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Abstract

One of the weaknesses of using receptor models to apportion the sources of ambient particulate matter is their inability to
separate collinear sources such as different types of geological material. In order to develop a methodology to separate the
different geological source contributions an ambient monitoring and source apportionment study was carried out for the cities
of Reno and Sparks, NV during summer 1998. Chemical Mass Balance (CMB) receptor modeling was performed to estimate
the contributions of both anthropogenic and natural sources to the observed ambient concentrations. Scanning electron
microscopy was used to examine the geological component of the PM2.5 to determine the sources of that component.
Chemical mass balance receptor modeling showed the dominant contribution to summertime PM2.5 mass in Reno and Sparks
to be motor vehicle sources (~68%). Geological material was the second most abundant component of the PM2.5 (~14.5%).
Sulfate was the predominant secondary species during the measurement period (~11%). The remaining components of
significance were vegetative burning (~4%), secondary nitrates (~2%), and salt (NaCl) (0.6%). Scanning electron microscopy
of selected ambient samples on a particle-by-particle basis showed the mineral component of the PM2.5 was predominantly
aluminum-silicate in nature with a wide range of composition percentages for the major aluminum-silicate minerals (Na, Mg,
Al, Si, K, and Ca). Virtually all of the particles examined had P and S in the typical aluminum-silicate spectra, which is
attributed to contact with mobile source emissions. In approximately 10% of the examined particles were metallic in nature.
Barium was also noted as a minor constituent of some particles, suggesting incorporation of diesel vehicle emissions. This
evidence suggests that the source of the majority of the PM2.5 of geological origin in Reno and Sparks during the study
period was from the resuspension of paved road dust. Thus, the amount of PM2.5 attributed to mobile source activity was in
excess of 80%.
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as attainment for O3 in 1998. However, the 24-hour PMy,
standard (>150 pg m™) was exceeded on January 6, 1999.

1. Introduction

In northern Nevada, particulate and gaseous emissions
from anthropogenic and natural sources often combine
with meteorology to create high levels of air pollution. The
Truckee Meadows, in which the urban centers of Reno and
Sparks are located, was designated as moderate non-
attainment for CO (carbon monoxide) and PMyg
(particulate matter with aerodynamic diameter of 10 m
or less) in 1990 (non-compliant for both the 24-hour and
annual federal standard) and marginal for O3 (ozone) in
1992 (U.S. EPA 1997). Washoe County has not violated
the National Ambient Air Quality Standard (NAAQS) for
ozone since 1990 or for CO since 1991 and was redesigned
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This is the first violation for PMy, since 1993, and
indicates that PM is still an important pollutant that affects
air quality in the Truckee Meadows. Despite general
improvement in the reduction of PMy, violations, there is
still a need to understand the various emission sources in
the Truckee Meadows, especially their contributions to
ambient PM concentrations. This is especially true for
PM, s, the pending and potentially more stringent NAAQS
standard for PM (U.S. EPA 1997).

There are several different sources of particulate matter
in the Reno-Sparks area. These include but are not limited
to motor vehicle exhaust, residential wood combustion,
resuspended geological material, industrial processes, and
secondary species such as ammonium nitrate and
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ammonium sulfate. The apportionment of ambient aerosol
mass to different sources of geological particles is a
difficult problem because of the similarity of the chemical
composition of these sources. The goal of this study was to
characterize the current summer PM, 5 levels in Reno and
Sparks and to identify and apportion the contributing
sources, including the fugitive dust. To achieve this goal,
twenty-four-hour PM, 5 samples on filters were taken at
two sites in Reno and Sparks, NV. Sampling for PM, 5
took place every third day. The sampling period began on
07-17-98 and ended on 09-11-98. The chemical mass
balance (CMB) receptor model (Watson et al. 1990) was
used to apportion the PM,s to its sources. In addition,
manual scanning electron microscopy was used to examine
the PM, 5 particles (Mamane 1988, Mamane et al. 1998) to
aid in the identification of the source of the mineral
particles.

2. Methodology

2.1. Ambient Measurements

Particulate matter samples were collected using PM,s
medium-volume (MedVol) samplers designed to collect
samples for chemical analyses (Gertler et al. 1993). This
type of sampler employs a Bendix PM,s cyclone to
determine the size fractions collected. The ambient air is
transmitted through the size-selective inlet and into a
plenum. The flow rate is controlled by maintaining a
constant pressure across a valve with a differential
pressure regulator. For the size-selective inlet to work
properly, a flow rate of 113 Ipm must be maintained
through the sampler. Two Savillex filter packs, one with a
ringed 47 mm Teflon-membrane filter (Gelman Scientific,
Ann Arbor, MI) and one with a 47 mm quartz-fiber filter
(Pallflex Corp., Putnam, CT) draw air from the plenum
each with flow rates of 20 Ipm to collect samples for
gravimetric and chemical analyses. The remaining 73 Ipm
was drawn through a makeup airport. The flow rates were
set with a calibrated rotometer and monitored with the
same rotometer at each sample change. This type of
sampler has been used in many aerosol and visibility studies
over the past decade (e.g., Chow et al. 1992, Chow et al.
1997, Watson et al. 1998).

The AirMetrics (AirMetrics, Springfield, OR) Minivol
was used to collect PM, 5 samples for analysis by scanning
electron microscopy (SEM). This type of sampler draws
ambient air at a rate of 5 Ipm through an impaction plate
designed to remove particles greater than PM, 5. A 24-hour
sample was collected on 47-mm polycarbonate filters
(Poretics Products, Livermore, CA).

The Teflon-membrane and polycarbonate filters were
weighed on a Cahn 31 Electro-microbalance before and
after sampling to determine mass concentrations. Chemical
analyses were performed on both the Teflon-membrane
and quartz-fiber filters following the methodology
described by Watson and Chow (1994). Briefly, the
Teflon-membrane filters were analyzed for elements by x-
ray fluorescence. One-half of the quartz filter was
extracted with distilled-deionizer water and the extract
analyzed for chloride, nitrate, and sulfate ions by ion

chromatography, for ~ammonium by  automated
colorimetry, and for sodium and potassium by atomic
absorption spectrometry. Organic and elemental carbon
were measured by thermal-optical reflectance on 0.5 cm?
punches taken from the remaining half of the quartz-fiber
filter (Chow et al. 1993).

