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1.1 Preface

This Quality Assurance Project Plan is submitted in fulfillment of the following U.S. Environmental
Protection Agency (EPA) quality assurance project plan requirements of EPA Cooperative Agreement
number R82806301 (EPA award date: January 15, 2000).

Contact:
John M. Ondov, Lead PI, Department of Chemistry and Biochemistry, University of Maryland
College Park, MD 20742; 301 405 1859 (voice); 301 314 9121 (fax);
jondov@wam.umd.edu

Philip K. Hopke, Quality Assurance Manager, Clarkson University, Box 5705, 8 Clarkson
Avenue, Potsdam, NY 13699-5705 USA, 315 268 3861 (voice); 315 268 6654 (fax),
hopkepk@clarkson.edu
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2.3 LIST OF ABBREVIATIONS
CPC - Condensation Particle Counter

EC - Elementa Carbon
EPA - Environmenta Protection Agency

FA - Factor Andysis
FRM - Federa Reference Method

HVOS - High-Volume Organic Sampler
LIDAR - Light Detection And Ranging

MDE - Maryland Department of Environment
MQO - Measurement Quality objectives

OC - Organic carbon

OPC - Optica particle counter
OPS - Operétions

OS - Organic Speciation

Pl - Principle Investigator
QA - Quality Assurance

RDI - Rotating Drum Impactor
ROS - Reactive Oxygen Species

S Subdaly

SC - Semi Continuous

SEAS-Sequentid Elementsin Aerosol Sampler
SPMS - Single Particle Mass Spectrometer

UM - Universty of Maryland
UMUHVAS - Universty of Maryland Ultra High Volume Air Sampler
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4.0 QA PROJECT PLAN GOALS

The Batimore Supersite Project encompasses an enormous number of sophisticated
measurements ranging from well specified Federal Reference Method monitoring to research- grade
fidld measurements with new state-of-the art instruments, to innovative new laboratory andyss methods
and applications (e.g., short-term in vitro toxicology assays). The gods of the QA plan areto
document the framework needed to ensure that:

! the measurements to be undertaken will adequately support the project objectives
regarding data collection and hypothess testing,
data collected are of the highest quality that can be reasonably expected,
the qudity of the datais known,
the data and its quality are adequately documented, and
the data are adequatdly preserved and rendered in available form.

Additiondly, this QAPP documents changesin alocation of resources, sampling, and analytica
strategies made since the submission of the project proposd.

5.0 PROBLEM DEFINITION AND BACKGROUND
5.1 Overview

Recent epidemiologic studies have shown that short-term increases in urban particulate air
pollution are associated with increased mortaity and morbidity from respiratory and cardiovascular
diseases. The studies suggest that non-accidenta deeth rates in cities corrdate with daily levels of
respirable aerosol particles, even at particulate concentrations below the current Nationd Ambient Air
Quadity Standard. Mortdity victims tend to be ederly, with pre-existing respiratory disease, and
individuals with asthma appear to be a higher risk. Other studies have established alink between levels
of airborne particles and respiratory symptomsin children and hospital admissions for bronchitis,
aghma and pneumonia. The precise mechanism by which air particles exert their toxic effectsis not
known. However, recent evidence suggests strongly that particles sufficiently smal to reach the aveoli
of the lung may directly initiate (or exacerbate) irritation of respiratory tissues by simulating loca cells
to release reactive oxygen species (ROS; e.g., hydrogen peroxide and superoxide free radicas) and
inflammeatory mediators, such as cytokines. Experimentd evidence strongly suggests that a release of
cytokines and ROS by dveolar macrophage and lung epithelia cells contributes to the toxic effects of
particulate air pollutants.

Many components of ar particles could play arole in stimulating respiratory cellsto produce
cytokines and ROS. Possible candidates include endotoxin, minerd oxides, water-soluble metals;
diesdl soot and/or its components, polar organic compounds (OC, e.g., produced by atmospheric
oxidation of volatile OC), and the ultrafine aerosol particles. Recent sudies indicate that, of these,
water-soluble inorganic compounds seem to exert the most profound effects and demondirate that
cytokine and ROS responses by respiratory cellsin culture are good indicators of in vivo responses to
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particles. These assays, then, provide us with a means of predicting key toxic response one would
expect to see in inhalation studies and in humans exposed to these particles. By determining the
immuno-reactivity of particlesin ambient air, one can begin to identify key sources that should be
targeted for regulation to achieve areduction in health effects of ar pollutants.

Primary particulate mass emissions from High Temperature Combustion Sources (HTCSs) are
emitted in narrow accumulation aerosol peaks with geometric mean diameters between 0.1 and 0.3
:m, and are observed in this size range in ambient Sze spectra of their marker eements. Onceinthe
atmosphere, these particles grow by capturing water vapor, sulfur dioxide (which becomes converted
to secondary sulfate) and various other materials of secondary origin, including polar organic
compounds. Thus, older or more highly-processed aerosol particles are substantiadly larger, i.e., with
geometric mean sizestypicaly between 0.4and 1 -m.

Bdtimore is a populous and important, mid-Atlantic, industria degpwater port city, located 50
km north of Washington, DC, and 150 km east of the Appaachian mountains. A mere two hour drive
to Philadelphia and four hoursto New Y ork, Batimore is amgor transportation thoroughfare between
populous southern and norther cities. Batimore is an excdlent choice to study the properties of loca,
regiond, and interregiondly trangported aerosol emissons affecting urban air quality and investigating
hypotheses regarding aerosol age, time-resolved sampling, and toxicologica response. Like much of
the Northeast, PM air qudity in Bdtimoreis heavily influenced by secondary sulfate formed during
trangport of sulfur emissions from the heavily indugtria Ohio Valey that lies >300 kilometersto the
west. Air traveling from the Ohio Vdley is orographicaly projected by the Appaachians 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 emissons by particle
sze and by chemica
CompOSItl on. PM10, 502, and YOI Emissign Seurecs (tansdyear]

Bdtimore air qudity is
aso influenced by urban
emissons in Washington, DC
and a clugter of coa-fired

power plants, and municipa
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the Potomac River extending ;m:":::n““""
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immediately adjacent to popul ous neighborhoods. In dl, the South Batimore/Dundak area contains
>40 indudtrid fadilities, induding 16 chemica manufacturing plants; 5 bulk materids shipping terminds,
2 medicd wagte, 1 municipd, and 1 dudgeincinerator, 6 land fills for sorage of domestic and
indugtrid, including hazardous, waste; the nation’s largest Y east Plant, a rendering plant, an automotive
painting plant, and amgor Sted plant. In addition to industria sources, emissions from some 30,000
heavy diesd vehicles using the City’ sthree mgor toll facilities (Ft. McHenry, Harbor Tunnd, and Key
Bridge) each day adds to the areal sair pollution problems.

Mean and max PM 10 concentrations in south Bdtimore (Fairfield) substantially exceed those
obsarved in rural and suburban aress of Maryland by as much as 50% (In 1997, means were31 :g/n?
at Fairfidd vs. 17 to 20 :g/n; maximawere 86 :g/n? at Fairfield versus 50to 70 :g/m? at rurd and
suburban sites. Tota aerosol carbon concentrations in summer range from to 2 to 10 -g/n?. About
20% of thisis elementad carbon while the remainder is characterized as organic carbon by thermal-
optical andysis. During the AEOLOS intensive of August, 1995, concentrations of Ca, Cr, Hg, Ti, Cl,
Mn, Mo, Sh, and Zn measured in east Batimore during winds from the direction of the BRESCO
municipa incinerator, exceeded those measured upwind of the City by from 10 to >20-fold [Gordon,
1988; Ondov and Wexler, 1998]. In samplesinfluenced by winds from the Bethlehem Stedl plant and
sourcesin Hawkins Point, Cr, Fe, Mn, Sb, V, and Zn concentrations exceeded those outside the city
by from 2- to 150-fold [Macigczyk, 2000]. Lastly, 10-fold enrichmentsin PAH concentrations are
observed in the Curtis Creek area, presumably due to the high dengity of motor vehiclesin the area
[Baker, 1991]. While there may be other factors, it is, perhaps, poignantly relevant that the percentage
of obgtructive pulmonary disease deaths in the South Batimore areais nearly 1.7-fold greater than for
the whole of the city [Batimore City Hedth Department, 1995].

The problem to be addressed by the Batimore Supersite Project isto ducidate the
contributions of the key sources and key aerosol particle components/metrics responsible for acute
human hedth effects asindicated by in vitro inflammatory response measures.

5.2 Objectives

Primary objectives are to i) provide an extended, ultra high-quaity multivariate data set, with
unprecedented temporal resolution, designed to take maximum advantage of advanced new factor
andyss and gate-of-the-art multivariate statistical techniques; i) provide important informeation on the
potentid for health effects of particles from specific sources and generic types of sources, iii) provide
large quantities of well characterized urban PM for retrogpective chemica, physicd, biologic andyses
and toxicological testing, 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 sudies
to achieve enhanced evaluation of hedth outcome-pollutant and -source reationships, and vi) test the
following specific hypothess

1. Reduced (i.e., hourly and sub-hourly; three-hourly for organic compounds) sampling/andysis
times will immensdly improve source attribution.
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2. Vaious hedth effects of PM are associated with its specific chemica and physica (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.

3. Different aerosol condtituents and propertieswill have different abilities to icit the rlease
of cytokines and ROS by cultured cdls and that these difference will reflect differencesin the
extent and types of adverse hedlth effects.

4. Aeros0l age affectsthe size, chemigtry, and hedth effects of PM. Thus spatidly distant
upwind, industrid area, and center-city aerosols differ sgnificantly in tempora variability and
biologicaly rdevant composition.

5. Taken together, detailed sub-hourly information of mgor, minor, and trace inorganic and
organic aerosol congtituents, size-resolved agrosol particle concentrations, and cytokine/ROS
in vitro 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 areas of Batimore that are strongly influenced by heavy
industry measurably exceed those observed in an urban downtown ste that is weakly
influenced by industria sources.

