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Abstract The purpose of this study was to use a portable

aerosol monitor as a preliminary screening tool to identify

local sources of coarse (PM10–2.5) and fine (PM2.5) partic-

ulate matter within the Coachella Valley, a low-elevation

desert community. The portable aerosol monitor proved to

be useful in identifying particle sources unique to the

region, namely, sand dunes with sparse ground cover

(vegetation), a river wash, and diesel truck and freight train

traffic. The general limitations relate to discrepancies in the

fraction of PM10–2.5 when compared to regional air quality

data and a lack of accurate mass-based data.

Keywords Coarse particulates � Fine particulates � Air

pollution � Emission sources

Coachella Valley is a unique low-desert air basin within the

Southern California region that is affected by particulate

matter less than 10 lm in aerodynamic diameter (PM10),

more specifically the coarse particle fraction (PM10–2.5).

Within the region, coarse particles have been associated

with increased mortality (Ostro et al. 1999, 2000) and

cardiovascular health effects (Lipsett et al. 2006). Similar

studies have found an association between PM10–2.5 and

reduced cardiovascular health (Chang et al. 2007). The

region was classified as a serious nonattainment area for

PM10 by the US Environmental Protection Agency (US

EPA 2011). As with similar cities and regions affected by

particulate matter, recent control efforts have focused on

identifying particle sources (Almeida et al. 2005; Chelani

et al. 2005, 2008; Zhu et al. 2010). Zhu et al. (2010)

indicated that modeling based on identified sources was an

improvement over general ambient measures, which tend

to underestimate exposures.

Located approximately 160 km east of Los Angeles, the

Coachella Valley is a low desert with elevations ranging

from just above sea level to about 150 m. It is surrounded

by steeply rising mountains to the north and southwest. The

combination of its natural environmental characteristics,

climate, and expanding population makes the Coachella

Valley a microcosm for issues of environmental sustain-

ability and health disparity. The present study can provide

a model for other such regions where unique conditions

essentially demand local attention to environmental agents

that influence human health and well-being. The primary

aim was to use a portable aerosol monitor as a preliminary

screening tool to identify local sources of coarse and fine

(PM2.5) particles within the region.

Materials and Methods

Monitoring of PM2.5 and PM10 was conducted during the

spring months of 2009 using a DustTrak DRX Model 8530

aerosol monitor (TSI, Shoreview, Minnesota, USA). The

DustTrak has four channels for simultaneous separation

and measurement of PM1, PM2.5, PM10, and respirable

particulate matter. Only PM2.5 and PM10 data were eval-

uated in this study. The coarse particulate fraction (i.e.,

PM10–2.5) was calculated by subtracting the average PM2.5

(fine) fraction from the average PM10 value. The DustTrak

was calibrated according to factory specifications and

checked before and after monitoring activities. During the
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study, monitoring data were collected at two South Coast

Air Quality Management District (SCAQMD) air quality

monitoring stations within the air basin. The SCAQMD

data were used to establish a relative correction factor for

the DustTrak, representative of the region. The resulting

correction factor used was 1.55 (95 % CI, 1.49–1.61),

which represents the difference between the instrument

calibration to Arizona road dust and mass corrected data

for the air basin (CARB 2008). However, the correction

factor does not apply specifically to each source. The data

were used to evaluate the relative fractions of coarse and

fine particulate, as well as the relative amount attributed to

each source. The primary goal was to use the aerosol

monitor as a preliminary screening tool to identify local

sources of coarse and fine particulates within the air basin.

To determine exact mass per volume concentrations, typ-

ical 24-h gravimetric analysis of each source would be

required.

Five-minute average samples were collected at each

location to reduce sampling times between adjacent sour-

ces. All daily measurements were taken within 15 min

between adjacent locations to reduce the effects of tem-

porary excursions in weather patterns. Identified gusty

wind conditions and times were avoided during the study.

No major weather excursions were noted during the study.

To reduce temporal effects of increasing or decreasing

concentrations with time, the sampling route between the

two air monitoring stations was reversed and changed each

day. All measurements were taken downwind and at a

distance of 10–20 m from the potential emission source. A

total of 82 samples were collected for twelve identified

potential sources for the region (Table 1).

