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1. Introduction

The overdl objective of the Southern Cdifornia Particle Supersiteis to conduct research and monitoring
that contributes to a better understanding of the measurement, sources, size dgribution, chemica
compostion and physcd date, spatid and tempord variability, and hedth effects of suspended
particulate maiter (PM) in the Los Angeles Basin (LAB).

This report addresses the period from August 1, 2001 through December 1, 2001. It isdivided into 13
sections ach addressng a specific research area, including an update on a QA audit report.
Furthermore, a mgor portion of the information included in this report has been ether submitted or
accepted for publication in peer-reviewed journds. Below is alist of manuscripts either submitted or
accepted for publication which were produced through the Southern Cdifornia Supersite funds and in
which the EPA Supersite program has been acknowledged:

1. Miga C., Gédler, M., Soutas, C and Solomon P. “Deveopment and evauation of a continuous
coarse particle monitor”. Journal of Air and Waste Management Association, 51:1309-1317,
2001

2. Gdler, M.D., Kim, S. Migra, C., Soutas, C., Olson, B.A and Marple, V.A. “Methodology for
measuring Sze-dependent chemical compostion of ultrefine particles “Aerosol Science and
Technology, accepted for publication, October 2001

3. Miga C, Kim S,, Shen S. and Sioutas C. “Desgn and evaution of a high-flow rate, very low
pressure drop impactor for separation and collection of fine from ultrafine particles’. Journal of
Aerosol Science, accepted for publication, October 2001




4. Zhu, Y., Hinds, W.C., Kim, S and Soutas, C. “Concentration and Size Didribution of Ultrafine
Particles near a Mgor Highway”. Journal of Air and Waste Management Association, accepted
for publication, September, 2001

5. Singh, M., Jaques, P. and Soutas, C. “Particle-bound metals in source and receptor Sites of the
Los Angeles Baain’. Manuscript submitted to Atmospheric Environment, September, 2001.

6. Kim, S, Shi, S, Zhu, Y., Hinds, W.C., and Soutas, C. “Size Didribution, Diurnal and Seasona
Trends of Ultrafine Particles in Source and Receptor Sites of the Los Angeles Basin”. Journal of
Air and Waste Management Association, accepted for publication, November, 2001

7. Migud, A. H., Eiguren, A., Jaques, P and Soutas, C.,. “PAHSs in the Los Angdes Air Basn:
Effects of Atmospheric Transport on Particle Size’.  Submitted to Atmospheric Environment,
December 2001

2. PIU Sampling Location and Status

A key feature of our Supergite activities was the ability to conduct state-of-the-art measurements of the
physicochemicd characteristic of PM in different locations of the Los Angeles Baain (LAB). We have
proposed a 2.5-year repesting cycle of messurements a five locations.  Each location will be sampled
during a period of intense photo-chemigtry (defined gpproximately as May — October) and low
photochemica activity (defined as the period between November — April). During this period, we have
continued our PM sampling a Rubidoux, and have deployed the Particle Insrumentation Unit (PIU) to
Claremont, our fourth sampling site, on September 12, 2001. Sampling a Claremont commenced
during the week of September, and will continue through the winter of 2002. We have completed most
of the chemicd gpeciation andyss for integrated samples collected in Rubidoux, and some for
Claremont, and as in Rubidoux, we have been conducting collaborative studies with outsde
investigators. For example, an “intengve’ inter-lab comparison study has been conducted at Rubidoux
during August 15 through September 8 2001. We have continued to make Sze-segregated on-line
measurements of particulate nitrate usng the Integrated Collection and Vaporization System (ICVS)
developed by Aerosol Dynamics Inc. (ADI), and have indaled and are currently vdidating their ICVS
Carbon monitor. We have dso been conducting field validations of two sets of prototype TEOMS
(SES, and FDMY) in collaboration with R& P (Albany, NY).

Additionally, hedth studies have been conducted a Rubidoux and Claremont, of which particulate
measurements have been made to support the studies that investigate exposure effects.  The following
hedlth studies have been supported by the Supersite measurements:

1. Invitro sudies undertaken by Drs. Andre Nel and Arthur Cho (UCLA) and Robert Devlin
(US EPA) investigating the hypotheses that organic condtituents associated with PM, including



quinones, other organic compounds (PAHS, nitro-PAHS, and aldehydes/ketones) and metals,
are capable of generating reactive oxygen species (ROS) and acting as electrophilic agents

2. Anima inhdation toxicology dsudies usng Concentrated Ambient Particulates (CAP)
investigating the hypotheses that atmospheric chemidry is important in the toxicity of PM and
co-pollutants, airway injury and cardiovascular effects will be grester a receptor Stes
downwind of source Stes dong the mobile source trgectory in the Los Angeles basin. These
sudies are led by Drs. Harkema (Univergity of Michigan), Kleinman (UC Irvine), Froines and
Nel (UCLA)

3. TimeIntegrated Size Fractioned Chemical Speciation for Riversde & Rubidoux

Our current sampling scheme involves the use of three MOUDI s for 24-hour averages. Sze-fractionated
measurements of ambient and concentrated PM mass and chemicd compostion.  Sampling is
conducted once a week, on a Tuesday, Wednesday or Thursday, in order to coincide with one of the
sampling days of the AQMD speciation network (which takes place every 3¢ day). However, during
“intengve’ particulate characterization studies and for our support of co-located health effects exposure
gudies, we follow sampling schedules that are consstent with these specid studies. Typicaly, ambient
data are averaged over 24 hours, whereas for exposure or source contribution measurements, the time
integrds may vary.

In each run, consistent with our originad Supersite proposal, we have used three collocated Micro-
Orifice Uniform Deposit Impactors (MOUDI) to group PM into the following Size ranges:

<0.1 mm (ultrefine particles)

0.1- 0.32 mm (accumulation mode, “condensation” sub-mode)
0.32-1.0mm (accumulation mode, “droplet” sub-maode)
1.0-25mm  (“intermediate’ mode)

2.5-10 mm (coarse particles)

In addition to mass concentration, the following chemicad components have been andyzed within these
Sze groups.

a. inorganicions (i.e, sulfate, nitrate, ammonium)

b. trace dementsand metas

c. eementd and organic carbon (EC/OC) content

d. concentrations of polycyclic aromatic hydrocarbons (PAH)

One of the mgor objectives of the Superdite is to investigate the physiochemica differences
between PM source and receptor locations within the Los Angeles basin. Normaly, “condensation”
particle growth occurs rapidly, and Downey, which isimmediatdy downwind of the 710 Freeway, has
the greatest heavy engine diesd truck traffic dendty in Los Angeles (about 30 to 40% of tota vehicles,
a any one time), while the Riversde and Rubidoux sites do not, and are severa miles downwind (about



40 to 50). Under these conditions, it may be expected that ultrafine particles emitted at the freeway
source grow to the condensation sub-mode, measured a Downey, while the larger particles (droplet
sub-mode, and coarse mode) a Riverside and Rubidoux are from different sources.

Filter samples are dso chemically speciated, in part, to: determine the source receptor trgjectory
profile, and to provide information for other Supersite related hedth studies within the SCPCS and for
the NARSTO archives. Organic Carbon (OC) is a direct primary emisson product from mobile
sources, especidly diesd. During and immediately after the combustion process, it may act as anucle
paticle (i.e, within the “ultrafineg’ dze range). Semi volatile organic carbon (SVOC) compounds may
condense onto the nudld, thus forming the condensation sub mode.  Additiond collisons with water
molecules and further condensation of SVOCs and water vapor can generate larger particles (i.e, in the
“droplet” mode ). Ammonium Nitrate (NHzNO3) associated air pollution particles can be formed by
the reaction of Ammonia (NHz) gas and primary and secondary trandocated NOx emissions. They
tend to predominate in the 2.5 micro-meter fraction of particulate matter. Figures 1 - 3 present
MOUDI collected mass concentrations, by chemical group, at both stes. Much higher levels of OC, in
the PM 10 fraction (about 17 ngy/nt), have been measured in Downey, compared to about 9 ug/m3 in
Riversde and Rubidoux. In comparison, particulate NH4sNO3 levels are predominantly greater in
Rubidoux (14 ug/nT) and Riversde (9 ngnT), then in Downey (5 nynt). This is expected, as
Rubidoux isimmediately downwind of a dairy farm, while Riversde is dso, but further east by about 5-
7 miles The results dso show that OC dominates dl other chemica species in the PM 1 fraction in
Downey, while NH;N O3 dominates the droplet sub-mode at Riverside and Rubidoux.