For scanning electron microscopy analysis of the PM,,
small (~0.4 cm?) samples were cut from the polycarbonate
filters and mounted with conductive adhesive to 10 mm x
14 mm carbon rods. The sample rods were then coated
with a fine layer of carbon to allow for analysis of the
elemental composition of the particles using the energy
dispersive x-ray (EDX) capability of the SEM (JEOL
Model JSM-840 A). The samples were loaded into the
SEM and for each sample; a randomly selected image field
at 3000 magnification was centered on the viewing screen.
The image is captured as a bitmap file and formed the
basis of the analysis. The particles on the captured image
were numbered and then analyzed one by one using the
EDX capability and to note characteristic features such as
size and shape. The EDX analysis provides a spectrum
indicating the elemental composition of the selected
particle and a normalized weight fraction for each selected
element.

2.2. Chemical Mass Balance

The Chemical Mass Balance (CMB) receptor model
was used to apportion PM and its chemical constituents to
their sources. CMB steps, model outputs, performance
measures, and deviations from model assumptions are
discussed elsewhere (Watson et al., 1984; Pace and
Watson,1987; Watson et al., 1990; and Lowenthal et al.,
1992).

2.3. Scanning Electron Microscopy

Another method for estimating the contribution of
different sources to the observed ambient PM
concentrations is to apply SEM analytical techniques to
characterize the collected particulates. The SEM is useful
in distinguishing particles originating from different
sources based on their composition and morphological
characteristics. This feature makes the SEM technique
especially useful in distinguishing between aerosols that have
similar chemical compositions, but differ in their
morphologies.

3. Results

3.1. Ambient PM, 5 Data

38 samples (36 ambient and 2 field blanks) were
subjected to full chemical analysis to determine the
composition of the collected particulate. Validation of the
collected ambient data requires evaluation of the chemical
data for internal consistency. In this study data, validations
were made for sum of species versus PM, s mass; physical
consistency, including examination of the relationships
between sulfate and total sulfur, soluble potassium and
total potassium; ammonium balance; and anion and cation
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balance. Ratios, correlations, and linear regression
statistics were computed and scatter plots prepared to
examine the data. Suspect data were flagged and their
validity examined.

Because soluble potassium (K*) concentrations are
often used as an indicator of vegetative burning, it is
important to assure the validity of this measurement. The
average ratio of K*: K for Reno is 0.47 (+0.11) and 0.43
(+0.11) for Sparks; this indicates a non-crystal source for
the K*. This ratio for a pure vegetative burn source or a
crystal source would be around 0.9 and 0.2, respectively
(Calloway et al., 1989). Ammonium nitrate (NH4NO3),
ammonium sulfate ([NH4],SO,), and ammonium bisulfate
(NH4HSQ,), are the most likely nitrate and sulfate
compounds to be found in Reno and Sparks. Some sodium
nitrate (NaNO3) and/or sodium sulfate (Na,SO,) may also
be present. Ammonium (NH;) can be calculated based on
the stoichiometric ratios of the compounds and compared
with that which was measured. Comparing the calculated
and measured values revealed that a majority of the sulfate
was neutralized and in the form of ammonium sulfate
during the study period. However, there were days when
ammonium bisulfate predominated. The data for Sparks
indicated that for approximately 60% of the days sampled,
ammonium bisulfate was the more common ammonium
compound, indicating a slightly more acidic environment
(Watson et al., 1994).

The calculated mass concentration data are presented in
Table 1. Data from both the MedVol and MiniVol
samplers are shown. The ambient PM, 5 ranges from a low
of 4.71 £0.38 pug m™ measured in Sparks on August 11 to a
high of 14.46 +0.78 png m™ measured in Sparks on 8/2/98.
The average 24-hour concentration observed in Reno was
7.85 +1.84 pg m> and 7.80 +2.22 ug m™ in Sparks. These
data are drawn from the higher precision measurements
obtained with the MedVol sampler. More data will be
needed to test compliance with the pending NAAQS for
PM;s.

The variation in PM, 5 throughout the sampling period
and between Reno and Sparks is shown in Figure 1. Data
are shown for both the MedVol and the MiniVol samplers.
The relationship between the MedVol and MiniVol
samplers for the measurement of PM,s at both sites is
shown in Figure 2. In general, the agreement is good
(R?=0.70), and in a pair-wise t-test the means of the two
samplers were not statistically different. It follows that the
change in PM, 5 levels on a day-to-day basis between the
two sites shows about the same degree of correlation
(R®=0.74) (Figure 3). This is indicative of the more
spatially independent nature of PM,s, unlike PMy,, which
can show higher inter-site variability due to the effects of
local emission sources and their smaller zone of influence
(Chow et al. 1999).

3.2. PM, 5 Chemical Composition

The mass and chemical composition measurements for
all of the chemically speciated samples are summarized in
Table 2. The most abundant species were organic carbon
(OC), elemental carbon (EC), sulfate (SO,7), and

ammonium (NH,4"). These species accounted for 82.4%, on
average, of the PM, 5 mass. Soil-related species (Al, Si, K,
Ca, Ti, Fe, and Zn), without accounting for their oxide
forms, accounted for about 9.6% of the mass.
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Figure 1. Time series plot of the PM2.5 measured in Reno and
Sparks, NV, from July 16 (day 197), 1998 to September 11 (day
254), 1998.
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Figure 2. The relationship between PM2.5 measured with
the MedVol and the MiniVol samplers for Reno and
Sparks.

