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1.0 INTRODUCTION

1.1  Background

The Las Vegas Valley is located within Clark County in the southern part of Nevada.
The valley comprises approximately 3,745 square kilometers (1,463 square miles) and
includes three incorporated cities (Las Vegas, North Las Vegas, and Henderson) and five
unincorporated towns.

Geographically, the Las Vegas Valley lies in the southwestern part of the Great Basin;
extends in a northwest to southeast direction, draining toward the south through the Las
Vegas Wash into Lake Mead; and ranges in elevation from 550 to 760 meters above mean sea
level (m amsl). It is surrounded by sharp, rugged mountain ranges that range in elevation up
to 3,600 m amsl. The valley is bounded on the northeast by the Nellis Air Force Base
Ground Gunnery Range, on the west by the Spring Mountains, on the south by the
McCullough Mountains and Spring Mountains, and on the east by the River Mountains and
Frenchman Mountain.

The climate in the valley is generally arid and warm. The Sierra Nevada Mountain
Range of California and the Spring Mountains to the west of the Las Vegas Valley act as
effective barriers to moisture-laden storms moving eastward from the Pacific Ocean
(National Climatic Data Center, 1995). The movement of these dry air masses results in clear
to partially cloudy skies with 85% sunshine for an average year. Temperature typically
ranges from 75 to 105 °F in the summer and 35 to 60 °F in the winter. Annual precipitation
averages 0.1 m (4 inches) per year with a variation of 0.05 to 0.25 m (2 to 10 inches) in the
past decade in the Las Vegas Valley. Most of the precipitation occurs during the winter and
summer months.

Surface wind patterns in the valley are characterized by prevailing southwesterly
winds with average wind speeds of 4 to 7 meters pér second (m/s) (9 to 16 miles per hour
[mph]). High hourly wind speeds often occur during the spring and summer with maximum
wind speeds of 10 to 15 m/s (23 to 34 mph). During winter, persistent surface-based
radiation inversions are frequently observed with low to stagnant winds.

Clark County is the fastest-growing county in the nation. The 1995 U.S. Census
reports a population of over 1 million (60% of Nevada’s total population). Its major
industries are tourism, gaming, government/defense, chemical manufacturing, quarry
operations, and construction. Growing population and expanding industry in the Las Vegas
Valley have resulted in elevated concentrations of PMjo (particles with aerodynamic
diameters less than 10 microns). Measured PM;q levels often exceed the National
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of 150 pg/m® for PM;q 24-hour averages and/or 50 pg/m? for PM;, annual averages. Table 1-1
presents the annual statistics of PM;o concentrations in the Las Vegas Valley between 1988 and
1995. Fugitive dust suspended by high winds or other mechanical forces in the atmosphere is
the major cause of these elevated PM;, concentrations.

In 1991, the U.S. Environmental Protection Agency (EPA) designated the Las Vegas
Valley as a “moderate” PM;o non-attainment area (Federal Register, 1991). The area was
subsequently designated as a “serious” PM;¢ non-attainment area in 1993 (Federal Register,
1993). As shown in Figure 1-1, the air quality non-attainment area in the Las Vegas Valley,
which coincides with Hydrographic Basin 212, encompasses 15,000 square kilometers (5,859
square miles) in size, and includes the cities of Las Vegas, North Las Vegas, and Henderson, as
well as unincorporated areas in Clark County.

The 1990 Clean Air Act Amendments (CAAA) (U.S. Government Printing Office,
1991) requires states to develop and submit State Implementation Plans (SIPs) that specify the
technologies, activities, and strategies that will be applied in each PM;o non-attainment area to
achieve compliance with the PM;, standards. A Las Vegas Valley PM,, SIP was submitted to
the U.S. EPA by the State of Nevada, Department of Conservation and Natural Resources,
Division of Environmental Protection on 01/10/95 to address the ‘“‘serious” non-attainment
status. A revised PM;o SIP will be submitted to the U.S. EPA during the summer of 1997 that
proposes attainment of the national PM;, standards by 2001 (Jacquart, 1997).

The purpose of this study is to measure and model fugitive dust and other source
contributions to PMjo in the an urban portion of the Las Vegas Valley nonattainment area in
order to provide additional information for Las Vegas Valley PM;, SIP development.

1.2  Study Objectives

The objectives of this study are:

e To acquire a data base of specified precision, accuracy, and validity which is
suitable to determine source contributions of elevated PM;q concentrations.

e To estimate the spatial and temporal distributions of PMjo concentrations,
especially near fugitive dust sources.

e To apportion PM; concentrations to source emissions, with emphasis on specific
sources of fugitive dust.

e To estimate fugitive dust contributions based on existing PMjy emissions
information.
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Table 1-1
Annual Statistics of PM;o Concentrations in the Las Vegas Valley®

Maximum Annual Number Total
24-Hour PM1o Arithmetic Avg. of Values Number
Year Sampling Site® (ug/m°) (ug/m’) >150ug/m® >50ug/m®  of Observations

1988 Frias 41 18 0 0 57
McDaniel Post Office 93 40 0 37 169

Bonanza 94 35 0 6 58

Wengert 161 58 1 28 58

Burkholder 84 38 0 0 46

1989 Frias 86 23 0 6 52
McDaniel Post Office 359 60 3 69 167

Bonanza 104 39 0 9 59

Wengert 159 69 1 33 58

Burkholder 91 36 0 12 54

1990 Frias 125 22 0 14 46
McDaniel Post Office 362 70 3 26 57

Bonanza 135 39 0 26 57

Wengert 368 64 3 26 59

Burkholder 227 33 1 8 58

1991 Frias 345 26 1 3 55
McDaniel Post Office 110 55 0 25 52

Bonanza 184 35 1 6 53

Wengert 122 57 0 31 54

Burkholder 157 36 1 10 58

1992 Frias 66 18 0 1 51
McDaniel Post Office 121 53 0 27 49

Bonanza 58 29 0 0 58

Wengert 101 46 0 17 53

Burkholder 53 24 0 1 58

1993 Frias 68 20 0 2 60
McDaniel Post Office 117 41 0 9 54

Bonanza 76 29 0 6 58

Wengert 112 43 0 3 57

Burkholder 51 22 0 0 60

1994 Frias 46 21 0 0 59
McDaniel Post Office 117 47 0 23 57

Bonanza 89 35 0 4 56

Wengert 122 47 0 21 55

Burkholder 46 21 0 0 56

1995 Frias NA® NA® NA° NA® NA®
McDaniel Post Office 126 47 0 17 49

Bonanza 56 25 0 1 114

Wengert 58 31 0 2 15

Burkholder NA°® NA® 0 NA° NA°

? Courtesy of Clark County Health Department.

® Qnly the high-volume size-selective inlet (HIVOL-SSI) PM,q sites are included.
¢ Monitoring discontinued in January 1995.

¢ Monitoring discontinued in March 1995.
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e To reconcile differences between source and receptor models.

e To evaluate and recommend long-term monitoring and data analysis methods
which allow the effects of emissions reductions on ambient PM;o concentrations
to be detected.

Concurrent efforts were made to evaluate the effectiveness of potential fugitive dust
control measures that could be implemented in the Las Vegas Valley to reduce PMjg
concentrations.

1.3 Technical Approach

This study is designed to better understand the source and nature of the elevated PM;,
levels in the Las Vegas Valley. Both source- and receptor-oriented modeling approaches
were taken to apportion PMjo to emission sources. Source and receptor models are
complementary, with each type having strengths which compensate for the weaknesses of the
other.  Source models simulate the emissions, transport, dispersion, and chemical
transformations of pollutants to calculate the concentrations contributed by each source to a
receptor. Receptor models use the chemical and physical characteristics of gases and
particles measured at source and receptor to identify and quantify source contributions to the
measured receptor concentrations.

Several air quality models were applied in this study. They are: 1) the Chemical
Mass Balance (CMB) source apportionment receptor model (Watson et al., 1984, 1990a,
1990b, 1991a), 2) the Cluster Analysis receptor model (a multivariate statistical analysis
tool), 3) the Geographical Information System (GIS) emission data base model (Chow and
Watson, 1994a), and 4) the Industrial Source Complex dispersion model (ISC3, Winges,
1990a, 1990b; Winges and Gombar, 1990a, 1990b).

In the receptor-oriented source apportionment approach, chemical properties are
measured at sources to develop a fingerprint of each major emissions source type. These
“source profiles” are then used in receptor models to calculate the amount which each source
type contributes to PM;o concentrations measured at receptors. Since fugitive dust was
suspected of being a major contributor to suspended particles, and since the source profiles
for fugitive dust sources are too similar to allow their separation, other receptor- and source-
oriented approaches were included in the study design. Several intensive monitoring periods
were superimposed on the annual monitoring period to characterize seasonal emissions under
different meteorological conditions. During these periods, 24-hour average samples were
taken at 30 sampling sites located within, nearby, and far away from different fugitive
emissions source types. These data were intended to support the use of spatial and temporal
receptor models, in addition to the well-established CMB model (U.S. Environmental




Protection Agency, 1987a, 1987b; Watson et al., 1984, 1990a, 1990b, 1991a) that is
commonly used to support SIP development.

As complements to receptor models, the source-oriented ISCST-3 dispersion model
was also applied to simulate meteorological transport and diffusion and to estimate the
fugitive dust impacts to PM;, from different geological source types. The dispersion model
results are compared to the ambient measurements taken at the receptor sites to evaluate the
adequacy of the current emissions inventory and to reconcile the differences in source and
receptor modeling.

Existing emissions inventories were evaluated with respect to their emissions factors
and activity levels. Microinventories surrounding the two base monitoring sites were
developed. Fugitive dust emission data bases were assembled. A geographical information
system (GIS) emission data base model was developed to calculate the fugitive dust emission
rates for paved and unpaved roads, construction activities, and disturbed/undisturbed vacant
land. Other potential particulate matter emission sources such as on-road and off-road
vehicle exhaust, residential wood combustion, sand and gravel plants, natural gas
combustion, aircraft operations, and natural desert background were investigated.
Information on emission factors and/or activity levels from these other potential sources were
incomplete, so their estimated emissions were not included in the GIS emissions data base
model. The relative abundance of major fugitive dust emission sources identified in this
report may be positively biased due to the omission of some other potential sources.

In the ambient sampling program, the Desert Research Institute (DRI) acquired PM;q
measurements at two base sites in the cities of Las Vegas (i.e., East Charleston) and North
Las Vegas (i.e., Bemis) between 01/03/95 and 01/28/96 on an every-sixth-day sampling
schedule, as well as during mini-intensive (12/23/95 to 01/04/96) and five intensive
monitoring periods on a daily basis. DRI operated a saturation monitoring network
consisting of 30 satellite sites during the spring (04/15/95 to 04/21/95 and 05/12/95 to
05/16/95), summer (06/05/95 to 06/07/95), fall (09/07/95 to 09/12/95), and winter (01/26/96
to 01/30/96) intensive monitoring periods. These periods of intensive monitoring were
chosen based on meteorological forecasting for high wind and typical conditions.

Source emissions for fugitive dust, motor vehicle exhaust, and residential wood
combustion were sampled and chemically characterized. Ambient and source PM;, samples
were analyzed for mass, elements (i.e., sodium [Na] to uranium [U]), ions (i.e., chloride
[CI7], nitrate [NO3], sulfate [SO%], ammonium [NHj], soluble potassium [K']), and carbon
(organic carbon [OC] and elemental carbon [EC]).

These data were supplemented with: 1) hourly average beta-attenuation
measurements of PM;y mass concentrations, and 2) hourly meteorological data acquired in

1-6




the Las Vegas Valley by the Clark County Health District (CCHD). All of these data were
assembled into a documented data base in common units, available in PC-DOS-compatible
Xbase formats. The study design is described in greater detail by Chow et al. (1995).

1.4  Guide to Report

This section has stated the background and objectives of the Las Vegas Valley PM;,
Study. Section 2 documents the ambient monitoring network, the supplemental data acquired
from existing CCHD monitoring networks, and the unified data base compiled from these
measurements. Validity and uncertainty of the PMj, fugitive dust emission rates are
evaluated in Section 3, and the emissions inventory of the Las Vegas Valley and
microinventories of the two base monitoring sites are assembled. Emission source
characterization is summarized in Section 4, from which the chemical source profiles for
fugitive dust, motor vehicle exhaust, and residential wood combustion used in CMB
modeling are derived. The ambient and source data bases are assembled, validated, and
documented in Section 5. Section 6 examines the temporal and spatial variations of PMjy
and evaluates the representativeness of the base monitoring sites. Source and receptor
modeling approaches and results are shown in Section 7, in which fugitive dust zones of
influence are evaluated. Transport of fugitive dust and the relationships between PM;, and
meteorology are shown in Section 8. Fugitive dust demonstration studies are reviewed and
the effectiveness of control measures are evaluated. Control measures applicable in the Las
Vegas Valley to reduce PM; fugitive dust emissions are discussed in Section 9. Summary,
conclusions, and recommendations are contained in Section 10. The bibliography and
references are assembled in Section 11. Details about the ambient and source data base and
dispersion model input are included in a series of appendices.




2.0 AMBIENT MEASUREMENTS

The program plan (Chow et al., 1995) provides justification for the observables,
sampling durations, sampling frequency, and monitoring periods for the Las Vegas Valley
PM;o Study measurements. This section describes the particulate and meteorological
networks, documents the measurement methods, and evaluates the measurements themselves.

21 Aerosol and Meteorological Sampling Networks

The ambient particulate and meteorological monitoring network for this study
consisted of 63 sampling sites, including:

e 2 PM;, base monitoring sites in Las Vegas (i.e., East Charleston) and North Las
Vegas (i.e., Bemis) with sequential filter samplers (SFS) operated by the Desert
Research Institute (DRI).

e 30 PMj, satellite monitoring sites with battery-powered portable PM;, samplers
operated by DRL

e 14 PM;o monitoring sites (including 1 compliance monitoring site with
high-volume samplers equipped with PM; size-selective inlets [HIVOL-SSI], 6
compliance monitoring sites with beta attenuation monitors [BAM], and 7 special-
purpose sites with BAMs) operated by the Clark County Health District (CCHD),

e 17 meteorological monitoring sites with 10-m-height meteorological towers
operated by CCHD.

Table 2-1 documents the sampling site locations, descriptions, coordinates,
elevations, and measurements acquired by the CCHD air quality and meteorology
monitoring network since 1985. Existing PM;y (i.e., compliance and special-purpose) and
meteorological sampling site locations are shown in Figure 2-1.

With respect to the Las Vegas Valley PM;, Study, the filter-based PM;o
measurements, averaging times, sampling frequency/periods, and measurement methods are
detailed in Table 2-2. The layout of the monitoring locations for this study is illustrated in
Figure 2-2. These sampling sites were selected to represent different commercial, residential,
construction, and vacant land uses, and to characterize source emissions transport and impact
in the Las Vegas Valley.

PM;o, measurements were made at the base and satellite sites from 01/03/95 to
01/30/96. Ambient PM;o sampling consisted of the following elements:
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Figure 2-1 PM,, and meteorological sampling site locations.
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Table 2-2

Filter Pack Aerosol Measurements for the Las Vegas Valley PM;, Study

Averaging Sampling Frequency

Ambient
Measurement Sampling Site Time and Period Measurement Instrument
PM, 2 base sites 24-hour Every-sixth-day DRI Sequential Filter Sampler
(East between 01/03/95 and  (SFS) with SA 2541 PMy,
Charleston and 01/28/96 medium-volume inlet and nitric
Bemis) acid denuders
24-hour Daily between DRI Sequential Filter Sampler
12/23/95 and (SES) with SA 2541 PM;,
01/04/96 medium-volume inlet and nitric
acid denuders
PM;io 30 satellite sites  24-hour Daily for the periods  Battery-Powered Portable PM;,
of spring (04/15/95to  Sampler
04/21/95 and
05/12/95 to
05/16/95), summer
(06/05/95 to
06/07/95), fall
(09/07/95 to
09/12/95), and winter
(01/26/96 to
01/30/96)
PM;( Mass Base and 24-hour All periods Gravimetric analysis on Teflon-
satellite sites membrane filters (Cahn 31
electromicrobalance)
PM,, Particle Base and 24-hour All periods Light transmission on
Light Absorption  satellite sites Teflon-membrane filters (Tobias
TBX-10 densitometer)
PM;( Elements Base sites (SFS  24-hour During selected X-Ray Fluorescence analysis on
samples only) intensive® and Teflon-membrane filters (Kevex
nonintensive® 0700/0800 XRF analyzer)°
14-day periods
PM; Elements Satellite sites 24-hour During selected X-Ray Fluorescence analysis on

intensive® and
nonintensive®
14-day periods

2-9

Teflon-membrane filters (Kevex
0700/0800 XRF analyzer)*




Table 2-2 (continued)

Filter Pack Aerosol Measurements for the Las Vegas Valley PM;, Study

Ambient
Measurement

PMyo
Water-Soluble
Chloride (CI"),
Nitrate (NO3), and
Sulfate (SO3) Ions
PM,, Volatilized
Nitrate (NO3)

PMyo
Water-Soluble
Potassium (K*)

PMyo
Water-Soluble
Ammonium

(NHL)

PM;, Organic and
Elemental Carbon
(OC, EO)

Sampling Site

Base sites (SFS
samples only)

Base sites (SFS
samples only)

Base sites (SFS
samples only)

Base sites (SFS
samples only)

Base sites (SFS
samples only)

a

01/30/96.
b

01/16/96.

14 intensive days are:

14 nonintensive days are:

Averaging Sampling Frequency
Time and Period

24-hour During selected
intensive® and
nonintensive®
14-day periods
24-hour During selected
intensive® and
nonintensive®

14-day periods

24-hour During selected
intensive® and
nonintensive®

14-day periods

24-hour During selected
intensive® and
nonintensive®
14-day periods
24-hour During selected
intensive® and
nonintensive®

14-day periods

Measurement Instrument

Ion Chromatographic analysis on
quartz-fiber filter extracts (Dionex
2020i ion chromatograph)

Ton Chromatographic analysis on
nylon-membrane filter extracts
(Dionex 2020i ion chromatograph)

Atomic Absorption
Spectrophotometry on
quartz-fiber filter extracts
(Perkin-Elmer Model 2380
System)

Technicon Automatic Colorimetry
on quartz-fiber filter extracts
(TRAACS 800 System)

Thermal/Optical Reflectance
Carbon Analysis on pre-fired
quartz-fiber filters (DRI/OGC
Thermal/Optical Reflectance
Carbon Analyzer)

06/05/95 to 06/07/95, 09/07/95 to 09/12/95, and 01/26/96 to

04/09/95, 04/27/95, 11/23/95, 12/24/95 to 01/02/96, and

For six elements: aluminum (Al), silicon (Si), sulfur (S), potassium (K), calcium (Ca),

and iron (Fe).
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Figure 2-2 Layout of monitoring locations for the Las Vegas Valley PM;, Study.
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e Annual Sampling: Every-sixth-day sampling of PM;, was conducted at the two
base sites between 01/03/95 and 01/28/96 for a total of 59 sampling days, with
sequential filter samplers (SFSs). This sampling period was intended to
correspond to the schedule normally followed by the U.S. EPA compliance
monitoring network, and to calculate annual average PMj, concentrations.
Unusually low PMj, concentrations were found during January 1995,
consequently, the monitoring period was extended through January 1996.

e Intensive Sampling: Daily, once-per-day sampling of PM;, was conducted at the
two base sites and thirty satellite sites during spring (04/15/95 to 04/21/95 and
05/12/95 to 05/16/95), summer (06/05/95 to 06/07/95), fall (09/07/95 to
09/12/95), and winter (01/26/96 to 01/30/96) periods, for a total of 26 sampling
days with SFSs and portable PM;o survey samplers. The intensive sampling
periods were selected to characterize high PM;o that corresponded to unique
emissions and meteorological situations. The spring, summer, and fall intensives
characterized local fugitive dust over prolonged dry periods with occasional high
winds. The winter intensive captured particle emissions from motor vehicles,
residential wood combustion, and resuspended dust during typical winter
conditions.

e Mini-Intensive Sampling: Daily, once-per-day sampling of PM;o was conducted
at the two base sites between 12/23/95 and 01/04/96, for a total of 13 sampling
days with SFSs, to characterize increased anthropogenic activities during the
holiday season.

The satellite monitoring sites were chosen to measure and evaluate the near-field
fugitive dust impact on PM;jo concentrations in the Las Vegas Valley. Portable PM1q survey
samplers were located adjacent to or around specific fugitive dust emission sources.
Table 2-3 summarizes the site locations and surrounding land use types for the 30 satellite
sites. Detailed site maps are provided in Appendix A of the program plan (Chow et al.,
1995).

2.2 Ambient Particulate Measurements

Twenty-four-hour filter-based PM;o measurements acquired with high-volume,
medium-volume, and low-volume sampling systems along with hourly PM;o measurements
acquired with beta-attenuation monitors were examined. The measurement methods are
described below.
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Table 2-3
Descriptions of the Satellite Monitoring Sites for the Las Vegas Valley PM;, Study®

Samplers located on light pole
on Pecos Rd. directly opposite
the eastern end of Hickey Ave.

Samplers located on a light pole
at the corner of Lake Mead

Samplers located on a light pole
on the south side of Carey
Street by an unnamed dirt
access road. Pole is between
Pecos Rd. and North Covey
Lane across from Ed Von Tobel

Samplers are located on a light
pole in the median area of
Market Center Drive. Market
Center Drive/Alexander Rd.
intersects Civic Center Drive

Samplers are located on a light
pole at the corner of Fernwood

Site
ID/Code Site Location
1. PECO
2. CLIF

Blvd. and Clifford St.
3. NCOV

Middle School.
4. MARK

west of Pecos Rd.
5. CINN

and Toothwood.
6. EFER

Samplers located on a light pole
on Fernleaf Dr. directly across
from the eastern end of
Adirondack Ave. Pole is
located in front of #4090
Fernleaf.

Site Description

A residential neighborhood lies to the west of the
site. Immediately adjacent to the east of this site is
a construction area for a large apartment complex.

Across the Lake Mead Blvd. to the southwest is a
construction area for residential apartment units.
Directly north of the site is an established
residential community.

Directly south of the site is a construction area.
Across Carey Ave. to the north is a school which is
within an established residential neighborhood.

This area is a new commercial district. Site is
located on the median of a wide paved street.
Immediately to the east and west are large
warehouse-size buildings. At the end of the
buildings on the west side there is ongoing
construction to complete the commercial
developments.

This site is located in a newly developed residential
area. Front yards of properties have been
landscaped, while back yards are mostly bare or
being landscaped. Within close proximity of the
site to the southwest is a construction area for more
residential properties.

This site is located in a well established residential
neighborhood. There are no construction activities
or vacant lots within visible distance of the site.




Table 2-3 (continued)
Descriptions of the Satellite Monitoring Sites for the Las Vegas Valley PM;, Study®

Samplers located on a light pole
at the corner of Lone Mountain
Rd. and Vandenburg Dr.

Samplers located on the
meteorological tower operated
by Clark County Health District
(CCHD). The site is located on
the west side of Mitchell St.
across from the western
terminus of Andrews St.

Samplers located on a light pole
on the south west corner of the
intersection of Lamb Blvd. and

Samplers are located on a light
pole on Mitchell St. beside the
entrance to a gas station located
at the Corner of Mitchell and

Samplers are located on a light
pole at the terminus of

Site
ID/Code Site Location
7. LONE
8. BEMI’*
9. LAMB

Smiley St.
10. MICH

Craig Rd.
11. DONO

Donovan Way.
12. BILL

Samplers are located on the
western stanchion of a large
billboard adjacent to Interstate
15 just north of the Craig Rd.
exit,

Site Description

This site is located in a light commercial area with
large warehouse-like buildings and appears to be of
recent development. Roads are new and beyond the
curbs is usually bare soil. Across Lone Mountain
Rd. to the northwest of the site is a ready-mix sand
and gravel operation.

This site is located amongst commercial
developments. Directly to the south is an open
undeveloped area. To the east are established
commercial enterprises and a sand and gravel
operation is 0.5 km to the northwest. Traffic from
nearby Craig Rd. and Interstate 15 is moderate.

This site is quite open with a large undeveloped
parcel of land directly to the southwest. A truck
yard and a sand and gravel operation are located
across Smiley St. to the northwest of the samplers.
To the north and northeast are open fields with bare
to scrubby vegetation. To the east and southeast are
some commercial properties with a junkyard and a
used car parts/wrecking yard.

This site is located near a busy intersection in a
commercial district. Directly to the west of the site
is a large truck stop frequently traveled by semi-
trailer size vehicles.

This site is located beside a large truck yard to the
south and a major land development project in all
other directions.

This site is located adjacent to Interstate 15 and is
bordered by an extensive land development
operation on the north, west, and south. To the east
is Interstate 15, with commercially-developed land
beyond.
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Site
ID/Code

13. GOLF

14. LOSS

15. CRAI

16. LONM

17. NWAL

18. GROW

Table 2-3 (continued) i
Descriptions of the Satellite Monitoring Sites for the Las Vegas Valley PM;, Study®

Site Location

Samplers are located on the last
light pole at the terminus of
Washburn Rd. off Losee Rd.

Samplers are located on a light
pole at the north west corner of
the golf course at the point
where Losee Rd. becomes
unpaved.

Samplers are located on the
south side of Craig Rd. on the
fourth light pole west of the
intersection of Craig Rd. and
Losee Rd.

Samplers are located on the
third light pole past the
construction company trailer on
the south side of Lone
Mountain Rd. just west of
Bruce St.

Samplers are located on the
fourth light pole from the
beginning of Alexander St. on
the north side of the street.

Samplers are located on a pole
at the west entrance to the
parking lot of Lois Craig
School off of Gowan St.

Site Description

Directly to the north of the site is a newly
developed golf course. Directly to the south is an
extensive area of land under development. There is
some land to the west and northwest that was not
graded prior to the study.

An unpaved road is located to the east of this site.
To the northeast is a heavy equipment training
center. The golf course bounds the site to the east
and southeast. Across the street to the west is open,
scrubby disturbed land.

Directly to the south of the samplers is a large open
field covered with short, dry grass. Across Craig
Rd. to the north are commercial properties. To the
northeast at the intersection of Craig Rd. and Losee
Rd. is undeveloped scrubby, open land.

To the south of the site is an extensive housing

development area. The surface has been graded in

preparation for building construction and the roads

are unpaved. To the north is low-density residential

housing. At this location Lone Mountain Rd. is

unpaved. |

Directly north of the site is a large area covered
with coarse gravel. To the west and northwest is a
sand and gravel operation. Dirt piles are situated on
a generally unmaintained area south of Alexander
St.

Directly west of the site is a section of Gowan St.
and Civic Center Dr. that is being reconstructed
(04/15/95). A section of open disturbed land is lies
to the north. The school yard encompasses all the
land directly east and south of the site.
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Site
ID/Code

Table 2-3 (continued)
Descriptions of the Satellite Monitoring Sites for the Las Vegas Valley PM;, Study®

Site Location

19. HAMI

20. NOCO

21.LASV

22. WALN

23. MCDA

24, ECHA®

Samplers are located on a light
pole in front of the residence at
1609 N. Hamilton St.

Samplers are located on a light
pole at the northeast corner of

the intersection of Colton Ave.
and Covey St.

Samplers are located on a light
pole on the east side of Van der
Meer St. just north of the
intersection with Las Vegas
Blvd.

Samplers are located on a light
pole north of the railway tracks
that cross Walnut St. before it
joins Mitchell St.

Samplers are located on a pole
adjacent to the air quality
monitoring station. Entrance to
the site is just west of a
Wendy's restaurant west of the
intersection of Lake Mead
Blvd. and McDaniel St.

Samplers are located on a pole
in the compound containing a
Clark County Health District
air quality monitoring station.
Entrance is off East Charleston
Blvd., west of the intersection
of E. Charleston Blvd. and 25th
St.

Site Description

Directly south of the site is an older established
residential area, with Cheyenne Ave. to the north
and Interstate 15 to the west.

This site is located in a residential district. Family
dwellings are located in all directions except for a
vacant lot with some evidence of disturbance to the
southwest of the site.

Directly south of the site across Las Vegas Blvd.
are open scrubby fields. Similar conditions are
found to the east and west. North of the site are
some light/commercial and residential properties.

The area surrounding this site consists of large
commercial buildings of warehouse size with some
open disturbed land between properties.

The area surrounding the site is paved open lots
directly north and south. A large building is located
to the west and a Wendy's restaurant to the east with
the drive-through lane adjacent to the site.

South of the site is a large paved parking lot for a
commercial mall. Directly to the east of the
samplers is a McDonalds Restaurant and drive-
through lane. West of the samplers is a fire
department substation with a paved storage lot. The
site is surrounded in the immediate vicinity by a
scrubby grassed area within a 3 X 3 m fenced area.
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Table 2-3 (continued)
Descriptions of the Satellite Monitoring Sites for the Las Vegas Valley PM;, Study®

Samplers are located on a light
pole that identifies the area as a
bus stop at the northeast corner
of the intersection of Lamb

Samplers are located on the
second light pole past the
entrance to Thunderbird Plaza

intersection of Lamb Blvd. and
Las Vegas Blvd. is to the north

Samplers are collocated with
Bemis site samplers on the
same meteorological tower.

Samplers are located on the
first light pole on the west side
of Puebla St. where it intersects

Samplers are located on a light
pole in the median area of
Vandenburg Dr. between Craig
Rd. and Lone Mountain Rd.

Site
ID/Code Site Location
25.SWLC
Blvd. and Craig Rd.
26. THUN
from Lamb Blvd. The
and northwest.
27. ABEM®
28. NWCP
with Craig Rd.
29. VAND
30. NECD

Samplers are located on the
first light pole on the east side
of Donovan Wy. north of Craig
Rd.

Site Description

The site is surrounded by open fields with disturbed
scrubby vegetative surface. There are some
moderate size commercial buildings to the
northwest along Lamb Blvd.

Directly west of the site is an open gravel-covered
area, and then a paved parking lot and a shopping
mall. Beyond the mall to the northwest is a
residential construction area behind a high brick
wall. Directly east is Lamb Blvd. Across Lamb
Blvd. to the east are open scrubby disturbed lands
extending to the northeast.

Refer to the BEMI site description (site number 8).

North of the site across Craig Rd. is an area of open
scrubby land. To the south is a residential area. To
the west is a small area with gravel and barren soil.

The site is located beside the drain/median dividing
Vandenburg Dr. To the east are open scrubby
disturbed lands. To the west are large commercial
buildings.

To the east is a vacant area with scrubby vegetation,
with Interstate 15 beyond. Immediately west are
train tracks, and further west is a major
construction/development project that extends to
the northwest. To the north and northeast are
vacant lots, with a large truck yard beyond.

? See Appendix A of the Las Vegas PM;, Study Program Plan (Chow ef al., 1995) for detailed site maps.

® Locations of the two base monitoring sites.

¢ BEMI (site number 8) and ABEM (site number 27) are collocated with portable PMj, survey samplers.
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2.2.1 Filter-Based PM;, Measurements

PM, o measurements were acquired on several substrates configured both in series and
in parallel with sequential filter samplers (SFSs). Single Teflon-membrane substrates were
used in the portable PMo survey samplers. The sampling system configurations, filter
substrates, and chemical analyses applied to the filter-pack measurements are described
below.

2.2.1.1 Filter-Based PM;, Sampling System

Two types of filter-based aerosol samplers were operated by DRI as part of this study:
1) medium-volume SFSs at the East Charleston and Bemis base sites, and 2) low-volume or
mini-volume battery-powered portable PM;, survey samplers at the 30 satellite sites. PM;,
measurements with HIVOL-SSI at the McDaniel Post Office site operated by CCHD were
also acquired. The sampling methods are discussed below.

2.2.1.1a PM;, Sequential Filter Sampler

The medium-volume sequential filter sampler (SFS) was equipped with an SA-254
size-selective inlet that sampled PM;o with a flow rate of 113 L/min. The SFS was
configured to take two simultaneous samples (i.e., Teflon-membrane/drain disk and
quartz-fiber/nylon-membrane filter packs) at 20 L/min through each sampling port.
Aluminum-oxide-coated nitric acid denuders were installed between the inlets and the filters
to remove gaseous nitric acid. The remaining 73 L/min required for the 113 L/min total inlet
flow was drawn through a makeup air sampling port inside the plenum. The timer was set to
take: 1) one 24-hour sample set during the annual monitoring period, 2) up to five 24-hour
sample sets during the mini-intensive or intensive monitoring period. Solenoid valves,
controlled by a timer, switched between one to five sets of filters at pre-set time intervals. A
vacuum pump drew air through the paired filter packs when the valves were open. The flow
rate was controlled by maintaining a constant pressure across a valve with a differential
pressure regulator.

The filters were loaded in a laboratory into modified Nuclepore filter holders that were
plugged into quick-disconnect fittings on the SFS. One filter pack contained a 47-mm-diameter
Teflon-membrane filter with a backup drain disc to ensure a homogeneous sample deposit and
substrate integrity. The other filter pack contained a 47-mm diameter quartz-fiber filter with a
nylon-membrane backup filter.

2.2.1.1b  Battery-Powered PM;, Portable Survey Sampler

The low-volume, portable PM; survey samplers were equipped with an impactor
inlet which sampled PM; at a flow rate of 5 L/min. These samplers were hung from a hook
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or hanging bracket attached to utility poles, lamp posts, or roof stands at the satellite sites.
Flow rates were determined with a calibrated external rotameter and verified by an in-line
rotameter. An internal timer kept clock time and turned the samplers on and off at preset
times. Two removable battery packs accompanied each sampler so that one was charging
while the other was sampling. Every time a filter was changed, the spent battery was
replaced with a fresh one. Several battery chargers were used during this study to assure that
batteries were fully charged for the next sampling period. Two survey samplers were located
at each saturation site, so one was sampling while the other was being serviced.

Multistage 47-mm-diameter Nuclepore filter holders were used on this sampler.
Teflon-membrane filter packs and greased impactors were prepared in the laboratory for
placement in the survey sampler. Inlets were cleaned and re-greased between every sample to
minimize overloading of the impactor plate and particle reentrainment.

2.2.1.1c High-Volume PM;, Measurements

High-volume PM;, samplers equipped with size-selective inlets draw air through the
inlet through a 20.3 x 25.4-cm filter at a flow rate of 1,132 L/min (Chow, 1995). General
Metal Works (GMW) T1P10-70 mass-flow-controlled high-volume samplers with GMW
G-1200 size-selective inlets were used to collect PM;, at the McDaniel Post Office site with
quartz-fiber filters. The high-volume size-selective PMo samples were acquired at this site
between 01/03/95 and 01/28/96 on the U.S. EPA every-sixth-day sampling schedule with
24-hour sample durations.

2.2.1.2 Filter Media

Lippmann (1989), Lee and Ramamurthi (1993), Watson and Chow (1993; 1994), and
Chow (1995) evaluate substrates for different sampling and analyses. Based on these
evaluations, the 47-mm filters used for PM( sampling were: 1) Gelman (Ann Arbor, MI)
polymethylpentane ringed, 2.0-um pore size, PTFE Teflon-membrane filters (#R2PJ047) for
particle mass, light absorption, and elements, 2) Pallflex (Putnam, CT) quartz-fiber filters
(#2500 QAT-UP) for carbon and ions, and 3) Schleicher and Schull (Keene, NH) grade 66
nylon-membrane filters (#00440) for volatilized particulate nitrate.

2.2.1.3 Chemical Analysis

For the two base sites, the Teflon-membrane filters were analyzed for mass by
gravimetry; for light absorption (baps) by densitometry; and for 40 elements (Na to U) by
x-ray fluorescence (XRF) (Watson et al., 1997). The front quartz-fiber filters were analyzed
for chloride (CI'), nitrate (NO3), and sulfate (SOj) by ion chromatography (Chow and
Watson, 1997a); for ammonium (NH3) by automated colorimetry; for soluble potassium (K*)
by atomic absorption spectrophotometry; and for organic carbon (OC) and elemental carbon
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carbon (EC) by thermal/optical reflectance carbon analysis (Chow et al., 1993b; Watson and
Chow, 1993; 1994). The backup nylon-membrane filters were analyzed for nitrate by ion
chromatography.

For the 30 satellite sites, the Teflon-membrane filters were analyzed for mass by
gravimetry, for light absorption (bas) by densitometry, and for six elements (i.e., aluminum
[Al], silicon [Si], sulfur [S], potassium [K], calcium [Ca], and iron [Fe]) by XRF scanning.
Detailed chemical analyses are documented in the program plan (Chow et al., 1995)
following U.S. EPA guidelines for PM;¢ sampling and analysis (Chow and Watson, 1994b;
Chow, 1995).

2.2.2 Continuous PM;o Measurements with Beta-Attenuation Monitors (BAMs)

Beta-attenuation monitors (BAM) (e.g., Lillienfeld and Dulchinos, 1972; Husar,
1974; Lillienfeld, 1975; Macias and Husar, 1976; Lillienfeld, 1979) attenuate beta rays
(moderately-high-energy electrons) emitted by a radioactive source when they pass through
particles deposited on a filter. Beta ray attenuation is related to the particulate mass collected
on the filter. PM;, monitors draw a filter tape across the path between the beta emitter and a
detector to measure blank attenuation, then across a sampling area where particles are
collected on the tape, and finally through the detector area to measure the attenuation of the
filter and the deposit.

Sierra-Andersen beta-attenuation monitors (BAMs) (Model FH62I-N) were installed
by CCHD to monitor hourly PM;, mass at the six compliance monitoring sites and seven
special-purpose sites as shown in Figure 2-1. The Sierra-Andersen FH62I-N BAM has passed
the sampling and reproducibility protocol required by the U.S. EPA and has received a PM;y
equivalency designation for the 24-hour sample durations (Chow, 1995). This type of
beta-attenuation monitor has been used in field comparisons with both high-volume samplers
equipped with PM,, size-selective inlets as well as PM;, dichotomous samplers (Chow and
Watson, 1997b). Hourly PM;, data was acquired for the period of 01/01/95 to 01/31/96 for
assessing the diurnal variation of the PM;, concentrations and for comparison with collocated
medium-volume and low-volume PM;, measurements.

2.2.3 Meteorological Measurements

Data from the existing 17 meteorological monitoring stations operated by CCHD
were assembled for the period of 01/01/95 to 01/31/96. Hourly wind speed, wind direction,
temperature, and relative humidity measurements were acquired with 10-m-height
meteorological towers as documented in Table 2-1.
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3.0 EMISSIONS INVENTORY

According to the preliminary 1995 emissions inventory compiled for the Las Vegas
Valley (Jacquart, 1997), fugitive dust sources (construction activities, paved and unpaved
road dust, and windblown dust) account for nearly 97% of primary PM;, emissions, while
other processes (e.g., residential wood combustion, stationary sources) account for 2% and
on-road vehicle exhaust accounts for 1% of primary emissions. These preliminary annual
PM( emission estimates for 1995 were compared to the emission estimates for 1989 in Table
3-1. Annual PM;, emission estimates varied fivefold between 1989 and 1995. Figure 3-1
compares the 1989 and 1995 PM;o emission estimates from both natural and manmade
sources. Dust from active construction sites is the largest source of primary PM;j,
constituting 48% of the fugitive dust emissions. Undisturbed vacant lands account for 18%,
other forms of disturbed vacant lands without active construction projects account for 14%,
reentrained paved road dust accounts for 15%, and unpaved road dust accounts for 8% in the
preliminary 1995 inventory.

The windblown dust category is often called “natural dust” owing to its origin from
non-urban areas that are subject only to suspension by the wind. These sources are episodic
rather than continuous emitters. The majority of these emitting areas were disturbed by
anthropogenic activities at one time or another, however, and the level of suspendable dust
would be much smaller had this disturbance not occurred. Paved road dust and
construction/demolition activities are also major emitters of primary PM;o. Efforts were
made in this study to better estimate the emissions rates for the major source categories
shown in Figure 3-1.

Emissions factors for primary particles from fugitive dust sources are difficult to
measure or model (Chow and Watson, 1994a). Several emissions data bases were evaluated
in this study in order to provide the best available emission factors to represent sources in the
Las Vegas Valley. The compiled emissions data base is used in the application of dispersion
models for this study to estimate the spatial and temporal variations of fugitive dust source
emissions.

This section assembles and evaluates the fugitive dust emission data bases, compares
the emission factors with U.S. EPA AP-42 estimates, documents the microinventories
surrounding the two base monitoring sites, and utilizes the information from geographical
information system (GIS) data bases to compile the final emission data base for this study.

3.1  Comparison of Fugitive Dust Emission Factors

Emission factors for different categories of fugitive dust were acquired and
assembled. A mixture of land uses was found within the study domain (12 km [7.5 mi]
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Table 3-1
Preliminary Annual PM;, Emission Estimates for the Las Vegas Valley Non-Attainment Area®

1989 1995
% of % of
Category Megagrams  Tons Total Megagrams Tons Total
Paved Roads
Local Streets 753 683 5.08% 2,192 2,416 3.31%
Collectors 440 399 2.97% 1,443 1,591 2.18%
Arterials 1,816 1,647 12.26% 1,461 1,610 2.21%
Freeways 156 142 1.05% 1,036 1,142 1.57%
Total 2,871 3,165 19.38% 6,132 6,759 9.27%
Mobile
Local Streets 134 148 0.91% 79 87 0.12%
Collectors 98 108 0.66% 97 107 0.15%
Arterials 598 659 4.04% 260 287 0.39%
Freeways 120 132 0.81% 310 342 0.47%
Total 949 1,046 6.40% 747 823 1.13%
Unpaved Roads 1,941 2,140  13.10% 5,590 6,162 8.45%
Construction
Activities 3,309 3,648 22.34% 23,385 25,778  35.34%
Track-Out 0 0 0.00% 4,553 5,019 6.88%
Wind Erosion 0 0 0.00% 3,676 4,052 5.56%
Off-Road Exhaust 111 122 0.75% 0 0 0.00%
Total 3,421 3,771  23.09% 31,614 34,849 47.78%
Non-Construction Disturbed Land 1,269 1,399 8.57% 8,970 9,888  13.56%
(Wind Erosion)
Urban Undisturbed Land 0 0 0.00% 2,263 2,494 3.42%
(Wind Erosion)
Rural/Background Undisturbed 3,704 4,083 25.00% 9,432 10,397 14.26%
Land (Wind Erosion)
Other
Residential Wood Burning 247 272 1.67% 279 308 0.42%
Stationary Sources 362 399 2.44% 1,138 1,254 1.72%
Natural Gas Combustion 16 18 0.11% 0 0 0.00%
Aircraft Operations 36 40 0.24% 0 0 0.00%
Total 661 729 4.46% 1,417 1,562 2.14%

# Jacquart, 1997.
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east-west X 13 km [8.1 mi] north-south). Desert surfaces (in various states of disturbance),
commercial/residential districts, industrial/construction activities, and paved and unpaved
roadways are the potential sources that contribute to the atmospheric loading of PM,.

Table 3-2 presents calculated emission factors for each major source type using
various emissions models and empirically-derived functions. In the following subsections,
the variability and uncertainty of these emission factors are evaluated and compared to the
emissions estimated by U.S. EPA AP-42 (U.S. EPA, 1994).

3.1.1 Emissions from Vacant Lands and Desert Surfaces

Particle suspension from vacant land or desert surfaces can be induced by natural
wind erosion or external mechanical forcing processes. These surfaces may range from
relatively undisturbed desert with varying degrees of vegetative cover, to vacant lands
disturbed by anthropogenic activities. In the Las Vegas Valley, plant cover on desert land
ranges from insignificant to an average of 30% for undisturbed areas, and 15% for disturbed
areas (James, 1996).

Very few studies have investigated wind-generated particle emissions from vacant
lands and desert surfaces. Nickling and Gillies (1989) reported the emission factors of total
suspended particles (TSP, particles with aerodynamic diameters in the range of 30 to 50 um)
for disturbed and undisturbed desert surfaces in Arizona, and James (1996) derived PMy
emission factors in the Las Vegas Valley. Both studies used portable wind tunnels to
establish the relationships between wind speeds and suspended particle concentrations as a
function of different land-use surface types. Emission factors are derived from these
measurements.

Grain size analysis of the TSP samples collected by Nickling and Gillies (1989)
showed that greater than 95% of the particles were less than 10 um in geometric diameter.
Nickling and Gillies (1989) found average TSP emission factors ranged from 1x10”° g/m*-s
to 6.5%x107 g/m’-s (0.12 to 76.26 tons/acre-month) for different surface types in Arizona.
With respect to the undisturbed and disturbed desert surfaces, the average TSP emission
factors were 1.83x10™ g/mz-s (2.15 tons/acre-month) and 9.76x10™* g/m*-s (11.45 tons/acre-
month), respectively. These values are comparable to the PM;, emission factors reported by
James (1996) for undisturbed and disturbed desert surfaces in the Las Vegas Valley, which
ranged from 2.40x107 g/mz-s to 5.0x107 g/m*-s (28.16 to 58.66 tons/acre-month). Both of
these studies show that the emission flux is dependent on wind speed, or friction velocity (ux,
m/s), and the degree of surface disturbance.

Past studies have shown that the dimensions of a wind tunnel largely determine its
ability to simulate the saltation process (Shao et al., 1993) and to model the transport of
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suspended particles (Owen and Gillette, 1985; White and Mounla, 1991). Dimensional
limitations may cause particles traveling through the wind tunnel to behave differently than
natural wind-blown particles. Even though a small wind tunnel was used by James (1996),
similar emission factors were reported by Nickling and Gillies (1989) and James (1996).
This implies that the study results were not affected by dimensional limitations of the wind
tunnels.

James (1996) corrected the measured emission factors to account for the presence of
vegetation and the depletion of the particle reservoir during wind erosion. The presence of
vegetation reduces the vertical flux of particles due to the plants’ sheltering effect and their
direct absorption of momentum. Momentum absorption reduces the energy in the wind near
the surface and, therefore, reduces the ability of the wind to entrain loose particles. The
corrections for vegetative cover adapted by James (1996) are based on measurements of soil
erosion from rough agricultural fields (Fryrear, 1985) rather than from desert surfaces. Leys
(1991) examined the correction factors reported by Fryrear (1985) and found an
overestimation of soil loss as vegetative coverage exceeded 30%. In addition, the correction
factors are not applicable to vacant land with sparse vegetation.

Gillies et al. (1996a, 1996b) discussed the theory of emission decay and evaluated
empirical studies. It was concluded that the application of emission factors without a decay
function will lead to an overestimation of the particle contribution, especially over long time
intervals. Theoretical and empirical research has suggested that dust emissions may follow
an inverse time (i.e., 1/time) decay function (Nicholson, 1988). James (1996) derived the
reservoir depletion correction factor based on analysis of observed changes in PMjo
concentrations recorded during 10-minute wind tunnel runs. James (1996) derived the
two-hour correction factor based on observed changes in dust concentrations over time
during high wind events. The limited data set used by James (1996) for the two-hour
correction factor may not be representative of the actual decay of particle emissions from a
desert surface as conceptualized by Haun (1995). In theory, PM;o emissions should be
decreased by 0.1% over a two-hour period, but James (1996) data suggests PM;o emissions
can be decreased by approximately 35%.

Table 3-3 summarizes the equations reported by James (1996) to derive PM;jo
emission factors for undisturbed and disturbed desert surfaces. The effects of vegetative
cover, emission decay, and wind speed were included. These equations were formulated
using least-squares regressions of averages calculated from sets of PMo emissions measured
as a function of average 10-meter-height wind speed. Figures 3-2 to 3-9 display the scatter
plots of the averages of the sets of measurements from which the regression statistics were
derived. The standard deviations for the average PMjo emission values reported by James
(1996) have not been included in these figures. Since near-surface wind speed is measured in

3-7




yiuow-a10e/suo) (.. (0'11) 70'0 10
S W8 (o (O) L OTXSH'T

yuour-axoe/suoy | . (') 700 10
s-w/8 | (0N) g 0TXE T

(POTI3J TNOH-OM T,
€ Io)Je Ae09(] UOISSIWI pue
I0A0D) 9ATE)aZ0 A 0] PJOIIO])

yuour-a1oe/suoy , .. (1) §0°0 10
s w/8 () g OTXYEY

Quour-a1oe/suol , . (°'1) $0°0 10
$- /8 , () 4 0TX9°€

(UON3[d3(T TIOATSSY pue
I9A0D) 9ATIRIAZ A I0J POIORLI0))

"10MO0} [ed130[0I00)SW W () a3y} I8 paxinboe paads pum pajewrnss oy s10'n

yiuour-a1oe/suo)  ..(°'n) §0°0 1o
S~ W8y (') o OTXT Y

yuour-a1oe/suo) , . (0) $€°0 10
$=20/3 p 161("'0D) LOIX6T

Hﬂ.ﬂ.rwonu QARSI A IOJ Paldalio)

"6-¢ 931 RS

'g-¢ 2Ty 99§
‘/-€ 93] 29§

'9-¢ 9INGL] 99 4

*G-¢ 9InS1] 29§
‘p-¢ 231 998
‘¢-¢ 2In31] 998
*Z-€ 2InF1 99§

(9661) sowef

YIUOW-9I08/SU0) ¢ .. (°'11) LO'0 1O
§- W8 5,407 .0IXSL'S

yiuow-a108/su03 , . (°'N) S1°0 10
s- w3, . (OT) L0TXET

1010e,] UOoISSTUy n@wmmm

AJ[[EA SEBIA Ser] ay) Ul Sspue’ JUBdE A J0J SI10)I8,] UoIssTuy 'AJ dAL_(] 0) suonenby

£-edlqeL

QoBJINg
paqIisiq

QovyIng
paqImIspun

RI08918))

3-8



0.01

0.001 - E=1.3x10° U, *¥
r=0.98

PM,, Emission Rate (€, g/m’s)

0.0001 T
1 10
Wind Speed at 10m (U,,, m/s)

Figure 3-2 PM,, emission rate as a function of wind speed at 10 m height for undisturbed vacant
lands without vegetative cover (James, 1996).
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Figure 3-3 PM,, emission rate as a function of wind speed at 10 m height for undisturbed vacant
lands (rate corrected for 31% average vegetative cover [James, 1996]).
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Figure 3-4 PM,, emission rate as a function of wind speed at 10 m height for undisturbed vacant
lands (rate corrected for 31% average vegetative cover and reservoir depletion [James,
1996]).
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Figure 3-5 PM;, emission rate as a function of wind speed at 10 m height for undisturbed vacant
lands (rate corrected for 31% average vegetative cover and reservoir depletion after a
two-hour period [James, 1996]).
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Figure 3-6 PM,, emission rate as a function of wind speed at 10 m height for disturbed vacant
lands without vegetative cover (James, 1996).
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Figure 3-7 PM;, emission rate as a function of wind speed at 10 m height for disturbed vacant
lands (rate corrected for 14.8% average vegetative cover [James, 1996]).
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Figure 3-8 PM,, emission rate as a function of wind speed at 10 m height for disturbed vacant
lands (rate corrected for 14.8% average vegetative cover and reservoir depletion [James,
1996)).
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Figure 3-9 PM;, emission rate as a function of wind speed at 10 m height for disturbed vacant
lands (rate corrected for 14.8% average vegetative cover and reservoir depletion after a
two-hour period [James, 1996]).
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the wind tunnel, these values are extrapolated to the 10-m height using
surface-boundary-layer wind-speed profiles (Chow and Watson, 1994a).

