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Abstract

The Fresno Superste intends to: 1) test and evauae non-routine monitoring methods,
with the intent to edtablish ther comparability with exiging methods and determine their
goplicability to ar qudity planning, exposure assessment, and hedth impact determination; 2)
increase the knowledge base of aerosol characterigtics, behavior, and sources so regulaory
agencies can deveop dandards and drategies that protect public hedth;, and 3) acquire
measurements that can be used to evauate relationships between aerosol properties, co-factors,
and observed hedth end-points. Supersite observables include in-situ, continuous, short duration
measurements of: 1) PM35, PM 1o, and coarse (PM1o minus PM>5) mass, 2) PM, s sulfate, nitrate,
carbon, light absorption, and light extinction; 3) numbers of particles in discrete sze bins ranging
from 0.005 to ~10 pm; 4) criteria pollutant gases (O3, CO, NOy); 5) reactive gases (NOy, HNOs,
NHs); and 6) sngle paticle characterization by time of flight mass spectrometry. Feld sampling
and laboratory anadyss are applied for: 1) gaseous and particulate organic compounds (light
hydrocarbons, heavy hydrocarbons, carbonyls, polycyclic aromatic hydrocarbons [PAH] and
other semi-voldiles); and 2) PM,s mass, eements, ions, and carbon. Observables common to
other Superstes, including: 1) dally PM,s 24-hour average mass with Federal Reference Method
(FRM) samplers, 2) continuous hourly and five minute average PM2s and PM1o mass with Beta
Attenuation Monitors (BAM) and Tapered Element Ostillating Microbdances (TEOM);
3) PM2 5 chemicd speciation with an EPA speciation monitor and protocol; 4) coarse particle
mass by dichotomous sampler and difference between PM;p and PM2s BAM and TEOM
measurements, 5) coarse paticde chemicad compostion; and 6) high sengtivity and time
recolution scdar and vector wind speed, wind direction, temperaure, reative humidity,
barometric pressure, and solar radiation. The Fresno superste is coordinated with hedlth studies
that will use these data in establishing reationships with asthma, other respiratory disease, and
cardiovascular changes in animd subjects.

* Corresponding author.



INTRODUCTION

The U.S. Environmenta Protection Agency’s (EPA) Supersites program (U.S. EPA,
1998a) intends to operate research-grade ar monitoring Stations to improve understanding of
measurement technologies, source contributions and control drategies, and effects of suspended
paticles on hedth. Superdtes are being established in seven urban areas within the continenta
United States: 1) New York, NY; 2) Fittsburgh, PA; 3) Bdtimore, MD; 4) Houston, TX; 5) St.
Louis, MO; 6) Fresno, CA; and 7) Los Angdles, CA. Supersites guiding principles are that they:
1) tet gspecific scientific hypotheses appropriate for the monitored arshed and suite of
messurements, 2) provide measurements that can be compared and contrasted among the seven
urban aress;, 3) ae integrated into larger monitoring networks and research sudies, and 4)
leverage EPA investments with contributions from other agencies. The information derived from
these Superstes is expected to complement information from PM,s and PMio (paticles with
aerodynamic diameters less than 2.5 and 10 um, respectively) measurement networks operated a
Community Representative (CORE), transport, and background locations as part of the nationd
PM_ s monitoring network.

The Fresno Supersite is acquiring advanced ar quaity measurements related to
suspended particulate matter to accomplish the following objectives.

Test and evauae non-routine monitoring methods, with the intent to establish their
comparability with exising methods and determine their gpplicability to ar qudity
planning, exposure assessment, and health impact determination.

Increase the knowledge base of aerosol characterigtics, behavior, and sources s
regulatory agencies can develop standards and strategies that protect public hedth.

Evaluate reationships between aerosol properties, co-factors, and observed hedth
end-points.

Specific  hypotheses have been formulated related to each of these objectives.
Measurement methods have been sdected to provide the variables needed to test these
hypotheses.  Superdte measurements are coordinated with hedth sudies in the region,
goedificdly a multi-million dollar effort by the date of Cdifornia to better understand the
relationships between air quaity and asthma.

Previous studies (Ackermann, 1994; Arey et d., 1991, Barone et d., 1978; Baxter and
Pederson, 1994; Blanchard et da., 1999; Blumenthd and Lurmann, 1994; Blumenthd and
Watson, 1994; Bytnerowicz et d., 1991, 1992; Campbel and Shimp, 1998; Carroll and Baskett,
1979; Chow et al., 1992, 1993, 1994a, 1994b, 1996, 1997, 1998a, 1998b, 1999; Chu, 1995; Coe
and Chinkin, 1998; Collett et d., 1999; Dabdub et d., 1999; Degardins et a., 1995; Dickson &t
al., 1994, 1995; Dolidager and Motdlebi, 1998; Douglas and Kesder, 1991; Easter and Penndll,
1994; Ewell et d., 1995; Feldstein et d., 1963xe “Feldstein et d., 1963"; Flocchini et d., 1976;
Fosberg and Schroeder, 1966; Fujita et d., 1995; Fung et al., 1994; Gertler and Coulombe, 1994;
Glotfelty et d., 1987, Gordon et d., 1994; Grantz and McCool, 1992; Grantz et a., 1994, 1995,
1996; Green et a., 1992a, 1992b; Guo et a., 19953, 1995b; Hackney et d., 1994; Hdl & 4.,
1998; Harrington et d., 1993; Hoag et a., 1999; Hubbe and Pederson, 1994; Hughes et al., 1998;
Jacob et al., 1985, 1986a, 1986b, 1987; Jassm et a., 1994; Jenkins et d., 1991; Kedler et d.,



1991; Kesder and Douglas, 1994; Lillis et d., 1999; MacPherson et a., 1995; Magliano, 1988,
1994; Magliano and Chinkin, 1994; Magliano et d., 1998, 1999; Mahrt et a., 1994a, 1994b,
1995; Mahrt and Sun, 1995, 1998; Mahrt, 1998; Massman et a., 1994, 1995; Massman and
Grantz, 1995; Matsumura et a., 1992; Mitic et d., 1995; Moore et a., 1987; Morris et al., 1991,
1994; Motdlebi, 1998; Niccum, 1994, 1995; Niccum et d., 1995; Oncley et a., 1993; Padro et
a., 19943 1994b; Pa et d., 1995; Pedersen and Cahill, 1989; Pederson et a., 1994, 1995;
Pidke, 1994; Pun and Seigneur, 1999; Quint et a., 1993; Ranzieri and Thuillier, 1994; Rappolt
and Teuscher, 1994; Reible et d., 1982; Richards et d., 1999; Roberts et d., 1994; Roth and
Smith, 1994; Roth et a., 1994; Rowe and Chestnut, 1985; Seaman and Stauffer, 1994; Seaman
and Stauffer, 1994; Seaman et d., 1995; Seiber et d., 1993; Seigneur, 1994; Seigneur et d.,
1994; Shimp et a., 1996; Smith, 1994; Smith and Lehrman, 1994; Smith et d., 1995; Solomon,
1994; Solomon and Magliano, 1998, 1999; Start, 1994; Strader et a., 1999; Sun and Mahrt,
1995; Tanner and Zidinska, 1994; Tanrikulu and Ranzieri, 1998; Tanrikulu et a., 1998; Temple
et al., 1987; Thuillier, 1995; VanCuren, 1998; Watson et a., 1994a, 1994b; Williams & d., 1977,
Wilshire et d., 1981; Winer et d., 1992; Ziman et d., 1994) show that emissions, aerosol
compodtion, and meteorology change substantially over the course of a day, between seasons,
and between different years in centrd Cdifornia where Fresno is located. It is conjectured that
reationships between different measurement methods, aerosol characteristics, and hedth end-
points depend on these changes. Evauating these relaionships requires frequent samples over
short durations for amulti-year monitoring period.

