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Inter- and Intra-Community Variability in Continuous
Coarse Particulate Matter (PMq9-2.5) Concentrations in the

Los Angeles Area

Katharine F. Moore, Vishal Verma, Maria Cruz Minguillon, and Constantinos

Sioutas

Sonny Astani Department of Civil and Environmental Engineering, University of Southern California,

Los Angeles, California, USA

Continuous coarse particulate matter (CPM, PM;y-,.5) concen-
trations were measured hourly at three different sites in the Los
Angeles area from April 2008 through May 2009 as part of a
larger study of the characteristics and toxicology of CPM. Mean
hourly concentrations calculated seasonally ranged from less than
5 ug m™3 to near 70 g m™ at the three sites depending upon
the CPM source variability and prevailing meteorology. Different
diurnal concentration profiles were observed at each site. Correla-
tion analysis indicates that CPM concentrations can generally be
explained by wind-induced road dust re-suspension, particularly in
drier seasons. CPM concentrations between the sites were not ap-
preciably correlated and metrics used to assess variability between
the sites—the coefficients of divergence—indicated that CPM con-
centrations were heterogeneous. The relative CPM contribution to
observed PM;, concentrations varied by season and between sites.
Additional concurrent CPM data available within a few km of
the three sites indicate that intra-community variability can be on
the same order as that observed for inter-community variability,
although a similar analysis using PM,, data yielded reduced het-
erogeneity. The results indicate that accurate exposure assessment
to CPM in the Los Angeles area requires measurements of CPM
concentrations at different sites with higher temporal resolution
than a single daily mean value.

[Supplementary materials are available for this article. Go to the
publisher’s online edition of Aerosol Science and Technology to
view the free supplementary files.]
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INTRODUCTION

Elevated ambient particulate matter concentrations are asso-
ciated with adverse human health outcomes, including increased
short-term cardiovascular mortality which is estimated to result
annually in 40,000-60,000 premature deaths in the United States
(US EPA, 2008). While most recent research has focused on the
role of ultrafine particles (ca. <0.1-0.2 pwm in diameter), there
is sufficient evidence that coarse particulate matter (CPM, the
difference between PM)( (particulate matter less than 10 pum
in diameter) and PM, s (particulate matter less than 2.5 um in
diameter) or PM -, 5) also is responsible for significant adverse
effects (Pekkanen et al. 1997; Li et al. 2003; Oberdorster et al.
2001; Xia et al. 2004; Monn and Becker 1999; Becker et al.
1996; Hornberg et al. 1998; Becker et al. 2005; Villeneuve
et al. 2003; Kleinman et al. 2003; Ostro et al. 1999; Lipsett et al.
2006; Graff et al. 2009). These observations suggest that the am-
bient CPM fraction should be a specific focus of research aimed
at understanding the relationship between ambient particulate
matter and public health.

In general, the CPM fraction in rural areas tends to be rel-
atively lower (<1 to 5-10 pug/m?) than in suburban, urban,
near-roadway, and industrial locations where concentrations are
higher (ca. 5-10 to 40-50 11g/m?, although most reported con-
centrations appear to be on the order of 20-25 pg/m?® or less)
(Querol et al. 2008; Yin and Harrison 2008; Williams et al.
2003; Puustinen et al. 2007; Houthuijs et al. 2001; Brook et al.
1997, among others). Very high CPM concentrations exceed-
ing several hundred pg/m* have been reported and have been
primarily associated with dust storms (Claiborn et al. 2000;
Birmili et al. 2008). In urban areas, traffic volume (e.g., vehicle
speed, road/tire and brake material emissions) and distance to the
street as well as meteorological parameters influence CPM con-
centrations (Lianou et al. 2007; Almeida et al. 2006; Bourotte
et al. 2005, among others). In addition to these sources and in-
dustrial emissions, CPM may have a strong primary biological
component from pollens and other organic detritus (Edgerton
et al. 2009) and a significant sea-salt component in coastal ar-
eas (Almeida et al. 2005; Arhami et al. 2009). A review of
CPM concentrations using regulatory data in California for
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1988-1998 indicated that highest CPM concentrations were ob-
served in the summer and early fall when dry conditions, intense
mixing in the boundary layer and consistent wind patterns pro-
mote re-suspension of significant amounts of soil dust/mineral
matter (Motabelli et al. 2003). Sampling campaigns conducted
in Los Angeles area reported that the CPM fraction composed
largely of nitrate and other crustal elements (Sardar et al. 2005)
and also sea-salt (Arhami et al. 2009). However, other than few
studies reporting continuous hourly or sub-hourly observations
(e.g., Claiborn et al. 2000; Geller et al. 2004; Harrison et al.
2001; Querol et al. 2008), much of the reported data are 24 h
daily averages based upon limited time periods. Of course daily
averages obscure diurnal variability and tend to smooth out the
variability in reported CPM concentrations.

