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EXECUTIVE SUMMARY

ES1 INTRODUCTION

Many resdents of Maricopa County
are atracted to the area by the warm winters
and the clear ar typicd of desarts in the
western United States. Mogt of the year, the
ar is much clearer in Maricopa County than in
the eastern United States. However, on cam
fdl and winter mornings, dark-colored hazes
are often observed over the urban parts of
Maricopa County. These hazes have come to
be known as brown clouds and are of concern
among loca resdents.

The complaints about brown clouds by
resdents are moglly based on aesthetics.
Residents dso tend to use the visud quality of
the air as a yardgtick by which air pollution is
measured. They are concerned that brown
clouds are unhedthy.

Consequently, the Maricopa
Asociation of Governments (MAG) conducted
this study to recommend feasible measures to
abate the brown clouds that occur in Maricopa
County. The dudy topics include
1) background information on brown clouds in
western urban areas, 2) brown cdouds in
Maricopa County; 3) sources of emissons in
Maricopa County primarily responsible for
brown clouds, and, 4) recommendation of Sx
potential control measures available to decrease
the emissons from these sources.

The study was expanded to include the
goplication of source emisson profiles
measured in a recent sudy in the Denver area
to Maricopa County ar qudity data The
purpose was to determine if these profiles could
reasonably account for air quality conditions in
Maricopa County. It was found that these

ES1

source profiles could explan the Maricopa
County air quality data reasonably well. In
addition, these applications indicated that the
relative importance of emisson sources was
gmilar to the ranking for the Denver area.

Six control measures are recommended
by this study to decrease emissons contributing
to the brown cloud. Many control measures
implemented to comply with Federd air qudity
regulations for carbon monoxide, ozone, and
particulate matter will aso reduce emissons that
contribute to brown clouds. The sSx
recommended measures were chosen because
they were not being implemented by other
programs, and would directly control those
pollution sources most responsible for the
brown cloud. The six recommended measures
would need to be further evaduated for
feegbility by the regpective implementing
entities.

It is important to note that the 1999
Brown Cloud Project is not intended as a State
Implementation Plan revison for any ar
pO”Uta']t IndUdlrg H\/llo and PM2_5.

ES2 BACKGROUND INFORMATION
ON URBAN BROWN CLOUDS

Brown clouds occur over most urban
aress in the western United States. Brown
clouds are hazes with a brown appearance.
Haze is a sugpenson in the amosphere of
minute particles that are not individualy seen
but, neverthdess, impar vishility.  These
particles are cdled particulate matter, or PM.
The dominant cause of haze in urban aress is
light scattering by particles with a diameter less
than 2.5 micrometers. These particles are
cdled fine particles or PM s.



The hazes appear brown because of light
absorption by edementd carbon, which has a
chemicd form dmilar to the grgphite used in
pencil leads. The days when brown clouds
occur are determined by the weather. Brown
clouds occur on cadm mornings during fal and
winter when the coal ar near the ground forms
a dable layer that traps emissons near the
surface.

The dominant source of PMys is
combugtion sources, primarily gesoline and
died engine exhaust. Decreasing the amount
of eementd carbon in brown cdouds will
decrease the dark or brown appearance of the
haze and may be visudly rewarding. Because
elemental carbon absorbs light very efficiently
and contributes to the dark appearance of
brown clouds, the control drategies
recommended place greatest emphasis on
decreasing the emissions of elementa carbon.

The new PM standards were published
by the EPA Adminigrator in July 1997. These
standards place limits on the concentrations of
both PM, s and PMy,. However, on May 14,
1999, a three-judge pane of the U.S. Court of
Appeds for the Didrict of Columbia Circuit
issued a split opinion regarding the find nationd
ar quaity standards for ozone and particulate
maiter that the Environmental Protection
Agency promulgated in July 1997. With
respect to the particulate matter standards, the
Court vacated the revised coarse particle
(PMyg) standards, and the pre-existing PMa
standard continues to apply.

Regarding the PM-25 sandard, the
Court upheld EPA’s decison to rely on the
regiond haze program to mitigate some of the
adverse vighility effects caused by PM-2.5.
The Court aso asked for further briefing on
severd issues. On June 18, 1999, the Court
ruled that the PM, s andard should remain in
place. However, the Court will dlow parties to
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goply for the standard to be vacated if “the
presence of this standard threstens a more
imminent harm.” Presumably, the “harm” refers
to the burden on sources complying with the
regulations.

On June 28, 1999, EPA and the
Depatment of Judice filed a petition for
rehearing en banc with the D.C. Circuit. EPA
continues to support the need for the hedth
protections that these revised standards provide
aswell as the science backing them. In generd,
EPA was encouraged that the pand of judges
did not quedtion the scientific bass of the
dandards, rather the pane questioned the
conditutiondity of the primary public hedth
provisons of the Clean Air Act.

ES3 URBAN BROWN CLOUDS IN
MARICOPA COUNTY

Airport vishility observations provide an
indication of a decrease in regiond haze in
Maricopa County, but for reasons discussed
in the report, do not provide information
about trends in brown clouds in Maricopa
County.

Starting in December 1993, the Arizona
Department of Environmental Qudity (ADEQ)
began measuring light extinction over a 3-mile
gght path in Phoenix. The data provide a
measure of the severity of the brown clouds and
indicate that the haze in Phoenix is highly
variable. Severe hazes mogtly occur from late
September through February and rarely occur
during the spring or summer. During the fal and
winter, the weather may cause the air to be

clear or very hazy a any time of day.

Soil dust is mostly composed of particles
too large to scatter light efficiently. About haf
of the PM in Maricopa County is soil dust, but
this dust is typicdly responsible for less than 10



percent of the light scattering that causes brown
clouds. Elemental carbon absorbs light very
efficiently.  Light absorption by dementd
carbon is primarily responsble for the dark or
brown appearance of most urban hazes.

ES4 IMPORTANT SOURCES

Information on the emisson sources in
Maricopa County that make the largest
contributions to brown clouds was derived from
chemicd mass bdance (CMB) cdculations
performed during this sudy and as part of the
1989-1990 Phoenix PMj, Study and the
1989-1990 Phoenix Urban Haze Study.
Briefly, CMB is a mathematicad method that
finds the combination of emisson sources that
best accounts for the pollutant concentrations
measured in the atmosphere at the time and
location where a pollution sample was
collected. The emission inventory information
contained in the MAG 1999 Serious Area
Paticulate Plan for PMyo for the Maricopa
County Nonattainment Area was aso used.
These two types of information on emisson
sources were used to identify sources that make
the largest contribution to brown clouds.

In addition, a series of sengtivity tests and
reasonableness checks were performed on the
CMB daia In generd, the sengtivity tests
indicated that the source gpportionments are
highly sendtive to changes in source profile
selection and that other source attributions with
acceptable datistics may be obtained from the
same data sat using different combinations of
source profiles.  Accordingly, the source
gpportionments derived from a CMB andyss
should be thought of as representing the generd
level of contribution from a source and not an
absolute number.

ES3

As shown in Figure ES-1, combugtion
sources emissons conditute the mgority of
PM, s Gasoline engine exhaust accounts for
about hdf of the ambient PM,s and diesd
engine exhaust accounts for about 15 percent.
In addition, gasoline and diesd exhaust account
for nearly dl of the carbonaceous fraction of the
fine particles (organic carbon and dementa
carbon).

When interpreting the results from the CMB
andyds it is important to keep in mind the
limitations of the modd and view the results as
the generd leve of contributions from a source.

The results presented have different
levels of confidence associated with them. For
example, there is a rdatively high levd of
confidence in estimates for the contribution of
totd mobile source exhaust, anmonium nitrate,
ammonium sulfate, and geologicd materid.
There is alower level of confidence associated
with the split in mobile source exhaust between
diesd-powered engines and gasoline-powered
engines. Thereislow confidence that the CMB
atribution of gasolinepowered engines
emissons to cold gart, high emitter, and hot
dabilized is accurate.

ES5 CONTROL MEASURES TO
REDUCE THE BROWN CLOUD

Based on literature reviews, interviews,
and research done to complete the Serious
Area PMy Plan, the study team identified over
40 candidate brown cloud control measures.
The candidate measures were screened using
factors such as technicad feashility, ability to
augment existing programs, and gpplicability to
important brown cloud sources. In addition,
the committed control measures from the State
and loca governmentsin the MAG 1999



Serious Area Paticulate Plan for PM;, were
applied to the appropriate source categories to
identify where additiond control measures were
needed. Six measures were recommended for
consderation because they were not being
implemented by other programs and would
directly control those pollution sources most
responsble for the brown cloud. These
recommended measures would need to be
further evauated for feasbility by the respective
implementing entities.

One of the gteps in the control measure
identification and screening process involved
identifying exiging Maricopa County control
measures that will mitigate the brown cloud.
The effort focused on reviewing committed
measures from the State and local governments
inthe MAG 1999 Serious Area Particulate Plan
for PMyo and previous plans. Tables ES-1
and ES-2 summarize both Federd actions and
State and locd government measures by source
category. Table ES1 addresses the most
important brown cloud combustion Sources,
which include:  nonroad mobile diesd exhaust
and onroad mobile diesdl and gasoline exhausdt.
Table ES-2 lists severd control measures that
offer only minor brown cloud control benefits.
They are included in this report to illudtrate
paticulate metter ar quality control efforts
aready underway in the Maricopa County area.

Table ES-2 addresses sources of dust. As
detailed in the Serious Areas PM o Plan, dudt is
the sngle mog important component of the
Maricopa County PMy, problem.  Although
dust is not amgor contributor to brown clouds,
dust controls do provide some modest brown
cloud mitigation benefits The dust control
measures are presented in this report to
illugtrate particulate matter ar qudity control
efforts dready underway in the Maricopa
County area.

ES5

The overdl control drategy focused on
reducing nonroad and onroad diesd emissons,
and reducing emissons from high PM-emitting
onroad gasoline powered vehicles.  Mobile
source  control  meesures  fdl into  four
categories  establishing more dringent new-
vehicle dsandards;, retrofitting and replacing
older vehides, reformulating the fuels used; and
redricting or changing the use of the vehicle or
engine. Thesefour control measure gpproaches
directly reflect the parameters controlling the
amount of pollution produced by mobile
sources.  Table ES-3 briefly highlights how
these paameters and control  measure
approaches relate to the important sources
contributing to the brown cloud. The table
identifies important sources, important pollution
parameters for each source, and how the
recommended measures relae to the
parameters responsible for pollution to creste
the brown cloud.

In addition to the Sx recommended
messures, two additiond measures ae
suggested for further study. These measures
include:

Implementing the use of remote sensng

devices (RSDs) cepable of detecting

smoking vehicles

Implementing an IM program enhancement

to detect or test for smoking vehicles or

particulate matter high emitters.



Figure ES-1. PM-2.5 source contributions from the CMB analysis of samples from the
Phoenix Super Site.

Gasoline Exhaust

Mobile Source Exhaust
(52.4 +10.6) %

(67.3+15.1) %

Geological
(105 + 2.9) %

Geological

(105 +2.9) %

Diesel Exhaust
(14.9 + 45) %

‘ Ammonium Nitrate Ammonium Nitrate
Ammonium Sulfate (125+5.9) % Ammonium Sulfate (12.5+5.9) %

(9.7 +3.1) % (9.7 +3.1) %

The data in the parenthesis represent the mean percentage and standard deviation with 95% confidence.