7. Spdid didribution of various fine aerosol particle condtituents are highly inhomogeneous due
to both variations in sources and regiond circulations.

5.3 Project Organization

5.3.1 Project Management and Responsibilities. A project organizationd chart is shown in Figure
5.2 and isdescribed asfollows. Aslead PI, Dr John Ondov (UMCP), is responsible for overal
project management, integration of individua project components and coordination of the find synthesis
of theresults. Ondov isasssted by an interna steering committee composed of the individud co-
investigators, through frequent telephone conference and email communications, and by an externd
advisory committee, comprised of air pollution monitoring, epidemiology, toxicology, and
policy/regulatory experts from the scientific community at large and EPA. Day-to-day operation of the
project is the responsbility of Dr. Thomas Tuch, Senior Aerosol Scientist. Dr. Patrick Pancras has
been hired to serve as project andytical chemist and is responsible for coordination and day-to-day
performance of andyticd work. Drs. Tuch and Pancras are assisted by a Graduate Research
Assgtant, Jennifer Moore (UMCP), and Markus Pahlow, graduate research assistant at JHU, during
intensve sampling campaigns.
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Drs. Anthony S. Wexler (UC Davis) and Murray V. Johnston (Univ. Delaware) are responsible for
fidding the 3" generation automated single-particle mass spectrometer system for near-red time
condituent andysis. Dr. Philip Hopke (Clarkson Univ.) is responsible for hypothesis testing, and will
serve as project quality assurance officer, and will perform the QA/QC audits. Dr. Hopke will be
assisted by Dr. Ziad Ramadan, who will be responsible for data base management, and an externd
contractor who is respongble for development of the database system. Dr. Katherine Squibb (UM,
Bdtimore) is respongble for conducting cytokine/ROS response assays on PM, ; samples. Dr.
Timothy J.. Buckley (Johns-Hopkins Univ.) isresponsible for coordination of Baltimore Supersite
activities with community sites measurements. Dr. Buckley will dso serve as aliaison between
Supergte project investigators and epidemiology, toxicology, and exposure researchers a the Johns
Hopkins School of Public Hedlth. Dr. Marc B. Parlange (Johns Hopkins Univ.) is responsible for
deployment and operation of an advanced 3-wave ength scanning LIDAR system for mapping of
relaive PM concentrations. Dr. Wolfgang Rogge (Forida Internationa Univ.) is responsible for
organic compound andyss for source identification.
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Figure6.1 Organizationd chart for the Baltimore Supersite project.

The Maryland Department of Environment will supply the following measurements on a 1-in-3-
day basis during the routine field measurement phase a the Clifton Park superste. FRM mass, PM2.5
gpeciation, semicontinuous aerosol mass (TEOM), VOC (ozone season only), CO, and NOx. The
MDE will aso provide instruments to be used by UMCP for daily FRM and speciation measurements
during the intengive sampling campaigns.

The various members are listed in Table 5.1 dong with thelr addresses and contact information.

Table 5.1 Baltimore Supersite Organization

UNIVERSITY OF MARYLAND TEAM University of Maryland
John M. Ondov, Lead Project Investigator College Park, MD 20742
UMCP Principle Investigator 301 405 1859 (voice); 301 314 9121 (fax)

Department of Chemistry and Biochemistry jondov@wam.umd.edu
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Site Operations

Dr. Thomas Tuch

Department of Chemistry and Biochemistry
Universty of Maryland

College Park, MD 20742

301 405 1857 (voice); 301 314 9121 (fax)
tuch@wam.umd.edu

Analytical Chemistry Manager

Dr. Peatrick Pancras

Department of Chemistry and Biochemistry
Universty of Maryland

College Park, MD 20742

301 405 1857 (voice); 301 314 9121 (fax)
patrick@wam.umd.edu

Adminigrative Support

Louise Gilman

Department of Chemistry and Biochemistry
University of Maryland

College Park, MD 20742

301 405 1857 (voice); 301 314 9121 (fax)
Igilman@wam.umd.edu

Quality Assurance M anager

Dr. Philip Hopke

RA Plane Professor

Department of Chemica Engineering
Clarkson University

PO BOX 5705

Potsdam, NY 13699-5705

315 268 3861 (voice); 315 268 6654 (fax)
hopkepk @clarkson.edu

Data M anager

Dr. Ziad Ramadan

Department of Chemica Engineering
Clarkson University

PO BOX 5705

Potsdam, NY 13699-5705

315 268 6655 (voice); 315 268 6654 (fax)
ramadanz@clarkson.edu

I nvestigator §/Steering Committee
Dr. Anthony Wexler

Mechanicd and Aeronautica Eng.
Universty of Cdifornia

One Shidds Avenue

Davis, CA 95616
aswex|ler@ucdavis.edu

Dr. Murray Johnston
Department of Mechanica Eng.
Universty of Delaware,

126 Spenser Lab

Newark, DE 19716
mvj@udel.edu

Dr. Wolfgang Rogge
Florida Internationd Universty

Dept. of Civil and Environmenta Eng.
VH Building, Universty Park

Miami, Florida 33199
rogge@eng.fiu.edu

Dr. Timothy Buckley, Room 6010
Department of Environmental Hedlth
Johns Hopkins University

615 Wolfe St.

Bdtimore, MD 21205
tbuckley@jhsph.edu

Dr. Katherine Squibb

Univerdty of Maryland a Bdtimore
Howard Hall Rm 227

660 Redwood St.

Bdtimore, MD 21210
ksquibb@umaryland.edu
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Dr. Marc Parlange

Department of Geography & Environ. Eng.
313 AmesHall

Johns Hopkins Univergty

Bdtimore, MD 21218
mbparlange@jhu.edu

MARYLAND DEPARTMENT OF
ENVIRONMENT

AnnMarie Debiase, Director

Air & Radiaiion Mgt. Administrator (ARMA)
Maryland Dept. of Environment

2500 Broening Highway

Bdtimore, MD 21224

410 631 4806

adebiase@mde.state.md.us

Fran Pluciennck, MDE Field Measurements
Air & Radiation Mgt. Adminigtrator (ARMA)
Maryland Dept. of Environment

2500 Broening Highway

Bdtimore, MD 21224

410-631-3280

fpluciennik@mde statemd.us

Richard Wies, Air Measurements

Air & Radiation Mgt. Adminigtrator (ARMA)
Maryland Dept. of Environment

2500 Broening Highway

Bdtimore, MD 21224

410-631-3280

rwies@mde.state.md

EXTERNAL SCIENCE ADVISORY
COMMITTEE (ESAC)

Professor Jonathan Samet, ESAC CHAIR
Professor and Chair, Department of
Epidemiology

Johns Hopkins University

615 N. Wolfe St., Suite 6041

Bdtimore, MD 21205-2179

410 955 3286 (voice); 410 955 0863 (fax)
jsamet@jhsph.edu

Dr. Joseph L. Mauderly, DVM
Senior Scientist and Vice Presdent, Lovelace
Respiratory Research Ingtitute, and Director,
Nationa Environmental Respiratory Center
LRRI Blg. 9200, AreaY

Kirtland AFB East
Albuquerque, NM 87111

505-845-1088 (voice); 505-845-1193 (fax)
Jnauder! @LRRI.ORG

Robert K. Stevens

Florida Dept. Environmenta Protection
C/O USEPA Nationa Exposure Research
Laboratory (MD-47), Alexander Drive
Research Triangle Park, NC 27711

919 541-3156 (voice); 919 541-0239
Stevens.Robert-K @epamail .epa.gov

Dr. Raymond M. Hoff

Professor Physics and Director (JCET)
Universty of Maryland Batimore County
Joint Center for Earth Systems Technology
Acad IV-A Room 114B

1000 Hilltop Circle, Bdtimore, MD 21250
410-455-1610 (voice); 410-455-1291 (fax)
hoff @umbc.edu

Professor Thomas Cahill



Atmospheric Sciences (LAWT/Hoagland)
Univeraty of Cdifornia

One Shields Avenue

Davis, CA 95616

530-752-4674 (voice)

tacahill @ucdavis.edu

Dr. Larry Cupitt

Director of Human Exposure and Atmospheric
Sciences Divison

US Environmenta Protection Agency

79 Alexander Drive @ MD/77

Research Triangle Park, NC 27711
919-541-2454 (voice); 919-541-0239 (fax)
cupitt.larry @epa.gov

Dr. Robert Frank

Dept Environmenta Hedlth Sciences
JHSHPH, Room 6010

615 N. Wolfe Street

Badtimore, MD. 21205
410-614-5754 (voice);
Rfrank@jhsph.edu

Dr. DéebraLaskin

Dept Pharmacology & Toxicology
Rutgers University

160 Freinghuysen Rd.
Piscataway, NJ 08854-8020
laskin@eohs.rutgers.edu

5.4 Project Schedule

Baltimore Supersite

Quality Assurance Project Plan
Version 1

Page 18 of 56

The project period is Jan 1, 2000 to Dec 31, 2003. Thefirst 18 months are dedicated to
purchase, cdibration, and congtruction, and ingtdlation of instruments, and data base management
program congruction. Thefirg fidd campaign, i.e,, a(nominaly) 30 day intensve study will beinitiated
on or about May 1 2001, at the South Baltimore site. The equipment will be moved to Clifton Park
immediately afterward and setup for initiation of the summer intensve campaign on July 1, 2001.
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Routine field measurements will ensue for the next 11 months at Clifton Park. The second (nominaly
30-day) intensive field campaign will be initiated on or about January 2™, 2002. Projected dates for
reporting, data base construction/data delivery, and reporting are indicated in Figure 5.3aand b.
Additiondly, criticd dates arelisted in Table 5.2. Asindicated, we plan to host adata andyss
workshop in the second part of the measurement period, and again early in the 4" year of the project.
The last 16 months of the project will be dedicated to data interpretation, synthesis, and developing a
fina project report.
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Baltimore Supersite Project Schedule
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Figure 5.3a. Batimore Supersite Project Schedule
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Baltimore Supersite Project Schedule
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Table 5.2 Baltimor e Supersite Project Schedule