Although dl of the measurement methods gpplied a Fresno have been used in short-term
programs, the Superdte represents the first gpplication of these methods together for multi-year
monitoring. The objectives of this paper are to: 1) describe the area represented by Supersite
monitoring and the higoricad ar qudity context for current messurements, 2) specify the
variables measured a the Superste and a surrounding locations with respect to method,
sampling period, sampling frequency, and sample duration; 3) date the hypotheses to be tested
with measurements and data andyss methods needed for that testing; and 4) provide some
examples of measurements acquired that are gpplicable to some of the hypotheses.

FRESNO STUDY AREA

Fresno and its dgter city of Clovis are located in the center of Cdifornids San Joaquin
Vadley, which encompasses nearly 64,000 kn? and contans a population in excess of three
million people. The Fresno metropolitan areq, is the largest population center for 150 km to the
north and south. The more than 500,000 population is ethnicaly diverse, with ~51% White,
~36% Higpanic, ~5% AfricanAmerican, and ~8% Adan. The Fresno area experiences frequent
hospitdizations for asthma ranking second in Cdifornia for AfricarAmerican children, third for
Hispanic children, and eighth for White children.

The San Joaquin Vdley in which Fresno is Stuated is bordered on the west by the coasta
mountain range and on the east by the Siera Nevada range. These ranges converge a the
Tehachapi Mountains in the southern end of the Valey, nearly 200 km south of Fresno. Weather
changes with season throughout the year. Spring often experiences smdl fronta passages with
low moidure content resulting in high winds. Summer meteorology is driven by heating over the
Mojave desert that creates a therema low pressure system and a large pressure gradient between
the coast and the desart. Fdl is influenced by the Grest Basin High, with prolonged periods of



dow ar movement and limited veticd mixing. Mixing depths and ventilation are low in the
morning during dl seasons and reman low throughout the day during the winter. Redive
humidities are highest in the winter, with low rdaive humidities in the summer and fdl. For
soring, summer, and fal, the typicd winds are northwesterly, directed dong the Valey axis. This
is the predominant non-winter wind flow pattern both during the day and night, dthough it is more
duggish during fdll.

Centra Cdifornia emisson source categories include 1) smdl to medium szed point
sources (e.g., power dations, incinerators, cement plants, and steam generators); 2) area sources
(eg., fires wind blown dud, petroleum extraction operations, cooking, and resdentid fuel
combustion); 3) mobile sources (eg. cas, trucks, off-road heavy equipment, trains, and
arcraft); 4) agriculturd and ranching activities (eg., fertilizers, herbicides, tilling and livestock);
and 5) biogenic sources (eg., oxides of nitrogen from biologica activity in soils and
hydrocarbon emissons from plants). Agriculture is the main industry surrounding Fresno, with
cotton, dfdfa corn, safflower, grapes, and tomatoes being the mgor crops. Cattle feedlots,
dairies, chickens, and turkeys conditute mogst of the anima husbandry in the region. Oil and gas
production, refining to the south, wade incineration to the northwest, eectrical co-generation a
vaious locaions, trangportation, commerce, locad government and light manufacturing conditute
the remainder of the economy.

PM2s levels measured from 1991 to 1996 with dichotomous samplers operating every
sixth day show annua averages ranging from 18 to 24 pg/nt. The highest 24-hour averages
ranged from 56 to 93 pg/nT during this period. These are in excess of the annua (15 pg/nt) and
24-hour (65 pg/nt) Nationd Ambient Air Quality Standards (NAAQS) for PM,s. The highest
PM25 concentrations are typicaly found during winter and fdl, with the lowest concentrations
occurring during spring and summer (Watson et d., 1998). PM», s condtitutes ~80% of PMjg
during winter and ~50% of PM1p during the rest of the year (Chow et d., 1993, 1996, 1998a,
1998h).

Fresno experiences high ammonium nitrate levels during winter and sometimes in fal,
large geologica contributions during fal and spring, and medium to high carbon concentrations
throughout the year. Organic carbon concentrations are enhanced by vegetative burning and
cooking during winter (Schauer and Cass, 1999) when disperson is poor. Ammonium sulfate
levels average <2 pg/nT throughout the year. Owing to multiday accumulation of organic
precursors, Strader et a. (1999) hypothesize that up to 20% of wintertime organic materid
during some pats of the day may be of secondary origin, but organic to eementa carbon
proportions are typicdly smilar to those of primary emissons.  This rich vaiability in aerosol
concentration and composition found throughout the year, over multi-day episodes, and even
within a day provides the contrasts and extremes needed to stress measurement methods and to
evaduae changes in hedth end-points. The Fresno amosphere presents substantial measurement
chalenges caused by multiple area sources, volatile aerosol, and fogs and rain during winter.

SITE DESCRIPTION

The Cdifornia Air Resources Board (ARB) has operated the sSite at 3425 First Street
(coordinates -119.7727725 °W, 36.78184232 °N), ~3 km north of the downtown commercid
digrict, ance 1990. Commercid edablishments, office buildings, churches, and schools are



located north and south of the monitors. ~ Medium-densty single-family homes and some
gpartments are located in the blocks to the east and west of Fird St Sampling inlets are located
on a second story rooftop ~10 m above ground level and ~50 m from the west sde curb of First
., a four-lane atery with moderate traffic leveds. Other PM dtes in the Fresno metropolitan
area include the Clovis dte, located ~10 km northeast of First &., the Drummond S. Site located
~5 km south, and the N. Villa Ave. stein the southeastern part of the city.

Two satdlite stes (Chow and Egami, 1997) are located in the vicinity of the Firs St. Ste
to determine its zone of representation and the effects of loca sources on  chemicd
concentrations. A vehicle-dominated Site at Shields Ave. and SR 41 is in a resdentia area near
a freeway onramp ~1 km west-southwest of the Supersite and will quantify incremental carbon
contributions from directly emitted vehicle exhaust. A resdentid Ste near a city park is located
~1 km north northeast of the Superste on a lightly-traveled neighborhood street.  For most of the
year this Ste will represent a neighborhood similar to that around the First St Supersite.  During
winter, however, Schauer and Cass (1998) attributed the large increment in organic carbon near
this dte to neighborhood wood combustion. A third satdlite Ste located at the Seima Airport,
~30 km south southeast of the Superste, is outside of the populated area and provides the ability
to separate urban-scae from regiond-scale PM contributions.

The Angiola Tower dte operated as pat of the Cdifornia Regionad PMio/PM2s Air
Quality Study (CRPAQS, Watson et a., 1998) is equipped with much of the same measurements
as the Firg St. Supersite. The Angiola ste is located in a flat fidd ~100 km south of Fresno with
minmd  influence  from non-urban  sources. A 100 m tower is ingrumented with
micrometerological and paticde monitors to evaduate the verticd mixing and trangport of
pollutants between mgor urban areas such as Fresno and Bakersfidd. Angiola measurements
will be compared with those from Fresno to evauate hypotheses about urban and regiond-scale
contributions to excessive PM, 5 and PM 1o concentrations.

SUPERSITE MEASUREMENTS

Table 1 specifies the measurements at the Fresno Supersite, the methods applied, sample
durations and frequencies, and the measurement periods. Simultaneous measurements available
from the Angiola Tower Site are dso indicated, as are measurements at the three satdllite Sites.

Emphasis is on in-situ, continuous, short duration measurements of: 1) PM2s, PM1p, and
coarse (PM1p minus PM2s) mass, 2) PMys sulfate, nitrate, carbon, light absorption, and light
extinction; 3) numbers of particles in discrete sze ranges from 0.005 to ~10 um; 4) criteria
pollutant gases (O3, CO, NOy); 5) reactive gases (NOy, HNOs, NH3); and 6) single particle
characterization. Fied sampling and laboratory andyss are applied for: 1) gaseous and
particulate organic compounds (light hydrocarbons, heavy hydrocarbons, carbonyls, polycyclic
aromatic hydrocarbons [PAH] and other semi-voldiles); 2) PM2s mass, dements, ions, and
carbon; and 3) PM,5 and coarse-paticle bioaerosols such as endotoxins, pollens, molds, and

fungi.