Note: The lack of source profilesin the CMB analysis for wood burning and meat cooking likely
results in an overestimate of the emissions from diesel and gasoline-powered engines. The
contribution from gasoline-powered enginesis likely to be overestimated to a greater extent than the
contribution from diesel-powered engines.



TableES-2. Minor brown cloud sources, state and local government measures.

Sour ce
Category and
Sour ces Stateand L ocal Government Measures
I. Nonroad Exhaust Standards: Off Road Vehicle Engine Standards
Mobile
Sources — Fuel: Winter Fuel Reformulation: California Phase 2 Reformulated Gasoline with 3.5 Percent Oxygen Content November 1 through March 31
gasoline
1/M: none.
Use Management: Encourage the Use of Temporary Electrical Power Lines Rather than Portable Generators at Construction Sites
Voluntary Lawn Mower Emissions Reduction Program
Restrictions on the Use of Gasoline-Powered Blowers for Landscaping Maintenance
AreaSources | Restaurant Charbroiler Controls
PM-10 Episode Thresholds
Clean Burning fireplace Ordinance
Public Information Program on Wood Stoves and Wood Heat
Point Sources | PM-10 Best Available Control Technology (BACT) Determinations for Stationary Sources




Table ES-2. Minor brown cloud sources, state and local government measures.

Sour ce
Category State and L ocal Government Measures

Fine Soil Dust | PM-10 Efficient Street Sweepers

Fugitive/Win | Curbing, Paving, or Stabilizing Shoulders on Paved Roads (Includes Painting Stripe on Outside of Travel Lane)
ciown Paving, Vegetating and Chemically Stabilizing Unpaved Access Points Onto Paved Roads (Especially Adjacent to Construction/Industrial Sites)
Reduce Particulate Emissions from Unpaved Shoulders on Targeted Arterials

Crack Seal Equipment

Frequent Routine Sweeping or Cleaning of Paved Roads

Strengthening and Better Enforcement of Fugitive Dust Control Rules*

Reduce Particul ate Emissions from Unpaved Roads and Alleys

Low Speed Limit for Unpaved Roads

Use of Petroleum Products for Public Road and Street Maintenance

Agricultural Best Management Practices

Additional Dust Control Measures (City of Tempe)

Additional Dust Control Measures (City of Phoenix)

* Includes:
2. Reduce Particulate Emissions from Unpaved Parking Lots
3. Reduce Particulate Emissions from Vacant Disturbed Lots
4. Dust Control Plans for Construction/Land Clearing and Industrial Sites (Including Active landfills), with Elements Addressing Trackout Prevention, Site and
Material Maintenance, Construction Staging, and High Wind Operating Restrictions

5. Dust Abatement and Management Plans for State Lands.



1. INTRODUCTION

Many resdents of Maricopa County are
attracted to the area by the warm winters and
the clear ar typicd of deserts in the western
United States. Most of the year, the air is much
clearer in Maricopa County than in the eastern
United States. However, on cam fdl and
winter mornings, dark-colored hazes are often
observed over the urban parts of Maricopa
County. These hazes have come to be known
as brown clouds and are of concern among
local resdents.

Nearly dl mgor urban aress in the inland
portions of the wesern United States
experience wintertime brown cdouds.  Air
qudity studies have been performed in many of
these areas, including Maricopa County, to
undergand the composition of brown clouds
and the emisson sources that make the most
important contributions.  These dudies have
shown that brown clouds in western cities have
more Smilarities than differences.

The complaints about brown clouds by
resdents are mogly based on asthetics.
Residents dso tend to use the visud quality of
the air as a yardstick by which ar pollution is
measured. They are concerned that brown
clouds are unhedthy.

Consequently, the Maricopa Association
of Governments (MAG) conducted this study
to recommend feasible measures to abate the
brown clouds that occur in Maricopa County.
The gdudy topics include 1) background
information on brown clouds in western urban
areas, 2) brown clouds in Maricopa County,
3) sources of emissons in Maricopa County
primarily responsible for brown clouds, and 4)
recommendation of dgx potentid control

measures avalable to decrease the emissons
from these sources.

The study was expanded to include the
goplication of source emisson profiles
measured in a recent study in the Denver area
to Maricopa County ar qudity data The
purpose was to determine if these profiles could
reasonably account for air quality conditions in
Maricopa County. It was found that these
source profiles could explan the Maricopa
County air quality data reasonably well. In
addition, these applications indicated that the
relative importance of emisson sources was
gmilar to the ranking for the Denver area.

This Find Report is divided into Sx
chapters.  The four chapters that follow this
introduction summarize the key reaults for each
sudy topic lisged above. The find chapter
contains the references for the report.

Detalled information is presented in eight
gopendices.  Appendix A is a Glossary that
defines many of the terms used in this report
that may be unfamilir to many reeders.
Appendix B contains a discusson of the light-
extinction coefficient.  This coeffident is
universdly used to quantify the severity of haze,
incduding brown clouds. It is useful for the
reader of this report to understand the
parameter research workers use to messure
brown clouds. The remaning appendices
provide detalled information supporting the
discussons in Chapters 2 through 5.

An effort was made to present the
information in Chapter 2 on urban hazes in the
western United States in an eadly readable
dyle. This chapter could be used as a stand-
aone introduction to brown clouds.



Chapter 5 presents six control measures
recommended by this study to decrease
emissions contributing to the brown cloud. As
noted in the chapter, many control
measures implemented to comply with Federd
ar qudity regulations for carbon monoxide,
ozone, and particulate matter will aso reduce
emissions that contribute to brown clouds. The
gx recommended measures were chosen
because they were not being implemented by
other programs, and would directly control
those pollution sources most respongible for the
Brown Cloud. The six recommended measures
would need to be further evaduated for
feaghbility by the respective implementing
entities.



2. BACKGROUND INFORMATION ON URBAN BROWN CLOUDS

2.1 INTRODUCTION

The following description of the brown
clouds that occur over most urban aress in the
western United States is intended to provide a
generd underdanding of the properties and
causes of these urban hazes. Because there are
more gmilarities than differences between the
brown clouds in western cities, the description
here is genera and applies to most western
cities. The properties and causes of the brown
clouds in Maricopa County are discussed in
Chapters 3 and 4.

2.2 WHAT ARE BROWN CLOUDS?

Brown clouds are hazes with a brown
appearance that occur over urban aress. Haze
is a sugpendon in the amosphere of minute
paticles that are not individualy seen but
neverthdessimpair vighility.

Haze patices cause vishility imparment
by scatering and absorbing light.  When
particles scatter light, they change the direction
of travel of the light. A dense fog or water
clouds in the sky are examples of strong light
scattering.

Light Scattering by a Particle
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Light Absorption by a Particle

When particles absorb light, the light is removed
from the amosphere and turned into hedt.
Increasing the light absorption in a haze makes
the haze appear darker. The darkening of a
haze by light absorption aso tends to give it a
brown appearance. This is caused in part by
the properties of human vison described in
Section 2.10.

Only one gas, nitrogen dioxide, contributes
to brown clouds. Nitrogen dioxide is formed in
the atmosphere from the nitrogen oxides
emitted by combustion sources, such as engines
in motor vehicles. Nitrogen dioxide has a
brown appearance and contributes to the
brown color of urban hazes. All other pollutant
gases (e.g., carbon monoxide and ozone) are
invishle

The dominant cause of the brown
appearance of the haze is light absorption by
elementa carbon. Elementd carbon is the
component of the haze most responsble for
light absorption. Other chemica species do
absorb light, but their contribution is negligible
compared to that of eementd carbon.
Elementa carbon has a chemica form smilar to
that of graphite, which is the black pigment used
in pencil leads.



The main cause of the vighility impairment
in urban aress is light scattering by particles.
This vighility imparment makes it difficult or
impossible to see objects at a distance and adso
causes the sky to have a color different from
blue. The haze particlesin western urban areas
ae, in decreasng order of importance,
composed of organic compounds, ammonium
nitrate, eementd carbon, fine soil dust particles,
and ammonium sulfae  The
relative amounts of these

and the rdative proportion of the various
categories of emissons do vary from one area
to another. For example, wood smoke tends to
be more prevaent in the Pacific Northwest than
in the southwestern deserts, and the
contribution of sulfates depends on the amount
of sulfur dioxide emitted in the surrounding area.

Urban brown clouds are of less concern in
the eastern United States because the regional
haze is denser than in the west.

chemica species vary from day
to day, and may vay
subdtantidly.  For example,
ammonium sulfate may be the

dominant component of a particles.

The dominant cause of
haze in urban areas is
light scattering by fine

Regiond haze covers multigate
regons and is typicdly
trangported  long  distances.
Regiond haze makes it more
difficult to perceive urban hazes,

brown cloud downwind from

ulfur dioxide gas emissons.

Soil dust makes a larger contribution in citiesin
the desart than in forested areas. Both the mix
of emisson sources in and near an urban area
and the weather determine the rdative amounts
of these chemica speciesin urban hazes.

In summary, brown clouds are primarily
caused by light scattering by minute particles in
the atmosphere. The dark, or brown, color of
the haze is primarily caused by light absorption
by dementd cabon paticles, but light
absorption by nitrogen dioxide gas aso
contributes to the brown color. Pollutant gases
other than nitrogen dioxide do not contribute to
brown clouds.

2.3 WHERE DO BROWN CLOUDS
OCCUR?

Almogt dl urban aess in the western
United States experience brown cloud events.
There are more smilarities than differences
among these urban brown clouds. Therefore,
most results from research studies of brown
clouds in one city are gpplicable to al western
cities. However, the detalls of the meteorology

2-2

which occur above urban aress.

For example, the sum of light
scattering and absorption by regiond haze is
three to four times greeter in the nationd parksin
the Appdachian mountains than in northern
Arizona. The urban haze level above Phoenix
during the 1989-1990 Phoenix Urban Haze
Study was more than five times greater than in
the surrounding parts of Arizona. This difference
makes it much easer to observe the urban haze
over the Phoenix area By comparison, the
urban haze over a city in the mid-Atlantic Sates
typicdly may be only twice as dense as the
regiond haze over the surrounding areas. The
high levels of regiond haze in the east make it
more difficult to observe urban hazes from a
distance.

2.4 WHERE DO HAZE PARTICLES
COME FROM?

The dominant sources of haze particles in
urban areas are combustion sources and dust
from roadways, congtruction, and agricultura
activities. Combustion sources include gasoline
and diesd engines in onroad and nonroad
mobile sources, resdentid wood burning,
indudtrid boilers, incinerators, charcod broilers,



gpace and water heaters, etc. Nonroad mobile
sources include engines for lavnmowers,
condruction equipment, forklifts, and farm
equipment, etc.

Combugtion may cause paticles in the
amosphere in two ways. One way is for
paticles to be directly emitted by the
combustion source. [If the particle emissons are
great enough, they may be seen as smoke.
These particles are known as primary particles.
The other way is for gases emitted by the
combustion source to be converted in the
aimosphere to particless. The gases from
combustion sources that contribute most to
paticle formation are nitrogen oxides, sulfur
dioxide, and volatile organic compounds.
Information on paticde formaion in the
atmosphereis presented in Section 2.12.

2.5 EFFECT OF METEOROLOGY

The emissons in most urban areas tend to
be much the same every
weekday, and the days on

mog efficient on dear, dry nights, which often
occur in the desert.  When the surface of the
Earth is cooled, the air next to it is aso cooled.
The cool ar does not mix upward because it is
more dense than the warmer air doft. The only
mixing in this cool ar layer is caused by ar
flowing around trees, buildings, and rough
terrain. At night, the airflows at the surface are
decoupled from the arflows doft; each airflow
is unaffected by the other.