January 15, 2000 Project Start Date
March 22-24, 2000 Eastern Supersites Pl meeting 1, Ondov & Hopke

April 30, 2000 Quarterly Progress Report + Quarterly Rept. Summary Due
May 11, 2000 1% Pl Teleconference
July 30, 2000 Quarterly Progress Report + Quarterly Rept. Summary Due

October 30, 2000 Quarterly Progress Report + Quarterly Rept. Summary Due
December 1, 2000  Draft QAPP prepared for Pl review

December 30, 2000 QAPP to be forwarded to EPA for review

January 30 2001 Quarterly Progress Report + Quarterly Rept. Summary Due

April 30, 2001 Quarterly Progress Report + Quarterly Rept. Summary Due
Fina QAPP to be forwarded to EPA and dl Pls
May 1, 2001 Start 30-day (Nominal) Sampling Intensve, South Batimore
July 12001 Start Sampling Intensive,Clifton Park, Start of 11-month Clifton Park
Measurement Period
July 30, 2001 Quarterly Progress Report + Quarterly Rept. Summary Due
October 30, 2001 Quarterly Progress Report + Quarterly Rept. Summary Due
January 1, 2002 Second 30-day Intensive, Clifton Park

January 30, 2002 Quarterly Progress Report + Quarterly Rept. Summary Due

February 28,2002  Leve 1 vaidated datato be forwarded to limited access EPA Supersite
Progam dataweb or FTP site (for 1% data collection quarter)

April 30, 2002 Quarterly Progress Report + Quarterly Rept. Summary Due

May 30, 2002 End Field Messurements
Leve 1 vaidated datato be forwarded to limited access EPA Supersite
Program Web or FTP site (for 2™ data collection quarter)

July 30, 2002 Quarterly Progress Report + Quarterly Rept. Summary Due

August 30, 2002 Leve 1 vaidated datato be forwarded to limited access EPA Supersite
Program Web or FTP site (for 3" data collection quarter)

October 30, 2002 Quarterly Progress Report + Quarterly Rept. Summary Due

November 30, 2002 Leve 1 vaidated datato be forwarded to limited access EPA Supersite
Program Web or FTP site (for 4™ data collection quarter)

January 30, 2003 Quarterly Progress Report + Quarterly Rept. Summary Due

April 30, 2003 Quarterly Progress Report + Quarterly Rept. Summary Due

July 30, 2003 Quarterly Progress Report + Quarterly Rept. Summary Due

October 30, 2003 Quarterly Progress Report + Quarterly Rept. Summary Due

December 31, 2003  Quarterly Progress Report + Quarterly Rept. Summary Due

December 31, 2003  Find Project Report + Executive summary Report
Quality Assurance Find Report (QAFR) due
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6.0 PROJECT TASK DESCRIPTION

Principle tasks are asfollows. i) field measurements, ii) laboratory sample analysis, iii) data base
entry, iv) QA/QC, v) data reduction/anadysis in support of project objectives and testing of stated
project hypotheses, vi) reporting, and vii) submission of data for archival storage.

6.1 Sampling Sites

The Baltimore Supersite Project
encompasses measurements to be
conducted seridly at two core Sites:
i.e,, Clifton Park, an urban ste
located 2 km north west of downtown
Bdtimore and surrounded by
resdentid neighborhoods, and a
South Bdtimore Ste Stuated in the
midst of industrial sources.
Measurements will be made at Clifton

Park will include two, nomindly, 30 | A u -*r .
day intensive sampling campaignsand e “

9 additiona months of routine
measurement activities. Figure6.1 Map of the Batimore area showing the primary

Measurements at the South Batimore sampling Ste at Clifton Park and the Site for the intensive study
site will be conducted for aperiod not  in South Batimore & Curtis Bay.

to exceed 30 days. All measurements

are designed to support the project objectives and hypotheses listed above. We have received
gpprova to use property owned by the FMC Corporation in South Batimore, asite currently used by
MDE for routine aerosol monitoring. More than 18 subgtantia point industrid and municipa sources
are located dong a, roughly, 225° arc extending west from the Fairfid d/East Brooklyn communities on
the Patapsco River/Curtis Bay inlet, south through Brooklyn along Curtis Bay/Curtis Creek, and east
through Hawkins Point (Figure 6.1). These sources are positioned to allow us to test the ability of
highly-time resolved monitoring to permit resolution of sources and evauation of the toxic potentid in
support of hypotheses 1-6, and achieve patia characterization objectives for this highly-polluted
neighborhood; one that istypica of many Northeastern cities.

6.2 M easurements

Bdtimore supersite measurements encompass the measurements listed below. For each
measurement system, there are individua standard operating procedures (SOPs). Additional
measurements will be made available by MDE a the Clifton Park site (i.e., continuous massvia
TEOM, ozone, CO, NOx, and VOC), by neighboring authorities (e.g., Pennsylvania DEP,
Washington, DC; and IMPROVE sites a Shenandoah Nationa Park), and by EPA collaborators.
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Quality assurance plans for measurements made by MDE, State agencies, and EPA collaborators are
discussed in their own QAPPs.

Commercially Available and Standard Methods

i) Semi/continuous mass, sulfate, nitrate, and EC/OC;

i) Semi/continuous Aerosol Number vs Size didtribution with Scanning Mohility Particle
Sizer (SMPS) and a TSl Aerodynamic Particle Sizer (APS);

i) Meteorologicd parameters. Temperature (2 heights), wind direction, wind speed, sgma
theta, and solar insolation.

Iv) FRM mass and Speciation sampling (performed by MDE except during intensives)

V) Filter/PUF sampling for organic compound determinations

Special M easurements and M easur ements employing Advanced Technology

Vi) Bulk PM2.5 collections with the UMUHVAS

vii) 30-min fine particle measurement of elementa condtituents (SEAS-Sequentid Elements
in Aerosol Sampler/retrospective andyss)

viii)  30-minfine particle collections for cytokine/ROS response assay's

IX) Single Particle Mass Spectrometer (RSMS 1)

X) LIDAR measurement of particle fields and mixing height

Xi) Drum Impactor collections (5 and 8 Sze intervals)

The frequency of the various measurements at the Clifton Park and South Batimore Stesarelisted in
Table6.1.
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Table6.1 Summary of Baltimore Supersite M easurements by Variable (or measurement domain)

Sizerange/max
M easur ement gze I nstrument Sites Frequency Duration Group
Commercial Continuous/Semicontinuous Monitors
Ultrafine/near accumulation aerosol number-sze Scanning Mobility
distribution, indoor @<70% 0.02t00.5 :m Particle Spectrometer 1,2 5min 12 months UMCP
Far accumulation aerosol/coarse size spectrum, Forward Scanning
outdoor ambient 0.5t0>44 :m Laser Spectrometer,
Optica Particle
Far accumulation aerosol/coarse size spectrum 0.5t0>10 :m Counter 12 5min 12 months UMCP
Aerodynamic Particle
Accumulation aerosol vs aerodynamic Sze spectra 0.5t020 :m Spectrometer 12 5min Intensves UMCP
Mass concentration PM2.5 TEOM, 1400A 12 5min 12 months MDE
Sulfate concentration PM2.5 R&P 12 10 min 12 months UMCP
Nitrate concentration PM2.5 R&P 1,2 10 min 12 months UMCP
R&P Series
5400-99-004-743-00
EC/OC PM2.5 25 1,2 30to 60 min 12 months UMCP
Temp (2 heights), RH, wind speed and direction, RM Young/Campbdl 1,2 10s 12 months UMCP
sgmatheta, barometric pressure, solar insulation Sci. met gtation
3-D SONIC
Sensble heat and momentum fluxes ANEMOMETER 1,2 1s intensves JHU
Ozone TECO 1 5minavg. 12 months MDE
NOx, NO2, NO TECO 1 5minavg. 12 months MDE
SO2 TECO 1* 5minavg. 12 months MDE



vVOC

Special M easurements
As, Cu, Mn, Ni, Cr, Cd, Se, Ag, Pb, Al, Fe, Zn, Ca,

V, Ti, Be, Ba(choice of dements may change as data
are gathered).

Single particle dlassification by composition and sze
(Most metdls, e.g., Na, Mg, K, Cr, Cu, Zn, Cd, Cs,
La, Pb, some vaence information, NH4S04, sulfites,
hydroxymethane sulfonic acid, methane sulfonic acid,
EC/OC, polynuclear aromatic hydrocarbons)

Relative Aerosol Concentration and Mixing
Height

Time domain scan (8 km range)

Time domain scan

Collectionsfor Off-Line Analyses
FRM Mass Conc.,

FRM Mass Conc
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Hewlet Packard GC 1 30 min avg.
<1.2:m UMCP SEAS, 1,2 30min
retrospective andyss
<15 :m* UDE/UCDRSMSIII 1,2 continuous
JHU 3-wavelength 1scanevery 6
Lidar area days
JHU 3-wavelength 1 scan every hour
Lidar area  during daylight
<25:m RAAS2.52.5-100 12 1in3day,24hr
<25:m RAAS2.52.5-100 1,2 daily 24 hr

0zone season

12 months

1000 samples

12 months

12 months

Intengves

12 months

intensves

MDE

UMCP

UDE

JHU

JHU

MDE

UMCP
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Speciation Sampler (for lemental, sulfate, p-nitrate,
and EC/OC andysis) <25:m RAAS2.52.5-400* 1 1in3day,24hr 12 months MDE
Speciation Sampler (for emental and EC/OC
andyss) <25:m RAAS2.52.5-400* 1,2 daly 24 hr intensves UMCP
Size Segragated Aerosol <0.69t010 :m 5-STAGE RDI 1 1in3day,24hr 12 UMCP
monthsandyze
4 per month
Highly-Size Resolved Size Segregated Aerosol <0.069t010 :m  8-STAGE RDI 12 24-hr, hrly Intensvesandy  UMCP
resolution ze 10 setsof 12
one-hourly
divisons
PM2.5 for Cytokine/ROS response assay's <12:m UM HFAS 1,2 lhr 12 months UMCP
Bulk PM <25:m UMUHVAS 1 1 week 12 months UMCP
40 per 2
Organic Compounds, 24 hours <1.2:m 100 LPM sampler 1 24 hr intensves UMCP
220 per 2
Organic Compounds, short term <1.2:m 5-HPHVS 1,2 3hrs intensves UMCP