For vacant land, the relationship between PM1o emission factors and wind speed can
be illustrated by a power function, with particle emissions increasing as 10-m-height wind
speed is raised to the third power (Shao et al., 1993). When the source of suspended particles
is not a limiting factor (i.e., unlimited particle reservoir, as found in disturbed vacant land),
the exponent in the regression equation approaches the theoretical value of three. For
undisturbed vacant land, where the source of suspended particles may be limited, the
exponent is considerably less than three. Similar magnitude exponents from desert and
agricultural surfaces were reported by Gillies (1987) and Nickling and Gillies (1989).

As shown in Table 3-2, PM;o or TSP emission factors for vacant land can vary by
three orders of magnitude. This difference would be even greater as wind speed increased
due to the power function relationships, which illustrates the uncertainty in the measurement
and modeling of PM;( emissions caused by wind erosion. In addition, the site-specific nature
of soil textures and surface characteristics makes it difficult to extrapolate the empirical
relationships to other areas.

Haun (1995) also found that correlations between fugitve dust abundance and wind-
tunnel-measured PM;, emission rates for seven of the nine major soil groups occurring in the
Las Vegas Valley were not statistically significant at the 0.05 confidence level. Both the
sample collection methodology and the particle size analysis technique employed to
determine silt and PM;, fractions in the soil warrant further examination. Potential sources
of wind erosion particles include: 1) loose surface sediment that can be injected into the
atmosphere by the saltation process, 2) sandblasting of the surface by the saltating particles
that can liberate and carry particles upwards by turbulent diffusion processes, and 3)
breakdown of particles during transport by the wind. In addition, the abundance of
suspendable particles in the surface material is also a key factor related to the quantity of
reentrainment.

In a series of laboratory wind tunnel experiments, Hagen et al. (1995) found that PMjo
emissions from simulated agricultural fields were related to the textural qualities of the soils.
Measured aggregate size distributions were used to estimate the abundance of PMj in the
loose surface layer. Hagen et al. (1995) concluded that PM;o emissions differ significantly
among soils, with abrasion processes being the largest source of PM;o. James (1996) did not
show significant PM;, emission variations due to different soil types in the Las Vegas Valley,
however.

Shao et al. (1993) suggest two main sources of errors in modeling particle
wind-erosion emissions. The first type of uncertainty is related to the prediction of horizontal
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soil drift and dust entrainment from different surfaces. Current understanding on the physics
of the erosion process is limited. Difficulties include: 1) measuring the threshold wind
velocity (u+) within the saltation layer, 2) deriving the relationship between the saltation
process and dust emission, 3) estimating the effects of surface roughness and vegetative
cover, 4) measuring and characterizing particle size distributions, 5) modeling source-limited
saltation conditions, and 6) characterizing complex roughness and its effects on
aerodynamics and erosion. The second type of uncertainty is concerned with the evolution of
the surface over time under the influence of the wind erosion process, weathering, or
anthropogenic activities. More research is needed to better understand the mechanisms of
windblown dust from vacant lands and desert surfaces and to better estimate its emissions.

3.1.2 Emissions from Construction Sites

As a result of economic expansion and population growth, construction of urban
housing developments and commercial properties is increasing in the Las Vegas Valley.
Construction activities can be large sources of fugitive dust emissions when wind of
sufficient strength (i.e., above 6.7 m/sec [15 mph]) blows over the disturbed soil surfaces and
causes particle entrainment. On-site activities such as vehicle movement, earth-moving, cut
and fill operations, and hauling can also induce significant quantities of dust emissions.

The most commonly-used emission factors for construction sites are from AP-42
reported in the U.S. EPA Trends Inventory (U.S. EPA, 1994). A recent study was conducted
by the Midwest Research Institute (MRI, 1996) to reevaluate fugitive dust emissions from
construction sources in the southwest U.S., including the Las Vegas Valley. This study
showed that construction site emission factors vary from 3.27x107 to 3.6x10° g/m’-s
(0.0039 to 0.43 ton/acre-month). The reported geometric mean is 9.22x10°® g/mz-s (0.11
ton/acre-month), which is approximately one-third of the AP-42 value (2.6x107 g/m*s or
0.31 ton/acre-month). In the Las Vegas Valley, emission factors at construction sites can
vary by more than a factor of ten depending on the extent of the earth-moving activities as
shown in Table 3-4 (MRI, 1996). An adjusted factor of 3.52x10°7 g/mz-s 042
ton/acre-month) was derived to account for large-scale earth-moving activities. This adjusted
value is closer to the AP-42 factor of 2.6x107 g/mz-s (0.31 ton/acre-month).

Nickling and Gillies (1989) reported PM;o emission factors in construction sites
ranged from 5.65x10* g/m*s to 1.83x107 g/m*s (6.63 to 21.47 tons/acre-month) in
Phoenix, AZ. These emission factors are one to two orders of magnitude higher than the
factors derived in the Las Vegas Valley (MRI, 1996). These discrepancies could be attributed
to the high silt content (fraction of particles with geometric diameters less than 75 pm) in the
Phoenix soils (14% to 25%) and to lack of correction for surface particle emission decay by
Nickling and Gillies (1989). As the inverse time (1/time) decay function is applied, the
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Table 3-4
Empirically-Derived PM;y Emission Factors from Construction Sites in the Las Vegas Valley”

PM; PM;
Emission Rate Emission Rate

Source Category (tons/acre-month) (g/m’-s) Comments

General construction 0.11 9.22%x10°

(without any activity)

General construction 0.42 3.52x107

(with earth-moving

activity)

Commercial/industrial 0.032 2.68x10° Measurements were taken from the

construction North Las Vegas construction site
located at Craig Rd. between
Donovan Way and Loose Rd. and
extending north past Washburn St.

Residential construction 0.32 2.68x107 Measurements were taken from the
southwest Las Vegas construction
site near Russell Rd. and Rainbow
Rd.

AP-42° 0.31 2.6x107 From AP-42.

* MRI (1996)

® U.S. Environmental Protection Agency (1994)
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emission factors are reduced to between 4.71x10°® g/mz-s and 1.53x107 g/m®-s (0.06 to 17.95
tons/acre-month) after two hours of active erosion.

The MRI (1996) report recommended a construction emission factor of 9.22x10°
g/mz-s (0.11 ton/acre-month) be used when information about the construction activities is
not available. If earth-moving activities dominate the construction site, the value of
3.52x107 g/mz—s (0.42 ton/acre-month) should be applied (MRI, 1996). To improve
estimates of construction emissions, it is essential to account for differences in activity levels
(e.g., the amount of cut/fill, the number and type of earth-moving vehicles, the length of
average round-trip distances traveled, and the density of the earth-material being handled).
Guidelines need to be developed for permitting construction activities in order to provide
additional information needed to calculate the emissions from construction activities (MRI,
1996).

Since one-half of the commercial district, parks, public buildings, and residential
construction activities involve large amounts of earth movement, the Clark County
Department of Comprehensive Planning adapted an emission factor of 9.22 x 107 g/m>-s
(0.11 ton/acre-month) excluding earthmoving emissions and an emission factor of 3.52 x107
g/m*-s (0.42 ton/acre-month) including earthmoving emissions. These result in an average
emission factor of 2.26 x 107 g/mz-s (0.27 ton/acre-month) which is similar to that
recommended in AP-42. Since large amounts of earthmoving occurred during airport
construction, flood control, highway construction, public works, and installation of
underground utilities, the emission factor of 3.52 %107 g/m*s (0.42 ton/acre-month) was
used to estimate these emissions. PMjg emission estimates from vehicle track-out and wind
erosion from construction sites were also estimated in CCDCP’s inventory (Jacquart, 1997).
These values were used to estimate the emissions from construction activities.

3.1.3 Emissions from Paved Roads

Based on the Clark County emissions inventory, particle resuspension from paved
roads accounts for 23% of the emissions within the Las Vegas Valley. The most recent
AP-42 equation (U.S. EPA, 1994) to calculate PM;( emissions from paved roads is:

SL 0.65 WI.S
=k =| [& 3-1
=5 (5 =

where:

e = PMjoemission factor (mass/vehicle kilometer traveled, g/VKT)
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sL. = surface silt loading (loose road surface material < 75 pm in geometric
diameter) expressed in mass/area

W = mean weight of vehicles traveling the road (tons)
k = base emission factor for different particle size ranges (e.g., for PMy,
k=7.3 g/VKT)

The default surface silt loadings provided by AP-42 (U.S. EPA, 1994) vary from
0.022 g/m2 (freeway/expressway) to 2.1 g/m2 (collector streets) in five selected cities. To
provide better paved-road emission estimates, AP-42 suggests the input of the area-specific
surface silt loading.

A recent study (MRI, 1996) showed that the measured silt loading on paved streets
were a factor of 5 to 10 lower than those derived from AP-42 criteria. Taking the silt loading
of 0.04 to 0.58 g/m3 in the Las Vegas Valley (MRI, 1996) into consideration, the paved road
PM emission factor for the Las Vegas Valley ranges from 0.2x107 to 1.91x10™ kg/VKT as
shown in Table 3-5. These PM;o emission factors are comparable to the AP-42 estimates of
1.7x10 kg/VKT as shown in Table 3-2. Both site-specific silt loading and average vehicle
data should be taken into account to increase the reliability of the paved-road PM;( emission
estimates.

3.1.4 Emissions from Unpaved Roads

The Clark County emissions inventory estimated that unpaved road dust accounts for
10% of the fugitive dust emissions in the Las Vegas Valley. The AP-42 equation for
calculating emissions from unpaved roads is:

e-os (530 () 2%2)
“\12 48\ 27 4 365

e = PM;oemission factor (mass/vehicle kilometer traveled, kg/VKT)

s = silt content (percent of loose road surface material < 75 pm in
geometric diameter)

= mean vehicle speed (km/hr)

S

W = mean vehicle weight (megagrams, Mg)
w = mean number of wheels (dimensionless)
p

= number of days with > 0.254 mm (0.01 inches) of precipitation
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The PM;o unpaved-road emission factor is 0.18 kg/VKT in AP-42. This empirical
equation has been utilized to calculate emission rates in many geographically-diverse areas
(e.g., Cowherd et al., 1988, 1990). Recent studies reported PM;o emission factors on
unpaved private agricultural roads (Flocchini et al., 1994) and unpaved public roads (Watson
et al., 1996) in California’s San Joaquin Valley to be factors of 2.5 and 1.6 greater,
respectively, than AP-42 estimates. Zimmer et al. (1992) cautions the uncertainties of using
AP-42 beyond the range for which the variables were defined. Actual emissions depend on
the relationship between the road surface PM;, loading and the processes or surficial
conditions that control their resuspension either by reentrainment in turbulent vehicle wakes
or by the shearing action of tires.

CCDCP adapted an unpaved road emission factor of 0.556 kg/VKT (1.956 1bs/VMT)
which was based on an average silt content of 12%, mean vehicle speed of 47.8 km/hour
(29.9 mi/hour) (which corresponds to the Washoe County Regional Transportatation
Commission’s (RTC) TRANSPLAN model speed for the “collector street” classification),
mean vehicle (i.e., passenger car) weight of 1.82 Mg (4,000 lbs), mean number of wheels
equals four, and number of days with at least 0.254 mm (0.01 inch) of precipitation equals 23
(as indicated by NOAA weather reports) (Jacquart, 1997). These values were adapted to the
GIS emissions data base.

3.2  Geological Material Size Fractions in the Las Vegas Valley

Particle size analysis should focus on the loose surface material which can be
collected with a sweeping or vacuuming technique (Zobeck, 1989). The top few millimeters
of soil can also be collected to compare the surface material with soil matrix. Several particle
sizing methodologies have been developed, such as micromesh sieving (Hagen et al., 1995),
resuspension chambers (Ashbaugh et al., 1995), and vertical settling and sonic sieving
(Fryrear et al., 1995), to determine the amount of PM;¢ in geological material. Fryrear et al.
(1995) reported good correlations for the particle size distributions obtained with sonic
sieving and vertical settling techniques, whereas James and Haun (1994) found particle size
distributions with a factor of 2.6 higher silt content than those measured by the Wind Erosion
Research Laboratory (WERL) for the same soil samples. These differences in silt content can
be attributed to the fact that James and Haun (1994) used particle sizing methods (hard
sieving and hydrometer analysis) that were more aggressive than the microsieving technique
employed by WERL. James and Haun (1994)’s technique was more likely to break up soil
aggregates, whereas WERL'’s technique was more likely to leave some soil aggregates intact.

James and Haun (1994) characterized the particle size distributions of 79 soil samples
acquired in the Las Vegas Valley. Using a combination of hard sieving and hydrometer
analysis techniques, the study reported silt content ranged from 2% to 82% (James and Haun,
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1994). Even though particle sizes calculated by the hydrometer method (i.e., measuring
change in solution density with time) do not give equivalent acrodynamic particle sizes
(Carvacho et al., 1995), this study illustrates the variations in particle sizes within the Las
Vegas Valley.

Percent silt content is used in AP-42 to calculate unpaved road dust emissions
(Equation 3-2). Grab samples from the Las Vegas Valley were analyzed for the silt content.
Samples from paved and unpaved roads, paved parking lots, windblown soil, construction
sites, and material from storage piles were collected by: 1) sweeping the loose surface
sediment, 2) scraping off the top 5 mm of material if the sampling surface was crusted, or 3)
vacuuming 0.5 to 1.0 kg of material into a plastic bag for transport to the laboratory (Chow,
1987; Houck et al., 1989a). Bulk and soil samples are often mixed together to reduce the
total number of individual samples. A total of 22 samples were air-dried in a
low-relative-humidity (20% to 30%) environment prior to sample sieving.

A “hard sieving” procedure is applied in this study (Cowherd et al., 1990; Chow and
Watson, 1994a) which submits the bulk samples to vigorous shaking in a mechanical sieve.
This method determines the maximum amount of fugitive dust potentially available for
resuspension when disaggregating activities (e.g., high wind, vehicle traffic) occur. Bulk
samples were well-mixed and separated into two parts with sample splitter. Half of the bulk
samples were sieved through a 4,000 pm woven wire mesh to remove large particles prior to
mass determination. These samples were then sieved again into 600, 300, 150, 75, 38, and 25
pm size fractions. Three out of 22 samples contained a factor of two higher silt content when
24,000 um sieve was used. To determine adequate silt content, the set of samples with 4,000
um sieve is used to normalize the mass abundance.

Figure 3-10 displays the mass size distribution found in dust from paved and unpaved
roads, paved parking lots, storage piles, construction sites, and desert surfaces. High
variabilities were found for all source types. The percent silt content as well as the silt
subfractions (e.g., 38 to 75 pm, 25 to 38 um, < 25 pwm) are presented in Table 3-6. The
percent silt content is in the range of 0.9 + 0.2% in paved road dust to 52.4 + 0.01% in paved
parking lot dust.

Figure 3-11 shows that the average silt content varied from 5.8 + 3.6% in paved road
dust to 36.5 + 22.5% in paved parking lot dust. Similar compositions are found for the
25-t0-38-um and 38-to-75-um size fractions. The paved parking lot samples reported 21.0 +
13.7% of particles less than 25 pm, which is a factor of 10 to 20 higher than was found in
other soil types. The difference in silt contents between paved parking lot and other soil
types can be attributed to the < 25 um size fraction. Different sample collection methods
(grab versus vacuum sampling) might be the cause of variations. The average silt content for
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soils, construction dust, and unpaved road dust is 15.7 + 4.0%. This value is similar to the
18% silt content of Las Vegas soils determined by the Wind Erosion Research Laboratory
(WERL) in Manhattan, KS, using a micromesh sieving technique (Hagen et al., 1995; James
and Haun, 1994).

3.3 Emission Activities Surrounding the Ambient Monitoring Sites

Development of a PM;o fugitive dust emissions inventory requires the input of: 1)
emission factors, 2) source activity levels, and 3) applicable control measures. Section 3.1
summarizes and compares the emission factors for various source types. These emission
factors often require the input of additional parameters such as soil type, soil surface
conditions, frequency and type of natural and anthropogenic disturbances, equipment/vehicle
characteristics, and climate factors. In addition, information on source extent (e.g., activity
level, vehicle kilometers traveled), is required to calculate the emission rate.

This subsection examines the activity levels for unpaved roads/parking lots,
disturbed/undisturbed vacant lands, construction activities, and industrial operations for the
two base sites and 30 satellite sites. Emphasis was given to tracking the progress/completion
of each construction project located in close proximity to a satellite monitoring site.

3.3.1 The Bemis and East Charleston Base Site Microinventory

To identify the potential sources that contribute to the PM;o concentrations within
close proximity (i.e., 4 km? or 1.5 mi®) to the two base sites (i.e., Bemis and East Charleston),
a detailed site survey by video camera was undertaken. The dominant land use patterns
identified within the study areas were:

e Industrial operations (e.g., sand and gravel operations);
e Commercial construction;

e Residential construction;

e Disturbed desert/vacant land;

e Undisturbed desert/vacant land,

e Recreational areas (e.g., parks, golf courses);

e Commercial districts; and

e Residential areas.
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Figure 3-12 shows different land uses in the vicinity of the Bemis monitoring site.
Although the land-use units designated on the map are not scaled, the relative land-use types
and locations of the different areas are discernible.

In the immediate vicinity of the Bemis monitoring site (100 m radius), there are bare,
relatively-heavily-crusted soils to the south, east, and west extending to I-15. Directly north
of the sampling site is a paved parking lot and a large commercial building. Mitchell Street,
which lies approximately 75 m to the east, is a four-lane paved road that is frequently
traveled by medium- to heavy-duty trucks. A large development construction project is
situated one kilometer to the west of the monitoring site and extends to the northwest. The
area to the northeast is mainly open, undisturbed desert soil that is subdivided by paved roads
(i.e., McGuire Street, Walnut Road, Andrews Street, Vandenberg Drive, and Eaker Street).
Some commercial buildings along these roads extend back up to 150 m. The undisturbed
desert soils are covered with varying amounts of scrubby desert vegetation. Owing to the
high surface roughness and vegetative cover, wind-blown dust from these surfaces are
minimized. To the north, past Lone Mountain Road, is also undisturbed desert land with a
much higher percentage of vegetative cover. Potential fugitive dust sources within the
microinventory area include a sand and gravel operation 0.75 km to the northwest at Lone
Mountain Road and Vandenberg Drive, and some small-scale commercial construction
projects. Traffic from nearby Craig Road and I-15 is moderate with heavy-duty vehicles.

The microinventory of the East Charleston base site is shown in Figure 3-13. The
dominant land use in this area is residential housing with some commercial properties along
East Charleston Boulevard. Most of the residential houses have established grass yards,
while the commercial properties are largely surrounded by paved parking lots. South of the
monitoring site is a large paved commercial parking lot. Across East Charleston Boulevard
to the southeast is a large undeveloped vacant property that shows signs of disturbance by
anthropogenic activity. In addition, 0.5 to 1.0 km (0.3 to 0.6 mi) south of East Charleston
Boulevard behind a vacant lot and extending towards Olive Street lies a residential housing
construction project that was active throughout the study period. Traffic on East Charleston
Boulevard is heavy with a mixture of light- and heavy-duty vehicles.

3.3.2 Activities Surrounding the Satellite Sites

Similar to the microinventory approach at the two base monitoring sites, site surveys
were conducted for the 30 satellite monitoring sites during each of the five intensive
monitoring periods. Video cameras were used to document the environment surrounding the
satellite monitoring site during each intensive monitoring period. Written records further
document any changes that occurred on a day-to-day and/or long-term basis. A list of
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satellite monitoring site descriptions and locations are presented in Table 2-3. Detailed site
maps with identification of the land uses in the vicinity of the monitoring site can be found in
the study plan (Chow et al., 1995).

Site surveys were conducted at the beginning of each intensive monitoring period.
Activity measurements included a 360-degree video tape of each site, as well as recording the
locations and descriptions of surrounding activities on the site survey log book. Documented

emission activity records for the 30 satellite sites during each intensive are summarized in
Table 3-7.

As noted in the site surveys, most of the anthropogenic activities in the commercial
districts, residential neighborhoods, and industrial operations remained consistent, while
activity levels at residential/commercial development projects and paving/oiling of roads
varied from one intensive monitoring period to another. These activity records, along with
the land uses surrounding each site, are the basis for site-type classification. General source
types of interest were used to categorize the satellite sites into the following six site-types:

e Industrial (mainly sand and gravel operations);

e Construction activities for commercial building, residential housing, or roadway
development;

¢ Commercial district (e.g., small shopping centers, restaurants);
¢ Residential neighborhoods;

e Disturbed and undisturbed vacant land; and

e Motor-vehicle-related suspended road dust.

Each satellite monitoring site is classified according to its dominant activities during
each intensive monitoring period. As shown in Table 3-8, classifications are prioritized into
primary, secondary, and tertiary sources which represent the degree of activity level among
different source categories. The primary source type is used to determine the ultimate
site-type classification. Among the 30 satellite monitoring sites, the site-type distribution is:
three industrial, ten construction, five commercial (excluding one collocated site), three
residential, and eight disturbed/undisturbed vacant land sites. These site-type classifications
are used for data analysis and modeling presented in Sections 6 and 7.

3-28




Py Srex) pue

Surp[ing mau usamlaq

1J9[ puef Jo aoo1d

[rews & A[UQ * MN 2

03 prerj uado jo peaysur
3urp[ing pejerdwo)

"HS 9Y) 0 JO[ JUBOBA UO
23ueyo oN ‘pere[dwos
ST UOT)ONISUOD FUISNOH

"UOTORITp AUe

u1 A)IATIOR UOTJONIISUOD
91qIs1A ON ‘pajo[dwod
st urdeospue]

pUR UOTIONIISUOD)

‘s1o[dures

03 Jusoelpe syoe1 i
‘poaed uoeq Sey sopuod
Jo juoij ul eare uadQ
‘Inos ay) 0} peyejduiod
ST UOT)ONINSUO))

"JsomylIou

o) 0) are uadQ
‘poaed mou sI peol
pus peaq ‘parejdwod
ST 9IS JO 1Som A[309I1Ip
xo[dwoo Surpring

S =y

0) )0 JUeORA UO dFUeyD
ON "9JIS UOI)ONIISUOD
pUNOIe PAJOAId UIIQ Sty
[TeM 100J-U2A3S poaed
Ud3q Sey IS 3y} AqIesu
S-N Sumuni 32an§

‘parerdwod

jsowie ST sjrun
juounede [erjuspisal
I0J 9IS UOTIONIISUOD
oY) 1SoMYINOS ) 0}

"PAIG PeSIA 9YET SSOIOY

‘s3uip[mgq o3 Juadefpe
[1os pasodxa ‘paqImsip
‘areg -Surdeospue]
sannbar T[S

S ‘uone[dwod ;U
ST UOT)ONIISUOD SUISNOY

oS ay) )sed

.J00[q,, 2uo pasedun
ST "1(J 191U JoIB]N
"MN PUe M\ 34} 0)
AIAnoR UONONIISUO))

‘skepyeom

Suump Ayanoe
uonodnNnsuo) ‘1§ Aa1e)
03 Jno-yoe) Surpiaoid
peo1 paaedun

‘peol pue sjusunrede
uaaM)2q pajem)Is

[10s Jo sordyo0ls uadQ
‘PAI] PEIN 9¥E7]
SSOIOB A\ S pU® § 93 0}
K)IAT)OR UOT)ONIISUO))

"HS pue gN d oy
0) UONONNSUOD QAN

*9)1s oY) Jsed
.J001q,, 2uo paaedun
ST "I(J 1)U JayIeN

"MN PUB A\ 343 0)
AIATIOR UONONIISUOD)

‘skepyoom

Suump Ayanoe
uononnNsuo) 1§ AdIe)
03 Jno-yoen Jurpraoid
peo1 paaedup

PAI PeIAl °¥E]
SSOIO® A\ S pUR S 9Y) 0}
KJTIAT)OR UOIONIISUO))

“HS Pue FAN ‘9 2y
0} UOTJONIISUOD QANOY

"MN PUe M\ 3
03 AJ1AT}O® UOT}ONISUOD)

‘skepyeem SuLmp
K)TATIOR UOTIOUNSUO))

‘PAI] PEIN S¥®]
SSOIOB A\ S PUE § 9U)
01 AJIATJOR UOTIONNSUO))

S pue AN ‘g 2y
0) UOT}ONISUOD SANOY

(96/0¢/10 ©1 96/92/10)
QATSUSIUT INUIA

(S6/21/60 03 S6/L0/60)
QAISUU] [Ted

(S6/L0/90 03 S6/50/90)
QAISUQIU] JoUIuIng

(S6/91/50 031 S6/T1/50)
7 ea1suau] Jundg

(S6/TT/70 03 S6/ST/70)
[ eatsuajuy Juridg

SPOLIdJ SULIOJMUOTA] SAISUNU] SULINP SIS SULIOJIUOIA UOTjeINeS ) SUIPUNOLING SANIANDY PIIUIWNIO(

L € 3lqel

MAVIN ¥

AODN 't

JI'0 ¢

004dd 1

poD/dl
NS

3-29



‘padueyoun a1e

seare ued(y ‘uonerado
[°A®RI3 pue pues

Y1 18 ANMATIOR ABPYOoM
‘paystuyy st Joquuaydog
Ul paJOu UOTIONIISUO))

“9)S 9y} JO AIUIOIA 9y UI
sa3ueyd 9[qRAISSqO ON

‘Isnp
awos Sunes1o suonerado
Sumno 91910009

ynm Aqreou saredar qino
9[eos [lewS "paystuly

S1 pooyioqysrau

2y ur Surdeospue|

pUE UOTJONIISUO))

‘paSueyoun e

seare uad(y ‘uonerado
[oA®I3 pue pues

Y1 18 AJTATIOR ABPYoom
"(‘pY ureyunoy

SuoTT pue 1§ [[PYSNN
18 UonNoNIISuU0d JuIp[ing
Mau) KITUIOIA )

Ul UONONIISUOD AT

*9)1S 24} JO KIUIOIA Y1 Ul
soSueyod 9[qBAIasqO ON

“9)IS oY)

JO YInos Wy $7°(Q pRedo|
A11ATIOR UOTIONIISUO))
*KIUTOTA 9} UT SONIATIOR
UONONIISUOD J[GISIA
210w o ‘padeospue|
pue poysIuLj ore

gInos A[10a11p sasnoy

‘pe8ueyoun are

seore uadQ ‘uornerado
[eA®IS pue pues 2y}

18 A1IAnoe ABpYRoM

“NIs
oy} Jo AJuIoIA oy} Ul
soSueyo a[qeAlesqo ON

‘Tros

PaqIMISIp 1M Sreq
[I13S 9Xe seare pIex
‘pare[dwrod jsourfe

SI 911 JO AJIUToIA
JJeIpouUIUI UT SASNOY
Jo Surwrenj -oseyd
UONONISUOD JANIY

‘pe8ueyoun are

seare uadQ -uonerado
[eARIS pue pues 20}

18 ANATIOR ABpYoo M\

IS
a3 Jo ANUIOIA Q) UI
so3ueyo 9[qrAIasqO ON

‘oseyd
UONONIISUOD IATOY

HS pue § 341 0
puej juese A -‘uonerado
[eARIS pue pues
o) 18 A31ADOR ABpYaa

"O1jjen) J[o1yoA
Y31 “edxe [eNUSPISAI
P3YSI[qeISa [[PM

-oseyd uononnsuoo
3ursnoy 2ANOY

(96/0€/10 03 96/9T/10)
QATSUIUT JIUIAN

(S6/T1/60 03 S6/L0/60)
QAISUU] [[e]

(S6/L0/90 03 $6/50/90)
QATSUU] JOWHING

(S6/91/50 03 $6/21/50)
7 2a1suayu] Sunidg

(S6/1T/0 01 S6/ST/H0)
1 aatsuayuy Suudg

SPOLIdJ SULIOJIUOTA] QAISUIY U SULINP SIS SULIOJIUOJA] UOH)RINIES YY) SUIPUNOLING SINIANOY PIHUIWNIO]
(ponunuod) L-¢ d[qe,

HNOT L

ddd4d 9

NNID °§

3poo/al
s

3-30



*010)S QOULIUIAUOD
) 01 Juoelpe

10[ 9y ur pajerdwod
ud2q sey SuIp[ing MaN
‘[oARIS Y paoedaa
U294 Ssey Surpying
puUnoIe BOIB PIsseIn)

‘paSueyoun SurewIdI
pley uadQ -ooeJINS peol
WOoJ ISNP J[QISIA $IBAID

uonerado [oaeI3 pue
pues Sunixo/SuLIud
oljen yonry,

"Aq ssed so[otgoa
KInp-£AB9Y SB PaAIasqo
are sownd 1snp
JIqIsIA ‘seare uado o)

"9J0)S 9OUDIUIAUOD

ay) 03 Juaoelpe S

2y} 03 A[3o211p 10] JUBORA
[[eWS ‘osnoyarem

dY) JO JUOIJ UI 9IS

dU} punoie pappe sem
ssein) ‘poads mo] I8 9IS
2y} Surssed syonn Lnp
-KAR9Y Jo ANAnoe Are(]

-1oddoy

[9ARIS pUR pues WO}
PRAIOSqO SBM SwWIn[d
‘paSueyoun surewral
prey uad( -soepmns prol
wOIJ JSnp 9[qISIA $9JBAIO
uoneiado [oari3 pue
pues SunIxo/3uLIoIu
Jnjyen) JonLy,

.\Aﬂ.
ssed soporyaa Ainp-£aeoy
St paarasqo sawnyd 3snp

JIqISIA ‘seare uado oy}

‘paads

o[ Je 2115 9y} Surssed
syoun KInp-£aray

Jo Aymanoe Apre

‘paSueyoun

surewdl prayy usdQ
"90BJINS PEOI WOIJ
ISTp Q[QISIA SI)BAIO
uoneado [oaei3 pue
pues Sunrxa/SuLIaIUR
oyjjen Joniy,

‘seare uado oy ur

‘paads

Mmo[ e A1s oY) Surssed
syonny LAmp-Laeay

Jo fianoe Areq

‘pa8ueyoun

surewa1 proy uadp
*90RJINS PeOol WOolJ
1SNP 9[QISIA SJBAID
uonerado [oa®IS pue
pues Sunxo/SurLIoud
oyjen youiy,

‘seare uado A ur

*9IS Y
Kq Surssed syoun Lnp
-Kaeay Jo Ananoe Areq

‘u9MmIRq

ul puej JuedeA Yiim

S 019 ‘AN 03I N W 01
sonredoid [eroroumnuo))
*90BJINS pBOI WOIJ
1Snp 9[qISIA $JBAIO
uonelado [oarIS pue
pues Sunixa/3uLIud
Sljjen youry,

"M oyury [ St

QIS UOTIONNSUOD) “MN
oy ury g/ uonerado
[eARIS pue pueg g
pue N 2y} 03 sanxedoid
[BIOIQUILIOD) “ A\ PUE

ur 93ueyod J[qIUIdOSIP ON  UI 9Fueyo 9[qQIUIROSIP ON  93ueyo S[QIUISOSIPp ON  9Sueyd 9[qIUIAISIP ON S oY) O} pue[ JUBdRA
(96/0€/10 01 96/9¢/10) (S6/21/60 03 S6/L0/60)  (S6/L0/90 ©3 $6/S0/90)  (S6/91/S0 01 G6/C1/S0)  (S6/1¢/70 03 S6/ST1/70)
QATSUIUT JOIUI M QATSUSIU] [[B] QATSUQIU] JoUIUING 7 aatsua)y] Sundg 1 aarsuayuy Surndg

SPOLIdJ SULIC)IUOJA] JAISUNU] SULINP SIS SULIOUOIA] UoDRINES YY) SUIPUNOLINS SINIANDY PIUIWNIO]
(ponunuod) £-¢ d[qe,

HOIN 01

dINVT "6

INHL 8

3poO/dl
s

3-31



‘SpIeYy
uedo Surpunomns ay) ur
so3ueyo 9[qeAIaSqO ON

-oseyqd juowrdopoasp
1Xou Sunreme sI pue
paxredaid usoq sey 91§
*91IS UOTIONIISUOD JY) UO
KJIATIOR JO Q0USPIAD ON

‘sa8ueyod 9[qeAIISqO ON

‘oseqd juomdopaaap
1Xou Sunreme SI pue
paxredaid usoq sey 91§
*91IS UOIONIISUOD I} UO

*90BJINS
J221ms ay) uo SuIpeo|
S0P I[qISIA 2I0JN "SP[oY
uado Surpunonns a2y) ut
so3ueyo 9[qeAIaSqO ON

*90eJINS 193118 9Y)
uo Jurpeo] 3snp A[QISTA
‘peo1 ay) uo yonr
IDJeM [ITm UONONINSUOD
aATOY payojdwiod

ST UOIR[[BISUI IOMIS

*Sa8uryd 9[qrAIaSqO ON

“Q1S 9y} JO Jsam
9y} 0] 9IS UOTIONNSUOD

‘sprony uado
Surpunomns ay) ur
$93ueyd 9[qeAIasqo ON

“9)IS JO yInos ApoaIp
UOT)B[[BISUI JOM3S
JO UOTIONIISUOD DATIOY

‘saueyd
9]qeAIaSqo ON

*911S 2U) JO Jsom
9y} 03 9IS UONONISUOD

‘sprey uado
Surpunouyms ay) ur
sa3ueyo 9]qeAI2sqO ON

"(0g Tequunu (] 91s)
ADAN se uawdopaasp
oures a2y} Aq pajoedury
"o)s 3y} Jo HS puUe §
9y} 01 9IS UONONISUOD
oY) uo pAou ANATOY

‘so8ueyd
9[qeAIaSqO ON

"9I1IS 3y} JO ISom
QU] 0] 31IS UondONIISuUcd

‘N =41 0

peo1 paaedup) °S 9y3 03
punoie g ayj 0) 25IN09
JI0D "MN PUE M °13
01 uoneyadaa Aqquios
YJIM pue[ JUBOBA

*(0€ Tequnu (JJ 11S)
aDHN se yuswdoreaap
owres ay) Aq pajoedury
"O)IS 9 JO HS pue §
3y 0) 9)IS UONONISUOD
9y} Uo pajou ANATPOY

" ) 03 W (G ST

GT-1 "9IIs 9y} SpUNOIINs
pue| juesea popeis ‘ye[

“91S Y} JO Jsom

KIIATIOR JO Q0USPIAS ON oY) uo pajou ANATIOY oY) UO pAJou AJIATIOY 9y} UO PIIoU ANANOY AITAT}OR UOT}ONISUO))
(96/0¢£/10 03 96/92/10) (S6/C1760 01 S6/L0/60)  (S6/L0/90 ©3 S6/S0/90)  (S6/91/50 03 S6/C1/S0)  (S6/1T/+0 03 S6/S1/¥0)
SATSUIUT ISIUIM QATSUIU] [[e] QAISUIUT JoWUNS 7 aatsuau] Sundg 1 2arsuajuy Sundg

SPOLIdJ SULIO)IUOTA] JAISUI U SULINP $)IS SULIOIUOTA UOBIN)ES ) SUIPUNOLING SANIANIY PIUIWNIO(
(panunyuod) L-¢ dqe],

SSOT v1

470D "¢l

TId ¢l

ONOd 11

3poD/al
NS

3-32



‘sagueyo 9[qeAISsqo ON

‘poaedun surewra1 ‘py
UIRJUNOJA] QUOT JO JTey
YUON 'S 9y} 0} Sasnoy
JO UOTIONISUOD ATV

'so8ueyd 9[qeAldsqo ON

"90RJINS }901)S UO
Surpeof 1snp 9[qeooNON

‘paAedun SUTEwal ‘py
UrejunoJA auo Jo jrey
YUON 'S oY) 0) Sasnoy
JO UONONIISUOD DANOY

"N =41 01 [ios Jo
soqdy203s 210w ON 'S
0) sppeLy uado ur 93ueyo
ON ‘3urp[ing mau
Burpunoins evare uado
‘el ‘98re -parordurod
SIN 2y 03 SuIp[ing
23¥e[ JO UONONIISUO))

‘sodueyo
9[qeAIasqo ON

‘poaedun sureuras

"PY UIRIUNOJA QUOT JO
Jiey yuoN ‘peaed useq
2aey eare 3urdofeasp
oY) ulyiim Speoy

"JoA UO1ONISUOD
dursnoy oN

‘sprey uado

ur 93ueyd ON °S9oBJINS
pagqImsip uado

£q popunoxrms SI s
3uIp[ing Jerorourwo))
'py Srex) jo

9pIS N UO UOTIONIISUOD)

-se3ueyo
9[qeAIRSqQO ON

“Pa[IO UJ9q 9ABY

N 943 01 91IS 9y} 0)
juaoefpe peo1 pasedun
oY) JO souB[ OM L,
uswdoaasp uisnoy
® 10J paredaid Sureq st
9)1S 9} JO INOS BAIY

‘sprey uado ur a8ueyd
ON 'PY 99507 pue 'py
S1e1) je uonoNNSUOd
peOY ‘SseoeyIns
paqamsip uado

£q popunolmns SI 918
Surp[Ing [EI2ISWIWIO))
Py Srer) jo

9pIS N UO UOIINIISUO))

RREY

01 S[10s JO sa[1dyo018
"N Y4} 01 10[ JuBdRA "
o) 03 Appoaaip uonerado
[eARIS pue pues

Juowrdo[oaap Sursnoy
® 10 paredoid Suraq
ST 9J1S 9y} JO YINOS BAIY

‘S oY) 0] pue[ JUBILA
'PY 29807 pue 'pY
Sre1) je UoONNSUODI
prOY ‘seoeJIns
poqimsip uado

£q pepunoiins sI IS
3uIp[ing [EIOIOWIIO))
Py Sre1) jo

9pIs N U0 UOT)INIISU0D)

(96/0€/10 © 96/9C/10)
QAISURIUT IOJUIA

(S6/C1/60 01 $6/L0/60)
QAISU [[e]

(S6/L0/90 03 $6/S0/90)
QAISU)U] JOWWING

(€6/91/50 ©3 S6/C1/S0)
7 aarsuayuy Sundg

(C6/1T/%0 01 S6/ST/¥0)
1 aa1suoyuy uridg

SpOLIdJ SULIOJIUOJA] SAISUIIUT SULINP SIS SULIOJUOJA] UoHjRIN}ES Y} SUIPUNOLING SINIANIY PIARUWNIO
(ponunuod) /-¢ d[qe,

TVMN L1

NNOT 91

IVdD S1

3poD/dl
SN

on
¢
on



*so3uRYD 9[qrAIISqO ON

‘so8ueyo 9[qeAIISqO ON

'so3URYd 9[qRAISqQO ON

"$93ueyd 9[qBAIISqO ON

‘sa3ueyo 9[qeAIdSqo ON

"UOT)O2sIIUL
oY) JO SI2UI0D

[[® UO [I0S paqImsip
‘oareg -polerdwos

ST UOTIONIISUOD PROY

‘sa8ueyd 9[qBAISSqO ON

‘sagueyo 9[qeAIasqO ON

‘sa3ueyo 9[qeAIasqo ON

*so3urYd 9[qrRAIISqO ON

'So3uRYD J[BAISSQO ON

"UOT)d9sIAUI
9} JO SIOUI0D

[[e Uuo [10S paqImIsIp
‘areq -pare[dwroo

ST UOT}ONIISUOD PBOY

‘so3ueyd
9[qeAIasqo ON

‘so3ueyd
9[qeA1asqO ON

‘saZueyo
91qeA19SqO ON

‘sadueyd
9]qeAIasqo ON

‘so3ueyd
9[qeAlasqo ON

plegcilice)

JIAI)) pPUE '}S UBMOL) JO
UONOISISIUI AY) puUNoOIL
UOTIONISUOD PBOY

‘so3ueyd
9]qeAIasqo ON

‘sodueyo
9]qeAIasqo ON

‘SaZueyo
91qeAISSqo ON

‘sadueyo
9[qeAIasqo ON

‘so3ueyo
9[qeAIasqo ON

*I(J I9IUR)) JIAL)

pUE ‘1S UBMOL) JO
UOT}0aSIoIUI 9y} punoIe
UOT)ONISUOD PrOY

H eyl

0] JUBINE)SAI S APUS M

® pue M 9y) 0) 3UIp[ing
981e7 ‘sooeyns uado
paaed Aq pepunoiing

‘sanpedoid usomiaq
pUE[ JUBOBA SUWIOS UM
‘sanrodoid [e1oIoWUIOD

Aq papunoiing

‘N 2y} 0] [eIIUSpISAI
JTe1oIoWoD WYSI] S
29 H 9y} 0} pue[ JUBOBA

"MS 21 01101
JUBORA ‘BAIE [RNJUSPISIY

"N o3 03 w (G ~ St
QAY QUURAIYD) "M Ul
ojuw OO~ ST S[-] "BoIE
[eUOpISal paysI[qeIsH

*1(] 39uR)

OIALD PUE “}§ UBMOD) JO
UOT}dasIa)Ul 3} punole
UonINIISUOD proyY

(96/0¢/10 01 96/92/10)
QATSU)UT IIUTM

(S6/21/60 03 $6/L0/60)
QATSUSIU [[B]

(S6/L0/90 03 $6/S0/90)
QATSUQIU JSUWIUNS

(S6/91/50 03 S6/C1/50)
7 oA1suayuy Sundg

(S6/TT/¥0 01 S6/ST/P0)
1 aa1suayuy undg

SPOLIdJ SULIO}IUOIA AISUNU] SULINp SIS SULIOJIUOTA] UOHBRINJES Y} SUIPUNOLING SONIANIY PIJUIWNIO
(ponunuod) /-¢ Qe

VADIN '¢C

NTIVM TC

ASVT 'TC

ODON 0T

INVH ‘61

MOYD 81

3poD/al
SIN

3-34



"sagueyo 9[qeAIasqo ON

(8
Iequinu (T 931S) JNH L
gIIm 9318 pajedofon

“o1epdwos

Jsouwi[e SI UOTIONISU0D
duisnoy ‘S oyl 0}
saSueyo 9[qBAIaSqO ON

HS*qo1uy 9’1 03
6’0 A11ATIOE UOT)ONIISUO)D)

HS 241 0}
uny (' 03 6°0 parerdwiod
st Juswdofaaop Sursnoyy

‘soduryd 9[qrAISSqO ON

(8
Toquinu ([ 1) INFI
IIM QJIS PAJed0[[0)

"N SU3 03 [[es oy puryaq

pa1e[duiod usq sey
uIsnoy IO *S Y3 O3
so3ueyo 9[qBAIISqO ON

‘so3ueyo 9[qeAIISqO ON

HSeyrorun ('] 0
G'(Q puej ueoea oy} ised

*sodueyo
9]qeAIaSqO ON

(8
Taqunu (01 9%1S) TINA L
IIm 9J1S Pajedo[[o)

‘N =g

01 [Tem oY) pulysq ury
0’1 01 G*( UOTIONIISUOD
Suisnoy ‘g oY1 01
$o3ueyd 9[qBAIISQO ON

‘so8ueyo
3]qeAIasqo ON

HSpoyury o] 0
G0 pue[ Jueoea ay) jsed

‘sogueyd
9]qeAISsqo ON

(8
Toquinu (q1 1S) INHL
qim IS PAJRIO[[0))

‘Nop

01 [[ea 9y} pulyeq Ury
0’1 O3 G UOTIONIISUOD
Suisnoy "S oy} 0}
so8ueyd 9[qeAIasqo oN

‘sadueyo
9[qeAIasqO ON

oS
Apojuy Q1 0g0
puej juedea 2y jsed

“pue[ JuedeA s1 py
Sre1) ssony 'S oyl 03
[enUopISaI paysI[qelsy

(8
Ioquinu (] 931S) [NHL
Y 9IS Pajeso[[o)

"MN pue

N 24} 07 Uo3ONNSUOD
Suisnoy surdaq 10]
Sunyred paaed a1059q
A\ PUE S 9y} 0] 2oBjINS
pa1aA0d-TeAeIs uadQ

‘pue|
JuBOBA AQ popunolmsg

(any

0'1 03 6°0 "xo1dde) §
oY) 03 JeJ UOHONIISUOD
Suisnoy g 9y3 01 10|
guryred peaed “H oy 03
JURINEISAI SPIRUO(TON
‘goIe Asseid

“paso[od sey SPIRUO(OIA 9ATJOE ST UOIIONIISUO))  9ATIOE SI UOTIONISUOD)  9ANIR SI UOONISUOD) £q pspunoxns sI AS
(96/0¢/10 01 96/92/10)  (S6/C1/60 03 S6/L0/60)  (S6/L0/90 03 S6/S0/90)  (S6/91/S0 03 S6/T1/S0)  (S6/TT/0 O3 S6/ST/¥0)
SATSUIUY JAIUTIA QATSURU] [[B] QATSUSIU] JOWIUNG 7 aatsuduy Sundg 1 oarsuoyuy undg

SPOLId J SULIO)IUOIA] FAISUNU] SULINP $IAIS SULIC)UO]A] UovIN)ES YY) SUIPUNOLING SINIANIY PIjUSWNIO
(ponunuoo) L-¢ 3qeL,

dOMN '8¢

WHAV LT

NOHL 9¢

DIMS ST

VHOd t¢

3poD/dl
g

3-35



"9JIS UONONI)SUOD
UO Pajou ANATIOR ON

‘patou Ly1anoe

*9JIS UONONIISUOD UO
PoI0U AJTATIOR YONWT JON

‘A\ 9Y) 0} UONONINSUOD
juatdoroasp 9ANOY

"M 9Y) 0} UOT)ONNSUOD
JuouwrdoreAap 9ATIOY

‘A 9U3 O} UOTIONIISUOD
yuowdoroasp

9ATIOY "H Y

0) uoneyodoa Aqqnios
M pUB[ JUBORA

‘MY
0} puej juesea 2y} ised

ON ‘sSurpunoins ‘(Aeme ury Q) SSuIp[ing [eIoISUIod
SJRTPSUULUT JY) UT H 9y} 0) pPIjoU £J1ANOE ‘sogueyd ‘sofueyd A8r1eT "M pue
so3ueyd 9]qeAIISqO ON Suraowr yires 9ATOY J[qeAISqO ON 9[qeAIaSqO ON H 9y} 0) pue| JUBIEA
(96/0£/10 03 96/92/10) (S6/CT1/60 03 S6/L0/60)  (S6/L0/90 O3 $6/S0/90)  (S6/91/S0 03 S6/C1/S0)  (S6/TC/¥0 03 S6/S1/70)
QAISURIUT JOIUT A QAIsuA] [Teq QAISUIUT JQUIUNS 7 2arsuoyuy Sundg 1 2atsuoyu] Sundg

SPOLIdJ SULIO)UOA] JAISUIIU] SULINP SIS SULIOJUOTA] UoneInjeg Y} UIPUNOLING SINIANDY PIRUIWNIO]
(panunuod) £-¢ d[qe,

dOdN 0t

ANVA '6¢

3poo/dl
g

3-36



SSSSS dlLil dddd d710D ¢l
SI-1o1waoelpy  JSSSS Sdddd THd ¢l
dSSSS Sdddd ONOd 11
SIOMUAI AJMAIS ¢  SSSSS ddddd HOIN 01
uornerado s
AeIS puepues  §SSSS  LLILLL dpddqded gV ‘6
S§SSSS  114ill ddddd INHL '8
uonerado
[pred puepues LLLLIL SSSSS ddddd HNOT 'L
SSSSS ddddd dd44 9
LLILLL Sdddd dSSSS NNID "¢
LLLSS SSSdd dddll MIVIAL v
LLILL Sdddd dSSSS AODN ¢
dSSSS Sdddd LLLLL 21211810 4
LLILLL ddddd SSSSS 00dd 1
SJUSUIIO) JISO(I Pe0y PogmSq  peqimisipu)) Kempeoy Jjuowdo[eA’(] [ENUSPISOY  [ermsnpu] JomsI(Q POOYIOqQUBTaN 3poD/dl
popuadsng il sl eliitilve) [eIoIoUIIIO)) [eNUapISay AIS
parey
—SPPIYRA
-I010IA

PoLIdJ SULIO)IUOTA] FAISUIIUT Yory Surinp suonedyisser) adA g, so1nog
8-¢ 3qEL

3-37



S1-1 01 1uadelpy

uonoONNSUod
peoy

uonerado
[eA®I3 pue pueg

yIou 9y
0] peox paaedun)

SRISWWOo,)

SSSSS ddddd LLLLL NOHL 9T
SSSSS ddddd DIMS 'S¢
SSSSS ddddd LLLLL VHOH ¥T
SSSSS LLLLL ddddd VAIN €T
SSSSS ddddd NIVM TC
LLLLIL ddddd SSSSS ASVT 'IT
SSSSS LLLLL ddddd ODOON 07
ddddd LLLLL SSSSS INVH ‘61
SSLLL ddSSS LLddd MOYD 81
SSSSS LLLLL ddddd TVMN LI
SSSSS ddddd WNOT 91
SSSSS ddddd LLLLL IViaD Sl
SSSSS  ddddd SSOT v1
SO peoy PoqImSig pPoqImSIpu;)  AeMpeoy  JUSWIdO[PAS( [eNUIpISSy  [emsapaf JOmSI] POOYIOqUSTON 3pOD/l
popuadsng J[BIOIOWIWIO)) [BIOIOUIUIO)) [enuapisey g
pare[y
“9PIPA
-IO10N

POLIdJ SULIO)MUOA] FAISUI)U] Yoeq Surinp suopesijisse[) adL ], 301nog

(panunuod) g-¢ d[qe,

3-38



sjuauItIo))

"96/0€/10 PUC 96/97/10 Uoamlaq aarsuaul 1juim Sunguasardoy

"S6/T1/60 PUE 6/L0/60 U99MIq SAISUAUI [[e] Funussarday
"G6/L0/90 PUE S6/S0/90 Boom1aq dAaIsuaur rowruns Sunuosardey

'S6/91/S0 PUE S6/71/S0 Ueamlaq aarsuaul Surids Sunuosardoy

‘S6/12/V0 PUB S6/ST/H0 Ueamlaq aarsuul Surids Sunuosardoy

dSSSS Llllidl Sdddd ddAN ‘0t
SSSSS ddddd LLL1L aNVA "6C
SSSSS ddddd LLLLL dOMN '8C
§SSSS  Ll1Illdl ddddd Wda4v "Lt
SO peoy  PIQIMWSI] PIgqIMSIpU[)  AeMpeoy — JUAWAO[QAS(] [CHUIpISoy  [emsapu] Pmsiq PooyIOqUSTON PO/l
papuadsng Jisleliiitg) [PIOIOUIIIO))  [BIUSPISAY g
paje[ey

“O[OIPA

-I010]N

PoOLI3J SULIOJIUOTA] JAISUNU] Yoy Surinp suonediyisse)) adL ], 921nog
(ponupuod) g-¢ Sqe,

3-39



3.4  Fugitive Dust Emission Data Base

Clark County Department of Comprehensive Planning (CCDCP) provided the 1995
emission estimates in the form of dBase files for each source type (Jacquart, 1997). These
data base files were integrated into an Arc/Info coverage of township-range-section as part of
the Las Vegas PM;o Study dispersion modeling effort. The resulting Arc/Info coverage
contained emission estimates for each section in tons per year for unpaved roads, paved
roads, mobile sources, residential wood combustion, disturbed land, controlled construction,
controlled construction track-out, controlled construction wind erosion, and stationary
sources. Table 3-9 summarizes the calculated emissions for each source type.
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Table 3-9

Summary of Fugitive Dust Emission Rates in the Modeling Domain

Source Type
Paved Road

Unpaved Road

Mobile Sources

Residential Wood Combustion

Wind Erosion from Disturbed Vacant Land
Controlled Construction Activities
Controlled Construction Site Track-Out
Controlled Construction Site Wind Erosion

Stationary Sources

Valley-wide Annual
Emission Rate

(tons/year) (Mg/year)
6,766 6,138
6,162 5,590

822 746
309 280
4,881 4,428
25,778 23,385
5,019 4,553
4,052 3,676
1,855 1,683
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4.0 SOURCE MEASUREMENTS

Source apportionment requires information about the chemical and physical
characteristics of the emissions sources that are likely to affect pollutant concentrations at a
receptor. For the Chemical Mass Balance (CMB) receptor model (Watson et al., 1990b), the
required information is the fractional composition of each chemical species in the source
emissions and an estimate of the variability of those compositions.