In order to further improve our understanding of the link-
age between CPM concentrations and adverse health impacts,
a field study utilizing multiple fixed sites was undertaken in the
Los Angeles area to measure relevant properties of CPM includ-
ing mass concentration, chemical composition and toxicological
properties. The goal of this research is to lay the basis for the
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development of cost-effective strategies to protect the public
from toxic sources of CPM and should indicate whether control
strategies focused on a sub-set of sources only are desirable.
Here we present the first results from the study: one complete
year of simultaneous, continuous hourly CPM mass concentra-
tions observed at three locations subject to distinctly different
combinations of CPM sources in the Los Angeles air basin. This
is a unique data set and—in combination with other facets of
the study still underway—represents an invaluable resource for
ongoing and planned efforts studying the relationship between
CPM and human health in Los Angeles. In a companion paper,
we report time-integrated CPM concentrations collected over
the same time period at additional sites (Pakbin et al. 2010).

EXPERIMENTAL METHODS

Sites

Three sampling sites located near downtown Los Angeles,
in Mira Loma (inland, near Riverside, designated “VBR”) and
Lancaster were selected for this study (Figure 1). Continuous
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FIG. 1. Geographic location of the monitoring sites in Los Angeles and Riverside County with select roadway features shown (to scale).



528

hourly observations of CPM started in April 2008 and continued
until May 2009, representing at least a complete year of data
collection. With the exception of June and August 2008 at the
downtown Los Angeles site and varying April 2008 start dates,
datarecovery exceeded 80% for each month at all sites (the sum-
mer (June/July/August) seasonal averages for the downtown Los
Angeles site represent approximately 55% of the available time
period, see discussion below). The downtown Los Angeles site
is located on the campus of the University of Southern Califor-
nia at the Particle Instrumentation Unit (USC). This USC site
is the primary field sampling location of the Southern Califor-
nia Particle Center and Supersite and observations made at this
site have been widely reported (e.g., Sardar et al. 2005; Geller
et al. 2004, among others). The USC site is considered to be
an urban background site, although it is located approximately
130 m to the NE of the I-110 freeway and observations indicate
it is clearly impacted by motor vehicle emissions (e.g., Moore et
al. 2007, among others). The Mira Loma site (Mira Loma-Van
Buren or VBR) is located at an existing South Coast Air Quality
Management District (SCAQMD) site immediately adjacent to
an elementary school and within 100 m of busy arterial road-
ways. If the USC site is located in an upwind, urban “source” site
for CPM, the Mira Loma site is an inland, more rural “receptor”
site for CPM and other pollutants. The Lancaster site (LAN) is
located at an Antelope Valley Air Quality Management District
(AVAQMD) site approximately 110 km to the NW of down-
town Los Angeles and separated by the San Gabriel Mountains
from the coast. It is a more rural location, highly influenced
by the surrounding desert, although the monitoring site itself is
adjacent to several arterial roadways, rail, and within ca. 2 km
of the CA-14 highway. Table 1 summarizes relevant informa-
tion about each site, including sampling area, designation code,
description, geographic coordinates, inlet elevation and data
recovery.

K. F. MOORE ET AL.

Equipment

Three Continuous Coarse Particulate Matter (CCPM) mon-
itors (Misra et al. 2001) were deployed at each of the three
sites and operated continuously. The Coarse Particulate Matter
monitors use a single virtual impactor upstream of a standard
tapered element oscillating microbalance (TEOM model 1400a,
Thermo Electron, Waltham, MA). The upstream impactor con-
centrates the CPM fraction measured by the downstream TEOM
by an approximate factor of 25. The CCPM is now commercially
available from Thermo Electron (TEOM model 1405-D). The
CCPM can provide reliable CPM mass concentrations continu-
ously at intervals as short as 5—10 min. For this study, observa-
tions were recorded every 30 min. Prior to the start of the study,
two TEOMs were returned for factory recalibration. Follow-
ing recalibration, side-by-side operation of these two TEOMs
both before and after the study indicated consistent agreement
within approximately 20% (R? = 0.71; slope = 1.17; Figure S1
in supplemental information). The third TEOM also performed
consistently compared to the mean of other two TEOMs dur-
ing side-by-side operation (R* = 0.69; slope = 1.55; Figure
S2 in supplemental information). The slopes of the regression
equations were used to adjust the data obtained from individual
TEOMS prior to processing of the raw results. At each location,
the CCPM was installed in a temperature-controlled environ-
ment. Regular weekly maintenance visits were performed where
the flow rates were checked, the collected data downloaded and
the TEOM internal filter changed.