The gze didribution for totd chemicad mass is bimodd for al gtes, with the smaler mode
predominating in the condensation sub-mode in Downey, and in the droplet sub-mode in Riversade and
Rubidoux. Within the Fine PM fraction: 1) a Downey, OC dominates other pecies in its contribution
to the condensation mode; 2) at Riversde, NH;NO3z and OC equaly contribute to the droplet mode;
and 3) a Rubidoux, NH;NO; is the primary contributor to the droplet mode. All 3 Stes aso have a
coarse mode, dominated by metals, but in much greater concentrations in Riverside (7 ug/nt) and
Rubidoux (14 ug/nT). The metas at Downey (<5 ug/M3) are primarily from locally re-suspended road
dust, and those a Riversde and Rubidoux are mostly akai (see Section 10, below), and are from
localy suspended soil. Since Riverside and Rubidoux are in the desert environment, it is expected that
they may be higher. In addition, Rubidoux is much greater than Riversde, very likely, because these
measurements took place while the PIU was located & Riverside in the late winter and spring, while it
was a Rubidoux throughout the summer.



Figure 1. Geometric means of 24-hour averaged Size digtributions of Size speciated chemica mass,
measured by the MOUDI a Downey.
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24-h Average PM10 Mass and Chemical Composition in
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Figure 2. Geometric means of 24-hour averaged size ditributions of size speciated chemica mass, measured
by the MOUDI at Riverside.
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Figure 3. Geometric means of 24-hour averaged size digtributions of sze speciated chemica mass, measured
by the MOUDI at Rubidoux



4. Comparison of FRM PM 2.5 and PM 10 with SMPS-APS, TEOM and M OUDI

Introduction:

The SMPS and APS have origindly been designed to characterize aerosols in the laboratory. More
recently, they’ve been gpplied in fidd gtudies to investigate sze digtributions of ambient particulate
meatter on a semi-continuous time scae (eg., 10 to 15 minute time integras). We have operated the
SMPS and APS in tandem; sampling through the same inlet to minimize diffuson based loses. Both
indruments sample into smal sze bins, by number concentration. We have determined the mass
concentration for various sze fractions (eg., PM25 and PM10) and have compared these
measurements to that of filter-based mass measurements, in part to evauate the utility of the SMIPS-
APS as a continuous mass monitor for the convenience of obtaining greater time resolution data for
health based and source apportionment studies.

In the presented set of measurements, to more closes track the semi-continuous Mass of the
SMPS-APS monitors, diurna and 24 hour filter based mass measurements are compared: 1) 6am —
10am; 2) 10am — 3pm (Downey), or 4pm (Riversde); 3) 3 or 4om — 8pm; and 8p — 6am. SMPS-
APS particle mass (< 10 um, and < 2.5 um) was determined by integrating the cumulative number count
for these size fractions, and converting to volume by assuming a average LA basin particle density of
1.6.

Equipment:
Continuous PM monitors.
= TEOM
= SMPS-APS

Reference’” Gravimetric Samplers:
= Dichotomous Partisol (PM-10 FRM inlet): PM 10, Coarse & Fine PM
= MOUDI.

Methods:
Diurnd Integrated Filter Measurements vs. Continuous Mass M easurements
* Riversde Oneweek in May
0 6a-10a, 10a-4p, 4p-8p, 8p-6a
= Dally Integrated Filter Measurements vs. Continuous Mass Measurements
= Downey, Riversde, and Rubidoux

Co-located I nter-comparisons
=  Downey: SMPS-APSvs. MOUDI & FRM

Riversde SMPS-APSvs. TEOM & FRM



Results and Discussion:

Figures 1 and 2 present the diurnd measurements conducted at Riversde. In generd, the SMPS-APS
system closdly tracks both the FRM and TEOM over time, and is very highly corrdlated (R* = 0.93)
with the FRM - having adope of nearly one. The consagtently lower TEOM measurements are most
likely due to our using the heeted version of the TEOM (1400a) at thet time, resulting in volatile
chemica desorbtion losses. A lag trend appears possible, with the TEOM pesks following those of the
SMPS-APS. The SMPS-APS measures particlesin near “redl time”, and the TEOM records the mass
of an oscillating filter every 10 minutes, which may result in a ddayed loss of massthat may not be
recorded until the next timeintegrd — thus, possibly contributing to a“lag effect”. This potentid
phenomenon will be examined more closdly for publication purposes.

Figures 3 compares 24 hour integrated filter Fine mass measurements by the Partisol & MOUDI to that
of the SMPS-APS system for the 3 sites between Oct 3, 2000 and July 18, 2001. The integrated filter
mass samplers (MOUDI and Partisol) track the semi-continuous SMPS-APS sampler very closdly.
Figures 4 presents a scatter plot of the PM2.5 mass between the same insiruments. Both the Partisol
(R? = 0.70) and MOUDI (R? = 0.90) are highly corrdated with the SMPS-APS. On average, the
Partisol and MOUDI concentrations are about 84 and 80% of the SMPS-APS, respectively, most
likely because time dlows for semi-volatile loss of PM from the integrated filter samples, while the
SMPS-APS messures particle counts in red-time. In addition, the APS may measure asmdl fraction
of amd| particles as artifacts, potentialy contributing to a significant mass of the larger particles
(Armendariz and Leith, J. of Aerosol Sci.; 33 (2002) 133-148).
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Figure4. PM2.5 Mass concentration comparison between Partisol & MOUDI to the SMPS-APSLA
Supersite: Downey, Riverside, Rubidoux (Oct 2000 - July 2001).
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5. Comparison of EC by the Aethalometer to Filter-based M easur ements

For severd years, the Aethalometer (Hansen, et d., 1984) has been used to measure Black Carbon
(BC) asasurrogate for Elementa Carbon (EC) - a combustion bi-product. Particles are sampled onto
aquartz filter tape that upon sufficient loading, as measured by reduction in light asorption, is
automaticaly transported to commence anew sample integra (typicaly 1 to 3 hours). Thereductionin
light (wavdength = 880 nm) through the continuoudy blackening filter is converted to EC massviaa
previous standard-light cdibration, and is recorded to disk at 5-minute intervals (i.e., semi-
continuoudy). It has been reported that the efficiency of the Aethdometer may vary with fresh and aged
(i.e, transported) particles, as afunction of particle size (Allen, et d., 1998; and, Babich, et d., 2000).

During the course of the Supersite program, we have operated the Aethaometer (Modd AE-20UV) on
aregular basis, and, herein, are reporting comparisons to co-located filter based measurements,
andyzed by the thermd optical desorption technique (Sunset Labs). Measurements were conducted in
Downey (December, 2000 through February 1, 2001), the LA Supersite mobile source site, heavily
occupied by diesd truck traffic, and a Riversade (March through June 2001), about 50 miles
downwind, and subject to amuch lower density of traffic. At Downey, diurna co-located
measurements with the FRM are made, and a Riversde, 24 hour integrated measurements are
compared to those by the MOUDI.