In a study to evaluate the feasibility of source apportionment of utility emissions,
Javitz and Watson (1988) concluded that the major weakness of all receptor models is
inadequate source composition data. They identified the following deficiencies in currently
available source profiles: 1) the species measured are more often those that are convenient
rather those which differentiate among sources; 2) the types of species and size fractions
measured are not the same for different source types and are not equivalent to the types of
measurements made at receptors; 3) measurement methods are non-standard and do not give
equivalent results for the same species; 4) source characteristics, fuels, and operating
parameters are inadequately documented; 5) data are of poor or unknown quality; 6) source
profile uncertainties are not reported or realistic; 7) source samples are not representative of
source profiles as they appear at the receptor; and 8) data are not available in formats which
can be conveniently interfaced to modeling software.

Javitz and Watson (1988) recommended the development of a standardized approach
to sampling and analyzing particulate and gaseous emissions that would minimize these
concerns with respect to future source profile measurements. Such a protocol was developed
(Core and Houck, 1987) and adapted for the California Air Resources Board’s (ARB) source
characterization studies (Chow, 1987; Houck et al., 1989a, 1989b, 1989c, 1989d, 1989¢) in
addition to several other recent studies (e.g., Chow and Watson, 1994b; Chow and Watson,
1997b; Heisler et al., 1995). This section describes the source profiles that were measured in
the Las Vegas Valley for use in receptor modeling.

4.1 Source Types and Characterization Methods

The potential source types that contribute to PMjo in the Las Vegas Valley are:
1) fugitive dust from paved and unpaved roads, disturbed and undisturbed vacant land, and
construction as well as sand and gravel operations (termed geological material); 2) motor
vehicle exhaust from passenger cars, buses, and trucks; 3) residential wood combustion; and
4) secondary aerosols (i.e., ammonium nitrate and ammonium sulfate particles that form from
gaseous ammonia, oxides of nitrogen, and sulfur dioxide emissions).

There are many source sub-types within some of these categories that cannot be
distinguished by commonly measured chemical species. The source contribution from each
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category is a composite of these different sub-types, and the derived profile must represent
this mixture. For example, with currently measured chemical species, it is not possible to
distinguish contributions from resuspended road dust, windblown dust, and construction dust
from each other. These sources are therefore grouped together into a source type known as
geological material.

A number of methods have evolved over the past decade to extract samples from
sources that have chemical and physical properties similar to those found at a receptor.
Several of these methods are described in detail by Chow et al. (1986), Gordon et al. (1984),
and Houck (1991), and the methods selected for this study were described in the program
plan (Chow et al., 1995). In each of these methods, emitted particulate matter is collected on
substrates that are then submitted to chemical analyses as described in Section 2 for ambient
samples.

More than 100 size-fractionated source samples were collected using the following
specialized approaches:

e Sweeping or grab sampling of soil, unpaved-road dust, and bulk material using a
trowel and brush.

e Vacuum sampling of paved-road and paved parking lots using a high-volume road
dust sampler (Houck, 1991).

e Laboratory resuspension sampling of sieved soil samples using a parallel impactor
sampling device (Chow et al., 1994a).

e Ground-based source sampling of motor vehicle exhaust in source-dominated
environments using portable fine-particle samplers.

e Diluted exhaust sampling of emissions from residential chimneys using a portable
fine particle sampler and extended sampling probe.

The individual source profiles compiled for the Las Vegas Valley PM;o Study are
assembled in the data base and presented in Section 5.2 and in Appendix B. Not all of the
species that contribute to PM;, were measured (i.e. oxygen associated with mineral oxides and
hydrogen associated with organic carbon compounds), and the abundances do not sum to 100%.
Many of these profiles were not used in the CMB source apportionments, but all profiles were
made available for model sensitivity tests. Mnemonics and brief descriptions for each of
these profiles are summarized. Profiles used for source apportionment are often composites
derived from several individual sample profiles. Such composites provide a better estimate
of the average abundances and their variability than is available from a single source sample
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with an analytical uncertainty. The rationale for selecting certain samples used in the
composites is documented in the following subsections.

4.2  Geological Source Profiles

Since soils vary chemically due to their geological origin and amendment, local soil
types and land uses were examined prior to obtaining samples using maps from the U.S.
Department of Agriculture Soil Conservation Service. Site surveys were made around
sampling sites to determine the surface loadings on nearby streets and the locations of
construction activities. Sampling locations included road-fills and cuts, sidewalks, shoulders,
parking lots, fields in close proximity to the receptor sites (base and satellite sites), highways,
busy traffic intersections, unpaved roads, storage piles, and construction sites.

A total of 40 geological samples were collected using grab sampling and vacuum
sampling techniques. The top 1 or 2 cm of surface material was collected from unpaved
surfaces, since this represents the reservoir available for suspension by wind or vehicle
movement. Unpaved road dust was collected across the road from shoulder to shoulder.
Samples from highways, paved roads, gutters, sidewalks, and paved parking lots were
collected using a “vacuum cleaner” high-volume road dust samplers owing to the relatively
small amounts of dust on paved surfaces. The vacuum sampler consisted of a modified
high-volume sampler filter housing with a 20.3 X 254 cm quartz-fiber filter to trap all
particles. Each paved surface sample included several traverses across the pavement.

Table 4-1 lists each of the geological source samples along with a description of
sampling location. The locations from which geological material was collected are shown in
Figure 4-1. To reduce the total number of individual samples, bulk and soil samples were
composited to represent individual source types. Twenty-two of the 40 samples were
composited and submitted for resuspension and chemical analysis. These samples are
identified in Table 4-1 under the “composited sample ID” column. In the laboratory, the soil
samples were air-dried in a low-relative-humidity (approximately 20% to 30%) environment
and sieved through a Tyler 400-mesh screen (< 38 pum geometric diameter) prior to
resuspension in the laboratory chamber following the procedures described by Chow et al.
(1994a).

Filter samples were drawn through PM;, inlets. Most of the mass of geological
material is in the coarse particle portion of PM;o (Houck et al., 1989a), and similar
compositions were found for the PM,s and PM;y geological profiles (Chow and Watson,
1994c). As shown in Table 4-2, 22 of the individual geological source profiles were used to
form six composite source profiles by calculating the average and standard deviation of each
chemical abundance.
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Figures 4-2 and 4-3 show the chemical abundances of these profiles. In each of the
illustrations, the height of each bar indicates the average fractional abundance for the
indicated chemical, while the dot shows the standard deviation of the average. When the
height of the bar exceeds the position of the dot, and when the height of the bar is much
higher than it is in other profiles, the corresponding species is considered as a good marker
for that source type.

Though there are slight differences among these profiles, they are not sufficient to
distinguish one geological subgroup from other subgroups by CMB receptor modeling. In
each of these profiles, aluminum (Al), silicon (Si), potassium (K), calcium (Ca), and iron (Fe)
have large abundances with low variabilities. The abundance of total potassium (K) is six to
seven times the abundance of soluble potassium (K"). The abundances of aluminum (Al),
silicon (S1), potassium (K), and iron (Fe) are similar among the profiles.

Calcium (Ca) abundance is enriched in the unpaved road dust (20.4 + 3.4%), desert
soil (17.0 £ 2.0%), and construction soil (16.8 + 1.4%) profiles. It is a few percent less
abundant in the paved road (15.0 £ 2.7%) and paved parking lot (13.4 + 2.6%) profiles.
These abundances are a factor of four to six higher than those observed in southern and
central California (Chow et al., 1992a; Watson ef al., 1994a). It is suspected that geological
material in the Las Vegas Valley contains gypsum (CaSO,4) which elevates the abundances of
both calcium and sulfate. The gypsum mine southwest of the valley, along with frequent
construction activity in the Las Vegas Valley, might result in such a calcium-rich geological
material.

Lead (Pb) is most abundant in paved road dust (0.021 * 0.006%) and paved parking
lot dust (0.019 +0.014%), and is as low as 0.003% in the construction soil and unpaved road
profiles. Elemental carbon (EC) abundances range from 0% to 9% in individual profiles
(Appendix B), with an average of 2.7 + 2.3% in the composite geological profile
(LVGEOLC). Organic carbon (OC) abundances vary among the composite profiles, ranging
from 8.2 + 2.8% (desert soil) to 14.2 + 5.0% (paved parking lot), with an overall composite
of 10.0 + 1.2% (LVGEOLC). The organic-to-total-carbon (sum of organic and elemental
carbon), OC/TC, ratios are similar among all samples with an average ratio of 0.80. The
effect of motor vehicle emissions (e.g., brake and tire wear, oil drips) could result in greater
abundances of Pb, EC, and OC in these source profiles.

Soluble ions such as nitrate (NO3) and ammonium (NH}) are generally low, in the
range of 0.1% to 0.2%. Sulfate abundance ranges from 0.71 + 0.5% (desert soil) to 1.8 +
0.7% (paved parking lot), which is also a factor of three to nine higher than those found in
central and southern California (Chow et al., 1992a; Watson et al., 1994a) Elemental sodium
(Na) and chloride (CI") are also low, with less than 0.2% in abundance.

4-9




eeen a1 Iy 1 e e i u:=N I
R T 1T T it T P
e i it o = I ol I
T T N I A BN T T AN : :::::::: : o ”"::: : :::::::: : :::::::: I
T o ) Coo ! .
I R I S TR b i1 R T R AR T O
et T M |.HIIIII| . ae IR M ::I:I||| 1 mrrer a1 4 a
IR LT b T e ®nn [ I nIIII| I ”””’l:l o
TR IR I A N IR R T AR »e A, II:”H' TR .
IR e WL 0 g @ wa L ”'::::: : ::::::II | i
e Heered 11 i - e . i
UL E T i |n||||: : ::::“::’Io . 1 : : :::::::: A ~a
n [ N N N R N R R N I AR W] o nn' o Lo b o
m Qo I I N N | |||||||: Y i e IIIIIII: Lo e 4w
WEC e 1T QT w1 s nw
Q1 W L wh L = - NI T
I I N A R T AN N AR T Do o Qo Lo o,
B e S ol TMENE M e .-
|.|g I N ::##_‘—r'——"'“ ma : :::::::: 1] I N -
~ TR R I R R R —— e
n 1o IE T e "o Il
< i R N 11 S A R R RN
Mo 1 1 it 1on e 1 o
|||g | e n:::::: : ”:::::: : 4. :""3: : :::::::: : :::::::: : :::::::: | o
i T | N
e m::::: ! ::::”:: Lo © e ::::2: . o 2
e
S o ot nn'gE Lot e e
w0 nn AR I N AR s 2 R L T N N O B TN 3 1
= 2
m “n \ ”““:: : :::::::: 1 RN N A z - 8 ::::Eb: : R Wi e :i 2 A
|||£ L R Lo g g 2 N N R T AR & 0
HF-N Hi g I ! o :I::cl O L O 170 W I S 1 RT0 N AR v S
A ! [ L TN B et a0 S e
= T T T T TTTTTT T
g Wiy 1ot W IIIIIIEI#=° 1 [ et o W) ||||||r'#“"l E
I 1 Wi WL L b iy o [ L L A
- R I T I AN A R T AR = nie g o T .
g IR 0 IR A A TR > s
1 I T N O N T L e e Al W@ e =
R — nhs [T NI o =
- e I = oo =
o ! ! I -— “ g e t - >
- R I R R =" oo tun—— T e N R P O e O T TN A A R TY .
= [ —— »
& oo e Hin - ” g Il el R e e . s
HEE LT Bt L i 1 eee—o ., MOHE 0 s T - o
mog o TS, L TR e i g [ R T WA ||||||||d|:°' ;
1 & 1 1 HIITT T 1 ] AN ] TN o I -" HOTT T T 1 LT T T o
[T
m Q1 i I T T T T T - neE HILIIJFI I Illlll:: : i- S
WL TS T T T T T b ”"6' A L N 131 0 B 1 S B * e 5
. ::::::: :. TN Wi i ® ||||||||e|::' :HI 11 'IIIII_III 1 WL 1 i ®er [l ™
i 1 1 T o e T T T T T T T T T T T T T T - e -]
Mt 1 e — H o WL 1 e uo -
Mitge 1 1 C . ou Hitrr 1o F 3 Y oo E
WP L i Nt e———— n + IR T N N T T A R e ———— Y :
IR NI TR e — R AR [N ) e m v+ 3
I T EET. - wo e e HITLL L) py &
R T e errenuevamm— I L man -l
LILLE i 1 !||||||| | !Hlllll T n L1 1 . b L A |0 O W | L i - Z O e U
T - T T ™% O -
§ = — = = 8 S - = = g
> =1 =} =
SSBJA JU02.10, i e
B #! d SSUPA] JuddI0g é
TTTTT T 1T 1 TTTT T 17T TMTITT T 17T TIITTT T 11 bou T T T T TTTTTT ) %
R I R B R T T R —— i I ) B
I L N (T A T R T T N A e Illll:i : :::::::: : :::::::: : M o oy
il ey e e W o Hiere e e WL R o : ]
R AN A T R N < Hibee v ni Mo e g
N R L R T (N A A R R T TN W R | .- HitE IIIII::: : :::::::: : :u::::: I ‘r =
WL e 1t |
e WL b gl peme—t g « OOV T 6 i e g ; '5’,
T 1 g I N N (TN R IO i
TR I L NN O N YL R A O R TR I O S “* W T ||||||:: : ::::I::: IP i £
IR R I IR R A TN N R I N R R T NN A R TR N A =
LR T L A 1TV T A A N I T At N A T N N TN T T R It -9
meree 1|1 mirrre o1 I LT 10 trre o Heeer v o1 meerer (LN | L 2
WL 0 e et 1 a1 g 1 I N T T T [ X 3
MR R R dih m G T . &
IR L N N I T N B T TN x e 1" S o g
mG o e w1 I | - |§| LM il
i I N T I RN | |||||::: : = ::: : : :::::::: : MO e g
- mevrp v v o1 mreir 4y 11 L
I Vol e B | Cee—ee———— |||%l Lot [ ——
- e e
Illgl N T I R N I T .
TR - N B N T I N |||::::: : :i :::g: : :::::::: : :::::::: : R e -g
R N TR R A N T R w e T N I N O O B T TN A :::I:HI | = 2
|||5| T N N T RN . L |1I:|::: : o g-(
i | K N
M W mi Ik”%'f'xﬁ" A T R A R 8
= [ NI °
::: g: : T T R N N R I A L N EI: 2 - L “:”::: : g 7 E
e :::::::: : :::::::: onn o g LT T TN O R T N O A B IR AR B v § a
= Poonnre o R & I R TN O O O T N O A B R E R I & - 2 £
= WALLE L L L HIEEr = N I A R (I AN S S (T I ER R e i
:::§| t e 5 T T T T T T T T T T ol I gl | neerr 11 e e 8
(] TR R A nerr i = * = i [ Heer it =
m-gl [ HEEEY 1 wr Hieer e 1 O I a' ! el :I:HI:: : :::::::I'Izi: o
i > [ Hrreea o1 noirrr o e 1 o > |II5I i e meeee | Heeer e -« b vl
- R — 1" [ TN O O R T TN A -
- - o e m @1 ¢ pi gy TN @
g merr oy | r - M g LU O gt o
TR - N T s e LTI~ A A T .
i al | HULLL L 0y T E dpta Ll L L1 I g‘l | HEEEE LT nii o7 E
" I A I ’ ’
m El ! ey ! [ T T pg— 11 °| ! e o e -
5 k TN [TURN & e IIIUI | L NN
g { LI O ¥ I 00 O (LA | Miames TTTT "
el eyl T T T 1 T T 1T T - e w1 S 4
R HIRE R (TR I T T T T UL i e nkr = T #w
L 1A Y Wi TR s Bl [ S 1 S | i e
Hire ot T T T T T T T s e LR =
::::::| : Mm% - LY IR R} [TIR R B LJt “ o
| C . 3 oo - nmerer o1 IG - oo
WL b I N e x + WL T e b i e % +
Mot e 1o HITIT | oy i v + Hrvp v b [N I | e [ memesns  m— R
e e i wow wreet 1o Hrrererr e 11 - wo e
[T RN e T | el o Heve el (LR N LR
I | IR EEN N ] !||||||| ( :|I|-J|Il L 0= Litv ) b b !IIIIII| 1 lIIIIIII L I S :DHI
(=3 — — o :
§ — s § § — - 3 =
. o
SSUP JUadI8 g SSB JUSdI0g

4-10




.
L)
=
&
S
EE D ow D owu =
i .- ! ! - .- <
I .- e - - - R
. ! ! . . -y
< » | | <2 < a2 )
E | | ) — EI ﬂ
o o | | C—=mae oo« V
n o I I oo ws
L | _ o e ma
i I
- - -« >
o | | . o >
e <4 4w
1 I
. _ | : . e 3
0; L i 1 ] Z o L @
i 7] N oW | ! | [ CI 8w h
o 1 1 [ [N o -
5 Q
e o ! b = - =
s "o o [ [ T T 1 “ TT 1 1 o o=
g o S ! P v mip®on . e o =
:_V 1 [ [ mirer v e i~
] v % 1 Hirver a1 [ @ oo el m
A “ S 1 nirr [N IR “r [N A “n =
o= a9 [ N (IR A [ [ IR LR Wrre o @
o2 e = 0 T et e, BT 1 egse s
e oa 2 d ) Heeree 1o Hitligh 11 or § I RN oa g 2 =
g 7~ & [ 2 (N R O R R TR TR B I R A I tg 11 . WP 1 -
g 6o @ - HEEE b e gl HEEET 6o ® ________4 6o ® (=
g B o o g r o® i QUL o g
1l m - 2 | nirrr o e TITTT T T = T T T 1T - o
Il g = 2 0 w0 R i — 2 ©
] o 2 e HELL 1 e o~ nieer O~ 1
e > 7z e (RN A NN R > e > m
g L O L N ————————— P ey o )
= o g 1 o o — o @
:_ m “ g | T TN “ TN “ w
B o - O 0t T 11 o I o =
nog . R T TR A ° N =
e Q 1 1 Wiy =
e - Vo = Iy - )
I - TN ) - - @
et <= ! ! IR <= = <~ 3
IR 2w I [N 2w 2= -
e T gl % e [N z e % =}
1T VI I U I 0 T R | “o 1 o “o (="
e A Y W 1 S no I " "o g
e o I 1 ! ° o <
TN —T T i I T o° N o
i Lo %+ I ! + e
i 1 Zm e+ ) | mm e+ mm o+ 2.9
e ®mow 1 1 mwow P -
AR Z 0o | | %0 = Z0 n
Lblgg s [ {
. o~ } } o= o~
2 : 3 = = b= me
SSETA] JUadIL <o =3 SSETA WO ° S SSEJA] JWadIag ﬁ




Previous source apportionment studies (e.g., Chow et al., 1992b; Watson et al.,
1994a) show that the chemical abundances and variabilities of the commonly measured
elements, ions, and carbon in geological source profiles are sufficient to separate geological
source contributions from other source types. These commonly measured components are
insufficient to distinguish paved road, unpaved road, construction soil, and desert soil
contributions from each other. This is a reflection of insufficient model input data rather than
inadequacies of the Chemical Mass Balance (CMB) model. A major research study is being
initiated as part of the California Regional Particulate Air Quality Study (Roth and Watson,
1993) to evaluate particle morphology, specific organic compounds, isotopic abundances,
microorganism content, and other markers for geological subtypes. The results of this
research will be available by the end of 1998.

4.3 Motor Vehicle Exhaust

Mobile source particulate emissions are among the most difficult to measure with
respect to emission rates and chemical composition. This difficulty arises from: 1) different
mobile source types (e.g., passenger cars, light-duty gasoline-fueled trucks, heavy-duty
diesel-fueled trucks, diesel buses); 2) inadequate characterization of the high emitters within
the motor vehicle fleet; 3) a large number of individual emitters within each mobile source
subcategory; 4) yearly changes in fuel composition and emission control technology; .5)
undefined operating conditions; 6) several emission points on each vehicle (i.e., tailpipe, fuel
evaporation, tire wear, brake wear, resuspended dust); and 7) a mixture of primary particles,
semivolatile organic compounds, and secondary particle precursors.

To obtain a representation of all of these variables for conditions in the Las Vegas
Valley, 32 samples with approximately two-hour sampling durations were obtained between
09/07/95 and 09/10/95 during morning (0800-1000 PST), noon (1200-1400 PST), and
afternoon (1600-1800 PST) rush hours at ten locations in the valley. These ten sites were
selected to represent different motor vehicle fleets, traffic patterns, traffic volumes, and
vehicle operating conditions. Figure 4-4 shows motor vehicle source sampling locations.
The sample identification codes, sampling dates, sampling periods, and locations are
presented in Table 4-3. Mnemonics were assigned to indicate the 20 validated motor vehicle
samples that were submitted to chemical analysis.

The portable ground-based sampling system was located on the median, sidewalk or
shoulder within 2 m of the nearest high density traffic lane, with the sampling inlet placed at
1.5 m above ground level. The system itself included a Bendix/Sensidyne 240 cyclone, 1.2
cm diameter copper tube in the shape of an inverted U, a 4 cm diameter by 50 cm
homogenizing chamber, a 5 cm diameter flow splitter, two 47-mm filter holders, two flow
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control valves, and a Gast 1023 0.75-horsepower carbon-vane vacuum pump. Fine particle
Teflon-membrane and quartz-fiber filter samples were collected at ~60 L/min flow rate (per
channel) to collect particles less than 2.5 pm.

The vehicle fleet was determined by counting vehicles during ten minutes out of each
hour of the sampling interval to allow differences in vehicle mixture to be determined. Motor
vehicle counts are provided for the following seven categories: 1) passenger cars, 2)
light-duty pickup trucks, 3) taxis, 4) heavy-duty diesel-powered trucks, 5) commuter buses,
6) motorcycles, and 7) miscellaneous (e.g., RV campers). The average traffic counts ranged
from 500 to over 2,000 vehicles per hour, and 95% of the vehicles were fueled by gasoline.
A summary of vehicles counts by vehicle category for each of the motor vehicle sampling
locations is shown in Table 4-4. Table 4-5 compares the average counting results at all sites
with Clark County vehicle registration records. Observed vehicle statistics were similar to
vehicle registration data, with approximately 75% gasoline-powered cars, 20% light-duty
trucks, and less than 2% diesel-powered vehicles. This comparison demonstrates that the
motor vehicle samples were acquired from a vehicle fleet representative of Clark County as a
whole.

Though dominated by motor vehicle emissions, roadside samples also contain
suspended road dust and particles from other sources in the background air. These samples
are likely to be affected by vehicle-related resuspended road dust. The geological
contribution was minimized by using a PM; s inlet on the sampling system to remove coarse
particles. The remaining geological contribution was removed from each sample by applying
the CMB model with Al, Si, K, and Ca as fitting species for the LVGEOLC profile, then
subtracting the calculated geological contribution from each chemical species and the
measured mass. Ammonium and nitrate were also used as CMB fitting species with
secondary ammonium nitrate and sulfate as sources to remove background concentrations of
secondary aerosol from these samples. Individual motor vehicle exhaust profiles were
calculated based on the remaining concentrations of mass and chemical species. Table 4-6
lists the seven composite source profiles for motor vehicle emissions. The overall motor
vehicle exhaust composite profile (LVMVC2) was constructed as the average of six composited
profiles listed in Table 4-6 and the highway profile (LVMVE951). The chemical abundances in
four of these composite profiles are presented in Figure 4-5.

Organic carbon (OC) and elemental carbon (EC) are the most abundant species in motor
vehicle exhaust, accounting for over 85% of the total mass. OC abundances in the composite
motor vehicle profiles range from 42.7 + 8.9% (LVMVEPEC) to 60.7 + 14.6% (LVMVEECC).
Organic-to-total-carbon (OC/TC) ratios range from 0.48 for the LVMVEPEC profile to 0.67 for
the LVMVEECC profile, with an average ratio of 0.59 (LVMVC2). Watson et al. (1994a)
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Mnemonic

LVMVECHC

LVMVEPEC

LVMVECEC

LVMVESAC

LVMVELVC

LVMVELMC

LVMVC2

Table 4-6
Composite Roadside Motor Vehicle Source Profiles Calculated

for the Las Vegas Valley PM;, Study

Sampling Location

Cheyenne Ave. and
Civic Center Dr.

Craig Rd. and Pecos Rd.

E. Charleston Blvd.
and Eastern Ave.

East Sahara Ave. and
Las Vegas Blvd.

Las Vegas Blvd. at El Rancho
Hotel, Flamingo Rd., and
Spring Mountain Rd.

Lake Mead Blvd. and
Civic Center Dr.

Las Vegas Roadside
Motor Vehicle Composite

Samples Included in Composite

LVMVECH]!1
LVMVEPEI1
LVMVEPE3
LVMVEECI1
LVMVESAL
LVMVESA3
LVMVELV1
LVMVELV3
LVMVELV5

LVMVELM1
LVMVELM3

LVMVECHC
LVMVEECC
LVMVELVC
LVMVE951

LVMVECH2

LVMVEPE2

LVMVEEC2

LVMVESA2

LVMVELV2
LVMVELV4
LVMVELV6

LVMVELM2

LVMVEPEC

LVMVESAC
LVMVELMC
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reported OC/TC ratios of 0.69 for gasoline-fueled vehicle exhaust (PHAUTO), 0.55 for
diesel-fueled vehicle exhaust (PHDIES), and 0.52 for a mixture of vehicle types in roadside
tests (PHRD) in Phoenix, AZ. These ratios are similar to the range of OC/TC ratios in the Las
Vegas motor vehicle profiles.

The lead (Pb) abundance is negligible (0.032 + 0.013%) in the LVMVC2 overall
composite profiles. The abundance of bromine (Br) is also low, in the range of 0.02% to
0.04%. Zinc (Zn) is present in most of these profiles, usually at levels between 0.18% and
0.25%. The abundance of chloride (CI") is 0.2% to 0.8%.

4.4 Residential Wood Combustion

The chemical composition of residential wood combustion (RWC) emissions are
expected to vary owing to: 1) differences in appliance types and installation factors (e.g.,
appliance types, catalyst/noncatalyst, damper control, airtight/nonairtight, chimney system);
2) wood compositions (e.g., species/density/size, moisture content, seasoned/nonseasoned,
extent of decomposition); 3) burning practices (e.g., burning rate/duration, load, frequency of
fueling, kindling procedure, household trash); and 4) burn conditions (e.g., kindling/charcoal
phase, cool/hot burn, damper settings) (Houck, 1991).

Sampling methods for exhaust from residential chimneys also introduce variability
owing to: 1) tar-like emissions adhering to chimneys and sampler inlets; 2) low exit
velocities; 3) large ranges of particle concentrations in effluents; and 4) large water vapor
contents that condense upon contact with cold ambient air (Houck, 1991).

A proficient means of obtaining chemical profiles for residential wood combustion
(RWC) in the Las Vegas Valley is by directly sampling the chimney plumes of burning
fireplaces or wood stoves. This method provides RWC samples that are relatively free from
contamination of other sources. The sampling system used consisted of a 4- to 5-meter
stainless steel sampling probe joined to a Bendix/Sensidyne 240 cyclone, a
4-cm-diameter-by-50-cm homogenizing chamber, a 5-cm-diameter flow splitter, two 47-mm
filter holders, two flow control valves, and a Gast 1023 0.75-horsepower carbon-vane
vacuum pump. Each sample was collected by placing the probe and cyclone 0.3 to 0.5 meters
above the smoke plume.

Five sampling sites were selected in the study area. A total of 30 Teflon-membrane
and quartz-fiber filter samples were collected for 2 to 20 minute periods at ~60 L/min flow
rates (per channel). The collection times varied depending on observed filter loadings. The
samples were collected at night (1900 to 0300 PST) during the seasonably cold (~40 °F)
period of 12/21/95 to 12/25/95 (the holiday season), when radiation inversions are intense,




local traffic and industrial source emissions are low, and people are likely to burn wood.
Table 4-7 lists the 22 RWC source samples collected for the Las Vegas Valley PM;o Study.

A total of four fireplaces and one wood stove were sampled. The combustible
material used during RWC sampling included mesquite, ponderosa pine, lumber (two by
fours), and Dura Logs®. Ponderosa pine is the most popular firewood in the Las Vegas
Valley for residential fireplaces and wood stoves mainly due to its abundant availability.

Because none of the five chimney exhausts sampled in this study can be considered
representative of the valley at large, it is more useful to group source samples based on
chemical similarity rather than by sampling location. Four RWC composite profiles were
constructed based on similarities in the composition of soluble potassium (K*), organic
carbon (OC), and elemental carbon (EC). The individual samples used to construct these
composites are listed in Table 4-8. As illustrated in Figure 4-6, the majority of emissions
from RWC emissions are composed of carbonaceous material. Organic carbon (OC) is
generally the most abundant constituent, followed by elemental carbon. In these profiles,
average OC abundance ranged from 5.5 £ 2.4% in two Race Track Road wood stove profiles
(LVRWCC4) to 57 + 13% in the Washington Avenue fireplace profile (LVRWCCI).
Elemental carbon (EC) ranged from 4.4 + 1.3% (LVRWCC1) to 26 + 8% (LVRWCC3,
Valley Glen Court fireplace profile). The OC/TC ratios varied by almost a factor of five,
from 0.21 to 0.93.

Unusual chemical abundances were found in the LVRWCC4 wood stove profile,
which contained very low OC (5.5 £ 2.4%) and high Si (32.0 £ 2.4%) levels. The key feature
of the RWC profiles are that soluble potassium (K*) is mostly (>50%) in water-soluble form,
approaching an average abundance of 1% in these emissions. The abundance of chloride
(CI) is highly variable, ranging from 0.40 + 0.14% (LVRWCC4) to 74 * 3.4%
(LVRWCC3). On average, the abundances of sulfate (SOz), nitrate (NOj3), and ammonium
(NH3), are less than 1% in the composite RWC profiles. The abundances of trace elements
(aluminum [Al], silicon [Si], calcium [Ca], iron [Fe]) are low, in the range of 0.1% to 0.5%,
except for Siin LVRWCC4 (32.0 +2.4%).

4.5 Secondary Aerosol Profiles

Because species such as NOj3, SOz, and OC can be formed through gas-to-particle
transformation in the atmosphere, they cannot be entirely accounted for by primary emissions
profiles. Secondary source profiles are also included in Appendix B which consist of “pure”
ammonium bisulfate (NH4HSO,), ammonium nitrate (NH;NO3), and ammonium sulfate
(INH4]2S04).
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Composite ID

Table 4-8

Residential Wood Combustion Source Profile Composites
Calculated for the Las Vegas Valley PM,, Study

Sampling Location

LVRWCC1

LVRWCC2

LVRWCC3

LVRWCC4

7743 Washington Ave., Las Vegas

6525 Burlwood Ave., Las Vegas

corner of Robin and St. Anderson, Las Vegas

1693 Valley Glen Ct., Las Vegas
113 S. Race Track Rd., Las Vegas

1693 Valley Glen Ct., Las Vegas

113 S. Race Track Rd., Las Vegas

Mnemonic

LVRWCADI1
LVRWCAD3
LVRWCADS

LVRWCCAL1
LVRWCCA3
LVRWCCAS

LVRWCCH1
LVRWCCH3

LVRWCPI1
LVRWCSI1

LVRWCPI2
LVRWCPI4

LVRWCSI3

LVRWCAD2
LVRWCAD4

LVRWCCA2
LVRWCCA4

LVRWCCH2
LVRWCCH4

LVRWCSI2

LVRWCPI3

LVRWCSI4
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4.6  Source Profile Summary

This a priori examination of source profiles for the study cannot determine which
profiles will be distinguishable by CMB modeling. Current modeling software contains
diagnostic tests to allow the degree of “collinearity” (or similarity among profiles) to be
evaluated for each combination of source and receptor data. This examination indicates the
following expectations:

e Geological profiles are too similar to be distinguished from one another. It is
unlikely that CMB receptor modeling by itself and without measurement of
additional unique species will distinguish different geological source profiles from
each other.

e The same is true for motor vehicle exhaust from leaded-, unleaded-, and
diesel-fueled vehicles. While these general source categories can probably be
distinguishable from each other with receptor modeling, individual source types
within the categories probably cannot be separated by the modeling.

e Sulfate, nitrate, and organic carbon are present in nearly all of the primary
emissions from these sources, though the majority of the sulfate, nitrate, and
organic carbon measured in ambient samples in the Las Vegas area will be of
secondary origin.
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5.0 DATA BASE AND DATA VALIDATION

One of the objectives of this study is to acquire a data base of ambient PMj,
concentrations, source profiles, and meteorological measurements with specified precision,
accuracy, and validity. Numerous air quality studies have been conducted over the past
decade, but the data obtained are often not available or applicable for source assessment
because the data bases lack documentation with regard to sampling and analysis methods,
quality control/quality assurance procedures, accuracy specifications, precision calculations,
and data validity. Lioy et al. (1980), Chow and Watson (1989), and Watson and Chow
(1992) summarize the requirements, limitations, and current availability of ambient and
source data bases in the United States. The Las Vegas Valley PM;o Study aerosol and
meteorological data base attempts to meet these requirements. The data base files for this
study have the following attributes:

e They contain the ambient and source observables needed to assess source/receptor
relationships;

e They are available in a well-documented, computerized form accessible by
personal computers;

e Measurement methods, locations, and schedules are documented;
¢ Quality control and quality audits are documented;

e Precision and accuracy estimates are reported;

e Validation flags are assigned; and

e Feedback from data base users has been solicited and incorporated into the data
files.

Documentation files include project and data description files, a site description file,
and site maps. Data files include base site PMj¢ mass and chemical concentrations, satellite
site PMjo mass and chemical concentrations, source profiles for geological material, motor
vehicle exhaust, and residential wood combustion, as well as supplemental data from hourly
beta-attenuation monitor (BAM) PM;, and hourly meteorological measurements from the
Clark County Health District (CCHD) monitoring network.

This section introduces the features, data structures, and contents of the Las Vegas
Valley PMj, Study data archive. The approach that was followed to obtain the final data files
is illustrated in Figure 5-1. Detailed data processing and data validation procedures are
documented in Sections 5.3 and 5.4. These data are available on floppy diskettes for
convenient distribution to data base users. Detailed file structures are presented in Appendix
A and are referred to below as Tables A-1 through A-13. The file extension identifies the file
type according to the following definitions:

5-1



Define Final
Data Base Files

Define Final Data Base
Structures and Variables

Define Input Data Base
Structures, Variables, and
Defaults
Import Data to
Input Data Bases Manual Data Entry -
from Computer Files
Level I
Data Validation
Data Base <
Integration
Data Base Calculations Apply
and Error Propagations Validation Flags
Level II
Data Validation
Final Apply Level III
 ————
Data Bases Validation Flags Data Validation
Data
Interpretation

Figure 5-1  Flow diagram of the data base management system.
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TXT = ASCII text file

DOC = Microsoft Word 6 document

XLS = Microsoft Excel 5 spreadsheet file

DBF = Xbase (i.e., dBase, FoxPro) data base file
FPT = FoxPro memo field file

GSM = Map Viewer map file

ZIP = File or set of files compressed with PKZIP. Decompress with PKUNZIP.

5.1 Project Documentation Files

Five files contain project documentation for this study:

File “README.DOC” presents a brief overview of the scope of the project and
the study objectives. It also specifies, in tabular form, the ambient measurement
periods as well as their locations. Additionally, this file defines the directory
structure and file structures, and lists the data base files with brief descriptions of
the data contained in each file.

File “LVSITE.DBF”’ documents the site names, addresses, UTM coordinates,
characteristics of the aerosol sampling locations, and the observables collected at
each site. The structure of this file is shown in Table A-1.

File “LVSITES.GSM” contains the map of the study area in a MAPVIEWER
software package.

File “LVFLDNAM.DBF” provides the field descriptions, naming conventions,
and measurement units utilized in the FoxPro-generated data base files. The
structure of this file is shown in Table A-2.

File “LVSOURCE.DOC” explains the source profile identification codes.

5.2 Data Base Structures and Features

FoxPro for Windows 2.5 (Fox Software, Inc., 1991), is a commercially-available
relational data base management system that can be used to manipulate the data acquired in
this study. FoxPro can handle 256 fields of up to 4,000 characters per record and up to one
billion records per file. This system can be implemented on most IBM PC-compatible
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desktop computers. The data base files (x.DBF) can also be read directly into a variety of

popular statistical, plotting, data base, and spreadsheet programs without having to use any
specific conversion software.

Each file structure was established by defining the fields for data to be stored. One of
five field types, character, date, numerical, logical, or memo, can be assigned to each
observable. Sampling sites and particle size fractions are defined as “Character” fields,
sampling dates are defined as “Date” fields, and measured data are defined as “Numeric”
fields. “Logical” fields are used to represent a “yes” or “no” value applied to a variable, and
“Memo” fields accommodate large blocks of textual information and can be used to
document the data validation results.

Data contained in different XBase files can be linked by indexing on and relating to
common attributes in each file. Sampling site, sampling hour, sampling period, particle size,
and sampling substrate IDs are, in general, the common fields among various data files which
can be used to relate data in one file to the corresponding data in another file.

To assemble the final data files, information was merged from many data sets derived
from field monitoring and laboratory analyses by relating information on the common fields
cited above. Detailed explanations and programming techniques for manipulation of this
data base in FoxPro are presented by Christensen et al. (1989).

5.2.1 Data Base Description

Table 5-1 summarizes the validated data files that constitute the Las Vegas ambient
PM ;o and meteorological data base. Tables A-3 through A-11 identify the number of records,
file dates, missing value codes, and data precisions for the ambient and source data. The field
sequence, field name, data type and format, and description of each field name are also
documented. Documentation for the FoxPro field descriptions, naming conventions, and
measurement units used in the ambient PM;, and the meteorological data bases is given in
the file “LVFLDNAM.DBF” (Table A-2). Tables A-12 and A-13 are field and laboratory
validation flags for the 24-hour PMyy.

The data base structures and their definitions for ambient and source filter-based
measurements are contained in the data documentation files entitled “AMBSTRU.DOC” and
“SRCSTRU.DOC,” respectively. Data base structures for the meteorological data are
documented in “METSTRU.DOC.” These documentation files are updated when changes
are made in the data base. Users should review the current documentation on the set of disks
containing the data base since this documentation may differ from the tables presented in
Appendix A.
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Table 5-1

Summary of Las Vegas Valley PM;, Study Data Bases

Category Data Base File

Data Base Description

I. DATA BASE DOCUMENTATION

README.DOC

LVSITE.DBF

LVSITE.GSM

LVFLDNAM.DBF

AMBSTRU.DOC

SRCSTRU.DOC

LVSOURCE.DOC

METBAMST.DOC

Project and data description file.

Site description, location, and
data collected.

Site map.

Defines the FoxPro fields and
measurement units used in the
ambient and meteorological data
bases.

Ambient data base structure
documentation.

Source data base structure
documentation.

Source identification codes.
Meteorological and beta

attenuation monitor (BAM) data
base structure documentation.

Number

of Records

NA

48

167

NA

NA

NA

NA

Reference Table
Numbers

NA

Table A-1

NA

Table A-2

NA

NA

NA

NA




Category

Table 5-1 (continued)

Summary of Las Vegas Valley PM,, Study Data Bases

Data Base File

Number
Data Base Description of Records

II. PM;o MASS AND CHEMICAL DATA

PMyo

PM;o

PMo

AMB_SFS1.DBF

AMB_SFS2.DBF

AMB_POR1.DBF

Contains 24-hour PM o mass and 194
light absorption (b,,) data
collected at the Bemis and East
Charleston sites on: 1) every
sixth day between 01/03/95 to
01/28/96; 2) daily spring
(04/15/95 to 04/21/95) and
05/12/95 to 05/16/95), summer
(06/05/95 to 06/07/95), fall
(09/07/95 to 09/12/95), and
winter (01/26/96 to 01/30/96)
five intensive periods; and 3)
daily between 12/23/95 and
01/04/96 with sequential filter
samplers.

Contains 24-hour PM,o mass, 37
light absorption (b,), elements

(Na to U), organic and elemental

carbon, and ions”, collected at the

Bemis and East Charleston sites

for the selected 14 days

Contains 24-hour PM;, mass and 781
light absorption (bay,s) collected at

the 30 satellite sites for daily

spring (04/15/95 to 04/21/95) and

05/12/95 to 05/16/95), summer

(06/05/95 to 06/07/95), fall

(09/07/95 to 09/12/95), and

winter (01/26/96 to 01/30/96)

intensive monitoring periods with

portable PM;, samplers.
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Table A-3

Table A-4
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Table 5-1 (continued)

Summary of Las Vegas Valley PM,o Study Data Bases

Category Data Base File

Number

Data Base Description of Records

II. PM;o MASS AND CHEMICAL DATA (CONT’D)

PM,;, AMB_POR2.DBF

ITII. SOURCE PROFILE DATA

Source LVSORPCT.DBF

Source LVSORFRC.DBF

Source LVSORCMB.DBF

Contains 24-hour PM;, mass, 424
light absorption (b,s), and

elements (Al, Si, S, K, Ca, and

Fe) collected daily at 30 satellite

sites for the periods: summer

(06/05/95 to 06/07/95), fall

(09/07/95 to 09/12/95), and

winter (01/26/96 to 01/30/96)

intensive monitoring periods with

portable PM;, samplers.

Contains the source composition 88
of PM, s or PM;, , elements (Na

to U), organic and elemental

carbon, and ions® in percent of

total mass for the composite and
individual source measurements

profiles.

Contains the source composition 88
of PM, s or PM,, elements (Na

to U), organic and elemental

carbon, and ions” in fraction of

total mass for the composite and
individual source profiles.

Contains the source composition 88
of PM, 5, coarse (PM, s minus

PM,p), and PM;, elements (Al to

U), organic and elemental

carbon, and ions® in fraction of

total mass for the composite and
individual source profiles as

CMB model input format.
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Table A-7

Table A-8
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Table 5-1 (continued)

Summary of Las Vegas Valley PM,, Study Data Bases

Category  Data Base File

Number

Data Base Description of Records

IV. METEOROLOGICAL AND PM,, DATA

Met. & LVMETBAM.DBF
PM

PM;, LVBAM24H.DBF

V. DATA VALIDATION FLAGS

AMBFLAG.DOC

CHEMFLAG.DOC

a

Contains hourly meteorological
data for 17 sites® and hourly
PM, beta attenuation monitor
(BAM) data for 14 sites®
collected for the period from
01/01/95 to 01/31/96.

182,016

Contains 24-hour PM,, mass 7584
collected at 10 stations from

01/01/95 to 01/31/96 with a beta
attenuation monitor.

Contains the field sampling data NA
validation flags.

Contains the chemical analysis NA
data validation flags.

Chloride, nitrate, sulfate, ammonium, and soluble potassium.

® See Table 5-3 for meteorological measurements.

Reference Table
Numbers

Table A-10

Table A-11

Table A-12

Table A-13




5.2.2 Ambient Data Base

A prefix “AMB” is assigned to the primary Las Vegas particulate data files. The
particulate data files are classified at a second level that is dependent upon the
instrumentation used to collect the sample. Separated from the “AMB” prefix with an
underscore, two additional identification naming conventions are used to indicate the type of
instrument used to collect the data. These conventions are: 1) SFS to represent a sequential
filter sampler, and 2) POR to represent a portable battery-powered PMjo survey sampler.
Each observable is identified by a field name which follows a pattern for that type of
observable. For example, in the ambient particle concentration file, the first two characters
represent the measurement species (e.g., AL for aluminum, SI for silicon, CA for calcium),
the third character designates the analysis method (i.e., “G” for gravimetric weighing, “D” for
optical densitometry, “X” for x-ray fluorescence analysis, “I” for ion chromatography, “A”
for atomic absorption spectrophotometry, “C” for automated colorimetry, “T” for
thermal/optical carbon analysis), and the last character uses a “C” to identify a species
concentration or a “U” to identify the uncertainty (i.e., precision) of the corresponding
measurement. Each measurement method is associated with a separate validation field to
document the sample validity for that method. These flags, as well as the comments, are
recorded in a validation flags summary that accompanies each record.

Table 5-2 summarizes the ambient 24-hour PM;y, measurements acquired for this
study. Four files are included in the mass and chemical concentration data bases:

e Twenty-four-hour (0001 to 2400 PST) ambient PM;o mass and light absorption
for all samples collected at the two base sites are in the file “AMB_SFS1.DBE.”
The structure of this file is shown in Table A-3.

e Twenty-four-hour (0001 to 2400 PST) ambient PM;(, mass, light absorption, and
chemical speciation for all samples selected for chemical analysis at the two base
sites are in the file “AMB_SFS2.DBF.” The structure of this file is shown in
Table A-4.

e Twenty-four-hour (0001 to 2400 PST) PMo mass and light absorption for all
samples collected at the satellite sites are in the file “AMB_POR1.DBF.” The
structure of this file is shown in Table A-5.

e Twenty-four-hour (0001 to 2400 PST) PM;( mass, light absorption, and chemical
speciation for all samples collected at the satellite sites are in the file
“AMB_POR2.DBF.” The structure of this file is shown in Table A-6.
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Ambient
Measurements

Annual Sampling

Bemis
East Charleston

Intensive Sampling

Spring Intensive
Bemis
East Charleston
Bemis
East Charleston
30 satellite sites
30 satellite sites

Summer Intensive
Bemis
East Charleston
30 satellite sites

Fuall Intensive
Bemis
East Charleston
30 satellite sites

Winter Intensive
Bemis
East Charleston
30 satellite sites

Bemis
East Charleston

Table 5-2
Ambient PM;, Measurements Collected during the Las Vegas Valley PM;, Study

e Mini-intensive Sampling

Sampling

Start Date End Date  Frequency
01/03/95 01/28/96  every sixth day
01/03/95 01/28/96  every sixth day
04/15/95 04/21/95  daily
04/15/95 04/21/95  daily
05/12/95 05/16/95  daily
05/12/95 05/16/95  daily
04/15/95 04/21/95  daily
05/12/95 05/16/95  daily
06/05/95 06/07/95  daily
06/05/95 06/07/95  daily
06/05/95 06/07/95  daily
09/07/95 09/12/95  daily
09/07/95 09/12/95  daily
09/07/95 09/12/95  daily
01/26/96 01/30/96  daily
01/26/96 01/30/96  daily
01/26/96 01/30/96  daily
12/23/95 01/04/96  daily
12/23/95 01/04/96  daily

Sampling
Period

24 hour
24 hour

24-hour
24-hour
24-hour
24-hour
24 hour
24 hour

24-hour
24-hour
24-hour

24 hour
24 hour
24 hour

24 hour
24 hour
24 hour

24 hour
24 hour

Filename

AMB_SFS1.DBF
AMB_SFS1.DBF

AMB_SFS1.DBF
AMB_SFS1.DBF
AMB_SFS1.DBF
AMB_SFS1.DBF
AMB_POR1.DBF
AMB_POR1.DBF

AMB_SFS1.DBF
AMB_SFS1.DBF
AMB_POR1.DBF

AMB_SFS1.DBF
AMB_SFS1.DBF
AMB_POR1.DBF

AMB_SFS1.DBF
AMB_SFS1.DBF
AMB_POR1.DBF

AMB_SFS1.DBF
AMB_SFS1.DBF
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5.2.3 Source Data Base

Tables 4-1 to 4-8 summarize the source profiles described in Section 4, as well as
those profiles extracted from other source apportionment studies. The source profiles and the
data from which they were derived are contained in the “LVSORPCT.DBF” file which
contains the percent of total mass and the uncertainty associated with each source
measurement for the elements (Na to U), carbon (OC and EC), and ions (CI", NO3 , SO%,
NHj, and K¥) for each of the individual source samples and the composite source profiles
acquired in this study. This file includes all the source samples acquired for this study. The
structure of this data base file is shown in Table A-7. Individual and composite source
profiles in fraction of total mass and in CMB Version 7 model input format are documented
in the “LVSORFRC.DBF” file (Table A-8) and the “LVSORCMB.DBF” file (Table A-9),
respectively.

5.24 Hourly Meteorological and PM,;, Data Base

Table 5-3 lists the hourly meteorological and PM;, beta-attenuation monitor (BAM)
sampling sites, sampling periods, sampling frequency, and filenames for each station’s hourly
meteorological and PMyy BAM data. Hourly meteorological and PM;; BAM data were
acquired from CCHD’s network. File “LVMETBAM.DBF” contains hourly meteorological
data from 17 stations and hourly PM;o BAM data from 14 stations in the CCHD network.
The structure of this file is shown in Table A-10. Hourly PM;p BAM data are averaged to
obtain 24-hour PM;o concentrations for each day. These 24-hour PM;, averages are
contained in the “LVBAM24H.DBF” file. The structure of this file is shown in Table A-11.