1Site 1 = Urban Residential Supersite; Site 2 = Urban Industrial Supersite.  Asterisk (*) indicates information specified is subject to change
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6.2.1. Program Specific Data/Sample Acquisition Objectives. The Data Quality Objectives
(DQOs) and the related Measurement Quality Objectives (MQOs) are described in detail in the
Appendix to this plan. As discussed below, instrument-specific Data Quaity Objectives are described
in detall in the project SOPs. In this section, we ddlineate and describe the measurement tasks to be
conducted in support of project objectives/hypothesis testing, and describe the data/sample acquisition
objectives associated with each task. These tasks are defined in Table 6.2, where they are correlated
with the specific project objectives and hypotheses. Brief technical descriptions of the measurements
are provided below aong with the investigating team responsible for them.  More detailed descriptions
are provided in the investigator’s SOPSYRPs. The individud SOPSRPs aso include sample handling
procedures, the individua measurement QC processes including the field and corrective actions for the
individua measurements, instrument testing and inspection guidelines, the consumables and supplies
needed for the individual measurements, and the hedlth, safety and training issues for each
measurement.

6.2.1.1 Task 1. Perform Highly time-resolved aer osol measurementsfor source
attribution using advanced factor analysis methods

Purpose/l ntended Use: The purpose of thistask is to acquire dataon PM congtituents to
permit determination of their sources. The intended use of the data is exploration with
multivariate satigtica techniques including multilinear regression, principle components andyss,
chemica mass baance, and, most importantly, advanced factor analyss methods. These data
are further intended to eva uate the hypothesis that shorter sampling/andysis times will benefit
resolution of sources by Satistical methods.  The data are dso to be used to investigate
differences between urban and industrid airsheds within the City. Generdly, measurements
should be made over times comparable to changes in meteorological variables and source
grengths, or a maximum feasible tempora resolution to provide maximum resolving power via
detistica methods.

M easur ements Required: Quantitative measurements of el emental and organic source
marker species are required for source attribution.  Single particle mass spectrometry data are
to be used to further identify sources and regiona vsloca origin of aerosol. Time-resolved sze
digributions for eementa aerosol congtituents can aid in identification of sources, resolution of
source profiles (especidly for high-temperature combustion sources), and aid in resolving loca
vs distant sources of PM and its congtituents. Short term measurements of mgjor aerosol
condtituents, i.e., EC/OC, aerosol mass, sulfate, and nitrate, are required as source markers
and species needed to reconcile aerosol mass with measured species mass. Relative aerosol
concentration and mixing height and number vs particle sze spectrd are ancillary measurements
that will aid in the resolution of sources and identification of source fingerprints. Programmatic
objectives dictate that hundreds of valid measurements be made of short-term concentrations of
elemental marker species via quantitative methods, making automated semi-continuous methods
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the methods of choice.
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Table6.2 Relationship Between Data/Sample Aquisition Tasks, and Project Objectives/Hypotheses

Number or
duration of
samples
Task Description and Project Objective or Required Ancillary Required analyses
Task # Hypothesisto betested M easuer ments M easur ements Sites/Duration reqguired
1 Perform highly-time, sze, and * SC dement markers,  timeresolved dementd Urban
compositionally-resolved aer osol SPMS, SCSO4, gze digributions, number Residential/12
measurementsfor Source Attribution using SCmass, SCEC/OC, vssze didributions, months (intensves hundreds
advanced Factor Analysis methods short-term organic LIDAR rdative aerosol  for OS)
Speciation concentration and mixing
height
O1 Provide entended, high-qudlity, highly-time resolved 12 months
data set worth
H1 Reduced sampling/andysstimeswill severd days
mesasurably improve source attribution worth
HO8 Spatid digtributions of FP condtituentsvary * SC dement markers,  timeresolved dementd  Urban Residentid +
dueto loca sources and regiona SPMS, SCSO4, gze didributions Indudtrid Ste
creuldions SCmass, SCEC/OC, intensve
short-term organic
gpeciation, LIDAR wind 12 months
and particle fidds worth
2 Characterizerelative aerosol concentration LIDAR Urban Residentid + sveral months
and mixing height in Baltimore Indudtrid Ste of weekly
Intensive observations
3 Highly-time-resolved sample collection for TASK 1 measurements + time resolved demental Urban hundreds
Cytokine/ROS Response Assay retrogpective cytokine,  Szedidributions Residentia/12
ROS response assays + months (intensves
aerosol particle number for OS)

distribution spectra



02 Provide information on potentid hedth effects of

aerosol from sources

HO2 Immuno-inflammetory driven Hedlth Effects TASK 1, Cytokine/ROS
of PM are associated with particles emitted response assays,

from specific sources

Baltimore Supersite
Quality Assurance Project Plan

time-resolved d emental
Sze digributions

HO3 Different aerosol congtituents and properties TASK 1, Cytokine/ROS

will dicit different reponsesin
cytokine/ROS response assays

response assay's

HO4a Aerosol age affectsthe Sze, chemidtry, and  time resolved dementa

hedth effects of PM

Szedidributions + Task 1
measurements + cytokine,
ROS response assays

HO4b Spatidly disant upwind, industrid area, and Time - resolved eementd

HO5

HO6

HO7 Acute hedth responses are more closely
associated with eevation of short term

HO8

center-city aerosols differ in temporad
vaiability and biologicdly rdevant
composition

szedidributions + TASK
1 measurements

Combined multivariate datafromthearray TASK 1, Cytokine/ROS

of semi-continuous and short-term

measurements will permit atribution of the
immuno-inflammatory metric among sources

Pollutant concentrations and

response assay's

TASK 1, Cytokine/ROS

immuno-inflamatory response metricsinthe  response assay's

industria sector exceed those in the urban

resdentia sector

exposure than with 24 hr averages

TASK 1, Cytokine/ROS
response assay's

Spatid digributions of FP congtituentsvary TASK 1 measurements +

due to local sources and regiona
creuldions

LIDAR
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time-resolved e ementa
Sze didributions

time-resolved dementa
Sze didributions

Community Ste
Measurements

hundreds
Urban Residentid + hundreds
Indudtrid ste
intengve
Urban hundreds
Resdentia/12
months
Urban severa weeks
Resdentid/12 worth
months

Urban Resdentid + severd weeks
Indudtria dte worth
intendve

Urban Resdential + hundreds
Indudrid gte
intendve

Urban Resdentid + severd weeks
Indudtria dte worth
intengve

Urban Residentia + severa days
Indugtrid dte worth
intengve

Urban Resdentia + severd days
Indugtrid dte worth
intengve
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Bulk PM collection
03 Provide bulk PM for archiva storage, and  Ultra High-volume Fine Urban seved grams
retorspective anadyses and testing Particle collections Residentia/12
months
Detailed organic characterization
o4 Provide detailed information on natureand ~ Short-term and 24-hr OC bulk PM from Urban Residentid + 1 mo. summer,
sources of OC collectionsand detalled UMUHVS Indudtrid Ste 1 mo. winter
compound analyses, intendve

requires only combined,
not separate, Filter and
PUF analyses
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6 O5 Support existing exposure and epidemiologic TASK 1, 2, 3 Community Ste Indudtrid Ste severd days
studies measurments Measurments intendve worth
HO7 Acute hedlth responsesaremoreclosdly TASK 1,2, 3 Community Ste Industrid Site severd days
associated with eevation of short term measurments Measurments intendve worth

exposure than with 24 hr averages
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Program Specific Quality Standards, Criteria, and Objectives. Programmatic qudity objectives
are to obtain datawith accuracy and precision of sufficient quality to be of value in the Satigtica
models. The data should be accompanied by redistic uncertainties, and sufficient numbers of
measurements need to be made to permit solutions to the multivariate models. Specific data quality
objectives for each type of measurement are provided in the standard operating procedures for each
ingrument or analytical procedure.

Data Records/Reports Required. Electronic data reports of average flow rate during sample
collection, sample 1D, and QSSC flags pertaining to sample collection. Andytical results shdl include
andyte concentrations, uncertainty estimate, information on detection limit, and appropriate QSSC
flags. Chain of custody records are to be maintained.

Technical Descriptions and M easur ement Per sonnel

1. Semi-Continuous Elementa Marker Species
Investigeting Team:  University of Maryland, College Park
Method: SEAS (Semi-Continous Elements in Aerosol System). Collection of
ambient aerosol in aqueous durry after steam injection and dynamic
aerosol concentration followed by dementa andysis by Graphite
Furnace Atomic Absorption and/or inductively-coupled plasma mass
gpectrometry [Kidwell et al., 1998; Kidwell and Ondov, 2001].

2. Single Aerosol Particle Congtituents
Investigating Team: University of Delavare/Universty of Cdifornia Davis
Method: Single Particle Mass Spectrometer. Laser ionization of particles
followed by Time-of-Hight mass analyses for positive and negative ions
[Geet al., 1998].

3. Semi-continuous Nitrate, Sulfate, EC/OC, and agrosol Mass.

Investigating Team: Universty of Maryland, College Park

Method: Mass based on Tapered Element Oscillating Microba ance (TEOM)
EC/OC (R&P Model 5400)
Nitrate: R&P mode 8400N based on method of Stolzenburg and
Hering [2000]
Sulfate: R & P modd 8400S, based on method of Stolzenburg and
Hering [2000]

6.2.1.2 Task 2. Characterizerelative aer osol concentration and mixing heightsin Baltimore
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area.

