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Spatial and Temporal Variability of Coarse (PM¢-2.5)
Particulate Matter Concentrations in the Los Angeles Area

Payam Pakbin, Neelakshi Hudda, Ka Lam Cheung, Katharine F. Moore,

and Constantinos Sioutas

Civil and Environmental Engineering, University of Southern California, Los Angeles, California, USA

Recent epidemiological and toxicological studies suggest that
coarse particulate matter (CPM, particles smaller than 10 and
larger than 2.5 um in diameter, PM ., 5) concentrations may be as-
sociated with adverse health outcomes at levels similar to or larger
than those associated with PM,; 5 concentrations. CPM may consist
of several, mechanically generated, potentially toxic components,
including re-suspended road dust, industrial materials, trace met-
als, and bio-aerosols. In an effort to better understand and quantify
the linkage between sources, composition and the toxicity of coarse
PM, 10 sampling sites were set-up in the Los Angeles area. Sites
within this diverse monitoring network were selected to encompass
urban, rural, coastal, inland, near-freeway, community-based, up-
wind pollutant ‘“‘source’” and downwind pollutant “receptor” sites
to fully characterize the range of likely conditions. At each location,
a 24 h time-integrated coarse PM sample was collected once per
week for one year in order to assess the seasonal and spatial pat-
terns in coarse PM concentrations. Annual geometric mean CPM
mass concentrations varied from <5.0 pg/m® to approximately
12 pg/m3. Concentrations were 2—4 times higher in the summer
than the winter. CPM correlations between sites in close proximity
to each other tended to be high (r*> > 0.80), but were poor between
urban center and inland sites. The coefficients of divergence (COD)
were also calculated across all site pairs to quantify CPM mass con-
centration spatial heterogeneity. The CODs (most monthly median
values >0.2) suggest modest heterogeneity overall, but the CODs
calculated between the urban core site pairs were homogeneous.
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1. INTRODUCTION

National particulate matter (PM) standards have evolved over
the years as PM( (particles smaller than 10 um in diameter)
replaced TSP (Total Suspended Particulate) in 1987 and PM, 5
(particles smaller than 2.5 um in diameter) was added in 1997.
The standards changed as numerous epidemiological and toxi-
cological studies linked elevated airborne PM mass concentra-
tion of size fractions ranging from ultrafine-to fine-to coarse, to
a variety of adverse health outcomes including both respiratory
and cardiac diseases (Becker et al. 2005; Hornberg et al. 1998;
Kleinman et al. 2003; Li et al. 2003; Lipsett et al. 2006; Monn
and Becker 1999; Oberdorster 2001; Pekkanen et al. 1997; Vil-
leneuve et al. 2003; Xia et al. 2004; Yeatts et al. 2007). PM;,
consists of both fine (PM; 5) and coarse (PM -, s—smaller than
10 wm in diameter but larger than 2.5 um, CPM) fractions of air-
borne particulate matter and therefore control of both PM; 5 and
CPM concentrations is required to meet PM( standards. These
two PM size fractions can have substantially different sources
and sinks. Therefore, the two fractions can be composed of vary-
ing chemical species contributing to potentially different health
outcomes. Fine particles are known to primarily originate from
combustion processes and from gas-to-particle conversion pro-
cesses in the atmosphere. Coarse particles, on the other hand,
arise predominantly from mechanical processes including—but
not limited to—brake lining abrasion, tire wear, windblown soil
and dust, sea salt and bioaerosols such as pollen and fungal
spores (Almeida et al. 2005; Chow et al. 1994; Edgerton et al.
2009; Harrison et al. 1997; Hinds 1999).

Abundant ambient PM, 5 mass concentration data are avail-
able world-wide through long-term regulatory monitoring net-
works and special studies (Motallebi et al. 2003; Pinto et al.
2004). However, CPM mass concentration data are only avail-
able on a much more limited scale and hence significantly less is
quantitatively known about spatial and seasonal characteristics
of coarse particles.
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Although data are limited, a review of PM studies showed
that CPM mass concentration correlations among sites in some
urban areas were lower than for accompanying PM, s (Wilson
et al. 2005), although PM;y and PM, 5 concentrations them-
selves can be well correlated in the Los Angeles area (Motallebi
et al. 2003; Turner and Allen 2008; Wilson et al. 2005). In rural
areas the contribution of windblown dust to overall CPMmass
concentrations dominated, while in urban areas the particles
associated with motor vehicle operation are more important.
Consequently, in urban areas traffic volume, traffic speed, and
distance from the road can strongly influence the overall CPM
mass concentrations (Harrison et al. 2004; Lianou et al. 2007).
Local meteorology is clearly also important.