5.3  Analytical Specifications

Every measurement consists of four attributes: 1) a value; 2) a precision; 3) an
accuracy; and 4) a validity (Hidy, 1985; Watson et al., 1989). The measurement methods
described by Chow and Richards (1990) and in this volume are used to obtain the value.
Performance testing via regular submission of standards, blank analysis, and replicate
analysis are used to estimate precision. These precisions are reported in the data files
described in Section 5.2 so that they can be propagated through air quality models and used
to evaluate how well different values compare with one another. The submission and
evaluation of independent standards through quality audits are used to estimate accuracy.
Validity applies both to the measurement method and to each measurement taken with that
method. The validity of each measurement is indicated by appropriate flagging within the
data base, while the validity of the methods has been evaluated in this study by a number of
tests.
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BC
BS
CcC
DM
EC

GR
N
LM
MC
MS
PL
PM
PT
PX
SL
VS
Wi
WS
wWwW

Site Name

Boulder City

Bemis/Craig

City Center

Dime 111

East Charleston

Flamingo

Green Valley (Arroyo Grande)
Jean

Lake Mead (McDaniel)
Maycliff (East Sahara)

East Charleston (Microscale)
Powerline (Southeast Valley)
Paul Meyer Park

Pittman

Proximity

Shadow Lane (Health District)
Varity School

Walter Johnson

Warm Springs (Arroyo Grande)
Winterwood

Table 5-3
Supplemental Meteorological and PM,, (BAM) Data
from the Clark County Health District for the Las Vegas Valley PM,, Study

Start Date

End Date Temp

01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
01/01/95
03/01/95
01/01/95
01/01/95

01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
01/31/96
11/30/95

*

* % X ¥ X %

¥ ¥ ¥ X ¥ X ¥

Number of
RH Wind BAM Records

9504
9504
9504
9504
9504
9504
8016
9504
9504
9504
9504
9504
9504
8706
9504
9504
5088
9405
9504
* * 9504

* X X X X X X X *
* K X X ¥ X X ¥ *

* K X X X ¥ %
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The precision, accuracy, and validity of the Las Vegas Valley aerosol measurements
are defined as follows:

e A measurement is an observation at a specific time and place which possesses
four attributes: 1) value — the center of the measurement interval; 2) precision —
the width of the measurement interval; 3) accuracy — the difference between
measured and reference values; and 4) validity — the compliance with assumptions
made in the measurement method.

e A measurement method is the combination of equipment, reagents, and
procedures which provide the value of a measurement. The full description of the
measurement method requires substantial documentation. For example, two
methods may use the same sampling systems and the same analysis systems.
These are not identical methods, however, if one performs acceptance testing on
filter media and the other does not. Seemingly minor differences between
methods can result in major differences between measurement values.

e Measurement method validity is the identification of measurement method
assumptions, the quantification of effects of deviations from those assumptions,
the evaluation that deviations are within reasonable tolerances for the specific
application, and the creation of procedures to quantify and minimize those
deviations during a specific application. A substantial effort was expended in the
Las Vegas PMj, Study to establish the validity of measurement methods,
especially for the measurements of elemental carbon, light absorption, and particle
nitrate.

e Sample validation is accomplished by procedures which identify deviations from
measurement assumptions and the assignment of flags to individual measurements
for potential deviations from assumptions.

e The comparability and equivalence of sampling and analysis methods are
established by the comparison of values and precisions for the same measurement
obtained by different measurement methods. Interlaboratory and intralaboratory
comparisons are usually made to establish this comparability. Simultaneous
measurements of the same observable are considered equivalent when more than
90% of the values differ by no more than the sum of two one-sigma precision
intervals for each measurement.

e Completeness measures how many environmental measurements with specified
values, precisions, accuracies, and validities were obtained out of the total number
attainable. It measures the practicability of applying the selected measurement
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processes throughout the measurement period. Data bases which have excellent
precision, accuracy, and validity may be of little use if they contain so many
missing values that data interpretation is impossible.

Approximately 1,000 PM;, samples were acquired for the Las Vegas Valley PMjo
Study. Samples were submitted for comprehensive chemical analyses which resulted in over
20,000 data points, as documented in Section 5.2.

A data base with numerous data points, such as the one used in this study, requires
detailed documentation of precision, accuracy, and validity of the measurements. This
section addresses the procedures followed to define these quantities and presents the results
of those procedures.

5.3.1 Precision

Measurement precisions reported in the Las Vegas Valley filter-based measurement
data bases are propagated from precisions of the volumetric measurements, the chemical
composition measurements, and the field blank variability using the methods of Bevington
(1969). The following equations are used to calculate the precision associated with
filter-based measurements:

G = M;-B)/V (5-1)
\Y = Fxt (5-2)
B; = lZBij for B; > Og; (5-3)
n j=1
Bi = 0 fOI’BiSO'Bi (5‘4)
o5 = STDg = [_1_12(35—392]”2 for STDg:>SIGg; (5-5)
Il- j=1
1 n
osi = SIGy = [;Z(cmj)z]“2 for STDg; < SIGug; (5-6)
j=l
2 2 2 2
Oywi +05 0y (M, -B,)
GCi = [ M; V2 B + Vv V4 ]1/2 (5_7)
_ IS 24112
Orms; = (;2%) (5-8)

=1
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ov/V

where:

M

M;;

SIGg;

STDg; =

OBi
OBij
Oci
Omi
ORMS;
Ov

t

A%

0.05 (5-9)

average amount of species i on field blanks

the amount of species i found on field blank j

the ambient concentration of species i

flow rate throughout sampling period

amount of species i on the substrate

amount of species i on sample j from original analysis
amount of species i on sample j from replicate analysis
total number of samples in the sum

the root mean square error (RMSE), the square root of the averaged
sum of the squared of Ogj;.

standard deviation of the blank

blank precision for species i

precision of the species i found on field blank j
propagated precision for the concentration of species i
precision of amount of species i on the substrate

root mean square precision for species i

precision of sample volume

sample duration

volume of air sampled

Dynamic field blanks were periodically placed in each sampling system without air
being drawn through them to estimate the magnitude of passive deposition for the period of
time which filter packs remained in a sampler (typically five days). Three to four field blanks
were obtained per site per sampler. No significant inter-site differences in field blank
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concentrations were found for any species after removal of outliers (i.e., concentration
exceeding three times the standard deviations of the field blanks). The average field blank
concentrations (with outliers removed) were calculated for each species on each substrate
(i.e., Teflon-membrane, quartz-fiber), irrespective of the sites. It was found in this study that
inter-site differences are not statistically significant.

Blank precisions (0g;) are defined as the higher value of the standard deviation of the
blank measurements, STDg;, or the square root of the averaged squared uncertainties of the
blank concentrations, SIGg;. If the average blank for a species was less than its precision, the
blank was set to zero (as shown in Equation 5-4). Dynamic field blank concentrations are
given in Tables 5-4 and 5-5 for PM; samples in pg/filter collected with SFS and portable
PM; survey samplers, respectively.

The precisions (Gm;) for x-ray fluorescence analysis were determined from counting
statistics unique to each sample. Hence, the Gy is a function of the energy-specific peak
area, the background, and the area under the baseline.

As shown in Table 5-4, the standard deviation of the field blank is a factor of two or
greater than its corresponding root mean square error (RMSE) for PM;o volatilized nitrate,
soluble potassium, organic carbon, calcium, iron, and zinc. Some of these field blanks may
have been contaminated during the passive deposition period and during sample changing
while the plenum was wide open. Examining the individual field blank values shows that
these values are well within the range of the standard deviation of the average blank
concentrations.

In Tables 5-4 and 5-5, PMjp mass blank values for SFS and portable PM;, survey
samplers were less than their precisions. The largest variation is found for organic carbon,
with an average of 23 + 7 ug/47-mm filter. It is apparent that adsorption of gaseous organic
carbon is enhanced over the five-day passive sampling period while filter substrates are left in

the sampler. These values are comparable with those reported in other studies (e.g., Watson
et al., 1988; Chow and Watson, 1997b), however.

Table 5-6 summarizes the analytical specifications for the 24-hour PMjg
measurements from the SFS and portable PM;, survey samplers. Minimum detectable limits
(MDL), root mean squared (RMS) precisions, and lower quantifiable limits (LQL) are given.
The LQL is defined as a concentration corresponding to two times the precision of the
dynamic field blank. The LQLs in Table 5-6 were divided by 28.8 m’ for SFSs and 7.2 m’
for portable PM,o survey samplers. These are the nominal sample volumes of 24-hour
samples. Actual volumes varied from sample to sample, typically within + 5% of the pre-set
volume. The LQLs should always be equal to or larger than the analytical MDLs because

they include the standard deviation of the field blank and flow rate precision
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Table 5-4
Las Vegas Valley PM,, Study Field Blank Concentrations and Precisions (ug/filter) at the Two Base Sites
Acquired with Sequential Filter Samplers

Root Mean Total No.
Blank® Blank” Average Field Blank Squared Blank of Blanks
Species Subtracted (B,)  Precision (55,) Field Blank Std. Dey. (STDg)) DPrecision (Gpp)° in Average
Mass 0.0000 11.1910 3.7143 11.1910 8.5640 7
by (Mm™) 0.0000 1.1366 -0.4193 1.0152 1.1366 9
Chloride (CI) 0.0000 0.5003 0.3767 0.1072 0.5003 9
Nonvolatilized Nitrate (NO;") 1.2733 0.5000 1.2733 0.1832 0.5000 9
Volatilized Nitrate (NO;) 1.9200 0.7390 1.9200 0.7390 0.1675 9
Sulfate (SO,7) 0.0000 0.5000 0.4700 0.3665 0.5000 9
Ammonium (NH,") 0.5657 0.5000 0.5657 0.1362 0.5000 9
Soluble Potassium (K*) 0.0000 0.0972 0.0539 0.0972 0.0550 9
Organic Carbon (OC) 22.6444 7.4159 22.6444 7.4159 3.8224 9
Elemental Carbon (EC) 0.0000 1.4873 0.9778 1.4873 0.9000 9
Sodium (Na) 0.8315 0.5945 0.8315 0.4605 0.5945 9
Magnesium (Mg) 0.0000 0.3335 0.2480 0.1932 0.3335 9
Aluminum (Al) 0.0000 0.4527 0.4233 0.2796 0.4527 9
Silicon (Si) 0.9595 0.5901 0.9595 0.5901 0.3615 9
Phosphorus (P) 0.0000 0.1236 0.1167 0.0808 0.1236 9
Sulfur (S) 0.1232 0.0733 0.1232 0.0733 0.0536 9
Chlorine (Cl) 0.0000 0.1515 0.0320 0.0981 0.1515 9
Potassium (K) 0.0000 0.1352 0.0498 0.0845 0.1352 9
Calcium (Ca) 1.1836 0.6891 1.1836 0.6891 0.2268 9
Titanium (Ti) 0.0000 0.4735 -0.0462 0.0751 0.4735 9
Vanadium (V) 0.0000 0.2456 -0.0591 0.0673 0.2456 9
Chromium (Cr) 0.0000 0.0705 -0.0190 0.0304 0.0705 9
Manganese (Mn) 0.0000 0.0356 0.0047 0.0075 0.0356 9
Iron (Fe) 0.0000 0.4268 0.3200 0.4268 0.0146 9
Cobalt (Co) 0.0000 0.0225 0.0006 0.0065 0.0225 9
Nickel (Ni) 0.0000 0.0207 -0.0002 0.0058 0.0207 9
Copper (Cu) 0.0000 0.0193 0.0123 0.0104 0.0193 9
Zinc (Zn) 0.0285 0.0202 0.0285 0.0202 0.0156 9
Gallium (Ga) 0.0000 0.0348 0.0051 0.0143 0.0348 9
Arsenic (As) 0.0000 0.0419 -0.0017 0.0092 0.0419 9
Selenium (Se) 0.0000 0.0218 -0.0035 0.0066 0.0218 9
Bromine (Br) 0.0000 0.0194 -0.0005 0.0065 0.0194 9
Rubidium (Rb) 0.0000 0.0186 -0.0030 0.0042 0.0186 9
Strontium (Sr) 0.0000 0.0211 0.0039 0.0069 0.0211 9
Yttrium (Y) 0.0000 0.0260 0.0024 0.0054 0.0260 9
Zirconium (Zr) 0.0000 0.0305 0.0001 0.0071 0.0305 9
Molybdenum (Mo) 0.0000 0.0556 0.0009 0.0109 0.0556 9
Palladinm (Pd) 0.0000 0.1723 -0.0440 0.0541 0.1723 9
Silver (Ag) 0.0000 0.1900 0.0885 0.0739 0.1900 9
Cadmijum (Cd) 0.0000 0.2050 0.0271 0.0849 0.2050 9
Indium (In) 0.0000 0.2376 -0.0632 0.0756 0.2376 9
Tin (Sn) 0.0000 0.2978 0.0180 0.1309 0.2978 9
Antimony (Sb) 0.0000 0.3514 -0.0383 0.0691 0.3514 9
Barjum (Ba) 0.0000 1.2602 0.0420 0.3332 1.2602 9
Lanthanum (La) 0.0000 1.6523 04213 0.5069 1.6523 9
Gold (Au) 0.0000 0.0593 0.0174 0.0206 0.0593 9
Mercury (Hg) 0.0000 0.0491 -0.0012 0.0131 0.0491 9
Thaltium (T1) 0.0000 0.0461 0.0070 0.0126 0.0461 9
Lead (Pb) 0.0000 0.0622 0.0054 0.0208 0.0622 9
Uranium (U) 0.0000 0.0469 -0.0089 0.0096 0.0469 9

* Values used in data processing. Non-zero average blarnk concentrations are subtracted when the average blank exceeds its standard deviation.
° Larger of either the analytical precision or standard deviation from the field.
° RMS precision is the square root of the sum of the squared uncertainties of the observations divided by the number of observations.




Table 5-5
Las Vegas Valley PM,, Study Field Blank Concentrations and Precisions (ng/filter) at the 30 Satellite Sites
Acquired with Portable PM,, Survey Samplers

Root Mean Total No.

Blank® Blank® Average Field Blank Squared Blank  of Blanks
Species Subtracted (B;) Precision (o) Field Blank Std. Dev. (STDg;) Precision (6ays)° in Average
Mass 0.0000 21.9628 -0.5222 21.9628 8.5640 90
babs (Mm™) 0.0000 4.5465 2.8692 4.3700 4.5465 60
Aluminum (Al) 0.0000 0.4832 0.1130 0.2324 0.4832 89
Silicon (8i) 0.0000 0.7640 0.2082 0.7640 0.3252 89
Sulfur (S) 0.0000 0.1200 0.0220 0.0741 0.1200 90
Potassium (K) 0.0000 0.2034 0.0064 0.1438 0.2034 89
Calcium (Ca) 0.0000 0.2641 -0.0562 0.2435 0.2641 89
Iron (Fe) 0.0000 0.9976 0.1147 0.8107 0.9976 89

? Values used in data processing. Non-zero average blank concentrations are subtracted when the average blank exceeds its standard deviation,
® Larger of either the analytical precision or standard deviation from the field,
¢ RMS precision is the square root of the sum of the squared uncertainties of the observations divided by the number of observations.
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(Watson et al., 1995). This is the case for most of the chemical compounds noted in Table
5-6. This table indicates that the RMS precisions are comparable in magnitude to the LQLs
for most species.

The number of reported (nonvoid, nonmissing) concentrations for each species and
the number of reported concentrations greater than the L.QLs are also summarized in Table
5-6. For the SFS samples, PM;¢ mass, light absorption, ions (e.g., chloride, nonvolatilized
nitrate, sulfate, ammonium, soluble potassium), and organic and elemental carbon were
detected in almost all cases except for volatilized nitrate, which was only detected in 90% of
the cases. PMjo bromine (Br) and lead (Pb) were detected in 87% and 64% of the samples,
respectively. Several rare-earth XRF elements (e.g., Co, Ga, Y, Mo, Pd, In, Sn, Sb, T1) were
not detected in most cases, which is typical for urban sites in most regions. PM;, nickel (Ni)
and vanadium (V) concentrations were detected in 33% and 2% of the cases, respectively,
indicating insignificant residual oil combustion in the study area. Industrial-source-related
toxic species such as PMjq Se, Cd, and Hg were not detected in any of the cases with the
exception of As, which was found above the LQLs in 6% of the cases. PM;o Mg, Al, Si, S,
K, Ca, Mn, Fe, Cu, Zn, and Sr were found above the L.QLs in over 95% of the cases, and
most of these are abundant in resuspended dust. The maximum arsenic concentration of
0.0052 ug/m3 was far below those levels that might be hazardous to human health.

The RMS precisions and L.QLs for the portable PM,( survey samples were higher
than those of the SFSs due to their greater variations in field blank concentrations. Similar to
the SFS samples, most of the crustal species concentrations for the portable survey samples
were above the LQLs in over 90% of the cases.

These analytical specifications imply that PM; samples acquired in this study possess
adequate sample loading for various chemical analyses. In addition, the MDLs of the selected
chemical analysis methods were sufficiently low to establish a valid measurement with
associated uncertainties.

54 Quality Assurance

Both system and performance audits are performed in the analytical laboratory during
the spring of 1996 as samples for the Las Vegas Valley PM;, Study were processed.
Auditors acquired and reviewed the standard operating procedures and examined all phases
of measurement activities to assure that procedures were being followed and that operators
were properly trained. All procedures reviewed by the auditors were acceptable and proved
to be adequate for the study.

Performance audits establish whether or not predetermined specifications are being
achieved in practice. For laboratory performance audits, both XRF thin-film standards and
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laboratory spiked filters were submitted to independent laboratories for x-ray fluorescence,
ion chromatographic, automated colorimetric, and carbon analyses. The following
subsections summarize the audit results.

5.4.1 Thin-Film Standards Comparison for Elements

Table 5-7 summarizes the audit results for the 20 thin-film standards obtained by the
auditor from MicroMatter Company (Deer Harbor, WA). The samples flagged “x” (i.e.,
S127, S139, and S142) are those which MicroMatter Co. specified as having “variable
stoichiometry” with deposit concentrations certified for the sum of both elements, but not for
each individual element. Therefore, only the sum of the elemental concentrations are used to
compare with these standards.

The manufacturer’s accuracy specifications for these thin-film standards are +5% at
best. Table 5-7 shows that over 90% of the comparisons are within +15% of the standard
value, with 64% of the elemental analyses reporting percent differences within £10%. This
yielded an overall average difference of -9%.

Poor comparisons were found for titanium (Ti) (-20.5%), vanadium (V) (-19.8%),
sulfur (S) (-19.0%), and copper (Cu) (15.5%). Past experience in analyzing different batches
of MicroMatter standards indicates substantial variability among individual standards for
given elements. Figure 5-2 gives an example of a recent calibration in which sulfur
concentrations varied by up to 160% (based on manufacturer’s specifications) for the twelve
MicroMatter sulfur standards. Multiple standards for each element are used in the normal
XRF calibration process.

Table 5-8 summarizes the comparisons of recent (04/04/96) XRF standard
calibrations with the National Institute of Standards and Technology (NIST) thin-film XRF
standards. These comparisons report 1.0 + 10.2% and 5.2 + 11.1% differences for vanadium
(V), 0 £ 14.4% and -1.3 = 14.3% differences for titanium (Ti), and 4.7 £ 8.0%, -4.3 + 8.0%, 7
+ 6.8%, and -5.0 + 6.8% differences for copper (Cu). The standard deviation associated with
the “percent difference” is propagated with XRF counting errors as well as the standard
deviation of the NIST standard value. Standard deviations exceed the differences between
measurements and standards most of the time in these comparisons, indicating that the
average percent error is not significantly difference from zero. These values show that
comparisons with NIST standards result in 10% to 15% fewer discrepancies than
comparisons with MicroMatter standards.
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S125
S126
S127
S127
S127
S128
S128
S129
S129
S130
S131
S132
S133
S134
S135
S136
S137
S138
S139
S139
S139
5140
S141
5142
5142
5142
5143
S144

Flag*

f3,x
f3,x

n9

Table 5-7

X-Ray Fluorescence Audit Results

(concentrations in ug/cmz)

Element

Al

Si

P

Ga

Sum of P and GA
S

Cu

Cl

K

Ca

Ti

A%

Cr

Mn

Fe

Ni

Cu

Zn

Ga

As

Sum of Ga and As
Se

Br

Se

Cd

Sum of Se and Cd
Ba

Pb

* f3 = Filter wrinkled.

i =Inhomogeneous sample deposit.

n9 = Discoloration on deposit.

x = Non-stoichiometric standard.

Standard Measured Absolute %
Concentration ~ Concentration® Difference® Difference®
42.60 4039 + 0.11 -2.21 -5.19
33.70 31.03 = 0.07 -2.67 -7.92
n/a 1092 + 0.03 n/a n/a
n/a 3215 + 0.03 n/a n/a
48.50 43.07 + 0.03 -5.43 -11.20
17.80 1442 + 0.03 -3.38 -18.99
42.40 35.83 + 0.02 -6.57 -15.50
21.66 19.75 + 0.09 -1.91 -8.82
23.84 22.28 + 0.05 -1.56 -6.54
23.24 2072 = 0.04 -2.52 -10.84
48.40 3846 =+ 0.05 -9.94 -20.54
46.60 3739 + 0.04 -9.21 -19.76
47.00 4527 + 0.04 -1.73 -3.68
45.80 4040 + 0.04 -54 -11.79
46.80 4172 =+ 0.03 -5.08 -10.85
44.50 48.11 + 0.03 3.61 8.11
43,90 4140 += 0.02 -2.5 -5.69
30.00 29.80 + 0.02 -0.2 -0.67
n/a 988 + 0.02 n/a n/a
n/a 3443 += 0.04 n/a n/a
47.80 4431 + 0.03 -3.49 -7.30
40.80 37.66 = 0.03 -3.14 -7.70
17.29 17.18 + 0.02 -0.11 -0.64
n/a 17.73 = 0.02 n/a n/a
n/a 2407 + 0.06 n/a n/a
46.70 41.80 + 0.04 -4.9 -10.49
38.29 3771 = 0.15 -0.58 -1.51
49.20 4696 + 0.05 -2.24 -4.55

® Based on counting statistics from the x-ray fluorescence analysis.

° Absolute difference = Measured concentration - Standard concentration.

4 g difference = [ ( Measured concentration - Standard concentration ) * 100 ]/ Standard concentration.
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Element

SRM 1832
S044
Na*
Al
Al
Si
Si
Ca
Ca
\"
Mn
Co
Co
Cu
Cu

SRM 1833
S043
Si
Si
K
K
Ti
Fe
Fe
Zn
Zn
Pb

SRM 1832
S112
Na*
Al
Al
Si
Si
Ca
Ca
v
Mn
Co
Co
Cu
Cu

SRM 1833
S113
Si
Si
K
K
Ti
Fe
Fe
Zn
Zn
Pb

Table 5-8

Verification of XRF Calibration with NIST Thin-Film Standards

Nominal
ug/em’

11.50

1520 + 1.00
15.20 = 1.00
36.20 = 1.20
36.20 = 1.20
21.50 = 1.40
2150 = 140
490 = 050
490 = 050
1.08 = 0.07
1.08 = 0.07
250 = 020
250 x 0.20
3240 = 2.10
3240 = 2.10
16.90 = 1.70
16.90 = 1.70
1250 + 1.80
14.10 = 045
1410 = 045
380 =+ 0.30
3.80 = 0.30
1590 =+ 0.80
11.40

1490 = 1.00
1490 = 1.00
36.60 = 1.20
36.60 = 1.20
20.00 = 1.30
20.00 = 1.30
453 = 050
4.53 = 050
099 = 0.07
099 = 0.07
252 = 017
252 = 017
32.60 = 220
32.60 = 220
16.80 = 1.70
16.80 = 1.70
12.60 + 1.80
14.00 = 046
14.00 = 046
385 x 0.31
385 + 0.31
1630 = 0.77

* Uncertified value.

Excitation
Condition

N W WWWWERDRWLEEAWLWL BN W RNWWWR MW BN W N WWWWEHh ML i

RN WNWWWR AWM

True Concentration

at Surface (ug/cmz)_

7.1639
11.4931
12.3853
28.1082
30.3141
20.2162
20.7131

4.7683

4.8018

1.0630

1.0671

2.4693

2.4786

LI L T T T VA T T T T T T

25.6435
27.71375
15.5479
15.9516
12.0087
13.7809
13.8439

3.7385

3.7556
15.8039

[ L T O N L

7.1653
11.3160
12.1957
28.5268
30.7682
18.8282
19.2787

4.4125

4.4429

0.9752

0.9786

2.4908

2.4997

WoHOH O H O HH

25.7073
27.8422
15.4368
15.8429
12.0992
13.6800
13.7428

3.7872

3.8046
16.2003

HoHOHOH M H K

0.7561
0.8148
0.9318
1.0049
1.3164
1.3488
0.4866
0.4900
0.0689
0.0692
0.1975
0.1983

1.6621
1.7978
1.5640
1.6046
1.7292
0.4398
0.4418
0.2951
0.2965
0.7952

0.7595
0.8185
0.9353
1.0088
1.2238
1.2531
0.4870
0.4904
0.0660
0.0662
0.1680
0.1686

1.7349
1.8789
1.5621
1.6032
1.7285
0.4495
0.4515
0.3049
0.3063
0.7653

04/04/96 Calibration

Measured Results

7.5149
11.4326
12.3573
30.2542
31.6614
22.3008
22.7814

4.8166

5.1587

1.1919

1.0860

2.5853

2.3728

28.2156
30.6059
16.4669
17.4583
12.0109
14.9435
14.3133

4.1755

3.5830
16.6711

7.5013
11.9361
12.8174
30.4367
33.0386
21.5239
21.8541

4.6407

4.9242

1.1422

1.0057

2.6656

2.3745

28.3727
30.5942
16.2967
17.3085
11.9445
14.8728
14.2539

4.2160

3.6231
16.9506

HH+H+H+HF+FHHF+EEEF R

B R H KK HH

+ +H+ H+HFHFHFHEHHFHF R

oW OHOH W R

0.1799
0.0692
0.1920
0.0680
0.1501
0.0421
0.0507
0.0166
0.0138
0.0058
0.0085
0.0065
0.0095

0.0854
0.2035
0.0422
0.0547
0.0314
0.0205
0.0344
0.0076
0.0120
0.0286

0.1821
0.0696
0.1971
0.0680
0.1530
0.0413
0.0496
0.0163
0.0135
0.0056
0.0081
0.0066
0.0095

0.0861
0.2052
0.0421
0.0546
0.0315
0.0205
0.0344
0.0077
0.0121
0.0288

%o Error
49 = 25
05 £ 66
02 = 68
76 = 33
44 + 34
103 = 6.5
100 = 6.5
1.0 + 10.2
74 = 102
121 = 6.6
1.8 £ 65
47 + 8.0
43 = 8.0
100 = 6.5
103 = 6.6
5.9 = 10.1
94 = 10.1
0.0 = 144
84 = 32
34 £ 32
11.7 = 8.0
46 = 79
55 £ 50
47 + 25
55 = 6.7
51 = 69
67 = 33
74 £ 33
143 = 6.6
134 = 6.6
52 = 11.1
10.8 = 11.1
171 = 69
28 = 6.8
7.0 £ 6.8
50 £ 68
104 = 6.8
99 = 68
56 = 10.1
93 = 102
-1.3 = 143
87 = 33
37 = 33
113 = 8.1
48 + 8.1
46 = 4.7
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5.4.2 Laboratory Audit and Intercomparison for Carbon

Known amounts of aqueous potassium hydrogen phthalate (KHP) solution were
deposited on nine pre-fired, acceptance-tested, quartz-fiber filter punches (each with a disc
area of 0.536 cm?) with a microsyringe (accuracy +0.54%) to obtain audit standards. These
spiked samples along with three method blanks were submitted to the thermal/optical
reflectance carbon analysis method.

Table 5-9 summarizes the performance of carbon analysis on the spiked samples.
More than 50% of the samples differed by more than 5% from the spiked concentrations.
The average difference was 10% of the amount present. The largest percent variations of
25.9% (sample CS5) and 18.9% (sample C4) were found on the lowest-concentration (1.43
lg/punch) samples, though the absolute differences were no more than those found for the
higher concentrations; the maximum absolute difference was 0.37 pg/punch of organic
carbon (sample C5) for these samples.

The largest absolute difference was 0.58 pg/punch (sample C3), equivalent to 0.75
],Lg/m3 of organic carbon with nominal six-hour samples. Audit results with spiked samples
reported by Chow et al. (1993b) showed an absolute difference of 1.1 to 5.3 pg/punch and an
average +7 % relative difference, which is comparable to the findings in this study.

Method blanks (samples C2, C8, and C11) reported an average of 0.2 + 0.3 pg/punch
organic carbon and zero elemental carbon. These values indicated minimal contamination of
these spiked samples during standard preparation, sample shipping, and refrigerator storage.

During the spring of 1996, a laboratory intercomparison was conducted by analyzing
separate, identically-prepared punches of each of the 20 samples acquired in the Mt. Zirkel
Visibility Study in the laboratories at DRI and at the South Coast Air Quality Management
District (SCAQMD). Table 5-10 summarizes the results of these analyses. In these
comparisons, 50% of the samples reported less than £10% variations and 75% of the samples
reporting less than +20% variations. The correlation coefficients were 0.84 for organic or
total carbon. For elemental carbon, the correlation coefficient is 0.43. The absolute
differences in measured elemental carbon concentrations range from -6.1 to +10.9 pg/filter
with large (~22%) average percent differences. Since the average elemental carbon
concentrations are at or below three times the minimum detection level of 8.3 pg/filter, large
uncertainties are not unusual for these comparisons.

5.4.3 Laboratory Audit for Ions

Known amounts of aqueous chloride, nitrate, sulfate, and ammonium solution were
deposited on nine acceptance-tested quartz-fiber filters with a microsyringe (accuracy
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Table 5-9
Carbon Audit Results of Laboratory-Spiked Samples

(carbon concentrations in pg/punch®)

Measured Measured Absolute
Spike  Organic Spike  Elemental Difference* %
ID Flag Value Carbon Value Carbon (ug/punch) Difference’
C1 269 24 x 03° 00 00 = 0.1 -0.29 -10.78
C2 000 0.1 = 03 00 00 %= 0.1 0.10 n/a’°
C3 448 39 = 03 00 00 = 0.1 -0.58 -12.95
C4 143 17 £ 03 00 00 = 0.1 0.27 18.88
Cs 143 18 = 03 00 00 z= 0.1 0.37 25.87
cé6 269 28 = 03 00 00 = 0.1 0.11 4.09
C7 143 15 + 03 00 0.1 = 0.1 0.07 4.90
C8 000 02 = 03 00 00 = 0.1 0.20 n/a’
C9 448 44 = 03 00 0.1 %= 0.1 -0.08 -1.79
C10 269 27 = 03 00 00 %= 0.1 0.01 0.37
C11 000 03 = 03 00 00 = 0.1 0.30 n/a°
C12 448 44 = 03 00 00 %= 0.1 -0.08 -1.79

® Punch size is 0.536 cm”.

b Uncertainty estimates are based on the instrument detection limits.

° Absolute difference = Measured value - Spike value.

4 % difference = | ( Measured value - Spike value ) * 100 ]/ Spike value.
® Not applicable.
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#0.54%). These triplicate spiked samples, at three different concentration levels, along with
three method blanks, were submitted for ion chromatography (IC) analysis of chloride,
nitrate, and sulfate, and for automated colorimetry (AC) analysis of ammonium.

Table 5-11 summarizes the performance of the IC and AC analyses. The best
comparisons were found for sulfate, with a percent difference of less than 3% for the spiked
samples and zero (0 £ 0.25 pg/filter) for the filter blanks.

The percent differences for nitrate range from 0.9% to 7.8% with measured
concentrations exceeding the spiked concentration by 0.07 to 0.58 pgffilter. This positive
bias can be attributed to the slightly elevated blank values which averaged 0.52 + 0.02
png/filter. This positive bias has a negligible effect (less than 0.03 pg/m® of nitrate) on the
nitrate concentrations in the data base.

Chloride comparisons are generally within £10% of the spiked amount, except for the
lowest concentration level (0.86 pg/filter) where DRT’s measurement shows a positive bias of
0.09 and 0.16 pg/filter. DRI’s measurements on the blank filters also showed similar positive
biases of 0.09 to 0.15 ug/filter. It is suspected that a slight baseline shift occurred during IC
analysis which resulted in this positive bias for chloride and nitrate concentrations.

Table 5-11 shows positive ammonium biases of 0.27 to 0.56 pg/filter for blank filters
and negative biases of 0.36 to 3.96 ug/filter were found for spiked filters, resulting in average
percent differences -7.7% to -13.4% at three concentration levels. It is suspected that
ammonia was liberated from the basic extraction solution due to vigorous shaking and
sonicating procedures. This phenomenon is not expected to occur on the ambient samples,
however, since the aerosols in the study region are expected to be either neutral or acidic,
rather than basic as is the case for the spiked samples.

5.5 Data Validation

Data acquired from the Las Vegas Valley PMjy Study were submitted to four data
validation levels:

Level O sample validation designates data as they come off the instrument. This
process ascertains that the field or laboratory instrument is functioning properly.

Level I sample validation: 1) flags samples when significant deviations from
measurement assumptions have occurred; 2) verifies computer file entries against data
sheets; 3) eliminates values for measurements which are known to be invalid because of
instrument malfunctions; 4) replaces data from a backup data acquisition system in the event
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Table 5-11
Ton Analysis Results for Laboratory Spiked Samples

(concentrations in pg/filter)

Standard® Measured" Absolute %
D Element Concentration Concentration Difference® Difference’

1 cr Filter blank 015 =+ 025 0.15 n/a

2 cr Filter blank 009 =+ 025 0.09 n/a

3 cr Filter blank 0.11 =+ 0.25 0.11 n/a

Average’ cr Filter blank 0.12 = 003 0.12 n/a

cr 0.86 =+ 0.04 102 =+ 0.26 0.16 18.60

8 cr 086 * 0.04 095 = 0.26 0.09 10.47

10 cr 086 = 0.04 093 = 0.26 0.07 8.14

Average Ccr 097 = 0.05 0.11 12.40
Analyzed” cr 0.92

5 Cr 143 = 007 144 = 027 0.01 0.70

9 Cr 143 = 007 155 =+ 027 0.12 8.39

12 Cr 143 = 0.07 1.50 =+ 0.27 0.07 490

Average cr 1.50 =+ 0.06 0.07 4.66
Analyzed® cr 1.46

4 cr 258 = 0.13 278 = 0.31 0.20 7.75

7 Ccr 258 =+ 0.13 263 = 030 0.05 1.94

11 cr 258 = 0.13 264 = 030 0.06 233

Average cr 268 = 008 0.10 401
Analyzed” cr 2.51

1 NO;~ Filter blank 050 = 025 0.50 n/a

2 NO;~ Filter blank 051 =+ 025 0.51 n/a

3 NO;~ Filter blank 054 =+ 025 0.54 n/a

Average” NO;~ Filter blank 052 = 0.02 0.52 n/a

6 NO;~ 464 = 023 494 =+ 0.27 0.30 6.47

8 NO;~ 464 = 0.23 494 =+ 0.27 0.30 6.47

10 NO;~ 464 =+ 0.23 500 = 027 0.36 7.76

Average NO;~ 496 =+ 0.03 032 6.90
Analyzed” NO;~ 4.64

5 NO;~ 773 += 039 780 = 031 0.07 0.91

9 NO;” 773 + 0.39 821 =+ 031 0.48 6.21

12 NO;~ 773 = 0.39 8.19 = 031 0.46 5.95

Average NO;~ 807 =+ 023 0.34 4.36
Analyzed” NO;~ 7.63

4 NO;~ 1391 %= 0.70 1440 = 041 0.49 3.52

7 NO;~ 1391 = 070 1437 = 041 0.46 3.31

11 NO;~ 1391 = 0.70 1449 = 041 0.58 4.17

Average NO5;~ 1442 x= 0.06 0.51 3.67
Analyzed” NO;~ 13.90
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Table 5-11 (continued)
Ion Analysis Results for Laboratory Spiked Samples

(concentrations in ug/filter)

Standard® Measured” Absolute %
ID Element Concentration Concentration Difference’ Difference’
1 S0, Filter blank 000 =+ 025 0.00 n/a
2 SO, Filter blank 0.00 = 025 0.00 n/a
3 SO, Filter blank 0.00 = 025 0.00 n/a
Average” SO, Filter blank 0.00 = 0.00 0.00 n/a
6 o 3431 = 1.72 35.10 = 0.80 0.79 2.30
8 SO, 3431 = 1.72 3438 = 0.79 0.07 0.20
10 N 3431 = 1.72 3474 = 0.79 043 1.25
Average SO, 3474 = 0.36 043 1.25
Analyzed” SO, 33.87
5 SO, 57.18 = 2.86 5550 = 1.32 -1.68 -2.94
9 SO, 57.18 = 286 5790 = 132 0.72 1.26
12 SO, 57.18 = 286 5820 = 1.33 1.02 1.78
Average SO,” 5720 = 1.48 0.02 0.03
Analyzed” SO 56.49
4 SO, 10290 = 5.15 10470 = 2.62 1.80 1.75
7 SO, 10290 = 5.15 10530 = 2.62 2.40 2.33
11 SO, 10290 = 5.15 104.10 = 2.62 1.20 1.17
Average SO, 104.70 = 0.60 1.80 1.75
Analyzed" SO, 101.51
1 NH," Filter blank 027 = 025 0.27 n/a
2 NH," Filter blank 044 = 025 0.44 n/a
3 NH," Filter blank 056 = 0.25 0.56 n/a
Average” NH,” Filter blank 042 =+ 015 0.42 n/a
NH," 557 = 0.28 506 = 0.26 -0.51 -9.16
8 NH," 557 = 028 516 = 0.26 -0.41 -7.36
10 NH," 557 = 028 521 = 026 -0.36 -6.46
Average NH,' 5.14 = 0.08 -0.43 -7.66
Analyzed” NH," 5.49
5 NH, 16.70 = 0.84 13.56 = 0.30 -3.14 -18.80
9 NH," 1670 = 0.84 14.69 = 0.30 -2.01 -12.04
12 NH," 16.70 = 0.84 15.16 = 0.31 -1.54 -9.22
Average NH," 1447 = 0.82 -2.23 -13.35
Analyzed” NH,* 15.57
4 NH," 27.83 = 139 2387 = 0.37 -3.96 -14.23
7 NH," 27.83 = 1.39 25.14 = 0.39 -2.69 -9.67
11 NH,” 2783 = 139 2467 = 038 -3.16 -11.35
Average NH," 2456 = 0.64 -3.27 -11.75
Analyzed” NH," 26.80

* Spike values from AtmAA.
® As measured by DRI

¢ Average of the triplicate spike samples.
¢ As measured by Global Labs, an independent laboratory.

¢ Absolute difference = Measured concentration - Standard concentration.
f o, difference = [ ( Measured concentration - Standard concentration ) * 100 ]/ Standard concentration.
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of failure of the primary system; and 5) adjusts values for quantifiable calibration or
interference biases.

Level II sample validation takes place after data from various measurement methods
have been assembled in the master data base, and it is the first data analysis task. Level II
applies consistency tests to the assembled data based on known physical relationships
between variables.

Level III sample validation is part of the data interpretation process. The first
assumption upon finding a measurement which is inconsistent with physical expectations is
that the unusual value is due to a measurement error. If, upon tracing the path of the
measurement nothing unusual is found, the value can be assumed to be a valid result of an
environmental cause. Unusual values are identified during the data interpretation process as:
1) extreme values; 2) values which would otherwise normally track the values of other
variables in a time series; and 3) values for observables which would normally follow a
qualitatively predictable spatial or temporal pattern.

Level I validation flags and comments are included with each data record in the data
base and are defined by Chow et al. (1994b). Level II validation tests and results are described
in the following subsections.

Level 1I tests evaluate the chemical data for internal consistency. In this study, Level II
data validations were made for: 1) comparison of collocated PM;, precisions, 2) sum of
chemical species versus PMjo mass, 3) physical consistency, 4) cation and anion balance, and
5) nitrate volatilization. Correlations and linear regression statistics were computed and scatter
plots prepared to examine the data. Suspect data were flagged and data validation summary
was documented in the “Memo” field of the data base described in Section 5.2.

5.5.1 Collocated Precision

Three different aerosol samplers were used to measure PM;, at the Bemis and East
Charleston sites: 1) the medium-volume Sequential Filter Sampler (SES); 2) the low-volume
Portable PM;y, Survey Sampler (POR); and 3) the low-volume PM;o Beta-Attenuation
Monitor (BAM). This provided an opportunity to compare the measurements for these
different samplers. This comparison included 24-hour average PM;o mass concentrations
(ug/m’) from each sampler during the period from 01/03/95 and 01/28/96. PM;o BAM data
was averaged to obtain 24-hour PM;( concentrations.

Comparisons were done on a pairwise basis. All concurrent samples for each pair of
samplers were used in the comparisons. Four pairwise comparisons were made at the Bemis
site and three at the East Charleston site. There are several empirical and statistical
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approaches which may be used to make these comparisons although conclusions about
sampler equivalence are ultimately subjective. The results of several tests are shown in Table
5-12 and Figure 5-3. For each pairwise comparison, one sampler is designated as the X
sampler and the other as the Y sampler. These designations are unrelated to the U.S. EPA’s
designation of medium-flow SFSs as a “reference” method or the designation of the BAM as
an “equivalent” method for PM;o (Chow and Watson, 1997b). (The portable PM;, sampler
has no official designation.)

Linear regression can be used to infer equivalence between the X and Y samplers as
well as predictability of one sampler’s measurement from that of another sampler (King,
1977). Regression slope and intercept for each sample pair, along with their standard errors,
are given in Table 5-12. For each comparison, the X-sampler PM;o measurement was the
independent variable and the Y-sampler PM;y measurement was the dependent variable.
When the slope equals unity to within three standard errors, the intercept is equal to zero
within three standard errors, and the correlation coefficient is greater than 0.9, the selection of
independent and dependent variables is often considered to be equivalent (Berkson, 1950;
Madansky, 1959; Kendall, 1951; 1952). If the correlation coefficient is greater than 0.9 but
the slope and intercept criteria are not met, the compared measurements are said to be
predictable from the independent variable.

Table 5-12 indicates that in most cases, the correlation coefficients were less than 0.9.
and these sampler measurements are not equivalent to each other. The intercepts are quite
large, ranging from 2.2 + 2.5 ug/m3 from collocated portable PM;o survey sampler pairs to
239 + 5.3 pg/m’ for the BAM versus SES pair. Figure 5-3 confirms that the BAM
concentrations were generally higher than those obtained from the SFS or portable PM;q
survey samplers. For the collocated portable sampler comparison (i.e., POR(A) versus
POR(B) pair), the slope was within three standard errors of unity, the intercept was equal to
zero within three standard errors, and the correlation was 0.87, so these two samplers can be
considered to be equivalent.

Table 5-12 also presents the average ratios and standard deviation of “Y to X and the
percent distribution of the data pairs whose difference (X minus Y) is less than 10, between
1o and 20, between 20 and 36, and greater than 36. Here, G is the measurement uncertainty
of “X-Y”, which is the square root of the sum of the squared uncertainties (0'2x+0'2y), where
ox and oy are the PM;, measurement uncertainties for the X and Y samplers, respectively.
The individual sampler uncertainties were estimated from replicate analyses for the SFS and
portable PMyg survey samplers and is assumed to be 10% of the mass concentration for the
BAM samplers. Table 5-12 shows that over 80% of all the pair comparisons lie within +16
for POR(A) versus POR(B) at the Bemis site and for POR versus SFS and BAM versus POR
at the East Charleston site, with more than 90% of the pair comparisons lying within +16 for
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POR(A) versus POR(B) at the Bemis site and for BAM versus POR at the East Charleston
site. In all cases, over 80% of the paired differences lie within +20, and over 90% of the
measurements differ by no more than +3c6. That is, in most cases, the differences between
samplers are within the measurement errors.

Table 5-12 also shows that in all but two cases (BAM versus POR at the Bemis and
East Charleston sites), the average Y/X ratio is equal to unity within one standard deviation
of the average.

Table 5-12 gives the average of the paired differences (X-Y) between the X and Y
sampler; the collocated precision, which is the standard deviation of the paired differences;
and the root mean squared (RMS) precision (the square root of the mean squared precisions),
which is essentially the average measurement uncertainty of “X-Y.” The average differences
and collocated precisions can be used to test the statistical hypothesis that the difference
between samplers X and Y is zero. Statistical equivalence can be established when the RMS
precision is less than 5 pg/m’ or 7% of the PM;( mass, whichever is greater (Mathai et al.,
1990). Table 5-12 indicates statistical equivalence based on the pair-difference test which is
only valid for four cases (POR versus SFS and POR(A) versus POR(B) at the Bemis sites,
POR versus SFS and BAM versus POR at the East Charleston site). However, this rigorous
test does not account for measurement uncertainty (i.e., if the samplers are different to within
some multiple of the measurement uncertainty, they cannot realistically be considered
different).

A parametric test (Student’s T-test) is performed for each pair of samplers to illustrate
the paired differences. Table 5-12 gives the probability (P) for a greater absolute value of
Student’s T statistic. If P is less than 0.05, one can infer that one of the samplers gives a
concentration which is greater or smaller than the other, depending on the sign of the average
difference. Table 5-12 shows that BAM data is systematically higher than the SFS and POR
data in every case.

Because measurement uncertainty should be considered when making these
comparisons, there is no rigorous statistical test or standard by which two samplers can be
considered equivalent. However, the combined weight of the indices shown in Table 5-12
and the near one-to-one relationships shown in Figure 5-3 support the general conclusion that
SFS and POR samplers measured the same mass concentration of PMyo during this study.
The BAM sampler systematically gives higher values than the other samplers (in the order of
30% to 100% on average).
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5.5.2 Sum of Chemical Species versus Mass

The sum of the individual chemical concentrations for PM;o should be less than or
equal to the corresponding gravimetrically measured mass concentrations. This sum includes
chemicals quantified on the Teflon-membrane and quartz-fiber filters for SES samples and
includes only Teflon-membrane filters for the portable PM;o samples. Total sulfur (S),
soluble chloride (CI"), and soluble potassium (K*) were excluded from the sum using SFS
samples to avoid double counting. Measured concentrations do not account for unmeasured
metal oxides in crustal material, cations, or hydrogen in organic carbon. Figure 5-4 shows a
scatter plot of the PMjo sum of species versus mass at the two base sites using SFS PMjq
samplers. This plot contains a dashed line indicating the slope with a nonzero intercept and a
solid line with zero intercept. The correlation coefficient is generally lower with regression
line forcing zero. Measurement uncertainties associated with the X- and Y-axes are shown
for comparison. Regression statistics with mass as the independent variable (X) and sum of
species as the dependent variable (Y) are also calculated. The average ratio of Y over X is
also shown for comparison. As intercepts are low compared to the measured concentrations,
the slope closely represents the ratio of Y over X. Suspect data were examined and removed
from future statistical analyses if sampling or analytical anomalies were identified.

Figure 5-4 shows that the sum of species is always less than the corresponding PM;o
mass within the measurement uncertainties. An excellent relationship is found between the
sum of species and PM;o mass with correlation coefficients exceeding 0.97 for the two sites.
Approximately 66% of the PM;, mass can be explained by the chemical species measured in
this study. Similar sum-of-species-to-PM,p-mass ratios were found in California’s Imperial
Valley, where geological material was found to be one of the major PM;, sources (Chow and
Watson, 1997b). It is suspected that unmeasured metal oxides in crustal material constitutes
a major portion of the unaccounted mass.

5.5.3 Physical Consistency

The composition of chemical species concentrations measured by different chemical
analysis methods can be examined. Physical consistency was tested for: 1) sulfate versus
total sulfur, 2) chloride versus chlorine, 3) soluble potassium versus total potassium, and
4) light absorption versus elemental carbon.

5.5.3a Sulfate versus Total Sulfur

Sulfate (SOz) was acquired by ion chromatography (IC) analysis on quartz-fiber
filters, and total sulfur (S) was obtained by x-ray fluorescence (XRF) analysis on
Teflon-membrane filters of the SFSs. The ratio of sulfate to total sulfur should equal “three”
if all of the sulfur was present as soluble sulfate. Figure 5-5 shows scatter plots of sulfate
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versus sulfur of the PM;o measurements at the two base sites. Good correlations (r = 0.93)
were found for these measurements with a slope of 3.3 + 0.2 and an intercept of -0.045 + 0.1
ng/m’ for the 53 measurement pairs. Forcing zero regression gives a sulfate-to-sulfur ratio of
3.0 within two standard deviations. There is some scattering in the data sets, especially at
higher concentrations, indicating the presence of nonsoluble sulfur at these sites. This
analysis implies that there are some discrepancies between the standard calibrations of the
XRF and IC analyses, but the data are well within the measurement uncertainties.

5.5.3b Chloride versus Chlorine

Chloride (CI') was acquired by IC analysis on quartz-fiber filters and chlorine (Cl)
was acquired by XRF analysis on Teflon-membrane filters of the SFSs. Since chloride is the
water-soluble portion of chlorine, it is expected that the chloride-to-chlorine ratio should be
less than unity. Figure 5-6 shows that a high correlation coefficient (r = 0.91) was found
between chloride and chlorine with a slope of 0.91 + 0.06 and a high intercept of 0.04 + 0.01
ug/m’. When calculated precisions are applied to Figure 5-6, a majority of the measurements
fall within the one-to-one regression line within two standard deviations of the measurement
intervals. Several of the data points above the regression line shows that CI” concentrations
were higher than the corresponding CI concentrations. These data pairs were checked against
their standard calibration curves and replicates, but no suspects were found. The
uncertainties of chloride measurement increase at low concentrations since chloride’s elution
peak in ion chromatography analysis is too close to the distilled water dip which, in turn,
shifts the baseline of the chromatogram (Chow and Watson, 1997a).

5.5.3¢ Soluble Potassium versus Total Potassium

Soluble potassium (K*) was acquired by atomic absorption spectrophotometry (AAS)
analysis on quartz-fiber filters, and total potassium (K) was acquired by XRF analysis on
Teflon-membrane filters of the SFSs. Since potassium concentrations are often used as an
indicator of vegetative burning, it is important to assure the validity of the K™ measurement.
Figure 5-7 displays the scatter plot of soluble potassium versus total potassium
concentrations.

The data pairs are scattered, especially at low concentrations, with high measurement
uncertainties, but they are well within the measurement uncertainties. The regression
statistics reported a correlation coefficient of 0.90 and insignificant intercept (a = 0.039 =
0.013 pg/m®). It is apparent that some of the K*/K ratios are quite low, especially as K
concentrations are above 1 ],Lg/mS. Forcing zero intercepts gives a K'/K ratio of 0.23 + 0.01.
This analysis shows that K* concentrations are quite low in the study area and approximately
25% of the total potassium is in its soluble state.
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5.5.3d Light Absorption versus Elemental Carbon

Teflon-membrane filters from SFS PM;, samplers were submitted to light absorption
(babs) measurement before and after sampling using a densitometer. The b,,s measurement on
the Teflon-membrane filters is compared to elemental carbon (EC) measured with
thermal/optical reflectance (TOR) analysis (Chow et al., 1993b) on the quartz-fiber filter for
each sample. Figure 5-8 illustrates the relationships between the b,,s and EC with an
excellent correlation coefficient (r = 0.96). Data points above the regression lines are the
values with high by, and low EC, that is, some nonelemental carbon light absorbing particles.
If the filter samples contain significant amounts of crustal material, nonwhite, yellowish
quartz-fiber filter punches are often obtained after the TOR analysis. It is likely these soil
particles absorb light during the absorption measurement. Figure 5-8 shows that with zero
intercept, the slope is 8.6 + 0.3 m2/g, a value lower than the empirically-derived absorption
coefficient of 10 m?/ g (Trijonis et al., 1988).

5.5.4 Anion and Cation Balance

Ammonium sulfate ((NH4)>SO4), ammonium bisulfate (NH;HSO,4), and ammonium
nitrate (NH4NO3) are the most common water-soluble compounds that are usually found in
continental air. The ammonium concentrations can be calculated based on the sulfate and
nitrate measurements by assuming that all the particulate nitrate is in the form of ammonium
nitrate and all the particulate sulfate is either in the form of ammonium sulfate (i.e.,
calculated ammonium = 0.38 X sulfate + 0.29 X nitrate) or in the form of ammonium bisulfate
(i.e., calculated ammonium = 0.192 X sulfate + 0.29 X nitrate). Measured ammonium
concentrations should equal those calculated from ammonium nitrate and ammonium sulfate
or ammonium bisulfate on a mole-to-mole basis. These comparisons assume that nitrate lost
by volatilization of ammonium nitrate from the front quartz-fiber filters depletes both
particulate nitrate and ammonium.