Following data retrieval, the raw CCPM data were reviewed
for erroneous data points (e.g., zero ambient CPM concentra-
tions, excessive noise) and the hourly geometric mean CPM
concentrations for the screened data calculated. Where avail-
able, co-located regulatory PM;y, and PM, s mass concentra-
tion data were obtained to assist in the evaluation of poten-
tially inconsistent CCPM data points. The hourly data from

TABLE 1
Site information including sampling area, the designation code, description, geographic co-ordinates, inlet elevation,
and data recovery

Site Site Inlet Data
Area designation description Additional notes Latitude Longitude  elevation (m)* recovery
Los Angeles USC Urban, near- Typical urban site in 34°01'09” N 118° 16’ 38" W 4.8 >T70%
freeway downtown LA, ~130 m
W of I-110
Riverside VBR Semi-rural,  Semi-rural receptor site; 33°59'45" N 117°29 31" W 4 >80%
receptor ~3.0 km S of CA-60;
with ~100 m of a busy
arterial roadways
Lancaster LAN Desert Typical desert site away 34°40° 09" N 118° 07 51" W 5.5 >80%

from urban sources,

2.0 km of W of CA-14

*Height relative to the ground.
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every day was combined to report monthly and seasonal av-
erages for the study. All data are reported in Pacific Standard
Time (PST).

Additional Data

Continuous hourly PM mass concentration, gas-phase con-
centration and meteorological data from the previously de-
scribed SCAQMD and AVAQMD sites and three additional
SCAQMD monitoring locations near the CCPM monitoring
sites were also obtained from the California Air Resources
Board in order to assist in the interpretation of the CPM con-
centrations reported herein. The USC site is located ca. 2 km
to the SW of the downtown Los Angeles SCAQMD monitor-
ing location (North Main Street (NMS); Figure 1) and the Mira
Loma location is ca. 2.6 km to the ESE and 7 km to the W of
the Mira Loma—Bellgrade and Riverside-Rubidoux SCAQMD
sites, respectively (Bellgrade and Rubidoux; Figure 1).

Data Analysis

In addition to Pearson correlation coefficients, the Coeffi-
cients of Divergence (COD) were calculated for the PM con-
centrations as a measure of the heterogeneity between sites. The
COD is defined as:

1 - Xii — Xik 2
CODy = |- i L
Jjk n Z]()ij‘f‘X[k)

i=

where x;; is the ith concentration measured at site j for a given
sampling period, j and k are two different sites, and n is the
number of observations (Krudysz et al. 2008). By inspection,
the COD for a given site pair will vary from 0, where concentra-
tions are identical at both sites and to 1, where concentrations
are highly different. Therefore, a low COD value indicates a
high level of homogeneity in concentrations between site pairs,
and a high COD, the opposite. CODs larger than 0.2 are consid-
ered heterogeneous (Wilson et al. 2005). CODs have recently
been used to quantify the variability in PM, s and PM;y mass
concentrations between specific site pairs in several studies—of
particular interest in the Los Angeles region where CODs var-
ied from 0.07-0.48 (PM, s, Pinto et al. 2004). Most maximum
values reported in California and elsewhere were on the order
of about 0.2 and less (Pinto et al. 2004, (PM;o, PM, 5), Krudysz
et al. 2008), although exceptions have been observed for CPM
(Lianou et al. 2007). Overall, these results imply a fair amount of
spatial homogeneity between the mass concentrations measured
for both PM ¢ and PM; 5. The CODs therefore complement the
information provided by the correlation coefficients.

RESULTS AND DISCUSSION

Prior to presenting the ambient CPM results, a brief char-
acterization of the meteorology of the study sites during the
sampling period is in order. Total precipitation (measured at
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the Los Angeles International Airport) was approximately 8.1
in (20.6 cm) which is ca. 60-70% of “normal.” Virtually all
of the precipitation occurred as a result of relatively brief, but
often intense, winter storms as fronts crossed the Los Angeles
air basin during November 2008—February 2009. Precipitation
data were not readily available at all three of the monitoring
sites and contemporaneous observations indicated that the time
period during a storm that precipitation fell was not the same
at each of the three sites. Given the very few number of days
affected over the year-long study, sampling days where rain was
observed at USC were removed prior to processing (we note,
however, that CPM concentrations during precipitation periods
rapidly fell predictably to zero/near-zero levels, with time series
similar to that reported by Geller et al. 2004).