In many epidemiological studies, central monitoring site data
are used as a surrogate for population exposure to pollutants.
Since CPM concentrations may vary widely in a given region
(Wilson et al. 2005), this traditional method may not represent
true population exposure (Brunekreef and Forsberg 2005; Monn
2001; Wilson et al. 2005) and could result in exposure misclas-
sification. Therefore, it is important to study ambient CPM con-
centrations using a dense network of sites in multiple locations
in order to understand the relationship between coarse PM mass
concentrations, sources, sinks, and their spatial and temporal
variability. Here the first results from a network of 10 CPM sam-
pling sites in distinctly different regions of the Los Angeles area,
encompassing rural-agricultural, urban, and industrial sites are
reported. We focus on the temporal and spatial variation of 24 h
time-integrated daily mean coarse particle mass concentrations
obtained weekly for an entire year. A companion paper reports
the spatial and temporal variability of near-continuous hourly
CPM mass concentrations at a subset of these sites (Moore et al.
2009). These studies, in conjunction with a later evaluation of the
chemical composition and toxicological properties of the CPM
(currently underway), will improve our understanding of the re-
lationship between CPM concentrations and exposure. This will
help the regulatory community develop improved strategies to
protect the public from the adverse effects of CPM.

2. METHODOLOGY

2.1. Site Selection and Meteorology

The site selection criteria were designed to include and rep-
resent the diversity of CPM sources and sinks in greater Los
Angeles. Consequently, the 10 sites (Figure 1) selected include
near-freeway, community (e.g., non-freeway), semi-rural, and
desert sites (Table 1). The sites may have more than one of these
attributes and it is important to recognize that all sites are in
reasonable proximity to roadways and thus have some potential
to be impacted by motor vehicle traffic. It is useful to separate
the sites geographically into Riverside County; Long Beach;
eastern, central, and western Los Angeles and Lancaster.

Both Riverside county sites (GRA and VBR) are located
about 80 km inland from downtown Los Angeles in the pollutant
“receptor” area of the inland Los Angeles Basin (LAB). Both
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are located in residential areas of a semi-rural nature. However,
GRA is immediately to the North of CA-60 and may be strongly
impacted by freeway traffic, while VBR is not as close to CA-60,
although it is adjacent to significant surface roadways.

By contrast, the Long Beach site (HUD) is located in a mixed
residential/commercial neighborhood approximately 2 km in-
land from the Ports of Los Angeles and Long Beach. The site
is immediately to the east of the Terminal Island Freeway (SR-
103) and 1.2 km west of the I-710. Both of these freeways have
a high fraction and volume of heavy duty diesel vehicles in Port
service. The Long Beach site is in a pollutant “source” region
of the LAB.

Both of the eastern Los Angeles sites (HMS and FRE) are
in close proximity to major freeways (Table 1). The centrally
located University of Southern California (USC) site is a typical
urban site in downtown Los Angeles, within 130 meters of
I-110. Numerous studies have been conducted at this site(Moore
et al. 2007; Ning et al. 2007; Sardar et al. 2005). The CCL site
is slightly west of the USC site and is located in South Central
LA in a residential community adjacent to surface streets with
significant motor vehicle traffic. The two western Los Angeles
sites (GRD and LDS) can be classified as coastal sites, although
LDS is immediately to the southwest of the I-405 freeway. The
desert site (LAN) is in the Antelope Valley, north of the LAB.
This site is in the city of Lancaster and is desert-dominated,
although the area around the site is increasingly suburban. The
LAN site is over 2 km from the nearest freeway, although it is
near locally significant surface arterial roadways.