Purpose/l ntended Use: The purpose of thistask is to acquire data on wind and particle fields, and
mixing height needed to understand locd circulations and transport of aerosol particles and condtituents
from loca sources and to assess regiondly transported materia from air doft. 1t is further intended
that the data be used to characterize transport during identifiable meteorologica and seasond regimes.
Measurements need to be collected during intensive periods in an attempt to document fumigeation of
the measurement site by particle containing plumes from industria sources. Measurements need to be
conducted to evaluate seasond differences.

Measurements Required: Programmatic objectives dictate that severa months of valid
measurements be made of wind and particle fidds over the study domain. These should be made on a
weekly bas's, making an automated remote sensing method the methods of choice.

Program Specific Quality Standards, Criteria, and Objectives. Programmatic qudity objectives
are to obtain data with a spatia resolution of 100 m or better in both horizontal and vertica directions
and that the extent of the measurements be sufficient to observe plumes from indudiriad sources. A
range of 8 km (3 waveength system) will permit observation of plumesin the Clifton Park/Brooklyn-
Curtis Bay study area. Specific data quality objectives for each type of measurement are provided in
the standard operating procedures for each instrument or analytical procedure.

Data Records/reports Required. Electronic data reports of datafor al instruments are required
from each Pl/ingtrument operator and for dl instruments.

Technical Descriptions and M easur ement Per sonnel

1. LIDAR
Investigeting Team:  Johns Hopkins University
Method: 3-wavelength LIDAR. A pulsed laser is used asthe light source. In

eadic LIDAR, the light scattered back toward the insrument from
molecules and particles in the atmosphere is collected by atelescope
and measured with a photodetector. The signd is digitized and analyzed
by a computer in order to obtain relative concentration of aerosols and
the mixing height.

2. Sonic Anemometer
Investigeting Team:  Johns Hopkins University
Method: 3-dimensiond sonic anemometer mounted at a height of gpproximatey
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5m. Wind speed and the speed of sound is measured on three non-
orthogona axes and transformed into orthogona wind components u,,
W, U, and the air temperature. From the turbulent wind fluctuations,
momentum flux is caculated. By finding the covariance between the
vertical wind speed fluctuations, and temperature fluctuetions the
sengble heat flux is computed.

6.2.1.3 Task 3. Highly time-resolved sample collection/Assays for CytokinessROS Response.

Purpose/l ntended Use: The purpose of thistask isto acquire data to permit investigation of important
relationships between PM, PM condtituents and properties, and the ability of PM to stimulate cellsto
produce mediators of inflammation. The intended use of the datais exploration with multivariate
datidticd techniques including multilinear regression, principle components andyss, chemica mass
balance, and, most importantly, advanced factor analysis methods. These data are further intended to
evauate hypotheses that aerosol from different generic sources, locd vs distant, industrial vs urban,
fresh vs aged sources induce quantifigbly different immuno-inflammatory responses. And, additionaly
that physica aerosol characteridtics, e.g., particle no., area, or mass sze distributions influence these
metrics. The aerosol particle collections for these measurements should be made to coincide with the
other short term measurements outlined in Task 1.

M easurements Required: Short term fine particle sample collections suitable for in vitro response
assays. Quantitativein vitro assays of the release of ROS and cytokines involved in mediating the
inflammeatory responsein vitro are required using cultured cdl lines. Particle sample endotoxin
concentrations are needed to determine if bacteria contamination may be affecting thein vitro
response measurements.  The latter are needed to determine if bacterial exposure/contamination may
be affecting the former. Programmatic objectives dictate that hundreds of valid measurements be made
of short-term aerosol samples making the University of Maryland High-Frequency Aerosol Sampler the
method of choice. Time- and highly-size-resolved digtributions of aerosol particles and their lement
condgtituents are required to evauate hypotheses regarding physica aerosol properties and aerosol
age/degree of atmospheric processing. These require measurements with particle spectrometers
cgpable of szing particles ranging in diameter from 30 nm to 10 mm. The Sze domain for time- and
sze-resolved dementd condtituent measurements should be nominaly 70 nm (lower limit for currently
available time-resolved device) to 10 nm.

Program Specific Quality Standards, Criteria, and Objectives. Programmatic qudity objectives
are to obtain datawith accuracy and precision of sufficient quality to be of vaue in the Satigtica
models. The data should be accompanied by redistic uncertainties, and sufficient numbers of
measurements need to be made to permit solutions to the multivariate models. Specific data quality
objectives for each type of measurement are provided in the standard operating procedures for each
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ingrument or analytical procedure.

Data Recor ds/Reports Required. Electronic data reports of the datafor all assays are required.
Data reports shdl include assay concentrations, information on detection limits, and appropriate QSSC
flags. Chain of custody records required.

Technical Descriptions and M easur ement Per sonnel

1. Aerosol durry samples
Investigating Team:

Method:

2. Cytokine assays

Universty of Maryland, College Park - Sampling

Universty of Maryland High-Frequency Aerosol Sampler Collection
of ambient aerosol in agueous durry after seam injection and dynamic
aerosol concentration followed by automated storage in individua glass
vidsviaXY fraction collector []Kidwell et al., 1998].

Investigating Team:  University of Maryland, Batimore - Assays

Method:

Incubation of agueous particle durries with gppropriate test cells
followed by cytokine assay with commercidly available ELIZA kits,
and cytotoxicity tests by measuring lactate dehydrogenase release.
Assays for endotoxin are made using Limulus Polyphemus amebocytic
assay. ROS assays will be performed by measuring fluorescent
intengity of dichlorodihydrofluorescein diacetate in cdls exposed to
particles. [Becker et al., 1996; Kobzik et al., 1990].

3. Particle Number-Weighted Size Digtributions

Investigating Team:

Method:

Universty of Maryland, College Park

30 nm to 0.5 mm with TSI Scanning Mohbility Particle Spectrometer
(SMPS); 0.5 to >44 mm with PM S Forward-Scattering Laser
Spectrometer (FSLS) at ambient outdoor conditions; 0.3 to >10 nm at
(dry) indoor conditions with Climet OPC; 0.5 to 20 mm at (dry) indoor
conditionswith TSI Aerodynamic Particle Sizer (APS).

4. Time- and Size-Resolved Elemental Aerosol Condtituents, Sampling

Investigating Team:

Method:

University of Maryland, College Park

5- and 8-stage Rotating Drum Impactors (RDI) loaded with mylar,
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teflon, or mylar and duminum or Teflon and duminum foils. [Rasbe &
al. 1988; Cahill and Wakabayashi, 1993]

5. Time- and Size-Resolved Elementd Aerosol Condtituents, Anayses
Investigating Team: DELTA Group, University of Cdifornia, Davis

Method: Synchrotron X-ray Fluorescence. Fluorescence of characteristic X-
rays by excitation with extremely bright Synchrotron radiation to
achieve very low detection limits[Cahill et d., 2001].

6.2.1.4 Task 4. Bulk PM Caollection.

Purpose/l ntended Use: The purpose of thistask isto acquire bulk fine PM for use in methods
development, andyticd investigations, biologic/toxicologicd testing, and archival storage. Records of
shipments to users to be maintained.

M easurements Required: Severa Weekly collections of bulk PM.

Program Specific Quality Standards, Criteria, and Objectives. Programmatic qudity objectives
are to obtain gram quantities of PM with an established large particle cut off Sze, free from
contamination that will affect assays and andyses for effects/determinations of inorganic condtituents.
Specific data quality objectives for each type of measurement are provided in the standard operating
procedures for each instrument or anaytical procedure.

Data Recor ds/Reports Required. Electronic data reports shal include flow rates and sampling
times.

Technical Descriptions and M easur ement Per sonnel

1. Bulk PM Collector
Investigeting Team:  University of Maryland, College Park
Method: Universty of Maryland Ultra High-Volume Aerosol Sampler. Cyclone
preseparator followed by collection on Teflon filter mediain afilter
enclosure containing ten modified 8" x 10" high-volumefilter holders.

6.2.1.5 Task 5. Detailed Organic Compound Char acterization.
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Purpose/l ntended Use: The purpose of thistask isi) to investigate the nature of compounds present in
Bdtimore ar, with emphasis on acquiring information on compounds potentialy useful as inherent
source tracers. Additiondly, ii) dataare to be collected to permit source attribution modeing with a
range of multivariate gatistical methods including advanced factor analysis methods.

M easurements Required: Severa 24-hour combined filter/PUF samples need to be collected to
provide sufficient sample for exploring organic matter composition. Additiondly, a minimum of 50
short-term (e.g., 3-hr) filter/PUF samples need to be collected for usein multivariate Satistical models.
None of the filter/PUF samples need be extracted or analyzed separately for thistask. Lastly afew
bulk PM samples should be andyzed. However, the sampling technology for bulk sampling is designed
to provide samples for eementa analyses and their integrity for organic sampling cannot be assured.

Program Specific Quality Standards, Criteria, and Objectives. Programmeatic qudity objectives
are to obtain data with accuracy and precison of sufficient quality to permit positive identification of
compounds in avariety of compound classes and to be of value in the statistical moddls. The data
should be accompanied by redistic uncertainties, and sufficient numbers of measurements need to be
meade to permit solutions to the multivariate modds. Specific data qudity objectives for each type of
measurement are provided in the standard operating procedures for each instrument or analytica
procedure

Data Recor ds/Reports Required. Electronic data reports shdl include flow rates and sampling
times. Organic compound andysis data shdl include the compound name, CAS number,
concentration, areliable esimate of the uncertainty in the vaue, detection limit information, and QSSC
gandard flags indicating the vaidity of the data. Chain of custody records are required.

Technical Descriptions and M easur ement Personnel
1. Short - Term Organic Sample Collection

Investigeting Team:  University of Maryland, College Park

Method: University of Maryland built sampler comprised of a grease-free
coarse-particle presgparator, 62-mm teflon coated duminum filter
holder loaded with quartz fiber filters followed by 4-inch diameter glass
PUF container dl operating at 500 LPM.