Observables common to other Supersites, including: 1) dally PM2 s 24-hour average mass
with Federa Reference Method (FRM) samplers, 2) continuous hourly and five minute average
PM,s and PM1p mass with Beta Attenuation Monitors (BAM) and Tapered Element Oscillating



Microbdances (TEOM); 3) PM.s chemicd speciaion with an EPA speciaion monitor and
protocol; 4) coarse particle mass by dichotomous sampler and difference between PM;p and
PM,s BAM and TEOM measurements, 5) coarse particle chemica compostion; and 6) high
sengtivity and time resolution scaar and vector wind speed, wind direction, temperature, relative
humidity, barometric pressure, and solar radiation. Satellite Stes are equipped with PMys
nephdometers operating continuoudy and with Minivol Teflon and Quatz filter samplers
operating for 24-hours every 6™ day to quantify mass, elemental, ion, and carbon concentrations.

Quadlity assurance (QA) (U.S. EPA, 19983, 1999a, 1999b; Hook et a.,1998; Patterson et
al., 1998) plans describe measurements, quality control (QC), and QA activities. They specify
Data Quality Objectives (DQO, U.S. EPA, 1994) to the extent that they gpply to a research study
and are supported by Standard Operating Procedures (SOPs) describing each measurement
process (U.S. EPA, 1995,1998b).

QA adtivities induder 1) assambling, reviewing, and archiving SOPs 2) summarizing
QC and QA procedures with measurement descriptions in QA plans 3) specifying primary,
cdibration, performance tes, and audit standards, 4) specifying data reporting conventions, 5)
conducting systems audits of fidd, laboratory, and data management systems, 6) conducting
performance audits of fidd and laboratories; 7) preparing data quaification statements, and 8)
reporting QA results.

Severd types of standards are needed for cdibration, auditing, and performance tests.
Table 2 identifies primary and trandfer sandards and the frequency of application for calibration,
performance testing, and auditing. Methods for presenting these standards to instruments depend
on the indrument. How rates are raively ample to verify, but evduating continuous monitor
response to particle sze is impracticd under fiedd conditions. Gas and meteorological monitors
used in compliance networks have common procedures and sandards for cdibration and
auditing.  Cdibration, performance testing, and auditing methods for laboratory operations are
largely based on the preparation of standard solutions from minerd sdts. The Nationd Inditute
of Standards and Technology (NIST) does not provide these types of standards. Standard
solutions in a large range of concentrations are avalable commercidly for inorganic monoatomic
and polyatomic ions. Performance testing for particle sze and chemicd speciation methods are
dill under development, and one of the research gods is to devise practica dandards and
methods to evauate accuracy, precision, and vaidity.

Each in situ ingrument is interfaced to an andogue and serid data acquidtion system that
is accessble by modem for daa review and achiving. This communication capability will be
used by hedlth researchersto time clinica and toxicologica measurements of test subjects.

The Superdte data base is avalable over the internet where it is integrated with other
paticulate, ar qudity, vighility, and meteorologicd daa bases throughout Centra Cdifornia
and measurements from other Supersites (Christensen et a., 1999). . Vdidated measurements
are posted within one cdendar quarter of the previous quarter. The following types of tables are
included in the project database:

Measurement locations: Each measurement location is identified with a unique
aphanumeric dte ID accompanied by its name and address, coordinates, eevation, its



primary operator, and a summary of measurements taken a the dte for different
monitoring periods.  Coordinates are determined with globd pogtioning systems
(GPS) usng map bass NAD-83 (Federd Aviation Adminidration convention). The
GPStime stamp is recorded to correct coordinate deviations.

Variable definitions. Each variable is assgned a unique code that is accompanied
by its definition, units, averaging time, measurement method, applicable temperature
and pressure adjustments, and data reporting format.

Data validation flags. Fags specific to each measurement are trandated into a
common set of validation flags that are carried with each data point. These are
currently being defined by EPA for its speciaion program, and this will be a darting
point for Fresno Superdite data vaidation flags.

Data tables. Badc data tables are condructed in normdized formats that have the
same gructure for different types of data Each record contains the ste code, sample
date (MM/DD/YYYY), sample time (HH:MM:SS PST), variable code, measurement
vaue, measurement precison, vdidity code, and vdidation levd. These files will be
transparent to most users and can be easly manipulated into convenient data andysis
forms. Misang or invaid measurements are omitted or contan a “NULL” vaue
Separate tables are produced for different averaging times and for norruniform data
sets.

Validation indicators. Detaled information on specific samples indicating the
naure of the data qudification. These tables dso contan the vdidation leve
assigned to each data item.

Data vdidity levds ae desgnated in the vdidation tables for different stages of data
acquistion and interpretation. Level O desgnates data sets downloaded from a fidd instrument
that have not been examined. These measurements are used to evduate instrument performance
and to forecast conditions for specia experiments, but they are not used for interpretive
purposes. Leve 1 daa has been evauaed by the measurement investigator prior to submission
to the data base. Vdues ae removed for insrument downtime and peformance teds,
adjusments for cdibration deviations are agpplied, extreme vaues ae invedigated, internd
comparisons are made, blanks are subtracted, precisons are estimated and propagated, and
gopropriate data qudification flags are assgned. For sequentid measurements, jump teds,
sandard deviation tedts, and extreme vadue teds often identify vaues that need to be
investigated. Leve 2 data have completed comparison tests between data sets.  These tests often
result in the invedtigation of severd samples that do not follow the same pattern as other
measurements.  These samples are sometimes re-andyzed, and re-designated as vaid, invaid, or
suspect as aresult of the investigation.

Leve 3 vdidation occurs after measurements are used to test hypotheses and vaues that
are found contradictory to other vadues have been invedigated. The fird assumption upon
finding a measurement incondstent with physca expectaions is that the unusud vaue is due to
a measurement error.  If, upon tracing the path of the measurement, nothing unusual is found, the
vadue can be assumed to be a vaid result of an environmental cause. Unusua vaues ae
identified as 1) extreme vaues 2) vaues that would normaly track the vaues of other



vaiables in a time seriess and 3) vaues for observables thet would normdly follow a
quditatively predictable spatia or tempord pattern.

HYPOTHESES AND TESTING METHODS

Table 3 summarizes the hypotheses associated with each objective. These hypotheses
take advantage of the longer than 3year record that will be avallable. PM2 s and PM1g NAAQS
require & least a three-year record to determine attainment (U.S. EPA, 1997). While the
CRPAQS monitoring and data andyss will provide detalled undergtanding of source
contributions, meteorology, and amospheric chemigry for one year and severd multi-day
episodes, they cannot provide the multi-year perspective needed to evaduate compliance with
curent NAAQS. A multi-year data set is dso needed to evduate dternative forms and
indicators for new standards that might be promulgated nationdly and in Cdifornia as a result of
new knowledge gained by research on mechanisms for particle effects on cardiovascular hedth.
The gpplication and evaudion of advanced, continuous messurement technology over this
extended period will provide knowledge needed by regulators when they consider particle hedth
indicators and candidates for future Federal Reference Methods.

Methods testing and evauation hypotheses are based on evidence that there is a
dimatology for the vdidity and comparability of measurements acquired by the same
insruments.  Meteorologica conditions, source contributions, and aerosol chemicd composition
in centrd Cdifornia are known to change subgtantidly over a year and even between different
parts of the day (Chow et a., 1992, 1993, 1994, 1996, 1998, 1999).

Emissons reduction plans need to determine source contributions to primary particles
and the limiting precursors for secondary partices. Conclusons drawn from specid, short-term
studies need to be generalized over a least the three-year period used to determine compliance or
non-compliance with NAAQS, and over a longer period (~10 years) during which control
drategies ae implemented. These hypotheses examine how wdl concusons from specid
dudies such as CRPAQS stand up during subsequent years. They also place the Supersite
monitoring period within a long-term record by comparison with Fresno Fird S. PM2s5, PMio,
light scattering, coefficient of haze, and meteorologicd measurements are avalable from 1990
onward.