Table 2 shows select meteorological parameters for the
three principal study sites organized by time-of-day and
season (Spring (March—-May), Summer (June—August), Fall
(September—November), and Winter (December—February)).
Meteorological conditions at the USC site have been previously
reported (e.g., Sardar et al. 2005; Moore et al. 2007, among oth-
ers) and are generally stable throughout the year with the pre-
dominant wind direction in the afternoon from the SW (please
note that a large building to the N of the USC site may inter-
fere with observations of the NE overnight return flow observed
nearby at NMS). Overnight wind speed tends to be calm—
particularly in the fall and winter—and peak mean wind speeds
on the order of a few meters per second are observed in the after-
noon. Temperatures are 10-12°C lower overnight with relative
humidities as high as ca. 80% observed. In contrast, meteoro-
logical observations at both VBR and LAN exhibit considerably
more variability although some similar patterns—higher wind
speeds during the day, and lower temperatures and higher rela-
tive humidities (RHs) at night—are observed. In particular at the
LAN site, strong W winds can be observed during any period
of the day virtually independent of the season. Minimum day-
time RH at Lancaster was routinely less than 20-30%, with the
exception of the winter (40%) while at the other two sites, 40%
was the year-round minimum. We highlight these results to indi-
cate that while many of the meteorological patterns and factors
are similar between the Mira Loma (VBR) and USC sites (e.g.,
RH range), the Lancaster site is markedly different exhibiting
larger extremes in observed mean temperature than the other
sites, consistent with more desert-like conditions. Occasionally
the strong, dry (RH < 10%), hot off-shore wind conditions
known locally as Santa Ana winds impact the Los Angeles area.
Santa Anas tend to occur in the fall, but can arise throughout the
year. The Santa Anas affect the three sites differently—at the
USC site virtually no change in wind speed and direction are
observed while the Mira Loma and Lancaster sites are strongly
impacted. In Mira Loma, winds are higher during daytime and
are associated with a persistent NE/N direction. Santa Anas at
Lancaster may also have very strong NE/ENE persistent winds
but also, occasionally are associated with winds of high velocity
from the WNW and E.
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TABLE 2
Seasonal meteorological parameters by site and time of day (all times in PST)
Spring Summer
Wind Wind
speed (m/s) Wind Min/max Min/max speed (m/s) Wind Min/max Min/max
USC (calm %) direction TEC) RH (%) (calm %) direction T(C) RH (%)
12 mid-6 am 0.3 (65) SE-S-SW 12/22 41/73 0.5 (29) S-SW-W 18/29 49/81
14-156 am-10am 0.3 (65) SE-S 0.8 (10) S-SW
10 am—4 pm 0.8 (50) SW 1.8 (0) SwW
4 pm-8 pm 1.0 (50) SW-W 1.6 (0) SW-W
8 pm—12 mid 0.5 (53) SW-W 0.9 @) SW
LAN
12 mid-6 am 1.6 (25) SW-W 9/20 26/55 1.1 (23) SE-S-SW-W 18/35 21/34
6 am-10 am 1.9 (20) SW-W-NW 1.2 (26) W-NW-NE
10 am—4 pm 3.1 4) SW-W-NW 2.8 (3) SW-W
4 pm-8 pm 3.1(3) SW-W-NW 3.3(0) SW-W
8 pm—12 mid 2.0 (13) SW-W-NW 2.0(5) SW-W
VBR
12 mid-6 am 0.8 (36) NW 9/21 38/80 0.7 (35) SW-W 17/33 37/84
6 am—10 am 1.6 (12) NW-NE 1.3 (6) SW-W-NW
10 am—4 pm 3.2(1) W-NW 3.5(0) NW-W
4 pm-8 pm 2.9 (1) W 2.9 (0) NW-W
8 pm—12 mid 1.1 (20) NW 1.3 (8) NW-W
Fall Winter
Wind Wind
speed (m/s) Wind Min/max Min/max speed (m/s) Wind Min/max Min/max
USC (calm %) direction TEC) RH (%) (calm %) direction T(C) RH (%)
12 mid-6 am <0.1 (89) S-SW 16/28 38/73 0.2 (82) SE 11/20 33/59
14-156 am-10am 0.2 (77) S-SW 0.2 (75) SE
10 am—4 pm 0.5 (68) SW 1.0 (25) S-SW-W
4 pm-8 pm 0.4 (68) SW-W 0.7 (30) SW-W
8 pm—12 mid 0.2 (79) SW 0.2 (76) SE-SW-W
LAN
12 mid-6 am 1.6 (50) SE-W 13/26 24/51 0.8 (47) W-SW 4/12 37/71
6 am—10 am 1.4 (47) W-NW-N 1.0 (44) NW-W-SW
10 am—4 pm 2.5 (16) SW-W-NE-N 2.0 (16) NE-N-NW-W-SW
4 pm-8 pm 2.9 (18) SW-W-NW 1.6 (21) NW-W-SW
8 pm—12 mid 2.6 (31) SE-SW-W 1.0 (41) SW-W
VBR
12 mid-6 am 1.0 (40)  W-NE-SE-SW-S 18/37 33/80 1.6 (24) NE-SE 5/17 38/74
6 am—10 am 1.5(27) NE-S-SW-W-NW 1.8 (22) NE-E
10 am—4 pm 2.7 (18) W-NW 2.6 (16) NE-NW-W
4 pm-8 pm 2.6 (22) W-NW 2.2 (17) NE-E
8 pm—12 mid 1.1 (31) W-NW-SW 1.5(19) NE-E