[
(o2}
|

Sparks PM2.5 = 1.1024 Reno PM2.5 - 0.5474
R2=0.74
d

-
S
I

[y
N
1

[ee]
1

Sparks PM2.5 (ug/m3)
=
o

4 6 8 10 12 14
Reno PM2.5(pg/m3)

Figure3. The relationship between PM2.5 measured at Reno and
Sparks for the MedVol data.
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Table 1. Summary statistics for PM2.5 measured in Sparks and Reno

DRI MedVol AirMetrics Minivol
Date Reno PM,s Sparks PM, 5 Reno PM,5 Sparks PM, 5
(ug m®) (ug m*) (ug m*) (ug m*)
7/16/1998 5.86+0.42 6.76+1.42 8.80+1.47
7/19/1998 6.55+0.45 8.12+1.46 8.12+1.46
7/22/1998 7.75+0.48 7.49£0.49 9.87+1.54 10.09+1.52
7/25/1998 6.67+0.45 5.85+0.43 7.45+1.51 4.62+1.32
7/28/1998 5.34+0.40 6.38+0.44 6.33+1.47 7.75+1.54
7/31/1998 8.16+0.50 6.84+0.46 8.70+1.50 6.14+1.67
8/3/1998 7.52+0.47 7.51+0.48 7.74+1.54 8.58+1.52
8/6/1998 10.35+0.59 11.55+0.65 13.26+1.61 10.70+1.56
8/9/1998 7.63+0.48 6.85+0.44 8.32+1.55 6.88+1.47
8/12/1998 7.49+0.48 8.81+0.54 7.02+1.50 9.24+1.51
8/15/1998 6.29+0.42 6.58+0.45 6.06+1.44 7.60+1.54
8/18/1998 6.09+0.43 6.38+1.70 6.02+1.49
8/21/1998 8.18+0.51 8.44+1.52 7.54+2.29
8/24/1998 7.18+0.46 9.32+0.56 6.88+1.47 10.85+1.56
8/27/1998 9.12+0.54 9.34+0.56 9.66+1.51 8.68+1.50
8/30/1998 6.71+0.44 7.16+0.47 4.04+1.48 5.72+1.52
9/2/1998 11.70+0.65 14.46+0.78 10.70+1.56 13.41+1.58
9/5/1998 7.97+0.49 7.40+0.48 8.86+1.53 8.01+1.52
9/8/1998 10.66+0.60 9.02+0.55 12.19+1.53 11.13+1.56
9/11/1998 5.02+0.38 4.71+0.38 6.31+1.50 4.89+1.48
Mean 7.85 7.80 8.15 8.24
Std. Dev. 1.84 2.22 2.20 2.25
Table 2. Average mass concentrations and standard deviations for the measured species.
Species Reno PM,s(ug m®) Sparks PM,s(ug m®) Species Reno PM,s(ug m®) Sparks PM,s(ug m®)
Mass 7.850+1.843 7.797+2.217 Calcium (Ca) 0.067+0.036 0.084+0.058
Chloride (CI') 0.020+0.032 0.011+0.023 Vanadium (V) 0.001+0.001 0.001+0.001
Nitrate (NO3) 0.126+0.050 0.149+0.076 Manganese (Mn) 0.004+0.004 0.003+0.003
Sulfate (SO47) 0.811+0.396 0.794+0.342 Iron (Fe) 0.133+0.073 0.132+0.080
Ammonium (NH,) 0.290+0.149 0.270+0.124 Cobalt (Co) 0.000+0.000 0.000+0.000
Soluble Sodium (Na*) 0.026+0.021 0.034+0.023 Nickel (ni) 0.000+0.000 0.000+0.001
Soluble Potassium (K*) 0.051+0.099 0.038+0.068 Copper (Cu) 0.012+0.009 0.024+0.017
Organic Carbon 3.379+0.561 3.382+0.534 Zinc (Zn) 0.009+0.008 0.010+0.008
Elemental Carbon 1.514+0.437 1.499+0.450 Gallium (Ga) 0.001+0.000 0.001+0.000
Total Carbon 4.881+0.877 4.869+0.870 Selenium (Se) 0.000+0.000 0.000+0.000
Sodium (Na) 0.029+0.025 0.032+0.026 Bromine (Br) 0.003+0.002 0.003+0.001
Magnesium (Mg) 0.024+0.015 0.026+0.016 Strontium (Sr) 0.003+0.003 0.002+0.002
Aluminum (Al) 0.087+0.055 0.095+0.067 Zirconium (Zr) 0.000+0.000 0.000+0.000
Silicon (Si) 0.277+0.169 0.312+0.212 Molybdenum (mo) 0.002+0.001 0.002+0.001
Sulfur (S) 0.338+0.157 0.328+0.146 Palladium (Pd) 0.003+0.002 0.003+0.001
Chlorine (Cl) 0.011+0.036 0.008+0.024 Silver (Ag) 0.000+0.000 0.001+0.001
Potassium (K) 0.090+0.124 0.075+0.088 Cadmium (Cd) 0.003+0.002 0.003+0.002

The average PM,5 SO,~ for Reno and Sparks was 0.79
+0.34 pg m. On average, SO,” accounts for about 11.1%
of the PM, . The average PM,s NH," for Reno and Sparks
was 0.27 +0.12 pg m™ that is about 3.9% of the PM, 5. The
average PM,s NO; for Reno and Sparks was 0.15 +0.07
g m™ or 1.9% of the PM, 5.

Total carbon (OC + EC) was the largest component of
PM, 5 in Reno and Sparks, accounting for 70.0 £12.2% of
the mass, on average. The ratios of OC to TC (sum of OC
and EC) averaged 0.70 +0.05. Elemental carbon originates
primarily from direct emissions of particles, whereas

organic carbon may originate either from direct primary
emissions or from atmospheric transformations of organic
gases. The OC/TC ratio has been used to identify the
presence of secondary organic aerosol when the OC to EC
ratio exceeds ~2 (i.e., OC/TC > 0.67) (Turpin et al. 1990,
Hildemann et al. 1991). The proximity of combustion
sources to the monitoring sites might have a direct effect
on the higher OC/TC ratios. Within the measurement
uncertainty, it is not possible to state whether there is a
large fraction of secondary organic aerosol in the
carbonaceous PM, s component.
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3.3. Scanning Electron Microscopy Results

Manual SEM analysis is a time-intensive analytical
methodology. For this reason, a set of samples from the
ambient data was selected for analysis. Mamane et al.
(1998) recommended filter loadings around 100-300 ng
per filter for SEM analysis. Observed mass loadings were
between 40 and 93 ng per filter so three samples of the
highest mass loadings were selected for analysis: 07-22-98
(69.5 ng), 08-06-98 (93.5 ng), and 09-02-98 (75.5 ng).