During the daytime, the sun hesats the
surface of the Earth and thereby warms the air
next to the surface. This warm air rises and is
replaced by cooler ar from doft. This vertical
mixing disperses pollutants. It dso couples the
arflows near the surface with the airflows aoft,
causing the surface flows to be influenced by
the regiond arflows doft. During the daytime,
brown clouds are disspated and transported
away from the urban area both by the vertical
mixing caused by the solar heating and by the
winds that result from coupling the surface

arflows with the arflows
aoft.

which brown clouds occur
ae determined by the
weather. Brown clouds are
worst when the atmosphere is

The days on which brown
clouds occur are determined
by the weather.

Air gagnations tend to
be more saevere in the winter
than in the summer. The

stagnant and emissonsremain

close to their sources. On

these occasons, alow-level haze will form over
the parts of the urban area with the greatest
combustion sources (e.g., onroad and nonroad
gaoline and diesd engines). It is not
uncommon for a haze layer to be thin enough
that downtown buildings rise above the worst of
the haze.

Stagnant  conditions  with  limited
amospheric mixing occur on cam, clear nights.
Hest from the surface of the Earth is radiated
into space. Thisradiative cooling isretarded by
clouds or water vapor in the atimosphere, and is
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nights are longer and hesting

by the sun is wesker in the
morning. Also, more of the morning commute
and the dart of business activity take place
before the solar hesting has an opportunity to
generate amospheric mixing.  Therefore, the
most dense and long-lasting brown clouds
occur in the winter.

Cold air near the surface of the Earth tends
to flow downhill. Therefore, nighttime airflows
tend to be down-vdley flows, and these flows
tend to trangport brown clouds down valey
during the night and early morning. In the early
morning, urban hazes tend to be worst in low
aress and downstream from the urban aress.



As the day progresses and the mixing deepens,
the haze tends to be transported in a direction
determined by the regiond air flows doft. It is
possible for these flows to bring the haze back
over the urban area, with the result that the haze
persgsinto the day longer than normal.

It is dso possible for meteorology to affect
chemicd reactions in the atmosphere. High
temperatures and strong sunlight accelerate the
reactions that form photochemical smog. As a
result, the formation of ozone and smog is most
severe in the summer. The photochemica smog
reactions tend to produce haze during summer
afternoons.

The amospheric chemica

gpecies were st to protect the public hedth
with an adequate margin of safety. Three of
these sx polutants ae invishle gases
Therefore, the gppearance of the atmosphere
does not provide a direct indication of the
concentrations of these pollutants.

Three of the trace condituentsin Table 2-1
could cause vishle effects. Lead is the least
important of the three because the use of
unleaded gasoline has made the typicd lead
concentrations in the air too low to cause vishle
effects. Nitrogen dioxide is a brown gas and
may affect the gppearance of the amosphere,

as described  above. Findly,
because the brown cloud is

reactions that form sulfates and
nitrates may be acceerated by

Most air pollutants
are invisible.

primarily caused by particulate
matter (PM), there is a close
linkage between the concentration

moisure in the amosphere
because the reactions take place
most reedily insde cloud and fog drops.
Sulfae and nitrate formation may aso be
enhanced by cold, foggy conditions that
sometimes follow raingorms. This sulfate and
nitrate formation contributes to brown clouds in
the winter season.

2.6 HOW DOES THE BROWN CLOUD
RELATE TO AIR POLLUTION?

The 9x trace condituents of the
amospherelised in Table 2-1 are regulated by
the Nationd Ambient Air Qudity Standards
(NAAQS) and are known as criteria pollutants.
The dlowable concentrations of these sx

of this pollutant and the severity of
brown clouds. More information
on thistopic appears in Sections 2.8 and 2.9.

There is a tendency for the concentrations
of dl air pollutants to be corrdlated. On a clear,
breezy day, dl emissons ae raidly
transported away from an urban area and are
diluted by the winds and the turbulence. Under
these conditions, dl pollutants have low
concentrations. On stagnant days, dl pollutants
accumulae and tend to have higher
concentrations.  Therefore,  variations in
atmospheric transport and disperson tend to
make al pollutant concentrations increase or
decrease together.

Table2-1. U.S. criteria pollutants.

Pollutant Health Effect Visual Effect
Carbon monoxide Reduced blood oxygen, angina aggravation Invisible gas
Lead Neurologica impairments Negligible
Nitrogen dioxide Lungirritant, respiratory disease Brown gas
Ozone Decreased lung function, lung damage Invisible gas
Particul ate matter Premature mortality, disease aggravation Haze particulates
Sulfur dioxide Respiratory illness Invisible gas

Source: Pope, Dockery, and Schwartz (1995)
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In addition, some processes produce more
than one pollutant. The photochemica reactions
that produce ozone also produce particles,
which contribute to haze. Motor vehicles are
the mgor cause of high carbon monoxide
concentrations, but these vehicles dso emit
particlesin their exhaust and stir up road dust.

In summary, three of the dx criteria
pollutants ae invisble gases hence the
appearance of the atmosphere does not provide
a rdiable indication of the

the patides in the ar gmdler than
10 micrometers (nm) diameter.  Before the
recent revison of the PM standards, only the
PMy,  concentrations were  regulated.
Therefore, only PM 1o was routinely monitored.
It was found that when PMj, concentrations
increased by 10 pg/nt, the rate a which people
died during one day incressed by 1 percent.
Thisincrease in PM ;o adso caused the indicated
percentage increases in asthma complaints,
hospita admissions for respiratory disease, and

emergency room vigts indicated in

concentrations of these
pollutants. Haze is caused by
PM, and as a result, haziness is

Haze patrticles cause
adverse health effects.

Table 2-2. The process of revising
the PM sandards generated a
national debate on the certainty of

directly reaed to PM
concentrations. The
concentrations of al pollutants tend to vary
together; therefore, high concentrations of any
of the criteria pollutants is often accompanied
by haze caused by elevated concentrations of
PM. Consequently, the atmosphere is often
hazy and somewhat brown when concentrations
of any of the criteria pollutants are elevated.

2.7 PUBLIC HEALTH

There is consgderable judificaion for the
public to equate the visua gppearance of haze
to its hedth effects. Haze is caused by PM,
which aso causes adverse hedth effects. These
hedth effects have recently been reviewed by
the U.S. Environmental Protection Agency
(EPA) as part of the process of revisng the
Nationad Ambient Air Qudity Standards for
PM.

Table 2-2 shows the reaults from a
review of the hedth effects of PM;o, which are

current knowledge regarding the

hedth effects of PM and the
economic costs of additiond ar pollution
controls. It is a weekness of the current
understanding of the hedth effects of PM that
the rddive hedth effects of ether the different
paticle szes or the different chemicd
condtituents of PM are not known. This lack of
understanding is due in pat to a lack of
monitoring data for different particle szes and
chemicd condituents. The new PM regulaions
contain provisons for additiona PM monitoring
and research on the health effects of PM.

The new PM standards were published by
the EPA Adminigrator in July 1997. These
gandards place limits on the concentrations of
both PM 5 and PMy. PM, s are pa‘tldes with
a diameter smdler than 25 nmm and are often
cdled fine particles.

However, on May 14, 1999, athree-judge
panel of the U.S. Court of Appeds for the
Didrict of Columbia Circuit issued a solit

Table2-2. Hedlth effects of particles (effect per 10 ug/nT increase in PMy).

Observed Effect

Magnitude

Mortality
Morbidity
Asthma

Hospital admissions for respiratory disease

Emergency room visits
FEV-1 (lung function)

+1.0%

+3.0%
+1.2%
+1.0%

-0.3%

Source: Pope, Dockery, and Schwartz (1995).
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opinion regarding the find nationd ar qudity
sandards for ozone and particulate matter that
the  Environmentd  Protection  Agency
promulgated in July 1997. With respect to the
particulate matter standards, the Court vacated

goecid sudies of brown clouds and PMyg
control strategies.

On July 1, 1999, the EPA Administrator
published new regulaions for regiond haze

the revised coarse desgned to protect
particle (PM-10) Viw ar qudity in
standards, and the pre- Reduction in fine particles due to the nqtlond parks  and
existing PM-10  new PM 2.5 standard and regional wilderness  areas.
sandard continues to  haze regulations will also reduce the BGCGUSE regiond haze
apply. brown cloud problem. IS _transportegl over
multi-gate regions, dl

Regarding  the sates will need to

PM-25 sandard, the Court upheld EPAs
decison to rely on the regiond haze program to
mitigate some of the adverse vighility efforts
caused by PM-2.5. The Court also asked for
further briefing on severd issues. On June 18,
1999, the Court ruled that the PM-2.5 standard
should remain in place. However, the Court
will dlow partiesto gpply for the sandard to be
vacated if “the presence of this sandard
threatens a more imminent harm.”  Presumably,
the “harm” refers to the burden on sources
complying with the regulations.

On June 28, 1999, EPA and the
Depatment of Judsice filed a petition for
rehearing en banc with the D.C. Circuit. EPA
continues to support the need for the hedth
protections that these revised standards provide
as wdll as the science backing them. In generd,
EPA was encouraged that the pand of judges
did not quedtion the scientific bass of the
dandards, rather the panel questioned the
conditutiondlity of the primary
public hedth provisons of the

devdop an implementation plan describing
long-term drategies desgned to address
regiond haze. Any future reductions in fine
particle concentrations in Maricopa County asa
result of the new PM, s standard and regiona
haze regulations would directly benefit the
brown cloud problem because PM, s is the
pollutant primarily responsble for brown
clouds.

As indicated in the previous section, not all
ar pollutants with adverse hedth effects cause
haze. There is an association between hazy ar
and adverse hedth effects, but clear air does
not necessarily mean hedlthy air.

2.8 OPTICAL PROPERTIES OF
PARTICLES

The atmosphere contains a greet variety of
particle types, and each has different optical
properties. The study of the properties of haze
paticles is an active aea of research;

informetion on this topic is

Clean Air Act.

Because
concentrations were not

PM_ 5

Particles cause haze
because they scatter
and absorb light.

continudly evolving. This section
presents afew generdizations that
summarize current  knowledge.
Additiond information is induded

regulated, few  monitoring
programs measured the
concentration of this PM size fraction. Much of
the PM, 5 data that do exist for western urban
areas were obtained from sudies of a few
weeks or months duration designed to support
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in Section 2.11.

Particles cause haze because
they scatter and absorb light. As indicated
above, when particles scatter light, they change
the direction of travel of the light. A dense fog
or water clouds in the sky are examples of
grong light scattering.



The amount of light scatered by a
paticle is primarily controlled by its 9ze, and is
affected to a lessr degree by its chemicd
compostion.

When patices absorb light, the light is
removed from the atmosphere and turned into
heat. Increasing the light aosorption in a haze
makes the haze appear darker.

The amount of light absorbed by a particle
is primaily controlled by its chemicd
composition, and is affected to a lesser degree
by itssze.

Light &bsorption by paticdes is less
complicated then light scettering, and is
overwhemingly due to eementad carbon. The
fact that soil dust has a brown, reddish, or
black appearance indicates that these particles
do absorb light, but in the absence of a dust
gorm, this absorption is negligible compared to
the light absorption by eemental carbon. The
elementd carbon in the atmosphere is nearly dl
in fine patices i.e, in

(square feet per ounce). Thus, one ounce of
elemental carbon dispersed in a@mospheric
particles absorbs an amount of light equd to
that passing through an area of 2900 square
feet, which is the area of a square about 54 ft
onasde.

