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ABSTRACT: Mobile monitoring and fixed-site monitoring
using passive sampling devices (PSD) are popular air pollutant
measurement techniques with complementary strengths and
weaknesses. This study investigates the utility of combining
data from concurrent 2-week mobile monitoring and fixed-site
PSD campaigns in Los Angeles in the summer and early spring
to identify sources of traffic-related air pollutants (TRAP) and
their spatial distributions. There were strong to moderate
correlations between mobile and fixed-site PSD measurements
of both NO2 and NOx in the summer and spring (Pearson’s r
between 0.43 and 0.79), suggesting that the two data sets can
be reliably combined for source apportionment. PCA
identified the major TRAP sources as light-duty vehicle
emissions, diesel exhaust, crankcase vent emissions, and an
independent source of combustion-derived ultrafine particle emissions. The component scores of those four sources at each site
were significantly correlated across the two seasons (Pearson’s r between 0.58 and 0.79). Spatial maps of absolute principal
component scores showed all sources to be most prominent near major roadways and the central business district and the
ultrafine particle source being, in addition, more prominent near the airport. Mobile monitoring combined with fixed-site PSD
sampling can provide high spatial resolution estimates of TRAP and can reveal underlying sources of exposure variability.

■ INTRODUCTION

Concentrations of traffic-related air pollutants (TRAP) typically
have large spatial gradients near roadways.1 Therefore,
monitoring air quality at high spatial resolution is desirable
for TRAP, especially in estimating long-term population
exposures. Traditional stationary monitoring is usually not
able to provide sufficient spatial resolution to precisely estimate
the contribution of traffic to ambient pollutants, such as fine
particulate matter, black carbon, and NOx, and may result in
significant exposure measurement error.1

Mobile monitoring has been increasingly employed to
measure small spatial scale variation in air pollutant
concentrations.2−10 A variety of sampling equipment (from
simple portable devices to a highly sophisticated array of
instruments), sampling platforms (e.g., pedestrians, bicycles,
buses, or cars), amounts of traffic, and locations (e.g., freeways,
arterial roads, or residential streets) has been used in these
studies, demonstrating the utility of mobile monitoring in a
number of settings and for addressing different scientific
hypotheses.
Along with these advantages come some disadvantages to

mobile monitoring. Because monitoring is not done at any

point for an extended period of time, it is challenging to use it
to identify temporal trends or temporal variations in
concentrations. Further, because measurements at different
points in space occur at different times, one has little assurance
that apparent differences in space are not simply due to
differences in time. That is, spatial measurements are
confounded by time, and temporal measurements are
confounded by space. Recent studies have recognized this
issue and have suggested methods to adjust temporal variation
and to increase the ability of mobile measurements to quantify
spatial variation in longer-term average concentrations.11−16

Monitoring TRAP at both high spatial and temporal
resolution is desirable. Combined mobile and fixed-site
measurements with rich spatial and temporal information can
reveal underlying TRAP sources of exposure variability. Sullivan
and Pryor, for example, successfully combined mobile and
fixed-site measurements to examine the spatiotemporal
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variability of short-term PM2.5 measurements, albeit in a small
urban area.17

Calculating the correlation between temporally adjusted
mobile measurements and fixed-site measurements can provide
information about the extent to which the two sources of
measurements agree. Van den Bossche et al. found moderate to
strong correlations between mobile and stationary black carbon
(BC) measurements in two small urban regions (monitoring
areas with perimeters of 2 and 5 km, respectively).5 A study of a
relatively large monitoring area conducted in Baltimore, MD,
by Riley et al. found significant correlations between mobile
measurements of NOx, BC, and four size ranges of particulate
matter and passive sampler measurements of NOx, NO2, and
various volatile organic compounds (VOCs).7 Riley et al. also
reported that adding mobile measurements to fixed-site PSD
measurements allowed the extraction of additional multivariate
TRAP source apportionment features.7 However, previous
mobile measurement studies have not indentified spatial
distributions of the TRAP sources, which could be useful in
understanding and controlling TRAP.
In this study, mobile monitoring over a large area

(approximately 40 × 58 km) and a passive sampling campaign
covering the greater Los Angeles area were conducted in both
summer and spring seasons. A principal components analysis
(PCA) was performed on combined data from both platforms
to identify the major traffic-related air pollution sources in Los
Angeles. We created spatial maps of absolute principal
component scores to visualize the spatial distributions of
those sources and to examine the correlations of spatial patterns
of those sources across seasons.