The chemical speciation data indicated that
carbonaceous material, sulfate, ammonium dominated the
ambient samples, and soil-related crustal species (Al, Si,
K, Ca, Ti, Fe, and Zn) (Table 2). The SEM analysis also
revealed that the majority of particles on the polycarbonate
filters were carbonaceous. The size of these particles were,
for the most part, <1 um in diameter. Unfortunately, 1 um
is the minimum size of resolution for chemical analysis
using the EDX capability of this SEM. Therefore, the SEM
analysis had to focus on the particles that were greater than
1 um diameter. These particles proved to be mostly
mineral in nature (i.e., non-organic).

EDX analysis of the individual particles showed that
for the most part the particles tended to be aluminum-
silicates usually with Fe present. Based upon the observed
spectra for the particles sampled, 12 different classes of
particle type were arbitrarily established for aluminum-
silicate types of particles based on the relative amounts of
Na, Mg, Si, K, and Ca. The characteristic relationships for
these elements and their average relative proportions
observed are shown in Table 3. The greatest variability is
observed in the Na: Mg and K: Ca ratios, with the Al: Si
and Fe: Si ratios being fairly similar (Table 3).

Table 3. Typical relationships observed between the major
aluminum-silicate elements observed in the mineral particles
collected in Reno and Sparks, NV.

Spectra Form Al:Si Na:Mg K:Ca Fe:Si % Occurrence’

Si 0.14 084 1+1
Na~Mg, K~Ca, Fe 0.38 096 1.32 0.19 15+10
Na~Mg, K>Ca, Fe 0.39 1.01 1251 0.12 16+5
Na~Mg, Ca>K,Fe 0.17 09 0.12 0.07 97
Na>Mg, K~Ca, Fe 0.16 234 0.57 0.02 33
Na>Mg, K>Ca, Fe 023 224 261 0.01 4+2
Na>Mg, Ca>K, Fe 0.37 3.42 0.2 0.04 12+7

Mg>Na, K~Ca, Fe 0.31 0.24 051 0.21 4+1
Mg>Na, K>Ca, Fe 0.38 0.39 17.8 0.23 18+12
Mg>Na, Ca>K,Fe 022 021 019 031 77
Ca>Si 031 1.03 0.03 0.00 6+2

Fe (+ other metals) 0.41 0.69 0.54 0.03 105

! total number particles analyzed = 400

The Fe comprised, on average, 8% of the particle mass
considering only the ten spectra types that have Na, Mg,
K, Ca, and Fe present. For most aluminum-silicate
particles, a distinctive spike of S, P, or Ba was observed in
the EDX spectrum. The average percent of mass
attributable to S and P for all the particles analyzed was
6.2% and 3.3%, respectively. In addition to the typical

aluminum-silicate particles in the samples, particles
showing distinctly metallic characteristics were observed.
Iron-rich particles accounted for 10 +5% of all particles
examined. The Fe content of these particles ranged
between 31 and 87.5% with an average content of 55.9%.

4. Chemical Mass Balance Receptor Modeling

The Chemical Mass Balance (CMB) receptor model
(Watson et al. 1990) was used to estimate source
contributions to PM, . In order to ensure reasonable model
estimates the CMB applications and validation protocols
described by Watson et al. (1991) were applied in this
study.

The chemically speciated 24-hour samples collected
with the MedVol samplers expressed as mass
concentrations with uncertainties formed the database for
the CMB receptor modeling exercise. Site-specific source
profiles were not determined for this study, so profiles
from other studies that represent the major sources in Reno
and Sparks were utilized.

Initial tests with different combinations of source
profiles were performed to determine which profiles best
explain the ambient data and the robustness of the results
with respect to choice of source profiles. The tests were
done using the average mass concentrations of each
species based on the 18 samples collected in Reno and
their root mean squared uncertainties. CMB performance
measurements were examined to determine how well the
ambient concentrations were explained by the CMB source
contribution estimates. The results of these initial trials
were used as guidance in CMB analysis of the entire
sample set. Primary motor vehicle, primary geological
material, and secondary sulfate sources were expected to be
important contributors at both sites. The results of the test
source apportionments are presented as a series of trials
representing different combinations of source profiles in
Table 4.

For the first trial run, the source profiles used for the
CMB modeling were: 1) Mammoth Lakes, CA, road dust
(Houck et al. 1989); 2) Northern Front Range Air Quality
Study, Denver, CO, dynamometer low emitting gasoline
vehicle composite, (Watson et al. 1998); 3) El Centro, CA,
agricultural burning (Houck et al. 1989); 4) pure
ammonium sulfate; 5) pure ammonium nitrate; and 6) pure
sodium chloride. Common sources for sodium chloride
include dry lakebeds during summer and road salting
during winter. Three performance measures generated by
the CMB model, the R SQUARE, the CHI SQUARE, and
the PERCENT MASS were examined from each CMB
model run to assess the applicability of the chosen source
profiles.

The R SQUARE is the fraction of the variance in the
measured concentrations accounted for by the variance in
the calculated species concentrations. Values of R
SQUARE greater than 0.9 indicate a good fit to the
measured data. CHI SQUARE represents the weighted
sum of the squares of the differences between calculated
and measured species concentrations.
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Table 4. Sensitivity of source contribution estimates to changes in source profiles for the average Reno sample.