Mauderly et a. (1998) identify the following potentid indicators for adverse hedth
gffects 1) PM mass 2) PM surface area; 3) PM number (i.e, ultrafine concentration); 4)
trangtion metds (especidly soluble fraction); 5) acids (especidly sulfuric acid); 6) organic
compounds, 7) biocaerosols, 8) sulfate and nitrate compounds (typically neutralized in whole or
in pat by ammonia or sodium); 9) peroxides and other free radicas that accompany and help to
form PM; 10) soot (dementa carbon and associated PAH); and 11) correlated co-factors (other
pollutants and variation in meteorology). Long-term data records of these variables are needed
to examine reationships to hedth end-points and to determine the range of concentrations to
which humans might be exposed. Owing to the complexity and expense of measurement
technology, such long-term records are lacking.

Measurements at the Fresno Supersite can be acquired to support health studies related to
al but caegory 9, peroxides and free radicds. Although sulfuric acid (category 5) could be



quantified, there is aufficient evidence that avalable sulfate anions are completdy neutrdized by
ammonia and dkdine species in Centrd Cdifornia  Nitric acid could be related to hedth
endpoints, and attempts at its continuous measurement are important.

Hypotheses 3.1 through 3.9 in Table 3 require measurements from other studies related to
human respiratory hedth in the Fresno area and Centra Cdlifornia (Schlesinger, 1999). The
Particulate Air Pollution and the Naturd History of Childhood Asthma Study sponsored by ARB
a UC Bekdey will tes panels of children for four years, with a variety of lung function tests
and clinicad examinations made throughout the period. Indoor and outdoor samples will be
acquired and persona exposure monitors will be used to develop long term exposure estimates.
These will be corrdated with Supersite measurements.

The Hedth Effects of Concentrated Ambient Paticles from the Centrd Vadley of
Cdifornia sponsored by U.S. EPA a UC Davis will expose rats to different levels of Centrd
Valey agrosol, then sacrifice the rats and examine damage to ther respiratory system. Portable
particle concentrators for ultrafine, fine, and coarse fractions will be located near the Superdite to
take advantage of its measurements. Extremes will be sought in particle number, composition,
surface area, and other variables by sdlecting times of day and times of the year where contrasts
arelargest. Redl-time access to Supersite measurements will be used to schedule experiments.

The Indoor Exposure from Ambient Concentrations Study sponsored by U.S. DOE at
Lawrence Berkdey Nationd Laboratory will develop a mechanigic modd for infiltration of
outsde ar into buildings. The mode requires a detaled understanding of particle sze and
chemica characteridtics, infiltration characteridtics of various buildings, resdent behavior, and
outdoor meteorologicd conditions.  Occupants of buildings near the Fresno Superste will be
recruited for participation. Indoor and outdoor measurements will be taken for representative
seasons to test the modd.  Supersite measurements will be used for detailed characterization and
to extrapolate limited and integrated indoor/outdoor measurements to a range of aerosol
characteristics and wegather conditions.

SUMMARY

The Fresno Superdte will provide 1) a long-term record of smultaneous advanced
paticle measurements that includes a large range of concentration levels, particle szes, and
aerosol compostions, suitable for many purposes, 2) supportable conclusons about specific
hypotheses concerning measurement method performance, causes of excessve pollution levels,
and effects on hedth; 3) linkages and collaboration among ar qudity scientists, toxicologids,
epidemiologists, exposure specidids, and dlinicians that better integrate and communicate their
scientific findings, 4) a research infrastructure in Fresno and a the Firg . dte that can serve
research needs during and after Superste monitoring; and 5) publications and reports that
support locd, sate, and national decison-making related to standard setting and  pollution
controls.

Subsets of Fresno Superste measurements will be comparable to Smilar measurements
from other Superstes established nationwide and to other measurements from additiond dtes
and specid dudies in Centrd Cdifornia  Specificdly, a non-urban Angiola Site located ~100 km
south of Fresno will have nearly identicd measurements that will dlow differentigtion of



regiond from urban contributions. The three-year record at Fresno is likely to overlap shorter
monitoring periods a other U.S. Superstes, making possble day-to-day correspondence
between measurements.

Fresno Superste measurements will establish relationships between complex and less
comprehensve measurements such as those acquired from speciation monitors, FRMs, and
Minivol monitors. These data will be avalable over a wider spatid scade, both in Centrd
Cdifornia and throughout the United States. A better understanding of where and when these
more widdy avalable measurements are adequate surrogates for more complex measurements
will provide opportunities for comparisons and contrasts.
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Table 1. Obsarvables, measurement methods, sample duraions, frequencies and monitoring
periods for the Fresno Supersite.

Observableand M ethod SizeRange AvgTime Frequency Period
Gases
NO/NOy (TEI 42 chemiluminescence)® gas 1-hr daily 1990 onward #
Ozone (API 400 UV absorption)’ gas 1-hr daily 1990 onward #
Carbon monoxide (Dasibi 3008 infrared gas 1-hr daily 1990 onward #
absorption)
Non-methane hydrocarbons gas 1-hr daily 1990 onward #
NOy (high sensitivity TEI 42 with external gas 5-min daily 12/15/99 to 3/31/03
converters and denuders)®
HNO; (high sensitivity TEI 42 or Ecophysics gas 5-min daily 12/1/00to 3/31/03
chemiluminescent monitor with external
converters, denuders & sequencers)d
Ammonia (TEI 17C high sensitivity with NOy gas 5-min daily 12/1/00 to 3/31/03
scrubbers and oxidizers)®
Filter Massand Chemistry
TSP mass (hivol w/ quartz filters) and lead TSP 24-hr 12th day 1990 onward #
PM 1o mass, sulfate, nitrate, chloride, and 0to10um 24-hr 6th day 1990 onward ?
ammonium (hivol SSI w/ quartz filters)
PM ;5 and coarse mass, elements (dichotomous Oto25um 24-hr 6th day 1990-11/1/002
samplers with Teflon filters) 0to10um
PM, 5 and coarse mass, elements. Coarse 0to25um 24-hr every day 11/1/00-12/3/05 2¢
endotoxins, spores, molds, fungi (dichotomous 0to10um
samplerswith Teflon filters)
PM ;5 mass (collocated Andersen sequential Oto25um 24-hr daily for primary 3/1/99 onward ®
FRM w/ Teflon filters) 6th day collocated
PM ;5 mass, light absorption, elements, ions, and| 0to2.5pum 24-hr 6th day 7/5/99 to 6/29/00
carbon (two single-channel FRMsw/ Teflon and (method evaluation)
quartz filters)
PM ;5 mass, elements, ions, and carbon Oto25pum 24-hr 6th day 7/5/99 to 6/29/00
(six-channel Andersen RAAS speciation (method evaluation)
sampler w/ denuders and backup filters)
Particle morphology 0to~30 um 24-hr 6th day 7/5/99 to 6/29/00
(Airmetrics Minivol w/ polycarbonate filters and (method evaluation)
scanning electron microscopy)
PM, s mass, elements, ions, and carbon 0to2.5um 24-hr 3% day 2001 onward?
(two-channel speciation sampler)
PM 5 mass, elements, ions, volatilized nitrate, 0to25um 24-hr 6th day 12/1/99 to 3/31/03

carbon, and ammonia at three neighborhood
(satellite) sites (six Airmetrics MiniVolsw/
Teflon/citric acid cellulose and quartz/NaCl
cellulose filter packs)

24




Table 1. (continued)

Observableand M ethod SizeRange AvgTime Frequency Period

Filter Massand Chemistry (continued)

PM » 5 mass, elements, ions, carbon, and Oto25pum 24-hr daily 12/1/99 to 1/31/01 °

ammonia (two-channel sequential filter sampler

w/ denuders and backup filters; masson all,

chemistry on 100 samples)©

PM ;5 mass, elements, ions, and carbon Oto25pum 3,5, and daily on 15 episode days

(two-channel sequential filter sampler w/ 8hr episode days 12/1/00 to 1/31/01°

denuders and backup filters)® 5/day

PM 10 mass, elements, ions, carbon, and fugitive Oto10pum 24-hr daily sampling 9/15/00 to 11/15/00

dust markers (methods to be specified by with selected

CRPAQS)® characterization

Toxic species (metals, chromium V1, aldehydes) 0to~30 um 24-hr 12th day 1996 onward ®

