value x. Auxiliary equations can be used to represent
any a priori information and/or some congraints such as smoothing, rotation, etc needed for the
solution. M denotes the number of the equations which is the sum of the number of the measured
vaues and the number of auxiliary equations, if any. Thefitted vduey; for each data point x; is
represented as a sum of product of al factor eementsf; (jOz, ). K; indicate the number of product
termsin each equation. For equations corresponding to pure 2-way PCA and pure 3-way
PARAFAC modd, the values K; equa to the number of factors. The dementsj of the index sets z,
are theindices of those factor eements f; that form the k™ product term of the i equation. ¢ isthe
unmodeled part of datay;.

Determining the best fit to equation (7) is again equivaent to solving the gppropriate
minimization problem:

|i:cn Q(y.f) 13)
where
2
& §
M 2 M ) j
Q. * 3 {e.-} 'jl R',_ljoaﬁ £$0 (01..,N) (14)

where the values 5 are the uncertainties connected with the measurements, typicaly s isthe standard
deviation of the measured vauey;; N isthe number of the eements of dl the factors.

The formulation of the system of equationsin equation (7) is extremdy generd. To facilitate the
understanding of the principle of ME, a system of equations representing a mixed 2-way/3-way model
is provided as amore practical example:



i " 1.0
o 5 j " 1.3
ik ailtikqg’q % r)ilaipbjpckp % &k k ®1..K (15)
p*1.,P
q b 1,...,Q}

The firg term represents a customary Q factor 2-way PCA modd with score and loading
matrices T and G, while the second term is a P factor 3-way trilinear modd withthe A, B, and C
matrices being the three modes, respectively. Hopke et al. [1999] has shown that there are data for
which a mixed mode modd as outlined in Equation 10 provides a superior fit to the data. In equation
(10), yijx and &, have the same meaning as x, and g asin the general equation (1).

The importance of ME isthat it has the same advantages as PMF in weighting individua data
points, but provides a more flexible framework for imposing externd congraints on solutions. Thus,
any information that can be written as an auxiliary equation such as setting specific source contribution
vaues to zero on days when it is known that the source cannot be affecting a sampling site can be easily
incorporated into the analysi's and thereby reduce the rotational ambiguities that otherwise exist in any
factor analysis solution. Thus, we can offer both PMF and ME for solving the source/receptor
modding problem.
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H. BUDGET JUSTIFICATION not to exceed 10 pages.

supplementa budget information,

brief supporting narrative to clearly dexribe the gpplicants funding plan for eecy year upto 5
years

If applicant prposes to provide funding form othe r sources to contribute to the research under
this coop agreement , eg. EOA Particulate Matter Research Centers, then the magnitude , duration, and
use of such funding should be identified clearly.

At minimum, present and explain concisaly ow the proposed annya expenditures for such items
as personne, Sgnificant equipment cods eg., Ste setup, instrument procurement and calibration, travel,
mearuements, analyses, data base preparation , and quality assurance will accomplish the solicitators
research goals.



QUALITY ASSURANCE NARRATIVE

PRINT FORM BUCKLEYS

This multi-investigator, multiple sampling and andlytical method project will be developed with a
carefully designed qudity assurance/qudity control program to ensure that there is comparability among
the various measurements and that we will be able to test the various hypotheses outlined for the
program. For each portion of the program, acomplete quality assurance/quaity control plan will be
prepared.

8. ActivitiesHypotheses

Activities to be performed are to i) collect and andyze ambient PM2.5 samples at two different Sites,
and i) perform preiminary multivariate datisticad analysis to test the hypothesis that sub-hourly sampling
frequencies will provide improvements in source resolution. These activities are directed to meet four
primary objectives linked to seven hypotheses. The primary objectives are to i) provide an extended,
ultra high-quality multivariate data set, with unprecedented tempora, spatid, and chemica resolution,
designed to take maximum advantage of advanced new factor andyss and sate-of-the-art multivariate
datistica techniques. i) provide gppropriate ambient air pollution measurements linked with exigting
exposure and epidemiologic studies in order to eva uate relationships between ambient concentrations
and sources with exposure and hedth outcome; iii) provide large quantities of well characterized urban
PM for retrogpective chemical, physica, biologic analyses and toxicologicd testing, iv) provide sorely
needed data on the sources and nature of organic aerosol presently unavailable for the region, and v)
test the specific hypothesis listed below.