Scatter plots of calculated versus measured ammonium in Figure 5-9 show that the
majority of ammonium sulfate or ammonium bisulfate points are above the one-to-one line
with reasonable correlation (r = 0.8). Some of the sulfate is probably in the form of
ammonium bisulfate, rather than ammonium sulfate. This implies that aerosol in the study
area is acidic or trace amounts of some mineral products (such as calcium sulfate [CaSQy],
sodium sulfate [Na;SO4], magnesium sulfate [MgSOy4], or sodium nitrate [NalNO3]) were
present in the atmosphere. Given that sulfur emissions are low in the Las Vegas Valley, and
there is little moisture to engender conversion to sulfuric acid, the excess sulfur is probably of
geological origin (e.g., CaSO,). Potassium chloride (KCl) and sodium chloride (NaCl) may
also be present in the study region, but probably not in significant quantities due to the low
chlorine and soluble potassium concentrations shown in Figures 5-6 and 5-7, respectively.
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The equivalent amount of anions and cations are expected if the correct species were
identified and measured accurately. In this study, all the anions (CI°, NO3, SOj) were
acquired by IC analysis on quartz-fiber filters of the SFSs. Ammonium (NHZ) was obtained
by automated colorimetry (AC) analysis, whereas K™ was obtained by AAS analysis of
quartz-fiber filters of the SFSs.

Figure 5-10 illustrates that these ionic measurements are reasonably correlated (r =
0.84), with all of the data points falling below the one-to-one regression line. Only 35% of
the anions can be balanced with cations on a molar equivalent basis. Since fugitive dust is
one of the major contributors to PMjo concentrations, it is suspected that some traceable
quantities of soluble magnesium (Mg™™") and soluble calcium (Ca**) might provide the needed
cations from soluble fractions of magnesium sulfate (MgSOy), gypsum (CaSOy), and/or lime
(Ca0O). Soluble magnesium and calcium were not measured in this study. Since good
correlations were found, this anion and cation balance provides confidence, in that the ionic
measurements made by IC, AC, and AAS are in good agreement among each other.

5.5.5 Nitrate Volatilization

The quartz/nylon filter pack in the SFS, preceded by an anodized aluminum nitric
acid denuder, measures PMj nitrate (i.e., nonvolatilized nitrate) from the front quartz-fiber
filter and captures the volatilized particulate nitrate dissociated from the front quartz-fiber
filter with a backup nylon-membrane filter. The sum of these two nitrate measurements in
the quartz/nylon filter pack gives total PM;, particulate nitrate. The nitric-acid-denuded total
PM;, particulate nitrate should be greater than or equal to the PMjo nonvolatilized nitrate,
depending on the extent of volatilization.

Figure 5-11 displays scatter plots of PM;, nonvolatilized particulate nitrate versus
nitric-acid-denuded total PM;, particulate nitrate. As discussed in Watson et al. (1994b),
secondary ammonium nitrate is not a stable compound. Its equilibrium with gaseous
ammonia and nitric acid is strongly influenced by temperature and relative humidity. The
dissociation of particulate nitrate from the front quartz-fiber filter is expected to be more
prevalent when ambient temperatures exceed 25 °C. Figure 5-11 shows an excellent
correlation (r = 0.93) between the PM;, nonvolatilized nitrate and nitric-acid-denuded total
PM; particulate nitrate with a slope of 0.65 + 0.04 with negligible intercept (-0.055 + 0.06
ug/m’). On average, approximately 40% of the particulate nitrate volatilized from the front
quartz-fiber filter.

Major losses due to nitrate volatilization were also found in other studies (e.g., Chow
et al., 1994b; Chow, 1995). Volatilized nitrate is not part of the measured PM;( mass, so this
loss does not show up in the sum of species comparison shown in Figure 5-4. Without a
backup absorbent filter, particulate nitrate would be greatly underestimated.
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6.0 TEMPORAL AND SPATIAL VARIATIONS OF PM,,

The most rudimentary form of receptor modeling consists of examination of spatial
and temporal distributions of atmospheric constituents and relative abundances of certain
chemical species. When coupled with a conceptual understanding of the emissions sources,
meteorology, and chemical transformation mechanisms, this receptor-oriented analysis
provides qualitative, and even semi-qualitative, evidence of relationships between source
emissions and receptor concentrations. This section examines the temporal and spatial
distribution of PM;( and its chemical components.

6.1 Exceedances of Federal 24-Hour PM,;, Standards

Table 6-1 summarizes the number of cases which exceeded the federal 24-hour PMj,
standard of 150 pg/m’ between 01/03/95 and 01/28/96 at the Clark County beta attenuation
compliance monitoring network. Hourly PM;, beta-attenuation monitoring data are averaged
to obtain 24-hour PM( concentrations. For the 17 standard exceedance days, 24-hour PMy,
concentrations were exceeded 12 times at the Green Valley site, six times at the Craig/Bemis
site, four times each at the Maycliff, McDaniel, and City Center sites, three times each at the
East Charleston (microscale) and Pittman sites, and once each at the Powerline and Flamingo
sites. The highest PM( concentration of 388 ug/m3 was reported at the McDaniel site on
01/17/96. In fact, 24-hour PM;o concentrations exceeded 300 ug/m3 (two times the 24-hour
PM;o NAAQS) nine times during the study period.

Except for samples acquired on 04/13/95 and 10/04/95, PM;, mass concentrations
varied by more than a factor of five among the ten sampling locations on a given standard
exceedance day. In most cases, elevated PMjo concentrations at one site did not necessarily
correspond with high concentrations at the other sites. This implies that local sources
superimposed upon surface meteorology are the driving forces for these standard
exceedances. Twenty-four-hour average and maximum hourly wind speeds, along with their
maximum gust winds are listed in Table 6-1. Meteorological analysis showed that most of
the PM, standard exceedance days are associated with high winds. Maximum wind speed
exceeded 10 m/s on over 80% of the standard exceedance days.

These high wind events were not the only cause of 24-hour PM;o standard
exceedance, however. Table 6-1 showed that average daily wind speeds were below 6 m/s on
08/09/95, 08/15/95, 09/01/95, and 10/05/95, with hourly maximum wind speeds below 10
m/s.

Valley-wide elevated PMo concentrations were observed on 11/26/95, 01/16/96, and
01/17/96 with PM;o concentrations exceeding 150 pg/m* at 60% to 80% of the monitoring
sites. Meteorological analyses indicate strong winds were observed on these days. On
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11/26/95, PM, exceeded 150 ug/m’ at seven sites. A cold front from the Pacific Northwest
passed through Las Vegas between 0800 and 0900 PST. Late in the previous day, winds
from the southwest began increasing in strength. After the frontal passage, winds became
northwesterly and remained strong for several hours. After 1500 to 1600 PST on 11/26/95,
wind speeds rapidly diminished.

Figure 6-1 shows the relationships between hourly PM;o concentrations at the
Craig/Bemis site and Green Valley site for 11/26/95. The Green Valley site reported the
highest 24-hour PMj, concentration for 1995, at 366 pg/m>. The 24-hour average at the
Craig/Bemis site was 219 pg/m’. The Green Valley site exhibited three distinct wind speed
peaks which corresponded to the hourly PM; peak concentrations. At the Craig/Bemis site,
peak PM;, concentrations occurred at 1000 and 1200 PST with hourly wind speed over 8 m/s
during the same period. Winds at McCarran airport (not shown) stayed high throughout the
0100 to 1600 PST period, and did not decrease in the early morning as they did at the
Craig/Bemis site. Thus, even during windy conditions, winds at different locations across the
valley can vary considerably. PM,( at the Green Valley site was higher than the Craig/Bemis
site for a given wind speed. At the Craig/Bemis site, wind speed peaked at 12 m/s with PM;o
of about 1,000 pg/m’ at 1000 PST; at the Green Valley site, wind speed peaked at less than
10 m/s, but PM;, reached over 1,400 ;,Lg/m3. This suggests that a greater fugitive dust source
is in the close vicinity of the Green Valley site.

Average and maximum wind speeds at the McCarran Airport and Bemis sites are
shown in Figure 6-2 for 01/16/96 and 01/17/96. Similar patterns in hourly wind speed are
found at both sites. On 01/16/96, wind speeds were low during the morning, began
increasing after 1500 PST, and peaked at 17 m/s with gusts to 22 m/s at 2300 PST. Winds
decreased somewhat after 0200 PST on 01/17/96, then increased again to between 10 and 15
m/s later in the morning before gradually tapering off. These winds were in response to a
strong surface low that developed rapidly over the central Rocky Mountains on 01/16/96. A
strong west to east pressure gradient between the low and high pressure center over the
eastern Pacific Ocean caused the high winds. The highest winds were associated with the
passage of a cold front of moderate intensity near midnight. A strong west-northwest jet
stream was also located over southern Nevada, contributing to the high wind speeds. This
period experienced highest hourly wind speed and gust at the McCarran Airport for the study
period. Because the high winds spanned portions of two days, multiple exceedances of the
PM,, standard occurred on both days.

Twenty-four-hour PM;, concentrations exceeded 150 pg/m® on six days at the
Bemis/Craig site during the 13-month study period. Detailed meteorological analysis on
these days is discussed in Section 8.4. Three of these days (i.e., 04/09/95, 06/05/95, and
01/16/96) were on the U.S. EPA compliance monitoring network sampling schedule in which
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concurrent PMo measurements were acquired with the BAM and SFS. Even though both the
BAM (with a low-volume SA246 inlet) and the SFS (with a medium-volume SA254I inlet)
are U.S.-EPA-approved equivalent and reference methods to monitor PM;o, respectively,
PM,y levels acquired by BAM were a factor of two higher on these days. The collocated
comparison in Section 5.3 shows that BAM samplers systematically give 30% to 100%
higher values than the other samplers for the Craig/Bemis and East Charleston sites. It is
suspected that some bias in the calibration of the BAM instruments resulted in these
discrepancies.

6.2 Temporal and Spatial Variations of PM;¢ at the Two Base Sites

Table 6-2 summarizes the quarterly and annual averages of PMj, mass and by
concentrations acquired between 01/03/95 and 12/29/95 on the U.S. EPA’s every-sixth-day
sampling schedule. No 24-hour PM;, standard violation was found at the two base sites
during the study period. Both quarterly stratified and unstratified annual averages are
reported in Table 6-2, and there are few differences between them.

At the Bemis site, quarterly-averaged PM;o mass ranks highest (36.6 + 14.3 pg/m°)
during the third quarter (July to September) and lowest (23.1 + 14.1 ug/m3) during the second
quarter (April to June). The time series plots in Figure 6-3 show insignificant seasonal
variations. More pronounced differences were found for the East Charleston site where
quarterly-averaged PM;, varied by over a factor of two, ranging from 24.4 + 7.8 ug/m’ in the
second quarter to 42.4 + 23.3 ug/m3 in the fourth quarter (October to December). It is
apparent from the time series plots that PM;, concentrations increased during the winter
period. In 1995, seasonally-stratified annual averages at the two base sites were well below
the annual PM;, standard of 50 ug/m3, with 28.8 £ 0.5 ug/m3 at the Bemis site and 32.4 +7.1
lg/m’ at the East Charleston site. On an annual basis, PM;, mass at the East Charleston site
is approximately 13% higher than at the Bemis site.

Even though the two base sites are less than 10 km apart, their PM;o and baps
concentrations are not well correlated. The correlation coefficients (r) were 0.56 and 0.27 for
the SES PM;y mass and b,,s measurements, respectively. As discussed in Section 3.3, the
surrounding environments of these two base sites are quite different. Local sources within a
few kilometers of one or both of the sampling sites have a major impact on measured PMj,
and b,ps concentrations.

Similar patterns were found in Figure 6-4 for b,,s measurements, with more
pronounced seasonal variations at the East Charleston site. Analogous to PM;,, seasonally
stratified annual-average baps (33.5 £ 9.4 Mm'l) at the East Charleston site is almost twice as
high as the Bemis site (17.4 + 2.5 Mm™). Impacts from motor vehicle exhaust resulted in
consistently higher light absorption concentrations at the East Charleston site.
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A histogram of the PMjq concentrations during the mini-intensive monitoring period
(12/23/95 to 01/04/96) is presented in Figure 6-5. There is an apparent pollution build-up
around the Christmas/holiday season between 12/23/95 and 12/27/95, especially at the East
Charleston site. PM;( concentrations gradually decreased between 12/28/95 and 01/01/96.

Table 6-3 presents the three highest PM;( concentrations observed during the study
period. These high concentrations could serve as design values for source identification and
control strategy development. Source emissions from the major contributors must be reduced
if the Las Vegas Valley is to attain the National Ambient Air Quality Standard (NAAQS) for
PMjp. It is interesting to note that only on one occasion (i.e., 01/16/96) were concurrent
elevated PM;( concentrations observed at both sites, with PM;o mass being 123.6 £ 6.2
ug/m’ at the Bemis site and 123.9 + 6.2 ug/m’ at the East Charleston site. PM;o mass varied
by a factor of two to four at the two base sites on other elevated PM, days.

High values of light absorption (b,,s) measurements are also summarized in Table 6-3
for comparison. Elevated b,,s measurements were found after the Christmas holiday at the
East Charleston site. This suggests increases in motor vehicle exhaust, restaurant emissions,
and/or residential wood combustion during this period. Table 6-3 also shows that the three
highest by, values at the East Charleston site are 3 to 7 times higher than the concurrent
measurements at the Bemis site. Local source emissions impacted the East Charleston site
and resulted in high b, values.

For the five forecasted intensive monitoring periods, temporal variations of PM;g
mass concentrations acquired with SFSs are illustrated in Figure 6-6. PM;o concentrations
were low during the two spring intensive monitoring periods. These concentrations gradually
increased during the other intensive periods. The highest PM;¢ concentrations were 70.5 *
3.6 ng/m’ at the Bemis site on 06/05/95, and 48.7 + 2.5 ].J,g/m3 and 48.8 £ 2.5 ug/m’ at the
East Charleston site on 09/12/95 and 01/27/96, respectively.

6.3  Sample Selection for Chemical Analysis

PM;y mass concentrations were measured on all valid samples taken at each site. A
total of 59 sets of every-sixth-day samples, 26 sets of intensive samples, and 13 sets of mini-
intensive samples were examined. The sample selection process for the nonintensive (i.e.,
every-sixth-day and mini-intensive) monitoring periods consisted of the following criteria:

e The sampling day with the highest PM;y concentration at the Bemis and East
Charleston sites (i.e., 01/16/96);

e The sampling day with highest gust wind or on a windy day (i.e., 04/09/95);
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Table 6-3
Elevated PM,, and b, Concentrations at the Two Base Sites

between 01/03/95 and 01/28/96

Bemis Site East Charleston Site
Date Mass (ug/m3) Mass (ug/m3 )

I. Three Highest PM;, Measurements at the Bemis Site

01/16/96 123.6 £6.2 1239 £6.2
06/05/95 70.5+£3.6 37.7+1.9°
07/26/95 573+£29 37.8+1.9

II. Three Highest PM,, Measurements at the East Charleston Site’

01/16/96 123.6 +£6.2 1239 +6.2
11/23/95 27.0+14 119.1 £ 6.6
12/27/95 53.7+2.7 05.3+4.8
Bemis Site East Charleston Site
Date baps (Mm™) baps (Mm™)

IIL. Three Highest b,;,, Measurements at the Bemis Site

10/30/95 423 +29 413 +5.7
01/16/96 385+£2.5 7.0£22
01/09/96 37.5+£2.5 90.6 + 4.8

IV. Three Highest b,;,, Measurements at the East Charleston Site

12/27/95 254 +£2.2 1179+ 64
12/28/95 30.5+22 953 +5.1
12/26/95 13.3+1.9 94.1 5.1

* Sampling duration beyond 24 + 4.8 hours and excluded from the average value calculations.

® Short sampling duration was found for the 11/23/95 samples at the East Charleston site.
The elevated PM;, concentration (119.1 £ 6.6 pg/m’) was excluded from further data

analysis.
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e An every-sixth-day sampling day corresponding with an exceedance day observed
in the CCHD monitoring network (i.e., 04/27/95);

¢ A sampling day representing fall stagnation conditions (i.e., 11/23/95); and

e Sampling days representing winter stagnation and cold front passing through (i.e.,
12/24/95 to 01/02/96).

For the intensive monitoring periods, the sample selection process consisted of the
following criteria:

e A monitoring period experiencing high wind events (i.e., 06/05/95 to 06/07/95);

e A monitoring period representing typical late-summer meteorological conditions
in the Las Vegas Valley (i.e., 09/07/95 to 09/12/95); and

e A monitoring period representing typical winter conditions (i.e., 01/26/96 to
01/30/96).

As aresult, a total of 14 days were selected from the nonintensive monitoring periods
to represent all days with high concentrations at any site, and another 14 days were selected
from the intensive monitoring periods to represent a mixture of meteorological conditions.
The following subsection focuses on the discussion of PM;p mass and chemical
characteristics acquired by the SFSs. Statistics from the portable PM;, survey samples
during the intensive monitoring periods are also summarized for comparison.

6.4 Characteristics of PM;o Chemical Composition at the Two Base Sites

Table 6-4 presents averages, standard deviations, as well as minimum and maximum
PM; concentrations for the 14 sets of SFS samples selected for chemical speciation during
the non-intensive (i.e., every-sixth-day and mini-intensive) monitoring periods, and the 14
sets of samples from the intensive (summer, fall and winter) monitoring periods. Statistical
summaries for each site as well as the average of both sites are presented for comparison.

Thirteen-month average PM;o mass was 28.4 + 17.8 ug/m3 at the Bemis site and 33.0
+21.0 ug/m3 at the East Charleston site, with a two-site average of 30.7 + 19.5 pg/m’. The
large standard deviations associated with the averages suggest that a wide range of PM;o
concentrations were observed. Since the selected subset of samples were intended to
represent days with high PM;o concentrations, their average values are expected to be higher
than the average for the entire data set. As shown in Table 6-4, average PM;( concentrations
on these 28 days are 22% and 34% higher than the corresponding overall averages obtained at
the Bemis and East Charleston sites, respectively.
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The most abundant (> 1 ug/m3) species were found to be ions (e.g., NO3, SOj),
carbon (OC, EC), and soil-related crustal species (e.g., Al, Si, Ca). Relative proportions of
soil-related species were similar at the two base sites. The sums of these soil-related crustal
species (e.g., Al, Si, K, Ca, Ti, Fe, Zn) were approximately 37% and 32% of the average
PM;o mass concentrations at the Bemis and East Charleston sites, respectively, though their
absolute concentrations were about 10% higher at the East Charleston site than at the Bemis
site. Average PM;j silicon concentrations varied from 4.4 £ 3.4 ],Lg/m3 at the Bemis site, to
52 £ 2.7 p,g/m3 at the East Charleston site. The highest observed PMj, silicon
concentrations were found on 01/16/96 with 16.6 £ 5.3 ug/m3 (13% of PMjo mass) at the
Bemis site, and 14.9 + 4.7 ],Lg/m3 (12% of PM;o mass) at the East Charleston site. PMjg
calcium concentrations were also high, averaging 6.3 + 5.1 ],Lg/m3 at the Bemis site and 6.2 +
3.6 ug/m’ at the East Charleston site. The highest PM;o calcium concentrations were also
found on 01/16/96, with 27.4 £ 4.6 ],Lg/m3 (22% of PM;y mass) at the Bemis site and 17.9 %
3.0 ],Lg/m3 (15% of PM; mass) at the East Charleston site.

While PMyj, silicon concentrations were comparable to or higher than those observed
in other urban areas (e.g., Chow et al., 1992a, 1992b, 1993a), PM,( calcium concentrations
are a factor of two to three higher than those observed in the Imperial Valley, CA (Chow and
Watson, 1997b) and Tucson, AZ (Chow et al., 1992c), and a factor of seven to eight higher
than those observed in the San Joaquin Valley, CA (Chow et al., 1992a, 1993a). Elevated
calcium concentrations were found at Rubidoux, CA, during the Southern California Air
Quality Study, with an average of 12 ],Lg/m3 in the fall and 3 |,Lg/m3 in the summer (Chow et
al., 1994c). Annual PM, calcium in the Rubidoux/Riverside area ranged from 2 to 6 ug/m3
(Chow et al., 1992b). These PMjq calcium concentrations in Rubidoux, CA, are similar in
magnitude to the 6 or 7 ],Lg/m3 found in the Las Vegas Valley. The gypsum mine in the
southwestern part of the Valley, along with frequent construction activities in Las Vegas, and
widespread alkaline soils may have contributed to these elevated calcium concentrations.

Concentrations of motor-vehicle-exhaust-related species, such as PM;o bromine (Br)
and lead (Pb), were also a factor of two to four higher at the East Charleston site than those
found at the Bemis site. Similar to elevated b,,s concentrations, impact from motor vehicle
exhaust are much greater at the East Charleston site than at the Bemis site. Average PM;q Pb
concentrations were 0.0045 £ 0.003 ug/m3 at the Bemis site and 0.010 % 0.007 ],Lg/m3 at the
East Charleston site. PM;jo Pb concentrations are not expected to be high since leaded
gasoline was phased out of the U.S. market during the late 1980s, and no other lead sources
were recorded in the current Clark County emissions inventory.

Concentrations of residential-oil-combustion-related species, such as PM;o vanadium
(V) and nickel (Ni), were low with an average of 0.002 + 0.002 ug/m3 of PMj, for V and
0.003 + 0.005 pg/m’ for Ni. These PMjo concentrations were detected on 4% and 39% of the
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samples for V and Ni, respectively, as shown in Table 5-6. These low concentrations reflect
an absence or insignificant level of residential oil combustion in the study area.

Besides the Ni, V, and Pb levels, the average and maximum concentrations of several
potentially-toxic species such as manganese (Mn), copper (Cu), zinc (Zn), arsenic (As),
selenium (Se), strontium (Sr), barium (Ba), and mercury (Hg) noted in Table 6-4 were
typically at or below their respective minimum detection limits stated in Table 5-6.

Besides the 1.5 |,Lg/m3 quarterly average standard for lead (in TSP, not in PM;), air
quality standards have not been set for the other metals. However, concentrations of these
toxic elements have often been considered in analyses of cancer risk. Since the maximum
concentrations for these metals shown in Table 6-4 are very low, the risk from exposure to
these concentrations is probably minimal.

With regard to secondary aerosol, NO3, SO, and NHj that were formed from gaseous
precursors such as nitrogen oxides, sulfur dioxide, and ammonia, respectively, accounted for
5% to 7% of the average PM;o mass at the two base sites. The absolute difference in average
ion concentrations between the two sites was more pronounced than in soil-related species,
typically a factor of two higher at the East Charleston site. Ammonium concentrations are
low as compared to the stoichiometric ratios of ammonium sulfate and ammonium nitrate.
Since Section 5.5 shows that approximately 65% of the measured anions cannot be explained
by the measured cations in this study on a molar-to-molar basis, it is assumed that some form
of ammonium bisulfate, calcium sulfate, or calcium nitrate may be present in the valley at
detectable levels.

The greatest differences were found in average PM;9 OC concentrations, which varied
from 3.6 + 3.0 pg/m’ at the Bemis site to 7.4 + 4.7 |,Lg/m3 at the East Charleston site, and
accounted for 11% and 17% of the average PM;, mass, respectively. The large standard
deviations associated with these averages indicate that high OC concentrations only occurred
on a few days and the averages were positively biased. Examination of the data base shows
that elevated OC concentrations (i.e., exceeding 50% of the average) were found on 04/09/95
and 01/16/96 at the Bemis site, and on 12/27/95 and 01/16/96 at the East Charleston site.
The highest PM;o OC concentrations were both found on 01/16/96 with 16.3 = 1.0 p,g/m3
(13% of PM1g mass) at the Bemis site and 18.2 £ 1.1 |,Lg/m3 (15% of PM;o mass) at the East
Charleston site. The average ratios of organic to total carbon (TC = OC + EC) were similar,
however, with 0.71 at the Bemis site and 0.66 at the East Charleston site.

Elemental carbon concentrations also varied by a factor of three, averaging 1.5 + 1.0
p,g/m3 at the Bemis site and 4.5 + 4.9 |,Lg/m3 at the East Charleston site. Elevated PM;q EC
concentrations (i.e., exceeding 50% of the average) were found on 12/27/95 to 12/29/95 at
the Bemis site, and on 11/23/95, 12/27/95, and 12/28/95 at the East Charleston site. All of
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these days occurred during fall or winter stagnation periods when transport was expected to
be minimal.

PMjo CI” and K* concentrations were well below 1 pg/m?, typically in the range of
0.05 to 0.2 pug/m’. As discussed in Section 4, residential wood combustion or other
vegetative burning could potentially be the sources of these species in the study area.

6.5 Temporal and Spatial Variations of PM;, at the Satellite Sites

PM; mass and chemical concentration data, acquired at 30 satellite sites during the
| spring, summer, fall, and winter intensive monitoring periods over a small geographical area,
was examined to estimate the zones of influence of pollution sources. Figure 2-2 displays the
sampling locations for the two base and 30 satellite sites. The saturation monitoring network
was designed to:

e Examine the spatial variations of PM;, concentrations within the study domain
(12 km east-west X 13 km north-south);

e Identify potential pollutant transport following the prevailing wind direction;

e Determine the zones of influence of specific fugitive dust emitters on PMjo
loadings in a mixed-land-use area; and

e Evaluate the representativeness of a single site measurement.

Section 3.3 classified the satellite monitoring sites based on the primary land uses in
the close vicinity of each site. As a result, the saturation monitoring network was divided
into five site types. The sampling locations within each site type were arranged, to the extent
possible, in sequence from north to south and from west to east. Table 6-5 summarizes the
site-type classifications. The collocated measurements at the ABEM (i.e., Bemis) site were
excluded from the following analysis to avoid double-counting in average calculations.
Consequently, the saturation monitoring network includes three industrial sites (mainly
sand/gravel operations), ten active/inactive construction sites, five commercial sites, three
residential sites, and eight disturbed/undisturbed vacant land sites.

6.5.1 Temporal Variations of PM;, Mass at the Satellite Sites

Average PMjo mass for each of the satellite sites for the entire sampling period as
well as for each intensive monitoring period is summarized in Table 6-6. Over 80% of the
highest PM;y concentrations were found during the fall intensive monitoring period, with
average PM;, concentrations being 40% to 60% above their site averages. Average PMjo
concentrations are lowest during the first spring intensive monitoring period, which are often
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Table 6-5
Classification of the Saturation Monitoring Network

Dominant Source Type Number of Sites Inclusive Satellite Sites

Industrial 3 LAMB
(sand/gravel operation) LONE
NWAL

Active/Inactive 10 GOLF

Construction LONM
DONO
NECD
CINN
NCOV
MARK
GROW
CLIF
PECO

Commercial 5 BEMI®
WALN
MICH
MCDA
ECHA

Residential 3 EFER
NOCO
HAMI

Disturbed/Undisturbed 8 LOSS

Vacant Land/Desert Surface BILL
VAND
SWLC
NwWCP
CRAI
THUN
LASV

* See Figure 2-2 for site locations and Table 2-3 for site descriptions.

® BEMI and ABEI are collocated satellite sites. Only BEMI site is used in 1
the data analysis.
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40% to 50% below their corresponding site averages. Meteorological conditions for each of
the five intensive monitoring periods are characterized in Section 8.5.

Temporal variations of 24-hour PM)y mass during the five intensive monitoring
periods are shown in Figure 6-7. Peak concentrations were observed on 06/05/95, 09/11/95,
and 09/12/95. Daily average PMjo concentrations varied by a factor of five, ranging from 9.6
+ 3.9 pg/m’ on 05/14/95 to 52.8 + 19.1 pg/m’® on 06/05/95, whereas daily maximum
concentrations varied by a factor of ten, ranging from 21.3 + 3.5 pug/m’ on 04/18/95 at the
NWAL industrial site to 208.4 = 11.7 ug/m> on 06/06/95 at the DONO construction site.

As shown in Figure 6-7, peak concentrations occurred 14 times at the construction
sites (especially at the LONM site), 10 times at the industrial sites (especially at the NWAL
site), and twice at the disturbed vacant land sites (i.e., LOSS). This illustration demonstrates
that no peak concentrations were found at the residential or commercial sites where the
general population resides.

Daily PM;, concentrations at the Bemis base site are superimposed on Figure 6-7 for
comparison. The concentrations at the Bemis site (a commercial site close to a mixture of
industrial operations, construction activities, and vacant land) are approximately 10% to 20%
below the daily averages, but closely coincided with the pattern of daily averages.

Temporal variations of average PM;, concentrations by site type are presented in
Figure 6-8. Industrial and construction sites tend to deviate from the general pattern with
elevated PM;, concentrations, while the commercial, residential, and vacant land sites
overlapped one another within one standard deviation of the average. This analysis shows
that meteorology is the major driving force for the temporal variations of commercial,
residential, and vacant land sites. Temporal variations of industrial and construction sites are
dominated by local fugitive dust sources, irrespective of changes in daily meteorology.

Time series plots of PMj, concentrations, grouped by site type (i.e., industrial,
construction, commercial, residential, vacant land) are presented in Figures 6-9a to 6-13a.
With the exception of a few industrial and construction sites, the peaks and valleys of PM;y
concentrations tend to coincide with each other. These plots show that, in most cases,
meteorological conditions are a major driving force controlling PM;o concentrations during
the study period. Within each site type, the variations among the sites are smallest for the
residential sites and largest for the construction sites.

An analysis of variance (ANOVA) is performed for each of the five site types. Table
6-7 gives the statistical summary of the results. This analysis shows that there is a significant
difference between the industrial and all other site types except for construction sites. There
is no difference between any of the other site types. This statistical analysis confirms the
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Industrial

Construction

Commercial

Residential

Vacant Land

Table 6-7

Statistical Summary of Analysis of Variance (ANOVA) for Five Site Types

Foos”
BC
f a

b
Fo s

f a
Foos”
B
f a
Foos”

BC

a

Industrial Construction Commercial Residential Vacant Land
1.18

4.84

30.1%

17.10 1.59

5.99 4.67

0.6% 23.0%

10.40 1.29 0.33

7.71 4.84 5.99

3.2% 28.0% 58.5%

21.80 3.94 0.81 0.06
5.12 4.49 4.84 5.12
0.1% 6.4% 38.7% 81.3%

The calculated f-value for two groups of samples.

® The critical f-value with a confidence level of 95%. For sample group A and B, if f is less than

Fy0s, A and B are statistically equivalent to each other with a confidence level of 95%.

¢ The possibility at which two groups of samples are indistinguishable to each other.
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findings in the time series analysis that PM;, concentrations observed at the industrial sites
are somewhat similar to those of construction sites, but significantly different from the
commercial, residential, and vacant land sites.

Average as well as maximum and minimum concentrations, as a function of intensive
monitoring days, for each site-type are shown in Figures 6-9b to 6-13b to represent the
temporal pattern within each site type. Large variations among the industrial or construction
sites reflect the potential impact on PMj, from local fugitive dust emission activities. Daily
concentration variations (maximum minus minimum) are substantially reduced at the
commercial and residential sites.

Notice that in Figure 6-10a, PM;o concentrations at the LONM construction site
during the fall and winter intensive monitoring periods are much higher than those found for
the two spring intensives. The average PM;o concentrations during the winter intensive is
over a factor of four higher than the average of the two spring intensives. The site log in
Table 3-6 indicated that road oil was applied on the nearby Lone Mountain Road during the
second spring intensive, with the road being completely paved during the summer intensive
monitoring period. Active housing construction directly south of the site took place during
the fall and winter intensive monitoring periods. This increment in ambient PMjo
concentrations is in the same magnitude as estimated by MRI (1996) which reported the ratio
of active to inactive construction emission factors to be 3.8.

Active housing construction east and northeast of the PECO site, and south and
southeast of the CLIF site, were completed prior to the winter intensive monitoring period.
Figure 6-10a shows that while the PM;o concentrations were comparable (~45 ng/m*) during
the fall intensive at these two sites, the completion of the nearby housing construction
reduced the PMj, concentrations at the CLIF site by approximately 60% as compared to a
15% reduction at the PECO site. It is suspected that some residual soil from the construction
site was carried over to the frequently-traveled Pecos Road, which might have resulted in less
PM;, reduction at the PECO site. While these two sites are less than 0.25 km from each
other with similar site averages (i.e., 31.8 + 20.7 pug/m’ at the CLIF site and 28.1 + 18.3
ng/m’ at the PECO site), the effect of construction activity can result in a difference in PM g
concentrations by 40 to 50 |,Lg/m3 on a given day depending on wind direction and activity
level.

Active sewer construction at the GOLF construction site was noted in Table 3-6 for
the summer and fall intensive monitoring periods. Visible dust loading was recorded on the
nearby Losee Road and Washburn Road during the fall intensive monitoring period. The
construction site was inactive during the winter intensive monitoring period. Table 6-6
shows that average PM;o mass concentrations were 70% and 74% above their site averages
during the summer and fall intensive monitoring periods, respectively. In contrast, average
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PM;o concentrations for the winter intensive monitoring period were 32% below the
corresponding site average as construction activity ceased.

Similarly to the GOLF site, no construction activities were found at the DONO
construction site during the winter intensive monitoring period. Table 6-6 shows that average
PMjo concentrations during this period were 25% below the site average. No apparent
construction activity was noted at the NECD construction site during the winter intensive
monitoring period. Average PM;o concentrations for the winter intensive monitoring period
were similar to the site averages with significantly lower PMj( concentrations than the second
spring and summer intensive monitoring periods, when active development construction
immediately (0.05 km) south of the site was recorded. Railroad tracks located 0.05 km west
of this site may have also contributed to the PMjy loadings measured at the NECD site.

Road construction around the intersection of Gowan Street and Civic Center Drive
0.2 km northeast of the GROW site were recorded for all but the winter intensive monitoring
period. Elevated (15% to 30%) PM;, concentrations were found during the fall and winter
intensive monitoring periods when road construction was in progress. However, the
site log recorded visible dust loading on all corners of the intersection between Gowan Street
and Civic Center Drive. Since this site is located adjacent to the parking lot of Lois Craig
School off Gowan Street, the traffic on this road increased after school started in the fall.
Track-off of soil on the street surface may have resulted in these elevated PMjy
concentrations.

Figure 6-9a shows that elevated PM;y concentrations were found at the NWAL
industrial site during the summer (i.e., 06/05/95) and fall (i.e., 09/07/95, 09/08/95) intensive
monitoring periods. The site log in Table 3-6 confirmed the observation that noticeable dust
loading was present on Alexander Street adjacent to the NWAL site during the fall intensive
monitoring period. Average PM;o mass concentration at the NWAL site during the fall
intensive monitoring period is 45% above its site average. Track-out from the sand and
gravel operation to the nearby access road apparently had a major effect on the measured
PM;o concentrations.

Figure 6-13a shows an abrupt peak PM;o concentration (107.1 £ 5.6 ng/m’) at the
LOSS vacant land site on 09/08/95. The site log in Table 3-6 recorded visible dust loading
on Losee Road adjacent to the LOSS site during the fall intensive. Since this was not a
windy day, track-out or carry-out from the nearby GOLF or LONM construction sites or
anthropogenic disturbance in the nearby vacant land are suspected as possible causes of this
elevated PM;q concentration.

PM, concentrations at the VAND vacant land site were elevated by 10 to 25 pg/m? or
42% above the site average (21.9 + 12.3 pg/m®) during the fall intensive monitoring period.
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The site log in Table 3-6 noted that active earth-moving activity was found 0.5 km east of the
site during this period. Even though no construction activity was noted during the winter
intensive monitoring period, average PM;j, mass concentrations were 26% above the site
average.

Weekend/weekday comparisons were also made. Since there are hardly any activities
at the sand and gravel operation or at construction sites on weekends, these sites experience
the greatest weekend/weekday variations among all source types, with the lowest PMjq
concentrations occurring on Sundays (i.e., 04/16/95, 05/14/95, 09/10/95, 01/28/96).

This analysis shows that temporal variations of PM;, concentrations are more
pronounced in the industrial, construction, and disturbed vacant land sites than in residential
and commercial sites. Elevated PM;q concentrations were found to be associated with local
construction activities, industrial processes, or excessive surface street dust loadings. When
potential fugitive dust sources were identified within 0.5 km from the sampling site, PM;j
concentrations were often up to four times higher than PMj, at nearby sites that were not
adjacent to the sources. Most of the elevated PM;y concentrations occurred when dust-
generating activities were identified in the site log during each of the intensive monitoring
periods. For these intermittent fugitive dust sources, a survey of activity levels and surface
street dust loading is essential to understanding the transport and deposition of resuspended
particles.

6.5.2 Chemical Characteristics of the Five Site Types

With respect to the saturation monitoring network, a total of 14 days from the
summer, fall, and winter intensive periods were selected for x-ray fluorescence (XRF)
scanning for aluminum (Al), silicon (Si), sulfur (S), potassium (K), calcium (Ca), and iron
(Fe). Table 6-8 provides a statistical summary for all sites, and for each of the five site types.

The average PM;, mass concentration is 27.9 =+ 19.7 ],Lg/m3 for the 26 intensive
monitoring days and 36.6 + 20.9 ng/m? for the selected 14 chemical analysis days. PM;o and
b.ps concentrations from this subset of samples are 31% and 8% higher, respectively, than the
overall average. Among the five site types, the average PM;¢ mass concentrations are: 39.4
+24.0 pg/m’ for the industrial sites, 31.3 + 24.1 ug/m? for the construction sites, 24.7 % 14.1
ng/m’ for the commercial sites, 23.5 + 11.8 pg/m? for the residential sites, and 23.0 + 13.8
ng/m’ for the vacant land sites. Note that the standard deviations for the industrial and
commercial sites are approximately a factor of two higher than those of other site types,
indicating a greater extent of day-to-day and/or site-to-site variabilities within each these two
site types. For the selected 14 days, PMy mass varied from 30.2 + 13.6 ],Lg/m3 at the vacant
land site to 51.2 + 23.8 ug/m’ at the industrial sites, with a site-type average of 36.6 + 20.9
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Average of

Five Site Types

Industrial

Construction

Commercial

Table 6-8
Statistical Summary of Average PM;, Mass and Chemical Composition (ug/ms)

Acquired in the Saturation Monitoring Network

Mass (26 days)”

Mass (14 days)b

babs (Mm™) (26 days)’
baps (Mm') (14 days)”
Aluminum

Silicon

Sulfur

Potassium

Calcium

Iron

Mass (26 days)®

Mass (14 days)"®

bars (Mm™) (26 days)”
baps (M) (14 days)”
Aluminum

Silicon

Sulfur

Potassium

Calcium

Iron

Mass (26 days)”

Mass (14 d:ays)b

baps (Mm™) (26 days)’
baps (M) (14 days)”
Aluminum

Silicon

Sulfur

Potassium

Calcium

Iron

Mass (26 days)®
Mass (14 days)b
bays (Mm™) (26 days)®

Average

27.86
36.60
21.01

22.62
1.31
5.02
0.43
0.39
6.06
0.69

39.44
51.21
24.23
26.59
1.82
7.35
0.53
0.50

10.59
0.90

31.25
41.09
21.01
23.18
1.45
5.53
0.43
0.44
6.69
0.75

24.72
32.58
22.03
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19.66
20.86
10.24

10.53
0.81
3.12
0.24
0.23
4.10
0.39

23.98
23.78
11.39

11.81
0.88
3.55
0.26
0.27
5.42
0.44

24.11
26.55
10.29
10.20

0.96
3.72
0.23
0.27
4.58
0.44

14.05
13.27
10.82

Std. Dev. Maximum

208.36
208.36
69.60

69.60
5.94
23.55
1.22
1.77
28.55
2.67

115.33
115.33
56.25

56.25
4.28
16.85
1.12
1.33

22.07-

1.97

208.36
208.36
60.70
60.70
5.94
23.55
1.22
1.77
28.55
2.67

86.95
86.95
69.60

Date with

Maximum

06/06/95
06/06/95
01/27/96

01/27/96
01/26/96
09/07/95
09/07/95
09/07/95
09/07/95
01/26/96

06/05/95
06/05/95
09/12/95

09/12/95
09/07/95
09/07/95
09/07/95
09/07/95
01/26/96
09/07/95

06/06/95
06/06/95
09/12/95

09/12/95
01/26/96
09/07/95
09/07/95
09/07/95
09/07/95
01/26/96

01/27/96
01/27/96
01/27/96




Table 6-8 (continued)
Statistical Summary of Average PM;, Mass and Chemical Composition (pg/m3)
Acquired in the Saturation Monitoring Network

Date with
Average Std. Dev. Maximum Maximum

by Mm™) (14 days)® 23.79 11.91 69.60  01/27/96

Aluminum 1.11 0.62 3.12  01/27/96
Silicon 4.25 2.20 11.90 01/27/96
Sulfur 0.45 0.25 1.17  09/07/95
Potassium 0.34 0.17 1.00  01/27/96
Calcium 4.70 2.31 12.40  01/27/96
Iron 0.66 0.33 2.24  01/27/96
Residential Mass (26 days)” 23.47 11.82 46.80 01/26/96
Mass (14 days)"® 31.05 9.54 46.80 01/26/96
b (Mm™) (26 days)* 21.71 11.45 67.38 01/26/96
bybs (Mm™) (14 days)® 24.06 12.52 67.38 01/26/96
Aluminum 1.14 0.49 2.73  06/05/95
Silicon 4.25 1.65 9.20 06/05/95
Sulfur 0.42 0.21 1.00  09/07/95
Potassium 0.35 0.14 0.79  06/05/95
Calcium 4.76 1.88 8.17 09/12/95
Iron 0.64 0.28 1.37 06/05/95
Vacant Land Mass (26 days)” 22.97 13.79 107.08 09/08/95
Mass (14 days)® 30.19 13.60 107.08  09/08/95
bas (Mm™") (26 days)® 18.87 8.31 50.53  04/19/95
babe (Mm™") (14 days)® 19.18 7.55 41.00 01/26/96
Aluminum 1.14 0.66 436 09/08/95
Silicon 428 2.47 18.96  09/08/95
Sulfur 0.40 0.22 1.04  09/07/95
Potassium 0.33 0.18 1.14  09/08/95
Calcium 4.96 2.96 25.59  09/08/95
Iron 0.58 0.33 1.89  09/08/95

? Includes 5 intensive monitoring periods: 04/15/95 to 04/21/95, 05/12/95 to 05/16/95,
06/05/95 to 06/07/95, 09/07/95 to 09/12/95, and 01/26/95 to 01/30/95.

® Includes 3 intensive monitoring periods: 06/05/95 to 06/07/95, 09/07/95 to 09/12/95,
and 01/26/95 to 01/30/95.
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ug/m3. PM bays concentrations are less variable, with 19.2 + 7.6 Mm™! at the vacant land
site t0 26.6 + 11.8 Mm'" at the industrial sites.

For the five site types, industrial sites ranked highest in concentrations of PM;, crustal
components (e.g., Al, Si, K, Ca, Fe), followed by construction sites. The enrichment of
crustal species is similar among the commercial, residential, and vacant land sites.

PM,, sulfur concentrations were more homogeneously distributed within the study
domain, with an average of 0.40 + 0.22 ug/m’ at the vacant land sites to 0.53 + 0.26 pg/m’ at
the industrial sites. This finding was expected since the majority of sulfur should be in the
form of sulfate, a secondary aerosol that does not originate on the neighborhood scale (Chow
et al., 1992b; Chow and Watson, 1997b).

6.5.3 Material Balance of PM;y Chemical Compositions

Material balances (Solomon et al., 1989; Chow et al., 1994b) for crustal material,
sulfate, elemental carbon, and unexplained mass abundances in PM;o were constructed by:
1) summing the aluminum, silicon, calcium, and iron oxides (i.e., [1.89 X aluminum] + [2.14
X silicon] + [1.4 X calcium] + [1.43 X iron]) to estimate the crustal or geological material;
2) deriving the elemental carbon concentration based on the relationship between b, and
elemental carbon (i.e., by + 8.6, see Section 5.5) as a surrogate to estimate combustion
byproducts, and 3) calculating the sulfate concentration (i.e., 3 X sulfur) to estimate secondary
sulfate.

Average material balance for each site type is displayed in Figure 6-14. Similar
abundances were found among the five site types, with the exception of the industrial sites,
which show approximately 10% higher crustal components. Overall, crustal material was the
largest contributor, accounting for 60% to 70% of PMjy, mass. Combustion byproducts
accounted for 7% to 10%, and secondary sulfate accounted for 3% to 4%.

Figure 6-15 displays the scatter plot of the sum of the crustal compounds (accounting
for their corresponding oxides) versus PM;o mass for over 400 samples acquired and
chemically analyzed during the summer, fall, and winter intensive monitoring periods. High
correlation (r = 0.90) was found between the crustal component and PM;, mass, with an
average ratio of 0.62 * 0.01. This implies that, on average, over 60% of the PM o mass
consists of crustal components. In addition to the crustal component, material balance was
constructed based on an absorption coefficient of 8.6 m%g to derive elemental carbon (EC =
bas + 8.6) which represents combustion byproducts, and the sulfur/sulfate stoichiometric
ratio (sulfate = 3 X sulfur) to estimate secondary sulfate. A scatter plot of material balance
versus PM;( mass is shown in Figure 6-16. Similar correlation (r = 0.92) was found in this
comparison, with an average ratio of 0.72 £ 0.01. This illustration indicates that over 70% of
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the PM;o mass can be explained by crustal material, combustion byproducts, and secondary
sulfate. Combustion byproducts and secondary sulfate constitute approximately 10% of
PM;, mass.

6.5.4 Spatial Variations of the Satellite Sites

Averages of PMo mass were computed over the 26 intensive monitoring days to
compare site-to-site variations as shown in Table 6-9. During the intensive monitoring
periods, average PM o mass concentrations varied by a factor of three from site to site. The
LONM site, which experienced the greatest impact from nearby construction activities,
reported the highest average PM;o concentration (52.2 * 33.9 pg/m?), and the undisturbed
desert site (SWLC) reported the lowest PMq average (19.1 £ 9.1 pg/m>).

PM;, concentrations at the 90th percentile are associated with either construction or
industrial sites. Similarly, PM;o concentrations from sites closest to the residential and
vacant land sites appear in the 10th percentile. The standard deviations of these averages are
very high, with coefficients of variation ranging from 47% to 108% from site to site. This is
higher than the day-to-day coefficients of variation which ranged from 27% to 96%. The
greatest site-to-site variations are found with industrial and construction sites, and the least
with residential and commercial sites. Table 6-9 also shows that maximum concentrations
occurred sporadically at different locations on different days. The site-specific maximum
PMj, concentrations varied by a factor of five during the intensive monitoring periods,
ranging from 43.8 * 2.7 ug/m’® at the SWLC vacant land site on 09/11/95, to 208.4 + 11.7
ug/m’ at the DONO construction site on 06/06/95.

Even though the sampling sites are located close to each other, PM;o concentrations
on any given day (e.g., 06/06/95) can vary by over one order of magnitude, from 18.4 + 3.3
ug/m3 at the LASV vacant land site to 208.4 + 11.7 ug/m3 at the DONO construction site.
Since these two sites are less than 4 km from each other, it confirms that local sources in
close proximity to the sampling site had a greater effect on PM, loadings, and the zone of
influence from a particular fugitive dust source is likely to be small. Meteorological data
show that average and maximum wind speeds were 6 and 12 m/s with maximum gusts of 16
m/s on 06/06/95.

Figure 6-17 displays the spatial variations among the 30 satellite sites on this windy
day. PMj, concentrations are generally low on 06/06/95 in the study area, ranging from 25 to
35 ug/m® with the exception of the DONO construction site. The NECD construction site
(approximately 0.75 km southwest of the DONO site) and CRAI vacant land site
(approximately 1.5 km southwest-south of the DONO site) reported PM;o concentrations
70% and 74% above their corresponding site averages, respectively. The MICH commercial
site (approximately 0.6 km southeast of the DONO site) experienced PM;y concentrations
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Table 6-9

Statistical Summary of PM,, Mass Concentrations in the Saturation Monitoring Network

Site Type

Industrial

Construction

Commercial

Residential

Vacant Land

Site

LAMB
LONE
NWAL

GOLF
LONM
DONO
NECD
CINN
NCOV
MARK
GROW
CLIF
PECO

BEMI
WALN
MICH
MCDA
ECHA

EFER
NOCO
HAMI

LOSS
BILL
VAND
SWLC
NWCP
CRAI

LASV

Maximum

(u g/m3)

83.54
74.27
115.33

79.86
118.18
208.36

71.87

65.68
134.93

48.96

56.48

85.44

75.17

50.14
55.65
66.02
48.76
86.95

43.13
4592
46.80

107.08
45.08
47.92
43.81
50.78
54.81
62.74
48.27

Date with
Maximum

Value

09/12/95
09/11/95
06/05/95

06/05/95
01/27/96
06/06/95
06/05/95
04/20/95
09/07/95
05/16/95
06/05/95
06/05/95
09/12/95

06/05/95
06/05/95
06/05/95
09/12/95
01/27/96

06/05/95
09/12/95
01/26/96

09/08/95
09/11/95
01/30/96
09/11/95
06/05/95
05/16/95
06/05/95
06/05/95

Minimum

( gg/m3)

10.991
6.421
7.530

2.165
11.408
8.069
1.530
7.495
4.774
5.176
9.411
8.635
6.689

3.955
7.875
7.987
7.638
7.092

8.069
7.365
7.373

7.234
6.678
6.956
6.817
7.234
6.539
7.092
6.397

Average

Std. Dev.

(ugm® (ug/m*)

36.943 +
33,738 +
47.411 =

23.882 +
52.185
35.677 +
29.823 +
26.049 +
31.972 +
24,998 =
27.255 =
31.854 +
28.108 =

22,672 =
24.289 +
29.920 =
23.645 =
23.008 =

20.195 =
23569
26.636 =

29.780 =
20.622 =
21.870 =
19.059 =
19.375 =
28.082 +
21.360 =
23534 «

21.629
18.867
28.868

18.567
33.857
38.477
16.957
14.507
27.706
13.114
13.403
20.732
18.328

11.579
12.268
14.816
12.646
17.967

9.7711
12.345
12.670

21.501
10.368
12.151

9.096

9.872
15.376
12.336
13.115

Coefficient

of Variation Total No.

(%)

0.585
0.559
0.609

0.777
0.649
1.078
0.569
0.557
0.867
0.525
0.492
0.651
0.652

0.511
0.505
0.495
0.535
0.781

0.484
0.524
0.476

0.722
0.503
0.556
0.477
0.509
0.548
0.578
0.557

in Average

26
25
26

25
26
26
26
26
26
25
25
26
26

26
26
26
26
25

26
26
26

26
26
25
26
26
26
26
26
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53% above its site average (29.9 + 14.8 pg/m®). The construction site influence did not
extend further south, however. Higher-than-average PM;, concentrations were not found at
the NCOV and MARK construction sites located south of the MICH site, approximately 1.0
to 1.2 km south from the DONO site.