Statistical tests were performed using STATA Version 12

(StataCorp, College Station, TX). Initial tests for the normal

distribution of individual variables indicated that non-para-

metric analyses were best suited for the data. Comparisons of

the fine and coarse particulate matter concentrations by

location were performed using Kruskal–Wallis analysis of

variance (ANOVA) and Fisher’s exact median tests. The

criterion for significance was a p value B 0.05.

Results and Discussion

The average PM10–2.5 concentrations and fractions are

summarized in Table 2. Significant differences (p B 0.05)

in PM10–2.5 were observed between the sources. The

average for all samples combined was used to differentiate

sources with higher than average particulate concentra-

tions. The uppermost sources, above the average for all

samples, were associated with the sandy river wash; sand

dunes with sparse ground cover; and major intersections

with diesel freight truck travel. Passing trains were also

identified as a potential source of PM10–2.5; however, the

number and frequency of passing trains were low in

comparison to the other sources.

Figure 1 shows the fraction of PM10–2.5 to total PM10

with standard error bars included. The differences between

the sources were significant (p B 0.05). The largest iden-

tified source of coarse particulate matter during the moni-

toring project was the sandy river wash along the

Whitewater River. The wash consisted of fine sand and

sparse ground cover (vegetation). The other identified

sources of significant PM10–2.5 were major intersections

with diesel truck traffic and passing diesel freight trains.

These results are consistent with the data provided in

Table 2. Accordingly, the primary sources of PM10–2.5

were sand/silt locations with sparse ground cover and

diesel traffic from trucks and passing freight trains.

The results for natural sources with sparse ground cover/

vegetation were consistent with previous studies indicating

that land cover data are predictive of dust concentrations in

Table 1 Sources of coarse and fine particulates evaluated

ID Source Location details Characteristics

1 Residential Various locations Established residential areas; paved roads, sidewalks, and foliage

2 Construction Various locations Sites mostly inactive; wind fencing and ground cover present

3 Major intersections Various locations Busy intersections with gasoline and diesel vehicle traffic

4 Airport Palm Springs International Airport Airport boundary (fence line) and downwind adjacent locations

5 Airport plus intersections Palm Springs International Airport Moderate traffic and downwind from airport

6 Interstate freeway—west Interstate 10 freeway Various downwind locations; western end of region

7 Interstate freeway—east Interstate 10 freeway Various downwind locations; eastern end of region

8 Sand dunes Dunes at state highway 111 Sparse ground cover (vegetation); off-road vehicle activity; windy

9 Sand dunes with ground cover Ramon Drive, Palm Springs Moderate ground cover (small shrubs)

10 Sandy river wash Whitewater River Sparse ground cover; dry conditions (no visible water)

11 Sandy lots with ground cover Various locations Commercial and residential areas; moderate ground cover

12 Passing freight train Various locations Downwind from passing freight train; 5-min monitoring interval
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desert regions (Kimura et al. 2009). This conclusion is

supported by Fig. 1. Soil type and moisture are also

important considerations, with sand and silt concentrations

playing an important role in dust generation (Carvacho

et al. 2004; Kimura et al. 2009). Similarly, Almeida et al.

(2005) found a higher association of PM10–2.5 with wind-

blown desert dust. However, the coarse fractions for natural

sources (7 %–28 %) were lower than previous studies

using SCAQMD data within the same air basin, which

reported coarse fractions of natural PM often ranging from

50 % to 60 % (Ostro et al. 1999, 2000). These differences

may be attributed to seasonal and daily fluctuations (higher

winds), as well as differences between particle separation

and analysis methods.

The results for diesel emission sources were consistent

with previous findings that diesel emissions from vehicles

are major sources of PM10 and PM2.5 within residential and

commercial sectors (Chelani et al. 2005, 2008; Mohanraj

et al. 2011). The portable aerosol monitor findings indi-

cated that diesel emissions associated with trains and major

intersections with diesel truck traffic contributed a signifi-

cantly higher fraction of PM10–25. A limitation of this study

is that the aerosol monitor uses light scattering to measure

relative particle concentrations, whereas diesel particulate

matter (DPM) and its higher elemental carbon (EC) content

are likely to absorb a larger fraction of light than normal

dust particles. This would theoretically lower particle

detection and concentrations, which were observed with

the correction factor in this study. Recent studies have

indicated that portable photometers such as the TSI

DustTrak provide comparable measures of DPM and EC

mass concentrations (Kittelson et al. 2010). In summary,

portable light scattering aerosol monitors are a valuable

screening device for source identification of DPM

emissions.