1. Reduced (i.e,, hourly and sub-hourly) sampling/andysis times will immensely improve source
attribution.

2. Various hedth effects of PM are associated with its specific chemicd, physica and time
resolved (but mostly chemica) components that, owing to the vast number of these, a source
based dlocation of ar toxins will provide the most useful information for PM standards and
control (hedth datawill be available from existing and proposed studies in Batimore).

3. Different aerosol condtituents and properties would have different abilitiesto dicit cytokine
responses and that these difference might reflect differences in the extent and mode of action in
producing adverse hedth effects. For example, residud ail fly ash dlicits aresponse largely
attributed to V (despite the presence of larger amounts of Fe), whereas cod-fly ash dicitsa
lesser response.

4, Aerosol age affects the Sze, chemigtry, and hedth effects of PM. Thus spatidly distant upwind,
indudrid area, and center-city aerosols differ sgnificantly in tempord variability and biologicaly
relevant compogtion.

5. Taken together, detailed sub-hourly information of mgor, minor, and trace inorganic and
organic aerosol congtituents, size-resolved aerosol particle concentrations, and cytokine
responses will permit unprecedented resolution of sources of toxic PM components and their
toxic effects.

6. 24-hour and short-term concentrations, cytokine and ROS responses, and health effects of
potentialy toxic aerosol componentsin aress of Batimore that are strongly influenced by heavy
industry measurably exceed those observed in an urban downtown that is weakly influenced by
industria sources.

7. Some acute health responses are more closdaly associated with highly eevated short-term
exposures than they are with 24h averages.



la Criteria of Data Acceptability

Acceptance criteriaare as follows: andyte masses to be determined in filter samples shall be measured
with an overdl uncertainty of 12% or better, including random error (i.e. precision) and bias (i.e,
accuracy), in at least 80% of the measurements. Samples will be sdlected for analysis on the basis of
successful collection, i.e., when the sampling system successfully passes a legk test prior to aspiration of
the sample and sampling parameters are properly recorded. Precision better than +10% is expected,
+20% is acceptable. In generd, we will require £20% precison and accuracy for integrated sampling
methods and 30% accuracy and precision for the direct reading measurements. For some assays such
as the cytokine response and ROS, it may not be possible to eva uate the method accuracy. For al
measurements, we expect complete >90% of our planned measurements.

Our study is desgned to make highly time resolved measurements using severd new innovative
ingrumental methods including the LIDAR, RSMS 11, and SEAS. The results of these measurements
will be compared with the parallel conventionad measurements that are integrated over a 24 hour
interval. For these new insruments/methods we do not yet have estimates on measurement precison.
Thus, estimating the number of samples needed to make comparisonsis not possible & thistime. One
of the initid tasks of characterizing the new monitoring methods will be determine the associated
random and systematic errors. For the new instruments deployed including the, it will not be possible
to assess precision or accuracy of the instrument because they are unique. The instrument measurement
vdidation is provided by supporting methods publications described in the proposa under the
ingrument description.

Ancillary exposure / hedth study measurements including measurements of personad and indoor PM
and related pollutant exposure will be achieve with an accuracy, precison and completeness Smilar to
that identified for the ambient measurements. Measurements of pulmonary function including FEV; and
peak expiratory flow will be achieved with a precison of £10%.

2. Study Design

EQUIPMENT LOCATION GOAL
Non-Urban " To assess the air pollution levels
n=275days” B ckaround entering Baltimore City

Platform 2

To provide time / space / chemically
resolved PM measurements in suppor
of existing exposure and health
studies.

n=90 days

Community Site

To provide time / space / chemically
Principal Urban resolved PM measurements to provid

Supersite general ambient characterization and
to identify source contributions.

Platform 1

To provide time / space / chemically
resolved PM measurements to identify
source contributions.

Industry / Urban
Residential Site

Factor analysis and MLA will be conducted on data for no fewer than 30 samples a each Site.



3. Sample Handling and Custody

A number of measurement systems are direct reading including the LIDAR, RSMS I, SEAS, APS,
integrating nephelometers, SMIPS so that no sample handling is required.