■ METHODS

Data Collection. Both mobile platform monitoring and
fixed-site PSD campaigns were conducted during the spring
(March 9−26, 2013) and summer (June 14−July 1, 2013) in
Los Angeles. Forty-three fixed-site PSD sampling locations
were selected throughout urban Los Angeles for a combination
of residential streets and mixed traffic composition roadways.
Mobile platform campaigns sampled in the immediate area
surrounding these 43 locations following a cloverleaf pattern to
create 43 corresponding “fuzzy points”, as shown in Figure 1. In
this study, a fuzzy point refers to an area around an intersection
of interest that contains all of the mobile measurements within
a 300 m radius.
Fixed-Site Campaigns Using Passive Sampling Devices

(PSD). Fixed-site PSD campaigns were conducted March 9−24
and June 15−30, 2013. Over 2 weeks, integrated levels of NO2,
NOx, and selected organic compounds (pentanes, benzene,
toluene, m- and o-xylene, nonane, decane, and undecane) were
measured at the 43 selected locations which were within a
distance of approximately 2−8 m from the closest roadway
intersection (shown as red circles in Figure 1). These locations
will be referred to as the “intersections”. Ogawa samplers
(Ogawa & Co., USA, Inc., Pompano Beach, FL) were used to
measure NO2 and NOx and were previously validated and
described by Riley et al.7 The Ogawa sampler contained two
filters in separate chambers for measuring NO2 (triethanol-
amine coating) and NOx (2-phenyl-4,4,5,5-tetramethylimidazo-
line-3-oxide-1-oxyl coating), respectively. Eight organic com-
pounds [those listed in Table S1 of the Supporting Information
(SI)] were sampled using 3M organic vapor monitors with two
charcoal adsorbent pads (3M Co., Saint Paul, MN). The

monitors were uncapped upon arrival at the site and sealed with
a design-fitting cap when the sampling finished.
During the measurement period, PSDs were attached to

custom-built aluminum/stainless steel sampler shelters and
were mounted on utility poles approximately 3 m above the
ground. In each season, 9−10 duplicates as well as 9−10 field
and laboratory blanks were deployed. After data collection, all
samplers were returned to the Environmental Health
Laboratory at the University of Washington for analysis.
Detailed descriptions of the laboratory analyses are provided in
the supplement to Riley et al.7

Mobile Platform Campaigns. Mobile campaigns were
conducted March 10−26 and June 14−July 1, 2013, between
the hours of 14:00 and 19:00. Each intersection was repeatedly
visited by a gasoline-powered minivan (a 2012 model for the
spring campaign and a 2013 model for the summer campaign)
that was driven through each intersection at an average speed of
20 km/h from different directions. The route traveled is
displayed in Figure 1. Mobile measurements taken within a 300
m radius of each PSD sample site were considered the
measurements for that intersection or fuzzy point, as shown as
blue circles in Figure 1. Each intersection was visited 4−5 times
for an average of 10 min total sampling time. Measurements
were recorded as 10-s averages. We collected an average of 275
measurements at each intersection across the two campaigns.
This mobile measuring method has previously been described
by Larson et al. and Riley et al.7,18,19

Particulate matter and gases (Table S1, SI) were separately
sampled through two vehicle-roof-mounted inlets constructed
of stainless steel/copper (for particle sampling) and Teflon (for
sampling of gases). The particle inlet is designed to provide
isokinetic sampling at a speed of 35 km/h. Data synchroniza-
tion and logging were performed in the LabVIEW environment
using LabVIEW 2010 with DAQmx 9.4 and NI serial 3.8
instrument drivers.19