(Xontec 920)

Continuous Particle Massand Chemistry

PM ;5 mass (30 °C TEOM) Oto25pum 1-hr daily 7/5/99 to 3/31/03

PM 19 mass (30 °C TEOM) 0to10um 1-hr daily 7/5/99 to 3/31/03

PM , 5 mass (ambient temperature BAM)© 0to2.5um 1-hr daily 5/15/99 onward

PM 10 mass (ambient temperature BAM)® 0to 10 um 1-hr daily 5/15/99 onward

PM 5 nitrate and sulfate Oto25pum 10-min daily 9/23/99 to 3/31/03

SADI flash volatilization with TEI NO, detector)

PM 5 nitrate and sulfate Oto25pum 10-min daily 2/1/00to 3/31/03

SADI flash volatilization with TEI SO, detector)

PM 5 organic and elemental carbon Oto25pum 30-min daily 12/15/99to 3/31/03

(R& P Series 5400 carbon monitor) ©

PM 5 organic and elemental carbon 0to25um 30-min daily 4/1/01 to 3/31/03

(MET ONE in situ analyzer)

Individual particle size and chemistry 0to10um 5min daily on 15 episode days

(UC Riverside time-of-flight spectrometer) episode days 12/1/00 to 1/31/01°

Organic Gases and Particles

Toxic hydrocarbons (Xontec 910 canister gas 24-hr 12th day 1995 onward

sampler)

Carbonyls (Xontec 925 DNPH sampler) © gas 24-hr 12th day 1995 onward ®
summer 3rd day 1995 onward

4/day
Light hydrocarbons (canister & GC/FID)°© gas 5-to 8-hr, | daily for episodes 15 episode days
4/day 12/1/00 to 1/31/01°
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Table 1. (continued)

Observable and M ethod SizeRange AvgTime Frequency Period

Organic Gases and Particles (continued)

Heavy hydrocarbons (TENAX & GC/TSD/FID) gas 5-to 8-hr, | daily for episodes 15 episode days

¢ 4/day 12/1/00 to 1/31/01°

Aldehydes (DNPH & HPLC)® gas 5-to 8-hr, | daily for episodes 15 episode days
4/day 12/1/00 to 1/31/01°

PM , 5 organic compounds (Teflon-coated Oto25pum 5-to 8-hr, | daily for episodes 15 episode days

glass-fiber/PUF/XAD filtersand GCMS) ¢ 4/day 12/1/00 to 1/31/01°

PM ;5 organic compounds (Teflon-coated 0to2.5um 24-hr 6th day 6/1/00-9/30/00 °

glass-fiber/PUF/XAD filtersand GCMYS)

PM ;5 organic compounds (Minivol w/ 0to2.5um 24-hr 6th day 2/1/00 to 1/31/01 °

Teflon-coated glass-fiber filtersand GCMYS)

(aggregated for 60 sample polycyclic aromatic

hydrocarbon [PAH] analysis)®

Continuous particle-bound PAHs (EcoChem Otolum 5min daily 9/30/99 to 3/31/03

Analytics PAS2000 w/ UV radiation and

photoel ectric aerosol sensors)

ContinuousLight Scattering

Ambient particle light scattering 0to~30 um 5min daily 5/15/99 to 3/31/03

(Optec NGN2 ambient-temperature

nephelometer at 550 nm)

Dry particle light scattering 0to2.5pum 5-min daily 5/15/99 to 12/31/99

(Optec NGN3 heated nephelometer at 550 nm) (method evaluation)

Total particle light scattering 0to~30 um 5-min daily 12/15/99to 3/31/03

(Radiance M 903 nephelometer with smart heater

at 530 nm)

PM 5 particle light scattering Oto25um 5-min daily 12/15/99to 3/31/03

(Radiance M 903 nephel ometer with smart heater

at 530 nm)

Light scattering 0to2.5um 5-min daly 5/15/99 to 3/31/01

(TSI- DUSTRACK photometer at 780 nm)

Light Absorption

Coefficient of haze (Al1SI paper tape sampler) 0to~30 um 2-hr daily 1990 onward *

Light absorption (McGee aethalometer at Oto25um 5-min daily 5/15/99 to 3/31/03

880 nm)

Light absorption 0to2.5um 30-min daily 5/15/99 to 3/31/03

(McGee multi-color [450, 570, 590, 615, 660,
880, and 950 nm] aethal ometer)
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Table 1. (continued)

Observable and Method

Size Range

AvgTime

Frequency

Period

Particle Sizes

Scanning mobility particle sizer (TSI 3936L 10
with 3010S ultrafine condensation particle
counter w/ TSI 3080L electrostatic classifier and
differential mobility analyzer and TSI 3900087
software) ©

10 to 1,000 nm

5-min

daily

12/15/99 to 3/31/03

Particle Sizes (continued)

Fine particle size distribution in 8 size fractions
(0.1,0.2,0.3,0.4,05,0.7, 1.0, and 2.0 um)
(PMS Lasair 1003 optical particle counter) ©

0.1to2pum

5-min

daily

11/1/99 to 3/31/03

Aerodynamic particle sizer (TSI 3926)

0.3t0 10 um

5min

daily

2/1/01 to 3/31/03

Coarse particle size distribution in 16 size
fractions (0.3, 0.4, 0.5, 0.63, 0.8, 1.0, 1.3, 1.6,
20,25,3.2,4.0,5.0,6.3,8.0, and 10 pm)
(Climet CI-500 optical particle counter) ©

0.5t0 10 pm

5-min

daily

12/15/99to 3/31/03

Mass and ion size distribution in 9 size fractions
(0.054, 0.105, 0.148,0.37,0.54, 1.0, 1.8, 3.2,

5.6, and 15 pm)

(MOUDI with Teflonfiltersand IC and AC)

0.054t0 15 um

5 to 8-hr

daily for episodes

15 Episode Days
12/1/00-1/31/01°

Carbon size distribution in 9 size fractions
(0.054, 0.105, 0.148,0.37,0.54, 1.0, 1.8, 3.2,
5.6, and 15 pm)

(MOUDI with duminum filters and TOR)

0.054t0 15 um

5 to 8-hr

daily for episodes

15 Episode Days
12/1/00-1/31/01 P

M eteor ology

Wind speed/direction (Met One 05305L
high-sensitivity wind vane and anemometer)

NA

5-min

daly

5/15/99 onward®

Temperature
(Met One CS500L high-accuracy sensor) ©

NA

5-min

daily

5/15/99 onward®

Relative humidity
(Met One CS500L high-accuracy sensor) ©

NA

5-min

daily

5/15/99 onward®

Solar radiation
(Met One LI1200X-L)©

NA

5-min

daily

9/15/99 onward®

Barometric pressure sensor®

NA

5-min

daily

9/15/99 onward®

Data Acquisition and Processing

Campbell Scientific 24-input analogue data
logger with modem dialup

NA

All times

daily

5/15/99 onward®

PC-LABVIEW serial datalogger with modem
dialup®

NA

All times

daily

12/1/99 onward®
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Table 1. (continued).

& Part of the California Air Resources Board' s compliance monitoring network.

® Measurements from the California Regional Particulate Air Quality Study (CRPAQS) (Watson et a., 1998a).
Three to five wintertime episodes of four to eight day duration will be monitored based on aforecast of high PM ;5
concentrations under clear sky stagnation and stagnation with fog conditions.

¢ These ground-level measurements will also be taken at the non-urban Angiola site established by CRPAQS from
2/1/00 through 1/31/01 and during pollution episodes. Thissiteislocated 100 km south of Fresno in aflat area of
the San Joaquin Valley surrounded by agricultural fields dominated by cotton and alfalfa. Simultaneous
measurements from Angiola will be used with those from the Fresno site to evaluate hypotheses about
measurement equivalence in the absence of fresh urban emissions and to separate urban from non-urban
contributions to the concentrations of measured observables. CRPAQS episodic measurements at Angiolawill be
taken at the same time as those acquired at Fresno.