The effidency of light scattering by
paticles is primarily controlled by the particle
gze. As with absorption, it is measured by an
efficiency factor, except the areais equd to the
amount of light scattered by a unit mass of
partticles. When the amosphere is dry, the
light-scettering  efficency of fine particles is
approximately 3nf/g. This efficiency hes been
measured in urban and in pristine areas and, for
dry paticles, has a vaue tha is rdaivey
independent of the measurement location. The
gze didribution of coarse particles i.e,
particles with diameters between 2.5 pm and
10 to 15 um, is more variable, with the result
that the scattering efficiency is dso varigble.

Vaues near 0.4nfg

particles with adiameter less have been reported.
than 2.5 um. When an urban haze is dense These extinction
. _ enough to obscure objects efficencies for fine and
(Lignt  sbeorption by completely, the visual benefits coarse particles represent
patides is  wpicaly g0 decreasing the amount of averages over al particles

measured by  collecting

haze will be small.

in each Szerange.

ambient particles on a filter
and wusng an opticd
indrument to measure the
darkening of the filter. Monitoring data from
urban areas typicaly show a good correlation
between light absorption by particles and the
amount of elemental carbon as determined by
chemicd andyds The drength of the light
absorption by eementa carbon may be
quantified by an efficiency factor tha has
dimensons of area per mass. This factor
gpecifies the area that would intercept the same
amount of light as absorbed by unit mass of
paticles The light-absorption efficiency of
elementd carbon in ambient partidesis typicaly
9 or 10 nf/g (square meters per gram). In
English units, this effidency is 2900 ft%/oz
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The light-scattering

efficendes of dnge

paticdes vary dramaticdly with dze. The
gndlest paticles emitted by combustion
sources are too smdl compared to the
wavdength of light to scater much light.
Particles with a diameter pproximately equd to
the wavdength of light, or goproximately 0.5
pm, are the most efficient light scatterers. As
particles become larger than about 0.5 pum,
thar light-scattering efficiency decreases, and
becomes quite smdl for the largest dust
paticles. The greatest mass concentration of
fine particles is typicdly in the range of 0.2 to
0.3 um; mog fine particles are dightly smdler
than the optimum for light scattering. Processes



that increese the dze of fine particles will
increase their light-scattering efficiency.

One process that increases the size of fine
particles is the absorption of water a high
humidities. As described in more detal in
Section 2.11, some condtituents of ambient
particles absorb water a high humidities, and
these condtituents may dissolve completdy to
form liquid paticles & very high humidities
The absorption of water by ambient particles is
typicaly smdl a rdaive humidities beow
50 percent, is quite measurdble a rddive
humidities near 60 percent, becomes important
a reative humidities near

ganed or log from the particles during
collection.

In summary, dementa carbon is very
efficient a absorbing light, and has an efficiency
of 9 or 10 nf/g. Dry fine particles scaiter light
with an efficiency of about 3nf/g and coarse
particles have an efficiency of roughly 0.4 nf/g.
At high humidities, fine particles absorb water
and ther light-scatering efficiency incresses.
This increase may become very large a rdative
humidities above 90 percent. Light-scattering
and light-absorption  efficiencies measure the
relative effectiveness of various types of

particlesin causing haze.

70 percent, and is a

domlngnf[ . factor The appearance of haze depends 2.9 OPTICAL
determining particle size at on the anale of view PROPERTIES OF
relaive humidities above g ' HAZES

90 percent. High

humidities increese  light

scattering by particles, and therefore increase
haze.

Coarse particles are typicaly composed of
soil dust and other species that do not absorb
water effectivdy. Therefore, the effect of
humidity on light scattering by coarse particlesis
much smdler then for fine particles.

Sulfates and nitrates are amospheric
gpecies that absorb water. If the light-scattering
efficiency is gated in terms of the light scattering
by the wet particle per mass of dry sulfate or
nitrate, the light-scattering efficiencies of these
species may exceed 10 or 15 nf/g a humidities
above 90 percent. Part of the reason light-
scattering efficiencies are sometimes dated this
way is that the amount of sulfate or nitrate in the
atmosphere is measured by collecting particles
on a filter, drying them to a sandard reldive
humidity near 50 percent, and determining the
meass of sulfate or nitrate present. There are no
good methods for determining the amount of
water in ambient particles because water is
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The previous section
presented information on the optica properties
of individud paticles or classes of particles,
and this section addresses the combined optica
properties of particlesin acloud of haze. When
sunlight enters a hazy region of the atmosphere,
a portion of it is scatered. This light is
deflected from the direct solar ray and travelsin
adifferent direction. Some of the scattered light
is scattered again, and in dense hazes, may be
scettered many times.  This multiple scattering
of light creates the diffuse illumination observed
in avery dense haze or fog.

Light absorption occurs throughout this
process. Multiple scattering increases the path
length of light through haze, and thus increases
the amount of light absorbed.

To see an object through haze, it is
necessary for some light reflected or emitted
from the object to pass through the haze to the
eye of the observer. The appearance of such
an object is determined by the competition
between the light that comes directly from the
object without being scattered or absorbed and
the diffused light from the haze that has been



scattered.  If most of the light entering the eye
of an observer from aregion of a scene comes
from the object being viewed, this object may
be seen clearly. If most of the light has been
diffused by the haze, the object is indistinctly
seen. When the fraction of light coming from
the object becomes small enough, the object
may not be seen a dl.

Urban hazes sometimes obscure distant
objects, especidly when the view is nearly
horizontd through a long distance. Hills on the
other Sde of an urban area or tdl buildings may
dissppear from view. It is very difficult to
improve the vishility in these cases It is
posshble that implementing control measures
that decrease the amount of haze by 30
percent, for example, would

appear to be the same, or match. When two
colors do not match, these mathematica
procedures predict whether one color will
appear more blue or more green or more red
than the other. Thus, it is possble to describe
colors by mathematica formulas.

Humean color vison is three dimensond.
This may be demondrated by examining a
computer monitor or televison screen with a
magnifier. All images on these disolay devices
are composed of red, green, and blue dots. It
is possble to specify any displayed color by
numbers that indicate the intengty of the red,
green, and blue light from the phosphors
Colors tha match have the same three
numbers.

dill leave enough haze to . The eye tends to
obscure  digant  objects Decreasing the brown percdve the lightes and
completdy.  During these appearance of the haze may brightest element of a scene as

wors haze events, citizens

be visually rewarding.

being white. For example, a

would see little benefit from
their efforts to reduce haze.

The appearance of hazes depends on the
angle of view compared to the angle of the
aun'srays. All particles tend to scatter light in
the forward direction, and this is especidly true
of large particles. Therefore, a haze will appear
brighter when viewed looking toward the sun
than when looking away from it. Both large
particles and light-absorbing particles will cause
the haze to have a dark appearance when the
sun is behind the observer.

2.10 HUMAN PERCEPTION OF HAZE

Human perception is a large and complex
field of sudy. The complexity of this topic is
illusrated by the many opticd illusons with
which we entertain oursalves. In this document,
there is space to describe only a few attributes
of human vison rdated to the perception of
hazes.

There are wdl developed mathematical
procedures for predicting which colors will
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white picket fence appears to

be white when viewed during
a colorful sunsat even though it will appear
yellow or orange in a photograph. Because of
this property of vision, water clouds in the sky
gopear to be white even though insrumenta
measurements show that they reflect much more
blue light than red light. By comparison, a
darker coud with a more nealy neutrd
gpectrum will be perceived as ydlowish or
brownish, depending on its darkness. (Brown
is dark yellow.) Because of this property of
human vison, the rdaively neutra absorption of
light by dementd carbon may cause an urban
haze to appear asa*“brown cloud.” Of course,
absorption of light by nitrogen dioxide, which
absorbs blue light much more strongly than
green or red light, adds to the brown
appearance of urban hazes.

The brown gppearance of an urban haze is
one of its least appedling attributes. Decreasing
the amount of dementa carbon in hazes will
decrease their brown appearance. It is quite
possible that such a change in the color of the
haze would be more easly perceived, and



hence more rewarding to loca resdents, than
would a reduction in the amount of haze. For
this resson, this study emphasizes control
measures that decrease the emissons of
eementd carbon.

2.11 CHARACTERISTICS OF
ATMOSPHERIC PARTICLES

Ambient particles are classfied as being
coarse or fine according to their diameter. This
classfication is useful because particles in these
two sze ranges have different origins and
different chemica and optica properties.

Coarse particles have diameters larger than
2.5 um. For comparison,

secondary species.  Secondary species are
foomed in the amosphere from gases.
Examples are anmonium sulfate and ammonium
nitrate, which are further discussed below.
Primary species are emitted from sources and
reman in the amosphere unchanged by
subsequent  chemical  processes. Coarse
particles are mostly composed of primary
Species.

The most important secondary species in
fine particles in western cities are the ammonium
sts, ammonium sulfate and ammonium nitrate.
Chemica compounds of ammonium and sulfate
may exig in severd forms, such as ammonium
bisulfate and letovicite, which represent various

stages in the reaction between

the diameter of a human
har is approximately 80
pum. Most coarse particles
are soil dugt and are due

Mobile sources are the dominant
source of particles and nitrogen
oxides that contribute to brown

ammonia gas and sulfuric acid.
Sulfates ae not voldile
Ammonium nitrate is voldile
it may decompose into

to dust kicked up by SlQuds.
vehicles on paved ad
unpaved roads, condruction  activities

agriculturd activities, and dust picked up by the
winds from desart surfaces that have been
disturbed. Ash from combustion sources is a
amdl contributor to coarse particles in the
atmosphere.

Particles larger than 10 pm do occur in the
atmosphere, especialy near dust sources. They
receive little atention in this report because their
mass concentrations are usudly smdl, and these
particles are large enough that they do not
scetter light efficiently.  Except in dust storms,
their contribution to urban hazes is negligible.

Fine paticles are smdler than 2.5pum
diameter. Mogt fine particles are either emitted
by combustion sources or are formed in the
atmosphere from gases. Some dust particles
are smdl enough to be fine particles.

It is useful to classfy the chemicd species
in fine patices into primary species and
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ammonia gas and nitric acid
gas, which are invisble The
equilibrium in this reaction shifts toward the gas
phase as the atmosphere becomes hotter and
drier. The processes that lead to the formation
of these secondary species in the atmosphere
are discussed in Section 2.12.

Hundreds of organic compounds have
been identified in atmospheric particles. Some
of these compounds are volétile and exist partly
in the gas and partly in the particle phases.
These organic compounds ae a poorly
understood mixture of species emitted from
sources (primary species) and species formed
in the atmosphere (secondary species). Also,
there is consderable uncertainty about the
relative importance of the emissons of organic
compounds from plants and animals versus the
emissons from combustion sources, industria
processes, and paints.