Continuous meteorological data are not available at all sites.
Briefly, meteorological conditions in the Los Angeles air basin
are generally stable with light winds throughout the year, with
some diurnal and season variations (ARB 1992; NOAA 1999).
The diurnal temperature change is muted and the annual mean
daily high is 25°C and the low is 15°C (NOAA 1999). In the in-
land regions (e.g., Riverside) and in the mountains (e.g., LAN),
the temperature variability is higher than at the coast. The sur-
face wind field throughout the year is characterized by calm or
near calm winds predominantly from the N/NE overnight and
into the early morning. During the morning, an onshore or sea
breeze wind develops (predominantly from the SW in the coastal
areas and W inland) and, while remaining relatively light, wind
speeds peak in the afternoon. In the early evening, the wind
speed starts to fall and the onshore breeze starts to shift to the
overnight return flow. This pattern is relatively robust through-
out the year, although the fall and winter are associated with
more calm periods overnight, and weaker wind speeds during
the day (Moore et al. 2009a). During the fall and winter, this
stable pattern can be disrupted by the occasional warm, dry
off-shore wind events known locally as “Santa Ana” winds.
Santa Ana conditions present typically strong winds from the
N/NE throughout the air basin (ARB 1992). The limited mete-
orological data available for this study are consistent with this
description (data are presented in the companion article, Moore
et al. 2010).
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FIG. 1.

2.2. Sampling Period and Frequency

Sampling was conducted weekly at the 10 sites from April
2008-March 2009 to capture seasonal trends. Once per week,
a 24 h time-integrated CPM sample (described below) was col-
lected at each site. Data recovery at each site was excellent
(Table 1) and was over 88% overall. For logistical reasons, the
regular weekly CPM samples were obtained from 12:00 AM
PST to 12:00 PM PST on weekdays. All completed CPM sam-
ples were removed from the samplers within 24 h and returned
to USC for weighing.

2.3. Sampling Equipment and Sample Screening
2.3.1. Coarse Particulate Matter Samplers

At each site dual Personal Cascade Impactor Samplers
(Sioutas™ PCIS, SKC Inc., Eighty Four, PA, USA), were used
to collect particles greater than 2.5 pum, 2.5 um-0.25 um,
and less than 0.25 um at 9 liters per minute (LPM) down-
stream of an inlet designed to achieve the PM cutpoint (Misra
et al. 2002; Singh et al. 2003). The PM; inlet used for the

Map of 10 monitoring locations used in this study.

two PCIS is described by Misra et al. (2003). Teflon (25 and
37 mm, Zefluor™, 0.5 pum pore size, Pall Corp, East Hills, NY)
substrates were used and all PCIS-derived mass concentration
data reported here are based upon the Teflon measurements.

At LAN, evidence suggested substantial particle bounce oc-
curred between stages in the PCIS consistent with the very low
RH observed at this site (discussed in the companion article,
Moore et al. 2009) (Rao and Whitby 1977; Winkler 1973).
Therefore at LAN, the CPM mass concentrations were reported
using concurrent data collected by the USC Coarse Particle
Concentrator (Kim et al. 2001; Misra et al. 2001). The Coarse
Particle Concentrator is composed of a virtual impactor up-
stream of a stainless steel filter holder. In this application, the
virtual impactor is operated at a total flow rate of ca. 50 LPM
and a minor flow rate of ca. 2 LPM. Operated downstream of an
inlet designed to achieve the PM( cutpoint (similar to the inlet
used for PCIS), particles between ca. 2.4-10 um are relatively
concentrated by a factor of approximately 25 and collected on
the downstream Teflon filter (47 mm, Teflo™, 2.0 m pore size,
Pall Corp, East Hills, NY). These units are described in greater
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TABLE 2
Summary of statistics for the coarse particles mass concentrations (ug/m?®) at each sampling site

Site Annual Annual Winter Summer
Area designation GM? average® SD¢ average! SD average® SD Max Min
East Los Angeles FRE 8.8 9.8 4.5 5.7 2.0 12.4 3.9 22.4 29

HMS 9.8 10.9 4.6 6.7 3.1 12.9 4.3 233 3.1
Los Angeles uSC 11.2 12.4 5.0 9.2 5.8 14.0 43 22.7 3.2

CCL 94 10.3 4.2 7.1 33 12.2 44 20.9 3.0
West Los Angeles LDS 8.5 9.6 4.0 6.5 2.6 11.6 35 17.3 0.6