PROFILE BEST FIT CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6
FGEOL9' 1.13+0.14 139+015 1.16+014 124+0.13 157+0.17 1.84+0.15

PLAYA? 0.42+0.1
NwLCP2? 575+0.86 578+086 522+085  3.83+0.89 7.81+1.04
MTRV3* 415+0.9

FMT10° 5.71+1.62

VELAGBC® 0.41£0.15 0.31+0.1 0.3+0.14 0.5+0.18
VEGB1’ 1.1+0.38

VEGB7® 3.34+0.72

AMSLF® 093+011 095+012 094+011 096+0.11  0.98%0.12 1.02+0.2 0.91+0.12
AMNIT® 017+0.04 018+0.04 017+0.04 018004 018+0.06 017014  0.17+0.04
NACL1™ 0.05+0.01 008+001 007+001 005+002 006+001 005+001  0.06+0.01
CHI SQUARE 0.19 0.95 0.82 0.3 0.6 0.88 1.44

R SQUARE 0.98 0.93 0.92 0.98 0.94 0.91 0.86
PERC MASS CLUSTERS 108.6 107.5 97.4 1235 93.1 116.7 126.7
'FGEOL9 Mammoth Lakes road dust (Houck et al., 1989).

PLAYA  Playa composite (Gillies et al., 1999).

SNWLCP2 NFRAQS low emitting gasoline vehicle composite (Watson et al., 1998).

‘MTRV3
SFMT10

Las Vegas, NV, motor vehicle composite (Chow et al., 1997).
Las Vegas, NV, motor vehicle composite (Chow et al., 1997).
S\VELAGBC El Centro, CA, agricultural burning (Houck et al., 1889).

"VEGB1  Bakersfield, CA, vegetative burning (Houck et al., 1989).

8%EGB7  Las Vegas, NV, residential wood combustion composite (Chow et al., 1997).
SAMSLF  pure ammonium sulfate.

YAMNIT  pure ammonium nitrate.

“NACL1 pure sodium chloride.

Values between one and two indicate acceptable fits;
values less than one indicates very good fits to the data.
PERCENT MASS is the total mass accounted for by the
source contribution estimates.

Values between 80 and 120% are considered
acceptable. For the “best fit” profile selection (Table 4),
the major contributor to the average Reno aerosol in the
summer was motor vehicle emissions (5.75 pg m, 68%).
The percent of mass accounted for was 108.6%. For Case
1, the vegetative burning profile was removed resulting in
a decrease in the R-SQUARE parameter from 0.98 to 0.93
and an increase in the CHI-SQUARE from 0.19 to 0.95
because the soluble and total potassium could not be
accounted for without a vegetative burning profile. It is
clear that the fraction of soluble to total potassium is too
high in both the Reno and Sparks samples to have come
solely from geological material. However, it is unlikely
that the source of soluble potassium during summer is
residential wood combustion, which is commonly used
during winter for heating. More likely sources include
cooking (barbecuing) and forest fires.

In Case 2, a vegetative burning profile (Bakersfield
Majestic fireplace, Houck et al. 1989) was substituted for
El Centro, CA, agricultural burning (Houck et al. 1989).
The fit was nearly as good as that of the base case. In Case
3, a different residential wood combustion profile (Chow
et al. 1997) was introduced. This resulted in an over-
prediction of mass by 23.5%, because the soluble
potassium content of this profile (1.1%) was lower than
that of the El Centro, CA, agricultural burning (Houck et
al. 1989) (12.5%) and Bakersfield Majestic fireplace
(Houck et al. 1989) (4.1%) profiles. In Case 4, a Las

Vegas motor vehicle profile (Chow et al. 1997) was
substituted for the NFRAQS profile composite (Watson et
al. 1998). This resulted in a lower motor vehicle
contribution (4.1 pug m?® 57%) and a higher CHI-
SQUARE (0.60). This profile was not able to fit organic
and elemental carbon, the two most prevalent species in
motor vehicle emissions. In Case 5, a different Las Vegas
motor vehicle profile (Chow et al. 1997) was substituted
for the NFRAQS profile composite (Watson et al. 1998).
This resulted in a lower R-SQUARE (0.91) and a higher
CHI-SQUARE (0.88) than those of the “best fit". Finally,
in Case six a profile developed from local playa sediments
was substituted for the Mammoth Lakes road dust (Houck
et al. 1989). The fit in this case was considerably worse
than the “best fit” case, with an R-SQUARE of 0.86 and a
CHI-SQUARE of 1.44.

The sensitivity analysis demonstrates that in the
summer, motor vehicles, geological material, and
secondary sulfate were the major contributors to the
average Reno PM, s aerosol. It also shows that a vegetative
burning profile is required to account for soluble and total
potassium. The choice of motor vehicle profile had a
significant effect on the ability of the CMB to account for
elemental and organic carbon and on the magnitude of the
motor vehicle source contribution.

One of the most important assumptions of the CMB
model (Watson et al. 1984) is that the source profiles are
linearly independent (i.e., they are statistically different).
The degree to which this assumption can be met in practice
depends to a large extent on the types and quality of
chemical measurements made at the sources and receptor.
The CMB model has been subjected to a number of tests to
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determine its ability to tolerate deviations from the model
assumptions (e.g., Watson 1979, Gordon et al. 1981,
Henry 1982 1992, Currie et al. 1984, Dzubay et al. 1984,
DeCesar et al. 1985, Javitz et al. 1988, Lowenthal et al.
1992). The impacts of collinearities among the source
profiles vary from case to case. These collinearities tend to
inflate the variances of the source contribution estimates.
The sensitivity analysis did not indicate any significant
collinearity problems.

CMB source apportionments were performed for each
valid MedVol PM, 5 sample. The same geological, motor
vehicle, and vegetative burning profiles were used for all
samples. The sodium chloride profile was used in all cases
to account for soluble sodium, but the contribution to mass
was very small. The choice of secondary sulfate profile,
ammonium sulfate, or ammonium bisulfate was based on
which profile produced the best fits for ammonium and
sulfate. A secondary ammonium nitrate profile was also
used in all cases. The average R-SQUARE, CHI-
SQUARE, and PERCENT MASS were 0.97, 0.41, and
106%, respectively. Most of the source apportionments
experienced no collinearity clusters, with a few exceptions
involving the geological and vegetative burning profiles.
This resulted from very low source contribution estimates
(SCEs) with relatively large uncertainties.