As discussed in Section 2.8, some
chemica gpecies absorb water at high reative
humidities. These gpeciesinclude al ammonium
sdts and some organic compounds. Pure
ammonium sdts aosorb enough water  to
dissolve and form a liquid solution when the
relaive humidity is above about 70 percent.
Mogt particles in the atmosphere are a mixture

Emissons from gasoline engines when they are
firg garted and from the rdatively smal fraction
of gasoline vehicles that emit more particles than
most vehicles were shown to be the dominant
contributors to the particle emissons from
gasoline engines.  Studies of the Maricopa
County area have dso shown that exhaust
emissons from mobile sources are the sngle

of sluble and insoluble greatest contributor to
. d it is baieved brown clouds.
;qh)euea and IIS &V Fine particles (smaller than 2.5 nm Mobile SOUICES,
e pao?c s i a_r;: diameter) are mostly emitted by which include onroad
Colel.: X i a 'g;' g combustion sources or formed from and nonroad - motor
SOUon SUrrounding & soil gases in the atmosphere. vehicles, account for
core a high humidities. - more than 50 percent

2.12 DOMINANT
SOURCES OF PARTICLES

This sction contans  information
gpplicable to most western cities on the sources
of ambient particles and of gases that cause
paticle formation in the amosphere.  More
gpecific information on sources in Maricopa
County is presented in Chapter 4.

In most urban areas, onroad and nonroad
motor vehicles are a mgor source of fine
particles and nitrogen oxides that contribute to
brown clouds. Thus, every citizen who travels
in a vehicle contributes to this pollution.
Because of the desre of citizens to drive
automobiles, effective solutions to the brown
cloud problem are difficult to find.

The éementd carbon particles emitted
during the morning commute hours are a mgor
contributor to haze. Diesd engines emit black
particles that are obvious a the tallpipe, and are
often blamed for much of the dementa carbon
in urban areas. However, gasoline engines aso
emit dementd carbon, and this is sometimes
goparent in the black smoke from a defective
vehicle. Anar qudity study recently completed
in the Denver area showed that particles
emitted by gasoline engines are a magor
contributor to the Denver brown cloud.
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of the condituents of
the brown cloud.

Mobile sources dso emit nitrogen oxides,
which are converted in the atmosphere to the
brown gas, nitrogen dioxide. Nitrogen dioxide
is oxidized in the atmosphere to form nitrates.
Initidly, this nitrete is in the form of nitric acid,
which is an invisble gas, but nitric acid may
combine with ammonia emitted by agriculturad
operations to form paticulae ammonium
nitrate, which is a ggnificant contributor to haze
in many western urban aress.

Mobile sources dso emit particulate
organic compounds as well as organic gases
that may be oxidized in the atimaosphere to form
paticles. An example of particulate organic
compounds is the white oil smoke emitted from
a vehicle in which engine wear permits loss of
all.

Changes in engine fuds dedgned to
address high concentrations of ozone and
carbon monoxide have resulted in much lower
concentrations of sulfur in fuel. This has caused
engine exhaust emissions of sulfur dioxide to
decline. Sulfur dioxide may be oxidized in the
amosphere to form aulfate particles, which
contribute to haze.



Next to engine exhaud, the emission
sources which contribute most to haze in
western urban areas vary depending upon other
congderdions. In areas such as the Pecific
Northwest, wood smoke and industrid
emissions are more important sources. In desert
aess, 0il dugt emissons are second in
importance to engine exhaust in contributing to
brown clouds. Because soil dust is mostly
composed of particles too large to scatter light
efficiently, dust makes a much gndler
contribution to haze than engine exhaust.

Indudriadl emissons ae generdly wdl
controlled in mgor urban areas and make a
smaller contribution to haze than other sources.
The reldive emissons contribution of various
types of industries varies from one urban area
to the next.
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Emissons from plants and animds ae
poorly understood in most urban aress. These
emissions tend to contribute more to €evated
ozone concentrations than to devated haze
levels. In coadtd cities, sea At is a measurable
component of atmospheric particles.

In summary, studiesin western urban areas
have confirmed that gasoline and diesdl engine
exhaugt are a primary source of the particulate
emissions contributing to brown clouds. Other
minor sources contributing to haze in western
cities include wood smoke or soil dug,
depending on other characteristics of the area.



3. URBAN BROWN CLOUDS IN MARICOPA COUNTY

3.1 INTRODUCTION

Chapter 2 presented general information
on the urban brown clouds in the western
United States.  This chapter presents specific
information about the properties of urban
brown clouds in Maricopa County. The three
main sources of loca data are light extinction
monitoring by the Arizona Depatment of
Environmental Qudity (ADEQ) beginning mid-
December 1993; airport vishility observations,
which have continued for decades and were
replaced by an indrumentd  vighility
messurement in March 1994; and intensve
sudies of PM;o and the urban haze during the
fal and winter of 1989-1990.

Higtorica data for the clarity of the ar in
Maricopa County are presented first. The most
quantitative data are from an instrument that has
a light detector about 3 miles from a light
source. Thisinstrument measures the extinction
(weskening) of the 3-mile light beam by haze,
ran, or fog. This light extinction monitoring
began in December 1993, with the result that
only five complete years of data are available.
The results from these messurements ae
presented in Section 3.2.1 and Appendix C.

Data with the longest period of record are
human obsarvations of the vighility a Sky
Harbor Airport. Data for 1961 through 1993
are presented in Section 3.2.2 and Appendix
D. These data indicate a generd improvement
in vighility in Maricopa County. For reasons
described below, these data do not provide a
useful indication of the long-term trends in the
severity of brown cloudsin Maricopa County.

Section 3.3 summarizes the key findings of
the 1989-1990 Phoenix PMy, Study and the

1989-1990 Phoenix Urban Haze Study for the
goatid and tempord didributions of light
extinction and PM concentrations, the effects of
meteorology, and the composition of the PM in
brown cloudsin Maricopa County. Section 3.3
dso presents data for the light-extinction
efficencies of the mgor chemicd components
of fine paticles. These data ae used in
Chapter 4 in the cdculation of the reative
contribution of different sources to brown
clouds in Maricopa County. Many technicd
terms used in this chapter are defined in the

Glossary in Appendix A.

3.2 HISTORICAL VISIBILITY DATA

The data currently avalable for vighility
and brown clouds in Maricopa County are not
aufficient to establish higoricd trends for the
frequency and severity of the brown cloud
problem. The reasons for this are described
dong with the rexults of the vishility
measurementsin Sections 3.2.1 and 3.2.2.

The discusson in Sections 2.8 and 3.3.7
indicate that light extinction is mainly caused by
fine particles, i.e, ambient paticles with a
diameter less than 25um.  If long-term
measurements of fine particles had been made,
these data could be andyzed to obtan
information on trends in brown clouds. The
available fine-particle data do not cover a long
enough time period to determine long-term
trends. Mog fine-paticle measurements in
Maricopa County were made during specid
dudies conducted during four months in the
winter of 1989-1990 as described in Section
3.3 and during a study in 1985 (Solomon and
Moyers, 1986). It is not possible to determine
trends from data that have been collected only
for brief time periods.



The higtoricd record for PM in Maricopa
County contains data only for total suspended
paticles (TSP), which includes dl particles
smaler than roughly 15 or 20 nm in diameter,
as wel a PMj,, which indudes ambient
particles with a diameter less than 10 um. The
data in Sections 2.8 and 3.3.7 show that
particles larger than 2.5 pum diameter do not
scatter light efficiently, with the result that the
concentrations of particlesin these sze fractions
have only a smdl effect on light extinction.
Therefore, trends in TSP or PMj
concentrations  would not
provide religble informeation

The firg full month of transmissometer
measurements occurred in January 1994. Daa
for January 1994 through May 1999 were
obtained for andysis as part of this sudy. The
data for December 1989 through May 1999
are subject to recdibration when the annud
maintenance of the trangmissometer is
performed in December 1999.

Satigicd summaries of the data are
reported in Appendix C, and key results are
presented in Figures 3-1 and 3-2. The filled

symbalsin Figure 3-1 show
the median vdues of the

on trends in the frequency
and severity of brown cloud

The data currently available for
visibility and brown clouds in

light-extinction  coefficient
for each month of the year.

events. ' For example, the median
Marllc_opa Countygre npt _ vdue for Jenuary was

321 Light sufficient to establish historical determined by sorting 4l
Extinction trends for the frequency and Jnuary  readings  from

severity of the brown cloud

The monitoring data in ~ problem.

1994 through 1999 in
order of decreasng vaue

Maricopa County that most

directly measure the severity

of brownn cloud events ae from a
transmissometer operated for the ADEQ by Air
Resource Specididts, Inc. of Fort Callins,
Colorado. A more complete description of this
insrument and the data obtained is presented in
Appendix C. The transmissometer measures the
amount of green light transmitted through a sght
path with a length of 4.76 km (2.96 miles) in
north-centrd  Phoenix (see map In
Appendix C). The transmittance data are used
to cdculae the light-extinction coefficient,
which is a property of the atmosphere in the
gght path that provides a quantitative measure
of ar qudity rdaed to vighility. More
complete definitions of these terms appear in
the glossary in Appendix A. A discusson of
the light-extinction coefficient dso appears in
Appendix B of thisreport.
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and sdecting the reading in

the midde Hdf of the
January readings were higher than the median
and haf were lower. The median vaues shown
by the open symbols were cdculated in the
same way, except that only readings made a
800am. MST were incduded in the
cdculations for eech month. This hour was
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Figure 3-1. Seasond dependence of median monthly vaues of the hourly light-extinction
coefficient measured from January 1994 through April 1999. The filled symbols show

the medians for dl data and open symbols the mediansfor 8:00 am. MST

measurements.
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Figure 3-2. Dependence on the time of day of the median vaues of the November,
December, and January hourly light-extinction coefficients measured from January

1994 through January 1999.
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sdlected because the largest morning median
light extinction readings occur at this hour during
most of the year, and brown clouds are most
noticegble in the morning.

The line for the median of dl data shows a
seasonal dependence. The lowest median light-
extinction vaues occur in the soring and
summer and the highest occur in the late fadl and
winter. The median light extinction in October
is ggnificantly higher than in
September. This indicates a

The median vadue of dl light-extinction
coefficients having the same hour of the day,
month, and year were caculated for dl hours,
months, and years to explore the possbility of a
yea-toyear trend in light extinction.
Figure 3-3 shows the median vaues cadculated
for 800am. MST in the upper pand and
10:00 am. MST in the lower pandl. The 8:00
am. medians show a trend of increasing light
extinction during the years 1994 through 1998.

The medians a 10:00 am.
have larger vdues than a

relatively rapid trangtion
from summatime to fdl
conditions.

The highest media light
extinction values occur in
the late fall and winter.

8:00 am. for October through
January, and there is no
gpparent trend in the data for
these months. The 10:00 am.

Figure 3-2 shows the
dependence of the median
light extinction vaues on the time of day during
November, December, and January. The
lowest medians, which correspond to the best
vighility, occur in the afternoon, and the highest
medians, which correspond to the greatest
vighility imparment, a night. The morning
peek in the median occurs a 10:.00 am.
Additiond plots of the light-extinction
coefficient data appear in Appendix C. Those
plots show tha during the summer, the morning
pesk in the median light extinction occurs a
about 8:00 am.

The median vaues of the 8:00 am. daain
Figure 3-1 show less seasond variation than for
dl data This is because during the warm
Season, when the light extinction vaues are low
mogt of the day, the highet medians are
observed at 8:00 am. Also, during the cold
seasons the 8:00 am. light extinction vaues are
less than the morning pesk values, which occur
later inthe day. Additiond information on these

data appear in Appendix C.
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medians for April through
September do show an upward
trend during the years shown.

Plots of data for 9:00 am. MST and 4:00
p.m. MST showed trends smilar in gppearance
to the trend in the 8:00 am. data. These plots
are not shown.

The data in Figure 3.3 indicate an increase
in haze in the transmissometer sght path in
Phoenix during the years 1994 through 1998.
These data done do not provide enough
informeation to determine the cause of the
increase in light extinction.