GRD 9.2 10.1 4.0 6.3 2.6 11.4 3.0 18.1 29
Long Beach HUD 12.1 13.4 6.0 13.8 8.6 11.2 4.0 29.7 3.7
Riverside County GRA 10.0 13.2 7.9 54 29 20.9 5.6 35.7 1.0

VBR 10.3 13.7 7.9 6.0 53 16.4 5.6 30.5 04
Lancaster LAN 4.3 52 32 3.1 2.5 52 2.5 13.7 1.2

3Geometric mean. ° Arithmetic mean. “Standard deviation. *Winter = December-February. °Summer = June-August.

detail by (Misra et al. 2001) and are now commercially available
(Continuous Particulate TEOM Monitor, Series 1405, Thermo
Fisher Scientific Inc. Waltham, MA).

The CPM mass concentrations measured by the USC Coarse
Particle Concentrator and the PCIS coarse fraction were com-
pared for validation at all the sites. With the exception of the
LAN site, at which the USC Coarse Particle Concentrator mea-
sured on average about 50% higher CPM concentrations, the
agreement between CPM mass concentration measurements
made by both methods was typically within 20% or less (the
average USC Coarse Particle Concentrator to PCIS CPM con-
centration was 1.15 (£0.11), as shown in Figure S-4 of the Sup-
plement). All mass concentration data reported here are from
the PCIS with the exception of the LAN data.

All filter substrates were weighed before and after sampling
to determine the collected CPM mass. The filters were equi-
librated for 24 h in a room with controlled relative humidity
(30% =+ 5%) and temperature (21°C %+ 2°C) before weighing
using a microbalance (Model MT 5, Mettler-Toledo Inc., High-
stown, NJ). Consecutive mass measurements within 3 g were
considered “stable.” In the field, sampler flow rates were checked
before and after sample collection. Samples with flow rates that
varied more than 5% from the nominal value were discarded.

3. RESULTS AND DISCUSSION

3.1. Temporal and Spatial Variations

As described earlier, it is convenient to group the sampling
sites into geographic groups—three clusters for West (LDS and
GRD), Central (USC and CCL) and East Los Angeles (FRE and
HMS), and Riverside County (GRA and VBR). The Lancaster
(LAN) and Long Beach (HUD) sites are assessed separately.
Table 2 shows a summary of CPM mass concentration data
and statistics for the study, including geometric and arithmetic
means and standard deviations at each site.

The annual geometric mean concentrations observed across
all 10 sites are very similar with the exception of LAN which is

about half (ca. 5 ug/m?) of the rest of the values (ca. 10 ug/m?).
CPM concentrations at LAN were consistently lower than at the
other sites and seasonal variation at this site is muted. In con-
trast, summer CPM mass concentrations were 2—4 times greater
than the winter concentrations at most sites. CPM mass con-
centrations at the HUD site were the exception where concen-
trations in the summer were typically lower than in the winter.
HUD is directly affected by port activities and high heavy duty
truck traffic, neither have a substantial seasonal variation (Moore
et al. 2009); however elevated concentrations in winter might
be due to lower atmospheric mixing height. The two Riverside
sites had the largest change from winter to summer CPM mass
concentrations (Table 2). CPM concentrations at the USC were
consistent with prior studies (14.6 to 24.0 1g/m?) (Sardar et al.
2005).