4 Measurements at Angiola are available from 12/1/00 through 1/31/01.
€ Part of Particulate Air Pollution and the Natural History of Childhood Asthma sponsored by ARB.
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Table 2. Qudlity assurance activities at the Fresno Supersite.

Performance |Performance| Performance |Performance
Observable Percent Primary Calibration | Calibration Test Test Audit Audit
(Method) Tolerance | Instrument | Standard Standard | Frequency Standard Frequency Standard Frequency | Audit by ®
I. Gases
NO/NOy +10% TEI 42 NIST - Certified NO| Quarterly or [ Span with certified Daily Certified NO Yearly ARB
(chemiluminescence) traceable NO | mixtureand | when out of | NO and zero with mixture and
mixture dynamic spec scrubbed air dynamic dilution
dilution
O3 (UV absorption) +10% APl 400 |ARB Primary[Dasibi 1003H| Quarterly or | Span with internal Daily Dasibi 1008 with Yearly ARB
uv uv when out of |ozonegenerator and temperature and
Photometer | photometer spec zero with scrubbed pressure
air adjustments
CO (infrared absorption) +10% Dasibi 3008 NIST - Certified CO | Quarterly or [ Span with certified Dally Certified CO Yearly ARB
traceable CO [ mixtureand | when out of | CO and zero with mixture and
mixture dynamic spec scrubbed air dynamic dilution
dilution
NMHC (flame ionization) +10% TEI 55 NIST - Certified HC | Quarterly or [Soan with certified Dally Certified HC gas Yearly ARB
traceable HC | gasdilution | when out of | HC and zero with dilution
mixture spec scrubbed air
NOy / HNOs +20% TEI 42CY ° NIST - Certified NO | Quarterly or | Span with certified Daily Certified NO 5times CRPAQY
(chemiluminescence) traceable NO| mixtureand | when out of [ NO and zero with mixture and over 3years| CE-CERT
mixture dynamic spec scrubbed air dynamic dilution
dilution
NH3 +20% TEI 17C or NIST - Certified NO| Quarterly or [ Span with certified Daly Certified NO 5times CRPAQSY
(chemiluminescence/ API 200A ° |traceable NO| mixtureand | when out of | NO and zero with mixture and over 3years| CE-CERT
oxidation) mixture dynamic spec scrubbed air dynamic dilution
dilution
Il. Filter Mass and Chemistry
TSP mass +5% General Metal| Sirometer | Calibrated Quarterly | Calibrated orifice | Monthly | Calibrated orifice/ Yearly ARB
(high-volume sampler) Works (>1,000 orifice/ rootsmeter
L/min) rootsmeter
PM10 mass +5% Graseby Spirometer | Calibrated Quarterly | Cdibrated orifice | Monthly | Calibrated orifice/ Yearly ARB
(hivol SSI sampler) Andersen (>1,000 orifice/ rootsmeter
L/min) rootsmeter
PM> s and PM1p mass and +5% Graseby NIST - Mass Quarterly Calibrated Monthly Mass flowmeter Yearly ARB
elements Andersen certified flowmeter/ bubblemeter
(collocated dichotomous bubblemeter | bubblemeter
samplers) (1-25 L/min)
PM2.s mass +5% Graseby NIST - Mass Quarterly Calibrated Monthly Mass flowmeter Yearly ARB
(2 single-channel FRM Andersen certified flowmeter/ bubblemeter
samplers) bubblemeter | bubblemeter (Gillibrator)
(1-25 L/min)
PM>.5 mass +5% Graseby NIST - Mass Quarterly Calibrated Monthly Mass flowmeter Yearly ARB
(2 sequential PM2s FRM Andersen certified flowmeter/ bubblemeter
samplers) bubblemeter | bubblemeter

(1-25 L/min)
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Table 2. (continued)

Performance [Performance| Performance |Performance
Observable Percent Primary Calibration | Calibration Test Test Audit Audit
(Method) Tolerance | Instrument | Standard Standard | Frequency Standard Frequency Standard Frequency | Audit by ®
Il. Filter Mass and Chemistry (continued)
PM2.5s mass and chemistry +5% Graseby NIST - Mass Quarterly Calibrated Monthly Mass flowmeter Yearly ARB
(2 RAAS speciation Andersen certified flowmeter/ bubblemeter
samplers) bubblemeter | bubblemeter
(1-25 L/min)
PM>.5s mass and chemistry +15% Airmetrics NIST - Mass Quarterly Calibrated Monthly Mass flowmeter 5times CRPAQY
(7 minivol portable certified flowmeter/ bubblemeter over 3years| CE-CERT
samplers) bubblemeter | bubblemeter
(1-25 L/min)
PM>.s mass and chemistry +5% DRI SFS NIST - Dry test meter| At the Calibrated dry test| Monthly Dry test meter At the CRPAQS
(sequential speciation certified beginning and meter beginning and
sampler) Vol-U-Met end of end of
(25-200 sampling sampling
L/min) episode episode
PM 1o mass and chemistry +15% CRPAQS NIST - Dry test meter| At the Calibrated dry test| Monthly Dry test meter At the CRPAQS
(fugitive dust certified beginning and meter beginning and
characterization sampler) Vol-U-Met end of end of
(25-200 sampling sampling
L/min) episode episode
Trace metals, chromiumVI,|  +10% Xontec 920 NIST - Dry test meter| Quarterly | Calibrated dry test| Monthly Mass flowmeter Yearly ARB
adehydes certified meter
(air toxic monitor and bubblemeter
absorbent cartridge) (1-25 L/min)
IIl. Continuous Particle Mass and Chemistry
PM> .5 mass +10% R& P 1400A NIST - Mass Quarterly |Internal flow check|] Weekly Mass flowmeter 5times CRPAQY
(TEOM) certified flowmeter/ over 3years| CE-CERT
bubblemeter | bubblemeter
(1-25 L/min)
PM1o mass +10% | R&P 1400A NIST - Mass Quarterly [Internal flow check| Weekly Mass flowmeter 5times CRPAQSY
(TEOM) certified flowmeter/ over 3years| CE-CERT
bubblemeter | bubblemeter
(1-25 L/min)
PM>.5 mass +10% [Met One 1020 NIST - Standard Quarterly Calibrated Weekly Mass flowmeter 5times CRPAQY
(BAM) certified aluminum bubblemeter over 3years| CE-CERT
bubblemeter filter
(1-25 L/min)
PM 1o mass +10% [Met One 1020 NIST - Standard Quarterly Calibrated Weekly Mass flowmeter 5times CRPAQY
(BAM) certified aluminum bubblemeter over 3years| CE-CERT
bubblemeter filter

(1-25 L/min)
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Table 2. (continued)