The arport vighility data presented in
Section 3.2.2 and Appendix D cover a period
of 33 consecutive years. The summary of the
trends in Figure D-4 in Appendix D indicates a
vaiahility in the
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data that is large compared to the 33-year
trend. The years 1971 through 1977 (7 years),
1979 through 1983 (5 years) and 1986 through
1993 (8 years) showed strong trends of
improved vishility, which were reversed in the
intervening years. These data indicate tha the
5 years of transmissometer measurements cover
too short a time period to draw conclusions

Appendix D. Human obsarvations of vishility
at Sky Harbor Airport ended during March
1994 and were replaced by instrumentd
readings.

It has long been recognized that airport
vighility obsarvations have shortcomings.
Human observers who make arport vishility

about long-term trends in observations introduce
brown douds in Maricopa vaiability into the data due to
County. Human observers who make ~ differences in  traning  and

_ airport visibility observations ~ judgment (Middieton, 1952).

data do indicate that the
urban haze in Phoenix has
increased during the lagt 5
years. Because of the short
time period these data cover, it is not known
how much of the increase is due to changes in
emissions and how much is due to year-to-year
vaidbility in the weather. The andyses
performed during this study did not include an
examination of the meteorologica records to
see if gagnant weather conditions were more
common in recent years than in 1994.

3.2.1 Airport Vigbility
| ntroduction

Human obsarvations of vishility a Sky
Harbor Airport in Phoenix provide the longest-
duration historical record of haze in the vicinity
of Maricopa County. Vighility observations
were made every hour by determining the
greatest distance dark targets could be seen on
the horizon in haf or more of the full circle of
view. Because vighility targets were available
only a certain digances, the vishility at the time
of the observation was equa to or better than
the recorded value. The observations were
archived by the Nationd Climatic Data Center,
and data for 1961 and later years were
obtained and anadyzed as described in

data due to differences in
training and judgment.
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need to be reviewed for
aomdies and used with
caution (Trijonis, 1979, 1982).

Data analysis methods

The vighility data used in these andyses
were  screened  to remove  unwanted
meteorologicd  effects. All hours that
precipitation of any type or fog were reported
were flagged and not used in the andyses. Also,
observations made when the rdative humidity
was 95 percent or greater were not used. The
screening  criteria were used to focus the
analyses on the effects of ar qudity on vishility
and to minimize the effects of westher.

The transmissometer data in Section3.2.1
and Appendix C show that the effects of brown
clouds are greatest on fal and winter mornings.
Therefore, 8:00 am. MST observations for the
months of October through February were
sdected for analyss. This hour was sdlected
because, for some years, airport vishility data
were available only every three hours and were
not avalable for 6:00, 7:00, 9:00, and
10:00 am.



Results

The 800 am. MST October through
February arport vighility observations for 1961
through 1993 indicate a dight improvement in
vighility during thistime period. The discusson
near the end of Section 3.2.1 indicates that
there was a substantia year-to-year variability
in vighility.  These short-

increasingly observed until 1987 and 1988,
when they occurred in 7 percent of the
obsarvations. The frequency of 60 miles or
better vishility in 1992 gppears to be
anomdoudy high. The data for short visud
ranges indicate that the frequency of vighility
observations of 20 miles or better has been
increasing throughout the time period shown. In

other words, the frequency

term variaions are about
twice as large as the change
in vighility due to the long-
term trend during this time

Airport observations for 1961
through 1993 indicate a slight
improvement in visibility.

of visud ranges less than
20 miles has been
decreasng during this time
period. Additiona

period.

The longterm trend

indicates that the median visud range increased
from about 36 milesin 1961 to about 42 miles
in 1993. This 6-mile increase is agpproximatey
twice the smdlest change in visud range thet is
detectable by an experienced observer
(Pitchford et d., 1990). The median visud
range for each cdendar year during this time
period ranged from agpproximately 32 to 44
miles.

It is dso possble to summarize the arport
vighility observations by indicating the fraction
of the time a target & a given digance is
perceptible. For example, atarget a a distance
of 40 miles could be seen in 24 percent of the
readings in 1961. The frequency of a 40-mile
vighility increased to 56 percent of the readings
in 1967, 58 percent of the readings in 1968,
then decreased to 30 percent of the readings in
1972, and increased to 67 percent of the
readingsin 1983. The long-term trend indicates
that the frequency of a visud range of 40 miles
or more increased from about 33 percent of the
observationsin 1961 to 60 percent in 1993.

Visud ranges of 60 miles or better were
rarely observed in the 1960s, and were
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informetion on the andysis
of the arport vighility data is presented in
Appendix D.

Some of the variability in the arport
vighility data is due to changes in emissons.
An industrywide copper strike took place from
July 1967 to March 1968. Trijonis (1979)
showed that the decreased emissions of sulfur
dioxide in Arizona and adjacent states caused
by the drike resulted in decreased
concentrations  of sulfate paticles in the
amosphere and incressed vishility.  The
vighility obsarvations indicate that generdly
improved visihbility was observed at Sky Harbor
Airport during 1967 and 1968.

Sulfur dioxide emissons from sndters in
Arizona and surrounding states have decreased
greatly since 1961. It is likdy this decrease in
emissons contributed to the generd
improvement in vighility a Sky Harbor Airport
during this time period. This study did not
include any andyses designed to evduate the
relative importance of brown clouds, regiond
haze, or other factors in contributing to the
observed trendsin visibility.

Comment



Some Maricopa County resdents may
believe tha a generd improvement in the
wintertime 800 am. arport vidhility data is

The work reported in this section and
Appendix D did not include any andyses
designed to determine the relative contributions

contrary to the of brown clouds and
perception  that  the regiond haze to the
brown  clouds &€ any decrease in regional haze would ~ arPort visbility
becoming worse. There i crease the contrast between the observations. The

are dample reasons why
both of these gpparently

contradictory appear worse.

brown cloud and the surrounding air
and would make the brown cloud

arport vighility data
andyzed here provide no
information on whether

obsarvations may be
vdid.

The fird reason is that the visud range a
the arport is typicdly grester than the
dimengons of the brown cloud, with the result
that much, if not mogt, of the sght paths for the
visud range observations are outsde the brown
cloud. The airport observations are affected by
both the brown cloud and the regiond haze.
One possible explandtion of the trends in the
arport vighility data is that the amount of
regiond haze has decreased, and that this
decrease had a greater effect on the airport
vighility observations than any changes that may
have occurred in the frequency and severity of
brown clouds.

The second reason is that a decrease in the
regiond haze would make the urban brown
cloud more gpparent. Observers outsde the
brown cloud would have a clearer view of the
urban haze and could more easly compare the
haze over the populated areas with the clear air
nearby. Observers near the edges of the brown
cloud would see more vighility degradation in
some directions than in others. Any decreasein
regiond haze would increase the contrast
between the brown cloud and the surrounding
ar and would make the brown cloud appear
worse.
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or not brown clouds
have become worse in
recent decades. These data do indicate that
vighility a the Sky Habor Airport has
improved during this time period.

3.3 1989-1990 PHOENIX URBAN
HAZE AND PM;, STUDIES

3.3.1 Introduction

A par of mgor ar qudity dudies were
conducted in the fall and winter of 1989-1990
in Maricopa County to characterize brown
clouds and particulate matter in the amosphere
and to determine the reative contribution of
emisson sources to PM concentrations and
light extinction. These dudies were the
1989-1990 Phoenix PMyp Study (Watson et
al., 1990a; Chow et al., 19914, 1991b) and the
1989-1990 Phoenix Urban Haze Study
(Watson et al., 1990b, 19914, 1991b). Both
of these studies were receptor oriented, i.e., ar
quaity measurements were made a a number
of monitoring Stes (receptor Stes) and the
contribution of emisson sources was inferred
from the measured compostion of the
atmosphere. Field measurements were
conducted from September 25, 1989 to
January 22, 1990.

This section contains a summary of the
information on brown clouds in Maricopa
County presented in two reports from the



1989-1990 studies (Chow et a., 1991g
Watson et a., 1991a) and appendices (Chow
et a., 1991b; Watson et .,

Federd regulations. For the Urban Haze
Study, filter samples were collected in the
morning (6:00 am. to

1991b). Information from noon MST) and
these reports on the  This section contains a summary of afternoon  (1:00 to
emisson sources that  information in two reports from the 700 pm. MST)

contribute to brown clouds

1989-1990 air quality studies.

because it was known

is presented in Chapter 4.

Since dl of this information

has been publicly available for eight years, the
objective of this section is to provide a brief
overview of the results from these studies.

3.3.2 Monitoring Sites and M easur ement
Methods

Fifteen monitoring dtes were used in the
1989-1990 Phoenix Urban Haze and PMy
sudies. The greatest concentration of Steswas
in the central portion of the urban area. The
ead-west gradients in haze and PM were
monitored by dtes in South Scottsdde and
Wes Phoenix. The vertica gradients were
monitored by the ste on the roof of the Vdley
Nationa Bank 175 m (meters) above ground
levd (agl) (575ftagl) in downtown Phoenix
and a nonurban elevated Stes a South
Mountain and Pinnacle Peak. The background
dte a the Genera Motors (GM) Proving
Ground monitored ar entering Maricopa
County from the southeest.

Mogt of the study results summarized
below were obtained from two types of
measurements.  the collection of filter samples
of ambient paticulate matter for subsequent
|aboratory andyss and continuous
measurement of the opticd properties of the
amosphere by monitoring insruments.  Two
drategies were used for the collection of filter
samples. For the PMy, Study, 24-hr filter
samples were collected beginning a midnight,
because this sampling period is specified by
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tha morning PM

concentrations  were
ggnificantly higher than afternoon  PM
concentrations.

Both studies used filter samplers with 2.5
pm (micrometer) and 10 um cutpoints on the
ar sampleinlets. The sampler with the 2.5 um
cutpoint collected only fine paticdes and
measured PM s (the concentration of ambient
particles with a diameter less than 25 pm).
The sampler with a 10 um cutpoint measured
PMo (the concentration of ambient particles
with a diameter less than 10 um). Filters from
each of these samplers were subjected to a
number of analyses to determine the chemica
and physcd propeties of the collected
particles (Chow et a., 1991a; Watson et d.,
1990a, 1990b, 1991a). The difference
between the data from collocated (i.e., Sde-by-
sde) PM;o and PM, s samplers gave a measure
of the coarse particle concentration and
chemica compodgtion. Coarse paticles have
diameters between 2.5 and 10 pum.

Most data discussed below for the optical
properties of the atmosphere were measured by
three types of insruments (Watson et d.,
1990b, 1991a). The tranamissometer, which is
described in Section 3.2.1 and Appendix C,
measured the light transmittance of a sght path
between the roof of the Industrial Commisson
of Arizona (ICA) building on Washington Street
near Eighth Avenue and a Holiday Inn 4.4 km
(2.6 miles) north of the ICA dte. Integrating
nephedometers drew ambient ar through a



scetering  chamber  and  measured  light
scattering by paticles a four dtes. the ICA
building, West Phoenix, South Scottsdde, and
the roof of the Vdley Nationd Bank 175 m agl
(575 ft agl) in downtown Phoenix. Mogt
nephelometers had no particle-size fractionating
device on the inlet and sampled particles smdler
than roughly 15 um diameter. Light absorption
by particles was measured by drawing ambient
ar through a filter and measuring the darkening
of the filter caused by the absorption of light by
the collected particles. Ingtruments in the fied
recorded

hourly light absorption measurements a the
ICA and Monterey Park Stes. In addition, light
absorption was measured on dl PM,s and
PMy, filter samples that were returned to the
[aboratory.