Figure 1. Locations of 43 fuzzy points with the fixed sites (in red) and
mobile sampling sites within a 300 m radius around each intersection
(in blue) in the summer campaign. Black lines connecting the fuzzy
points indicate the continuous mobile route. The inset near the top
left shows an enlarged map of one of the fuzzy points.
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The potential for emissions from the monitoring vehicle to
contaminate mobile measurements (self-pollution) was tested
using the approach described by Larson et al.20 In brief, mobile
fuzzy point measurements were classified into two categories
based on vehicle speed: <2.3 km/h (idle or near idle) and ≥2.3
km/h (moving). PCA results for light-duty vehicle contribu-
tions were compared between idle or near-idle and moving
conditions. No significant difference was found between the
two categories, with a mean score difference (idle−moving) of
0.021 (p = 0.44), suggesting a lack of self-pollution.
Data Adjustment. Temporal trend adjustments were

performed to address differences in concentration of pollutants
measured at each intersection owing to between-day and
within-day changes in pollutant emissions and dispersion. The
mobile platform measurements of BC, CO, CO2, NO2, NOx,
ultrafine particle number (UFPN, 25−400 nm; PN1, 50−1000
nm), and PNIntermodal (1−3 μm) were adjusted for between-day
temporal trends by subtracting the daily fifth percentile as

⃗ = ⃗ − ⃗C C C5th percentile( )i i i,adjusted (1)

where C⃗i,adjusted is the vector of all the adjusted concentrations
on day i, and C⃗i is the vector of all observed concentrations on
day i. This adjustment assumes that the lowest measurements
across the sampling routes during the afternoon hours
represents the well-mixed background concentration of Los
Angeles. This type of adjustment is assumed to be less likely to
alter the spatial relationships among the intersections than a
rolling minimum adjustment would be.21

In addition, the mobile platform measurement of PNfine
(0.25−1 μm) was adjusted to account for within-day variability
caused by regional transport. A 30 min rolling fifth percentile
was subtracted from the PNfine measurements as

= −
− +

PN PN 5th percentile(PN ...PN )fine fine fine finet t t t,adjusted 15 15

(2)

where PNfinet,adjusted is the adjusted count of particles with a

diameter of 0.25−1 μm at time t, PNfinet is the observed PNfine

at time t, and PNfinet−15...PNfinet+15 are the PNfine measurements
within a 30-min time period with a midpoint at time t. Details
about the adjustment approaches used in this study, and their
justification, are described in the supplement to Riley et al.7 For
the mobile monitoring data, the adjusted measurements can be
zero or even negative, the latter representing the lowest fifth
percentile concentrations among all measurements. Both the
average and the median of mobile platform measurements for
each pollutant before and after data adjustment are shown in
the SI. The median of the mobile concentrations after data
adjustment was used because it is insensitive to high
concentration plumes in the distribution of concentrations
measured at an intersection.
Data Analysis and Data Processing. The mobile median

concentration for each pollutant sampled during the 2-week
period at each intersection across all days within a season was
calculated to allow comparison with the corresponding PSD 2-
week average concentration for each pollutant at each
intersection within the same season. Pearson’s correlation
coefficients were estimated between medians of mobile
campaign pollutants and averages of fixed-site PSD campaign
pollutants.
PCA was used to identify relative source contributions above

background. The traditional source apportionment approach

typically does not involve a background adjustment of the data.
In this study, however, only traffic sources rather than all
sources are of interest. Therefore, sources of background
concentrations are neglected. For this analysis, we combined
both mobile and fixed-site data from both seasons because
certain VOC measurements were missing from the winter
campaign. Combining measurement sources and the summer
and winter campaign data increases our ability to perform
source-apportionment based on the relative source contribu-
tions above the background. Data were standardized by mean-
centering and scaling by the variance before varimax-rotated
principal components were calculatedincluding a normalized
value for a zero concentrationusing the following equations

=
−

Z
C C

CSD( )i p
i p p

p
,

,

(3)

and

=
−

Z
C

C

0

SD( )p
p

p
0,

(4)

where Zi,p is the normalized concentration of pollutant p (of np
total pollutants) at location i (of n total measurement
locations), Ci,p is measured concentration of pollutant p at
location i, Cp is mean of the concentration of pollutant p across
all locations, SD(Cp) is the standard deviation of the
concentration of pollutant p across all locations, Z0,p is the
normalized concentration of pollutant p for a concentration of
0. Performing these calculations for n locations and np
pollutants results in a Z matrix of dimension (n, np) and a
Z0 matrix of dimension (1, np).
The number of principal components to report was

determined first by the Kaiser’s stopping rule by which only
the number of components with eigenvalues over 1 should be
considered in the analysis. Pollutants with loadings of 0.55 or
higher (i.e., those pollutants that contributed most to a profile)
were considered in the analysis.22