Note: “calm” is defined as wind speeds <0.5 m/s, and “calm” values (<0.5 m/s) were included in the averaging for consistency. Wind direction
includes significant contributors using 8 sector wind.
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Review of the diurnal profile of the monthly CPM con-
centrations indicated that using a seasonal description of the
data was appropriate as month-to-month variability was lim-
ited. (Pakbin et al. 2010 include monthly data showing daily
mean concentrations.) Figure 2 shows the hourly diurnal profile
of CPM and additional parameters, i.e., temperature, relative
humidity, wind speed, and gas and particle-phase concentra-
tions for the three sites. For clarity, only particle-phase con-
centration data are shown in most of the panels of Figure 2 as
the patterns for the other parameters do not appreciably change
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from season-to-season (although the magnitudes can as shown in
Table 2).

In Mira Loma (Figure 2a), there is a distinct diurnal pat-
tern in the hourly CPM data. During the spring, low overnight
concentrations (ca. 10 ug m™>) rise rapidly to ca. 20 ug m—>
where they nominally remain until starting to fall off during the
evening commute and then decaying rapidly to overnight con-
centrations by 10 pm (this same rapid decay to overnight con-
centrations following the evening commute is observed across
all seasons in Mira Loma). The summer CPM concentration is
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FIG. 2. Seasonal averages of coarse particulate matter concentrations (PMjo_> 5) and additional measured parameters (PMjo or PM; 5, relative humidity (RH),
temperature (T), CO, and wind speed) at the (a) Mira Loma, (b) Lancaster, and (c) USC sites (Continued on next page).
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markedly different although it shows similarly relatively low (ca.
15-20 ug m™3) overnight concentrations. Concentrations start
rising with the morning commute and peak at values exceeding
70 g m™> by 10 am before falling to ca. 50 g m™ for the
rest of the day through the evening commute. During the fall,
the peak in CPM concentrations in Mira Loma is slightly lower
(60 ug m—3) during the afternoon, while the winter CPM con-
centration profile is more similar to the spring profile. The peak
in the CPM concentrations at the Mira Loma site occurs when
strong westerly winds tend to be observed during the summer
and fall, yet these same winds occur during the spring with-
out a similar increase in CPM concentrations. The relatively
elevated CPM concentration particularly in summer might be
partly attributed to a construction activity occurring for a couple
of weeks in summer and fall season at an approximate distance
of 200 m to the NW of the Mira Loma. CPM concentrations
are inversely correlated with relative humidity and positively

correlated with temperature and wind speed (Table 3) for all
seasons except for winter. The correlations appear strongest in
summer (driest season) compared to the spring and fall. The
value of these correlation coefficients indicates wind-induced
road dust re-suspension as a major source of CPM at Mira
Loma. PM; 5 concentrations at Mira Loma are higher overnight
(20-30 g m™3) and tend to exhibit both morning and late
evening relative peaks in concentration. PM ;5 diurnal varia-
tion is also more pronounced during the summer and fall. CPM
concentrations tend to be lower than PM ; 5 concentrations dur-
ing the night and early morning hours but CPM concentrations
are shown to dominate here during the day, particularly in the
summer and fall. In Lancaster (Figure 2b), considerably less
seasonal variability is observed than in Mira Loma. In con-
trast, however, to Mira Loma, two distinct CPM peaks—in the
early morning and evening, coinciding with commute periods—
are observed. While the diurnal pattern is persistent, CPM
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TABLE 3
Pearson correlation coefficients (R) for the regression analysis of PM (-2 5 and PM; 5 (PM at Lancaster) with other measured
parameters

Pearson Correlation Coefficient (R)