PM samplers were operated a al stes
where optical instruments were located as well
as a a number of nonurban Stes. Therefore,
the PM data cover a greater geographic area
than the optical measurements.

3.3.3 Spatial Digribution of Light
Extinction and PM

Table 3-1 shows the average 24-hr PMy
concentrations measured in the PMy, study
(Chow et d., 19918). The standard deviations

indicate

the

Table3-1. Means and standard deviations of the 24-hr PM

concentrations (Chow et d., 19914).

Monitoring Site Mean and Standard Number of
Deviation of the PM 44 Valid Samples
Concentration (ug/nt)®
West Phoenix 46+21 59
Central Phoenix 50+21 40
South Scottsdale 3715 58
Estrella Park 3721 53
Gunnery Range 23+10 50
Pinnacle Peak 15+6 37
Valley National Bank 28+13 54
South Mountain 13+6 40

2 ug/m® is micrograms per cubic meter.
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vaiabdility. The average PM,, concentrations
were highest at the Central Phoenix and West
Phoenix dtes  The next highet average
concentration was observed a  South
Scottsddle.  The average concentration on the
roof of the Valey Nationd
Bank, 175 m agl (5751t agl)

the Vdley Nationad Bank, 175 magl in centrd
Phoenix, were comparable to those measured
at the surface in South Scottsdale. The lowest
morning fine-particle concentrations were
measured at the GM Proving Ground southeast
of centra Phoenix. The
aternoon  fine patice

in centrd Phoenix, was
smndler than a the surface in
South Scottsdde. The lowest
average concentrations were
measured a Pinnacle Peak

24-hr average PMyq

concentrations were highest at
the Central Phoenix and West
Phoenix sites and lower at to the
nonurban sites.

concentrations were nearly
the same a dl stes, and
were approximately equa
morning
concentrations in South

and South Mountain, which
are devated nonurban Stes.

Table 3-2 shows the spatid ditribution of
the average PM,s concentrations measured
during the morning and afternoon sampling
periods of the Urban Haze Study (Watson et
a., 1991a). As with the 24-hr PMy
concentrations, the highest morning fine-particle
concentrations were measured at the surface
gtes in centrd and western Phoenix (ICA and
West Phoenix). Lower morning fine-particle
concentrations were measured a the surface
dte in South Scottsdde. The morning fine-
particle concentrations measured on the roof of

Scottsdale and on the roof
of the Vadley Nationd
Bank.

The opticd and PM measurements
indicated that the ICA and West Phoenix Stes
experienced very poor vishility (light-extinction
coefficient grester than 200 Mm*) for more
than 50 percent of the morning samples. (See
Appendix B for adefinition of Mm®). With this
amount of light extinction, an observer would
not be able to see mogt hills or buildingsthat are
more than 10 miles away. South Scottsdde
experienced light extinctions greater than 200
Mmi* during less than 10 percent of the morning
samples. Valey Nationd Bank experienced

Table 3-2. Means and standard deviations of morning (6:00 am. to noon MST) and afternoon
(1:00 to 7:00 p.m. MST) fine-particle concentrations (Watson et al., 19914).

Mean and Standard Deviation of the PM ,s Concentration
Monitoring Site (ug/n)

Morning Afternoon

ICA 27.9£115 154489

West Phoenix 30.0+13.1 14.7+74
Valley National Bank 151459 16.5+11.1

South Scottsdale 16.3t9.3 154+8.8

GM Proving Ground 10.2+4.7 Not Reported
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morning extinctions exceeding this value for less
than 2 percent of the samples. During the
afternoon sampling period, less than 10 percent
of the light extinctions exceeded 200 Mm* at
any of the gtes.

In summary, the light-extinction vaues and
PM concentrations were highest in the morning
near ground leve in centrd Phoenix and in the
resdential aress to the west.

(NO,) concentrations. NO, is a brown gas
which contributes to the color of urban brown
clouds. Both of these figures report the hourly
variations for weekdays and weekends

separately.

Figure 3-4 shows a strong weekday
morning pesk in both light scattering and light
absorption by particles at
the ICA ste. The morning

PM concentrations and light
extinction were roughly hdf as
high in the morning in South
Scottsdale, a resdential area
to the east of central Phoenix,
and a the top of atal building
in centrd  Phoenix. PM
concentrations were lower at
nonurban dtes in Maricopa County than at
urban sites.

3.3.4 Hourly Variation of Light Extinction
and PM

The 1989-1990 sudy participants
observed an hourly varidion in light extinction
and PM concentrations a ground levd amilar
to the wintatime vaidions in recent
transmissometer data, shown in Figure 3-2 and
in  Appendix C. As in the recent
transmissometer data, the day-to-day variations
in PM and light extinction observed in the
1989-1990 sudies were large and did not
follow a regular pattern. However, the means
and median vaues of the 1989-1990 data show
vaiations that are explained by hourly variaions
in emissions and meteorology.

Figures 3-4 and 3-5 show the variation of
the hourly median light scattering coefficient
measured on the roof of the ICA building, and
South Scottsdale, respectively. Figure 3-4 dso
shows the hourly variaion of median light
absorption by particles, and both plots show
the hourly variation of median nitrogen dioxide

Light-extinction values and
PM concentrations are
greatest in the morning near
ground level in central
Phoenix and residential
areas to the west.
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pesk is less pronounced on
weekends. The weekday
morning pesk is due to a
combingtion of morning
emissons and the limited
amospheric mixing in the
morning. A dmilar pek is
not observed during the
evening rush hour, when the onroad vehicle
emissons ae  compaable, because
amogpheric mixing is better in the evening than
in the morning. Both light scatering and light
absorption by particles increased between late
afternoon and midnight. In this time period,
atmospheric mixing decreases and pollutants
are increasingly trapped near the surface. The
decreasesin light scattering and absorption after
midnight are attributed to decreased emissons
during those hours. The hourly patterns for
West Phoenix are smilar to those for the ICA
Ste and these plots are not shown.
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Figure 3-5 shows that the hourly pattern in
South Scottsddle differs from that a the ICA
building and West Phoenix. The morning peaks
in light scattering by particles a the South
Scottsdde dte are amilar on weekdays and
weekends, and are much smdler than the
weekday morning pesks a ICA and West
Phoenix. However, the increase in light
scettering by particles during the early part of
the night issmilar & al three Stes.

The data in Table 3-2 show the patterns
obsarved in the fine
particle mass

3.3.5 Effects Of Meteorology

Seasond wegther conditions and day-to-
day wegther changes largdly determine the day-
to-day vaiaions of the brown cloud. An
overview of the effects of meteorology appears
in  Chepter 2. This section presents
meteorologica information specific to Maricopa
County.

Wind frequency didributions for the
morning (6:00 am. MST) and afternoon (3:00
p.m. MST) observed a the Sky Harbor

Airport in Phoenix for

concentrations during the
morning and afternoon
sampling periods a five
gtes. These data show
trends amilar to those in

the opticd daa in  central Phoenix.

Afternoon average light extinction
values and PM concentrations were
approximately the same at all urban
sites, and were about half the
morning values at the surface in

September 1989 through

January 1990 are
reported by Watson et d.
(19918). The data for

6:00 am. indicate that by
faa the most common

Figures3-4 and 3-5.
The PM,, 5 concentrations
were highest in the morning at the Stesin centra
and western Phoenix (ICA and West Phoenix).
The morning concentrations in South Scottsdae
and on the roof of the Vdley Nationa Bank
(175 m agl) were lower, were dl about the
same, and were dl about the same as the
afternoon concentretions. These data and
photographs indicate theat the brown clouds
formed thin layers near the ground in the early
mornings, then mixed upward each day as the
solar heating increased the amospheric mixing.
The  afternoon concentrations ~ were
agoproximately the same a dl urban dtes.
PM,s was measured a the General Motors
Proving Ground only in the morning, and
morning concentrations there were lower than
either morning or afternoon concentrations a

any dte.

3-16

obsarvation was light
winds from the eed.
These winds were produced by cold air
draning down the Sdt River Vdley. At night,
the ground radiates heet into space, resulting in
alayer of ar a ground leve that is colder than
the air aboveit. Cool ar is more dense than the
warmer air aoft, and tends to flow downhill.

The afternoon winds were more varidble in
direction and sometimes dronger than in the
morning. Winds from the west occurred more
frequently than from other directions. Winds
from the west return the ar tha was
transported down the Sdt River Vdley in the
morning back to the urban area. When this
happens, the air over the urban area contains
both morning and afternoon emissons, and the
brown cloud tends to be more persstent than
on days when this recirculation does not occur.



The most severe brown clouds occur on
mornings when the ar near the ground is cold
and forms a reatively thin layer that does not
mix with the ar doft. This layer often has a
depth less than 100 m (330 ft) at the beginning
of the day. During December, when daylight is
of minimum duration, the surface layer that
contains the fresh emissons does not atan a
depth of 150 m (500 ft) wuntil about
11:.00am. MST, ad
does not atan depths

extinction during these events. Because the
ground is damp during wet brown cloud events,
s0il dust sources are less important than during
dry events.

3.3.6 Compostion of PM

Table 3-3 shows the mass concentration

and average compostion of the 24-hr PM, s
and PMyo samples collected a West Phoenix,
Centrd Phoenix, and

grester than 500 m
(1650 ft) until
1:00 pm. MST. Asa

Coarse and fine particles contributed
about equally to the PMyq
concentration in the central part of the

South Scottsdale during
the 1989-1990 PMj
Study (Chow et 4.,

result, sampling Stesa~ urban area. Carbon species made up 1991a).'t' ; Ttﬂe
the suface show a  more than 70 percent of the fine compos IO;f IO e
srong hourly variation  particle mass and soil dust made up coase  paticles  was
[ ' determined by the
In patide  more than 70 percent of the coarse Giff betwy the
concentrations and light  particle mass. PlMerencZ oy eenCl

extincion, with the 10 an 25 Oata

highes vaues in the

morning. Elevated monitoring Sites, such as on
the roof of the Vdley Nationd Bank, are
typicadly above the brown cloud in the morning,
and show less difference between the morning
and afternoon particle concentrations and light
extinction values.

Brown clouds occur both under dry
conditions and the wet conditions that follow
rangorms.  The high humidity conditions
following rangorms result in two effects. As
indicated in the following section, the high
humidity changes the ar chemigry and favors
the formation of particulate ammonium nitrate.
In addition, ambient particles absorb water at
high humidities. This absorption increases both
the patice mass concentration and, as
described in Section 3.8, the light scattering
efficency of the patices. Some of the most
severe brown clouds occur after rains, and
ammonium nitrate is sometimes observed to
account for 25 to 50 percent of the light
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The concentration of
s0il dust was caculated as twice the sum of the
messured concentrations of aluminum, sSlicon,
cacium, titanium, manganese, and iron. The
factor of two accounts for other eementsin the
s0il particdes induding oxygen, that were not
measured.  The concentration of organic
compounds was assumed to be 1.2 times the
concentration of organic carbon, to account for
hydrogen and other elements present in organic
compounds. The sums of the percentages
indicate how wdl the cdculated sums of the
gpecies concentrations agree with the measured
mass concentrations.  One-hundred percent
indicates perfect agreement.  Figure 3-6
presents data from Table3-3 for the
compodtion of the fine particles a the West
Phoenix ste. Data from the other Stesin Table
3-3 ae dmilar enough that separate figures
showing them were not prepared.