Once the number of components had been decided, the PCA
loadings of each component for each pollutant were multiplied
with Z and Z0 using the following equations

=S ZL (5)

and

=S Z L0 0 (6)

where L is a (np, nc) matrix of PCA loadings, S is a (n, nc)
matrix of PCA scores at each location for each component
(where nc is the number of PCA components), and S0 (1, nc) is
a matrix of PCA scores for zero concentration values for each
component. Then, the S0 vector was subtracted from each row
of the S matrix to obtain absolute PCA scores. Finally,
percentiles of the absolute PCA scores for each fuzzy point for
each PCA component were mapped to visualize the
distribution of the sources. The PCA loadings were applied
to the normalized concentrations of pollutants in the summer
and spring separately. The absolute principal component scores
(APCS) map provides information about where the high
loadings of pollutants of each component are located and
therefore suggests spatial distributions of the pollution sources.
Data analysis was performed using R.23
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■ RESULTS

Summary of Fixed-Site and Mobile Platform Measure-
ments. The distributions of fixed-site and mobile platform
measurement results are shown in Figure 2, parts A and B,
respectively. The NO2, NOx, and VOC concentrations in the
spring fixed-site campaign were significantly higher than those
in the summer fixed-site campaign (all p < 0.0001). The
summer concentrations of NO2 and NOx measured by the
fixed-site platform were 15 ± 3.4 ppb (mean ± SD) and 25 ±
4.6 ppb, respectively, and were 26 ± 2.7 and 49 ± 6.9 ppb,
respectively, in the spring. This seasonal difference in NO2

concentrations was consistent with the Air Quality System
(AQS) regulatory monitoring results for the same period of
time at a relatively highly trafficked site in central Los Angeles
(GPS 34.06659, −118.227) (the red lines shown in Figure 2).24
Low molecular weight hydrocarbons (i.e., pentanes, benzene,

and toluene) had higher concentrations than the long chain
alkanes (i.e., nonane, decane, and undecane). The concen-
trations of all pollutants measured in the mobile campaign,
except UFPN and PN1, were higher in the spring than the
summer (all p < 0.0001 using the paired t test). There was no
significant seasonal difference in mobile UFPN and PN1
measurements (p = 0.66 and 0.23 using the paired t test,
respectively).

Correlations between Fixed-Site PSD and Mobile
Platform Measurements. There were significant correlations
between fixed-site NO2 and NOx and mobile NO2 and NOx in
both summer and spring, respectively, as highlighted in the
shaded areas in Tables S2 and S3 (SI). In the summer
campaign, the mobile PNintermodal was correlated with fixed-site
NO2, NOx and the long chain alkane VOCs. Black carbon and
CO2 were correlated with fixed-site NO2 and NOx. In the
spring campaign, mobile PN1 and PNfine, black carbon, and

Figure 2. Distribution of pollutant concentrations. Fixed-site platform results are shown at the top (A) and mobile platform results are shown at the
bottom (B). Pentanes are divided by 100 and include pentanes and hexanes. Dodecane and undecane are not available in spring due to
measurements below the limit of detection (LOD) and/or the limit of quantification (LOQ). CO measurements are multiplied by 10, UFPN
measurements are divided by 10, and PNfine measurements are divided by 100. The AQS measurements of NO2 for the same period of time in
central Los Angeles (GPS 34.066590, −118.226880) are shown as red lines in part A. Some outliers are not displayed in the figure to facilitate visual
comparison.
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CO2 were correlated with fixed-site NO2. Mobile CO was
correlated with fixed-site NOx, toluene, and o-xylene.
Principal Components Analysis. Using combined sum-

mer and spring data, four PCA components were identified
(Figure 3), explaining 83% of the total variance. As shown in
Table 1, the first component or light-duty vehicle feature had
high loadings (>0.55) of low molecular weight hydrocarbons