Slightly-higher PM;, concentrations were found at the BILL vacant land site
(approximately 0.35 km northeast-east of the DONO site on the east side of Interstate 15) and
at the BEMI construction site (approximately 0.6 km east of the DONO site) with PM;,
concentrations exceeding their site averages by 9% and 16%, respectively. Meteorological
analysis shows that winds were east to northeast in the early morning between 0000 and 0900
PST at approximately 2 to 5 m/s. Wind direction shifted to the northwest for the remainder
of the day. Wind speeds are high at night, exceeding 8 m/s after 2100 PST.

This analysis shows that elevated PM;o concentrations, ranging between 9% to 70%
above their site averages, were found within a 0.75 km radius from the DONO construction
site. On a windy day such as 06/06/95, this source impact might extend to 1.5 km downwind
of the source (e.g., CRALI site) over relatively flat terrain without any wind barriers. It is
suspected that most of the wind-blown dust from construction activities consist of large
coarse particles. These particles tend to settle out rapidly within a short distance from the
source and they do not travel over long distances. The zone of influence did not apply to
upwind sites (e.g., NCOV and MARK sites) 1.5 km from the construction activity.

During the intensive monitoring period, 24-hour PM; concentrations exceeding 100
ug/m3 (three to four times higher than the corresponding site-type averages) were recorded at
only one industrial site (NWAL on 06/05/95 and 09/07/95), three construction sites (LONM
on 09/11/95, 01/26/96, 01/27/96, and 01/30/96, DONO on 06/06/95, and NCOV on
09/07/95), and one vacant land site (LOSS on 09/08/95). Meteorological analysis on these
days shows that high winds occurred on only 50% of the site-days (06/05/95, 06/06/95,
09/07/95, and 09/08/95). Four elevated (> 100 ug/m3) PM;y concentrations, observed at the
LLONM construction site on 09/11/95, 01/26/96, 01/27/96, and 01/30/96, all occurred during
low-to-moderate wind periods. The 24-hour average wind speeds at the Bemis site were 2 to
4 m/s and maximum hourly wind speeds were 4 to 5 m/s on these days. Active construction
adjacent to the south side of the LONM site during the fall and winter intensive monitoring
periods (noted in Table 3-6) apparently had a major impact on these elevated PMjo
concentrations.

The zones of influence of these construction activities were further examined.
Elevated PM;o concentrations were found at the CRAI vacant land site, approximately 1.2 km
southeast of the LONM construction site, on three out of four days with PM;o mass being
36% to 92% higher than the corresponding site average (28.1 = 15.4 pg/m®). These
influences decreased by 10% to 40% at the NECD construction site, approximately 2 km
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southeast-east of the LONM site. Elevated PM;q concentrations at the NECD construction
site on 09/11/95, 01/26/96, and 01/30/96 were found to be 27% to 54% above the site average
(29.8 + 16.9 pg/m*). The MICH commercial site, approximately 0.8 km east of the NECD
construction site, experienced similar elevations in PM;, concentrations, ranging from 25% to
56% above the site average (29.9 + 14.8 ;,Lg/m3).

The NWAL industrial site, approximately 1.8 km south-southeast of the LONM site,
also reported 10% to 62% higher-than-average PM;, concentrations (47.4 = 28.9 ;,Lg/m3) on
these days. It is interesting to note that sites 1 to 2 km northeast of the LONM site (GOLF
construction site and LOSS vacant land site) suffered no apparent impact on PMjj
concentrations during these days. Meteorological data at the Bemis site shows similar wind
patterns on those days with prevailing northwesterly winds during the morning (0000 to 0700
PST) and night (1800 to 2400 PST) at 1 to 2 m/s. Winds were from the east and southeast
during the daytime with wind speeds in the range of 2 to 4 m/s.

This analysis shows that on a nonwindy day, the zone of influence from an active
construction site was mainly within one kilometer downwind from the source. The zone of
influence could extend up to 2 km from a dust source, with the concentration gradient
decreasing by 10% to 40%, during low wind periods.

A statistical summary of PM;( chemical compositions acquired during the summer,
fall, and winter intensive periods from the saturation monitoring network is presented in
Table 6-10. Average and maximum crustal abundances varied by a factor of two to four
among all site types. For the crustal component being measured, the average concentrations
measured at the industrial and construction sites often exceeded the maximum concentrations
found at the commercial and residential sites.

The highest concentrations of silicon (23.6 £ 7.5 ng/m’), sulfur (1.9 + 0.7 pg/m’),
potassium (1.8 + 0.4 pug/m*), and calcium (28.6 + 4.8 pg/m’) were found on 09/07/95 at the
NCOV construction site. The highest concentrations of aluminum (5.9 + 1.8 ug/m3) and iron
(2.7 £ 0.2 ng/m®) were found on 01/26/96 at the LONM construction site. Elevated crustal
components were also found on 09/08/95. Average wind speeds of 4 to 7 m/s, maximum
wind speeds of 11 to 13 m/s, and wind gusts up to 12 m/s were recorded on 09/07/95 and
09/08/95. 1t is suspected that some crustal material was dislodged from the ground surface
and became airborne. Low wind speeds (2.3 m/s on average) were recorded on 01/26/96,
however. Construction activities within the close proximity of the LONM site may have
contributed to the high level of crustal components.

Average PM;, sulfur concentrations exhibited very little spatial variation, ranging
from 0.36 % 0.23 pug/m’ at the CINN construction site to 0.57 + 0.28 pg/m® at the NWAL
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industrial site. Maximum sulfur concentrations are also similar in magnitude, in the range of
0.8 to 1.2 pg/m’.

Average baps concentrations varied by a factor of two from site to site. The highest
bans average of 32.4 + 7.5 Mm™ was recorded at the MICH commercial site. This site is
located in the parking lot of a convenience store near a gas station with frequent truck traffic.
Maximum by, of 69.6 + 10.8 Mm™” was found at the East Charleston commercial site on
01/27/96, where heavy vehicle traffic is expected. Vehicle exhaust from these sites resulted
in the elevated by values.

Figure 6-18 compares the site-to-site variations in material balance on: 1) a windy
day (06/05/95) with highest average all-site PM;, concentration of 52.8 + 19.1 pg/m’, and 2)
a low-wind day (09/11/95) with second-highest average all-site PM;¢ concentration of 47.3 +
15.8 ug/m’. Although the wind speeds on 06/05/95 (average and maximum wind speeds
were 11 and 17.5 m/s, respectively) were a factor of three to four higher than those observed
on 09/11/95 (average and maximum wind speeds were 3 and 4.5 m/s, respectively), the site
averages for PM;o mass only vary by approximately 10%.

The material balance in Figure 6-18 exhibits a 59% to 83% crustal abundance on
06/05/95 and 52% to 71% crustal abundance on 09/11/95. PM;, secondary sulfate ranged
from 3% to 11% and combustion byproducts ranged from 1% to 5% on these two days. This
illustration shows that the incremental PM;o mass from the windy day can be attributed to
contributions from geological material. The absolute difference in crustal abundances among
all satellite sites on these two days is approximately 60 ug/m3, which varies by approximately
a factor of four on a low-wind day (09/11/95) to a factor of seven on a windy day (06/05/95).
This analysis also demonstrates that site-to-site variations are significantly greater than day-
to-day variations with respect to PM;o mass and chemistry in the saturation monitoring
network. Besides the meteorology, local source impacts are superimposed to enhance the
site-to-site variations.

6.6 Homogeneity Measurements

Several types of analysis can be applied to quantify how well measurements at a
single site represent concentrations measured at the other sites. These are termed
“homogeneity measurements” (Watson et al., 1995). Within the study domain, the centrally-
located BEMI (Bemis) monitoring site is selected a as a benchmark, to which all other site
data are compared on a record-by-record basis. This analysis examines the spatial
homogeneity of the PM;o mass concentration distribution.

To quantitatively evaluate the homogeneity within the study domain, a variance-
weighted regression-based comparison is made, which is analogous to applications in

6-48




E Crustal ll Combustion O Sulfate | Others

a) 06/05/95

BT SN R

T SRS ity

I

AHHEL SR )

HE SSSSEENs st

Vacant Land
Vacant Land

HHHHHE SRRy

HEE  SESNsRe sy

FHHHHHH ] SRS il

Residential

FHHHE SNt i’

dential

—

2

HHHE Sl

Resi
ﬁ|

#

EHHEL SSSERd s

HHHHTE SRR

;

A SRt

%

I O A AN AR A,

%

Commercial

2

[ ]
ﬁ
,@
5’)‘
;‘5
%

o

:

SRR AR

“

manad Qs

T SSSERRN R R il

FHHHHHHT SRR A

Constructl

manny JEI

;

B it by

Construction

T SRR

HHHHHE SNl

HHHHHT SSRRRRRRRR ARl

FHHHHH T Sl

mmn R

ustrial

T [unsnsnnsnsmes IR

In

FHH T SR

HHl

RN
k]

100% -
80% 1
60% T
40%
20%

b) 09/11/95

T SN

HHHHTE SRSttt

EHEHHHHT S

|A

P

anwsssnannny JERL AR

HHHHHE SRR

anannasung Rt

%

T SSSRS il

&

HHHHHHT SRRl

FHHHHER AR AR AN

]

AHHHHHHE SRR

R SRS

§

n IR

:

B Sty

%

§

B SRt

Commercial

HHHHHHT T SRRl

T SRR

%

| N

HHHHHH T SRR

:I:lj:I:tttttl RN

“

Figure 6-18 Material balance for PM;, measurements aquired at the saturation monitoring network on

HHHHHE SRS i

HHHHH T SSESRNRR RS Ran

%

T SRR
FHHHHHH SRS iitidadn
o |

R

| SRR

S SN

Industrial

T RSSO

FHHHHHH T RSl

HHH ] SRS R
Il L

100% -
80% T
60% +
40% A
20% -

6-49

.
.

a) a high wind speed day (06/05/95), and b) a low wind speed day (09/11/95).




collocated sampler comparisons discussed in Section 5.5. These comparisons are
summarized in Table 6-11.

The slopes, intercepts, and correlation coefficients were derived from the effective-
variance-weighted least-squares linear regression algorithm (Watson et al., 1984). The
effective-variance method incorporates the precisions of both X and Y variables into the
weighing of each value. It also propagates the precisions to provide the standard errors which
are reported with each slope and intercept in Table 6-11. These linear regression parameters
provide a means to calculate one measurement from another within a few intervals of
measurement precision.

Table 6-11 shows that PM;o mass correlations between Bemis and the satellite sites
were lowest at the CINN construction site (r = 0.65), with high correlations (r > 0.8) at two
construction sites (i.e., NCOV, CLIF), four commercial sites (i.e., BEMI, WALN, MICH,
MCDA), two residential sites (i.e., EFER, NOCO), and four vacant land sites (i.e., BILL,
VAND, NWCP, THUN). Moderate correlations (0.6 < r < 0.8) were found at all the other
sites. The slopes were equal to unity within the standard errors for only 43% of the sites.
The intercepts are often associated with large standard errors.

The average Y/X ratio is a factor of two higher than unity for the industrial sites (i.e.,
LAMB, LONE, NWAL) and two construction site (i.e., LONM, GROW). This implies that
the PM;, concentrations found at the Bemis site are, on average, 50% to 240% lower than
these sites. The large variability associated with the average ratios at these sites is
attributable to a few extremely high PM;o concentrations.

The average of the pair differences (Y-X) between the Bemis and satellite sites, the
collocated precision (the standard deviation of the paired differences), and the root mean
squared (RMS) precision (the square root of the mean squared precision) in Table 6-10 can
be used to test the hypothesis that no difference was found between the X and Y pairs. This
table shows that differences in PMjo mass were found at all sites, and they are not considered
to be equivalent.

The percent difference of the data pairs whose difference (Bemis [X] minus satellite
site [Y]) is less than 10, between 10 and 20, between 26 and 30, and greater than 36. Here,
O is the measurement uncertainty of “X-Y”, which is the square root of the sum of the
squared uncertainties (O'X2+0'Y2), where ox and oy are the PM;y, measurement uncertainties
for the Bemis and satellite sites, respectively.

Over 90% of the sample pairs are within +16 for one commercial site (i.e., WALN),
one residential site (i.e., ERER), and four vacant land sites (i.e., BILL, VAND, NWCP,
THUN). Except for the BILL vacant land site (approximately 0.35 km northwest-west
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of the Bemis site), all of these sites are located within 2.5 km to the northeast, east, southeast,
and south-southeast of the Bemis site.

Extending the percent difference of the data pairs to +26, an additional 11 sites meet
the criteria for over 90% of the data pairs. They include two residential sites (i.e., NOCO,
HAMI), three commercial sites (i.e., MICH, MCDA, ECHA), three vacant land sites (i.e.,
LOSS, CRAI LAST), and five construction sites (i.e., DONO, NECD, CINN, GROW,
CLIF). All of these sites are situated northwest, west, southwest, and south of the Bemis site,
within a distance of 9 km.

The greatest variations were found for the three industrial sites (i.e., LAMB, LONE,
NWAL) with 4% to 25% of the data pairs falling beyond +3c, and for the LONM
construction site where 42% of the data pairs exceeded +36. These are also the sites with
average ratios which were a factor of two greater than the Bemis site. Three construction
sites (i.e., NCOV, GROW, PECO) and one vacant land site (i.e., LOSS) also reported that
8% to 11% of the data pairs falling beyond +30.

Distributions in absolute PM;, concentration differences between the Bemis and
satellite sites were also examined for the various intervals between 5 and 20 pg/m’. Over
70% of the sample pairs at two residential sites (i.e., EFER, NOCO), one commercial site
(i.e., WALN), and two vacant land sites (i.e., VAND, THUN) reported PM;, concentrations
within +5 ug/m3 of the Bemis PM;, concentrations. These sites are within 2.5 km northwest
and southwest of the Bemis site. Twenty out of the 29 sites exhibited PM;o concentration
variations within +10 pg/m> in 70% of the cases. The largest variation was found at the
NWAL industrial site and LONM construction site, where 50% of the sample pairs differed
by more than +20 ].Lg/m3.

This homogeneity measure indicates that for over 90% of the cases, PMjg
concentrations measured at the Bemis site can represent commercial, residential, and vacant
land sites up to 2.5 km northeast to south-southeast of the site to within +16 of measurement
uncertainty. Over 70% of the sample pairs found at two residential, one commercial, and two
vacant land sites within 2.5 km northwest and southwest of the Bemis site reported PM;g
concentrations within 5 pg/m’ of the Bemis PM;, concentrations. The same homogeneity
distributions do not apply to the nearby industrial or construction sites where fugitive dust
emissions are suspected to be high. The sand/gravel operation 0.5 km (i.e., LONE), and 1.5
km (i.e., LAMB) northeast of the Bemis site yielded average PM;( concentrations 70% and
79% higher, respectively, than observed at the Bemis site. PMjo concentrations at the LONM
construction site (2.8 km west of the Bemis site) and the NWAL industrial site (2.6 km
southwest of the Bemis site) differed by more than +20 ug/m’ from the Bemis measurements
for 50% of the samples. These two sites also reported the highest average ratios, with average
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PMjo concentrations being a factor of 2.4 and 2.2 higher than the Bemis site for the LONM
and NWAL sites, respectively.

Due to intermittent fugitive dust sources interspersed in the study area, this
homogeneity analysis shows that PM;o measurements at the Bemis site do not represent the
general population exposure within the neighborhood scale (1 to 10 km) (Federal Register,
1979). If sufficient control measures can be applied on the locally-generated fugitive dust
sources, PM;; measurements at the Bemis site can be representative of the surrounding
mixture of land uses.
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7.0 SOURCE/RECEPTOR MODELING

Various data analysis methods and source/receptor modeling approaches applied to
the Las Vegas Valley PM;, Study are presented in this section to apportion PM;q to sources.
Correlation matrices are generated, and multivariate statistical modeling and cluster analyses
are performed to examine the spatial patterns of the saturation monitoring network. The
source profiles compiled in Section 4, along with the ambient PM;y mass and chemical
measurements acquired at the Bemis and East Charleston sites, are used as input to the
Chemical Mass Balance (CMB) receptor model. CMB modeling was performed for each
individual day to identify and quantify major source-type contributions.

Fugitive dust emission rates assembled in Section 3 are used as input to the Industrial
Source Complex Short-Term Version 3 (ISCST-3) Gaussian plume dispersion model to
calculate the source sub-type contributions from the major fugitive dust sources. The results
from various modeling efforts is discussed in this section to reconcile their differences.

7.1 Spatial Receptor Modeling for the Saturation Monitoring Network

The spatial patterns of PM;o mass and chemical species acquired at the 30 satellite
sites during the spring, summer, fall, and winter intensive monitoring periods are examined.
Correlation matrices are developed and cluster analyses are performed to deduce the spatial
variations of the PM;o components and to illustrate the zones of influence within the
saturation monitoring network.

7.1.1 Correlations Among the Satellite Sites

Inter-site correlation coefficients for PMjo mass, silicon (Si), sulfur (S), and light
absorption (bgs), are displayed in Tables 7-1 to 7-4, respectively. The sites were arranged by
their site-type classification in the same north-south and west-east sequences as listed in
Section 6 for the time series analysis.

These correlation coefficients show which concentrations changed in the same way
over time. Coefficients which exceed 0.80 show a fairly strong covariation; coefficients
between 0.50 and 0.80 show a moderate covariation; and coefficients which were less than
0.50 were not considered to be physically significant (though they may be statistically
significant). High correlation coefficients were observed when pairs of variables originated
from the same source, were equally affected by transport and dispersion, or underwent related
chemical transformations.

With respect to PM;p mass and silicon concentrations, the highest correlations
(r>0.80) were found for the three residential sites (i.e., EFER, NOCO, HAMI).
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Concentrations were moderately correlated (r > 0.60) among the five commercial sites (i.e.,
BEMI, WALN, MICH, MCDA, ECHA). Moderate to high correlations were also observed
among the commercial, residential, and vacant land sites, with higher (r > 0.90) correlations
between the commercial and residential sites (i.e., MCDA versus NOCO, MCDA versus
HAMI for PM;y mass, BEMI versus EFER, and MICH versus EFER for PMyj silicon). PMjo
mass and silicon concentrations measured within the industrial and construction sites were
generally not correlated with each other, but there were a few exceptions (e.g., NCOV
construction site versus NWAL industrial site for mass [r=0.81], PECO construction site
versus LAMB industrial site for silicon [r=0.83]). As shown in Table 7-2, PM;, silicon at
the LONE and NWAL industrial sites, LONM, CINN, and NCOV construction sites, and
LOSS vacant land site show almost no correlation (r < 0.5) with any of the other satellite
sites, implying that crustal abundances at these sites are mostly affected by local sources.

PM;y sulfur concentrations experienced high correlation coefficients (r > 0.80) at all
the sites except for the East Charleston (ECHA) commercial site. As shown in Table 7-3, the
ECHA commercial site is moderately correlated (r = 0.6) with most of the other sites with a
few exceptions. This analysis shows that secondary sulfates are homogeneously distributed
among the sites within the study area.

Table 7-4 shows that high PM;y light absorption (bas) correlations were more
dependent upon geographical location in the vicinity of heavily-traveled roads than site type.
For example, the sites close to Interstate 15 (e.g., GOLF, DONO, and NECD construction
sites, BILL vacant land site) were moderately to highly correlated with the sites along Las
Vegas Boulevard (e.g., MCDA commercial site, NOCO residential site, LASV and THUN
vacant land sites). The East Charleston (ECHA) commercial site, the southernmost site
within the study area, showed no correlation (r < 0.5) with any of the satellite sites. These
phenomena corresponded to the emission density (e.g., population, restaurant, vegetative
burning) as well as vehicular traffic volume in the area.

These correlation matrices show that clusters of high correlation coefficients were
often found among the sites in close proximity of each other. The pair correlations often
exceeded or were close to 0.8. These inter-site correlations confirm the observation that
meteorology along with anthropogenic activities surrounding the satellite sites affected the
PM; mass and chemical concentrations in a similar way throughout the valley. Sampling
sites with the greatest local source influences do not correlate with any other sites.

7.1.2 Cluster Analysis

Cluster analysis is a multivariate statistical procedure for detecting natural groupings
in data without a prior knowledge of the group characteristics. This procedure has been used
to determine the cluster of different chemical species with similar sampling intervals (Saucy
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et al, 1987). Alternately, cluster analysis can be used to determine the grouping of chemical
species based on their geographic locations. The distribution of chemical species among the
satellite sites may be a result of a recurring meteorological condition or source emissions.

For a spatial cluster analysis, the data must be presented in a two-dimensional matrix
consisting of the concentration measurement of a specific species for each date and site. For
an unnormalized data matrix, species with high concentrations will dominate the resulting
clusters. To overcome this bias, the mass and chemical data from the three intensive study
periods were transformed by centering to the mean and then scaling to the standard deviation
using the following equation:

C,=—— (7-1)
Gj
where:
Ci = the concentration of the species i at a site
a = the average concentration of the species i at a site
c; = the standard deviation of the species concentration at a site

Normalizing the data to the standard deviation allows the usage of a wide range of
chemical concentrations since each trace species is given as much weight as a major
component.

Several key species indicative of the potential emission source in the study area were
selected for this exercise. PMjo mass and silicon were used to represent geological material.
PMjo bas measurements were chosen to represent motor vehicle and vegetative burning
emissions. PMjo sulfur was selected to represent secondary sulfate aerosol (Hopke et al.,
1976a, 1976b).

The statistical software package used for cluster analyses was SYSTAT Version 5.02
(SYSTAT Inc., Evanston, IL), which includes the JOIN and KMEANS clustering
methodology (Wilkinson, 1990) to examine the aerosol data from the three intensive periods
combined. KMEANS clustering separates the data set into a selected number of sub-groups
by maximizing the variations between groups and within each group. This method is similar
to one-way analysis of variance (ANOVA) where groups are unknown, and the largest
F-value is sought by reassigning members to each group.

Cluster analysis using KMEANS follows a procedure designed to isolate the most
realistic cluster groupings which have real physical meaning. It is necessary to predetermine



the number of possible groupings for each of the species being examined. In this study, the
KMEANS clustering was initially set to six possible groupings for each of the species
examined. This analysis resulted in a pattern of one, two, or three groupings with isolated
single-site clusters, from which it is difficult to extract conclusive results.

Another means of cluster analysis uses JOIN, which embraces hierarchical, tree, or
linkage methodologies. JOIN computes a normalized distance between the sites for its
clustering metric. The normalized distance is equal to the root mean squared distances
among the sites. Various methods were tested to compute the distance of one site or cluster
from another and to determine whether the two clusters should be merged into a given step.
Ward’s Method (Ward, 1963) returned the clearest separation of clusters and was selected for
use in this study. The Ward Method uses the average value of all sites, but adjusts for its
covariance in a cluster as the reference point to other clusters.

Figure 7-1 illustrates the north-south clustering pattern for normalized PM;o mass
concentrations. As a first approximation, three main clusters were defined. The north cluster
represents the vacant land sites (e.g., VAND, SWLC) and industrial sites (e.g., LAMB,
WALN) in the northeast corner of the study area, which is interspersed with construction
sites (e.g., CINN) and commercial sites (e.g., BEMI, WALN). The south cluster includes
eight sites in the south-southwest portion of the study area with a mixture of construction,
commercial, and residential sites. The center cluster includes sites located adjacent to and
northwest, west, and southeast of the Bemis site.

PMy silicon concentrations in Figure 7-2 displays a southwest to northeast grouping
similar to the prevailing wind direction. A distinguishing cluster was found for one industrial
site (i.e., NWAL) and two construction sites (i.e., LONM, NCOV) on the west side of the
study domain. The largest cluster is found to center around Las Vegas Boulevard following
the prevailing southwest-to-northeast wind pattern. Most of the construction sites (e.g.,
GOLF, DONO, NECD) are found in the north cluster.

The PMjo sulfur measurements exhibited decentralized clusters which spread the
satellite sites into several overlapping groupings, as illustrated in Figure 7-3. This cluster
pattern supports the fact that most sulfur measurements are highly correlated and it is difficult
to discern separate clusters. No distinguishable pattern was found for PMip baps
measurements, as shown in Figure 7-4. Two northwest to southeast clusters were
perpendicular to Interstate 15 and Las Vegas Boulevard.

Cluster analysis for this study is hampered by significant site-to-site and day-to-day
variability in a small data set. However, cluster analysis does support the absence of
concentration gradients in the mass and chemical measurements. In addition, it illustrates
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that some secondary sulfate seems to have affected the study area on a scale that was greater
than the spatial distribution of the two base sites.

7.2 Chemical Mass Balance Receptor Modeling

The CMB model consists of a least-squares solution to a set of linear equations which
expresses each receptor concentration of a chemical species as a linear sum of products of
source profile species and source contributions. The source profile species (the fractional
amount of the species in the emissions from each source type) and the receptor
concentrations, each with realistic uncertainty estimates, serve as input data to the CMB
model. The output consists of the contributions for each source type to the total ambient
aerosol mass as well as to individual chemical species concentrations. The model calculates
values for contributions from each source and the uncertainties of those values. Input data
uncertainties are used both to weight the relative importance of the input data to the model
solution and to estimate uncertainties of the source contributions.

Current CMB software (Watson et al., 1990a; 1990b) applies the effective variance
solution developed and tested by Watson et al. (1984) because: 1) it calculates realistic
uncertainties of source contributions from both the source and receptor uncertainties; and
2) chemical species measured more precisely in both source and receptor samples are given
greater influence in the solution than are less precisely-measured species.

Watson (1979) observed that individual sources with similar source profiles, such as
different soils and road dusts, would yield unreliable source contribution estimates if used in the
same CMB. Henry (1982; 1992) proposed a quantitative method of identifying this interference
among similar source compositions, which is known as “collinearity.” Henry's “singular value
decomposition” defines an “estimable space in which resolvable sources should lie” (Henry,
1982; 1992). The source types which do not fall into this estimable space are collinear, or too
similar to be resolved from a combination of one or more of the source types which lie within
the estimable space. Henry (1982; 1992) further proposed that linear combinations of source
contributions resulting from collinear source compositions would be more representative of the
summed contributions of these sources. Analytical measures of collinearity are available in the
U.S. EPA/DRI Version 7.0 of the CMB model (Watson et al., 1990a).

7.21 CMB Model Application and Validation

The CMB modeling procedure requires: 1) identification of the contributing source
types; 2) selection of chemical species to be included; 3) estimation of the fractions of each
chemical species contained in each source type (i.e., the source profiles); 4) estimation of the
uncertainties of both ambient concentrations and source compositions; and 5) solution of the
CMB equations.
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These procedures are described in an applications and validation protocol (Watson et
al., 1991a) which has been assembled for PM;, source assessment. The protocol provides a
regimen which makes the results from this source apportionment study comparable to those
from other PM;o non-attainment areas.

The CMB applications and validation protocol consists of seven steps:
1) determination of model applicability; 2) estimation of initial source contribution;
3) examination of model outputs and performance measures; 4) identification of deviations
from model assumptions; 5) identification and correction of model input errors;
6) verification of the consistency and stability of source contribution estimates; and
7) evaluation of the results of the CMB analysis with respect to other source assessment
methods. The activities carried out for each of these steps are described in this section.

7.2.2 CMB Model Applicability

The requirements for CMB model applicability are as follows: 1) a sufficient number
of receptor samples are taken with an accepted method to evaluate compliance with
standards; 2) samples are analyzed for chemical species which are also present in source
emissions; 3) potential source contributors have been identified and chemically characterized;
and 4) the number of non-collinear source types is less than the number of measured species.
All of these criteria have been met for the present study. Samples were taken through
well-characterized PMo samples. Samples from SESs were subjected to analysis for mass,
babs, €lements, carbon, and ion concentrations. All major source types in the study area have
been identified in Section 4 and their emissions were sampled and chemically characterized.

The number of non-collinear source profiles is less than the number of measured
species. Examination of the chemical profiles shows significant differences among profiles
for major source types such as primary geological material, primary motor vehicle exhaust,
primary residential wood combustion, and secondary sulfates and nitrates. However, because
of the similarity among the motor vehicle and wood combustion profiles, it may be difficult
in many cases to distinguish these emissions using CMB modeling when the source
contributions are small relative to the uncertainties of the source profiles.

7.2.3 CMB Model Outputs and Performance Measures

Watson et al. (1991b) defined several performance measures which are examined
with each CMB to eliminate source profile combinations from further consideration. The
most important of these are: 1) the source contributions estimates (SCEs) and their
uncertainties; 2) “CHI SQUARE,” the weighted sum of the squares of the differences
between calculated and measured species concentrations. Values between one and two
indicate acceptable fits; values less than one indicate very good fits to the data; 3)
“R SQUARE,” the fraction of the variance in the measured concentrations accounted for by
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the variance in the calculated species concentrations. Values of “R SQUARE” greater than
0.9 indicate a good fit to the measured data; and 4) “PERCENT MASS,” or the percent of
total mass accounted for by the source contribution estimates. Values between 80% and
120% are considered to be acceptable.

The CMB output also contains the ratios of calculated to measured concentration
(C/M) and the ratio of the difference between calculated and measured concentration divided
by the uncertainty of this difference (R/U) for each chemical species. These indices allow the
user to examine fits of individual species; for example, EC, OC, and Pb, which are important
for distinguishing motor vehicle emissions from other combustion emissions, and soluble
potassium (K*), which is a marker for vegetative burning emissions. It is often found that the
“C/M ratio” is significantly different from unity, but the “R/U ratio” is small (less than unity,
for example). Under these conditions, a bad fit for a particular species does not significantly
affect the source contribution estimates. Finally, collinearity or similarity between source
profiles is indicated in the CMB output by the presence of two or more profiles in an
“UNCERTAINTY/SIMILARITY CLUSTER.” This condition may also result in part by
small source contribution estimates with relatively large uncertainties.

7.2.4 Initial Source Contribution Estimates

Initial tests with different combinations of source profiles were done to determine
which profiles best explain the data at the Bemis and East Charleston sites. Several test
CMB runs were performed at each site for 24-hour samples collected on 12/27/95. On this
day PMj, mass concentrations at the Bemis and East Charleston sites were 53.7 + 2.7 ug/m3
and 95.3 + 4.8 ug/m3, respectively. CMB performance measurements were examined to
determine how well the ambient concentrations were explained by the CMB source
contribution estimates and the sensitivity of these estimates to changes in the mix of profiles.
The results of these initial trials were used as guidance in CMB analysis of the entire sample
set.

Primary geological material was expected to be the largest contributor to PMjq at both
sites. This was suggested by the high ambient concentrations of crustal species (e.g., Al, Si, Ca,
Fe) relative to combustion-derived OC and EC. Secondary ammonium nitrate, ammonium
sulfate, and ammonium bisulfate were used to explain nitrate, sulfate, and ammonium, which
were unaccounted for by the primary emissions profiles. It should be noted that Ca was
enriched relative to other crustal species in most of the geological source profiles with respect to
the ambient samples. For example, the average ratio of Ca/Si in the 28 nonintensive samples
was 1.43 = 0.21 while the ratio in the geological profiles ranged from 1.48 (LVGPLOTC, paved
parking lot dust) to 2.9 (LVGUPRDC, unpaved road dust). Only chemical species with
concentrations above the lower quantifiable limits (LQL) listed in Table 5-6 were included in
the CMB fit. Copper and zinc frequently appear to be contaminated in medium-volume
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samples and were not used in the fit. Also excluded from the CMB fit were elemental Na and
Mg, which are determined by XRF with large uncertainty intervals due to their low atomic
numbers and coarse particle correction factors. PM;q SOz was used in place of S, and CI” was
used in place of Cl in the CMB fit.

The test results of the source apportionments at each site are presented by a series of
trials representing different combinations of source profiles in Tables 7-5a and 7-5b for the
Bemis and East Charleston sites, respectively. The “best fit” or “default fit” is presented first as
a reference. The source contribution estimates (SCEs) and CMB performance measurements
are shown for each trial. The actual CMB outputs corresponding to the “best fit” cases in
Tables 7-5a and 7-5b for the Bemis and East Charleston sites are presented in Tables 7-6a and
7-6b, respectively.

The “Best Fit” in Table 7-6a indicates that primary geological material was the largest
contributor at the Bemis site, followed by primary motor vehicle emissions. The best fit was
obtained using a composite geological profile (LVGEOLC), a composite motor vehicle profile
(LVMVC2), and profiles representing secondary ammonium sulfate and secondary ammonium
nitrate. The CMB performance measures were good, with R SQUARE of 0.96, PERCEN
MASS of 100.2%, and CHI SQUARE of 0.68. In Trial 1, the composite parking lot dust source
profile (LVGPLOTC) was substituted for the geological composite profile (LVGEOLC). This
CMB trial underestimated the source contribution from geological material. The CHI
SQUARE in Trial 1 was also higher (1.34), and the percent mass accounted for decreased from
100.2% to 78.8%. In Trial 2, the paved road dust profile (LVGPVRDC) was substituted for
LVGEOLC. As in Trial 1, the geological source contribution was apparently underestimated
with this profile. The CHI SQUARE in Trial 2 was also higher (1.53) and the percent of mass
accounted for was 79.9%. In Trial 3, the residential wood combustion composite profile
LVRWCC3 was added to the “Best Fit” solution. The wood combustion source contribution
estimate (0.21 + 0.46 pg/m’) was not statistically significant. In Trial 4, a different residential
wood combustion profile (LVRWCC1) was used and the results were similar to those obtained
in Trial 3. In Trial 5, the motor vehicle composite profile LVMVEC was substituted for
LVMVC2. This solution was nearly identical to that of the “Best Fit” case. These tests show
that over 86% of the measured PM;q can be attributed to primary geological contributions in
this sample. Contributions from motor vehicle exhaust, secondary ammonium sulfate, and
secondary ammonium nitrate accounted for 7.4%, 1.5%, and 5.4% of PM,o, respectively.
Residential wood combustion, even if present, was too small to be resolved by CMB for the
sample collected at the Bemis site on 12/27/95.

At the East Charleston site, the “Best Fit” (Table 7-6b) was obtained using the
composite parking lot dust profile (LVGPLOTC), the motor vehicle composite profile
(LVMVC2), and the composite residential wood combustion profile (LVRWCC3). The R
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SQUARE, CHI SQUARE, and percent of mass accounted for were 0.97, 0.95, and 106.5%,
respectively. In Trial 1, the composite geological profile (LVGEOLC) was substituted for the
composite parking lot dust profile (LVGPLOTC). While the CHI SQUARE increased slightly
from 0.95 to 1.00, the percent of mass accounted for increased from 106.5% to 119.1%. This
was caused by an increase in the geological source contribution from 82.1 + 8.5 to 90.0 + 12.7
pg/m>. In Trial 2, the paved road dust composite geological profile (LVGPVRDC) was
substituted for the composite parking lot dust profile (LVGPLOTC). While the CHI SQUARE
increased slightly from 0.95 to 1.01 and the percent of mass accounted for increased from
106.5% to 109.9%, this solution was similar to that in the “Best Fit” case. In Trial 3, the
residential wood combustion profile LVRWCCI1 was substituted for LVRWCC3. The CHI
SQUARE increased from 0.95 to 1.29 and the percent of mass accounted for increased from
106.5% to 111.3%. Note that the wood combustion source contribution estimate was smaller
than its uncertainty (1.3 * 2.6 ug/m’). This is consistent with the formation of an
UNCERTAINTY/SIMILARITY cluster containing LVGPLOTC, LVRWCCI1, AND
LVMVC2. In Trial 4, the residential wood combustion source was removed completely. The
CHI SQUARE and percent of mass accounted for were both larger than those of the “Best Fit”
case. The fit to measured soluble potassium (Table 7-7b) was also worse than in the “Best Fit”
case. Removing the wood combustion profile resulted in an increase in the motor vehicle
source contribution estimate from 14.9+4.7t0 17.0 £ 4.8 pg/m3. In Trial 5, the motor vehicle
composite profile LVMVEC was substituted for LVMVC2. Again, this solution was nearly
identical to that of the “Best Fit” case. These sensitivity tests show that the East Charleston
sample from 12/27/95 was dominated by geological material and motor vehicle exhaust, with
detectable contributions from residential wood combustion, secondary ammonium sulfate, and
secondary ammonium nitrate.

7.2.5 Deviations from Model Assumptions

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 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 and Watson, 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. An
example of the collinearity effect can be illustrated by the instability of the source
contribution estimates between paved road dust and motor vehicle exhaust shown in Table
7-6a for the Trial 2 CMB run.
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Table 7-7a
Example of CMB Source Contribution Estimates
for the Sample Collected at the Bemis Site on 12/27/95

Best Fit
SOURCE CONTRIBUTION ESTIMATES - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .96 PERCENT MASS 100.2
CHI SQUARE .68 DF 12
SOURCE
* TYPE SCE (UG/M3) STD ERR TSTAT
6 LVGEOLC 46.0857 5.7287 8.0446
19 (NH4) 250 .8339 .4905 1.6999
20 NH4NO3 2.8650 .3389 8.4545
23 LvMvC2 4.0475 2.4005 1.6861

MEASURED CONCENTRATION FOR SIZE: 10

53.7+- 2.7

UNCERTAINTY/SIMILARITY CLUSTERS CMB7 33889 SUM OF CLUSTER SOURCES
SPECIES CONCENTRATIONS - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10

R SQUARE .96 PERCENT MASS 100.2

CHI SQUARE .68 DF 12

SPECIES--—----- I---MEAS--—-—————=—==~————— CALC---—===———=—— RATIO C/M----RATIO R/U
MSGC MSGU T 53.73070+- 2.71900 53.83216+- 4.95066 1.00+- .11 .0
CLIC CLIU * .11520+- .02260 .06667+- .03815 .58+- .35 -1.1
N3IC N3IU * 2.30860+- .12510 2.30860+- .23035 1.00+- .11 .0
S4IC S4T1U * 1.26390+- .06780 1.26390+- .34035 1.00+- .27 .0
N4cc N4CU .36470+- .02810 .95885+- .07637 2.63+- .29 7.3
KPAC KPAU * .08490+- .00570 .09026+- .02567 1.06+- .31 .2
OCTC OCTU * 5.76290+~ .41880 6.68927+- 1.78961 1.16+- .32 .5
ECTC ECTU * 3.24370+- .36780 2.76366+- 1.08025 .85+- .35 -.4
TCTC TCTU 8.97400+- .55630 9.22122+- 2.33827 1.03+- .27 .1
NAXC NAXU .00000< .10400 .01614< .02483 .00< .00 .2
MGXC MGXU .97650+- .05470 1.45826+- .30422 1.49+- .32 1.6
ALXC ALXU * 1.28650+- .38330 .66632+- .17197 .52+~ .20 -1.5
SIXC SIXU * 5.08420+- 1.61810 3.59598+- .69129 L71+- 26 -.8
PHXC PHXU .00600< .01610 .01240< .00975 2.07< 5.78 .3
SUXC SUXU .48010+- .16810 .42388+- .09950 .88+~ .37 -.3
CLXC CLXU * .00960< .05590 .02988< .02644 3.11< 18.33 .3
KPXC KPXU * .43050+- .08860 .47672+- .09672 1.11+- .32 .4
CAXC CAXU * 9.63140+- 1.62470 7.54170+- 1.21586 .78+- .18 -1.0
TIXC TIXU * .04810+- .01530 .08027+- .02394 1.67+- .73 1.1
CRXC CRXU * .00500+- .00220 .00322+- .00138 .64+- .40 -.7
MNXC MNXU * .01620+- .00150 .01830+- .00433 1.13+- .29 .5
FEXC FEXU * .75420+- .03990 .87484+- .23367 1.16+- .32 .5
NIXC NIXU .00390+- .00070 .00174+- .00064 .45+- .18 -2.3
CUXC CUXU .01470+- .00100 .00553+- .00243 .38+ .17 -3.5
ZNXC ZNXU .05470+- .00290 .03108+~ .02104 .57+- .39 -1.1
BRXC BRXU .00180+- .00070 .00217+- .00098 1.21+-. .72 .3
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RBXC RBXU .00160+- .00060 .00240+- .00060 1.50+- .68 .9
SRXC SRXU .03510+- .00190 .05556+- .01455 1.58+- .42 1.4
YTXC YTXU .00060< .00120 .00089< .00028 1.48< 2.99 .2
ZRXC ZRXU . 00220+~ .00110 .00311+- .00089 1.41+- .81 .6
MOXC MOXU .00000< . 00250 .00080< .00061 .00< .00 .3
BAXC BAXU .04750+- .04010 .01297+- .01360 27+- .37 -.8
PBXC PBXU * .00530+- .00200 .00680+- .00482 1.28+- 1.03 .3
Trial 1
SOURCE CONTRIBUTION ESTIMATES - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .96 PERCENT MASS 78.8
CHI SQUARE 1.34 DF 12
SOURCE
* TYPE SCE (UG/M3) STD ERR TSTAT
2 LVGPLOTC 35.4597 2.9409 12.0576
19 (NH4) 280 .7019 L4111 1.7071
20 NH4NO3 2.8413 .3324 8.5475
23 LVMVC2 3.3576 1.5948 2.1053
MEASURED CONCENTRATION FOR SIZE: 10
53.7+- 2.7
UNCERTAINTY/SIMILARITY CLUSTERS CMB7 33889 SUM OF CLUSTER SOURCES
SPECIES CONCENTRATIONS - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .96 PERCENT MASS 78.8
CHI SQUARE 1.34 DF 12
SPECIES-—-~-—-—- I---MEAS-————————=———————— CALC~~—-—-—-——————— RATIO C/M----RATIO R/U
MSGC MSGU T 53.73070+- 2.71900 42.36044+- 2.49403 .79+- .06 -3.1
CLIC CLIU * .11520+- .02260 .08187+- .04857 L714+- .44 -.6
N3IC N3IU * 2.30860+- .12510 2.30860+- .22496 1.00+- .11 .0
S41C S41IU * 1.26390+- .06780 1.26390+- .28566 1.00+- .23 .0
N4cCcC N4CU .36470+- .02810 .91311+- .07379 2.50+- .28 6.9
KPAC KPAU * .08490+- .00570 07337+~ .02013 .86+~ .24 -.6
OCTC OCTU * 5.76290+- .41880 6.77405+- 1.79197 1.18+- .32 .5
ECTC ECTU * 3.24370+- .36780 3.07972+- .48603 .95+- .18 -.3
TCTC TCTU 8.97400+- .55630 9.64560+- 1.58455 1.07+- .19 .4
NAXC NAXU .00000< .10400 .01793< .06511 .00< .00 .1
MGXC MGXU .97650+- . 05470 .88307+- .20935 .90+~ .22 -.4
ALXC ALXU * 1.28650+- .38330 .66776+- .05481 .52+- .16 -1.6
SIXC SIXU * 5.08420+- 1.61810 3.23707+- .16607 .64+~ .21 -1.1
PHXC PHXU .00600< .01610 .01762< .01229 2.94< 8.14 .6
SUXC SUXU .48010+- .16810 .44559+- .05050 .93+~ .34 -.2
CLXC CLXU * .00960<« .05590 .05277< .03249 5.50< 32.19 )
KPXC KPXU * .43050+- .08860 .43375+- .03929 1.01+- .23 .0
CAXC CAXU * 9.63140+- 1.62470 4.76207+- .91806 .49+- .13 -2.6
TIXC TIXU * .04810+- .01530 .09272+- .02644 1.93+- .82 .5
CRXC CRXU * .00500+- .00220 .00307+- .00155 .61+~ .41 -.7
MNXC MNXU * .01620+- .00150 .01615+- .00140 1.00+- .13 -.0
FEXC FEXU * .75420+- .03990 .84919+- .08583 1.13+- .13 1.0
NIXC NIXU .00390+- .00070 .00140+- .00047 .36+- .14 -3.0
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CUXC CUXU .01470+- .00100 .00544+- .00081 .37+- .06 -7.2
ZNXC ZNXU .05470+- .00290 .05025+- .00242 .92+- .07 -1.2
BRXC BRXU .00180+- .00070 .00178+- .00068 .99+~ .54 -.0
RBXC RBXU .00160+- .00060 .00242+- .00047 1.51+~ .64 1.1
SRXC SRXU .03510+- .00190 .03031+- .00226 .86+- .08 -1.6
YTXC YTXU .00060< .00120 .00069< .00085 1.14< 2.69 .1
ZRXC ZRXU .00220+- .00110 .00332+- .00079 1.51+- .84 .8
MOXC MOXU .00000< .00250 .00034< .00174 .00< .00 .1
BAXC BAXU .04750+- .04010 .00535+- . 04055 .11+- .86 -.7
PBXC PBXU * .00530+- .00200 .00786+- .00509 1.48+- 1.11 .5
Trial 2
SOURCE CONTRIBUTION ESTIMATES - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .94 PERCENT MASS 79.9
CHI SQUARE 1.53 DF 12
SOURCE
* TYPE SCE (UG/M3) STD ERR TSTAT
3 LVGPVRDC 35.5859 3.3747 10.5451
19 (NH4) 280 .8069 .4454 1.8117
20 NH4NO3 2.8526 .3347 8.5229
23 LVMVC2 3.7112 1.9917 1.8633
MEASURED CONCENTRATION FOR SIZE: 10
53.7+- 2.7
UNCERTAINTY/SIMILARITY CLUSTERS CMB7 33889 SUM OF CLUSTER SOURCES
3 23 39.297+- 2.814
3 23 39.297+-~ 2.814
SPECIES CONCENTRATIONS - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .94 PERCENT MASS 79.9
CHI SQUARE 1.53 DF 12
SPECIES-—--—~-~ I---MEAS-—-=-=-——===—=——————~ CALC--=---—=—————— RATIO C/M----RATIO R/U
MSGC MSGU T 53.73070+- 2.71900 42.95661+- 2.80099 .80+- .07 -2.8
CLIC CLIU * .11520+- .02260 .05561+- .02354 .48+- .23 -1.8
N3IC N31IU * 2.30860+- .12510 2.30860+- .22686 1.00+- .11 .0
S41cC S41IU * 1.26390+~ .06780 1.26390+- .30994 1.00+- .25 .0
N4CC N4CU .36470+- .02810 .94436+- .07303 2.59+- .28 7.4
KPAC KPAU * .08490+- .00570 .07888+- .02346 .93+- .28 -.2
OoCcTC OCTU * 5.76290+- .41880 6.17867+- 1.42086 1.07+- .26 .3
ECTC ECTU * 3.24370+- .36780 3.00909+- .85909 .93+- .28 -.3
TCTC TCTU 8.97400+- .55630 8.96607+- 1.83371 1.00+- .21 .0
NAXC NAXU .00000< .10400 .01872< .03638 .00< .00 .2
MGXC MGXU .97650+- .05470 .96514+- .14768 .99+- .16 -.1
ALXC ALXU * 1.28650+- .38330 .58506+- .04951 .45+- .14 ~-1.8
SIXC SIXU * 5.08420+- 1.61810 3.02763+- .27520 .60+- .20 -1.3
PHXC PHXU .00600< .01610 .01326< .00772 2.21< 6.07 .4
SUXC SUXU .48010+- .16810 .42468+- .05992 .88+~ .33 -.3
CLXC CLXU * .00960< .05590 .03200< .01604 3.33< 19.48 .4
KPXC KPXU * .43050+- .08860 .39751+- .04544 .92+- .22 -.3
CAXC CAXU * 9.63140+- 1.62470 5.34439+- .95178 .55+- .14 -2.3
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TIXC TIXU * .04810+- .01530 .07272+- .00721 1.51+- .50 1.5
CRXC CRXU * .00500+- .00220 .00342+~ .00116 .68+- .38 .6
MNXC MNXU * .01620+- .00150 .01675+- .00214 1.03+- .16 .2
FEXC FEXU * .75420+- .03990 .83544+- .10595 1.11+- .15 .7
NIXC NIXU .00390+- .00070 .00171+- .00054 .44+- |16 -2.5
CUXC CUXU .01470+~ .00100 .00676+- .00162 d6+- 11 -4.2
ZNXC ZNXU .05470+- .00290 .04042+- .00965 .74+~ .18 -1.4
BRXC BRXU .00180+- .00070 .00232+- .00114 1.29+- 81 .4
RBXC RBXU .00160+- .00060 .00179+- .00040 1.12+- 49 .3
SRXC SRXU .03510+- .00190 .04408+- .01629 1.26+- 47 .5
YTXC YTXU .00060< .00120 .00066< .00047 1.09< 2.32 .0
ZRXC ZRXU .00220+- .00110 .00263+- .00062 1.20+- 66 .3
MOXC MOXU .00000< .00250 .00071< .00100 .00< .00 .3
BAXC BAXU .04750+- .04010 .01425+- .02296 .30+~ .55 -.7
PBXC PBXU * .00530+- .00200 .00885+- .00212 1.67+- .75 1.2
Trial 3
SOURCE CONTRIBUTION ESTIMATES - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .96 PERCENT MASS 98.9
CHI SQUARE .73 DF 11
SOURCE
* TYPE SCE (UG/M3) STD ERR TSTAT

6 LVGEOLC 45.5139 5.8074 7.8372

17 LVRWCC3 .2124 .4562 .4657

19 (NH4) 250 . 8547 .4833 1.7684

20 NH4NO3 2.8667 .3382 8.4773

23 LVMVC2 3.7099 2.4798 1.4960

MEASURED CONCENTRATION FOR SIZE: 10

53.7+- 2.7

UNCERTAINTY/SIMILARITY CLUSTERS CMB7 33889 SUM OF CLUSTER SOURCES
SPECIES CONCENTRATIONS - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10

R SQUARE .96 PERCENT MASS 98.9

CHI SQUARE LT3 DF 11

SPECIES---=--~-~ I---MEAS--——~-——=-ememm o CALC-—--—-—-———--—~ RATIO C/M----RATIO R/U
MSGC MSGU T 53.73070+- 2.71900 53.15758+- 5.11138 .99+~ .11 -.1
CLIC CLIU * .11520+- .02260 .08050+- .03820 .70+~ .36 -.8
N3IC N3IU * 2.30860+- .12510 2.30860+- .22971 1.00+- .11 .0
S41cC S4TU * 1.26390+- .06780 1.26390+- .33354 1.00+- .27 .0
N4CC N4CU .36470+- .02810 .96416+- .07596 2.64+- .29 7.4
KPAC KPAU * .08490+- .00570 .09560+- .02539 1.13+- .31 .4
OCTC OCTU * 5.76290+~- .41880 6.53332+- 1.76546 1.13+- .32 .4
ECTC ECTU * 3.24370+- .36780 2.67473+- 1.06404 .82+~ .34 -.5
TCTC TCTU 8.97400+- .55630 8.98527+- 2.30880 1.00+- .26 .0
NAXC NAXU .00000< .10400 .01880< .02422 .00< .00 .2
MGXC MGXU .97650+- . 05470 1.43992+- .30042 1.47+- .32 1.5
ALXC ALXU * 1.28650+- .38330 .65755+- .16982 .51+~ .20 -1.5
SIXC SIXU * 5.08420+- 1.61810 3.55055+- .68267 L70+- .26 -.9
PHXC PHXU .00600< .01l610 .01217< .00961 2.03< 5.68 .3