On average, the source contributions were similar at the
two sites, with motor vehicles, geological material,
secondary sulfates, vegetative burning, secondary nitrate,
and salt accounting for 68 and 67%, 13 and 16%, 12 and
10%, 5 and 3%, 2 and 2%, and 0.5 and 1% of predicted
mass at Reno and Sparks, respectively. T-tests
demonstrated that differences between the major source
contributions  (motor vehicle, geological, secondary
sulfate, and vegetative burning) at Reno and Sparks were
not statistically significant. This demonstrates the spatially
homogeneous nature of PM, 5

The Sparks summer 1998 results can be compared with
CMB results previously reported for Sparks PM, 5 for the
summer of 1997 (Gofa et al. 1998). In that case, the
average motor vehicle contributions were somewhat lower
(4.1 versus 5.7 ug m®) while the average geological
contribution was over two times higher (3.0 versus 1.3 pg
m?3). These differences are due to the use of different
motor vehicle profiles in the CMB for the summer, 1997
data. As demonstrated by the results of CMB sensitivity
tests presented in Table 4, the Denver NFRAQS motor
vehicle profile produced a better fit to the 1998 data,
especially elemental and organic carbon, than did the Las
Vegas profiles used by Gofa et al. (1998) in their study.
Further, a vegetative contribution was not presented for the
1997 case, even though the same soluble potassium
enrichment was observed.

To check for consistency of the source apportionment
between 1997 and 1998, CMB model runs were carried out
on the summer, 1997 data of Gofa et al. (1998) using the
current “best fit” profiles. The results for the summers of
1997 and 1998 are remarkably similar, differing by no
more than 3% for any source. In 1997 the dominant source
was motor vehicle emissions (61%), followed by
geological (17%), secondary sulfate (11%), and vegetative
burning (6%).

5. Discussion

The CMB source apportionment of the Reno and
Sparks ambient data defined the major source categories
for the PM, 5 affecting the air quality in northern Nevada.
Based on the SEM analysis some qualification of the
source of the geological component can be advanced. The
SEM analysis indicated that the non-carbonaceous PM, s
was composed of aluminum-silicate mineral particles,
many of which show a distinct signature in their spectra of
S and P. In addition, metallic particles rich in Fe, Ti, and
Cu, were observed. These characteristics are consistent
with resuspended road dust as opposed to fugitive
emissions from construction and playas.

Recent studies by Mamane et al. (1998) and Gillies et
al. (1999) have examined the chemical and physical
characteristics of fugitive dust types that could affect air
quality in Reno and Sparks, NV. These studies examined
PMy, and PM, s samples from playas, construction sites,
and paved roads that they assumed were the most likely
sources of PM of geological origin. These samples were
collected on filter media using a resuspension technique
(Gillies et al. 1999) and examined using SEM, computer-
controlled SEM, as well as other analytical methods (XRF,
instrumental neutron activation analysis) in order to
develop chemical and morphological marker for separating
the geological sources. Mamane et al. (1998) reported that
in the fine particle component of road dust collected from
streets in Reno and Sparks the mineral particles were
predominantly aluminum-silicates (>80%) with a wide
range in the relative proportions of the typical aluminum-
silicate elements (Na, Mg, Al, Si, K, and Ca). This was
also observed in the ambient samples in this study. The
variability in the samples could be a reflection of the wide
range of aggregate source material used in the construction
of paved roads. Several other physical and chemical
characteristics of paved road dust in Reno and Sparks
observed by Mamane et al. (1998) are mirrored in the
ambient samples taken in this study. For example,
Mamane et al. (1998) observed that only a small portion of
the particles in road dust samples showed enrichment in
Ca as compared to Si. This was also observed for the
particles collected for the ambient samples. Playa dusts
were observed by Mamane et al. (1998) to have more Ca-
rich particles (17%). The low percentage of Ca-rich
particles in the ambient samples (6%) suggests that this
source type did not contribute significantly to the ambient
samples during the sampling period.

The presence of P and S in the spectra of the particles
from the road dust collected from paved roads in Reno and
Sparks was considered by Mamane et al. (1998) to be
indicative of an anthropogenic influence. They suggested
that these elements, whose source may be fuel-derived,
become incorporated or coated onto the mineral particles,
thus creating a “marker” species for road dust when it is
found in association with mineral particles. Mamane et al.
(1998) reported that S and P were seen as small peaks in
many of the spectra for road dust source material and
reached significant proportions in about 5% to 2% for S
and P, respectively. For the ambient samples taken in this
study the average percent of mass attributable to S and P,
considering all the particles analyzed were 6.2% and 3.3%,
respectively. In addition to S and P in paved road dust
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particles, Mamane et al. (1998) also noted there was a
noticeable presence of Ba. Ba was also found in some of
the ambient particles examined in this study and its
presence can be linked to its emission from diesel-fueled
vehicles (Truex et al. 1980).

The metallic particles in the ambient samples also
suggest a roadway source. Mamane et al. (1998) reported
that about 3% of the road dust particles they examined
with SEM were predominantly composed of Fe. Gillies et
al. (1998) reported Fe contributed ~5% to the total PM, 5 in
ambient samples taken in the Sepulveda Tunnel in Los
Angeles, CA, where mobile source emissions and
resuspended road dust can be expected to dominate the
particulate matter composition due to the confined space.
In the ambient samples taken in this study, the metallic
particles made up around 10% (+5%) of the non-
carbonaceous particles with Fe being the dominant metal,
but Ti and Cu were commonly observed. The sources of
these metallic particles are likely wear processes acting on
vehicles. As the primary mechanism of resuspension of
road dust is by entrainment in the turbulent wakes of
vehicles and by injection due to the tires (Nicholson et al.
1989), the contribution of road dust to ambient PM, 5 in
Reno and Sparks can be attributed to the mobile sources.
The inclusion of resuspended road dust in the mobile
source category raises the contribution from mobile
sources to ~84% of the total ambient PM,s.