Results and Discussion:

At Downey, EC measured by the Aethdometer tracks the Partisol very closdy for PM2.5 (see Figure
1). Comparisons between the two methods show that EC measured by the Aethdometer is dominant in
the PM 2.5 fraction, but that the coarse fraction is gpproximately 10 to 15 % of the total EC mass
measured by the Aethalometer (Figures 2). Figure 3 presents 24 hour integrated EC mass
measurements at Riverside (the downwind site), made during the spring, and compared to the MOUDI,
rather than the FRM. Overdl the MOUDI tracks the Aethalometer over the course of these
messurements (3 months), but is about 70% of the PM2.5 mass, on the average. In contrast to
Downey, there is much more EC in the PM2.5 fraction at Riverside (about 95%, on the average).
Figure 4 presents the size segregated EC measurements made by the MOUDI. On the average, about
80 to 95% of EC isin the sub-micron fraction, and depending on the day, may predominate in the
ultrafine, condensation, or droplet sub-modes. A more detailed andysis of the relationship of wind
direction and veocity to these modes will be conducted to evauate EC source contributions. For direct
comparison between the two Sites, there exists fewer size segregated MOUDI measurements at
Downey, but the existing data will be further andyzed to compare with that of Riversde. We will
compare the relative proportions of EC in the ultrafine and sub-micron modesin order to investigate
whether aged particles may have a different response to the optica absorption technique used by the
Aethadometer than the andlysis of the integrated filter samples, viatherma desorption. The mass-to-
absorbance rdationship may vary with the size distribution of fresh and aged particles as argued by
Babich, et a., 2000. In addition, other compounds that may adsorb onto the carbon particles may act
as artifacts for the Aethd ometer, and possibly the therma desorption technique.
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Figure 2. Average Daily EC by Aethdometer & Partisol during Digtinct Time Periods LA Supersite: Source
Freeway Site - Downey (Dec 2000 - Feb 2001)
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Figure4. Reative EC by Size Fraction, Measured by MOUDI Impactor Spring 2001, LA Supersite:
Riversde, CA.
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6. Size-segr egated on-line measurement of particulate carbon and nitrate using the Integrated
Collection and Vaporization System (submitted 12/5/2001)

During this quarter 9ze-resolved particulate nitrate concentration data have been collected by Aerosol
Dynamics Inc. with the Integrated Collection and Vaporization System (ICV'S) from both the Rubidoux
(7/12/01-9/12/01) and Claremont (9/14/01-present) Sites of the UCLA Particle Instrumentation Unit
(PIV). The particulate Carbon ICVS was ingaled in Claremont on 10/10/2001, but has collected
incomplete data due to carrier gas issues.

The Carbon ICVS is very amilar to the Nitrate ICVS. The generd ICVS measurement gpproach
utilizes a 2.5 um precut and successive impaction stages to collect three particle size fractions. The
sample is humidified to prevent particle bounce. Stage A collects particles from 1.0 to 2.5 um at 65%
RH, Stage B from 0.45 to 1.0 um a 65% RH, and Stage C from 0.14 to 0.45 um a ~90% RH. After
collection, the cdls are sequentidly flushed with carier gas and the samples vaporized by flash
volailizetion (i.e rapid resstive hesting). The now gaseous sample is carried downstream to a standard
gas andyzer. The Carbon ICVS uses platinum impaction srips, CO,-free ar carrier gas, a CO;
anadyzer downstream of a quartz oven set to 650 C, and runs on a 30 minute cycle. The Nitrate ICVS
uses nichrome impaction strips, N, carrier gas, a NOy andyzer, and runs on a 10 minute cycle.

The Nitrate ICV S humidity control system developed a problem in the fidd. Humidified air from outsde
the instrument was no longer saturated dter entering the warmer insrument enclosure, resulting in

humidities well below the 65% target. The humidity control system was modified for the Carbon ICVS
by bringing the humidification bottle insde the instrument enclosure. This has stabilized the conditioned
humidity in Stages A and B (see Fig. 1). Modifications have not yet been made to the Nitrate ICV S,

Humidity Comparison
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—— Nitrate

% RH (Stages A & B)

Fig 1. Comparison of the performance of the controlled humidity system between the original nitrate
system and the updated carbon system.

Preliminary comparison of particulate nitrate data between the Rubidoux and Claremont Sites reveds
some interesting points (Figure 2). Both Stes exhibit a pronounced pesk during daylight hours beginning
roughly a sunrise This points to a formation mechaniam involving photolyss such as photolytic
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formation of OH, then OH + NO, --> HNOs. The Claremont data show a more sustained pesk
throughout the day than the Rubidoux data, as well as a sharper risein morning concentrations.

Rubidoux NO, Time Averages
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Fig 2A: Timeaver ages of size-segregated particulate nitrate measurementsin Rubidoux, CA
from 7/12/01 to 9/12/01.
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Fig 2B: Time aver ages of size-segregated particulate nitrate measurementsin Claremont, CA
from 9/14/01 to 11/27/01.

Stage B (0.45-1.0 um) and Stage C (0.14-0.45 um) concentrations are comparable at the two Stes.
Stage A (1.0-2.5 um), corresponding to the coarse mode, is significantly higher a Claremont than
Rubidoux. Andyss of these 9ze and time-of-day trends with relaion to loca topography and weather
paiterns could yield further ingght into nitrate formation mechanisms.

The Carbon ICVS was inddled in Claremont on 10/10/01. Vdid data were only collected from
10/10/01 to 10/21/01. A CO, scrubbing system was employed to remove CO, from ambient ar
pressurized by an onSte compressor. This system has proved inadequate, and the very high resulting
basdine in the CO, andyzer overwhelmed the particulate carbon sgnd. Bottled indudtrid ar will be
substituted to remedy thisissue. The system is currently shut down.
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Three days of representative particulate carbon data are shown in Figure 3. Again, a marked increase
can be seen in the morning hours near sunrise, suggesting photolytic particle formation mechanisms. The
smallest gze fraction (Stage C) dominates the mass concentration, Stage B increases only at high overdl
concentrations, and Stage A hardly changes at dl.

Claremont Particulate Carbon Concentration
— Total
—— Stage A (1.0-2.5 um)

—= Stage B (0.45-1.0 um)
—o— Stage C (0.14-0.45 um)

-
N A
[

)

Carbon (ug/m

12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM
10/13/01 10/14/01 10/15/01 10/16/01

Fig 3: Size-segregated particulate carbon concentration from Claremont, Califor nia.

Claremont Particulate Nitrate Concentration
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Fig 4: Size-segregated particulate nitrate concentration from Claremont, Califor nia.

The same three-day period is plotted for particulate carbon in Fig. 3 and particulate nitrate in Fig. 4.
Concentrations generally rise and fal together as part of larger scde particle formation episodes. This
assartion is also supported by a preliminary look at APS'SMPS particle distribution data contour plots

supplied by Yifang Zhu and Peter Jagues.

Sampling will continue a the Claremont Ste. The Carbon ICV'S will be restarted ance bottled air is
delivered to the dte. Periodic vigts will be made by Aerosol Dynamics gaff for instrument calibration
and maintenance.
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7. Comparison of Polycyclic Aromatic Hydrocarbon Particle Size and Phase Distribution Near
a Sour ce (Downey) and at a Downwind Receptor Site (Rubidoux) in the LA Basin

Summary of the activities

During the report period, particle sSze and vapor-particle partition data for fifteen priority
polycyclic aromatic hydrocarbons (PAH) were obtained from samples collected during a five-week
experiment conducted during the summer in Rubidoux. This dte is located downwind from Downey
(strongly impacted by vehicular emissons) where a smilar study was conducted in the Fal of 2000. In
this report, a comparison is made of the sze distributions and partitioning data obtained at both Sites.

Introduction

Atmospheric trangport moves the persstent organic species from their sources to downwind
locations. During atmospheric transport, the fate of organics such as PAH is primarily governed by their
chemicd dability, vapor-particle partitioning, and sze digtribution. When partitioning occurs during
transport, it may dter the Sze didtribution of certain PAH leading to changesin their residence time, and,
more importantly, in the efficiency of depodtion in the human respiratory system.

Size digribution data for PAH with log [P°] < -3.2 &_MW 202) have been extensvey
reported in the literature for samples collected in roadway tunnels and ambient air usng cascade
impactors. However, sze data for PAH that are found predominantly in the gas-phase (eg.
naphthalene, acenaphthene, fluorene, phenanthrene, and anthracene) are not available in the literature
due to the low concentration found in the particle-phase, and the attended potentid for sampling
artifacts. To address the latter issue, Zhang and McMurry (1991) developed a theoretical mode to
examine evgporative losses that occur as a result of the pressure drop within a sampling device,
assuming that temperature, gas, and particle concentrations remain constant during sampling. This model
predicted that sampling efficiencies, when using vapor denuders upstream of filters, are dways poorer
than for impactors. On the other hand, for impactor sampling, the modd predicted thet evaporative
losses of adsorbed or absorbed SVOC species collected may be large for those that are predominantly
in the gas phase.

To evduate this issue experimentaly, we conducted a series of field experiments in two of the
Southern Cdlifornia Particle Center and Supersite (SCPCS) sampling Stes in the Los Angeles Basin:
Downey, a Ste strongly impacted by vehicular emissions and in Rubidoux, ca. 30 km downwind. The
sampling systems used are described below.