7-25




SUXC SUXU .48010+- .16810 .42268+- .09646 .88+- .37 -.3
CLXC CLXU * .00960< .05590 .04383< .02687 4.57< 26.73 .6
KPXC KPXU * .43050+-~ .08860 .47995+- .09552 1.11+- .32 .4
CAXC CAXU * 9.63140+- 1.62470 7.44809+- 1.20072 L77+- .18 -1.1
TIXC TIXU * .04810+- .01530 .07904+- .02362 1.64+- .72 1.1
CRXC CRXU * .00500+- .00220 .00314+- .00134 .63+- .38 .7
MNXC MNXU * .01620+- .00150 .01805+- .00427 1.11+- .28 .4
FEXC FEXU * .75420+- .03990 .86094+- .23059 1.14+- .31 .5
NIXC NIXU .00390+- .00070 .00171+- .00063 .44+- .18 -2.3
CuxcC CUXU .01470+- .00100 .00528+- .00238 .36+- .16 -3.6
ZNXC ZNXU .05470+- .00290 .03073+- .02078 .56+- .38 -1.1
BRXC BRXU .00180+- .00070 .00215+- .00096 1.20+- 71 .3
RBXC RBXU .00160+- .00060 .00238+- .00060 1.49+- 67 .9
SRXC SRXU .03510+- .00190 .05484+- .01436 1.56+- 42 1.4
YTXC YTXU .00060< .00120 .00087< .00028 1.45< 2.94 .2
ZRXC ZRXU .00220+- .00110 .00306+- .00087 1.39+- 80 .6
MOXC MOXU .00000< .00250 .00079< .00061 .00< .00 .3
BAXC BAXU .04750+- .04010 .01268+- .01352 27+~ .36 -.8
PBXC PBXU * .00530+- .00200 .00669+- .00476 1.26+- 1.02 .3
Trial 4
SOURCE CONTRIBUTION ESTIMATES - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .96 PERCENT MASS 99.9
CHI SQUARE .72 DF 11
SOURCE
* TYPE SCE(UG/M3) STD ERR TSTAT
6 LVGEQLC 45.8181 5.7180 8.0130
15 LVRWCC1 .5262 1.1149 .4720
19 (NH4) 250 .8578 .4850 1.7687
20 NH4NO3 2.8689 .3383 8.4806
23 LVMVC2 3.6205 2.5326 1.4296
MEASURED CONCENTRATION FOR SIZE: 10
53.7+- 2.7
UNCERTAINTY/SIMILARITY CLUSTERS CMB7 33889 SUM OF CLUSTER SOURCES
15 23 4.147+- 2.401
SPECIES CONCENTRATIONS - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .96 PERCENT MASS 99.9
CHI SQUARE .72 DF 11
SPECIES-—-—--—--- I---MEAS-—-——————~=~=—~—=————— CALC-—-—-—=———————— RATIO C/M----RATIO R/U
MSGC MSGU T 53.73070+- 2.71900 53.69153+- 4.93048 1.00+- .10 .0
CLIC CLIU * .11520+- .02260 .08303+~ .04076 .72+- .38 -.7
N31IC N3IU * 2.30860+- .12510 2.30860+- .22977 1.00+- .11 .0
S41IC S471U * 1.26390+- .06780 1.26390+- .33460 1.00+- .27 .0
N4cCC N4CU .36470+- .02810 .97197+- .07622 2.67+- .29 7.5
KPAC KPAU * .08490+- .00570 .09010+- .02546 1.06+- .31 .2
OCTC OCTU * 5.76290+- .41880 6.74304+- 1.77778 1.17+- .32 .5
ECTC ECTU * 3.24370+- .36780 2.61666+- 1.06994 .81+- .34 -.6
TCTC TCTU 8.97400+- .55630 9.14068+- 2.32509 1.02+- .27 .1
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NAXC NAXU .00000< .10400 .01504< .02421 .00< .00 .1
MGXC MGXU .97650+- .05470 1.44899+- .30241 1.48+- .32 1.5
ALXC ALXU * 1.28650+- .38330 .66155+- .17095 .51+- .20 -1.5
SIXC SIXU * 5.08420+- 1.61810 3.57245+- .68722 .70+~ .26 -.9
PHXC PHXU .00600< .01610 .01207< .00967 2.01< 5.63 .3
SUXC SUXU .48010+- .16810 .42204+- .09635 .88+- .37 -.3
CLXC CLXU * .00960< .05590 .04740< .03050 4.94< 28.93 .6
KPXC KPXU * .43050+- .08860 .47603+- .09611 1.11+- .32 .3
CAXC CAXU * 9.63140+- 1.62470 7.49568+- 1.20872 .78+- .18 -1.1
TIXC TIXU * .04810+- .01530 .07940+- .02376 1.65+- .72 1.1
CRXC CRXU * .00500+- .00220 .00314+- .00133 .63+- .38 -.7
MNXC MNXU * .01620+- .00150 .01811+- .00429 1.12+- .28 .4
FEXC FEXU * .75420+- .03990 .86503+- .23206 1.15+- .31 .5
NIXC NIXU .00390+- .00070 .00170+- .00063 .444+- |18 -2.3
CUXC CUXU .01470+- .00100 .00517+- .00239 .35+- .16 -3.7
ZNXC ZNXU .05470+- .00290 .03007+- .02091 .55+- .38 -1.2
BRXC BRXU .00180+- .00070 .00207+- .00096 1.15+- 70 .2
RBXC RBXU .00160+- .00060 .00238+- .00060 1.49+- 67 .9
SRXC SRXU .03510+- .00190 .05517+- .01445 1.57+- 42 1.4
YTXC YTXU .00060< .00120 .00088< .00028 1.46< 2.96 .2
ZRXC ZRXU .00220+- .00110 .00308+- .00088 1.40+- 81 .6
MOXC MOXU .00000< .00250 .00079< .00060 .00< .00 .3
BAXC BAXU . 04750+~ .04010 .01263+- .01349 .27+- .36 -.8
PBXC PBXU * .00530+- .00200 .00668+- .00479 1.26+- 1.02 .3
Trial 5
SOURCE CONTRIBUTION ESTIMATES - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .96 PERCENT MASS 100.6
CHI SQUARE .66 DF 12
SOURCE
* TYPE SCE (UG/M3) STD ERR TSTAT

6 LVGEOLC 46.3648 5.8976 7.8617

14 LVMVEC 4.0028 2.5152 1.5915

19 (NH4) 250 .8230 .5191 1.5853

20 NH4NO3 2.8673 .3433 8.3524

MEASURED CONCENTRATION FOR SIZE: 10

53.7+- 2.7
UNCERTAINTY/SIMILARITY CLUSTERS CMB7 33889 SUM OF CLUSTER SOURCES
SPECIES CONCENTRATIONS - SITE: BEMIS DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .96 PERCENT MASS 100.6
CHI SQUARE .66 DF 12
SPECIES------- I---MEAS------—-—-—————-—-—--—- CALC-——-——-——~——— RATIO C/M----RATIO R/U
MSGC MSGU T 53.73070+- 2.71900 54.05793+- 5.11796 1.01+- .11 .1
CLIC CLIU * .11520+- .02260 .06706+- .04009 .58+- .37 -1.0
N3IC N3IU * 2.30860+- .12510 2.30860+- .23425 1.00+- .12 .0
S4IC S41U * 1.26390+- .06780 1.26390+- .36027 1.00+- .29 .0
N4cc N4CU .36470+- .02810 .95865+- .08500 2.63+- .31 6.6
KPAC KPAU * .08490+- .00570 .09175+~- .03299 1.08+~ .40 .2
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Table 7-7b
Example of CMB Source Contribution Estimates
for the Sample Collected at the East Charleston Site on 12/27/95

Best Fit
SOURCE CONTRIBUTION ESTIMATES - SITE: ECHARLES DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .97 PERCENT MASS 106.5
CHI SQUARE .95 DF 10
SOURCE
* TYPE SCE (UG/M3) STD ERR TSTAT
2 LVGPLOTC 82.0770 8.4865 9.6715
17 LVRWCC3 2.2555 1.1496 1.9620
20 NH4NO3 2.3462 .3102 7.5629
23 LVMYC2 14 .8464 4.6651 3.1825

MEASURED CONCENTRATION FOR SIZE: 10

95.3+- 4.8

UNCERTAINTY/SIMILARITY CLUSTERS CMB7 33889 SUM OF CLUSTER SOURCES
SPECIES CONCENTRATIONS - SITE: ECHARLES DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10

R SQUARE .97 PERCENT MASS 106.5

CHI SQUARE .95 DF 10

SPECIES------- I---MEAS---—---=——--——————-—- CALC-—-=--—-——~~—— RATIO C/M----RATIO R/U
MSGC MSGU T 95.29530+- 4.79070 101.52530+- 7.26847 1.07+-~ .09 .7
CLIC CLIU * .26170+- .03090 .38517+- .13924 1.47+- .56 .9
N3IC N3IU * 2.54310+- .13960 2.14165+- .25119 .84+- (11 -1.4
S4IC S4TU * 2.29700+- .13010 2.06210+- .75387 .90+- .33 -.3
N4cc N4CU * .53550+- .03720 .78306+- .11409 1.46+- .24 2.1
KPAC KPAU * .31680+- .01770 .27466+- .05608 .87+- .18 -.7
OCTC OCTU * 17.31630+- 1.04070 20.13814+- 4.21354 1.16+- .25 .7
ECTC ECTU * 11.51400+- 1.29040 10.41613+- 1.32237 .90+- .15 -.6
TCTC TCTU 28.79470+- 1.55680 29.83289+- 3.70125 1.04+- .14 .3
NAXC NAXU .00000< .14840 .10189< .15564 .00< .00 .5
MGXC MGXU 1.52800+- .08350 2.06358+- .48609 1.35+- .33 .1
ALXC ALXU 1.90550+- .56750 1.56725+- .12838 .82+- .25 .6
SIXC SIXU * 8.58740+- 2.72850 7.55432+- .38924 .88+- .28 -.4
PHXC PHXU .05480+- .02470 04717+~ .02902 .86+~ .66 -.2
SUXC SUXU 1.19010+- .41500 77246+~ .19918 .65+~ .28 -.9
CLXC CLXU * .332304+- .10000 .28696+- .10341 .86+- .41 -.3
KPXC KPXU * 1.07730+~- .21620 1.12449+- .10048 1.04+- .23 .2
CAXC CAXU * 12.44950+- 2.09950 11.08295+- 2.12718 .89+~ .23 -.5
TIXC TIXU .09760+- .01940 .22232+- .06230 2.28+- .78 1.9
CRXC CRXU .00300< .00550 .00807< .00436 2.69< 5.14 .7
MNXC MNXU .03220+- .00240 .03941+- .00376 1.22+- .15 1.6
FEXC FEXU * 1.95020+- .09880 2.05322+-~ .21364 1.05+- .12 .4
NIXC NIXU .00150+- .00080 .00385+- .00132 2.57+- 1.63 1.5
CUXC CUXU .03220+- .00180 .01873+- .00308 .58+- .10 -3.8
ZNXC ZNXU .08420+-~ .00430 .13853+- .00673 1.65+- .12 6.8
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.00900+-
.00300+-
.04710+~
.00080<

.00490+-
.00000<

.114004+-
.02580+-

.00100
.00080
.00250
.00150
.00140
.00320
.04860
.00280

.00734+-
.00585+-
.07159+-
.00169<

.00789+-
.00099<

.01780+-
.02124+-

.00216
.00113
.00708
.00202
.00192
.00412
.09610
.01192

BN R

Trial

SOURCE CONTRIBUTION ESTIMATES -

1

SAMPLE DURATION

R SQUARE
CHI SQUARE
SOURCE

* TYPE
6 LVGEOLC
17 LVRWCC3
20 NH4NO3
23 LVMVC2

24
.96
1.00

SCE(UG/M3)

90.0298

2.3843
2.3622

18.7082

SITE: ECHARLES
START HOUR 00
PERCENT MASS 119.1
DF 10

STD ERR TSTAT

12.7336 7.0702

1.1233 2.1226

.3435 6.8773

5.3658 3.4866

MEASURED CONCENTRATION FOR SIZE: 10

95.3+-

UNCERTAINTY/SIMILARITY CLUSTERS

4.8

CMB7 33889

DATE:

12/27/95
SIZE:

26 ~-.7
64 2.1
.17 3.3
.70 .4
60 1.3
00 .2
85 -.9
47 -.4

CMB7 33889
10

SUM OF CLUSTER SOURCES

SPECIES CONCENTRATIONS -

SAMPLE DURATION

R SQUARE
CHI SQUARE
SPECIES------- I
MSGC MSGU T
CLIC CLIU *
N3IC N3TIU *
S4IC S41U *
N4cCC N4CU *
KPAC KPAU *
OCTC OCTU *
ECTC ECTU *
TCTC TCTU
NAXC NAXU
MGXC MGXU
ALXC ALXU
SIXC SIXU
PHXC PHXU
SUXC SUXU
CLXC CLXU *
KPXC KPXU *
CAXC CAXU *
TIXC TIXU
CRXC CRXU
MNXC MNXU
FEXC FEXU *

95.
.26170+-
.54310+-
.29700+-
.53550+-
.31680+-
17.
11.
28.
.00000<

.52800+-
.90550+-
.58740+-
.05480+-
.19010+-
.33230+-
.07730+~
.44950+-
.09760+-
.00300<

.03220+-
.95020+-

=

24
.96
1.00

29530+~

31630+-
51400+~
79470+-

SITE: ECHARLES

DATE: 12/27/95

START HOUR 00
PERCENT MASS 119.1
DF 10
—————————————————— CALC-----~--
4.79070 113.48440+- 11.
.03090 .35023+-
.13960 2.10956+-
.13010 1.74926+-
.03720 .79070+-
.01770 .29904+-
1.04070 19.49776+- 3.
1.29040 10.14322+- 2.
1.55680 28.83543+- 4.
.14840 .10522<
.08350 2.87673+-
.56750 1.33335+-
2.72850 7.11302+- 1.
.02470 .03332+-
.41500 .63244+~
.10000 .23682+~
.21620 1.06637+-
2.09950 14.81667+- 2.
.01940 .16832+-
.00550 .00774<
.00240 .03860+-
.09880 1.84100+-
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CMB7 33889
SIZE:

10

————— RATIO C/M----RATIO R/U

1.
1.
.83+-
.76+-
.48+
.94+~
L13+-
.88+-
.00+-
.00<

.88+-
.70+-
.83+-
.61+-
.53+-
L71+-
.99+-
.19+-
72+~
.58«

.20+-
.94+~

R e

19+-
34+-

4.

.13 1.
.47

.12 -1
.36 -.
.26
.20
.22
.22 -.
.17
.00
.40 2.
.27 -
.31 -.
.46 -.
.31 -1.
.35 -.
.27 -.
.28
.61 1.
94
.29
.24 -.

NNdNWwJoNERESNSUwUbDAAOUVUToYW WS R 0!




NIXC NIXU .00150+-  .00080 .00432+-  .00160 2.88+- 1.87 1.6
CUXC  CUXU .03220+-  .00180 .01994+-  .00577 162+- .18 -2.0
ZNXC  ZNXU .08420+-  .00430 .09136+-  .04137 1.08+- .49 .2
BRXC  BRXU .00900+-  .00100 .00866+-  .00273 .96+- .32 -.1
RBXC  RBXU .00300+~  .00080 .00500+-  .00124 1.67+- .61 1.3
SRXC  SRXU .04710+-  .00250 .11064+-  .02913  2.35+- .63 2.2
YTXC  YTXU .00080< .00150 .00189< .00072  2.36< 4.52 .7
ZRXC  ZRXU .00490+-  .00140 .00638+-  .00187  1.30+- .53 .6
MOXC  MOXU .00000< .00320 .00187< .00153 .00< .00 .5
BAXC  BAXU .11400+~  .04860 .03326+-  .03500 .29+- .33 -1.3
PBXC  PBXU  * .02580+-  .00280 .01757+-  .00970 .68+- .38 -.8

Trial 2
SOURCE CONTRIBUTION ESTIMATES - SITE: ECHARLES DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10

R SQUARE .97 PERCENT MASS 109.9
CHI SQUARE 1.01 DF 10
SOURCE
* TYPE SCE (UG/M3) STD ERR TSTAT
3 LVGPVRDC 85,7402 9.4778 9.0464
17 LVRWCC3 2.3671 1.0404 2.2752
20 NHANO3 2.3018 .3018 7.6275
23 LVMVC2 14.2947 5.2719 2.7115
MEASURED CONCENTRATION FOR SIZE: 10
95 .3+~ 4.8
UNCERTAINTY/SIMILARITY CLUSTERS CMB7 33889 SUM OF CLUSTER SOURCES
SPECIES CONCENTRATIONS - SITE: ECHARLES DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .97 PERCENT MASS 109.9
CHI SQUARE 1.01 DF 10
SPECIES------- I---MEAS-=—=c———m———m e CALC———————mm—mm RATIO C/M----RATIO R/U
MSGC MSGU T 95.29530+- 4.79070 104.70380+- 8.01796 1.10+- .10 1.0
cLIC CLIU * .26170+-  .03090 .33115+-  .10177  1.27+- .42 i
N3IC N3IU * 2.54310+-  .13960 2.08396+-  .24779 .82+- .11 -1.6
S4IC S4IU  *  2.29700+-  .13010 1.88500+-  .80651 .82+- .35 -.5
N4CcC  N4cU  * .53550+-  .03720 .77100+-  .10375  1.44+- .22 .1
KPAC KPAU  * .31680+-  .01770 .29264+-  .06460 .92+- .21 4
OCTC  OCTU  * 17.31630+- 1.04070 18.49526+- 3.48676 1.07+- .21 .3
ECTC ECTU * 11.51400+- 1.29040 9.90903+- 2.16105 .86+~ .21 -.6
TCTC  TCTU 28.79470+- 1.55680 27.68092+- 4.44198 .96+~ .16 -.2
NAXC  NAXU .00000< .14840 .10234< .09458 .00< .00 .6
MGXC  MGXU 1.52800+-  .08350 2.34141+-  .35743  1.53+- .25 .2
ALXC  ALXU 1.90550+-  .56750 1.42684+-  .12054 .75+- .23 -.8
SIXC SIXU * 8.58740+- 2.72850  7.34501+-  .66526 .86+- .28 -.4
PHXC  PHXU .05480+-  .02470 .03719+-  .01930 .68+~ .47 -.6
SUXC  SUXU 1.19010+-  .41500 .65813+-  .20012 .55+- .26 -1.2
CLXC CLXU * .33230+-  .10000 .24745+-  .08352 .T4+- .34 -.7
KPXC KPXU * 1.07730+-  .21620 1.07943+-  .11739  1.00+- .23 .0
CAXC CAXU * 12.44950+- 2.09950 12.92767+- 2.29478 1.04+- .25 .2
TIXC  TIXU .09760+~  .01940 .18120+-  .02053  1.86+- .42 3.0
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CRXC
MNXC
FEXC
NIXC
CUXC
ZNXC

.00300<

.03220+-
.95020+-
.00150+-
.03220+-
.08420+-
.00900+-
.00300+-
.04710+-
.00080<

.00490+-
.00000<

.11400+-
.02580+-

.00355
.00542
.26450
.00147
.00447
.02352
.00306
.00101
.03947
.00120
.00160
.00257
.05925
.00536

[ [RE=NEEN

I S Ny

Trial

SOURCE CONTRIBUTION ESTIMATES -

3

SAMPLE DURATION

R SQUARE
CHI SQUARE
SOURCE

* TYPE
2 LVGPLOTC
15 LVRWCC1
20 NH4NO3
23 LVMVC2

24
.96
1.29

SCE (UG/M3)

85.4707

1.3268
2.3290

16.9641

MEASURED CONCENTRATION FOR SIZE: 10

95.3+-

UNCERTAINTY/SIMILARITY CLUSTERS

4.8

.00550 .00896<
.00240 .04202+-
.09880 2.08034+-
.00080 .00461+-
.00180 .02109+-
.00430 .11623+~
.00100 .00832+~
.00080 .00455+-
.00250 .10732+-
.00150 .00167<
.00140 .00649+-
.00320 .00186<
.04860 .03862+-
.00280 .02385+-
SITE: ECHARLES
START HOUR 00
PERCENT MASS 111.3
DF 10
STD ERR TSTAT
8.6210 9.9143
2.6230 5058
3295 7.0679
4.8115 3.5257
CMB7 33889

DATE: 12/27/95
SIZE:

.99< 5.60 .9
31+ .19 1.7
.07+- .15 .5
.08+~ 1.91 1.9
.66+- .14 -2.3
.38+~ .29 1.3
.92+- .36 ~-.2
.52+- .53 1.2
.28+- .85 1.5
.08< 4.18 .5
.33+- .50 .8
.00< .00 .5
.34+~ .54 -1.0
.92+~ .23 -.3

CMB7 33889

10

SUM OF CLUSTER SOURCES

SPECIES CONCENTRATIONS -

SAMPLE DURATION

R SQUARE
CHI SQUARE
SPECIES----——-— I
MSGC MSGU T
CLIC CLIU *
N3IC N3IU *
S41IC S41IU *
N4ccC N4cCU *
KPAC KPAU *
OCTC OCTU *
ECTC ECTU *
TCTC TCTU
NAXC NAXU
MGXC MGXU
ALXC ALXU *
SIXC SIXU *
PHXC PHXU

95.
.26170+-
.54310+-
.29700+-
.53550+-
.31680+-
17.

11

=

24
.96
1.29

29530+-

31630+-

.51400+-
28.
.00000<

.52800+-
.90550+-
.58740+-
.05480+-

79470+~

PERCENT MASS

2.

SITE: ECHARLES

START HOUR

.79070 106.09050+~

.03090
.13960
.13010
.03720
.01770
.04070
.29040
.55680
.14840
.08350
.56750
72850
.02470

1.
3.
.16235
.50659
.13408
.40673

00

111.3

DF 10

7
.27869+-
2.13216+-
2.16517+-
.79786+-
L21317+-
21.67151+-
10.86986+-
31.77156+-
.06997<
2.14814+-~
1.63352+-
7.86441+-
.04880+-
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.28539
.12843
.26600
.81265
.12398
.05275
4.

40514
41425
85789

.03035

DATE: 12/27/95

103.762+- 7.313
18.291+- 4.846
CMB7 33889
SIZE: 10

RATIO C/M----RATIO R/U

1.
1.
.84+-
.94+-
.49+~
L 67+-
.25+~
.94+-
.10+-
.00<
L41+-
.86+-
.92+-
.89+-

11+-
06+-

.09 1.
.51
L11 -1.
.36 -.
.25 2.
.17 -1.
.27
.16
.15
.00
.34
.26
.29 -.
.68 -.

NWUNDDWJIWOoOWONBRRELDN




SUXC SUXU 1.19010+- .41500 .81597+- .22675 .69+- .31 -.8
CLXC CLXU * .33230+- .10000 .18436+- .08925 .55+- .32 -1.1
KPXC KPXU * 1.07730+- .21620 1.07360+- .09961 1.00+- .22 -.0
CAXC CAXU * 12.44950+- 2.09950 11.53191+- 2.21577 .93+- .24 .3
TIXC TIXU .09760+- .01940 .23246+- .06475 2.38+- .81 2.0
CRXC CRXU .00300< .00550 .00860< .00468 2.87< 5.48 .8
MNXC MNXU .03220+- .00240 .04086+- .00404 1.27+- 16 1.8
FEXC FEXU * 1.95020+- .09880 2.15203+- .22666 1.10+- 13 .8
NIXC NIXU .00150+- .00080 .00406+- .00140 2.71+- 1.72 1.6
CUXC CUXU .03220+- .00180 .02018+- .00347 .63+- .11 -3.1
ZNXC ZNXU .08420+- .00430 .14036+- .00692 1.67+- 12 6.9
BRXC BRXU .00900+- .00100 .00713+- .00233 L79+- .27 -.7
RBXC RBXU .00300+- .00080 .00594+- .00115 1.98+- 65 2.1
SRXC SRXU .04710+- .00250 .07465+- .00782 1.58+- 19 3.4
YTXC YTXU .00080< .00150 .00178< .00206 2.22< 4.90 .4
ZRXC ZRXU .00490+- .00140 .00825+- .00196 1.68+- .63 1.4
MOXC MOXU .00000< .00320 .00107< .00421 .00< .00 .2
BAXC BAXU .11400+- .04860 .01882+- .09819 .17+- .86 -.9
PBXC PBXU * .02580+- .00280 .02196+- .01241 .85+- .49 -.3
Trial 4
SOURCE CONTRIBUTION ESTIMATES - SITE: ECHARLES DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .96 PERCENT MASS 111.1
CHI SQUARE 1.19 DF 11
SOURCE
* TYPE SCE(UG/M3) STD ERR TSTAT

2 LVGPLOTC 85.9844 8.6221 9.9725

20 NH4NO3 2.3568 .3321 7.0963

23 LVMVC2 17.5213 4.6834 3.7411

MEASURED CONCENTRATION FOR SIZE: 10

95.3+- 4.8

UNCERTAINTY/SIMILARITY CLUSTERS CMB7 33889 SUM OF CLUSTER SOURCES
SPECIES CONCENTRATIONS - SITE: ECHARLES DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10

R SQUARE .96 PERCENT MASS 111.1

CHI SQUARE 1.19 DF 11

SPECIES------- I---MEAS--——-—-—--—-——-———-—- CALC-—--—---——-—- RATIO C/M----RATIO R/U
MSGC MSGU T 95.29530+- 4.79070 105.86260+- 7.31610 1.11+- .09 1.2
CLIC CLIU * .26170+- .03090 .23564+-~ .12344 .90+- .48 -.2
N3IC N31IU * 2.54310+- .13960 2.15766+- .27171 .85+- .12 -1.3
S4IC S41U * 2.29700+- .13010 2.19063+- .82621 .95+- .36 -.1
N4ccC N4Cu * .53550+- .03720 .78648+- .12566 1.47+- .26 1.9
KPAC KPAU * .31680+- .01770 .21151+- .05317 .67+~ .17 -1.9
OCTC OCTU * 17.31630+- 1.04070 21.27317+- 4.43384 1.23+- .27 .9
ECTC ECTU * 11.51400+- 1.29040 11.05034+- 1.43817 .96+- .16 -.2
TCTC TCTU 28.79470+- 1.55680 31.53734+- 3.87889 1.10+- .15 .7
NAXC NAXU .00000< .14840 .07128< .16370 .00< .00 .3
MGXC MGXU 1.52800+- .08350 2.16184+- .50977 1.41+- .34 1.2
ALXC ALXU * 1.90550+- .56750 1.64411+- .13502 .86+- .27 ~.4

7-33




SIXC SIXU * 8.58740+- 2.72850 7.91445+- .40963 .92+~ .30 -.2
PHXC PHXU .05480+- .02470 .04936+- .03058 .90+- .69 -.1
SUXC SUXU 1.19010+~ .41500 .82732+- .23398 .70+- .31 -.8
CLXC CLXU * .33230+- .10000 .13986+- .08072 LA42+- .27 -1.5
KPXC KPXU * 1.07730+- .21620 1.07348+~ .10041 1.00+- .22 -.0
CAXC CAXU * 12.44950+- 2.09950 11.60348+- 2.22929 .93+- .24 -.3
TIXC TIXU .09760+- .01940 .23431+- .06520 2.40+- .82 2.0
CRXC CRXU .00300< .00550 .00871< .00476 2.90< 5.55 .8
MNXC MNXU .03220+- .00240 .04121+- .00410 1.28+- 16 1.9
FEXC FEXU * 1.95020+~ .09880 2.17022+- .22935 1.11+- 13 .9
NIXC NIXU .00150+- .00080 .00412+- .00142 2.75+- 1.75 1.6
CUXcC CUXU .03220+- .00180 .02065+~ .00357 .64+~ .12 -2.9
ZNXC ZNXU .08420+- .00430 .14209+- .00703 1.69+- 12 7.0
BRXC BRXU .00900+- .00100 .00722+- .00238 .80+- .28 -.7
RBXC RBXU .00300+- .00080 .00597+- .00116 1.99+- 66 2.1
SRXC SRXU .04710+- .00250 .07517+- .00801 1.60+- 19 3.3
YTXC YTXU .00080< .00150 .00179< .00208 2.24< 4.94 .4
ZRXC ZRXU .00490+- .00140 .00832+- .00197 1.70+- .63 1.4
MOXC MOXU .00000< .00320 .00109< .00424 .00< .00 .2
BAXC BAXU .11400+- .04860 .01922+- .09880 .17+~ .87 ~-.9
PBXC PEXU * .02580+- .00280 .02210+- .01250 .86+~ .49 -.3
Trial 5
SOURCE CONTRIBUTION ESTIMATES - SITE: ECHARLES DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10
R SQUARE .98 PERCENT MASS 107.3
CHI SQUARE .58 DF 10
SOURCE
* TYPE SCE (UG/M3) STD ERR TSTAT

2 LVGPLOTC 83.1655 9.3360 8.9080

14 LVMVEC 14.7056 5.4172 2.7146

17 LVRWCC3 1.8505 1.3204 1.4014

20 NH4NO3 2.5168 .3850 6.5362

MEASURED CONCENTRATION FOR SIZE: 10

95.3+- 4.8

UNCERTAINTY/SIMILARITY CLUSTERS CMB7 33889 SUM OF CLUSTER SOURCES
SPECIES CONCENTRATIONS - SITE: ECHARLES DATE: 12/27/95 CMB7 33889
SAMPLE DURATION 24 START HOUR 00 SIZE: 10

R SQUARE .98 PERCENT MASS 107.3

CHI SQUARE .58 DF 10

SPECIES------- I--~-MEAS--——=-————=————-———- CALC---=—~—~—~——— RATIO C/M----RATIO R/U
MSGC MSGU T 95.29530+- 4.79070 102.23830+- 8.04940 1.07+- .10 .7
CLIC CLIU * .26170+- .03090 .35758+- .14013 1.37+- .56 .7
N3IC N3IU * 2.54310+~ .13960 2.26482+- .30225 .89+- .13 -.8
S4TIC S41U * 2.29700+- .13010 2.09222+- .86746 .91+- .38 -.2
N4cc N4CU * .53550+- .03720 .82645+- .17966 1.54+- .35 .6
KPAC KPAU * .31680+- .01770 .26612+- .09316 .84+- .30 .5
OCTC OCTU * 17.31630+- 1.04070 20.01919+- 4.37820 1.16+- .26 .6
ECTC ECTU * 11.51400+- 1.29040 10.23976+- 1.80394 .89+- .19 -.6
TCTC TCTU 28.79470+- 1.55680 29.57204+- 3.91403 1.03+- .15 .2
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NAXC
MGXC
ALXC
SIXC
PHXC
SUXC
CLXC
KPXC
CAXC
TIXC
CRXC
MNXC
FEXC
NIXC
CUXC
ZNXC

RBXC

*

* %

[

.00000<

.52800+-
.90550+-
.58740+-
.05480+-
.19010+-
.33230+-
.07730+-
.44950+-
.09760+-
.00300<

.03220+-
.95020+-
.00150+-
.03220+-
.08420+-
.00900+-
.00300+-
.04710+-
.00080<

.00490+-
.00000<

.11400+-
.02580+-

.14840
.08350
.56750
2.
.02470
.41500
.10000
.21620
2.
.019%40
.00550
.00240
.09880
.00080
.00180
.00430
.00100
.00080
.00250
.00150
.00140
.00320
.04860
.00280

72850

09950

.10636<
2.10755+~
1.59032+-
7.66257+-

.04582+-

.77251+-

.26676+-
1.12586+-

11.27248+-

.22339+-

.00785<

.03991+-
2.07079+-

.00369+-

.01875+-

.13749+-

.00703+-

.00587+-

.07499+-

.00171<

.00819+-

.00113<

.02003+-

.02084+-

.17104
.50018
.13931
.43110
.02980
.25084
.10702
.12467
2.
.06715
.00517
.00530
.25605
.00155
.00896
.01241
.00246
.00159
.02121
.00255
.00261
.00526
.12302
.01268

17671

[

=
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7.2.6 Source Contribution Estimates for Nonintensive SFS PM;o Samples

Source contributions were estimated for 28 samples collected on 14 nonintensive days
at the Bemis and East Charleston sites between 04/09/95 and 01/16/96. The individual
source contribution estimates for each sample are listed in Table 7-8. Average source
contributions at each site are presented as pie charts in Figure 7-5. On average, calculated
and measured PM;o mass agreed well within their uncertainties at both sites. On average,
primary geological material accounted for 92% (37.7 + 5.6 pg/m’) and 79% (47.2 + 5.0
ug/m3) of the calculated PM;o mass at the Bemis and East Charleston sites, respectively.
Large geological source contributions of up to 70% were also found in the Imperial Valley,
CA, where resuspended dust was found to be one of the main causes of elevated PMjy
concentrations (Chow and Watson, 1997b).

Primary motor vehicle exhaust was the second-largest contributor, accounting for 4%
(1.6 £1.5 ug/m3) and 16% (9.9 £ 4.1 ug/m3) of average PM; mass at the Bemis and East
Charleston sites, respectively. On average, secondary ammonium sulfate and ammonium
nitrate accounted for less than 5% of PM;o mass at both sites.

On average, the contribution from residential wood combustion was small, with 0.13
+ 0.25 pg/m® (0.3% of PMjo mass) at the Bemis site and 1.73 + 0.81 pg/m® (3% of PMjo
mass) at the East Charleston site. This is consistent with the land uses surrounding the two
base sites, where more residential neighborhoods are close by to the East Charleston site. As
discussed in Section 4, soluble potassium is enriched in wood-combustion and
vegetative-burning emissions. The ratio of soluble to total potassium in Las Vegas
geological material is 0.17 £ 0.01. In the residential wood combustion source profiles, this
ratio ranges from 0.57 to 0.76. In order to detect the source contribution from residential
wood combustion, the soluble to total potassium ratio in the ambient aerosol must be
significantly larger than its value in geological material. This was especially the case for all
of the nonintensive samples collected during November, December, and January at the East
Charleston site.

Table 7-8 shows that contributions from residential wood combustion were only
detected at the Bemis site during the holiday season on 12/25/95, 01/01/96, and 01/02/96,
with the highest contribution found on Christmas Day (0.35 +0.18 ng/m’, 2% of PMjo mass).
These source contributions were small, accounting for 2% to 4% of the PM;, mass on those
days.

At the East Charleston site, contributions from residential wood combustion were
found during the Christmas/New Year week (12/24/95 to 01/02/96), accounting for 1% to 9%
of the PM;o mass. The highest residential wood combustion source contribution was found
tobe4.1+1.1 ptg/m3 (9% of PMjo mass) on Christmas Day (12/25/95).
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Figure 7-5 Average source contributions to 24-hour PM;¢ mass performed by Chemical Mass
Balance receptor modeling at the Bemis and East Charleston sites during the
nonintensive monitoring period between 04/09/95 and 01/16/96.
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Table 7-8 shows that motor vehicle contributions were always larger at the East
Charleston site than at the Bemis site, with the largest source contribution estimate being 14.8
+4.7 ug/m3 (15% of PM;o mass) on 12/27/95. Elevated motor vehicle exhaust contributions
were found at the East Charleston site during the last week of 1995, between 12/26/95 and
12/28/95, as well as on 12/30/95, where source contribution estimates from motor vehicle
exhaust ranged from 20% to 60% above its site average. A similar phenomenon was observed
for the motor vehicle exhaust contributions at the Bemis site between 12/27/95 and 12/30/95,
when the source contribution estimates from motor vehicle exhaust were a factor of 1.8 to 2.6
higher than its site average. The highest motor vehicle contribution at the Bemis site was found
to be 4.1 + 2.4 pg/m’ (8% of PM;o mass) on 12/28/95. Increased travel volume in the Las
Vegas Valley during the Christmas and New Year holidays apparently had a major impact on
PM;( concentrations.

As discussed in Section 4, it is not possible to distinguish different types of geological
sources using CMB because their chemical compositions are too similar. In geological
profiles assembled over the course of numerous PM;g and visibility studies, the average Ca/Si
ratio is typically less than one. The average Ca/Si ratio at both the Bemis and East
Charleston sites was 1.43. An average Ca/Si ratio of 2.1 (LVGEOLC) was found in the Las
Vegas geological source profile. The enrichment of calcium in the source material and
ambient aerosol in the Las Vegas Valley suggests the influence of the gypsum mine in the
southwestern part of the Valley and/or of construction activities, where calcium would be
expected to be associated with limestone or gypsum.

The largest geological contributions at both sites were estimated for the samples
collected on 01/16/96, when the highest PM;, concentrations occurred at both sites.
Individual source contributions for geological material varied by a factor of 25 at the Bemis
site, ranging from 5.9 + 0.8 pug/m’ (66% of PM;o mass) on 12/24/95 to 143.0 + 14.9 pg/m’
(98% of PMjp mass) on 01/16/96. Large variations in geological source contributions are
also found at the East Charleston site, ranging from 7.2 £ 1.1 ug/m3 (63% of PM;; mass) on
01/01/96 to 102.6 = 7.7 ug/m3 (86% of PM;p mass) on 01/16/96. Less variation was found
for secondary aerosol contributions. Table 7-8 shows that secondary sulfate accounted for
1% to 3% of PMjp mass, whereas secondary nitrate accounted for 2% to 4% of the PM;, mass
for the 14 selected nonintensive days.

7.2.7 Source Contribution Estimates for Intensive SFS PM;, Samples

Source contributions were estimated for 25 samples collected on 14 intensive days at
the Bemis and East Charleston sites between 09/07/95 and 01/30/96. Three samples
collected on those days (09/10/95 and 09/11/95 at the Bemis site, and 01/28/96 at the East
Charleston site) were invalidated during the Level II data validation process. The individual
source contribution estimates for each sample are listed in Table 7-9. Average source
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contributions at each site are presented as pie charts in Figure 7-6. On average, calculated
and measured PM;(, mass were in agreement within their measurement uncertainties at both
sites. On average, geological material accounted for 96% (31.4 + 3.4 pg/m’) and 93% (34.1
+ 3.2 ug/m3) of the calculated PM;y mass at the Bemis and East Charleston sites,
respectively. Geological material was thus a relatively larger contributor in the intensive
samples than in the nonintensive samples.

Both PM;( concentrations and geological source contributions were more similar at
the Bemis and East Charleston sites in the intensive samples, which represented mostly
summer and fall periods, than in the nonintensive samples, which represented mainly fall and
winter periods. PMjo mass concentrations and the geological source contribution estimates
decreased between 06/05/95 and 06/07/95 at both sites, suggesting a decrease in wind-blown
dust over this period. Contributions from residential wood combustion were detected mainly
at the East Charleston site from 01/26/96 to 01/30/96. However, emissions from residential
wood combustion contribution were detected in the sample collected on 09/09/95 (0.89 +
0.31 pug/m®) at the Bemis site. This sample exhibited high chloride concentrations and a high
ratio of soluble to total potassium which could not be accounted for without including a
residential wood combustion profile in the CMB fit. It is suspected some vegetative burning
took place in the vicinity of the Bemis site which resulted in elevated chloride and soluble
potassium concentrations.

Source contributions from residential wood combustion, primary motor vehicle
exhaust, and secondary sulfate and nitrate were each less than 3% at the two base sites.
Secondary ammonium sulfate accounted for 2% and 3% of PM;jo mass at the Bemis and East
Charleston sites, respectively. Secondary ammonium nitrate accounted for 1% and 2% of
PM;jo mass at the Bemis and East Charleston sites, respectively. Motor vehicle exhaust
contributed less than 0.5% and 1% of PMjy mass at the Bemis and East Charleston sites,
respectively.

7.3  ISCST-3 Dispersion Modeling
7.3.1 Industrial Source Complex Short-Term Version 3 Model Overview

The ISCST-3 model is a steady-state Gaussian plume model designed for assessing
pollutant concentrations from a wide variety of sources associated with an industrial source
complex. The ISCST-3 dispersion model was used since it has been sanctioned by the U.S.
EPA for use in regulatory PM;o applications (U.S. Environmental Protection Agency, 1986).
In the area source option, the model is designated by the U.S. EPA as a preferred model for
use in rural and urban areas, flat or rolling terrain, transport distances less than 50 kilometers,
and one hour to annual averaging times. It is capable of modeling either gaseous species
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Figure 7-6  Average source contributions to 24-hour PM; mass performed by Chemical Mass
Balance receptor modeling at the Bemis and East Charleston sites during the

Bemis

East Charleston

intensive monitoring period between 09/07/95 and 01/30/96.
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(e.g., SO,, NOy, CO, toxic and hazardous waste pollutants) or particulate matter (e.g., PMj
or TSP). For particulate matter, gravitational settling and wet/dry deposition can be treated.

The model requires the specification of the source type, spatial extent, location, and
emission characteristics. Up to 300 sources and 1,200 receptors in four groups are allowed
with the supplied code from the U.S. EPA Support Center for Regulatory Air Models
(SCRAM) World Wide Web site (U.S. Environmental Protection Agency, 1997). The
number of sources, receptors, and groups can be increased by modifying the FORTRAN
source code and recompiling with a 32-bit extended memory compiler. This technique is
outlined in the ISCST-3 User’s Manual (U.S. Environmental Protection Agency, 1995).

This study used a commercial version of the ISCST-3 code called Breeze purchased
from Trinity Consultants, Inc. (Dallas, TX), which accommodates up to 1,000 sources and
10,000 receptors. The allowed types of sources include points, areas, volumes, and open pits.
The location and orientation of each source in a Cartesian coordinate system (X, y, z) is
specified in the input file along with the source emission rate. The source emission rate will
have different units depending on the type of source. For this study, the area source uses
units of grams per square meter per second. Although not used in this application, the
ISCST-3 is well suited to model emissions from a stack. In this case, the stack height, gas
exit velocity, inside diameter, and gas exit temperature need to be entered in the input file.
The model requires various meteorological parameters depending on the modeling options.
In this effort, wind speeds, wind directions, and surface temperatures were the only required
parameters to describe the meteorology. The ISCST-3 model requires the specification of
receptor coordinates either in the form of a user-defined polar or Cartesian grid or a set of
discretized point locations.

The ISCST-3 model provides ASCII text output depending on the option chosen in
the input file. The model can provide concentration, dry and/or wet deposition estimates over
various averaging periods for each receptor. The model has the ability to assess the
contributions from groups of sources. The highést, second highest, and third highest
concentrations or depositions are available in a tabular format depending on the choice of
output parameters.

7.3.2 Assumptions and Limitations in Modeling

As in all numerical models, the user must understand the model assumptions and
limitations in order to interpret the modeling results. The first assumption is that the
atmosphere is in a steady state over the time period. This is important in interpreting
transient events such as bursts of reentrained dust from large construction or disturbed areas.
In this modeling effort, an assumption was made that the atmosphere is in a steady state
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condition over a period of one hour. Other assumptions associated with the ISCST-3 model
include:

e The plume behaves according to the Briggs plume rise equations (Briggs, 1969,
1971, 1975).

e Stability is parameterized by discrete Pasquill-Gifford (P-G) stability.
e A constant stability is assumed to occur throughout the mixing layer.
e The model assumes a constant, uniform wind for each hour.

e The plume travels in a straight-line fashion from the source.

e Vertical wind components are assumed to be zero.

e No chemical transformation occurs in the particle, but can be modeled using an
exponential decay time constant.

An important limitation in this study was that the material diffused is chemically inert
and remains suspended over the travel time involved and is not depleted other than through
diffusion. The additional requirement for deposition calculations make run times long due to
the size of the modeling domain and number of sources. Run times ranged from 4 hours to
30 hours on a 133-MHz Pentium-processor computer depending on the type of source. Due
to resource limitations, the deposition calculation was not performed for this study.
Sensitivity tests were performed, however, to observe the effect of turning the particle dry
deposition and gravitational settling on and off. The conclusions are that the ISCST-3
particle removal algorithms do limit the zone of influence and peak concentration downwind
but the general spatial patterns remain constant for both cases.

7.3.3 Conversion of GIS to Dispersion Model Input Format

PM;, emissions per section (~1.6 km x 1.6 km) were supplied by Clark County’s
Department of Comprehensive Planning as dBase and Microsoft Excel files (Jacquart, 1997).
The data was organized in terms of township-range-section (TRS), and emissions for each
section were expressed in tons per year. Clark County’s Geographic Information System
Management Office (GISMO) provided an Arc/Info section coverage of all of Clark County
and a Bureau of Land Management (BLM) disposal area coverage. The TRS coverage
includes 7,330 sections for a total of approximately 20,976 km>. Since the study is interested
in the PM;, concentrations within the BLM disposal area, the section coverage was chosen to
only include those sections neighboring the disposal boundary. For this study, the two areas
were chosen as rectangular regions enclosing the northern and southern BLM area
(Figure 7-7). The north region contained 264 sections covering an area of approximately
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Figure 7-7 ISCST-3 model domain and monitoring site locations.
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705.0 km®. The south region contained 400 sections covering an area of approximately
1,048.4 km”. The total horizontal and vertical extent of both north and south sections were
45.5 km and 45.4 km, respectively. Figure 7-8 shows the BLM disposal area section
coverage, major roads, and the configuration of the PM;, saturation monitoring network.

Nine source types were input into the dispersion model which included: 1) controlled
construction, 2) controlled construction track-out, 3) controlled construction wind erosion, 4)
mobile sources, 5) unpaved roads, 6) paved roads, 7) stationary sources, 8) disturbed land,
and 9) residential wood combustion. Since the ISCST-3 model requires the source emission
rate to have units of grams per square meter per second, the section emission data base was
converted to these units using the area in each section.

To model the temporal variation of the various source types, a multiplication factor
was introduced to allow sources to vary in time while keeping the total amount of PM;y
emitted constant. These multiplication factors should be taken as approximations to the
actual emission behavior since the ISCST-3 does not provide enough flexibility to model
complex temporal variations. The stationary sources and controlled construction were
allowed to be emitting from 8 am to 5 pm. The paved roads, unpaved roads, and mobile
sources were allowed to emit on a 24-hour basis but according to a smoothly varying function
with a maximum in the daylight hours and a minimum at night. This function was created by
observing the traffic counts as a function of time of day for several locations in town. The
controlled construction track-out, wind erosion, and disturbed land operated at a threshold of
5 m/s. At wind speeds less than 5 m/s, the emissions from these three sources were set to be
zero. For wind speeds greater than 5 m/s, the emission factor remained constant. This
approximation may overestimate the amount of particles emitted since measurements have
been empirically fit to a power-law dependence as a function of wind speed. The residential
wood burning varied on the season, only emitting during the months of January, February,
November, and December.

7.3.4 Meteorological Input

The ISCST-3 model requires the specification of a surface wind vector and mixing
height for each case. Hourly wind speed and wind direction data acquired at 17 locations in
the CCHD meteorological monitoring network were averaged to represent a general wind
pattern within the modeling domain. These average winds vectors were computed by
separating the u and v component at each site and taking the average of all # and v for each
hour. In this modeling effort, the average wind speed over the entire valley was used over all
of the sources. The ISCST-3 model has the limitation of requiring a constant wind field (a
single wind speed and wind direction over the source or modeling domain). With regard to
the sensitivity of the individual wind speed measurements, little change was found in the
average as measurements from a specific site were included or excluded. For example,

7-46




/Major roads

Total PM10 concentration (ug/m3)
] BLM boundary

20 Kilometers

10

10

ISCST-3 dispersion model calculated annual-average PM;o concentrations.

Figure 7-8

7-47



excluding wind measurements from the East Charleston site will typically alter the average
wind speed no more than 0.3 m/s. Test cases also indicated that the model calculations are
insensitive to mixing height and stability class.

The Gaussian plume dispersion equation in the ISCST-3 is not well suited for
stagnant conditions and as a result, wind speeds less than 1.0 m/s were eliminated from the
calculation of the average particulate concentrations. This method is known as the US EPA
“calms policy” from the Guideline of Air Quality Models (U.S. Environmental Protection
Agency, 1986).

7.3.5 Summary of ISCST-3 Calculations

Annual average PMo concentrations were calculated in the Las Vegas Valley using
1995 meteorological data and 1995 base year emissions estimates. Calculations for each of
nine different source types were performed separately to estimate the individual source
contributions to total PM1o within the BLM disposal area. Since the ISCST-3 model does not
treat all of the aerosol transport mechanisms fully, the absolute magnitude of the PMjo
concentrations should not be relied upon to compare with actual field measurements. Instead,
the ISCST-3 model output is useful in that it captures the overall average spatial distribution
of PMjg in the valley.

The most influential source of PM;o within the modeling domain was from controlled
construction, with controlled construction wind erosion in second. Figure 7-8 represents the
resulting annual average PM;o concentration by summing all of the nine source types. The
highest PMjo concentrations are found in the northeast and southeast portions of the
modeling domain.

Figure 7-10 presents the ISCST-3 modeling results for the northeast portion of the
modeling area, as well as the annual emission rates in tons per year per section. PMio
measurements acquired at the satellite sites are superimposed on Figure 7-9 for comparison.
Each pie in Figure 7-9 represents an ISCST-3 receptor location and shows the contribution
from three source types: geological, mobile sources, and residential wood combustion.
Elevated PM;( concentrations in the northeast cormer of the modeling domain are mainly due
to a large quantity of controlled construction at TRS number of 206215 shown in Figure 7-9.
According to the 1995 emissions estimate, this section emits 865 tons of PM; per year, 83%
of which can be attributed to controlled construction. Other sections affected by this source
have TRS values of 206209, 206210, and 206216 as shown in Figure 7-9.

The source influence from construction activities falls off to half of its maximum
value in approximately 1.45 km in the east-west direction, and in approximately 1.60 km in
the north-south direction. The nearest PMo monitors, the THUN site (Lamb Blvd and Las
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Figure 7-9 ISCST-3 dispersion model calculated PM; source contributions.
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Vegas Blvd) and the NWCP site (Puebla Street and Craig Blvd), were both 3.5 km away from
the maximum calculated concentration. At a distance of 3.5 km downwind, PM;,
concentrations at the THUN and NWCP sites are minimally affected by that source. The
remaining saturation monitoring sites are heavily influenced by controlled construction
activity in the general area and to the northwest just above the DONO and BILL sites.

Comparing the contributions from construction track-out and construction wind
erosion in Figure 7-10 through Figure 7-12, controlled construction demonstrated the most
significant impact on the total PM;y in the northeast area. Construction wind erosion and
construction track-out were most prominent in the southeast valley as indicated in Figure
7-11. The dispersion model calculated a peak concentration of over 100 pug/m’® for both
categories.

Figure 7-13 shows the impact of paved roads on PM;y concentrations in the valley. A
peak contribution of approximately 90 pg/m® occurs near the center of the valley in the
vicinity of the intersection between Paradise Road and Tropicana Avenue. Unpaved roads
primarily affect the northwest portion of the valley as shown in Figure 7-14. The peak
unpaved road PMy, contribution of 100 ng/m’> was located about 5.5 km from the Lone
Mountain IT (LONM) site which is the nearest PM;, monitoring site. For this particular area,
the source influence of unpaved road dust falls off to half its maximum value at
approximately 2.7 km.

Stationary sources (e.g., sand and gravel operations) contribute little to the valley
except at one particular region southwest of the urban center as shown in Figure 7-15. The
region around the peak stationary source exhibits a sharp concentration gradient because of
the strength of the emission relative to the surrounding area. The peak contribution of 59
u g/m3 decreased by half in approximately 1.6 km. The concentration then falls to less than 1
pg/m’ within 3 km of the peak.

