Assistance Agreement Quarterly Report: 4" Quarter

Date of Report: December 30, 2000

Agreement No: R82806301

Title Baltimore Supersite: Highly Time and Size Resolved Concentrations of
Urban PM 2.5 and its Constituents for Resolution of Sourcesand Immune
Responses

Investigators: J. M. Ondov, Department of Chemistry and Biochemidry, University of Maryland,
College Park, MD; T. J. Buckley, School of Hygiene and Public Health, Johns-Hopkins
Univeraty, Bdtimore, MD; P. K. Hopke, Clarkson Univerdity, Potsdam, NY; M. B.
Par lange, Johns-Hopkins Universty, Batimore, MD; W. F. Rogge, Department of Civil
and Environmentd Engineering, Horida Internationd University, Miami, Horida, K. S.
Squibb, Department of Pathology, Universty of Maryland a Bdtimore; and A. S.
Wexler, University of Delawvare, Newark, DE

Ingtitution: Depatment of Chemistry and Biochemidry, University of Maryland, College
Park, MD

Research Category: Particulate Matter Supersites Program
Project Period: January 15, 2000 to December 31, 2003

Objectives of Research: Our primary objectives are to i) provide an extended, ultra high-qudity
multivariate data set, with unprecedented tempora resolution, designed to take maximum advantage of
advanced new factor analyss and state-of-the-art multivariate Satistica techniques; ii) provideimportant
informationon the potentia for hedth effects of particlesfromspecific sourcesand generic types of sources,
iii) provide large quantities of well characterized urban PM for retrospective chemica, physicd, biologic
andyses and toxicologica testing, iv) provide sorely needed data on the sources and nature of organic
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Progress Summary/Accomplishments

We continue to hold weekly PI teleconferences on an as-needed basis. We conducted our second
External Science Advisory Committee Teleconference on December 4", 2000. This encompassed a
thorough review of the project induding substantive discussion of project changes which are outlined in



Appendix A. We have participated in the McMurry tel econferences on aerosol measurements (especidly
concerned with the issue of relative humidity during sampling) and in the recent Eastern Supersites
conference cdl organized by Dr. Paul Solomon. Professor Hopke continues to participate in regularly
scheduled teleconferences regarding harmonization of AQ across the Supersites and has begun work on
the project QAPP. Professor’'s Rogge and Ondov have participated (Rogge, regularly) in the
teleconferences on organic anayss methods.

Project Changes. The following changes were discussed during the ESAC teleconference of 12/4/00:
Organic sample andlyss strategy; Laboratory-only andyds of SEAS samplesby GFAAZ; and redlocation
of resources for intensve sampling campaigns. Summaries of these are given in Appendix A.

LIDAR. Some preiminary measurements were made with the JHU three-wavelength LIDAR from the
Homewood campus. The instrument was returned to the manufacturer, however, to diagnose and repair
apossble laser mafunction. JHU isdevel oping an dgorithm to determine the atmospheric boundary layer
(or mixing layer) height from LIDAR data. Threedifferent methodsare currently being evauated, namely
the contour method, the one-si ded derivative approachand the standard deviationmethod. Datatakenwith
the JHU LIDAR for a very convective aimosphere has been used to determine the accuracy of those
methods. The results are very sstisfactory. Not only the average height of the ABL has been determined
with good accuracy, but aso the shape of the top of the ABL amost resembled the actua shape with its
strong undulations. JHU is aso development a new method for the inversionof the LIDAR equation. A
new method to invert the LIDAR equation has beentested with experimental data. The method furnishes
the LIDAR congtant as well as the extinction coefficient and the backscatter coefficient profiles. The
method proved to bevery stable. Currently, further improvement of this method (“two-angle method”) is
underway.