Figure 2 shows the seasonal variations of monthly average
CPM concentrations by cluster/site. As described above, a char-
acteristic seasonal variation can be observed at most sites with
relatively elevated CPM concentrations observed in the warmer
seasons peaking in August and September. This is consistent
with the earlier California study that showed the CPM frac-
tion dominates total PMjy concentrations during the summer
in California (Motallebi et al. 2003). Higher summertime CPM
concentrations can be attributed to elevated wind speed that en-
hances wind induced re-suspended CPM concentrations. Wind
speeds are higher in the summer, in general (see section 2.0
and the companion article, Moore et al. 2010). Harrison and
colleagues also showed a similar seasonal pattern in Birming-
ham, UK with lower concentrations during winter which was
attributed to increased precipitation and higher relative humidity
(Harrison et al. 2001). A somewhat similar pattern—if reduced
in magnitude—was observed at Lancaster, but a very different
one is observed in Long Beach. In Long Beach, peak cargo traf-
fic typically occurs in the fall of each year (Moore et al. 2009a).
Higher port activity coupled with the lower mixing height in the
fall (discussed above) may produce these higher Long Beach
CPM concentrations.
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Temporal variations in PM; 5 concentrations are shown in
Figure 3 (Lancaster is not shown due to the lack of avail-
able data). The PM; 5 concentrations vary less seasonally com-
pared to CPM mass concentrations. This has been observed
previously in the Los Angeles area (Pinto et al. 2004; Wilson
et al. 2005). The primary direct source for PM, s—motor-
vehicle emissions—in the LAB is not directly affected by sea-
sons. In contrast, secondary atmospheric formation of fine par-
ticles through photochemical processes is higher during the
summer (relatively higher concentrations are observed from
May—October). Stronger source strength in the summer how-
ever is counterbalanced by the lower mixing height in winter
months thus dampening seasonal variability. The Long Beach
site, as previously described, is located in a pollutant “source”
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Average monthly coarse PM concentrations in three site clusters and Long Beach and Lancaster sites.

region of Los Angeles and shows different seasonal trends for
both PM; s and CPM mass concentrations. Similarly to the CPM
concentrations, high winter PM; 5 concentrations may be due to
pollutant build-up due to decreased atmospheric ventilation. The
ratio of PM, 5 to PM at these sites varied modestly through-
out the year (approximately 0.6) with little discernible seasonal
trend. CPM mass concentrations show more variability and
are generally lower than PM, 5 mass concentrations across the
monitoring network, which is consistent with the more hetero-
geneous sources and stronger atmospheric removal processes
associated with CPM.

CPM concentration correlations between different sites/
clusters yield interesting observations about the temporal vari-
ability of mass concentrations between sites. Figure 4 shows

- » -Central and West Los Angeles

—a—Long Beach

April

May
June

July
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2008

FIG. 3.
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Average monthly PMj 5 concentrations in three site clusters and Long Beach sites.
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FIG. 4. Site-by-site correlation contour plot of CPM mass concentrations.

the site-by-site correlation contour plot. Strong correlations are
observed between the urban sites in Los Angeles, particularly
among sites in western and central Los Angeles.

The two coastal sites (LDS and GRD) showed very good
correlation (r* = 0.80, Figure 4) throughout the year. Moving
inland, both USC and CCL sites, located in central Los Angeles,
show strong correlations with other urban sites located in Los
Angeles, whereas their correlations with east Los Angeles sites
become relatively lower (Figure 4). Even over the relatively
small distances between the central and eastern Los Angeles
sites—subject to very similar sources—differences in source
strength and intensity can limit predictability. Correlations be-
tween the Los Angeles cluster of sites and sites in Riverside
County were generally poor (Figure 4).

Although the VBR and GRA sites are less than 3 km apart, the
relatively weak correlation between the two Riverside County
sites (1> = 0.46) suggest different sources of coarse particles
or source strengths at these locations. As discussed previously,
GRA is located close to the CA-60 freeway and may be dis-
proportionately affected by resuspended CPM from vehicular
traffic. In contrast, VBR is located 3 km south (i.e., mostly up-
wind) of the CA-60 and may also be affected by windblown
dust (from agricultural fields, Sardar et al. 2005).

CPM correlations in Long Beach are different than observed
elsewhere. Very little correlation is seen between HUD and the
other sites (Figure 4). This is a “source” region for pollutants in

Los Angeles, as discussed previously, and it has been observed
elsewhere that a higher particle resuspension rates are associated
with HDDVs compared to light duty vehicles (Charron and
Harrison 2005). Heavy duty vehicles also have higher brake-
wear emission rates than light duty vehicles due to stronger
abrasion processes. Both of these factors together can result in
higher emission rates of coarse particles (Garg et al. 2000). There
may also be a different intensity and proximity to industrial CPM
sources near the Long Beach site.