PM;, contributions from disturbed land are well distributed throughout the perimeter
of BLM disposal area, but the largest impact occurs in the southeastern area. Since the
emissions from disturbed land covers such a large area, there are no sharp concentration
gradients as exhibited in Figure 7-16.

The effect of mobile sources on PMy is shown in Figure 7-17. The highest
concentration of PMy is located at the center of the city with a maximum of approximately
10 pg/m®. The overall level of PM;, from mobile sources is very small for areas greater than
10 km from downtown.

Annual average PM;o from residential wood combustion is shown in Figure 7-18.
The peak residential wood combustion levels occur in the southeastern part of the valley,
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Figure 7-11 ISCST-3 dispersion model calculated annual-average PM;o contribution from
controlled construction wind erosion.
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Figure 7-12 ISCST-3 dispersion model calculated annual-average PM;, contribution from
controlled construction track-out.
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Figure 7-13 ISCST-3 dispersion model calculated annual-average PMjo contribution from
paved roads.
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Figure 7-14 ISCST-3 dispersion model calculated annual-average PMjo contribution from
unpaved roads.
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Figure 7-15 ISCST-3 dispersion model calculated annual-average PM;o contribution from
stationary sources.
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Figure 7-16 ISCST-3 dispersion model calculated annual-average PMj, contribution from
disturbed land.
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Figure 7-17 ISCST-3 dispersion model calculated annual-average PM;q contribution from
mobile sources.
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Figure 7-18 ISCST-3 dispersion model calculated annual-average PM;, contribution from
residential wood combustion.
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having a magnitude of approximately 10 pg/m’. This peak falls off to half of the maximum
with 3.8 km in the east-west direction and with 1.8 km in the north-south direction.

74  Source/Receptor Model Reconciliation

Table 7-10 compares average PM;o source contributions from the CMB receptor
model with those from the ISCST-3 dispersion model. Although the magnitudes of the PMyq
mass in the CMB and ISCST-3 varied by a factor of 2 to 4, the distribution of their relative
source contributions were quite similar. Both the CMB and ISCST-3 models clearly show
that geological material is the dominant source at the Bemis and East Charleston base sites.
At the Bemis site, CMB reported that 86% of the PM;, mass can be attributed to geological
material, which is comparable to the 99% calculated by the ISCST-3 model. At the East
Charleston site, geological source contribution was 86% calculated by CMB and 91%
calculated by ISCST-3.

Since the ISCST-3 model cannot simulate gas-to-particle transformations, the
secondary particle contributions in Table 7-10 for the dispersion model are not available.
Agreements in percentage of total mass are found in residential wood combustion for both
sites. Contributions from residential wood combustion are relatively small, ranging from
0.2% to 0.3% of PM;o mass at the Bemis site and 1% to 3% of PM;o mass at the East
Charleston site. This implies that over the period of a year, the average emission rate and
activity levels for wood burning during the months of January, February, November, and
December applied in the dispersion model compare well with the PM;o measurements during
the intensive and non-intensive periods.

For mobile sources, the dispersion model’s calculation is equivalent to the average
source contribution derived from the CMB model between intensive and nonintensive
periods. Table 7-10 shows that CMB modeling resulted in 0.5% to 4% of PM;¢ mass,
whereas ISCST-3 modeling resulted in 1% of PM;y, mass for motor vehicle exhaust
contribution at the Bemis site. Source contributions for motor vehicle exhaust are much
higher at the East Charleston site, ranging from 1% to 14% by CMB modeling to 7% by
ISCST-3 modeling.

This comparison of the source/receptor models shows that source and receptor
modeling complement each other. The 1995 preliminary emissions inventory may have
overestimated the fugitive dust emission rate, resulting in higher source contribution
estimates. Emission estimates for mobile sources and residential wood combustion were
similar between the two models. The ISCST-3 dispersion model provides insight with
respect to sub-sources of fugitive dust.
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Land uses near the sampling site can significantly impact ambient measurements. At
the Bemis site, construction activity was the largest PM;, contributor, accounting for 51% of
PM;y mass, followed by disturbed land (15%) and track-out from construction sites (10%).
At the East Charleston site, paved road dust was the largest contributor, accounting for 43%
of PM/o mass, followed by construction activity (23%). The zones of influence of fugitive
dust from construction activity sources are small, ranging from 0.75 to 1.5 km based on either
descriptive data analysis or ISCST-3 modeling.
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8.0 METEOROLOGY

Excess PMjy concentrations result from a combination of emissions, transport,
transformation, and accumulation of pollutants. Meteorological characteristics must be
coupled with the transport and deposition of the particles in the atmosphere in order to better
understand the causes of elevated PM;o. This section discusses the wind conditions in the
Las Vegas Valley, establishes the relationship between PM; and wind speed, explores the
diurnal variations of PM;o concentrations, and characterizes the meteorological conditions
during the PMj, exceedance days and over the intensive and mini-intensive monitoring
periods.

8.1  Wind Conditions in the Las Vegas Valley

Wind conditions in the Las Vegas Valley are influenced over a wide range of
meteorological scales. Synoptic-scale flows, such as high- and low-pressure systems,
influence relatively large geographic areas, such as the western United States, at one time.
Mesoscale influences, such as the Las Vegas Valley, modify the synoptic-scale flows. For
example, winds usually flow along, rather than across valleys. Especially during light wind
conditions, local influences cause small-scale variations in winds in the Las Vegas Valley.
Within the Las Vegas Valley, the East Charleston monitoring site frequently experiences very
light winds; the dynamics affecting wind flow at this location are not fully understood.
McCarran Airport often records relatively strong winds. It is in an open area at a higher
elevation than East Charleston.

During most of the period from May to September, prevailing regional wind flows are
from the southwest. High pressure over the eastern Pacific Ocean and lower pressure over
the Colorado Plateau causes this southwesterly flow. This flow is occasionally interrupted by
synoptic-scale storms moving through the area, most often in late spring. During July and
August, moist, southeasterly monsoonal flows alternate with the dry southwesterly flows.
Northerly flows are not common during summer, but occur on infrequent occasions. Strong
winds in summer are usually associated with thunderstorms; they tend to be localized and
may be from any direction.

During October or early November, there is usually a transition from prevailing
southwesterly flow to prevailing northerly (northwesterly or northeasterly flow). The
Colorado Plateau and Great Basin are cold compared to the lower Colorado River Valley, and
this cold, dense air flows down off the higher areas, giving a prevailing northeasterly wind
during winter months in the Las Vegas Valley. Winds in the afternoon are usually from the
northeast under these conditions; however at night, flow is typically from higher to lower
terrain. At McCarran Airport, nighttime drainage flows are from the southwest. During the
winter, the prevailing flows are interrupted by synoptic-scale storms moving through the
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region. These usually give southerly or southwesterly flow that increases in speed as a cold
front approaches. After the front passes, winds become strong northwesterly, and gradually
subside.

A cumulative frequency distribution of daily average wind speed at McCarran Airport
for the study period (from 01/01/95 to 01/31/96) is shown in Figure 8-1. The median (fiftieth
percentile) daily average wind speed was about 3.3 m/s. About 15% of the days had average
wind speed less than 2 m/s; 8% of the days had average wind speeds greater than 7 m/s.

8.2 Relationships between Wind Speed and PM;,

The relationships between wind speed and PM;, concentrations acquired with beta
attenuation monitors (BAM) are explored in this section. In the Imperial Valley PMjo study
(Chow and Watson, 1997b), it was found that at low wind speeds, PM;o was high due to
buildup of locally-generated pollutants. At moderate wind speeds, increased dispersion gave
substantially lower PM;o concentrations. At yet higher wind speeds, above 5 to 6 m/s, PM;g
increased due to wind-raised dust. Meteorology and PMj, data from three sites (Bemis/Craig
Road, East Charleston, and Jean) were examined to determine whether there was a
relationship between wind speed and PM;y mass concentrations in the Las Vegas Valley.
Figure 8-2a through Figure 8-2f show 20th, 50th, and 80th percentile PM;y, BAM as a
function of hourly average wind speed at the three sites for the summer (April to September)
and winter (November to April) periods. At the Bemis/Craig Road site, a similar pattern was
found as noted for the Imperial Valley, CA (Chow and Watson, 1997b). As wind speed
increased, PMo concentrations initially decreased, then increased sharply as wind speed
exceeded about 7 m/s. The increase at higher wind speeds is most noticeable at the 80th
percentile in both summer and winter and the 50th percentile in summer. Not all high wind
conditions were associated with high PM;; the 20th percentile in summer and the 20th and
50th percentile in winter did not show very high PMj, levels. An examination of the
meteorology on 24-hour PM;, standard exceedance days shows that initial increases in wind
speeds give very high PM;, but when winds subside only slightly, PM;, concentrations may
decrease substantially. This suggests that the “reservoir” of dust available for suspension
may become depleted after a few hours of high winds. Very high PM;o BAM concentrations
occurred only for about four hours during windy days, with peak concentrations lasting about
two hours. The duration of high concentrations may be expected to be dependent upon two
primary factors: 1) the length of time for all available dust to be raised at a local area
(depends on wind speed and thickness of local dust reservoir); and 2) the dimensions of the
area contributing transport of dust downwind (for the Las Vegas Valley, the size of the area
with dust-producing activities). For example, it may take one to two hours for dust raised
from disturbed soil at the south end of the Las Vegas Valley during strong southerly winds to
reach the northern Valley.
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Figure 8-1  Daily mean wind speed cumulative frequency during the period from January
1995 through January 1996 at the McCarran Airport site.
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At the East Charleston microscale site, high PMj, values occurred with light winds
(50th percentile of 80 ;Lg/m3 in winter). As winds speeds increased, PM;o decreased. Few
strong winds were recorded at East Charleston; during summer, some increases in PMjq
occurred as winds exceeded 5 m/s.

At the Jean site, high PM( concentrations are not associated with low wind speeds as
at the other sites. This is most probably because there are no significant local sources of
PMj at the Jean site to build up pollution during stagnant conditions. PM;, concentrations
observed at the Jean site represent the regional background concentrations. Even as wind
speeds increased to 8 or 9 m/s, 50th-percentile PM,, was still only around 20 pg/m® (summer
and winter). Eightieth-percentile PMy, at these higher speed was about 35 pg/m’ in winter
and 70 ].Lg/m3 in summer. The much lower PM; concentrations at the Jean site than at the
Bemis/Craig Road site during high winds demonstrates that the high PM;q values during
windy periods are not caused primarily from the fact that Las Vegas is in a desert. Relatively
undeveloped desert areas such as Jean do not exceed the PMj, standard. It is the additional
sources of PMj, within the Las Vegas urban area that cause violations of the PM; standard.

To establish a threshold wind speed typical of the Las Vegas Valley, above which
dust is suspended, data from all PM;o BAM sites was grouped together. By grouping all
sites, a better statistical confidence is achieved because there are many more PM;¢ data points
for each wind speed. For each wind speed, twentieth, fiftieth and eightieth percentile values
of PM( were determined. Figure 8-3 shows the results of this analysis (note that the y-axis is
on a logarithmic scale). The pattern noted above at the Bemis/Craig Road site appears in this
composite analysis for all sites. PMyq is lowest for wind speeds of 3 to 5 m/s. Below 3 m/s,
PMy increases with decreasing wind speed due to poor dispersion conditions. Above 5 m/s,
PM¢ increases with increasing wind speed, due to wind-raised dust. At wind speeds below 2
m/s and above 7 m/s, the PM;¢ increases are exponential functions of wind speed. This
means that small increases in wind speeds above 7 m/s can cause large increases in PMjg
concentrations and the higher the wind speed, the greater the increase in PM;( concentrations
for each meter per second increase in wind speed. In summary, while no set threshold can be
established between wind speed and PM;o concentration for the Las Vegas Valley, as wind
speeds exceed 7 m/s, substantial increases in PMjo typically occur with each meter per
second increase in wind speed.

8.3 Diurnal Patterns in PM;, Concentrations

Hourly PMo BAM concentrations from the 13 locations in the CCHD’s compliance
monitoring network were examined to illustrate their diurnal patterns. Because diurnal
patterns vary by time of year, two periods were used: 1) October through March (cool
season, short days), and 2) April through September (warm season, long days).
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8.3.1 Diurnal Variations of PM;, Concentrations

Figure 8-4 to Figure 8-16 show diurnal variations of the 20th, 50th, and 80th
percentile values of PMj, concentrations for the 13 sites by time of day. These percentiles
are not substantially affected by a few very low or very high concentrations, and thus
represent the range of typical concentrations. Percentiles as low as 5 and 95 were also
calculated; in most cases, the diurnal patterns were not much different than the 20 and 80
percentile patterns. It should be noted that, on any given day, hourly PM;o concentrations
may not follow the diurnal pattern of the percentile concentrations, although a majority of the
days will follow a similar pattern.

Figure 8-4 to Figure 8-16 illustrate typical diurnal PM;o concentration patterns with
the following characteristics:

e Arise from an early morning minimum to a middle-to-late-morning peak;
e A decrease from the morning peak to an afternoon minimum; and

e A rise from the afternoon minimum to an evening maximum, and then a slow
decrease to the morning minimum.

In addition, some sites (e.g., Flamingo, Jean) show an apparent rise in PM;o
concentration at midnight. The Boulder City site shows a drop at midnight, followed by a
rise at 0100 PST. These are probably the times when daily instrument calibration was
performed. No validation flags can be found in the BAM PM;, data base relating to these
data points. These data for midnight and 0100 PST should be used carefully, if at all,
especially at the following sites: McDaniel, Flamingo, Jean, East Charleston, and Boulder
City.

At all sites, the summer evening peak is less pronounced than the summer morning
peak, but many sites (e.g., Bemis/Craig Road, East Charleston, Maycliff, McDaniel, City
Center) have winter evening peaks higher than winter morning peaks. Table 8-1 shows, for
each site, time of day at which the morning peak, afternoon minimum, and evening peak
PMjy concentrations at the 50th percentile occurred for summer and winter months. Also
shown are the corresponding 50th percentile values. The following patterns can be noted:

e Summer morning peaks occur earlier than winter morning peaks (0600 or 0700
PST, compared to 0700, 0800, or 0900 PST for winter);

e Summer afternoon concentrations are relatively low for more hours than in winter,
and occur in late afternoon, as compared to early afternoon (typically 1300 PST)
for winter; and
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for the Summer (April to September) and Winter (October to March) Periods

Sampling Site

Craig/Bemis

East Charleston (Microscale)
Green Valley

Powerline

Mayecliff
McDaniel
City Center

Pittman
Flamingo Road
Jean

Boulder City

Paul Meyer
Walter Johnson

Sampling Site
Craig/Bemis
East Charleston (Microscale)
Green Valley
Powerline
Maycliff
McDaniel

City Center
Pittman
Flamingo Road
Jean

Boulder City

Paul Meyer
Walter Johnson

Summer®
morning

peak
0600 PST
0700 PST
0700 PST

0700 PST

0600 PST
0600 PST
0600 PST

0700 PST
0600 PST

0600 PST

0600 PST
0600 PST

Summer
morning

peak
78
52
82
36
45
57
44
47
52

18

65
46

Table 8-1
Time of Day at which Peak and Minimum PM;, Concentrations in the 50th Percentile Occurred

Summer
afternoon
minimum
1700 PST
1700 PST

1200 PST,
1500 PST

1000 PST,
2000 PST

1300 PST
1700 PST
1200 PST

1800 PST
1500 PST

1100-1400
PST

1400 PST

1200 PST
1500 PST

Summer
afternoon
minimum

24
23
31
22
17
19
22
22
20
11
13

18
16

* Summer includes the months of April to September,
® Winter includes the months of October to March.

Summer
evening

peak
2000 PST

2000 PST,
2300 PST

2300 PST
2200 PST
2300 PST

2000 PST
2200 PST
2000 PST

1800-1900
PST

2000 PST
2000 PST

Summer
evening

peak
38

43

34
37
36
31
38
17
15

29
25

Winter”
morning

peak

0900 PST
0700 PST
0900 PST

0800 PST

0900 PST
0900 PST

0700-0800
PST

0700 PST
0800 PST
0800 PST

0700-0800
PST

0700 PST
0800 PST

Winter
morning

peak
50
62
128
47
41
36
53
54
65
11
15

61
45

Winter
afternoon
minimum
1300 PST
1300 PST
1500 PST

1300 PST

1300 PST
1300 PST
1300 PST

1300 PST
1300 PST

1100-1300
PST

1400 PST

1200 PST

1100-1300
PST

Winter
afternoon
minimum

30
24
38
17
18
16
21
20
20
8
10

19
24

Winter
evening

peak
1800 PST
2000 PST
1800 PST

1900 PST

2000 PST
2100 PST

1900-2100
PST

2100 PST
1900 PST
1800 PST

1700 PST

1800 PST
1800 PST

Winter
evening

peak
68
85
99
39
49
42
59
44
57
13
15

41
50
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e Summer evening peaks at all sites occur later than winter evening peaks (typically
2000 to 2300 PST in summer and 1800 to 2100 PST in winter).

These patterns can be explained by diurnal meteorological and source emissions
patterns during summer and winter. Because much of the PM;, (on typical days) is directly
or indirectly related to the emissions from motor vehicle exhaust, peaks in PMjg
concentration during the morning and evening rush hour(s) would be expected. Highest
PM;, emissions are expected during these hours. However, ambient concentrations depend
not only on source emissions, but also on the ability for the atmosphere to disperse pollutants
as well. As shown in the previous section, moderate winds prevent buildup of pollutants that
occurs under light wind speed conditions. Deep mixing depths, typically caused by strong
solar heating during daytime, increase the vertical dispersion of pollutants and similarly
prevent buildup of pollutants which occurs under inversion (low mixing depth) conditions.
The product of mixing depth and wind speed, called ventilation, is a simple measure of the
ability of the atmosphere to disperse a given amount of pollutant emissions.

During the daytime, solar radiation heats the ground, warming the layer of air next to
the ground. This warm (or hot) air is buoyant and rises, mixing with the air above it. As the
day progresses, air is well mixed typically to 1,000 m above the ground in winter, and to
3,000 to 4,000 m above the ground in summer. This also mixes pollutants within the mixing
layer, which lowers PM;( concentrations at the monitoring stations, which are near ground
level. Wind speeds near the ground also increase due to vertical mixing. Wind speeds
usually increase with height above the ground; the mixing brings air with higher wind speeds
down towards the ground. Ventilation then reaches a peak in the afternoon as mixing depths
and wind speed are at their maximum. This explains the afternoon minimum in PMjq
concentrations. In winter, lower sun angles and shorter days causes maximum mixing depths
to occur earlier in the afternoon than in summer; thus PMjg concentrations are at a minimum
earlier in the day.

At night, the ground cools due to long-wave radiation to space, causing the air in
contact with it to cool as well. This creates a layer of cool air next to the ground, with
warmer air above it; this is called a temperature inversion or inversion for short. Because
cool, dense air lies below warmer, lighter air, vertical mixing is inhibited. Mixing depths and
wind speeds are usually low, and pollutants tend to accumulate, causing elevated ground
level concentrations. Inversions are typically present from just after sunset to shortly after
sunrise. During winter in the Las Vegas Valley, surface-based inversions may form as early
as 1600 to 1700 PST and last until the next morning around 0800 PST. During summer, with
longer days, inversions will begin to dissipate by 0600 PST and not form again until at least
2000 to 2100 PST. In the urban area, heat from streets, parking lots, etc., may further delay
cooling of the ground needed to form inversions.
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During winter, maximum morning PM;, concentrations occur between 0700 and 0900
PST. This corresponds to the morning rush hour period and associated pollutant emissions.
Since mixing depths and wind speeds are low at this time, ventilation is low and pollutants
rapidly build up. In contrast, the summer peak in PM;o concentrations occurs between 0600
and 0700 PST, which is earlier than the peak in traffic. By 0800 or 0900 PST, PM;,
concentrations are significantly lower, even though traffic levels are similar. This is because
by 0800 or 0900 PST, solar heating has causing increased mixing depths and pollutants are
mixed through a deeper layer, with lower concentrations recorded at the monitoring stations.
During winter, PMy levels are typically highest near the end of the evening rush hour, due to
high emissions and low mixing depths (due to early sunset). In contrast, summertime rush
hour PMj¢ levels are relatively low because ventilation is near its daily maximum (high
mixing depths), even though emissions are high. Maximum PM;, concentrations occur later
in the evening when mixing depths are much less and emissions have decreased, but are still
significant. Concentrations later at the night decrease as emissions decrease. In winter,
morning and evening PM;jo peaks are similar in magnitude because of low mixing heights
during the rush hours. In summer, morning PM;o peaks are much higher than the evening
PM,, peaks because mixing depths are much lower during the morning rush hour than during
the evening rush hour.

8.3.2 Weekday/Weekend Patterns in PM;y Concentrations

Hourly PM,, patterns for weekdays and weekends are compared for selected sites.
Figure 8-17 shows the diurnal pattern in PM;o concentrations at the Bemis/Craig Road site
for weekdays and weekends for the summer (April to September) and winter (October to
March) periods. The most striking difference between weekdays and weekends is the large
reduction in the size of the morning peak on weekends. This occurs in both winter and
summer and can be explained by less motor-vehicle-exhaust-related emissions as fewer
people are commuting to work. The early evening peak can also be seen to be somewhat
lower, especially in winter.

Winter weekend and weekday diurnal PM;, patterns for the East Charleston and City
Center sites are shown in Figure 8-18. A similar pattern was found with distinguished
morning (0800 PST) and evening (2000 to 2100 PST) peaks during weekdays. Apparent
carryover of PM;, concentrations were found during weekends between 2100 PST to early
morning of the next day (0100 PST)

Figure 8-19 shows the 50th percentile PM;o concentrations for weekdays and
weekends at the Bemis/Craig Road, East Charleston, City Center, and Walter Johnson sites.
For both weekdays and weekends, the Bemis/Craig Road and Walter Johnson sites exhibited
similar patterns, and the East Charleston and City Center sites exhibited similar patterns. All
four sites showed a pronounced decrease in the size of the morning peak on weekends. The
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East Charleston and City Center site show concentrations peaking later than the other two
sites and remaining high into the early morning hours both weekdays and weekends. In the
early afternoon on weekends, all sites have similar 50th percentile concentrations of about 20
pg/m®. The East Charleston and City Center sites are near the center of the Las Vegas urban
area, while the Bemis/Craig Road and Walter Johnson sites are near the edges of the urban
area. The PM;o concentration decreases quickly during late evening at the less-urban sites,
which is expected as people have returned to their homes after work. However, at the
more-urban sites, traffic volume may be continued through the late evening at casinos,
restaurants, etc. This increased activity, in conjunction with low mixing heights and light
winds at this time of day may be largely responsible for the high PM;( concentrations into the
early morning hours at these sites. It may also be that wind speeds are particularly light at
night at the East Charleston and City Center sites, which would be conducive to elevated
PMio concentrations. These sites also have somewhat higher PM;, concentrations at
midnight to 0200 PST on weekends, compared to weekdays. Because more people would
typically be out on weekends at these times, this supports the argument that greater activity is
responsible for higher nighttime values at the East Charleston and City Center sites.

8.4  Meteorological Conditions during PM;, Exceedances at the Bemis/Craig Site

Table 6-1 shows that 24-hour PM;, concentrations were exceeded six times (i.e.,
04/09/95, 04/13/95, 06/05/95, 11/26/95, 12/12/95, 01/16/96) at the Bemis/Craig Road site
during the study period. Section 6.1 discusses the meteorological conditions on 11/26/95 and
01/16/96 when Valley-wide elevated PM;y concentrations were found. Meteorological
conditions for the remaining days are discussed here.

04/09/95

On 04/09/95, strong winds occurred following the passage of a cold front. Strong
surface pressure gradients and the jet stream located over southern Nevada contributed to the
high winds. A cold front passed through between 2100 and 2200 PST on 04/08/95. Winds
increased from the north after 2200 PST and peaked at 0400 PST on 04/09/95, with hourly
average speeds of 13 m/s and gusts to 20 m/s at the airport. PM;o exceedances occurred at
four monitoring sites, including the Bemis/Craig Road site. PM;o BAM at the Bemis/Craig
Road site began increasing after 2200 PST and peaked to about 1,100 ug/m3 at 0400 PST.
PM,, concentrations decreased rapidly to the 100 to 200 pg/m’ range by 0600 PST and
decreased to more typical levels by afternoon. The relationship between wind speed and
PM; at Bemis/Craig Road site for the 04/09/95 episode is shown in Figure 8-20.
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04/13/95

On 04/13/95, a strong surface-low-pressure system moved from British Columbia into
the northern Intermountain region. High winds were caused by a strong pressure gradient
between the surface low and a surface high pressure over the eastern Pacific Ocean. A cold
front passed through the Las Vegas Valley between 2100 and 2200 PST. Winds started out
southerly and increased as shifted to southwesterlies before the frontal passage. After frontal
passage, wind became northwesterly and gradually subsided. The highest wind recorded at
the Bemis/Craig Road site, 14.7 m/s, occurred during this day. Wind speed and BAM PM;,
by hour of day for 04/13/95 and part of 04/14/95 are shown in Figure 8-21. From the late
morning to early evening, somewhat elevated PM;o accompanied the increased wind speeds.
At 2000 PST, wind speed peaked at 14.7 m/s and BAM PM,, jumped to 1,152 pg/m®. PMj
remained high for three more hours and then dropped to less than 20 pg/m® early on
04/14/95, even though wind speeds remained about 7 to 10 m/s.

Summer Intensive Monitoring Period (06/05/95 to 06/07/95)

On 06/05/95, a cold front from the Pacific Northwest approached and passed through
the Las Vegas Valley. As is typical for these conditions, the winds were from the southwest
and increased in intensity during the approach of the front and shifted to the northwest and
remained strong before gradually decreasing several hours after the frontal passage. Hourly
wind speed and PM, at the Bemis/Craig Road site for this period are shown in Figure 8-22.
Wind speed began increasing in the late morning and reached 15 m/s at 1500 PST. After
wind speeds became greater than 10 m/s, a rapid increase in PM;o occurred and reached 712
pg/m’ at 1500 PST. Winds and PM, then decreased for a couple of hours before the cold
front passed (between 1800 and 1900 PST), after which the winds became northwesterly and
increased in speed and were accompanied by increasing PM,o concentrations. High PM;,
values occurred for about four hours before decreasing a winds subsided to less than 5 m/s.

Winds and PM,, stayed low until late in the day on 06/06/95, when a second front
passed through the Las Vegas Valley, briefly increasing wind and PM,o levels. From 1200
PST to 1300 PST on 06/07/95, PM;, values of 1,453 and 452 ug/m3 were recorded. These
values occurred during light wind conditions and would therefore be expected to result from
nearby activity.

12/12/95

PM;o BAM reached its second-highest 24-hour average concentration of 318 pg/m3 at
the Bemis/Craig Road site on 12/12/95. An unusually strong Pacific storm moved into the
Pacific Northwest on this day, resulting in strong south to north pressure gradients over the
western United States. At upper levels, winds were strong westerly. Figure 8-23 shows the
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Figure 8-21  Relationship between hourly averaged wind speed and PM;o concentrations
during the period 04/13/95 to 04/14/95 at the Bemis/Craig Road site.

8-32




1453

16 800

141 m 1 700

12 1 + 600
)
E
810 {500

o
& W ‘ £
2 2
2 g 1400 =
= z
g o
2 2
< 6+ 4 300
>
5
2
[ ]
44 200
n
2+ A {100
& 11 0] U ]
L]
H- - L l-.-.l.. = wa s SOy -..l...-
0 (1L — 1 0

© D> © 2,4 . @ P O % © 9.0 % P QN 0 P 0 9,9 6 0
Hour of Day (for 06/0595-06/07/95)

—&— Hourly Averaged Wind Speed —{1—PM10 BAM

Figure 8-22  Relationship between hourly averaged wind speed and PM;o concentrations
during the period 06/05/95 to 06/07/95 at the Bemis/Craig Road site.
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relationship between hourly wind speed and PM;o concentrations for 12/12/95. Wind
direction was southeasterly, becoming southwesterly during the evening. Except for the rapid
decrease in PMyg late in the day, a good relationship between wind speed and PM,, exists.
PM,, peaked at 1,261 ug/m3 at 1200 PST with a wind speed of 8.5 m/s. Most elevated PMq
concentrations occur with higher wind speeds than this. This day had the 15th-highest hourly
wind speed and the 25th-highest daily average wind speed of the 396-day study period, yet
one of the highest PM;o BAM concentrations. While the wind speeds were high enough to
expect elevated PM), levels, PM;; would not be expected to be this high from the
meteorology on 12/12/95. Also, PM,o exceedances did not occur at any other sites. This
suggests that sources near the Bemis/Craig Road site contributed substantially to these high
levels.

8.5  Meteorological Conditions during Intensive Study Periods

Spring Intensive Monitoring Period (04/15/95 to 04/21/95)

This period had three weather systems move across the southwestern United States.
Table 8-2 shows daily wind data for this period at the Bemis/Craig Road and McCarran
Airport sites. The maximum wind speed at the Bemis/Craig Road site refers to the maximum
one-hour average wind speed. The maximum wind speed at McCarran Airport refers to the
maximum of the reported hourly observations, which is a one-minute average taken at 10
minutes before the hour. The strongest winds occurred with frontal passages on 04/17/95 and
04/20/95, and on 04/21/95 due to moderate post-frontal pressure gradients. PM;, levels were
low throughout this intensive study period, although winds were sufficiently strong on
04/20/95 and 04/21/95 to potentially lead to high PM;,.

Spring Intensive Monitoring Period (05/12/95 to 05/16/95)

During this period, an upper-level low-pressure system from the Pacific Northwest
dropped southward into southern California and gradually weakened. At the surface, a
widespread area of low pressure developed across the western United States by 05/13/95.
Surface pressure gradually rose in conjunction with the weakening upper level low. Because
surface pressure gradients were less strong than expected, winds were generally moderate in
the Las Vegas Valley, with brief periods of relatively high winds. Table 8-3 gives the
average wind speed and maximum hourly wind speed observed each day at the Bemis/Craig
Road site.

Summer Intensive Monitoring Period (06/05/95 to 06/07/95)

(See Section 8.4)

8-35




Daily Wind Data from 04/15/95 to 04/21/95 for Bemis/Craig Road and McCarran Airport

Date

04/15/95
04/16/95
04/17/95
04/18/95
04/19/95
04/20/95
04/21/95

Craig Road
Average
Wind Speed

(m/s)
33
4.6
4.1
3.3
2.6
5.8
6.0

Table 8-2

Craig Road
Maximum
Wind Speed

(m/s)
58
7.6
7.2
4.9
6.3
10.7
9.8

McCarran
Average
Wind Speed

(m/s)
4.4
5.0
42
54
3.0
7.9
6.9

McCarran
Maximum
Wind Speed

(m/s)
7.2
8.2
10.3
8.2
8.7
13.9
10.3
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Date

05/12/95
05/13/95
05/14/95
05/15/95
05/16/95

Craig Road
Average
Wind Speed

(m/s)
6.1
6.0
42
3.5
2.8

Table 8-3
Daily Wind Data from 05/12/95 to 05/16/95 for Bemis/Craig Road and McCarran Airport

Craig Road McCarran McCarran
Maximum Average Maximum
Wind Speed  Wind Speed  Wind Speed
(m/s) (m/s) (m/s)
9.4 6.4 11.3
10.3 9.2 12.8
8.5 6.1 9.3
4.5 4.5 8.7
8.9 34 10.3

McCarran
Maximum
Gust

(m/s)

17.5
13.4
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Fall Intensive Monitoring Period (09/06/95 to 09/12/95)

This intensive monitoring period started out with above-normal temperatures and
moisture for the first two days, followed by near-normal temperatures and drier conditions.
Winds speeds were moderate, and peaked on 09/08/95 as weak surface and upper-level
low-pressure systems passed by to the north. Wind speed at the Bemis/Craig Road and
McCarran Airport sites are summarized in Table §-4.

Winter Mini-Intensive Monitoring Period (12/24/95-1/04/96)

This period demonstrated how PM;jo concentrations can build up over a period of a
few days under light wind speed conditions. Figure 6-5 shows daily average SFS PMj at the
Bemis/Craig Road and East Charleston sites for the period between 12/24/95 and 01/04/96.
At the East Charleston site, PMjo steadily increased until 12/27/95, then gradually declined
through 12/31/95. Winds speeds were light, averaging 1.8 m/s to 2.5 m/s at the McCarran
Airport site from 12/24/95 to 12/30/95. High surface pressure was present, which normally
reduces vertical mixing, but it began to weaken after 12/27/95, allowing somewhat more
vertical mixing and a decrease in PM;( concentrations. A frontal passage late in the day on
12/31/95, caused an increase in PMy late in the day. Concentrations were low on 01/01/96
along with moderate wind speeds (good dispersion). As pressure gradients and winds
weakened, a buildup of PM;o began with highest values occurring on 01/03/96. On 01/04/96,
moderate winds again provided good dispersion and PM; levels decreased.

Winter Intensive Monitoring Period (01/26/96-01/30/96)

The 01/26/96 to 01/30/96 intensive study period was representative of typical
“non-extreme” winter conditions, with neither very high winds nor stagnation conditions. A
weak front passed through the Las Vegas Valley in the early morning hours on 01/28/96;
increased wind speeds occurred for a few hours on 01/27/96 and 01/28/96 due to this front.
Table 8-5 summarizes the winds for this period.
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Table 8-4
Daily Wind Data from 09/06/95 to 09/12/95 for Bemis/Craig Road and McCarran Airport

Craig Road Craig Road McCarran McCarran
Average Maximum Average Maximum

Wind Speed Wind Speed Wind Speed Wind Speed
Date (m/s) (m/s) (m/s) (m/s)
09/06/95 3.6 8.5 3.6 7.2
09/07/95 3.6 , 8.0 4.3 9.8
09/08/95 3.7 6.7 6.5 11.3
09/09/95 2.7 6.7 4.6 9.8
09/10/95 1.9 3.6 4.2 7.7
09/11/95 1.9 3.6 2.5 4.1
09/12/95 2.2 4.0 1.8 6.2
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Table 8-5
Daily Wind Data from 01/26/96 to 01/30/96 for Bemis/Craig Road and McCarran Airport

Craig Road Craig Road McCarran McCarran
Average Maximum Average Maximum

Wind Speed Wind Speed Wind Speed Wind Speed
Date (m/s) (m/s) (m/s) (m/s)
01/26/96 2.5 5.8 2.3 4.6
01/27/96 34 8.0 3.8 8.7
01/28/96 3.3 8.9 4.5 9.8
01/29/96 2.2 3.6 2.8 6.2
01/30/96 2.4 4.9 1.7 4.1
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9.0 CONTROL MEASURES

Temporal and spatial variations of PM;o as well as the source/receptor modeling
results confirm the findings that fugitive dust is the major contributor to elevated PM, in the
Las Vegas Valley. This section examines the key factors that affect the magnitude of dust
emissions, reviews the past fugitive dust demonstration studies, and evaluates the
effectiveness of different control measures. Application of these control measures in the Las
Vegas Valley to reduce PM, fugitive dust emissions is also discussed.

9.1 Variables that Affect Emissions

The suspension of dust by natural wind and anthropogenic activities depends on a
number of physical properties of both the atmosphere and the erodible surface. The key
properties affecting the magnitude of dust emissions are: 1) surface loadings of suspendable
material, 2) size distributions of the surface particulate matter, 3) moisture, 4) surface
roughness, 5) wind speed and wind direction, and 6) vehicular dust suspension mechanisms.
Many of these factors provide explicit or implicit inputs to the U.S. EPA’s AP-42 empirical
dust emission model. The following subsection reports the current status of knowledge of
each of these properties with respect to their influence on the dust emission process.

9.1.1 Surface Loading

The amount of suspendable dust on a surface influences how much dust might be
resuspended in the atmosphere. Most surfaces are limited reservoirs, and the suspendable
dust is depleted after a short time period. Theoretical considerations of the time dependence
of resuspension by wind suggest that it may be represented either as a negative exponential
function (Anspaugh et al.; 1975; Linsley, 1978), or as an inverse relationship between
suspension and time (Reeks et al., 1985; Garland, 1979). Nicholson (1993), in an empirical
wind tunnel study of resuspension processes from concrete surfaces, found that the decay rate
of particle emissions from surfaces was not well-represented by a negative exponential
relationship, but appeared to follow an inverse time relationship. This relationship could be
complicated in a natural environment due to the large range of surface and environmental
conditions (James, 1996).

On exposed vacant land, deflation of fine particles often results in the exposure of
larger nonerodible sediments which act as a shield to minimize particle resuspension by the
wind. These larger nonerodible sediments also absorb momentum and decrease the erosive
power of the wind that reaches the potentially erodible surface (Marshall, 1971; Raupach,
1992). When surfaces are continually disturbed by very intense winds or by vehicular
movement or other anthropogenic activities, they may become “unlimited reservoirs” which
emit dust whenever winds exceed threshold suspension velocities.
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9.1.2 Particle Size Distribution

The current air quality standard applies to particles which are less than 10 pwm in
aerodynamic diameter (PM;o). (The “aerodynamic diameter” is defined as the diameter of a
sphere of unit density [1.0 g/cm’]; therefore, for soil particles, the aerodynamic diameter
corresponds to actual, geometric diameters less than 7 pum because the density of soil
particles is approximately 2.65 g/cm’, and the aerodynamic diameter varies inversely with the
square root of the density [Hinds, 1986]). The concern with PM; is health-related, because it
represents the upper limit of the aerodynamic particle size range which may enter the human
respiratory system. The dust particle size distribution is an important variable for
determining its emission and transport.

The size distribution of dust particles affects the suspension process. A flat bed of
particles with diameters less than 20 wm is very difficult to be resuspended by wind. Bagnold
(1937) demonstrated that fine cement particles could not be entrained by wind friction
velocities in excess of 1.0 m/s. As the size of the particles are small, there is no large cross
section for wind to act on. In addition, adhesive forces such as van der Walls, electrostatic,
and the surface tension of adsorbed liquid films (Hinds, 1986) increase the external force
required to entrain the particles. These adhesive forces increase with relative humidity and
surface roughness, but decrease with increasing particle size (Corn and Stein, 1965).

Suspension of fine particles is also mitigated by the presence of larger nonerodible
particles if they are present in sufficient quantities. Particles that exceed 840 wm in size are
considered too large to be entrained by normal wind velocities (Chepil, 1942) and can act to
shelter smaller particles in their lee. Gillette and Stockton (1989) sprinkled glass spheres
with diameters ranging from 2,400 to 11,200 im onto a bed of glass spheres with sizes from
107 to 575 wm and found major reductions in the horizontal flux of the smaller particles. In
contrast, Logie (1982) found that erosion of a sand surface was enhanced when low
concentrations of larger nonerodible roughness elements were present on the surface. It was
suspected that the increased erosion was due to acceleration of the wind flow around the
isolated elements which scoured the loose sand. Bagnold (1941) estimated that 800 um
particles are the most susceptible to suspension by wind, even though their large masses
cause them to settle to the surface very rapidly.

The role of saltating particles in dust emission processes is complex. In a controlled
wind tunnel experiment, Fairchild and Tillery (1982) found that resuspension was enhanced
by saltation. They found saltating particles increased the resuspension rate. Resuspension
rate was defined as the fraction of a surface species removed in unit time (A, g/s). These
resuspension rates increased by a factor of two to three and reached values as high as six to
seven times the nonsaltating rate for certain bed configurations. Fairchild and Tillery (1982)
explained this as a more efficient utilization of wind energy by the saltation mechanism.
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There is more kinetic energy transferred to the bed during saltation than in clear air flow.
The relationship between saltating particles and fine particle emissions was found to be
dependent upon the wind power (u+) and the size of the saltating particles. The vertical flux
of particles (F, ug/m’s) , which is a measure of the potential for long range transport, was
found to increase rapidly: 1) with increasing size of saltating particles, and 2) with
decreasing size of surface sediment particles on which the particles are saltating (Fairchild
and Tillery, 1982). The ratio of fine particles to particles available for saltation may have a
considerable effect on the magnitude of the emission rate.

9.1.3 Moisture

In most natural systems, moisture content is the most important variable in controlling
the initiation and transport of sediment by wind. Water adheres to individual soil particles,
thus increasing their mass and mitigating suspension and transport. It also increases the
cohesive forces among individual particles. Substantially greater wind forces are needed
when soil surface moisture is increased by less than 1% from its dry state (Chepil, 1956;
Belly, 1964; Bisal and Hsieh, 1966; Svasek and Terwindt, 1974). Several studies have
reported that 4% moisture content is a limiting value for which erosion by wind is effectively
halted (Belly, 1964; Azizov, 1977; Logie, 1982).

Due to the formation of aggregates and surface crusts, cohesion of the wetted particles
often persists after the water has evaporated. Even when soil surface moisture is increased by
less than 1% from its dry state, the threshold velocity required to initiate soil particle
movement is significantly increased, thereby reducing the erosion potential by wind (Chepil,
1956; Belly 1964; Bisal and Hsieh, 1966; Svasek and Terwindt, 1974). The surface-moisture
content is also important in enhancing the strength characteristics of surface crusts and the
stability of aggregates (Bradford and Grossman, 1982; Lehrsch and Jolley, 1992).

9.1.4 Wind Speed and Surface Roughness

Wind often resuspends dust from disturbed surfaces. The amount of soil which can
be suspended by wind depends on: 1) the particle size distribution, 2) wind velocity at the
soil surface, 3) the roughness of the surface, 4) the relative fractions of erodible (<1,000 pm
diameter) and nonerodible (>1,000 um diameter) material (Gillette et al., 1980), and 5) the
cohesion of the soil particles with one another (Chepil and Woodruff, 1963; Gillette and
Hanson, 1989). In general, the stronger the wind, the greater is the horizontal shearing force
exerted by the wind on the surface. This shearing force, if it is of sufficient magnitude, will
entrain the loose erodible material and eject fine particles into the atmosphere. The
magnitude of the shearing stress will be dependent on the rate of change of wind speed with
height and the type of roughness present on the surface.
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The presence of nonerodible roughness elements strongly attenuates wind erosion of
soil. The roughness elements can be of several kinds including large aggregates of pebble
size, bushes, shrubs, or trees. The basic suppression mechanism is the same regardless of the
type of element present. The roughness elements decrease the wind stress on the erodible
surface by absorbing a significant fraction of the downward momentum flux from the air flow
above (Raupach ef al., 1993). Momentum partitioning effects should be considered when
estimating wind erosion from surfaces covered by large roughness elements, such as low
vegetation (< 1 m). Two issues remain unresolved (Raupach, 1992). First, given a surface
with specified roughness element height, width, spacing, areal extent and porosity, what is
the total drag on the surface? Second, what is the partition of drag between the roughness
elements and the underlying surface? Further research is needed with respect to calculating
drag coefficients of porous, three-dimensional objects in isolation as well as in arrays. Better
estimation of the momentum loss to the large roughness elements will allow for more precise
estimation of the shear stress that acts on the intervening surface where resuspension occurs.

9.1.5 Dust Suspension by Vehicles

Dust on paved roads, unpaved roads, parking lots, and construction sites is suspended
by natural winds and vehicular movement. Vehicular traffic in these areas adds to particle
resuspension because tire contact creates a shearing force with the road that lifts particles into
the air (Nicholson et al., 1989). Moving vehicles also create turbulent wakes which act much
like natural winds to raise particles.

Dust on paved roads must be continually replenished; reducing the deposition of fresh
dust onto these surfaces is a viable method for reducing their PM; emissions. Dust loadings
on a paved road surface build up by being tracked out from unpaved areas such as
construction sites, unpaved roads, parking lots, and shoulders; by spills from trucks carrying
dirt and other particulate materials; by transport of dirt collected on vehicle undercarriages;
by wear of vehicle components such as tires, brakes, clutches, and exhaust system
components; by wear of the pavement surface; by deposition of suspended particles from
many emissions sources; and by water and wind erosion from adjacent areas (Chow et al.,
1990; Chow and Watson, 1992). The relative contribution from each of these sources is
unknown. Axetell and Zell (1977) estimated typical deposition rates of 67.8 kg/km of curb
for a 24-hour period for particles of all sizes from the following sources: 1) 42% from mud
and dirt carryout; 2) 17% from litter; 3) 8% from biological debris; 4) 8% from ice control
compounds (in areas with cold winters); 5) 8% from erosion of shoulders and adjacent areas;
6) 7% from motor vehicles; 7) 4% from atmospheric dustfall; 8) 4% from pavement wear;
and 9) less than 1% from spills. These proportions are highly uncertain for the PM;, fraction
because they apply to the TSP size fraction and because these investigators did not consider
all of the sources cited above. Axetell and Zell (1977) cite these fractions without describing
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the methodology used to estimate them; their paper constitutes the only publication that
provides quantitative apportionments of paved road dust loadings to their sources.

Unpaved roads and other unpaved areas with vehicular activity are unlimited
reservoirs of dust loading when vehicles are moving. These surfaces are always being
disturbed, and wind erosion seldom has an opportunity to deflate the fine surface sediment
and increase the surface roughness sufficiently to attenuate particle suspension. The grinding
of particles by tires against the road surface shifts the size distribution toward smaller
particles, especially those in the PM; fraction. Pinnick e? al. (1985) found the distribution of
particle sizes within a vehicle-created dust plume was bimodal, with a coarse mode of
approximately 50 um and a fine mode of 2.5 um. Patterson and Gillette (1977) reported a
similar distribution for naturally generated dust plumes; however, there were proportionately
fewer large particles in the natural plume dust in comparison to the vehicular case. The
bimodal distribution was attributed to grinding processes caused by tires for the vehicle dust
(Pinnick ez al., 1985) and to a sandblasting process for wind-generated dust (Patterson and
Gillette, 1977). According to Nicholson et al. (1989), the size of the particles and the amount
of dust resuspended by vehicles are dependent on the velocity of the vehicle. Nicholson et al.
(1989) found that larger particles were more readily suspended than smaller ones and wind
speeds of 24 to 32 km/h were required to suspend particles between 4.2 and 9.5 pum in
diameter.

Nicholson and Branson (1990) report that a minimum velocity of 22 km/h is
necessary to suspend dust from a paved road surface. It is more likely that the velocities
required to entrain particles on unpaved roads is significantly less than for paved roads. An
important process occurring on unpaved roads is the activation of larger particle sizes by the
tires. These particles are effective in mobilizing dust particles upon impact with the surface
and mirror the effect of saltating particles in a natural erosion system (Gillette, 1977; Gomes
et al., 1990). These bouncing particles impact on the surface and eject a range of particle
sizes into the air stream, and may also shed micron- or sub-micron-sized secondary particles
on impact with the surface or another object (Rosinski et al., 1976; Gillette, 1977). The
physics of saltation for sand-sized particles in natural erosion systems is reasonably well
understood (Anderson et al. 1990). However, the ejection of dust-sized particles by the
saltation process is still poorly understood (John et al., 1991).

Other than the information inferred from the chemical composition of road dust and
from multivariate relationships between downwind concentrations and vehicle variables,
there is no detailed physical understanding of the effects of tire contact with particles and
their suspension into the atmosphere. This knowledge is essential to understanding how
these particles are suspended and how far they are transported.
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Several other vehicle-related factors have been identified as contributing to the
amount of particulates that are ejected from road surfaces. Dyck and Stukel (1976) suggested
that vehicle weight and road type influenced dust emissions. Mollinger et al. (1993) found
that the shape of vehicles can have a large impact on the amount of resuspension; a cylinder,
an elliptical cylinder, and a rectangular solid were mounted on a pendulum which swung
back and forth over dust-covered test areas. After twenty passes by the cylinder and elliptical
cylinder, 65% and 45% of the dust remained in the test area, respectively. After twenty
passes by the rectangular solid traveling at the same velocity, less than 20% of the dust
remained. Vehicle shape appears to affect the turbulent structure of the wake shed by the
vehicle, creating conditions which favor or reduce the entrainment of dust (Mollinger et al.,
1993). This study would suggest that it is possible to reduce suspension from road surfaces
by altering the shape of vehicles.

9.2  Fugitive Dust Demonstration Studies

Various mitigation methods have been developed to control emissions from fugitive
dust sources. The most common control measure is the application of suppressant onto a
dust-emitting surface that effectively binds the particles within the sediment matrix. This can
be accomplished either by spraying water on the dust-emitting surface or by adding chemicals
which serve as an adhesive agent to bond the surface particles together. Other control
measures involve the removal of loose surface material with various types of street sweepers.
Soil resuspension by wind erosion can be minimized by altering the surface to decrease its
erosion potential, or by adding vegetative covers to protect the susceptible soils. A viable
option to reduce fugitive emissions from anthropogenic activities such as vehicles moving
over unpaved roads and construction sites is to reduce the activity levels. The following
subsections summarize the effectiveness of five types of fugitive dust control measures
applied in past experiments.

9.2.1 Surface Watering

Surface watering is often applied on disturbed land such as construction sites or
unpaved surfaces to reduce particle resuspension by vehicles. Moisture content on unpaved
roads can: 1) reduce the strength of the road bed, 2) enhance the road bed’s ability to deform
under vehicle loading, and 3) reduce the chance of brittle failure which produces small
particles that may be further crushed by tires (Rosbury and Zimmer, 1983). Flocchini et al.
(1994) found that the addition of sufficient water to increase the surface moisture content
from 0.56% to 2% can achieve greater than 86% reduction in PM;o emissions. Kinsey and
Cowherd (1992) found immediate dust reductions at construction sites as a result of surface
watering; however, the effectiveness of this measure did not increase as more water was
applied to the site. Ultimately, control efficiency is limited by the evaporation potential.
Low humidity levels will hasten effectiveness reduction through moisture loss, and grading
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operations are continually exposing dry earth and burying the moistened topsoil. Figure 9-1
shows the effects of moisture content on downwind TSP concentrations measured near an
active construction site, including heavy equipment moving at a rate of one vehicle pass per
minute.

Washing vehicles as they depart from work areas can minimize dust track-out and
carry-out. Track-out refers to the sediment that is attached to vehicle tires and subsequently
transferred to the road surface. Carry-out is the sediment attached to the vehicle that may
eventually fall off and become resuspended by other vehicles (Axetell and Zell, 1977;
Brookman, 1983). Axetell and Zell (1977) found that TSP concentrations (~84 pg/m3) were
increased by 40 to 60 pg/m’ due to uncontrolled mud track-out. Immediate cleanup with shovel
and broom reduced TSP by 10 to 20 pg/m3, and daily cleanup reduced TSP by about 5 to 10
pg/m3. These values correspond to control efficiencies of about 30% for immediate cleanup
and 15% for daily cleanup. Besides wheel washing, other cleaning procedures include street
sweeping, manual broom and shovel cleanup, and water flushing to remove mud and dirt from
paved surfaces after it has been tracked out. Covering haul trucks while in transit eliminates
spillage and wind-generated soil loss.

9.2.2 Chemical Suppression

The application of chemical suppressants on unpaved surfaces can reduce fugitive
dust emissions. Table 9-1 enumerates the commercially-available dust suppressants. These
products are classified into seven categories according to their chemical composition and the
suppressant mechanism they employ:

e Salts: These are hygroscopic compounds such as magnesi