SEASImprovements. Wecontinue making improvementsto the Universty of Maryland Semicontinuous
Elementd Andyss sysem(SEAYS). Specificdly, we have completed additiona testing of theSEAS steam
Injector, condensor and virtual impactor modules. Extensve modifications to the steam injection system
provide durry volumes proportiond to the concentration of the ambient aerosol. In previous versons of
the SEAS the amount of steam injected into the system to achieve afixed supersaturationof 1.8 hasbeen
controlled usng the temperature of the mgor flow after the virtua impactor and ambient rative humidity.
Test measurementswitha TSI APS 3022 have shown, that ardative humidity of at least 93 % is necessary
to provide the target aerosol droplet distribution at the virtual impactor. The amount of water vapor
necessaryto achieve this rdaive humidity ismodified by the ambient aerosol particle number concentration
and by the temperature difference between the SEAS (operated at fixed temperatures) and the ambient
ar. Furthermore, the amount of steam injected into the system must be kept as low as possible to avoid
the formation of droplets without aerosol due to homogeneous nucleation. A second rH sensor has,
therefore, been added to measure the rdaive humidity of the mgor flow of the virtua impactor. The target
supersaturationis now adjusted by the SEAS software every 30 minutes(i.e. after eachindividud sample)
to maintain ardaive humidity of 95 % rH a the virtud impactor. With these modifications we get:
a) A relaive humidity of 95+ 2 % rH at the virtua impactor.



b) No durry from filtered air (i.e. no homogeneous nuclegtion).
C) A durry volume proportiond to a particle number concentration for ambient air.

The virtud impactor of the SEAS has been operated previoudy at 5% minor flow rate resulting ina cutoff
diameter ds, of 1.7 um. Measurements withfluorescent PSL particles and with the APS have shown that
the cutoff diameter can be shifted down to 0.7 um using aminor flow of 15 % of the totd flow rate. This
decrease of the cutoff diameter resultsinanimproved collectionefficiency for aerosol droplets created by
condensationd growth of ambient aerosol particles by the SEAS. Due to this modification the collection
efficency for hydrophobic PLS (0.089 pum — 1 um) has increased from 38 % to 70 %. (Note that
hydrophobic PSL particlesareaworst case Smulation. Hydrophobic particles contribute only 20% to 30%
to the ambient aerosol particles. Thus the collection efficiency for “red” ambient particlesis larger than 90
%)

As described in the previous report, we have decided to move ingrument control from the CR23X data
logger platform to a LavView-driven PC. The control programs are now written, new input and output
PC boards were ingtalled, and the systemwastested. The SEAS hasbeen operated successtully for atest
period of three weeks without downtime to software problems.

Single ParticleM S. Dr. Tony Wexler and colleagues tested the new instrument design at Houston, and
achieved 75% operational efficdency. They have incorporated Philip Hopke's particle classfication
dgorithm in the instrument computer and sucessfully tested it at Houston. Almogt al of the long-lead time
parts have arrived, and most of the rest are scheduled to arrive in the next two weeks. The only itemsthat
are not scheduled for ddlivery yet are the turbo pumps. Dr. Wexler was to accept them next week but
canceled ddivery because heisable to reduce power consumptionof the insrument with a different turbo
pump configuration. They plan on finaizing that order next week. Verson 1 of the data acquisition
software was completed and tested at the Houston supersite. Version 2 of the software, with complete
laser contral, is underway and the firgt tests have been completed successfully. A new nozzle design has
been built. Pressure tests show that they will be able to reduce power consumption below their origind
edimatesif the nozzle is able to tranamit particles successfully. Those tests will occur soon.

Cytokine Assays. Two cdl lines, RAW 264.7 mouse macrophage cdls and A549 human lung epithdid
cdls (fromATCC) are being used to determine the response of these cdllstoin vitro exposures to urban
ar paticulate matter samples.  The purpose of this work is to establish a sengtive bioassay of the
“immunoreectivity” of ar particlesthat can be used asa predictor of hedtheffectsinar monitoring studies.
Therdease of cytokines(IL-6, IL-8, GM-CSF and TNFa ) inresponse to exposureto standard particles
(SRM 1648 and SRM 1649a) and urban ar particles collected from Bdtimore and Atlanta are being
measured in both cel types to determine whether they respond smilarly, and to the sengtivity of their
response. Results indicate the macrophage do not release measurable levels of IL-6 and TNFa in
response to particle exposure, while the A549 cell response was measurable by the standard ELISA
assays. At this time, it appears that the A549 cdlls will be the better cdll line to use for the bioassay,
however studies are underway to determinewhether priming of the macrophage by pretreatment withINF-
gammawill increase the macrophage response. Other Equipment. We have decided to build our own
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systems for collection of high-volume aerosol samples for detailed organic compound andysis and
UMCP/FIU have arived at a sampler design. We have assembled specifications for a data server
computer to store the superdte data. The machine will initidly have aRAID 5 array of five 72GB drives
and will have capacity for another five 72 GB (or larger next year) hard drives.