Experimental

Sample Collection: Sze-resolved PAH were collected, during 24-hr periods, approximately every 7"
day, beginning & 800 am, during a five-week fidld campaign conducted during the summer in
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Rubidoux, starting August 23 and ending Sept 04, 2001. Samples from about 42 ni of ar were
collected using co-located three-stage MOUDI impactors with three size cuts < 0.18 nm (Mode |),
0.18-2.5 mm (Mode I1), and 2.5-10 mm (mode IIl) aerodynamic diameter (dp). One MOUDI
operated in the “regular mode”, and the other, with a vapor trapping system that included an XAD-4
coated annular denuder placed upstream of the impactor, and a polyurethane foam plug (PUF) placed
in series behind the impactor.

PAH extraction and Chemical Analyss. Teflon filters corresponding to each size cut, the denuder
and the PUF plug were extracted and analyzed separately by a highly sensitive HPLC-FHuorescence
method developed in our lab and reported previoudy. Fifteen of the sixteen EPA priority PAHS were
studied: naphthaene (NAP), acenaphthene (ACE), fluorene (FLU), phenanthrene (PHE), anthracene
(ANT), fluoranthene (FLT), pyrene (PYR), benzo[ganthracene (BAA), chrysene (CRY),
benzo[b]fluoranthene  (BBF),  benzo[K]fluoranthene  (BKF),  benzo[a]pyrene  (BAP),
dibenz[a h]anthracene (DBA), benzo[g,h,i]perylene (BGP), and indeno[ 1,2,3-c,d]pyrene (IND).

Results, Discussion and Conclusions

PAH particle-vapor digtributions. An adsorptive partitioning model that predicts the vapor-
particle distribution of SV OCs was developed by Junge (1977) and Pankow (1987)

f =P+

where f is the particdle-bound fraction, q is the particle surface area per volume of air, cisa
constant dependent on heat of condensation and surface properties, and P°. the PAH subcooled liquid
vapor pressure. Vaues of the particle-bound fraction (f ) predicted by the Junge-Pankow modd for
each of the target PAH using the Downy and the Rubidoux data (mean of n=4 and n=5 measurements,
respectively) are plotted in Figures lab. P, vdues for IND are not available in the literature. The
results show that, for fourteen PAH measured, the Junge-Pankow modd fitted best when the vapor
phase fraction was considered as the sum of PAH collected with the denuder and the PUF, and the
particle- phase the sum of the mass collected on the Teflon filters. Consstent with literature data, at both
stes, the fraction of PAH found in the particle- phase increases with decreasing P°L. However, while for
samples collected in Downey the best modd fit was obtained usng a surface area per volume of air
vaue of g found for urban areas (Fig. 1a), for the receptor site samples the best fit was obtained using a
g vaue which is typicad of background aress, reflecting a decrease in the particle surface area and
changes in other surface properties occurring during transport.

PAH mass baances. For both sites, the sum of the PAH mass collected on the three stages of
the MOUDI, with or without a denuder, showed good agreement (Figures 2ab). Although for both
gtes the totd mass collected with the regular MOUDI system was consstently larger than with the
denuded MOUDI, the results obtained are not atisticaly different, an indication that sorption of gas-
phase PAH onto sampled particle depositsis inggnificant with the regular MOUDI configuration. For al
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target species, mean tota particle- phase PAH concentrations at the source Site were on average 6 times
larger than at the receptor dte, especidly for FLU and PYR which may have reacted to alarger extent

during trangport.

PAH size digributions. The sze digribution of the ffteen PAH showed a larger mass fraction in
Mode | for samples collected at the source ste (Downey) and in Mode |l a the downwind location,
suggesting coagulation of Mode | particlesinto Mode |1 during atmospheric transport to Rubidoux (See
Figure 3). For both the source and the receptor dtes, the Size didtribution obtained using ether regular
or denuded MOUDI system are similar for the less valatile PAH (log [P°] < -3.2), but different for the
more volatile PAH (log [P°.] > -3.2). These differences nay have resulted from the non-equilibrium
conditions imposed by sampling with the denuded MOUDI configuration. Considering the good mass
baances obtained for both MOUDI sampling systems, we may conclude that sampling using a regular
MOUDI provides size digribution data that is not significantly affected by sampling artifacts.

In order to evaluate seasond effects, Smilar experiments will be conducted during the winter.
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Figure 1. Junge-Pankow mode fitting for PAH data collected in Downey (a) and Rubidoux (b)
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Fig 2. Mass balance of particle-phase PAH collected with regular and denuded MOUDIs in
Downey (a) and Rubidoux (b)
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Figure 3. PAH szedistributions obtained in Downey and Rubidoux with theregular (a,b) and the denuded MOUDI (c,d)
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8. Measurements of Carbonylsin CHS Sites. Phase |: Atascadero, San Dimas and Riverside.
Phasell: Lompoc, Mira Loma, and Upland

Summary of the activities

During the report period, carbonyls were determined in samples collected during phases | and 1l of the
CHS in gx of the twelve gStes, including two background locations Atascadero (ATA) and Lompoc
(LOM), and four sStes located downwind from Los Angees. San Dimas (SD), Mira Loma (MRL),
Upland (UPL) and Riversde (RV).

I ntroduction

Carbonyls play an import role in photo-oxidation reactions that take place in the troposphere. They
conditute an important class of compounds that are mostly produced in the amosphere by
photochemicd reactions, and include the toxic forma dehyde and other diphatic and aromatic carbonyls.
The present sudy is being conducted a sampling sites within the twelve Southern Cdifornia
communities paticipating in the CARB-sponsored Children’s Hedth Study (CHS), a longitudind
respiratory hedlth study of severd thousand Southern California school children.

Experimental

Sampling of carbonyls was conducted during 24-hr periods, approximately every 8" day, during spring-
summer and summer-fal seasons using 2,4-DNPH cartridges and andyzed following an HPLC-DAD
method developed in our lab and described in a previous report.

Results, Discussion and Conclusions

Twelve carbonyls were quantified in al sx locations, including formadehyde (FOR), acetddehyde
(ACD), acetone (ACE), propionadehyde (PRO), crotonddehyde (CRO), 2-butanone (BUT),
butyraldehyde (BUD), methacrolein (MET), benzandehyde (BEN), vaderddehyde (VAL), m:
toluaddehyde (MTO), and hexddehyde (HEX). Concentrations reported have been corrected for
sample blanks. Thus, the lowest reported values reflect the “net” level found, not the detection limit.

During phase |, conducted during the spring-summer period, the carbonyl concentrations at the
background site (Atascadero) averaged 0.30 ppbv, ranging from 0.06 to 0.73 ppbv (Figure 1). For the
two downwind sites, they were higher, ranging from 0.07 to 1.45 ppbv, with a 1.28 ppb mean for Sand
Dimas, and 1.45 ppbv for Riversde (Figure 1). For the three stes, three carbonyls formadehyde,

aceta dehyde and acetone accounted for 47 to 55% of the carbonyls measured.

During phase I, conducted during the summer-fal period, the carbonyls concentrations at the

background site (Lompoc) averaged 0.21 ppbv, ranging from 0.05 to 0.68 ppbv (Figure 2). For both
Mira Loma and Upland, downwind from Los Angeles, the carbonyl concentrations averaged 0.42 ppbv
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and ranged from 0.05 to 1.41 ppbv (Figure 2). Likewise, three carbonyls formadehyde, acetaddehyde
and acetone accounted for 50 to 71% of the carbonyls measured.

The levels of the unsaturated carbonyl methacrolein, produced by the atmospheric oxidation of
isoprene, were much higher a the urban gtes during the spring-summer period (Figure 1). It is
remarkable that the highest levd of methacrolein was found in the urban aress, and not a the
background ste. During the summer-fal period, acetone showed the highest level. The highest levels of
the industrial solvent 2-butanone were measured in the urban sites (Figure 1 and 2).