PM Elemental Measurements. Proper identification of samplesis assured by advance preparation
of data collection forms containing spaces for dl parameters to be recorded and documentation of
"chain of command”. Hard copiesof dl origina data are maintained. Quality assurance procedures for
elementd andyses include extensve characterization of field and |aboratory blanks and replicate
andyses. Fied blanks are exposed in identical filter housings, but without air flow, and otherwise
handled as samples. Field blanks will accompany 10% of the durry samples collected. The qudity of
GFAAZ is assured through frequent analyses of NIST Standard Reference Materids (SRM) and
comparisonswith INAA. The quality of INAA isassured through i) rigorous detector calibrations
using multidlement standards, ii) frequent andysisof NIST standard reference materids (SRM), eg.,
SRM 1648, “Urban Particulate Matter,” iii) use of fixed interna cdlibration/county standard (i.e.,
199Cd) on dl detectorsin each and every spectrum, iv) flux monitors with every irradiation, v)
collaborations with NIST to analyze new SRMs, and vi) and continuing personne training.

Samplesfor elemental analysis will be handled in a clean room conditions usng procedures
developed during our EPA STAR Grant and during the College Park and Atlantafield tests. Samples
are tranderred to the UMCP laboratory in Styrofoam coolers. All samples are uniquely identified with
acode assgned at the time of initid substrate preparation (e.g., when they are weighted) for filter
samples and prior to the onsat of sampling for PM suspension samples. To help prevent errors, the
codes contain the date, time, and sampling Stein reedily identifiable format. Thisinformation is
recorded electronicaly and in a notebook, together with the initials of the person collecting the samples.
Following trangportation to the laboratory, receipt of the samples will be recorded in a notebook with
the date and time. The codes are entered into our master data base where they are associated with
sampling data and made available to our new analys's sdection and control program.

Samplesfor cytokine and ROS analysis: PM, s samples will be transferred to vias labeled with a
sequentia number and the date, time and place of collection. The sample number with the collection
information will aso be recorded in a notebook, together with theinitials of the person collecting the
samples. Following transportation of the samples to the [aboratory, receipt of the samplesill be
recorded in a notebook with the date and time. Each sample will then be lyophilized and stored in a
desiccator at -70°C. The location of the samplesin the freezer will be recorded in the |aboratory
notebook.

PM samplesfor organic analysis (GC/M S) arriving from the study dte in cooled storage containers
a FIU areimmediately stored in a dedicated freezer a atemperature £ -21 °C and are subjected to
chemicd anaysiswithin 21 days upon arrival. Fied blanks and laboratory blanks are stored and
handled by exactly the same SOPs as used for the actual samples. Each sample batch to be extracted
will be accompanied by alaboratory blank and field blank. Laboratory and field blanks are used to
identify and monitor possible contaminants and used to suggest suitable modification to sample handling.
Sample datawill be corrected for contaminants observed in both field and lab blanks. Each handling
and andysis gep in the [aboratory is monitored and written records maintained using chain-of-custody
forms, sample receiving log book, cleaning log book, extraction log book, GC/MS log book, standard
and response factor log book, instrument maintenance log book, and others. In addition to the
logbooks, eectronic records such as computer method files, raw datafiles, caibration files, and



processed data files will be maintained. At the end of the project a copy of dl computer fileswill be
gored a FIU and University of Maryland.

4. Methods and I nstrumentation
A more complete description of the instrumentation and method can be found in the proposd.

Elemental analysis will be performed usng aPE modd 5100 GFAA with Zeeman (or pulsed
source) background correction (or inductively-coupled plasma-mass spectrometer with a
microconcentric or ultrasonic nebulizer. Qudity control sampleswill be anadyzed by Insrumentd
Neutron Activation Andyss a UMCP usng sate-of-the art multichannd andyzers.

The cytokine assay will be conducted by immunoassay using a microplate reader. Production of
reactive oxygen species will be measured by fluorescence spectraoscopy using a cytoflour multiplate
reader.

RSMSI1I: Theandyticd procedures are described in the proposa and summarized here. Particles
of anarrow sze range are focused aerodynamically to the source region of amass spectrometer. The
gzethat isfocused can be selected from 10 nm to 2 microns by adjusting the upstream pressure. An
excimer laser beam colinear with the particle beam is periodicdly fired. If aparticleisinthebeam, itis
desorbed and ionized. The ions are andyzed in atime-of-flight mass spectrometer .