Laboratory Trailers. We have prepared detailed specifications for purchase of our two laboratory
traillersand have obtained some initid bids. The least expensve to date is more than we think we need to
pay and we are negotiating with another vendor.

Website: Our Static Web ste has been placed on line at: www.chem.umd.edu/supersite

Color maps of the Batimore Regionhave beenprepared in ARCVIEW and loaded onto our website. The
mapsshowmajor PM emissonsources (obtained fromthe EPA AIRS data base), metdlsemissonsources
(TRI data), and estimates of emissons as wdl as the location of our sampling sites and key streets.
Recently, we ve added aste planfor the supersite at CliftonPark; our position papers onthe RH issue and
dlocation of intensgve resources; the efficiency curve for the UMCP dl glassinlet impactor; SEAS data
taken at College Park, MD, showing resolution of sources; and a 2-D scan showing relative particle
concentration data showing traffic pollution over Batimore streets. Various ingrument SOPs are dso
located on the website (see below).

SOPs/QAPP. Hopkeand Ondov have completed thedraft version of the Quality Assurance Project Plan.
SOP</RPs for SEAS, aerosol durry collections for cytokine assays, Lidar, and single particle Mass
gpectrometry have been completed. SOPs/Research Protocols for the Climet, SMPS, TEOM SEAS
Chemigtry, Bioassay, and RSM S (single particle mass spectrometry) are on our website.

Site Permission and Preparation. Dr. Ondov met with Tom Jeanette of the Baltimore Parks Department
and we have received permissonfor accessto thissite. A detailed Site plan wasdrawn up (see our website)
and thiswas submitted to BG& E. Drs. Ondov and Tuch met with BG& E and finalized power requirements
for the Clifton Park ste. A 1000 A at 240V sarvice will be ingaled with separate metersfeeding NIST,
MDE, and the UMCP supersite trailers.

Coordination with M DE and neighboring states. We have had severd communications with MDE
about the Clifton Park Site; i.e., power and Site layout of trailers. In addition we have been in contact with
Ted Erdman (Region |11 Chief) and Michadl Zuvich (Pennsylvania Dept. of Environmenta Protection) to
discussthe alocationand scheduling of speci ati on samplers and what measurementsthese will provide. Ted
Erdman has indicated that Speciation Measurements will encompassthe fallowing: PM massand dements
by XRF on Teflon filters ions (sulfate, total nitrate, ammonium, sodium, and potassum) by ion
chromatography on Nylonfilters, and EC/OC and carbon speci esasdetermined viatherma -opticd andyss
of quartz filters.

Previoudy, Drs. Ondov and Tuchmet withsevera Maryland MDE representatives and Rolf Zeider from

NIST to discuss resource alocations and power requirements at the Clifton Park Supersite. Victor Guide
from EPA Region |11 dso attended. Pending written authorization fromRegionlil, MDE agreed to move
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their PAMS site to Clifton Park for the duration of the Supersite Project. PAMS meausrements include
VOC canigter collections during the ozone season, as well as semicontinuous chromatographic VOC
measurments. MDE agreed to provide the requested FRM, Speciation, and continuous mass monitoring
equipment. These systems will be operated on a1 in 3 day bass (every day during intensve sampling
campaigns) by UMCP and MDE personnel.  Subsequently, Ted Erdman has provided authorization by
emall for the purchase of two sets of speciation samplers, analys's of samples, and purchase of a continuous
PM2.5 monitor. We are now engaged in discussions with Region I1I, MDE, and PA regarding the
possibility and desirability of having funds provided to upgrade MDE’' s and PA’s 50°C TEOM samplers
to operationd capability at 30°C. Washington, DC, usesaCAMM S unit at ther McMillan Reservoir Site,
and has no TEOMs anywhere. Thus, we support MDE' s desire to purchase a CAMMS for deployment
a our supersite in Bdtimore.