3.2. Comparison of PM; 5 and CPM Concentrations and
Relationships

Selected comparisons between annual, winter and summer
CPM and PMj; s concentrations are shown in Figures 5-8 (sim-
ilar figures for additional sites are included in the supplement;
Figures S-1-S-3). Across all of the sites shown, winter-time cor-
relations (up to r> = 0.80) are much higher than the summer cor-
relations (most r? values are less than 0.10). Only at FRE—and
at LAN where no data are available—is the winter correlations
relatively poor (1> = 0.36). The moderate annual correlation is
driven by the high correlation coefficients observed in the win-
ter. In Riverside (Figure 5), the poor summertime correlation
suggests how the relative importance of homogeneous (e.g., at-
mospheric processing of PM; 5) and heterogeneous (e.g., wind-
driven coarse PM) to atmospheric PM concentrations can vary



SPATIAL AND TEMPORAL VARIABILITY OF CPM CONCENTRATIONS

70 -

60 -

PM,; concentration (pg/m3)

0 10 20 30 40 50 60 70

PM Coarse concentration (ug/md)

¢ Annual X Summer A Winter
—— y=1.08x+9.47 — .y=-0.58x+44.19 _ _ y=1.96x+5.08
R2=0.43 R?=0.11 R2=0.73
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side County cluster GRA. Data shown are from April 2008—March 2009.

throughout the year. The lack of correlation in the summer may
be driven by the strong impact of atmospheric photochemistry
on PM, s emissions, while not affecting CPM concentrations.
The relatively good correlation in the winter (e.g., in Riverside at
GRA and VBR, 1> = 0.73 and 0.77, respectively) may be due to
reduced photochemistry coupled with the lower boundary layer
and more calm conditions, thus enhancing the contribution of
traffic sources to both PM fractions.

A similar trend was observed in the urban sites located in
Los Angeles County (Figures 6 and 7). While PM, 5 and CPM
mass concentrations show a strong correlation in winter, sig-
nificantly weaker correlations are seen in summer months. The
12 correlation coefficients in summer range from 0.01 to 0.30
which indicate very low or no correlation between PM; s and
PM,o, while in winter r* values observed were higher than
0.66 (with exception of “FRE,” r2 = 0.36). The urban sites
are in close proximity to relatively strong vehicular sources of
primary PM; 5 and CPM. The lower summer correlations at the
sites in closer proximity of major roads (“LDS,” “CCL,” and
“HMS”) and relatively higher winter time correlations at these
sites emphasize the more dominant role of vehicle traffic on par-
ticle concentrations in this urban area. The differences in winter
and summer correlations can be seen in the Long Beach site
as well. We attribute these differences to the higher influence
of wind-induced resuspension of CPM in summer compared to
the resuspension of road dust by traffic in wintertime. Chem-
ical composition data, currently under way, will provide more
insight into the factors driving these differences.
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3.3. Coefficients of Divergence (COD) Calculations for
CPM Mass Concentrations
In a review on intraurban variability of PM mass concentra-
tions, Wilson and colleagues suggest using coefficient of diver-
gence (COD) in conjunction with correlation coefficients and
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PM concentration data to better characterize intraurban vari-
ability (Wilson et al. 2005). High/low temporal correlation and
high/low spatial homogeneity do not necessarily correspond
(Turner and Allen 2008) so evaluating both parameters are war-
ranted. The COD is defined as:

I (X — X\
COD;; = _Z(u>
n

o \Xij ik

where x;; is the i—th 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. 2009). COD values
vary between 0 and 1, with 0 values indicating similar concentra-
tions at both sites and 1 indicating different concentrations. The
monthly CODs were calculated across all site pairs (with the ex-
ception of LAN) for all of the study weekly data (Figure 9). LAN
was not included in the COD calculations as PCIS data were not
available, although we would expect including LAN to increase
the range of the COD values calculated as concentrations are rel-
atively low there compared to the other sites, consistent with the
results reported in an earlier study of PM; s mass concentrations
(Pinto et al 2004). The median COD values ranged from 0.15
to 0.33 suggesting a homogeneous-to modestly heterogeneous
distribution of CPM for the chosen sites. The range between
the 1st and 3rd quartiles was approximately 0.2. The median
COD values during the summer and winter seasons were 0.21
and 0.30, respectively, although it is difficult to discern month-
to-month trends in the data (Figure 9). Focusing on the urban
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FIG. 8. Annual and seasonal correlations between PM; s and CPM in Long

Beach site.