Findly, mean carbonyl levels did not differ much from the spring-summer to the summer-fal season. The
sum of the measured carbonyl concentrations was about a factor of two higher a the urban stes.
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Figure 1. Mean Carbonyl Concentrations for Atascadero, San Dimas, and Riversde Sampled
in 2001 Spring-Summer
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Figure 2. Mean Carbonyl Concentrationsfor Lompoc, Mira Loma, and Upland Sampled in
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9. Characterization of PAH and PAH-Derivatives measured with Hi-Vol

The god of our sampling is to characterize the polycyclic aromatic hydrocarbons (PAH) and
PAH-derivatives present at Sites chosen to represent source sites or downwind receptor Sites and to
investigate the atmospheric chemistry occurring at these sites during different seasons. Two types of
samples were collected to span the range of voldility of the nitro-PAH: polyurethane foam (PUF)
samples for semi-volaile nitro-PAH and filter samples for particle-associated nitro-PAH such as 1-
nitropyrene and 2- nitrofluoranthene.

Experimental

Downey, CA

Filter samples. Particulate samples collected at Rancho Los Amigos Hospita in Downey have
now been extracted and analyzed by gas chromatography/mass spectrometry (GC/MS) andysis for
nitro-PAH. An exploratory analysis of one of the Downey particulate samples was made to determine
goproximate concentrations of 1-nitropyrene and 2-nitrofluoranthene and to determine appropriate
concentrations of deuterated nitro-PAH internal standards for the present andyss. The low levels of
these compounds found in the exploratory sample indicated that compositing three particulate samples
would be necessary. Three 12-hour daytime samples (0700-1900 hours) were composited to yield
one daytime sample and the three corresponding night samples (1900-0700 hours) were composited to
yidd one nighttime sample. The table below shows the compositing method and te ar sampling
volumes for the samples.

Sample Date Time Volume
(Total volume) Sampled Sampled ()
(PST)

Day (1224 nv) 11/2/00 0700-1900 408
11/30/00 0700-1900 408
1/4/01 0700-1900 408

Night (1201 nv) 11/2-3/00 1914-0700 400
11/30-12/01/00 | 1912-0700 401
1/4-5/01 1910-0700 400

Each of the sx 8" x 10" Teflon-impregnated glass fiber filter samples was spiked with the
deuterated interna standards 1-nitropyrene-ds (50 ng) and 2-nitrofluoranthene-dy (250 ng) and placed
in a Soxhlet apparatus and extracted for 20 hr with 200 ml dichloromethane (DCM). Each of the six
extracts was reduced to 2 ml in arotary evaporator, filtered (0.2m), and reduced to 100 ni in agentle
dream of dry nitrogen. Each extract was separated by normd phase high performance liquid
chromatography (HPLC) on a silica column (250 x 10 mm, 5mslica, Regis Chemicd Company). The
HPL C mobile phase program was as follows. 0-10 min--Hexane; 10-15 min 95% hexane, 5% DCM,;
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15-40 min--linear gradient to DCM; 40-50 min--DCM; 50-60 min--linear gradient to acetonitrile; 60-
70 min--acetonitrile). The nitro-PAH fractions (24-37 min) were composited as noted in the table and
reduced by rotary evaporation to 1 ml and under nitrogen to 50 mi prior to GC/MS andlysis.

GC/MS andyss was conducted using a 60 m DB-17 column which alowed resolution the nitro
fluoranthene and nitropyrene pesks. Andysis was by sdlected ion monitoring of the molecular ion and
characterigtic fragments ions of the nitrofluoranthenes and nitropyrenes (247, 217, 201, 200, and 189)
and the corresponding ions for the deuterated species (256, 226, 210, 208 and 198).

PUF samples.  Concurrently with the particulate collections in Downey, high-volume vapor-
phase samples were collected on polyurethane foam solid adsorbent cylinders (PUF plugs) placed
downdream of the filters in the hi-vol sampling train. Each PUF plug was in turn backed up by a back
PUF to check for breakthrough.

Prior to extraction, each PUF plug was spiked with a deuterated internd standard solution
containing 1-nitronaphthdene-d;, phenanthrene-dyo, fluoranthene-dyo, and pyrene-d,,. Each PUF
sample was separated by the same HPLC method as above. The samples have been pooled according
to the above scheme to yield one day sample and one night sample representing the same air sample
volumes as the particulate samples. Currently the samples are ready for concentration to 50 mi prior to
GC/MS andyss. Theinternal standard amounts are given in the following table.
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Compound Front PUFs Back PUFs
Day and Night Day and Night

1-Nitrongphthaene-d; 337.9ng 168.9 ng

Fluoranthene-dy 5.012 ny 2.506 gy
Pyrene-dso 4.314 ny 2.157 ny
Phenanthrene-d, 21.35 ny 10.67 ny

Riverside, CA

Filter samples. During Augusgt, three nighttime ultra- high volume particulate samples were taken
on nights following afternoons where the ozone peek reached ~150 ppbv. The goa was to isolate air
samples modified by evening nitrate radica chemistry. The samples were taken using a"Mega Sampler”
equivaent to 16 Hi-Vol samplersthat is set up a Riversde.  The MegaSampler has been modified by
researchers at the Desert Research Ingtitute with 2.5 mm cutoff impactors and collects particles on four
16" x 20" Teflon-impregnated glass fiber filters (TX40HI20,Pdlflex). Vapor-phase sampleswere taken
concurrently on PUF plugs downstream of 8'x 10" filtersin two modified Hi-Vol samplers.

Exploratory analyses were undertaken on a portion of each MegaSampler filter sample. One
filter from each night was spiked with deuterated 2-nitrofluoranthene-dy and 1- nitropyrene-dy asinterna
standards, Soxhlet-extracted and chromatographed by HPLC according to the same method used for
the Downey samples. The samples are summarized in the following table aong with internal standard
amounts. The samples were andyzed by GC/M S as noted above.

Sample Date Sampled | Time Sample | Totd Totd
Code (PDT) Volume 2-NFI- aio | 1-N Py' d10

(m” (M) (M)

MO01-001 | 8/18-19/01 1900-0701 3410 0.750 0.150

MO1-005 | 8/25-26/01 1852-0701 3412 250 0.500

MO01-009 | 8/26-27/01 1900-0700 3357 0.750 0.150

PUF Samples. Hi-vol PUF samples taken concurrently with MegaSampler filter sample M01-009
(8/26-27/01) have been extracted and are in the process of HPLC separation in preparation for
GC/MS andysis. The samples are being worked up in the same way as the Downey PUF samples
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except that the internd standards amounts were reduced by a factor of three in anticipation of lower
nitro-PAH levels as seen in the Riversde particulate samples relative to the Downey ones.

Resaults

Nitro-PAH are emitted from combustion sources such as diesd exhaust. The specific nitro-
iIsomers in emissons are those formed by dectrophilic nitration, for example, Enitropyrene and 3
nitrofluoranthene.  Nitro-PAH can be formed by gas-phase atmospheric reactions of the parent PAH
with the hydroxyl (OH) radical during the daytime or with the nitrate (NOs) radicd at night, and these
radica-initiated reactions often produce nitro-PAH isomers digtinct from those directly emitted. For
example, 2nitrofluoranthene is formed from the gas-phase reaction of fluoranthene with either OH
radicals or NOsradicas. The OH radica-initiated reaction of pyrene produces 2- nitropyrene, while the
comparable NO; radica reaction with pyrene does not produce significant nitro-derivatives.

The following table ligs the 2-nitrofluoranthene and 1- and 2-nitropyrene concentrations
measured at Downey and at Riversde. 2 Nitrofluoranthene was the most abundant of the four-ring
nitro-PAH at both sites and the concentrations measured were comparable. (It is anticipated that the
PAH a Riversde will be sgnificantly lower then a the heavily diesd traffic-impacted dte a Downey,
and anaysis of fluoranthene and pyrene is planned to confirm this). Notable at Riversde was the lack
of detectable nitropyrenes. The nondetectable 1-nitropyrene is congstent with dilution occurring at this
downwind ste, while the lack of 2nitropyrene suggests that the observed 2 nitrofluoranthene was
formed from NOs radica-initiated chemigry. We are presently andyzing the semi-volatile nitro-PAH,
which should aso reflect formation by NO; radica chemigtry. In particular, the relative abundances of
the methylnitrongphthalenes can be used as a "marker” to distinguish NOs radica-initiated formation
from OH radica formation.