(i.e., pentanes, benzene, and toluene), xylenes, and passive
NOx. The second component or diesel exhaust feature had high
loadings of both mobile and passive NO2 and NOx, CO2, BC,
and PNfine. The third component or crankcase vent emission
feature had high loadings of long-chain alkanes (i.e., nonane,
decane, and undecane) and PNintermodal. The fourth component
or ultrafine combustion particle feature had high loadings of
BC, particle count of two ultrafine particle metrics (UFPN and
PN1), and the difference between UFPN and PN1.
Figure 4 shows percentiles of PCA component scores for the

summer and spring, respectively, at all intersections for all four
PCA components. Larger and darker circles in the maps
correspond to larger contributions to pollutant concentrations.
In general, the first three principal components tended to have
higher scores in the downtown area and along major highways,
as expected. In the summer, the light-duty vehicle feature
tended to have higher scores in the east of downtown, along
Interstate 10 and along California State Route 60 in the eastern
part of the city, and along Interstates 110 and 210 in the
northeast part of the city, while in the spring, these tended to

Figure 3. Principal components analyses with varimax rotation for the combined mobile and fixed-site data. Loadings of four rotated components
with assigned sources are shown in the bar charts. High loading refers to loadings that are greater than 0.55 (i.e., those bars above the black dash
line).

Table 1. Summary of Prominent Components of PCA for
the Combined Mobile and Fixed-Site Data

component
explained

variance (%) high loading pollutants likely source

1st 26 low molecular weight
hydrocarbons, xylenes, NOx

light-duty
vehicle

2nd 24 NO2, NOx, CO2, BC, PNfine diesel
exhaust

3rd 17 long-chain alkanes, PNintermodal crankcase
emissions

4th 16 UFPN, PN1, UFPN − PN1, BC aircraft or
other
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be scattered around the southern part of the city, along
Interstate 110, and between State Route 60 and Interstate 710.
The diesel exhaust feature tended to have higher scores in
downtown Los Angeles and along Interstate 10 and State Route

60 in the eastern part of the city in both spring and summer.
The crankcase vent emissions feature tended to have higher
scores in the north of downtown Los Angeles, along Interstates
10 and 110, and along Interstate 710 in the eastern part of the

Figure 4. Percentiles of scores for each absolute PCA component with its assigned source at each location are shown in the maps for the summer
(left) and spring (right) campaigns. On these maps, larger and darker circles indicate larger contributions to pollutant concentrations.
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city in the summer, while in the spring, these tended to be
along U.S. Route 101 in the western part of the city, and along
Interstate 710 in the eastern part of the city. The combustion-
derived ultrafine-particle-related air pollution feature tended to
have high scores in the southern part of the city and in
downtown Los Angeles, as well as in the southwest close to Los
Angeles International Airport and along State Route 60 in the
eastern part of the city in the summer, while in the spring
scores for this component tended to be elevated in the
southern part of the city and along Interstate 10, Interstate 710,
and State Route 60 in the eastern part of the city. The
component scores at each site were relatively highly correlated
across the two seasons (Pearson’s r = 0.58, 0.76, 0.79, and 0.69
for the four principal components, respectively).

■ DISCUSSION
Comparing short-term mobile monitoring results against
longer-term 2-week averages from stationary monitoring can
provide information regarding the suitability of supplementing
fixed-site measurements with short-term mobile monitoring
campaigns in representing longer-term spatial patterns of
TRAP and other sources. NOx and NO2the only two
pollutants measured in both the mobile and fixed-site
campaignswere significantly correlated in both seasons,
providing evidence that repeated short-time mobile monitoring
results can be used to reflect longer-term (at least 2 weeks)
stationary monitoring results. This agreement provides
confidence that combining mobile and fixed-site measurement
data can provide useful information for multivariate analysis of
source-related features. The use of very precise measurements
of NO2 using the CAPS NO2 monitor compared to the less
precise NOx monitor may have contributed to the better
correlations for NO2 than for NOx. Riley et al. also reported
correlations between mobile and fixed-site data using the same
monitoring platform in Baltimore.7 Seasonal (summer vs spring
or winter) and regional (Los Angeles vs Baltimore) differences
in the correlations are discussed in the SI.
The PCA indicated four prominent components. The first