2. 24-hour Organic Sample Collection
Investigeting Team: University of Maryland, College Park
Method: Universty of Maryland built sampler comprised of a grease-free
coarse-particle presgparator, 62-mm teflon coated auminum filter
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holder loaded with quartz fiber filters followed by 4-inch diameter glass
PUF container dl operating at 110 LPM.
3. Sample Storage/Ddlivery
Investigating Team: Universty of Maryland, College Park
Method: On-gite freezer storage, followed by cold transfer to UMCP freezer
storage prior to cold shipment to FIU.

3. Organic Compound Analyses
Investigating Team: Florida Internationa Universty
Method: Solvent extraction followed by Gas-Chromatorgraphy-Mass
spectrometry. Polar oxygenated organic compounds andyzed after
derrivitization. [Roggeet d., 1991]

6.2.1.6 Task 6. Support JHU Exposure and Epidemiologic Studies.

The Badtimore Supersite will be providing data collected a the South Batimore and main Supersite at
Clifton Park to JHU for usein achieving the objectives and testing hypotheses indicated for thistask in Table
6.1. Measurementsin common to the Supersites and some or al JHU sites (residential and community Sites)
will include PM2.5 mass, XRF dements, particle no. vs size measurements, meteorologic parameters (wind
speed, wind direction, temperature, and RH), and criteria gases (O3, CO, NOx). The JHU measurements are
being made under funding from other projects and are discussed in the their own QAPPs. The JHU workplan,
encompassing the types of measurements to be made at the various sites, will be posted on the Batimore
Supersite’ s website ((www.chem.umd.edu/supersit ).

7.0 DATA HANDLING AND ARCHIVING
7.1 Data Acquisition

The purpose of this section is to document the procedures to be used in the management and archiving
of data gathered during the Batimore supersite program. It isassumed that datawill be stored on electronic
media for continuous and semi-continuous ingruments as indicated previoudy. Specific procedures are
provided in the individual SOPs. The datawill be “backed-up” every day. Separate CD-ROM will be created
for data storage. For data resulting from subsequent chemicd andlysis of samples, it isrequired that the
responsible Pls backup their data for each batch of samples analyzed.

A sample eectronic data template will be furnished to al principd investigators. It isimportant for dl Plsand
co-Plsto use thistemplate.

7.2 Formatting of Data

All datawill be reported to and ultimately archived by the Data Manager (DM ), with appropriate time-
gtamping to indicate the time increment of the data. A vaid time-averaged data set must contain validated data
points for at least 90% of the tota possible data points over the time interva. Otherwise, the time-averaged
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vaues are flagged and reported using an appropriate vaidation code. Vdidation codes will be taken from the
standard listing of codes approved by the Supersites Data Managers' group for use with the archiving of data
through the NARSTO Qudity Systems Science Center (see section 7.6)

7.3 Date and Time Formats

Datawill be reported in Eastern Standard Time, including day, month, and year as formatted as
MM/DD/YYYY format (eg., 08/15/2000 14:25). For those instruments were greater time resolution is
essentia (aerosol mass spectrometer, for example), the time should include seconds. The daily time cycle runs
from 0000 to 2359 (2400 is not avalid time). Character values may not be used to denote sampling or andys's
months and leading zeros should be used for day or month entries less than ten (i.e., 08 to represent August,
not 8 or AUG). It should be noted that the sampling day will begin at 01:00 during the period when daylight
savingstimeisin effect.

7.4 Reporting Missing Data

All datafieds should have a vaue present, either the measured or adjusted data value or amissing
vaue representation. There should not be blank fields. Contributors should report data where possible and
use flag codes to describe the data quadity (see section 7.6 Documentation of Data Qudlity). All vaues should
be numerica vaues, not character or dphanumeric vaues, to aid quaity control efforts. Missng values for data
parameters should be represented by avaue of -9999. Data flag codes should differentiate between vaid
vaues, invdid vaues, and MDLs.

7.5 Reporting Calibration Values and Uncertainty Estimates

The cdlibration vaues and estimates of precison and minimum detection limit for al measurements will
be maintained by the research organizations and reported to the Data Manager. All data qudity indicators,
including calibrations, standards, and adjustments, will be submitted to the Qudity Assurance Manager.
Accessto cdibration vauesis crucid for many quaity assurance, andytica, and modding exercises. All of the
ancillary data such as cdlibration, maintenance, repair, and other QA datawill be collected and retained as
metadata files connected to the primary stored data. Notebooks should be scanned and the resulting eectronic
imege files submitted to the Data Manager as part of the measurement metadata a the time of submission of the
vaidated data

Uncertainty estimates should be reported for al parameters for which it is possbleto do so. These
esimates should be provided either in the measurement method information table or in the primary data tables
as separate datafields. Uncertainty estimates should not be offered in a separate file nor should they be
inferred as part of aflag code. The metadata that accompanies the data file should describe the investigator’s
method of caculating uncertainty for each parameter.

7.6 Initial Documentation of Data Quality
All data reports will contain a column for flagging to indicate the vaidity of data. All problematic and
missing data points will be identified in the report through the insertion of gppropriate coded flags. Since these
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data will have to be submitted to NARSTO in their format, it is desirable to use the NARSTO flag convention.
Table 7.1 ligts and defines these flags.

Table7.1. Data Validity Flags

Data qualification | Definition

flag codes

VO Vdid vaue

V1 Vaid vaue but comprised wholly or partidly of below-MDL data

V2 Vdid esimated vaue

V3 Vdid interpolated vaue

V4 Vdid vaue despite falling some datistica outlier tests

V5 Vadid vaue but qudified because of possible contamination (e.g.,pollution
source, laboratory contamination source)

V6 Vdid vaue but quaified due to non-standard sampling conditions
(eg.,ingrument mafunction, sample handling)

M1 Missing vaue because no vadueis avalable

M2 Missing vaue because invaidated by Data Originator

H1 Historical data that have not been assessed or vaidated

All data submitted to the NARSTO Quality Systems Science Center must be vaidated and classified with a
levd of vdidation; ranging from zero (0) to two (2). The processis summarized in Table 7.2



Baltimore Supersite
Quality Assurance Project Plan

Version 1
Page 43 of 56
Table 7-2. Summary of the Data Validation, Documentation, and Access Process

Data Status at Validation LevelsQ, 1, 2, and 3.

Leved O Levd 1 Levd 2 Leve 2 (Submitted)
Review Status Raw Data QA’d Data Data Andyses Continuous Usein

Completed Andyssand Modding

Processing and Pls Pls Data Manager QSSC
Reviews
Performed by
M etadata Records Incomplete Pls Data Manager QSsC
Access Pls, DataManager, QA | Project Project QSSC

Manager
Timeto Data Continuous Within 1 Continuous. Within 1 Within 6 months of QSSC
Distribution week month submisson for Leve 2

. o vaidation.
Laboratory: not submitted | Laboratory: Within 3
months

Source Pls Project Project LaRC DAAC
Format Project Database Project Database QSSC Format LaRC DAAC format
Change Control Point Data Manager Data Manager Data Manager QSSC
of Contact

7.7 Data Management and Archive
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Principd Investigators will be responsible for trangmitting al data to the Data Manager within the time
frames following data collection as outlined in Table 7.2. These datawill be qudity assured and archived in the
Bdtimore Superdite permanent data archive and will be transmitted for find storage at the NARSTO
Permanent Data Archive. It is expected that the individua principa investigators will store their raw data and
associated files (cdibrations, comments, €tc) in eectronic format for a least five years.

Fidld iostuments st prodoos Lsboceiory [ostraments that
dain directly anzlyze Sald samples
v
Deposit Level 0 data ioto the Blank corrections, dete valiciation ||
dainhace o Level 1 by mepancible P1
»|  Dainreviewsil by responcible PI Send Level | dria to Deta Manager
o Loval 1 validation sl duia who daposits & ftothe detshane
validation flag upxdatod
| l |

Data roviewnil by dats mansger

Deia validatod fo Lovel 2 end are flagged

aspuch. Problems Sdentified by the Data

Mansger arn reported in 1 and Quality
Assorenos Maneger.

A

Data prepaced in NARETO QS5 Fornast
ané tranerritted for permanest archiving

Figure 7.1. Schemdtic diagram of data flow in the Batimore Supersite
Project.

The data flow diagram is shown in Figure 7-1. A datatracking system will be implemented to
document any modifications. The datawill be subjected to qudity assurance checks (outlier screening, date
and time/flag/units checks, and gatigtica andysis) by the QM prior to submission to the NARSTO QSSC. A
separate SOP for data management will be developed for the Batimore Supersite.
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7.8 Analysis of Samplesor Data Collected

The andytical procedures for each proposed measurement are briefly described in Section 6. The
detailed procedures and the necessary steps to ensure data validity are included in the SOPs prepared by the
individud invedtigators.

All data collected by the Baltimore Supersite program, as well as data collected in pardle by any of the
cooperating states and other monitoring operations, will be archived. The data archive will conform to the
NARSTO formatting guidelines to represent a single point of reference of the physica and/or chemical
characterization of fine PM at the core and peripherd sites.

7.9 Data Preservation

To protect the integrity of the database, it is being stored on a secure server to which there will be
limited password-protected access. The data are to be stored on a RAID5 storage system that will provide
consderable redundancy and ability to reconstruct any losses from individua hard disk mafunctions. In
addition we will have the origina data CDs that will be available. There will dso be a secondary data archive at
Clarkson on aRAID1 system. Thus, we are confident that we can ensure againg data loss in the data
management process.

7.10 Ingtrument Calibration and Performance Evaluation

Each investigator will be responsible for generating procedures for the cdibration of analytical
ingruments and metrics for evaluating the performance of these instruments to the extent possble. The QA
manager will make performance audits to ensure the accuracy of data collected aswell as audits of the QA
records of each investigator. A QA audit SOP will be prepared to detail the processes to be employed in
these audits. Our primary gpproach will be atechnical systems audit that will be conducted during the initid
intensive sampling period in May 2001.