Personnel Changes. Dr. Patrick Pancras arrived on November 1% and has begun assuming project
andytica duties. Dr. Yu-Chen Chang will join the UMCP Supersite Team on January 16", 2001. Dr.
Wexler has moved to UC Davis and will finish work on the Single Particle Mass spectrometer there. Dr.
Johnston will continue instrument development activities a the University of Delaware.

Publications/Pr esentations/meetings:

No publications have yet been prepared. Dr. Ondov visited Professor Thomas Cahill’ s laboratory at UC
Davis and aso visited the Berkeley Synchrotron X RF fadility during the week of December 4™, 2000. The
purpose was to assess gpplicability to the Batimore Supersite Project and obtain information needed for
the QAPP and andytica SOP.

Future Activities:

1 Wewill continue to hold weekly PI teleconferences as needed.

2. Dr. Ondov will vidit Professor Philip Hopke to investigate gpplications of factor andysis modelsto
SEAS data already collected at College Park, MD.

3. We will attend Supersite coordination mestings.

4, Additiond Ingruments to be purchased include: Continuous Sulfate monitor (R& P estimates that
these will be ready to ship in January, 2001); Drum impactors (we are working with Dr. Thomas
Cahill onthis); and our high-volume organic sampler. Weexpect towriteapurchaseorder for these
by the end of January, 2001.

5. The Badtimore Supersite project will initiate its 12-month field study on or about 1 May, 2001.

Supplemental Keywords: Single Particle Mass Spectrometry, ROS, Cytokine, Receptor Modeling



1. Intensive campaigns

Primary purpose:
Origind Proposd:

Revised Proposa:

Reasons:

APPENDIX A: PROJECT CHANGES

i) gather source profiles, i) support JHU exposure/epi sudies
two (winter/summer) 45-day intensives at urban indudtrid ste

one 30-day intensve at urban indudtrid Ste;
two 30-day intensives at urban supersite

Dubious advantage to winter campaign at indugtria

Allows for short-term Filter/PUF, 8-stage RTI, and dally FRM
sampling a urban Ste;

Continues to Support JHU exposure/Epi studies

Moving intensve up to May gives i) bendfit of source prafile
informationin selecting samplesfor retrospective analysesand Need move
equipment only once

Allows for intengves at urban supersite (Clifton Park) for
comparisorn/coordination with other Eastern SSsin July intensive

2. Organic Sampling Strategy

Origina Proposd:

Purpose:

Problem:

Revised Proposal:

Five 24-hr samplesmonth @ 113 LPM, separate Filter/PUF

andyses

Consecutive 1 to 2 hr samples/@ 500 LPM; retrospectively andyze 90
separate Filter/PUF samples.

Collect/andyze afew denuder/Filter/PUF samples,

Andyze afew Bulk PM2.5 samples

Explore nature of organic compounds present
Provide data for source attribution
(We originaly intended to obtain annual mean concentrations)

Origind Proposal provides too few samples to effectively use advanced

datigtical andyses. It providesdatafor trangtion periods (non winter and

non summer months) but these are not judged to be terribly useful.

Fve consecutive 24-hr samples @113 LPM for two months (i.e,

during intendves), extract and andyze Filter/PUF samples

together.

Collect consecutive 3-hr samples @500 LPM during 2 intensives.
Analyze 104 combined Filter/PUF samples (13 days worth per

intengve + blanks.



Collect/andyze denuder/Filter/PUF and Bulk PM samplesas  specified
above.

3. SEAS
Declineto fiedld GFAAZ a dtes. Little advantage. Creates QC/QA inconsistency between near-
redl time and retrogpective andyses, Can process more samples for complete suite of eements at
UMCP lab., dlows better support of Pittsburgh and St. Louis Supesites. Could consider fielding
GFAAZ near end of field project.

Inlet 9ze cut: We are consdering PM1.2 inlet. RE: removal of coarse dust component for
improving source resolution and improved andyticd efficiency. Have sharp-cut glass 1.2 :m
cyclone avalable. Fina decison will be made after the new SPMSiinlet is calibrated and tested.