PM o (LAN)/

Site Season Parameter CO NO NO, NO, PM , 5 (USC/VBR) RH T Wind speed
LAN Spring PMjp_,s 021 -026 -0.50 -0.38 0.26 -0.78 0.77 0.58
PMg 0.61 0.28 0.39 0.37 1.00 0.11 -0.08 0.45
Summer  PMjpy_os -0.06 -021 -020 -0.19 0.45 -0.45 0.54 0.50
PMyg 0.39 0.24 0.50 0.45 1.00 046  -0.35 -0.07
Fall PMio-25 0.07 0.03 -0.19 -0.07 0.22 -0.53 0.51 0.82
PMyg 0.95 0.81 0.88 0.89 1.00 0.61 -0.59 -0.18
Winter PMjyp_,s -0.06 -027 -0.08 -0.19 0.45 -0.68 0.64 -0.43
PMyg 0.79 0.44 0.79 0.63 1.00 0.26 -0.26 -0.32
USC Spring PMyp_»s -0.53 -0.57 -0.71 -0.52 0.15 -0.97 0.98 0.62
PM; 5 0.03 0.42 0.48 0.51 1.00 0.06 0.02 -0.43
Summer  PMjo_25 0.00 -0.05 0.13 0.01 0.73 -0.94 0.96 0.72
PM; 5 0.31 0.46 0.58 0.53 1.00 -0.60  0.68 0.26
Fall PMyp_»5 -0.39 -036 -0.19 -0.36 -0.46 -0.98 0.95 -0.23
PM, 5 0.53 0.63 0.68 0.69 1.00 0.56  -0.57 -0.04
Winter PMp_»s -044 -041 -0.18 -0.38 -0.05 -0.72  0.72 -0.05
PM; 5 0.41 0.46 0.05 0.40 1.00 035 -0.33 -0.38
VBR Spring PMjp_»s -0.82 -050 -0.83 -0.67 -0.48 -0.94 0.93 0.77
PM, 5 0.56 0.62 0.53 0.60 1.00 046 048 -0.80
Summer  PMjy_,5 -0.65 -040 -0.72 -0.61 0.64 -0.95 0.94 0.81
PM; 5 -0.08 0.16 -0.10 0.01 1.00 -0.51 0.56 0.22
Fall PMip_2s -0.78 -0.65 -0.67 —0.72 -0.45 -0.88 0.90 0.76
PM; 5 0.56 0.34 0.69 0.60 1.00 0.68 -0.66 -0.85
Winter PMjp_,s —-0.33 -0.46 -0.25 0.13 -0.48 0.59 -0.06
PM, 5 0.53 0.45 0.66 1.00 0.70 -0.57 -0.66

concentrations are lowest in the winter, as seen in Mira Loma,
with peak values on the order of 10 wg m=3. In the immediate
vicinity of the Lancaster site to the E and W are two multi-
laned arterial roadways with occasionally heavy commute traf-
fic (C Anderson (AVAQMD), personal communication, 2008).
The morning peak is associated with rising CO concentrations
(Figure 2b). CPM concentrations are again lowest overnight but
ambient values are lower in Lancaster (ca. 5-15 ug m™>). In the
middle of the day, CPM concentrations dip and are up to ca. 5
wg m~ lower than the morning or evening commute-associated
peak (20-25 ug m™>). Correlations between additional param-
eters and CPM concentrations is generally poor except for the
moderate correlations with relative humidity, temperature and
wind speed, particularly in spring, summer, and fall (drier sea-
sons; Table 3). PM; concentrations are available in Lancaster
and are highly similar in diurnal pattern and concentration level
to the CPM concentrations. Again, in contrast to Mira Loma,
PM; concentrations in Lancaster are almost entirely composed
of CPM and, while not measured, PM, s concentrations appear
to be negligible. Despite the occasionally strong westerly winds,

the Antelope Valley appears to not be subject to the PM, 5 con-
centrations routinely observed elsewhere in the Los Angeles
area. Relatively high CPM concentrations, though, appear to be
associated with motor vehicle traffic during the commute peri-
ods suggesting re-suspension of road dust by moving vehicles
can be significant.

The diurnal profiles of CPM observations at the USC site
(Figure 2c) are somewhat intermediate to the observations at
both the Mira Loma and Lancaster sites. CPM concentrations
are similarly low overnight (ca. 10 ug m™) and rise to a
mid-morning peak following the morning commute. However,
a second evening peak or concentration plateau is also ob-
served, particularly in the summer and winter. The range of
peak daytime concentrations is muted compared to the other
two sites and is 20-25 ug m™> throughout the year. As in
Mira Loma, CPM at the USC site is fairly correlated with
temperature, relative humidity and wind speed, particularly in
drier seasons, with the highest correlation coefficient (r) val-
ues in summer. Available PM, s concentration data from the
nearby NMS site suggest that PM, s makes by far the larger
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FIG. 3. Continuous CPM measurements. (a) coefficients of divergence for the
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entire study, (b) corresponding r (Pearson correlation coefficient) for the entire

study. Box/whisker plots show the minimum, 1st quartile, median, 3rd quartile and maximum values observed.

contribution to PM( concentrations than CPM, although CPM
can be an important contributor during the middle of the day.
Overnight PM; s concentrations nearby are 25 times larger than
the CPM concentrations measured at the USC site. The USC PM
concentrations—consistent with its downtown Los Angeles
location—are dominated by the PM; 5 fraction. The VBR and
USC CPM results are consistent with the general urban findings
reported in the earlier studies (Motabelli et al. 2003; Lianou et al.
2007, among others). The LAN results are within the range of
the non-urban site data reported by Motabelli and colleagues,
although the PM, 5 contribution to PM;( at LAN appears to be
lower than observed elsewhere.