Gas chromatogr aphy/ mass spectrometry (GC/M S) andyses will be conducted with high
sengtivity. Here, aHP 6890 GC interfaced with a HP5973 MSD will be used for sample extract
andyds The sengtivity of the insrument will be vaidated throughout sample andyses by conducting the
HP sengitivity test, which includes the injection of 1 ml of octafluorongphthaene with a concentration of
1pg/ml. If sengtivity is judged to be inadequate, corrective actions will be taken. For al standards
available, the indrumenta detection limit will be determined and routingly controlled. 1-Phenyldodecane
will be used as coinjection standard. Before solvent extraction, al filter, and PUF samples will be
spiked with an interna standard mixture of up to seven perdeuterated recovery standards that are
necessary to obtain for each individud sample the extraction efficiency. Identifiable compound peaks
are identified and quantified using authentic andards, as far as such sandards are commercialy
available. Using extraction efficiencies determined for the interna standards, single compound recovery
ismonitored and used to correct for extraction losses.

Standard operating procedures (SOPs) for the anadysis of trace organic compounds are in place and
follow in essence ANSI/ASQC E4 as specified in EPA QA/R-5 and mentioned in EPA QA/G-4.
Whenever Sate-of-the-art scientific knowledge becomes available, such knowledge is incorporated
into SOPs with each revision. In short, quaity assurance procedures for the identification and
quantification of organic trace speciesin quartz fiber filters, and PUFsinclude the andlysis of field
blanks and laboratory blanks together with the actud samples. Fidd blanks consst of collection media
transported to the fidld, ingtaled in the sampler, but not exposed to airflow. Only high purity solvents
will be used for the chemicd extraction. The solvents will be andyzed for potentia contaminants before
use. All glassware used for sample handling, extraction, and solvent handling will be annedled at 250 °C
for a least 8 hours after being cleaned, solvent rinsed, and packed in clean and anneded (550°C)
auminum foil. Before actua usage, each glass item isrinsad repeetedly with high purity solvents.

TheLIDAR system has been used in numerous fidd studies, including city aerosol studiesin Mexico



City, Barcelona Spain (during the Olympics), Albuquerque and Las Cruces, New Mexico. It hasaso
been used to track aircraft and missiles from their exhausts and to study clouds over the ocean as part
of the Cepex studies. In dl these studies, two detectors mounted in the periscope sample the outgoing
laser pulse and produce signals which are used to correct for pulse-to-pulse variations in the laser
energy and dso serve as atiming marker to start the digitization process. Pulse averaging is used to
increase the useful range of the system. A series of pulses are summed to make asingle scan. A
number of scans are used to build up atwo or three-dimensional map of relative atmospheric aerosol
concentrations. The plan isto take the data at the maximum collection rate possible and process the
data off line.

5. Calibration and Performance Evaluation of Sampling and Analytical M ethods

A technica system audit (TSA) isthe evauation process used to measure the conformance of a
measurement system to the criteria defined in the QAPP for a particular project. The TSA isa
quditative assessment of the measurement system that may be used to confirm that project
implementation is occurring as planned. TSAs may be either salf-assessments or independent
asessments. [n ether case, the auditors/reviewers must have sufficient freedom, access to programs,
and authority to: 1) identify and document problems affecting quality; 2) identify and cite noteworthy
practices, and 3) propose recommendations (if requested).

The RSM S 111 will berunin pardle to andyze broader sze ranges of compostion and the
composition of many of the same compounds that RSMS-I1 will andyze. A mass baance will be
performed between the RSMS-11 measurements and those of other complementary instruments during
the program.

The cytokine bioassay day to day measurement variability will be assessed from NIST SRM 1648
(urban particulate matter) included in each test run. Bioassays conducted on different days with
different samples will be comparable to each other if the results obtained with the SRM particles vary
by less than 10%.