PCA componentwith rich low molecular weight hydro-
carbons (i.e., pentanes, benzene, and toluene), xylenes, and
NOx featuresis identified as a light-duty vehicle source. This
is consistent with the finding that gasoline-fueled vehicles
appear to be the dominant source of C2−C9 hydrocarbons and
CO in California.25 Although CO is often considered an
indicator of gasoline emissions,26 the lack of correlation
between CO and other pollutants (Tables S6 and S7, SI)
which may be caused by a relatively high background level
may have limited the contribution of CO to the components
identified. Therefore, the relative contribution of CO for the
PCA loadings is lower than reported by Riley et al.7 The second
PCA componentwith rich NO2, NOx, CO2, BC, and PNfine
featuresis identified as a diesel exhaust source, which is
consistent with findings of previous studies.26−28,20 The
locations with higher percentiles of PCA component scores
in the second PCA component tended to be within 500 m of
truck routes (Figure S1, SI), supporting the conclusion that this
component is indicative of diesel exhaust. The third
componentwith rich long-chain alkanes (i.e., nonane, decane,
and undecane) and PNintermodalis suggestive of a crankcase
vent emissions source: Zielinska et al. found greater organic
carbon emissions from the crankcase than from the tailpipe.29

Those organic carbons, especially long-chain alkanes (C7−C8),
were mainly found in lubricating oil. Shirmohammadi et al.

emphasized the importance of nontailpipe emissions in Los
Angeles, especially after the reductions of diesel tailpipe
emissions caused by control policies in recent years in
California.30 The fourth component is rich in BC, the particle
count of two ultrafine particle metrics (UFPN and PN1), and
the difference between UFPN and PN1. Although motor
vehicle emissions are the primary contributors to urban
ultrafine particles, these particles are typically emitted initially
at sizes around 50 nm and then coagulate to form larger
particles (50−120 nm).31 The UFPN − PN1 difference tends to
reflect particles typically smaller than those from motor vehicle
emissions, and has been shown to distinguish ground-level
aircraft-related ultrafine particles from those emitted by
vehicles.32,33 Additionally, if “near highway” intersections
(those within 1000 m of major highway) are excluded from
Figure 4 in this component, a clearer airport signature appears
(Figure S2, SI). Therefore, in addition to vehicle emissions, this
component is also suggestive of an aircraft-related air pollution
source.
The PCA generally showed traffic profiles in Los Angeles

comparable to those previously reported in Baltimore.7 In
Baltimore, the first three components indicated sources of
diesel exhaust, light-duty vehicle emissions, and crankcase
emissions, respectively.7 Because more than 90% of the annual
average daily traffic count in the highway system in the Los
Angeles area is due to nontruck vehicles,34 light-duty vehicle
traffic emissions are expected to be one of the primary traffic
pollution sources. In particular, gasoline engines have been
identified as the primary on-road source of urban VOCs.35

However, diesel vehicle emissions are also expected to account
for a substantial part of the traffic profile. The Health Effects
Institute (HEI) has reported that diesel vehicles contributed
32% of the PM2.5 mass in Los Angeles, despite their relatively
low numbers compared to gasoline vehicles.1 Crankcase vent
emissions were identified as one of the major traffic-related air
pollution sources in both Los Angeles and Baltimore.7

Crankcase emissions tend to be generated by older heavy-
duty diesel vehicles. Both Los Angeles and Baltimore have very
busy container ports and have a large amount of heavy-duty
truck traffic, with annual truck vehicle miles traveled of
5 283 397 770 miles in the Los Angeles−Long Beach area
and 2 345 045 413 miles in Baltimore.36