Concentration
- (pg M)
D H
Ste ae ours 2-Nitro- 1-Nitro- 2-Nitro-
fluoranthene pyrene pyrene
Downey day composite 0700-1900 | 90 30 27
Downey night compodte 1900-0700 | 72 60 36
Riversde 8/18-19/01 1900-0700 | 52 not detected not detected
Riversde 8/25-26/01 1900-0700 | 50 not detected not detected
Riversde 8/26-27/01 1900-0700 | 79 not detected not detected
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10. Size Digtribution And Diurnal Characteristics Of Particle-Bound Metals In Source And
Receptor Sites Of TheLos AngelesBasin

Corréations between trace el ementsand metalswith similar sourcesor origin

PM species from smilar sources or origin should be highly corrdated, given tha varigbility in
their concentrations should be atributed to the varigbility in the emisson strengths of their common
source. Based on our data from the 24-hour averaged field measurements, we attempted to identify
sub-groups of metads and elements in each of the coarse, fine and ultrafine PM modes whaose 24-hour
concentrations are highly correlated.

The discussion for each of the two stes—Downey and Riverside is presented below.

Down

Figure 1 shows a plot between 24 hour averaged S concentrations versus Ti, K, Mn, Fe and
Ca concentrations in coarse mode & Downey. Si, which is a crustd metal mostly originating from soil
resuspension, has been separately plotted againg the other five metds. The data clearly show a very
high degree of corrdation between the ambient coarse concentrations of S and those of Ca, Ti, Mn, Fe
and K, with correlation coefficients (R?) ranging from 0.75 to 0.98. In addition to the metas plotted in
Figure 1, the coarse PM concentrations of Si and V were aso highly corrdated (R?=0.77), but V
concentrations were not plotted because they are consderably lower than those of any other metd in
this mode and are below the resolution of this Figure. The high degree of correlation between the metas
of this group and their high relative mass in the coarse mode highly suggests that, at least, the coarse PM
mode of S, Ca, Ti, Mn, Fe ,V and K originate from resuspension of soil dust.

Three highly corrdated groups of metas and trace dements were identified in the fine and
ultrafine PM modes in Downey (Figure 2 and 3). Figure 2a presents four separate scatter plots of the
24-hour averaged ambient PM, s for Fe versusthat of Zn, Mn, Ti, and Pb. The concentrations of these
metals are highly corrdlated, with R varying from 0.77 to 0.80. In the fine PM mode, Fe and Ti are
dominated by super micrometer particles suggesting that soil dust resuspenson may be the main source
for these metdls. Zn has been attributed to tire dust and municipa incineration (Cass and McRae,
1982), whereas virtudly dl of Pb found in the Los Angeles Basin has been attributed to vehicular
emissions of mostly gasoline engines (Hutzincker et d., 1975) The remarkable correlation between Pb
and the regt of the three metals, despite the subgtantia difference in their Sze distributions (with Pb being
partitioned in much finer particles than Fe, Ti or Zn) suggest thet vehicular emissons in Downey may be
indirectly responsible for the production of Fe, Zn and Ti in the fine PM mode, in the form of
resuspended road dust (including tire and paved road dust). It is dso of interest to note that,
higtoricdly, the ratio of the average vadues of iron to manganese in the South Coast of Cdifornia has
been found to vary from 47:1 to 53:1 (Cass and McRae, 1982; Friedlander, 1973), which is very close
to the 50:1 ratio present in fine PM road dust samples (Watson, 1979). By examining the dope of the
Mn-Fe regression line in Figure 2a, the average ironto-manganese concentration ratio in fine PM is
55:1 (i.e, the inverse of 0.018), which is dso practicaly identica to the previoudy reported vaues in
road dust samples. This finding provides further corroboration to the argument that these metas found
in fine PM in Downey originate mostly from road dust.

34



Figure 2b shows a plot between Pb versus Sn and Ba concentrations in the fine mode a
Downey. A high Pb-Sn as well as Pb-Ba corrdation (R? =0.66 and 0.80, respectively) is clearly
depicted. Since Pb is originating from vehicular pollution, it can be inferred that Sh and Ba ds0
originate from mobile sources of the nearby freeways.

Significant correlations were observed between the concentration of Ni and Cr both in the fine
as well as the ultrafine modes, with R of 0.54 and 0.50, respectively (Figure 3). Nickel has been used
as a tracer for fue oil combustion in source-receptor modeling studies in Los Angees (Cass and
McRag, 1982). Although Cr could be emitted from diverse sources, its high correlation with Ni suggest
that in Downey Cr is dso emitted by the power plants and refineries of the Long Beach area that are
upwind of this location.

Riverside

Like metd concentrations in Downey, significant correations were observed between ambient
coarse concentrations of Al, S, K, Ca, Fe, Mn and Ti in Riversde. This group of metds is primarily
present in coarse particles with percentages varying from 80-90%, thereby suggesting resuspension of
windblown dust as the most sgnificant source of these metds in Riversde. This is further supported in
Separate scatter plots of Ca, Ti, Mn, Fe, K and Al versus S in the coarse mode at Riverside (Figure 4).
Pairing these variables in the coarse mode of PM result in very high corrdation coefficients (R?)
(between 0.94 to 0.99). In addition to the metds plotted in Figure 4, the coarse PM concentrations of
S were dso highly corrdated with those of Cu (R?=0.74) and V (R*=0.61), but Cu and V
concentrations were not plotted because they are consderably lower than those of any other metal in
this mode and are below the resolution of the Figure. The high degree of correlation between the metds
of this group reinforces the hypothesis that, at least in the coarse mode, S, Ca, Ti, Mn, Fe, K, Al, V
and Cu originate from resuspension of windblown dust from nearby deserts.

Unlike metd concentrations in Downey, no sgnificant correlations were observed between any
groups of metds in the fine PM mode in Riverdde, an observation that further supports the hypothes's
of ther long-range transport origin. As the air parces travel eastward in the Los Angeles Basin, they
pass over highly polluted areas in which amultitude of loca vehicular and industria sources contribute to
the concentration of these metads. Given the variability of these sources in emisson rates and diurnd
trends, no significant correlation between these metals should be expected, which is congstent with our
field results.
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Figure 1. 24-hour averaged Si concentrations versus Ti, K, Mn, Fe and Ca concentrations in coarse PM at Downey.
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Particle Number Concentration (cm's)

11. Ultrafine Particles near 405 Freeway

It is now well established that increases in the concentration of fine particulate matter in urban areas are
associated with increases in morbidity and mortdity. It is not known what properties of fine particulate
matter cause these effects, but one candidate is ultrafine particles. These are particles less than 100 nm
or 0.1 um in size and are found near combustion sources, such as motor vehicles. As afird step to
modeling the concentration and size didribution of ultrafine partides in the vicinity of freeways, we have
made detalled measurements of ultrafine particles near the 405 freeway, one of the busest in the
country. During the sampling period, traffic dengty ranged from 140 to 250 vehiclesmin passng the
sampling sSte in both directions. Traffic was primarily dominated by gasoline-powered cars and light
trucks with less than 5% of vehicles being heavy-duty diesd trucks.

For most of the sampling time, the wind was coming directly from the freaway towards the sampling
road with a speed of 1to 2 m/s. The consstency of observed wind direction and speed isaresult of a
reliable sea breeze in the sampling area. Congstency of the wind is important for this fid experiment,
because it dlows data from different days to be averaged together.
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Figure 1. a) Total particle number concentration vs. wind Speed Figure, and b) Traffic
Density.

In this study, we found wind direction and speed, played an important role in determining the
characterigtics of ultrafine particles near the 405 freeway. Figure l1a shows totd particle number
concentrations as measured by the control CPC, located 30 m downwind of the freeway versus wind
gpeed. Only wind data within 45 degrees of normd to the freeway was used in this figure. This range
accounts for more than 80% of the total observations. Data, a 30 m, given by Hitchins et d. (2000)
were aso included for comparison. It can be seen that totad particle number concentration
measurements near freeway 405 are in generd 2-3 times greater than those observed by Hitchins et d.
a Tingdpa, Audrdia. This is manly due to the much heavier traffic dendty on the freeway 405.
Although, the absolute particle number concentrations are quite different in these two studies, the
relative particle number concentration as function of wind speed are quite Smilar. This indicates that
atmospheric dilution of ultrafine particles by the wind is comparable for both cases.
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Figure 1b shows the change in measured particle number concentration and the number of cars passing
by the sampling site during those sampling periods when the wind was from the southwest. Since wind
speed played an important role in determining the tota particle number concentrations, measured CPC
readings were normaized to 1 m/s by multiplying the wind speed. As shown in this figure, normaized
particle number concentration tracked the traffic dengty very well indicating that traffic is the mgor
contributor to fine and ultrafine particles. A traffic dowdown on the north bound side of Freeway 405
usually developed around 1:30 pm on a weekday as indicated by the sharp drop of the red curve.