Table 3 summarizes the average fine particulate matter

(PM2.5) concentrations and fractions. Unlike the observed

differences with PM10–2.5, analysis of variance revealed no

significant differences (p [ 0.05) in PM2.5 between the

sources. The relative rankings from high to low were

similar for both fine and coarse particles; however, the data

indicate that the PM10 concentrations are dominated by

PM2.5 concentrations. Strong correlations between PM2.5

and PM10 have been observed (Carvacho et al. 2004). In

our study, a strong relationship between PM2.5 and PM10

(Pearson r = 0.9631; p B 0.05) also existed, indicating

that air samples were dominated by fine particles. In con-

trast, the association between PM10–2.5 and PM2.5 was less

(Pearson r = 0.3814; p B 0.05). These results support the

ability of the aerosol monitor to detect differences in coarse

Table 2 Aerosol monitor coarse particulate matter (PM10–2.5) concentrations

Relationship to the average

for all samplesa
Location/source

(source ID)

Coarse particulate

concentration (lg/m3)b
Fraction of

PM10–2.5 to PM10

Above Sandy river wash (10) 10.5 ± 8.7 0.28 ± 0.16

Passing freight train (12) 8.2 ± 3.9 0.23 ± 0.05

Sand dunes (8) 3.7 ± 1.7 0.10 ± 0.07

Intersection; diesel traffic (3) 3.4 ± 0.6 0.17 ± 0.06

Below Residential (1) 2.6 ± 1.4 0.12 ± 0.07

Interstate freeway east (7) 2.6 ± 0.9 0.12 ± 0.02

Interstate freeway west (6) 2.3 ± 1.2 0.13 ± 0.09

Airport plus intersection (5) 2.3 ± 1.5 0.14 ± 0.08

Airport (4) 1.5 ± 0.8 0.10 ± 0.09

Construction (2) 1.5 ± 0.9 0.08 ± 0.05

Sand dunes; ground cover (9) 1.5 ± 0.9 0.07 ± 0.04

Sand lots; ground cover (11) 1.2 ± 0.6 0.10 ± 0.09

a The average for all samples (n = 82) was 2.8 ± 2.8 lg/m3

b Aerosol monitor concentration corrected for region using a correction factor of 1.55 based on local mass-based air quality monitoring data for

the air basin (SCAQMD 2009)

Fig. 1 Fraction of PM10–2.5 (coarse) to total PM10 for each identified

source
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and fine particle fractions, primarily with the sandy river

wash and diesel emissions.

As a screening tool, the portable aerosol monitor proved

to be useful in identifying potential sources of PM10–2.5 and

PM2.5. Particle sources unique to the region were identified

in this study. The general limitations relate to discrepancies

in the fraction of PM10–2.5 when compared to regional air

quality data and lack of accurate mass-based data. Finally,

based on these preliminary results, local controls for

improving PM10 and PM2.5 air pollution should be focused

on sand dunes with sparse ground cover; the Whitewater

River wash; and local diesel truck and train traffic near

residential areas. The focus on controls should consider

vegetative ground cover in high wind areas (Kimura et al.

2009).
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Table 3 Aerosol monitor fine particulate matter (PM2.5)

concentrations

Location/source

(source ID)a
Fine particulate

concentration

(lg/m3)b,c

Fraction of

PM2.5 to PM10

Sand dunes (8) 37 ± 9 0.90 ± 0.07

Passing freight train (12) 26 ± 5 0.77 ± 0.05

Sandy river wash (10) 22 ± 9 0.72 ± 0.16

Intersection with diesel traffic (3) 19 ± 6 0.83 ± 0.06
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Interstate freeway east (7) 19 ± 5 0.88 ± 0.02
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Airport plus intersection (5) 17 ± 8 0.86 ± 0.08

Interstate freeway west (6) 17 ± 8 0.87 ± 0.09

Sand dunes with ground cover (9) 17 ± 6 0.93 ± 0.04

Airport (4) 15 ± 8 0.90 ± 0.09

Sandy lots with ground cover (11) 15 ± 6 0.90 ± 0.09

a Ordered from highest to lowest average concentration
b Aerosol monitor concentration corrected for region using a cor-

rection factor of 1.55 based on local mass-based air quality moni-

toring data for the air basin (SCAQMD 2009)
c No significant differences (ANOVA; p [ 0.05) were found between

the PM2.5 source concentrations
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