For discrete monitors that use collection of particulate matter or aimospheric gases on sampling media
over an integration time, the sample collection equipment (monitors of air flows, pressure, temperature) will be
cdibrated before and after deployment to the field, and will be routinely checked against independent
measurement devices as well as being subject to verification by the QA manager. Andyss of sampleswill only
occur after the analytical equipment has been cdlibrated according to procedures put forward in the SOP and
ingrument performance has been deemed acceptable. The criteria to determine the acceptability of anaytical
instrument response will be developed by the investigators and included in the SOP. Analyss of separate
traceable standards that are not used in ingtrument calibration will be used to determine the adequacy of the
insrument performance and precison.

7.11 Data Reduction and Reporting

Data reduction and reporting will be the respongbility of each of theindividud investigators. The SOP
for each and every measurement should include the steps taken in the reduction of the data taken in the
program. The SOP must be prepared before analys's, approved by the Quality Assurance Manager, and
posted to the Baltimore Supersite webpage before any measurements are made.
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The datawill be reported to and archived by the University of Maryland a College Park in an
gppropriate format designed into the project database within 6 months of the field measurements. The data will
be formatted according to NARSTO formeatting guiddines with standardized measurement units, sample
collection time, Ste location and time increment of the data. For al data entries, avalue will be reported. A
negative number (-9999) will be used to indicate missng values. Additionaly, vaidation codes will be reported
with each data point to indicate whether the data are validated or invaidated according to the data quality
objectives. Thiswill alow for information that is questioned to be included in the overdl database and yet
excluded from certain anayses where the reason for invaidation is rdlevant. The datawill be ddlivered to the
NARSTO QSSC as per the terms and agreements of the Cooperative Agreement between EPA and the
Universty of Maryland a College Park.

7.12 Data Assessment

All datawill be critically assessed during and after collection to ensure the quality of the deta. These
assessments will include independent performance audits, data processing audits, aswell as externa review of
the technica systems used to collect the data. Each investigator will be required to address data assessment in
the preparation of hisher SOP.

7.13 Use of Data

Table 6.1 lists the expected results of the project as a series of hypotheses that will be tested. Oncethe
data are validated and archived in a database, the andlysis of the data will test the hypotheses. Techniquesto
be used in source gpportionment include advanced factor anadysis and trgectory-based methods.
Comparisons of instrument performance will be made usng multivariate cdibration including partid lesst
squares, neura network anayss.

7.14 Quality Assurance

The management of the Baltimore Supersite includes a Project Management Team as well as a separate
Externd Scientific Advisory Committee.  Within the Project Management Team, the Quality Assurance
Manager and the Data Manager will review the SOPs for their completeness in dedling with qudity control and
data assessment issues. This review will be completed before the initiation of field measurements.

8.0 ASSESSMENT OF DATA/CORRECTIVE ACTIONS

Assessment of data during the intensives and 9-month monitoring study will be made on severd levels.
Firgt, each of the investigatorsis responsible for qudity control of the data set collected. Thiswill include
verifying operationa condition of the research equipment as well as checking for congstencies in the data
collected as wdll as performing the needed qudity control cdibrations and adjustments. Thiswill be of
particular importance during the intensve study periods. Informa meetings among the Piswill dso provide the
opportunity to discuss data vaidity.

During the 9-month study, a more complete data assessment will be made by the Quaity Assurance
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Manager (QAM) with the assstance of the Data Manager. These evaluations will look for anomalies among
the measurements between the core and satellite Sites and incons stencies between the discrete and continuous
measurements. For example, one such assessment may ook at the results from the near red-time
concentrations of sulfate, nitrate, and carbon and compare these results to the mass obtained by the TEOM and
the 24-hour integrated values of these variables obtained using the chemica speciation sampler. Size
digtributions of PM can aso be compared to tota PM mass. Evauations of the continuous data from the 9-
month study will be performed two times per week. The vdidity of discrete measurements can be assessed in
comparison to near red time measurements. Since discrete samples, such as filter samples, will be returned in
batches, their vdidity will be ascertained when samples are returned and flagged if they are inconsistent with
continuous data

If the reviews by the QAM indicate a possible problem, the investigator will be contacted for further
information. If the QAM is not satisfied with the results of the review, the Lead Principa Investigator will be
contacted and it will be determined whether the datawill remain in the Baltimore Supersite database. The PI
will be informed of any dataremovd or invalidation that occurs in the database.

9.0 Quality Assurance Final Report

In accordance with the terms and agreements, a Qudity Assurance Final Report (QAFR) will be prepared at
the end of the project that reviews the QA processes and results for the Baltimore Supersite measurement

program.
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APPENDIX
DATA QUALITY OBJECTIVESAND MEASUREMENT QUALITY OBJECTIVES
FOR THE BALTIMORE SUPERSITE

Data Quality Objectives/indicators

It isthe policy of the Batimore Superste that dl ambient air quality monitoring and research
measurement data generated for internal and externd use shal meet specific qualitative requirements,
referred to as Data Quality Objectives. The DQO processis detailed in US-EPA’s “ Guidance for the
Data Quality Objectives Process, EPA QA/G-4 (1994). Measurement Quality Objectives (MQOs)
are the sat of objectivesfor each individua instrument that is utilized during the sudy. These vary from
ingrument to instrument. For some ingruments, i.e., the PM,, 5 Federal Reference Method samplers
and most gaseous ingtruments, the MQOs are known due to the extensive testing that has been
performed. However, there will be many instruments employed during the study where the MQOs will
not be known. It will be part of the principle investigators and the Quality Assurance Manager's
respongbility to attempt to determine the individua MQOs.

Data Quality Objectives

Activities are necessary for effective environmenta protection. It isthe god of EPA and the
Batimore Superdite to minimize expenditures related to data collection by diminating unnecessary,
duplicative, or overly precise data. At the same time, the data collected should have sufficient quality
and quantity to support defensible decison-making. The most efficient way to accomplish both of these
godsisto establish criteriafor defensible decision making before the study begins, and then develop a
data collection design based on these criteria. By using the DQO Process to plan environmenta data
collection efforts, EPA and the Batimore Supersite can improve the effectiveness, efficiency, and
defensibility of decisonsin a resource-effective manner.

DQOs are quditative and quantitative statements derived from the outputs of the first Sx steps
of the DQO Processthat: clarify the study objective; define the most appropriate type of datato
collect; determine the most gppropriate conditions from which to collect the data specify tolerable limits
on decison errors, which will be used as the basis for establishing the quantity and qudity of data
needed to support the decision.

The DQOs are then used to develop a scientific and resource-effective data collection design.
It provides a systematic procedure for defining the criteria that a data collection design should satisfy,
including when to collect samples, where to collect samples, the tolerable level of decison errorsfor the
study, and how many samplesto collect. By using the DQO Process, the EPA and Batimore Supersite
will assure that the type, quantity, and quality of environmental data used in decision making will be
gppropriate for the intended gpplication. In addition, the Agency will guard againgt committing
resources to data collection efforts that do not support a defensible decision.

Optimize the Design for Obtaining Data
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The DQO Process consists of seven steps. The output from each step influences the choices
that will be made later in the Process. During the first six steps of the DQO Process, the planning team
developed the decision performance criteriathat were used to develop the data collection design. The
find step of the Process involves devel oping the data collection design based on the DQOs. Every step
should be completed before data collection begins.

The seven steps of the DQO process are:

. State the Problem

. |dentify the Decison

. |dentify the Inputs to the Decision
. Define the Study Boundaries

. Develop aDecison Rule

. Specify Tolerable Limits on Decison Errors
. Optimize the Design

Each of these steps will be examined in the following section. Each of these steps has been
performed to ensure a maximized project.

Iteration of the DQO Process

State the Problem:  The toxicity of aerosol components as affected by age, industria vs urban
character, and seasond differences in source terms and atmospheric chemistry are not well understood.
Another problem is the intercomparison of the state-of -the-science aerosol characterization insruments
and the determination of their rdiability, accuracy and sengitivity relative to conventional measurement
techniques..

|dentify the Decison The EPA solicited proposals to establish and operate supersites based on a
series of defined hypotheses that were to be tested using the advanced methods to be deployed at the
supersites. The specific hypotheses for the Batimore supersite are given in Table 6.2. The decisons
are then the tests of these hypotheses.

Identify the Input to the Decison  Severd inputs can be identified as inputs to the decison.  These
are the exigting knowledge base that |ed to the posing of the various hypotheses. This base of
information used to define these hypotheses is outlined in Section 5.1.

Define the Study Boundaries: The sampling locations are described in Section 6.1. They were chosen
to provide a site a which source composition data could be obtained during alimited intensive sampling
campaign (FMC Site) and to provide a Site that was representative of community exposure and typical
concentration patterns downwind of central Baltimore (Clifton Park). The Clifton Park site has been
used as the community monitoring Site in apand exposure study in Towson, MD and was previoudy
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shown to be representetive of the outdoor aerosol compaosition in the region (Williams et al ., 2001).

Deveop aDecison Rule: The purpose of the Decison ruleisto weigh the parameters of interest and
gpecify the action level. Integration of previous DQO outputs are used here to describe the logical
basis upon which the final decision is made.

Soecify Tolerable Limits on Decision Errors: The EPA and Supersite investigators are interested in
knowing the true nature of the urban amosphere in the Batimore area. Since data can only estimate,
decisonsthat are based on measurement data could bein error (decision error). The god of the
investigators was to devel op a data collection design that reduces the chance of making a decison error
to atolerable leve. There are two reasons why the true vaue of the atmosphere is for the most part,
poorly characterized:

The atmosphere dmogt dways varies over time and space. Limited sampling will miss some
features of this natura variaion becauseit is usualy impossible or impractica to measure. Sampling
design error occurs when the sampling design is unable to capture the complete extent of natura
varighility that exigsin the true Sate of the environment.

Anaytica methods and instruments are never absolutely perfect, hence a measurement can only
edimate the true value of an environmental sample. Measurement error refers to a combination of
random and systematic errors that inevitably arise during the various steps of the measurement process
(for example, sample collection, sample handling, sample preparation, sample analysis, data reduction,
and data handling).