During this traffic dowdown, the average vehicle soeed is usudly less than 5 mph. The control CPC's
reading during that time period was observed to be much lower than normd, indicating that fewer
ultrafine particles are produced during such traffic dow down.

Particle number concentration and Sze didribution in the sze range from 7 nm to 220 nm were
measured by a condensation particle counter (CPC) and a scanning mobility particle spectrometer
(SMPS). Measurements were taken a 30 m, 60 m, 90 m, 150 m, 300 m downwind and 300 m
upwind from Interdate highway 405 a the Los Angeles Nationa Cemetery. At each sampling point,
the concentration of carbon monoxide, black carbon and particle mass were dso measured by a Dasibi
CO monitor, an Aethalometer and a DataRam, respectively.

The average concentrations of CO, black carbon, particle number and mass concentration at 30 m was
in the range of 1.7 to 2.2 ppm, 3.4 to 10.0 ngnT, 1.3 x 10° to 2.0 x 10° /enT and 30.2 to 64.6 nynT,

repectively.
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Figure 2. a) Ultrafine Particle Size Digtribution at 30 meters Downwind from 405 Freeway; and
b) at Different Sampling L ocations.

As shown in Figures 2a and 2b, thirty meters downwind from the freeway, three distinct modes were
observed with geometric mean diameters of 12.6 nm, 27.3 nm and 65.3 nm, respectively. The smallest
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mode, with a pesk concentration of 1.6x10° #/cn®, disappeared at distances greater than 90m from the
freeway. The number concentrations for smaler particles, d, < 50 nm, dropped significantly with
increasing distances from the freeway, but for larger ones, d, > 100 nm, number concentrations
decreased only dightly. This suggests that coagulation is more important than aimospheric dilution for
ultrafine particles and vice versa for large paticles. Previoudy, researchers who conducted
experimenta and theoretica studies on the trangportation and transformation of vehicle particle emisson
in the atmosphere often concluded that the rapid dilution of the exhaust plume made the coagulation
inggnificant. However, in the present sudy, the observed sze digtribution changes indicate that
coagulation is not negligible. Ultrafine particle concentration measured at 300 m downwind of the
freeway was indistinguishable from upwind background concentration.
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Figure 3. Ultrafine Particle Concentration Vs. Distance from Freeway 405 as a function of a)
Number Concentration, and b) Volume Concentration

Figure 3 shows the decay of normdized tota particle number and volume concentretion, in the Sze
range of 7 nm to 220 nm, respectively, with distance dong the wind direction from the freeway. The
horizontal axis represents the true distance as an air parcd travels from the freeway to the sampling
locations. The total number and volume concentrations were normdized by dividing the averaged totd
number concentration measured by the control CPC concentration during each sampling periods. Each
data point in the figure represents an averaged vaue for dl measurements with the same wind directions.
The solid line was the best fitting exponentid decay curve. Since coagulation will only decrease the tota
particle number concentration, not the volume, if coagulation is occurring then, totd number
concentration will decay faster than tota volume concentration, which is the case as shown in Figures 3

(@) and (b).

To make this freeway study more comprehensive, the concentrations of carbon monoxide (CO), black
carbon, particle mass, and particle number were aso measured at increasing distance from the freeway.
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Figure 4 shows the decay curves for relative CO, black carbon, total particle number and mass
concentration. The mass concentration decreased only by afew percent throughout the measured range.
While, CO, black carbon and particle number concentration decreased about 60% in the first 200 m
and then leveled off somewhat after 150 m. In fact, CO, black carbon and particle number
concentrations tracked each other extremely well. This observed result confirmed the common
assumption that vehicular exhaust is the mgor source for CO, black carbon and ultrafine particles near a
busy freeway. In addition, it suggests that the decreasing characteristics of any of these three pollutants
could be used interchangeably to estimate the concentration of the other two pollutants near freeways.
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Figure 4. Relative Mass, Number, Black Carbon, CO Concentration near the 405 freeway.

Related futurework

Over the next three years we will conduct verticd profiles of ultrafine particle concentration and size
digtribution and horizonta profiles at locations near other freeways. Currently we are sampling near the
710 freaway, which has a high volume of diesdl trucks. Results from this study will be compared with
what we have obtained near the 405 freeway, a gasoline vehicle dominated freeway. Similar
measurements near the 405 freaway will be conducted in a winter season to study the effect of
atmospheric mixing height on the fate of ultrafine particles near a freeway. All these results will be used
to develop a modd that predicts exposure to ultrafine particles from freeways in terms of traffic dengity,
topography, and meteorology.
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12. Investigation of the Relationship between Gas-phase and Aerosol-borne Hydr oper oxides
in Urban Air

Due to ppb-levels of hydrogen peroxide (H.O,) and organic hydroperoxides (ROOH) in ambient air,
their high solubility in water, and the presence of alarge mass fraction of water in submicron aerosol [1],
hydroperoxides might be expected to be present in fine particles a concentrations of the order of 0.1
mM [2]. Given that hydroperoxides decompose rapidly in the presence of metas common in
amospheric aerosols [1], however, it is not clear that hydroperoxides should be present in the agrosol
liquid phase. It has been demonstrated that the exposure of respiratory tract cells to HO, solutions at
concentrations ranging from 20 pM to 1 mM results in Sgnificant amounts of cdll damage [3-5].

Only one previous study of aerosol-phase hydroperoxides has been carried out [6]. In this
work, H;O, mass loadings as high as 10 ng ni® were reported in clean continental air a Niwot Ridge,
Colorado. A study of “reactive oxygen species’ as equivaent H,O, in Sze-segregated aerosols has dso
been made [7] in urban ar, but this study was likdy subject to sgnificant artifacts due to the sample
extraction method [8].

Experimental
Samples were collected during daytime between April and August 2001 on the roof of the Math
Sciences Building at UCLA in West Los Angeles (WLA). Meteorologica data were acquired using
instruments located at the hydroperoxide sampling site. Ozone and NO, measurements were taken from
the South Coast Air Quality Management Digtrict (SCAQMD) monitoring station, about 1 km SW of
the UCLA dste.

Gas-phase hydroperoxides were extracted into the aqueous phase using a helicd cail collector,
as used in previous laboratory studies by this group [8]. Aerosol samples were collected on 47 mm, 2
mm pore-sze Teflon membrane filters (Teflo, Pl Corporation). Total suspended particulate (TSP)
samples were collected by drawing 110 L min™ of ambient air through the filters (supported on stainless
ded filter holders) for Sx hours. Size segregation of the coarse and fine aerosol was achieved using a
virtua impactor, with a 50% cut point a 2.5 nm, described in greater detall by Kim et d. [9]. Aerosols
were generated in the lab to verify the stability of hydroperoxides during collection, and field blanks
verified atifact-free aerosol collection. The aerosol-phase hydroperoxides were extracted into the
aqueous phase by wetting the filters with 0.2 mL of ethanol, and then adding 3 mL of stripping solution.
Quantification of the hydroperoxides present in agueous solution was achieved usng an HPLC-
fluorescence technique, as described in detail in [8].

Results

In both the gas- and the aerosol-phase, HO, accounts for the mgority of the total of hydroperoxides
present. Measured gas- and aerosol- phase concentrations of hydrogen peroxide are shown in Figure 1.
In all cases, more than 99.9 % of tota ambient HO, was found to be in the gas-phase. HO, g
concentrations were found to be in the range 0.6-3.3 ppb. H,O, 4 levelsincreased from an average of
around 1 ppb in early May to 3 ppb in early August. A strong negative correlaion between NO, and
H,O, was obsarved (R? = 0.42, P = 0.008 for a linear fit to a plot of [Hx0z4s] Versus U[NG;]).
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Ambient H,O, 4 Was uncorrelated with @ (R°=0.02) and possibly weekly correlated with relative
humidity (R?=0.12, P = 0.19) over alimited range (65-85%).