Flow calibrations of ambient sampling flow meterswill be conducted according to standard
procedures before and after field measurements are made. Samplerswill be cdlibrated in the field using
a secondary reference eectronic volume flow meter whose cdibration is tracegble to a NIST standard.
Proper sampler operation is assured through the use of qudified personnel, preparation of detailed
operationa protocols, use of equipment check lists and logs, fidld cdlibrations, and regular Ste

ingpections by the P.
6. Proceduresfor Data Reduction and Reporting

Datavdidation is the process by which data are filtered and either accepted or flagged for further
investigation following a predetermined set of criteria based on the study objectives and the type of data
being examined. These procedures will be performed as soon as possible after data collection so that
guestionable data can be checked by recdling information on unusua events and on specific
meteorologica conditions that may have affected the environment being sampled. All of the project
datawill be put through appropriate validation procedures before being andyzed. Vadidation
procedures will be used to identify problems that then result in prompt gpplication of corrective actions.
Such an iterative process will lead to a higher rate of capture of acceptable qudity data.



Four different modes of deta validation will be exercised:
! Routine check and review procedures which should be used to some extent in every
data validation process,
! Testsfor internal consistency of the deta,
1 Tedts for congstency with previous data, (historical or tempora consstency), and
! Testsfor congstency with other data sets, collected at the same time or under smilar
conditions (consistency of pardle data sets).
Datawill be examined in avariety of ways including grgphica displays, ample univariate, and
multivariate methods & four levels: .
Leved I. Routine checks made during the initia data processng and generation of data, including
proper datafile identification, review of unusud events, review of fidd data sheets and
result reports, ingtrument performance checks and determinitic relationships.

Leve II. Tedsfor internd consstency to identify vaues in the data which appear atypica when
compared to values of the entire or whole data .
Leve IlI. Comparison of the current data set with historical datato verify consstency over time.

Thisleve can be considered a part of the data interpretation or analysi's process.

Leve IV. Tedsfor pardle consstency with data sets from the same population (region, period of
time, air mass, etc.) to identify systematic bias. Thislevel can dso be consdered a part
of the datainterpretation or analys's process.

The Levd | vaidation will be done by the field personnel overseeing the data collection. Levd 1l and

Leve 111 will be performed before the data are entered into the database. Levd IV andysisis part of

the data andyss and interpretation work that will be performed to compare the results of the various

measurement methods.

For the RSM S11, we have used anumber of Satistical chemmometric techniques to identify and
classfy gpectra, such as ARTs. Since the instrument is new and has not been used extensively in the
fidd previoudy, data andyss and reporting methods will be devel oped.

Elemental measurement accuracy and precision will be evauated based on repeated andysis of
spiked samples and from the anadlyss of sandards. Elementa andysis results will be expressed in ng
nt3 of air at actua temperature and pressures. All andysis data are “blank” corrected and reported
aong with their one-standard-deviation measurement uncertainties propagated from counting statistics,
replicate measurement standard deviations, blank uncertainties, and sample volume messurement
errors, as appropriate.

Cytokine results will be reported as ng of the cytokine (IL-6, IL-8, TNF&, or GM-CFS) produced
per hr per 10° cdls/mg particles. The production of ROS will be reported as the change in absorption
per hr per 10° cellsmg particles. The assays will be conducted in duplicate and the results averaged.

Statistical analyses to be used in the study are described more completely in the proposd. Data will
be reviewed using descriptive statistics / univariate procedures as a preiminary assessment. More
advanced multivariate factor methods will be used to test hypotheses.

7. Intended Use of Data
The datawill be used to identify source-receptor relations and to help identify particulate compounds

which may have adverse hedth effects. More specificdly, the cytokine bioassay will be used to
determine whether the immunomodulating capacity of PM, 5 samples correlates with the concentration



of metdsin the samples. The ability of the assaysto serve as monitors of immunoactive particlesin ar
will dso be determined.

8. Proceduresto Evaluate Study Success

Study success will be evaluated based on the precision, accuracy and completeness of the data
collection according to the criteria specified in no. 2 above and upon the ability to achieve the stated
research objectives. The QA/QC objectives will be evauated through periodic audits. Our ability to
achieve the research objectives will be evauated during meeting of study investigators and with the
advisory committee.

0. Peer Review of Study Design

We plan to assemble an advisory committee to include expertisein: 1) air pollution epidemiology, 2)
toxicology, 3) policy/regulation (State and federd), 4) atmospheric chemistry (with expertise in network
design and source dtribution), and 5) meteorology. We will work with this advisory committee and our
collaborators to improve the study design and coordinate our measurements. These activities will take
place early in the project to maximize the benefit.
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