Performance [Performance| Performance |Performance
Observable Percent Primary Calibration | Calibration Test Test Audit Audit
(Method) Tolerance | Instrument | Standard Standard | Frequency Standard Frequency Standard Frequency | Audit by ®
Ill. Continuous Particle Mass and Chemistry (continued)
PM2 s nitrate (ambient +15% ADI/R&P NIST - Nitrate Weekly Calibrated Weekly NO gas dilution 5times CRPAQY
particulate nitrate monitor, traceable standard bubblemeter over 3years| CE-CERT
flash volatilization w/ TEI nitrate
NOy detector)
PM2 s sulfate (ambient +15% ADI/R&P NIST - Sulfate Weekly Calibrated Weekly SO, gasdlution 5times CRPAQY
particulate sulfate monitor, traceable standard bubblemeter over 3years| CE-CERT
flash volatilization w/ TEI sulfate
S0, detector)
PM s organic and elementa +15% ADI or NIST - Oxalic acid Weekly Collocated Every sample] CO. gasdilution 5times CRPAQY
carbon (ambient particulate MetOne traceable comparison with over 3years| CE-CERT
carbon monitor, flash carbon continuous thermal
volatilization w/ NdIR COj analyzer
detector) ©
PM.s organic and elemental +15% |R&P 5400 or NIST - Carbon Quarterly Collocated Weekly Mass flowmeter 5times CRPAQY
carbon (ambient carbon MetOne certified dioxide comparison with over 3years| CE-CERT
particul ate monitor, CO; canister continuous thermal
combustion) analyzer
Individual particlesizeand| +20% uU.C. NIST - Known Weekly Calibrated Weekly Mass flowmeter At the CRPAQS
chemistry (time-of-flight Riverside certified particle size bubblemeter beginning and
mass spectrometer) bubblemeter standard end of
(1-25 L/min) sampling
episode
IV. Organics
Hydrocarbons +10% Xontec 910 |Primary Flow NIST - Quarterly Calibrated Onceevery 12| Mass flowmeter Yearly ARB
(canister) Standard certified bubblemeter days
bubblemeter
(1-25 L/min)
Carbonyls +10% Xontec 925 |Primary Flow NIST - Quarterly Calibrated Onceevery 12| Mass flowmeter Y early ARB
(absorbent cartridge) Standard certified bubblemeter days
bubblemeter
(1-25 L/min)
Light hydrocarbons +10% CRPAQS NIST - Mass At the Mass flowmeter/ |Onceevery 15| Mass flowmeter At the CRPAQS
(canister and GC/FID) certified flowmeter/ |beginning and bubblemeter  [winter episode beginning and
bubblemeter | bubblemeter [ end of each days end of
sampling sampling
episode episode
Heavy hydrocarbons +10% CRPAQS NIST - Mass At the Mass flowmeter/ |Onceevery 15[ Mass flowmeter At the CRPAQS
(Tenax and GC/TSD/FID) certified flowmeter/ |beginning and bubblemeter  [winter episode beginning and
bubblemeter | bubblemeter | end of each days end of
sampling sampling
episode episode
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Table 2. (continued)

Performance [Performance| Performance |Performance
Observable Percent Primary Calibration | Calibration Test Test Audit Audit
(Method) Tolerance | Instrument | Standard Standard | Frequency Standard Frequency Standard Frequency | Audit by ®
IV. Organics (continued)
Aldehydes +10% CRPAQS NIST - Mass At the Mass flowmeter/ |Onceevery 15| Mass flowmeter At the CRPAQS
(DNPH and HPLC) certified flowmeter/ |beginning and bubblemeter  [winter episode beginning and
bubblemeter | Bubblemeter | end of each days end of
(Gillibrator) | sampling sampling
episode episode
PM3 5 organic compounds +20% DRI organic NIST - Dry test meter| At the Calibrated Onceevery 15[ Mass flowmeter At the CRPAQS
(Teflon-coated glass sampler certified beginning and| dry test meter |winter episode] beginning and
fiber/PUF/XAD and vol-u-met end of each days end of
GCMS) sampling sampling
episode episode
PM. s organic components|  +20% Airmetrics NIST - Mass At the Mass flowmeter/ |Once every 6 Mass flowmeter At the CRPAQS
(Teflon-coated glass fiber) certified flowmeter/ |beginning and bubblemeter days beginning and
bubblemeter | bubblemeter [ end of each end of
sampling sampling
episode episode
Particle-bound polycyclic +20% EcoChem NIST - Mass Quarterly Mass flowmeter/ Weekly Collocated 5 times CRPAQY
aromatic hydrocarbons PAS2000 certified flowmeter/ bubblemeter comparison with | over 3 years| CE-CERT
(PAHS) (photooxidation) bubblemeter | bubblemeter PUF filter/XAD
sample PAH
analyses
V. Light Scattering
PM2s Dry Particle +10% Radiance | SUVA 134a Clean Monthly Clean ar/SUVA Weekly Clean air/SUVA 5 times CRPAQY
Nephelometer (530 nm) ° M903 refrigerant ar/SUVA 134arefrigerant 134arefrigerant | over 3 years| CE-CERT
134a
refrigerant
PM2.5 Open-Air +10% |Optec NGN-2[ SUVA 134a Clean Monthly Clean ar/SUVA Weekly Clean air/SUVA 5times CRPAQY
Nephelometer (550 nm) refrigerant | ar/SUVA 134arefrigerant 134arefrigerant | over 3 years| CE-CERT
134a
refrigerant
Ambient Particul ate +20% |Greentek GT -{ SUVA 134a Clean Monthly Clean air/SUVA Weekly Clean air/SUVA 5times CRPAQY
Monitor (photometer) ® 640A or refrigerant ar/SUVA 134arefrigerant 134arefrigerant | over 3years| CE-CERT
DUSTRAK 134a
refrigerant
VI. Light Absorption
Coefficient of Haze +20% Research Neutral Neutral Quarterly Optical Check Weekly Mass flowmeter Yearly ARB
Appliance | density filter| density filter
AlSl
Aethalometer (880 nm) +5% Magee Neutral Neutral Quarterly Neutral Density Weekly Mass flowmeter 5times CRPAQY
Scientific | density filter| density filter filter over 3years| CE-CERT

AE14U
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Table 2. (continued)

Performance [Performance| Performance |Performance
Observable Percent Primary Calibration | Calibration Test Test Audit Audit
(Method) Tolerance | Instrument | Standard Standard | Frequency Standard Frequency Standard Frequency | Audit by ®
VI. Light Absorption (continued)
Multiwavel enggh +5% Magee Neutral Neutral Quarterly Neutral Density Weekly Mass flowmeter 5times CRPAQY
Aethalometer Scientific | density filter| density filter filter over 3years| CE-CERT
(450, 570, 590, 615, 660, AE30S
880, 950 nm)
VII. Particle Sizes
Scanning Mobility Particle] +15% [TSI 3936L10[ Collocated [Small particle] Yearly Known particlesizel Weekly Certified particle 5times CE-CERT
Sizer (0.01 to 1.0 um) differential mist standard and sizes and voltage | over 3 years
mobility voltage tests tests
analyzer
Optical Particle Counter +15% [Climet CI1-500] Vibrating | Polystyrene Yearly Polystyrene latex [ Weekly Polystyrene latex 5times CE-CERT
(0.5t0 10 pm) orifice aerosol latex suspension suspension over 3years
generator | suspension
Optical Particle Counter +15% [PMSLASAIR| Vibrating [ Polystyrene Y early Polystyrene latex Weekly Polystyrene latex 5times CE-CERT
(0.1to 2 um) 1003 orifice aerosol |atex suspension suspension over 3years
generator suspension
Aerosol Particle Sizer © +20% TSI 3296 Vibrating | Polystyrene Yearly Small particle mist| Weekly Polystyrene latex 5times CE-CERT
(0.3t0 10 pm) orifice agrosol latex suspension over 3 years
generator suspension
Rotating MOUDI w/ +10% MSP 100 NIST - Dry test meter| At the Calibrated Onceevery 6- Mass flowmeter At the CRPAQS
accessories (4 units) for certified beginning and| dry test meter | hour sample beginning and
mass, ions, and carbon size Vol-U-Met end of each run end of each
distributions sampling sampling
episode episode
VIIl. Meteorology
High-Sensitivity +0.5m/s Met One |Certifiedwind|Certified wind Quarterly Visual check, Weekly  |Synchronizedmotor|  Yearly ARB
Anemometer (wind speed) tunnel tunnel synchronize motor
synchronized when out of spec
motor
High-Sensitivity Windvane| +10° from Met One Surveyor Surveyor Quarterly Visual check, Weekly  [Surveyor compass, Yearly ARB
(wind direction) North compass, compass, realignment when solar azimuth
solar azimuth|solar azimuth out of spec
High-Accuracy +0.1°C Met One NIST NIST Quarterly On-site Weekly  [NIST thermometer Yearly ARB
Temperature Sensor / thermometer| thermometer psychrometer and water bath
Thermocouple and water and water
bath bath
High-Accuracy Relative +2% Met One NIST NIST Quarterly On-site Weekly | Collocated chilled Yearly ARB
Humidity Sensor / Lithium thermometer| thermometer psychrometer mirror sensor
Chloride and dew cups| and

psychrometer




Table 2. (continued)