6. Conclusions

Summertime monitoring of PM, 5 during a period from
07-17-98 through 09-11-98 on an every third day sampling
schedule showed average levels in Reno and Sparks, NV,
to be 7.85 +1.84 pg m® and 7.80 +2.22 pug m?,
respectively. Within measurement uncertainties, these
values are the same and indicate that the PM, 5 levels in
this area appear to be relatively homogeneous.

The CMB modeling efforts carried out for this study
suggest that the most important contributors to the ambient
PM,s in Reno and Sparks, NV, in summer 1998, are in
order of importance: motor vehicle emissions (67-68%),
geological (13-16%), secondary sulfate (10-12%), and
vegetative burning (3-5%).

One of the deficiencies of standard CMB analysis is the
inability to separate the different sources of geological
material. This study demonstrated that adding SEM
analysis methods to the standard suite of analyses allowed
for the attribution of the source of geological material. The
similarity of the elemental composition for PM, 5 mineral
particles in this area, as determined by SEM analysis, in
both the paved road dust (Mamane et al. 1998) and the
ambient samples collected for this study indicates that this
type of PM, 5 is road dust resuspended by vehicle activity.
That potentially 13 to 16% of the PM,5 that the CMB
attributed to geological material could have a road dust
source indicates that the PM, s levels could be reduced
with a strategy to limit this emission source.

Acknowledgements

We would like to thank the Air Quality Management
Division, Washoe County District Health Department for
supporting this research with U.S. EPA 105 grant funds.
Colleagues at the DRI we would like to acknowledge for
their assistance in sample analyses include Barbara
Hinsvark, Steve Kohl, Mark Morrison, Dale Crow, and
Cliff Frazier. Dr. John McCormack, Department of
Geological Sciences, University of Nevada, Reno, was a
great help during the SEM analysis.

References

[1] Calloway, C.P., Li, S., Buchanan, J.W., Stevens, R.K., 1989.
A refinement of the potassium tracer method for residential
wood smoke. Atmospheric environment 23 (1): 67-69.

[2] Chow, J.C., Watson, J.G., Green, M.C., Egami, R.T,
Lowenthal, D.H., Gillies, J.A., Rogers, C.F., DuBois, D.,
Frazier, C.L., Derby, J., Freeman, D.L., Kohl, S., and Minor,
T., 1997. Fugitive Dust and Other Source Contributions to
PM10 in Nevada’s Las Vegas Valley. Final Report, DRI
Document No. 4039.2D1. Prepared for Clark County
Department of Comprehensive Planning, Las Vegas, NV.

[3] Chow, J.C., Watson, J.G., Green, M.C., and Lowenthal,
D.H., 1999. Cross-border transport and spatial variability of
suspended particles in Mexicali and California’s Imperial
Valley. Atmospheric environment, 34: 1833-1843.

[4] Chow, J.C., Watson, J.G., and Pritchett, L.C., 1993. The DRI
Thermal/Optical Reflectance Carbon Analysis System:
Description, Evaluation, and Applications in U.S. air quality
Studies. Atmospheric environment, 27 (8): 1185-1201.

[5] Chow, J.C., Watson, J.G., Richards, L.W., Haase, D.L.,
McDade, C., Dietrich, D.L., Moon, D., and Sloane, C., 1991.
The 1989-1990 Phoenix PM10 Study. Volume Il: Source
Apportionment. DRI Document No. 8931.6F1, prepared for
Arizona Department of Environmental Quality, Phoenix, AZ.

[6] Currie, L.A., Gerlach, R.W., Lewis, C.W., Balfour, W.D.,
Cooper, J.A., Dattner, S.L., DeCesar, R.T., Gordon, G.E.,
Heisler, S.L, Hopke, P.K., Shah, J.J., Thurston, G.D., and
Williamson, H.J., 1984. Interlaboratory comparison of source
apportionment procedures: results for simulated data sets.
Atmospheric environment, 18: 1517-1537

[7] DeCesar, R.T., Edgerton, S.A., Khalil, M.A.K., and
Rasmussen, R.A., 1985. Sensitivity analysis of mass balance
receptor modeling: methyl chloride as an indicator of wood
smoke. Chemosphere, 14 (10): 1495-1501.

[8] Dockery D.W., Pope, C.A., Xu, X., Spengler, J.D., Ware,
J.H., Fay, M.E., Ferris, B.G., and Speizer, F.E., 1993. An
association between air pollution in six U.S. cities. New
England Journal of Medicine, 329: 1753-1759.

[9] Dockery D.W., Schwartz, J., and Spengler, J.D., 1992. Air
pollution and daily mortality: associations with particulates
and acid aerosols. Environ. Res. 59: 362-373.

[10] Dzubay, T.G., Morosoff, N., Whitaker, G.L., and Yasuda, H.,
1981. Evaluation of polymer films as standards for x-ray
fluorescence spectrometers, In: Electron Microscopy and X-
Ray Applications to Environmental and Occupational Health
Analysis. Ann Arbor Science Publishers, Inc., Ann Arbor,
MI.

[11] Dzubay, T.G., Stevens, R.K., Balfour, W.D., Williamson,
H.J., Cooper, J.A., Core, J.E., DeCesar, R.T., Crutcher, E.R.,
Dattner, S.L., Davis, B.L., Heisler, S.L., Shah, J.J., Hopke,
P.K., and Johnson, D.L., 1984. Interlaboratory Comparison
of receptor model results for Houston aerosol. Atmospheric
environment, 18: 1555-1566.