The combination of sampling design error and measurement error is caled total study error,
which may lead to adecision error. Sinceit isimpossible to diminate error in measurement data, basing
decisions on messurement data will lead to the possibility of making adecison error. In this gpproach,
the data are used to select between one condition of the environment (anull hypothesis, H, ) and an
dternative conditions (an alternative hypothesis, H,). The null hypothesisistreated like a basdine
condition that is presumed to be true in the absence of strong evidence to the contrary.

In terms of the Batimore Supersite study, the null hypotheses are listed in Table 6.2 dong with
the associated measurements being made to provide the data that will serve as abasis for decisions.

Optimize the Design: The purpose of optimizing the design is to identify the most resource-effective data
collection regime. As part of the planning that went into writing the successful peer-reviewed proposd,
aresearch design was outlined in terms of types of measurements to be made. These origina ideas
have been refined to produce the listing of measurements provided in Table 6.2.

MQO Indicators

The MQO indicators for the Baltimore Supersite Experiment will be determined in the usua
way for aresearch project. Thetypica MQO indicators associated with data measurements are:
Precision, Accuracy, Representativeness, Completeness, Etimation of Bias, Minimum Detection Limits
(MDLs) and Comparability. Many of these MQOs can be measured on most of the instrument and the
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project asawhole. The MQOswill be determined for each individua insrument/system.  However,
some of the experimenta instruments perform analyses that are not easily reproducible or cannot be
compared againgt conventional anadyzers.  There will not be an opportunity for running duplicate
ingruments of many of the newer and more codtly insruments such as the continuous sulfate, nitrate,

and OC/EC instruments nor the aerosol time-of-flight mass spectrometer. Therefore, the Supersite
study provides an interesting scenario in terms expanding the relationship of quality assurance and data
qudlity. Itisaso concievable that some MQOs will be developed during the course of the study. The
typica MQOs can be used as indicators of error or biasin adataset. However, there are anumber of
additiona indicators that can be documented and can assess the data quditatively. These are: Inference
of Andyss, Intercomparison and Trend Andlyss. By using dl indicators, the following statements can
be made about the qudity of the data set:

Attempts will be made to quantify the error of the data generated. This shal be accomplished
by performing performance audits against accuracy flow checks and Technicd System Audits. The
QA data collected will be used to document accuracy, precision and bias.

Data generated shdl be of sufficient quality to facilitate intercomparison with differing
methodol ogies measuring the same parameters. The QAM and principle investigators will perform
datistical evauation of data.  Intercomparisons should only be performed on Field Anayses data.

All researchers shdl gtrive to provide the maximum quantity of data possible for the duration
study to dlow for arobust intercomparison of data.

Communication will be encouraged throughout the study. Sharing of Leve 0 datais
encouraged but not required. The definitions of datavalidation levelsare givenin Table 7.2, Level O
intercomparisons may clue different investigetors into whether their instruments are operating correctly.

Each of the MQOs are discussed in detail below.

Accuracy

The accuracy of the continuous gas monitors will be determined from performance audits of the
individua gas phase ingruments. The performance audit will challenge the instrument with standards,
from an independent, NIST traceable source not used for cdibration, encompassing the operational
range of the instrument. A minimum of three data points, including zero will be used to conduct the
performance audit. The following equation will be used to estimate the dope, intercept and correlaion
coefficient. The following equation is be employed:
y=mx = b Equation 1
where the audit landard concentration is the independent (x) variable, the instrument reading is the
dependent (y) variable, misthe dope, and b isthey intercept, will be used to assess accuracy.
For gravimetric and speciated fine particle samplers, the accuracy will be defined as a accuracy flow
check. The estimation of accuracy for thismethod is
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where Q, isthe flow rate measured using a NIST traceable flow device, Q,, isthe flow rate measured
by investigetor.

Bias

Due to the unique research nature of many of the measurements to be conducted by SuperSite,
the situation may arise where primary standards are unavailable to determine bias. In addition, bias of
the discrete methodol ogies can only be determined for the andytica instruments, and does include
effects introduced by sample collection and transport. In these instances the determination of biasisthe
correct action. Bias will be calculated under three distinct Stuations:

. aprimary standard does not exist to determine instrumenta accuracy

. the comparison of two discrete methodol ogies using ambient data

. comparison two discrete methodol ogies usng ambient data, one of which is a Federa reference
method.

When a primary standard method is not available, biaswill be calculated using the equation:
1 €s- X, u

I"I|_18 S H

where sisthe standard value and X isthe ingrument results of the ith measurement of the standard.
For comparison of two methodologies, neither of which is considered a reference standard,
biaswill be caculated by the equation:

ém:l1 m2|l]
&ml, +m2

Bias =

Equation 3

Bias = 2' U100 Equation 4

n i= 1
where m1; and m2; are the ith measurement of the two methodologies (m1 and m2) being subjected to
comparison. The use of the average of the two methodologiesin computing bias recognizesthat a
primary sandard is not available.
If the results of a particular methodology are being compared to a primary standard then the
following equation'

. e m U
Bias = —a em:I1 5 >§I.OO Equation 5
Niazg mj

where the numerator has been repla:ed with the ith measurement of the primary standard will be used
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to determine bias.

Precision

Precision of the continuous gas monitors will be determined from replicate analyses of
calibration standards, instrument span check standard and/or precision check standard records.
Precison for the GC/FID and GC/MS system will be determined using multiple andyses of a5
component mixture supplied by NCAR. A minimum of 5 data points should be used for the precison to
be caculated. Precision should be determined for data time periods between cdibrations or other
magor maintenance periods that may effect the operation performance of the instrument. Precision for
filter based ingtruments will be performed by comparing the percent difference between similar
methods. Precison will be determined from the standard deviation using the following equations.

2
\/ X ) Equation 6
- 1 _1

where ; isthe experimentaly determined vaue for the i measurement, n is the number of
measurements performed, and X  isthe mean of the experimentally determined values.

The precision will be determined as percentage of the average concentration of the span check
gtandard or precison check standard using the following equation.

i — ] .
Precision = {X},q +/- 1.96*s Equation 7

wherg{ X} 4 isthe average of the span or precision measurements, sis the standard devietion of the
replicate span check standard or precision check standard data. The upper and lower 95% probability
limits are sat usng this datidicd test.

Minimum Detection Limits

The MDL is defined as a Satidticaly determined val ue above which the reported concentration
can be differentiated, at a pecific probability, from a zero concentration. Anaytica procedures and
sampling equipment impose specific condraints on the determination of detection limits.  For the
gaseous parameters, MDLs are determined by chalenging the ingruments with purified zero air,
however, for filter based instruments, the MDL s are determined by blanks. It is recommended that all
filter-based instruments perform the following filter blank tests: field blanks and laboratory blanks.
Feld blanks are defined as afilter that travels with the filters that will be utilized in sample collection.
The filter should be treated in the same manner as any other filter with the exception of begin loaded
into the filter mechanism. It isagood fidd practice to take the field blank up to the sampler and leave it
indde the ingrument housing with the filter cover on. When the sample filters are removed after the
sample run, the field blank is aso removed and processed in the same manner as dl filters. 1t should
dso trave in the same carry case as dl filters. Storage and handling should be as identicd to al
processed filters. Laboratory (lab) blanks arefilters that are pre-weighed and processed in the same
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manner as al filters. It isagood laboratory practice to randomly pick afilter and leaveit in the
weighing room. Thisfilter is then post-weighed and handled in the same manner as dl filters arriving
from thefied. It is recommended that 10% of dl filters handled should be lab and field blanks. The
following sections will illustrate how MDLs are quantified for filter and non-filter methods.

Continuous Measurements

The configuration of the continuous gas monitors (in particular the ability to introduce standards
a the sample inlet) dlows for the determination of the MDL for each continuous anayte. The MDL
includes al sampling and andytica procedures and therefore represents a detection limit that can be
gpplied to ambient concentrations. The MDL concentration is determined in zero air and therefore will
not address matrix interferences.

The MDL for each continuous gas monitor will be determined through Statistical evauation of
the zero check standard. The following equation;

MDL = tp11a-099 * S Equation 8

where sis the sandard deviation of the replicate zero analyses, t isthe studentst vaue appropriate to a
99% confidence level and a standard deviation estimate with n-1 degrees of freedom, will be used to
determine the method detection limit”.

Discrete Messurements

The laboratory analytical protocol requires that samples be collected a alocation away from
andyss. Standards for the determination of detection limits for these laboratory instruments are
prepared in the laboratory and therefore are not subjected to the same procedures and equipment as
the ambient samples. This detection limit is referred to as the insgrument detection limit (IDL). The IDL
isindicative of the ability of the insrument to differentiate, at a specific probability, between zero and at
a specific concentration. The IDL standard does not experience the same handling procedures,
collection on filter medium and denuders for HPLC analysis or canister collection for GCM S analyss,
and therefore does not provide information relating to the detection limit at ambient. The IDL for each
HPLC and GCM S analyte will be determined through statistical evaluation as described in equation 8.

Completeness
Completeness will be determined from the data generated using the following equation:

Completeness= (D, —D,)/D. x 100 Equation 9

where D, isthe number of samples for which valid results are reported and D, is the number of samples
that are scheduled to be collected and analyzed during the yesr.
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Representativeness

Generaly, representativeness expresses how closaly a sample reflects the characteristics of the
surrounding environment. Thisis usudly quantified in terms of monitoring scde. It is not the scope of
this manua to discuss monitoring scae in detail, however, monitoring scae must be understood for the
project. The main component of the Supersiteisfine particles. Fine particle scale is recommend to be
neighborhood scale, which is defined as representing an areain the order of 0.5 to 4.0 kilometers. The
Supersite project will primarily be conducted in Clifton Park. The Site was previoudy used for an EPA
exposure pand study (Williamset al., 2001). Thelocation of the Site iswithin the greater Atlanta area.
The exposure of the surrounding environs does represent &t least a neighborhood scale for particle
monitoring. For more details on the location and site layout, please refer to Section 6.1
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