The results here differ from those of Riley et al. in that diesel
exhaust does not appear to be the most important source of
TRAP in Los Angeles, but it is in Baltimore.7 California
regulates heavy-duty diesel vehicles more strictly: to meet PM
and NOx emission limits, the California On Road Heavy Duty
Diesel Vehicle (In Use) Regulation of 2014 requires most
heavy-duty trucks and buses to be equipped with PM filters and
newer engines.37 According to EPA Air Pollutant Emissions
Trends Data, the highway traffic emissions have decreased
nationwide every year, but the state of California has more
rapid decreases than Maryland.38 For example, NOx, PM10, and
PM2.5 decreased 61%, 34%, and 49% in California during
2007−2016, while they decreased 50%, 12%, and 49% in
Maryland, respectively.32 These larger reductions in TRAP may
be attributed to stringent regulations on diesel emissions
implemented by the state of California.
An aircraft-related air pollution source was not detected by

PCA in Baltimore7 or by PCA in other previous studies.39−41

While the Baltimore and Los Angeles airports are approx-
imately equally distant from their respective urban cores, the
Los Angeles urban core where most of the monitoring took
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place is downwind from Los Angeles International Airport
(LAX). This, in addition to the different degrees of air traffic at
the two airports, may explain why an air traffic component
could be identified in Los Angeles but not in Baltimore.
The component score maps (Figure 4) allow one to visualize

the spatial distributions of pollution sources. In summer, diesel
exhaust and crankcase emissions sources were located down-
town and along major roadways, with the spatial distribution
being generally similar in the spring. Light-duty vehicle
emissions tended to be located downtown and along major
roadways in the summer but also spread out in the southern
part of the city in the spring. The combustion-related ultrafine
particle feature was predominantly high in the southwestern
and southern parts of the city near LAX, as well as downtown
and along major highways in the summer, but tended to be
spread out in the eastern part of the city along highways in the
spring. Combustion-related pollutants from heating in the
spring could increase the background pollutant concentrations
throughout the city and therefore may mask the traffic-related
air pollution sources in specific locations in the spring.
A limitation of this study was that the mobile monitoring

only took place in the afternoon hours, a period typically
characterized by a higher mixing height and therefore better
mixing. Not including the morning hours of sampling would
have weakened correlations between the mobile and fixed-site
monitoring results by not including the time of day when traffic
emissions were high and atmospheric mixing depths were
relatively low.42 A comparison of NO2 concentrations between
2-week average and aggregated afternoon peak hours between
14:00 and 19:00 during the same time period obtained from an
AQS monitoring site close to one of our PSD sites supported
the perception that NO2 concentrations during afternoon hours
(mean ± SD: 21 ± 12 and 13 ± 5.0 ppb for spring and
summer, respectively) were lower than the 2-week average
(mean ± SD: 27 ± 13 and 18 ± 10 ppb for spring and summer,
respectively). However, NO2 concentrations during the
morning hours between 5:00 and 10:00 (mean ± SD: 30 ±
15 and 23 ± 10 ppb for spring and summer, respectively) were
higher than the 2-week average,24 suggesting that sampling that
included both morning and afternoon hours would be more
representative of the longer-term average.
It may also have been useful, because of the different traffic

characteristics on weekdays than on weekends, to do the PCA
on weekday and weekend data separately. Because of limited
weekend data, this was not possible in the current study, but
might prove useful if sufficient weekend data could be obtained
in the future. For example, while weekday traffic congestion is
typically the worst in March, weekend congestion is typically
the worst in June.43 Finally, because of the large spatial
gradients in the concentrations of some pollutants, it might also
be useful to perform similar analyses with shorter buffer lengths
for the fuzzy points, such as 100 m, rather than the 300 m as
used here. These large spatial gradients may be also responsible
for the mobile measurements of NO2 and NOx being
consistently lower than the fixed-site measurements in this
study, since on average the fixed sites were closer to
intersections, which can be traffic pollution “hot spots”, than
the mobile measurements.
This study has shown that a campaign of combined mobile

and fixed-site monitoring can be used to identify source profiles
of traffic-related and aircraft-related emissions, as well as the
intraurban spatial distributions of those source emissions.
Combined with the results of Riley et al.,7 we have shown this

approach to be applicable in multiple cities. This study uses the
approach of applying APCS to investigate spatial patterns in
emission sources. In the future, this approach and the resulting
spatial information could be used with other spatial data, such
as the locations of roads or other land uses, for source-specific
pollution exposure estimation.
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