The results shown in Figure 2 show that the ‘“source,”
“receptor,” and “desert” CPM concentrations vary markedly
between sites in their diurnal patterns, seasonal variations,
absolute concentrations and relationship to additional param-
eters including PM, s and PM( concentrations. While motor
vehicles and wind speed are likely to impact CPM concentra-
tions at each site, local factors—including the volume of traffic
and relative humidity—provide varying contributions to each
site. In the desert site, CPM concentrations are virtually identi-
cal to PM |, concentrations while in Mira Loma and downtown
Los Angeles, PM; s makes a more significant contribution to
total PM concentrations.
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FIG. 4. Continuous nearby USC and AQMD CPM measurements. (a) Summer and (b) winter.

Correlation between the CPM concentrations at the three
sites is generally poor (Figure 3). Median r values vary from ca.
0.1 to 0.4 and there does not appear to be a particular pattern in
the monthly or seasonal data so only the overall results for the
year are shown. Negative as well as positive correlation values
are observed during all hours and there is considerable variabil-
ity at all times of the day. The moderately high COD values
(median COD > 0.35; Figure 3a) indicate overall heterogeneity
in inter-community CPM concentrations. CODs are relatively
lower (0.4 or less) in the early morning and during middle of

the day periods, and higher during the morning commute and
early evening hours. These high values are in contrast to most
of the COD values previously reported for PM, 5 concentrations
in the Los Angeles area (Pinto et al. 2004) and CPM in Long
Beach (Krudysz et al. 2008), although similar to some European
observations (Lianou et al. 2007) for CPM concentrations. It is
probable that the higher values results from doing the analysis
using continuous—as opposed to 24-h mean—rvalues consis-
tent with the COD results reported by Pakbin et al. (2010). This
emphasizes the benefit of collecting continuous data to provide
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FIG. 5.

improved temporal resolution in the CPM mass concentrations.
The use of continuous data instead of daily 24 h mean concentra-
tions may also contribute to the lack of correlation between the
regional sites, although previous work (Wilson et al. 2005 and
references therein) show somewhat worse correlation for CPM
concentrations compared to PM;g and PM; 5 observed in other
urban locations. This result suggests that improved exposure as-
sessments for CPM may be city specific, and should consider the
daily temporal variability in mass concentrations for accuracy.
‘While limited, data are also available to assess the near-field
variability in CPM and PMy concentrations. The summer and
winter CPM concentrations at the paired Mira Loma/Rubidoux
(separated by 7 km) and USC/NMS (separated by 2 km) sites
are shown in Figure 4. During the summer, the Rubidoux CPM
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11 pm - 12 mid

12 noon -1 pm

(a) Summer and (b) winter CODs for continuous nearby USC and AQMD CPM measurements.

concentrations exhibit a morning and afternoon peak (as also
observed in Lancaster), while the NMS site has a rapid early
morning rise to a single peak concentrations on the order of
60 g m™> which does not persist into the early afternoon.
Similar behavior is observed in both the Rubidoux and NMS
CPM concentrations during the winter, although peak concen-
trations are reduced by ca. 15-20%. Substantially different CPM
concentrations are observed despite the limited spatial scale.
The CODs calculated for these two site pairs and seasons in-
dicate higher heterogeneity (Figure 5) than that observed for
the Lancaster-USC-Mira Loma site pairs separated by greater
distances (Figure 3). Median values near 0.6 are observed dur-
ing the middle of the day and somewhat reduced COD values
(<0.4) tend to be observed only in the early and late evenings.
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FIG. 6. Continuous PMjo measurements at adjacent sites in Riverside/Mira Loma shown by season; (a) summer and (b) winter.

The summer COD values, particularly in the morning, tend to
be higher due to the greater difference in observed CPM con-
centrations between the site pairs than compared to the winter.
Detailed continuous CPM chemical composition data at hourly
resolution are not available to help interpret these observations.
However, these results suggest that variability in sources on sub-
km scales can produce considerably different ambient concen-
trations of CPM, leading to highly variable population exposures
to these particles. These observations suggest that—similar to
previous findings on ultrafine particulate matter concentrations
(Moore et al. 2009; Krudysz et al. 2009)—it is insufficient to use
a single observation point in a community to predict exposures
to CPM concentrations. The proximity to individual sources, the

temporal profile in source strengths and prevailing meteorology
must all be considered.

In the Mira Loma/Riverside area, PM | concentrations can be
compared seasonally across the Rubidoux, Mira Loma (VBR),
and Bellgrade sites. The PM( concentration reported for VBR is
the sum of the CPM concentrations reported here and the PM; 5
concentrations reported by SCAQMD at the same site. At the
other two sites, the PM( concentrations were directly measured.
Again, the spring/summer and fall/winter seasons yield similar
results and only summer and winter are shown here (Figure 6).
The Bellgrade and Rubidoux sites in the summer have consid-
erably lower peak concentrations than the observations at VBR.
Very little diurnal variability is observed at Bellgrade and all



538

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10

cob

o
-

o
o

K. F. MOORE ET AL.

(a)

-
-
-

0.00

1-2am
2-3am
3-4am
4-5am
5-6am
6-7am
7-8am
8-9am
9-10am
10-11am
11am- 12 noon

12 mid -1 am

time of day (PST)

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10

cob

loduesglidan

.