© 2008 Jordan Journal of Earth and Environmental Sciences. All rights reserved - Volume 1, Number 1 (ISSN 1995-6681)

[12] Gertler, A.G., Coulombe, W.G., Watson, J.G., Bowen, J.L.,
and Marsh, S., 1993. Comparison of PM;, concentrations in
high and medium volume samplers in a desert city’, Environ.
Mon. Assess. 24: 13-25.

[13] Gillies, J.A., Gertler, A.W., Sagebiel, J.C., and Dippel, W.A.,
1998. On-road emissions in the Sepulveda Tunnel, Los
Angeles, California, in PM,s: A Fine Particle Standard,
Chow J.C. and Koutrakis P., eds., Air & Waste Management
Association, Pittsburgh, PA, 677-698.

[14] Gillies, J.A., O’Connor, C.M., Mamane, Y., and Gertler,
AW, 1999. Chemical profiles for characterizing dust
sources in an urban area, western Nevada, USA. Zeitschrift
fur Geomporpholgie Supplementband, 116: 19-44.

[15] Gofa, F., Gertler, A.W., and Gillies, J.A., 1998. PM and
VOC Source Apportionment in the Truckee Meadows,
Nevada, 1998. Prepared for Washoe County District Health
Department, Reno, NV.

[16] Houck, J.E., Pritchett, L.C., Roholt, R.B., Watson, J.G.,
Chow, J.C., Goulet, J.M., and Frazier, C.A., 1989.
Determination of Particle Size Distribution and Chemical
Composition of Particulate Matter from Selected Sources in
the San Joaquin Valley. Final Report prepared for San
Joaquin Valley Air Pollution Study Agency and California
Air Resources Board, CA.

[17] Lowenthal, D.H., Chow, J.C., Watson, J.G., Neuroth, G.R.,
Robbins, R.B., Shafritz, B.P. and Countess, R.J., 1992. The
effects of collinearity on the ability to determine aerosol
contributions from diesel- and gasoline-powered vehicles
using the chemical mass balance model. Atmospheric
Environment, 26A (13): 2341-2351.

[18] Mamane, Y., 1988. Estimate of municipal refuse incinerator
contribution to Philadelphia aerosol — I. Source analysis.
Atmospheric Environment, 22 (11): 2411-2418.

[19] Mamane, Y., Gillies, J.A., O’Connor, C.M., and Gertler,
AW, 1998. Distinguishing Among Fugitive Dust Emission
Sources Using Scanning Electron Microscopy, X-Ray
Fluorescence, and Instrumental Neutron Activation Analysis.
Final Report Prepared for Washoe County District Health
Department, Reno, NV.

[20] Nicholson, K.W., Branson, J.R., Geiss, P., and Cannell, R.J.,
1989. The effects of vehicle activity on particle
resuspension. J. Aerosol. Sci. 20: 1425-1428.

[21] Pace, T. G., & Watson, J. G., 1987. Protocol for applying and
validating the CMB model. EPA 450/4-87-010. US
Environmental Protection Agency. Research Triangle Park,
NC.

[22] Turpin, B.J., Huntzicker, J.J., and Adams, K.M., 1990.
Intercomparison of photo acoustic and thermal-optical
methods for the measurement of atmospheric elemental
carbon. Atmospheric Environment, 24A: 1831-1835.

[23] U.S. Environmental Protection Agency, 1997. National
Ambient Air Quality Standards for Particulate Matter,
Federal Register 62, 38651. Research Triangle Park, NC.

[24] Watson, J.G., Cooper, J.A., and Huntzicker, J.J., 1984. The
effective variance weighting for least squares calculations
applied to the mass balance receptor model. Atmospheric
Environment, 18: 1347-1360.

[25] Watson, J.G., Lioy, P.J., Mueller, P.K., 1989. The
measurement process: Precision, accuracy, and validity, in
Air Sampling Instruments for Evaluation of Atmospheric
Contaminants, Hering, S.V., ed., American Conference of
Governmental Industrial Hygienists, Cincinnati, OH: 51-57.

[26] Watson, J.G., Robinson, N.F., Chow, J.C., Henry, R.C., Kim,
B.M., Pace, T.G., Meyer, E.L., and Nguyen, Q., 1990. The
U.S. EPA/DRI chemical mass balance receptor model. CMB
7.0. Env. Soft. 5 (1): 38-49.

[27] Watson, J.G. and Chow, J.C., and Pace, T.G., 1991.
Chemical Mass Balance, in Data Handling in Science and
Technology - Volume 7: Receptor Modeling for Air Quality
Management, Hopke, P.K., ed., Elsevier Press, New York,
NY, 83-116.

[28] Watson, J.G. and Chow, J.C., 1993. Ambient air sampling,
in Aerosol Measurement: Principles, Techniques and
Applications, Willeke, K. and Baron, P.A., eds., Van
Nostrand, Reinhold, New York, NY, 622-639.

[29] Watson, J.G. and Chow, J.C., 1994. Particle and gas
measurements on filters, in Sampling of Environmental
Materials for Trace Analysis, Markert, B., ed., VCH-
Publisher, Weinheim, New York, Tokyo, 83-175.

[30] Watson, J.G., Chow, J.C., Lu, Z., Fujita, E.M., Lowenthal,
D.H., Lawson, D.R., Ashbaugh, L.L., 1994. Chemical mass
balance source apportionment of PM10 during the Southern
California Air Quality Study. Aerosol Science and
Technology, 21: 1-36.

[31] Watson, J.G., Lioy, P.J., Mueller, P.K., 1995. The
measurement process: Precision, accuracy, and validity, in
Air Sampling Instruments for Evaluation of Atmospheric
Contaminants, Cohen, B. and Hering, S.V., eds., American
Conference of Governmental Industrial Hygienists,
Cincinnati, OH: 187-194.

[32] Watson, J.G., Fujita, E., Chow, J.C., Zielinska, B., Richards,
L., Neff, W., and Dietrich, D., 1998. Northern Front Range
Air Quality Study Final Report. Prepared for Colorado State
University, Fort Collins, CO, and EPRI, Palo Alto, CA, by
Desert Research Institute, Reno, NV.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