sites only (Figure 10) the average median COD value is 0.13,
ranging from 0.10 to 0.18, which indicates little spatial variabil-
ity. This suggests that exposures to CPM in the urban core sites
may be well-estimated using a central monitoring site at least for
24-h based concentrations. With the exception of April and May,
the COD values seem to have insignificant variation by season
(average COD values of 0.14 and 0.15 during the summer and
winter, respectively). In general, the high maximum COD values
were associated with site pairs including sites from different ar-
eas in which the paired coarse PM concentration data exhibit the
largest difference. These sites were also less correlated, which
signifies the necessity of multiple monitoring sites in order to
assess the spatial variability in CPM concentrations in a broader
metropolitan area. On the other hand, minimum COD values,
implying spatial homogeneity, were associated with site pairs
located in similar areas, affected by similar sources where corre-
lation was also excellent. These sources appear to vary similarly
in time across the sites. Across the sites reported here, spatial
homogeneity (e.g., low COD values) does not need to be associ-
ated with high temporal correlation (e.g., high r? values) as has
been observed before (Turner and Allen 2008). The CPM COD
values reported here are lower than those reported recently in
Helsinki and Athens (0.5 & 0.1 and 0.6 & 0.1), and consistent
with two other European cities (Amsterdam (0.07 £ 0.01) and
Birmingham (0.2 £ 0.1)) (Lianou et al. 2007).

There are important caveats to the results reported here.
While the CPM mass concentration data can usefully be in-
terpreted within the framework used to determine the location
of the sites (e.g., near-freeway vs. community), we acknowledge
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FIG. 9. Coefficients of divergence for coarse PM concentrations calculated across all sites pairs (with the exception of the Lancaster site) by month for the entire
study (April 2008—March 2009). Whisker-box plot shows minimum, Ist quartile, median, 3rd quartile, and maximum values.

that it is not possible to quantitatively apportion the observed
CPM concentrations between different sources. This is the first
of several papers reporting the results from the comprehen-
sive study of CPM in the Los Angeles area. Further, the time-
integrated samples reported here may well average over signifi-

cant diurnal differences in concentrations that may be relevant to
acute exposures (Moore et al. 2009b). As the chemical compo-
sition and toxicological data become available, it will be useful
to interpret those data within the context of the material reported
herein.
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FIG. 10. Coefficients of divergence for coarse PM concentrations calculated across all urban site pairs (USC, CCL, FRE, HMS, GRD, and LDS) by month for
the entire study (April 2008—March 2009). Whisker-box plot as described previously.
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4. CONCLUSIONS AND SUMMARY

This study focuses on ambient coarse PM mass concentra-
tions, and the relationships between CPM and PM; 5 mass con-
centrations at 10 distinctly different locations in the Los An-
geles region. The significant differences in concentrations and
seasonal patterns showing the similarities and differences be-
tween coarse particle concentrations illustrate the influence of
local sources on observations. The CPM mass concentrations
observed are consistent with those reported previously in the
Los Angeles area.

High correlations were observed between PM, s and CPM
near major roads, where the dominant source of coarse particles
is traffic induced resuspended particulate matter. A different be-
havior is observed in more rural areas, where windblown dust
is a significant contributor to overall coarse particle concentra-
tions, although even relatively rural sites in the Los Angeles are
impacted by motor vehicle-related coarse PM concentrations as
well. Correlation of CPM and PM, 5 concentrations are much
higher during winter than summer. For the year of sampling, the
average median COD of 0.24 complements the paired correla-
tion coefficients showing modest heterogeneity of CPM in Los
Angeles basin. We acknowledge that using 24 h time-integrated
samples may obscure a potentially (and likely) higher variabil-
ity observed during specific time periods of the day (discussed
at length in the companion paper).

This research will help to better understand the sources and
behavior of coarse particles in a primarily urban and motor-
vehicle—dominated environment. There is clear evidence sup-
porting the strong impact of road traffic activity on ambient
coarse particle concentrations. While the chemical and toxi-
cological analyses of these samples (currently underway) will
provide insight into the specific sources of coarse PM, our ob-
servations nonetheless highlight the degree of variability even in
24 h time-integrated mass concentrations, which suggests that
further work specifically targeting coarse PM emission sources
is warranted.
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