.
-

12 noon -1 pm
1-2pm
2-3pm
3-4pm

11 pm - 12 mid

(b)

——
=
I

— =

AMILE

~EEEF

0.00

8-9am
9-10am
10-11am
am - 12 noon

7-8am
12 noon-1pm

1-2am
2-3am
3-4am
4-5am
5-6am
6-7am

12 mid -1 am

1-2pm
2-3pm
3-4pm
4-5pm
5-6 pm
6-7pm
7-8pm
8-9pm
9-10 pm
10- 11 pm
11 pm - 12 mid

11

time of day (PST)

FIG. 7. Continuous PM;o measurements at adjacent Riverside/Mira Loma sites. Coefficients of Divergence calculated by season; (a) summer and (b) winter.

three sites have very similar early morning PM( concentrations
(ca. 40 g m—2). In the winter, virtually identical diurnal patterns
and concentrations are observed at all 3 sites although the tim-
ing of the morning peak is somewhat later at VBR (Figure 6b).
Not surprisingly, somewhat higher COD values are observed for
the PM( concentrations between the 3 sites during the day in
the summer. The early morning and late evening summer COD
values as well as virtually all of the winter COD values are ho-
mogeneous or near homogeneous across the 3 sites (Figure 7). In
the early morning—when our CPM observations suggest PM, 5
is an important contributor to the observed PM( concentrations
in this area (Figure 2a), COD values are relatively low. Large
differences in CPM concentrations over limited distances, how-

ever, given particle size-dependent atmospheric lifetimes, can
produce sufficiently different PM;y concentrations to result in
heterogeneous COD values as may be expected (Wilson et al.
2005). Our observations suggest that it may be inappropriate
to calculate CPM concentrations using PM;y and PM; s con-
centrations obtained at different sites—even those separated by
less than a few km. Accurate CPM concentration data, and thus,
accurate exposure assessments to CPM, require observations
made at the same location.

It is important to acknowledge that the results presented
here focus on seasonal values which provide insight to chronic
exposures, but which overlook the considerable day-to-day vari-
ability in hourly CPM concentrations observed at the Lancaster,
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FIG. 8. Example of extreme wind event on ambient CPM concentrations (October 9-10, 2009 in Lancaster).

VBR, and USC sites due to variability in sources and meteorol-
ogy. Standard deviations calculated monthly using the hourly
CPM data are approximately on the order of geometric mean
concentrations reported (not shown). As described above, acute
exposures to elevated CPM concentrations are also a cause for
concern and have been associated with dust storms. In the Los
Angeles area, Santa Ana wind conditions are associated with ex-
tremely elevated CPM concentrations at some of the sites (the
peak CPM mass concentrations at the USC site are relatively
unaffected by the presence of these winds). In Lancaster—near
the desert—and at VBR where strong down slope winds re-
sult in the considerable suspension of dust, peak hourly CPM
concentrations as high as 600 g m™ (Figure 8) are observed
and CPM concentrations remain elevated as long as the wind
speed does. These values are consistent with observations dur-
ing dust storms observed elsewhere (e.g., Claiborn et al. 2000;
Birmili et al. 2008) when allowing for differences in averag-
ing times. In instances like these, the seasonal approach used
here may not fully capture the true variability associated with
extreme events such as these. Santa Ana wind conditions are
routinely observed for limited time periods in the Los Angeles
area, particularly in the fall and winter.

CONCLUSIONS

We conducted a year-long measurement campaign at 3 sites
in the Los Angeles area subject to different CPM sources
and meteorology. Considerable differences in concentration be-
tween the 3 sites were observed as a function of season and
time of day. Motor vehicle traffic and wind induced road dust
re-suspension appear to be generally responsible—even at the

most remote site—for the observed CPM concentrations. Peak
monthly mean CPM concentrations as high as 60 ug m™3
were observed, and the more remote desert site had the lowest
observed concentrations. COD values calculated across these
widely separated 3 sites were heterogeneous. Additional avail-
able CPM mass concentration data available for pairs of sites
separated by less than 7 km yielded variability in concentra-
tion data and COD values on the same order as observed for
the widely separated sites. The variability in PMjy concentra-
tions across pairs of sites separated by less than 10 km, yielded
more homogeneous results. These results indicate that improved
exposure assessments for CPM must take into consideration the
sharp gradients possible in CPM sources and sinks on relatively
small spatial scales.
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