In the period between May and August, HO, (particulate, pyv) mass loadings ranged from
<0.1- 13 ng m® (Figure 1). This range of vaues is in broad agreement with the only previous
measurements of this quantity [6]. The reactive oxygen species (ROS) measured by Hung and Wang
[7] are sgnificantly higher than ours, despite the fact that the aerosol masses they measured (10-200
mynt) are Smilar to those typical for Los Angdes [10]. There are severd possible explanations for this,
among them the use of ultrasonication in the extraction step used by Hung and Wang [7]. We found that
gonificant levels of H,O, were formed in pure water upon sonicaion. Virtud impactor samples
callected in July and August demondrate that a sgnificant fraction (25-70%) of the total H,O, mass
loading isin the fine aerosol (PM,) mode (Figure 1).
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Figure 1 — Ambient H,O, Measurements May-August 2001.

Discussion

To establish whether or not the HO,py mass loading is in line with Henry's law predictions, it is
necessary to know the aerosol mass loading of water. Unfortunately, this parameter could not be
measured during the study. We can, however, consder the Henry's law behavior using an upper limit of
about 50 ng mi® aerosol liquid water. This number is based on an upper limit for aerosol mass loadings
in West Los Angdles of < 100 g mi%; 24 hour average vaues for TSPin the mid 1990's were typically
60 ng m° [10], and observations that water comprises less than 50 % of the total mass of Los Angeles
agrosol at RH <80% [11]. Figure 2 shows a Henry's law plot of [H.O], cdculated from
measurement data by assuming that 50 ny/nT of aerosol liquid weter for al sampling days vs. [H202] .
Also included in Figure 2 is the expected reationship between gaseous and agueous H,O,
concentrations given that Hy is 1 x 10° M atm™ [1]. The calculated lower limits for [H,O5], are dearly
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severd times larger than its Ha equilibrium vaues. Further, the aerosol-phase hydrogen peroxide
concentrations, 10° - 10 M, are well within the level that damages respiratory tract cdlls and may be
explain aportion of aerosol-associated health effects.
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Figure 2 — Henry’s Law Plot (Assuming 50 ng mi® Liquid Water).
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13. Quality Assurance Audit Report, Claremont, November 2001

Audit Dates: November 6, 2001
I nstrumentation Audited: SMPS, APS, DataRAM, Aethalometer, Interior Temperature/RH,
Ambient Temperature/RH, Wind Speed, Wind Direction

The purpose of this summary isto provide areport of sgnificant audit findings. The audits were follow-
ups to audits conducted March and April 2001 while the PIU was a the Riverside location. Results of
the performance audit comparisons are included.

General Status Comments:

1. QAPP: the Superdte Qudity Assurance Officer submitted an dectronic copy of the find verson,
including the sgnature page, to the EPA in early October 2001.

2. System audit of Superdte laboratory: No sgnificant problems noted. The find report is in the
process of being completed.

3. System audit of SCPCS data management center: In generd, it has been suggested that a true
relational database data management environment replace the current spreadsheet format being
used

PIU Audit Procedures

The audits conssted of both a system and a performance component. A technical systems audit was
conducted to verify that procedures are being followed according to established SOPs. The audit was
conducted usng a systems audit checklist. The checklist was completed during the March/April 2001
audit. Therefore, the system audit for this audit conssted of a review of the previoudy completed
checklist, concentrating on any changes is procedures and equipment since the last audit. In particular,
the operation of the API continuous nitrate and carbon andyzers was reviewed. A Sting audit was aso
conducted to evauate the representativeness of the site location, checking probe exposures and local

SOurces.

Performance audits were conducted to evauate the accuracy of the measurements by comparing
ingrument performance against known standards.  NIST-traceable standards were used whenever
possible. All sandards are maintained independently from standards used at the PIU

Since the mgority of the measurements made a the PIU are of particulate matter, the mgority of the
performance checks consisted of flow measurements using a Gilibrator 2 automated optica bubble flow
meter. When possible, flow measurements were made both at the sample train inlet and at the inlet to
the sampler in order to verify that the sample train was not damaged in any way during relocation.

Smilarly, during auditing of the meteorologica sensors, emphasis was placed on verifying the orientation
of thewind direction sensor, asthis too can be atered during relocation.
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It happened that the day of the audit was aso a sampling day for the PIU. Therefore, in order to avoid
any possihility of invdidating any of the 24-hour samplers, no filter samplers were audited during this
audit. However, it was confirmed that the same flow standards currently in use were the same used at
the time of the previous audit. Since no sgnificant problems in flows were noted during the previous
audit, reaudit of these samplers was not consdered essentid.

In generd, the operation of the PIU gppears to be going smoothly, with only the relatively minor issues
noted below. Problems noted during the audit were discussed with key PIU operating personnel at the
time of the audit. Whenever possible, problems were investigated and resolved at the time of the audit.

Key siting AUDIT Findings

The inlet for the IC MOUDI was located gpproximately 0.3 meters from the surface of a pump box for
a sampler located on the roof of the PIU. In addition, the inlet was located approximately 0.5 meters
from the exhaust port of the same pump box. Two carbon-vane pumps were located in the pump box.
In this configuration, the pump box is a potentid source of particulates for the MOUDI. The MOUDI
inlet was rotated 180° (hanging over the edge of the PIU) and the pump box was repositioned in order
to minimize any possible impact on the sampler.

Key SYSTEM AUDIT Findings

As dated in the previous audit, certification procedures for the rotameters used to measure sample flow
rates are currently not well established or documented. SOPs for certifying flow measurement devices
should be documented, including procedures for maintaining certification documentation. This is a
necessary step to assure the traceability of the particulate data. Flows measuring devices should be
recertified on a least an annud basis. It is recommended that certification documentation be maintained
a the PIU. This documentation could consst smply of a signed and dated sticker on the flow device.
Please note that flow meters used for certification should be NIST-traceable to within +2%.

Key Surface M eteorology Audit Results

1) Unless otherwise noted, dl instruments were operating within the recommended criteria

The dignment of the wind directions sensor was 180° out of phase. The sensor mounting appeared to
be set up correctly, with the gppropriate markings on the sensor body oriented south. A review of the
data by project personnel appears to indicate that the problem has only affected data since the PIU’s
move to Claremont. However, the Site technician could not think of anything that had been done
differently in setting up the system at Claremont. One possible explanation is that the vane had for some
reason been removed from its mount and accidentaly reingtalled in the oppogite direction. The extent of
the problem should be investigated and the affected data corrected.

2) The modd of wind sensor used at the PIU is not conducive to testing with a constant RPM motor
without disassembling the sensor and jeopardizing the cdibration of the wind vane. However, it was
possible to confirm the operation of the wind speed sensor “reed switch” and the proper ranging of the
readings, confirming the operation of the sensor.
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3) The gation interior temperature sensor was reading 7° C high. While the station temperature reading
is not criticd, it is unclear whether or not the system is operating correctly. The sysem should be
recdibrated, and repaired if necessary.

Key Air Quality Audit Findings

When the auditor first checked the flow leading from the TS 3080 SMPS to the TS 3022A
condensation particle counter, a flowrate of 0.120 Ipm was noted. This differed from the 0.3 Ipm
measured at the inlet of the 3022A. A “teg’ waslocated at the 3022A inlet, with one end leading to the
SMPS and the other leading to a vaved HEPA filter. The vave was partidly opened, and it was
confirmed that the rest of the flow (about 0.2 Ipm) was being drawn through the HEPA filter. The
auditor then shut the valve a the HEPA filter, at which point the flow from the SMPS to the 3022A
increased predictably to 0.301 Ipm. Since the auditor and the Ste technician were uncertain as to the
correct configuration, the valve at the HEPA filter was again opened in order to obtain the origina
0.120 Ipm flow rate from the SMPS to the 3022A. Later discusson with project personnd reveded
that the valve should have been closed. The period during which the vave was opened should be
determined, and the data collected during the period adjusted to compensate for dilution by the filtered
ar.
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