Performance [Performance| Performance |Performance
Observable Percent Primary Calibration | Calibration Test Test Audit Audit
(Method) Tolerance | Instrument | Standard Standard | Frequency Standard Frequency Standard Frequency | Audit by ®
VIIl. Meteorology (continued)
Solar Radiation Sensor / +20 w/m Met One |NIST standard|NIST standard| Quarterly [Visual inspectionof|  Weekly Collocated Yearly CE-CERT
Pyramometer luminance  [luminance max and min pyranometer
Barometric Pressure Sensor| +3mm Hg| MetOne Mercury Mercury Quarterly |Visua inspectionof| Weekly |Mercury barometer|  Yearly CE-CERT
/ Barometer barometer | barometer max and min
IX. Laboratory Chemical Analysis
Mass +10% [Mettler MT5[ NIST Class [ NIST Class | 3 months NIST weights 10 samples NIST Class Yearly CE-CERT
(electrobalance) 1.1 weights | 1.1 weights 1.1 weights
Total elements +5% Kevex EPA polymer| Micromatter | 6 monthsor | Multi-element 15 samples | Micromatter film Yearly CE-CERT
(x-ray fluorescence) 700/800 | films, NIST | film deposits| when out of | impregnated glass deposits
impregnated spec
glass
Soluble metals +0.005 to Varian Mineral salt | Salt solution | 3 months or [Mixed salt solution[ 10 samples |Mixed salt solutionf  Yearly CE-CERT
(ICPMYS) +0.05 pg/mL|Ultramass 700|  solutions when out of
spec
Anions and cations +0.05 pg/mL| Dionex Mineral salt | Salt solution | 100 samples [Mixed salt solution| 10 samples |Mixed salt solution|  Yearly CE-CERT
(ion chromatography) 500D X solutions and distilled water
Carbon +0.2 pg/cm”[DRI/Met One|NIST CO, ad Pthalateand | 3 months or CH,4 Every sample|Pthalate and sucrose|  Yearly CE-CERT
(TOT or TOR) thermal/ CH4 sucrose when out of solutions on filters
optical solutions spec CO, and CH4
analyzer

Audited as part of California Air Resources Board's QA program for compliance network.

Audited as part of California Regional Particulate Study Air Quality Study special study between 11/15/99 and 1/31/01.
Audited by Fresno Supersite QA group at University of California, Riverside, between 2/1/01 and 3/31/03.

¢ Available 4/1/01 to 3/31/03.

Under development and evaluation.




Table 3. Fresno Supersite hypotheses.

1.

11

1.2

13

14

15

1.6

1.7

1.8

1.9

1.10

111

1.12

Measurement Evaluation Hypotheses

Mass and chemicd (dements, ions, and carbon) measurements from compliance filter
samples with Teflonrmembrane filters (from Federal Reference Method [FRM] or
Minivol monitors) represent actud PM, s mass within the spatid zone of representation of
acommunity representative sampling Site.

Elementd andyss of Teflonrmembrane filters under hedium and vacuum amospheres
does not result in asignificant (>10%) loss of volatile nitrate.

Carbon gases absorbed on quartz-fiber filters are a smdl (<15%) fraction of organic carbon
measured on these filters.

Voldilized particulate nitrate is a minor (<10%) part of particle nitrate during winter, but a
magor fraction of particle nitrate during other seasons.

Volatlized particulate nitrate is aminor (<10%) part of actual PM 5 during al seasons.

PM,s mass concerations edimated from particle sze, weighted sums of chemicd
components, light scattering, light absorption, and light extinction, are equivdent to
gravimetric mass of samples taken with aPM2 5 FRM sampler.

PM2s and PMip mass measurements are comparable for al measurement methods during
pring and summer when the sampled aerosol is stable Mass measurements diverge
during winter and part of the soring when volatile nitrate and organics condiitute a large
meass fraction.

Particle number counts in integrated sub-ranges of the 0.01 to ~10 um size digtribution are
comparable to PM,5 and PM1p mass measurements with definable assumptions of congtant
shape and dengty.

Differences between continuous PMip and PM2s monitors are comparable to coarse
particle mass concentrations on dichotomous samplers.

The PM2 5 geologica component is comparable to the difference between continuous PM> s
mass measurements and the sum of continuous nitrate, sulfate, and carbon concentrations
(adjusted for ammonium, hydrogen, and oxygen).

Bioaerosols and endotoxins condtitute a constant fraction of coarse particle mass.

Photoionization and waveength-specific  light absorption are corrdated with  organic
compound concentrations.

35



Table 3. (continued).

2.

21

22

2.3

24

25

2.6

2.7

2.8

29

210

211

212

Aerosol Characterization and Control Strategy Hypotheses

Short duration (~5 min) spikes in particle measurements represent contributions from
nearby (<500 m) emitters.

Nearby emitters represent asmall (<15%) fraction of PM2 5 measured at a community
representative sampling ste.

The mgority of ultrafine particles (< 0.1 um) are from nearby (<500 m) fresh emissons
SOUrces.

Ammonium nitrate reductions are limited by available nitric acid rather than available
ammoniain urban areas during al seasons and al hours of the day.

Advanced gas and particle organic speciation measurements, coupled with eements, ions,
and organic and elementa carbon fractions, congstently and accurately distinguish
contributions from different types of suspended dust, secondary sulfate and nitrate, wood
combugtion, field burning, meat cooking, gasoline engine exhaust from cold arts, high
emitters, and hot stabilized operations, diesd exhaudt, and primary industrid emissons.

Commonly mesasured dements, ions, and organic and elemental carbon fractions
congstently and accurately distinguish contributions from suspended dust, secondary
aulfate and nitrate, vegetative burning (wood and field combustion and meet cooking),
gasoline engine exhaust (cold starts, high emitters, and hot stabilized), diesdl exhaust, and
primary industry contributions.

Gasoline engine cold starts and high emitters are the mgjor causes of gasoline-fuded
vehicle contributions to PM 5, and they cause gasoline exhaust contributions to exceed
diesdl exhaust contributions.

Statistica aggregates of concentration indicators for asingle year deviate by less than
sampling error from athree-year digtribution.

Concentrations in continuoudy measured carbon fractions can be associated with different
proportions of gasoline vehicle exhaust, diesel vehicle exhaust, and wood burning.

Annud average, seasond average, and 98th percentile source contributions from fugitive
dust, wood burning and cooking, vehicle exhaust, secondary ammonium sulfate, and
secondary ammonium nitrate differ by less than £10% over athree year period.

Particle size fraction, number, surface area, and mgjor chemical component indictors of
particle concentrations are highly correlated; one indicator is equivaent to other indicators
that might be specified by future air quaity standards.

Large reductionsin PM, 5 and PM 1o mass concentrations in Central Cdifornia after 1992
are due to the end of a seven-year drought rather than due to emissons reductions.
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Table 3. (continued).

3.

31

3.2

33

34

3.5

3.6

3.7

3.8

3.9

Health- and Exposure-Related Hypotheses

PM 5 mass concentration, surface area, and number counts are highly correlated (R%>0.8)
and ameasure of oneisagood indicator of the other two.

Soluble trangtion metals are asmadl fraction (<15%) of totd meta concentrationsin
PM2s.

Measurements at a community representative sampling site represent the minimum to
which people are exposed in their neighborhoods within an urban area.

Hospital and physician diagnoses of respiratory and cardiovascular ailments are as equally
sengtive to changes in PM» s mass concentrations as they are to other air pollution
indicators.

Thereisadiscernible lower threshold for single and combined ar qudity indicators, below
which no rdaionships with hedth end- points are daidicaly sgnificant.

Different particle chemica characterigtics have different and identifiable immuno-
enhancing properties that affect the symptom onset and severity of short-term reductionsin
lung function, asthma attacks, and cardiovascular allments.

Coarse particle concentrations and biologicaly active components show relationships to
hedth end-points.

Animd (rats) exposures to different combinations of concentrated amounts of particle Sze,
surface area, chemica, and mass characteristics result in smilar indications of respiratory
and cardiovascular distress.

Particles found in hedlthy human lungs have characteristics Smilar to those found in urban
ar over long periods of exposure.
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