Table3-3. Average mass and chemical composition of PM s, coarse particles, and PM o from

24-hour samples.
Central Phoenix West Phoenix South Scottsdale
PM,s Coarse PM 1 PM 5 Coarse PM 1o PM, 5 Coarse PM 1
Mass (mg/nT) 30.8 333 64.0 322 36.6 68.7 252 294 54.6
Percent Composition
Nitrate 104 26 6.4 12.3 2.8 73 144 23 79
Sulfate 36 1.0 23 49 12 30 51 11 30
Ammonium 48 04 2.6 5.6 05 29 6.0 0.3 29
Organic Species 28.7 14.3 21.2 475 182 31.9 484 158 30.9
Elemental Carbon 19.2 22 104 29.0 24 14.8 28.8 31 14.9
Soil Dust 75 85.1 478 59 729 415 6.7 76.1 4.1
Sum 74.2 105.7 90.6 105.2 97.9 101.3 109.5 98.7 103.7
Elemental
Carbon
28% Soil Dust

Organic
Species
44%

Figure 3-6. Average species composition of the 24-hr fine particles collected at the West
Phoenix site during the 1989-90 Phoenix PM 1o Study (Chow et ., 19918). The

6%

Nitrate
12%

Sulfate
5%

Ammonium
5%

percentages have been adjusted to add to 100.
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These data show that in the central part of
the urban area, coarse and fine particles
contributed &bout equaly to the PMyg
concentration.  Carbon species (elementa
carbon plus organic compounds) made up more
than 70 percent of the fine particle mass and
nitrate accounted for 10 to 15 percent. Sulfate
and ammonium accounted for about 5 percent
each. Soil dust made up more than 70 percent
of the coarse paticle mass and organic
compounds accounted for 15 to 20 percent.
Sulfate, nitrate, and eementa  carbon
contributed less than 3 percent each to the
coarse particle mass.

The data reported by Chow et d. (1991a)
indicate that at the non-urban dites, fine particles
contributed about half as much to PM ;o mass as
the coarse particles. Much of the decrease in
fine particle concentrations a the non-urban
dtes was due to smdler concentrations of
organic compounds and eemental carbon.

Table 34 donsthe avaage mess ad dhamicd
compastion of maming (6:00 am. to noon MST) and
atemoon (1:00 to 7:.00pm. MST) fine paide samples
(Watson et d., 19919). The messddaaethe same as
down in Tdde 32 Differences in the mess add
chamicd compostion deta are to be expected because
these data were meeaLred on differant days from those
reported in Tabe3-3. As in the data shown in
Figure 3-6, carbon compounds (organic
compounds and eementd carbon) are the
dominant component of fine particles. The
nitrate concentrations are higher in Table 3-4
than in Table 3-3. Part of the reason for the
difference in nitrate concentrations is that the
sampler used to collect the Urban Haze Study
data in Table 3-4 hed a backup filter to collect
and measure nitrate volailized during sample
callection, while the samplers used in the PM g
study did not. The Urban Haze Study made use
of a sampling method tha measured the
paticulate nitrate lost from the collection filter
during sample collection. The Urban Haze
Study data provide a better measure of the
concentrations of nitrate particles that contribute

Table 3-4. Average mass and chemica composition of morning and afternoon PM, s samples.

ICA Valley Bank | West Phoenix | South Scottsdale| GM Pr. Gnd.
AM PM AM PM AM PM AM PM AM PM
Mass (ng/ n13) 279 154 151 147| 300 16.5 16.3 154 10.2
Percent Composition
Nitrate 143 289 197 288| 143 217 131 24.0 20
Sulfate 59 78 75 74| 50 6.8 6.2 111 12.8
Ammonium 4.3 6.2 58 64| 38 52 42 57 51
Organic 372 481 44 408( 396 45 410 430 9.9
Compounds
Elemental 200 199 244  156| 294 16.7 26.6 194 212
Carbon
Soil Dust 118 155 131 150| 96 14.8 139 154 280
Sum 1025 1265 | 1149 1140(101.7 1157 | 1050 1186 789
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to brown clouds. The nitrate concentrations
were variable, and accounted for a larger
fraction of the PM on days with high PM
concentrations. Nitrate concentrations were
highest during the wet haze episodes described
in Section 3.5. Paticulate nitrate is mogtly in
the form of ammonium
nitrate, which isvolatile.

The light-scattering  and  absorption
efficiencies used for these cdculaions ae
summarized in Table 3-5. Equetions for the
humidity-dependent light scattering efficiencies
of anmmonium sulfate, anmonium nitrate, and
organic compounds were derived from
messurements  of the
particle-size digtribution

When the weather is
dry and hot, anmonium
nitrate tends to
dissociae into ammonia

and nitric acid, which extinction.

The light scattering efficiency of coarse
particles is approximately one-tenth
the efficiency of fine particles. Soil
dust is not a major contributor to light

of these species as a
funcion of rddive
humidity as described
by Wason & 4.
(19918). The vauesin

ae invishle gasss
Cool temperatures and
high humidities shift the equilibrium toward
ammonium nitrate particles, which contribute to
light scattering in brown clouds.

3.3.7 Light Extinction Efficiencies

Data for the light-scattering and light-
absorption  efficiencies of haze patices is
presented here because it is an important
property of haze particles in Maricopa County.
These data are used in Section 4.3.3, where the
contributions of sources to brown clouds are
esimated. A generd discusson of the light-
extinction efficiencies of particles in western
urban aressis presented in Section 2.8.

The cdculation of the contributions of
sources to brown clouds is performed in two
steps (Watson et a., 19918). The first step is
to calculate the source contributions to PM, and
these andlyses are presented in Section 4.2.
The second step is to multiply these source
contributions by the light-extinction efficiencies
of the chemica gpecies presented in this
section. These cdculations were performed for
each filter sample collected in the 1989-1990
Phoenix Urban Haze Study, and the results are
summarized in Section 4.2.3.
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Table 35  were
cdculated from those
equations. The scattering efficiencies of these
gpecies depend on relaive humidity because
ambient particles absorb water at high humidity.

An important festure of these data is that
the light-scattering efficiency of coarse particles,
which are primarily composed of soil dug, is
roughly one-tenth the light-scattering efficiencies
of the chemical species in fine particles The
data in Table 3-3 indicate that the PM is about
one-half coarse paticdes and one-hdf fine
paticles. These data indicate that coarse
particles contribute roughly 10 percent of the
light scattering by PM in brown clouds.

As described in Chepter 2 and
Appendix B, light extinction is the sum of light
scettering and light absorption.  The light
absorption efficiencies of eementa carbon and
nitrogen dioxide gas are dso listed in Table 3-5.
No other components of brown clouds make a
sgnificant contribution to light absorption.



Table 3-5. Light scattering and light absorption efficiency factors used to calculate source
contributionsto light extinction (Watson et al., 1991a).

. Light Scattering Efficiency (nf/g) at the
Light Indicated Relative Humidity (percent)
Absorption (See Appendix B for explanation.)
Efficiency
(nf/g)? 30 60 80 0
Fine Particles
Ammonium Sulfate 0 243 350 6.0 11
Ammonium Nitrate 0 3.66 5.05 8.3 15
Organic Compounds 0 4.26 490 6.4 94
Elemental Carbon 83 16 16 16 16
Remaining Mass 0 10 10 10 10
Coarse Particles 04 04 04 04
Gas
Nitrogen Dioxide 17 0 0 0 0

amé/g is square meters per gram.
3.3.8 Discussion

The fidd messramats for the 1989-1990
Phoaix PMyy Sudy and the 1989-1990 Phoanix
Urben Haze Sudy were pafomed mare then nine
yeasago. Sncethd time dangesinemissonsaelikdy
to have coourred thet could ffect thelrovn doud

These dhanges are expediad to have been causd
by factors such asincreasad populaion, inaressad mator
vehdeuss eqpandond the
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freavay sydem, wmove o the molor vehide fleg,
rfomulaion of matar fuds convason of vehides to
dtardive fuds and impamantaion of emisson conird
messres It is exqpedad thet dangess in the rdaive
contribuiion of emisson sources dunng the legt seven
yeaswaesTdl enough thet thecondusonspresanted in
this Chepter are dill vdid  This expedtation is bessd in
pat on daa for emissons ad souross presated in
Chepter 4.



4. EMISSION SOURCES THAT CONTRIBUTE TO BROWN CLOUDS

4.1 INTRODUCTION

This chapter presents information on the
emisson sources in Maricopa County that
make the largest contributions to brown clouds.
Section 4.2 presents information on sources of
emissons derived from chemica mass baance
(CMB) cdculations performed during this study
and as part of the 1989-1990 Phoenix PMg
Study and the 1989-1990 Phoenix Urban Haze
Study. Section 4.2 begins with an introduction
to the methods used in CMB cdculations.
Briefly, CMB is a mathemdica method that
finds the combination of emisson sources that
best accounts for the pollutant concentrations
measured in the amosphere a the location
where a pollution sample was collected during
the time period the sample was collected. The
information in Section 4.3 was obtained from
emisson inventories contaned in the MAG
1999 Serious Area Particulate Plan for PM-10
for the Maricopa County Nonattainment Area.
These two types of informatiion on emission
sources are combined in Section 4.4 to prepare
a lisg of sources that make the largest
contribution to brown clouds.

4.2 CHEMICAL MASS BALANCE
SOURCE ATTRIBUTION OF PM_ 5

4.2.1 Introduction

CMB cdculations were performed both
during the 1989-1990 Phoenix PM o Study and
the 1989-1990 Phoenix Urban Haze Study to
edimate the rdative contribution of various
emission source categories to PM, s and PM g
in Maricopa County. At the time those
cdculations were peformed, it was not
possible to separate the contribution of gasoline

4-1

engine exhaust from the contribution of diesd
engine exhaust to PM concentrations in the
atmosphere.

Recently, the ability of CMB cdculations
to resolve the contributions of smilar sources
has been expanded by measuring the
concentrations of an aray of organic
compounds both in the source emissions and in
the ambient air. The Northern Front Range Air
Qudity Study (NFRAQS) was recently
completed in the Denver area, and this study
determined the compodtion of the emissons
from an unusudly large number of emisson
sources. Also, ADEQ conducted a hazardous
ar pollutants monitoring program in Maricopa
County in 1994 to 1996 that provided data for
the ambient concentrations of a number of
organic compounds. The data from these two
studies provided an opportunity to perform new
CMB cdculaions that estimated the separate
contributions of exhaust from gasoline and
diesd engines to PM  concentrations.
Therefore, these CMB calculations were
performed as part of this sudy. The results
from the current study are presented firg,
followed by the results from the 1989-1990
Sudies.

4.2.2 CMB Calculations Performed
During This Study

This section summarizes the results of the
PM,s source apportionments performed at
Desert Research Indtitute (DRI) as part of this
sudy. A CMB receptor mode was applied to
ambient PM, s samples that were collected in
the Maricopa County area by ADEQ from
November 1994 to September 1995. An
important new festure of these CMB
caculations is that 12 organic compounds were
included in the chemicd species usad in the



cdculations. This improved the abdility to
gpportion ambient PM to different categories of
mobile source emissons. A more complete
account of these CMB
cdculations and tabulations

ambient concentrations, the CMB modd will
return the result that the contribution from this
source caegory is not important.  If an
important source
category is omitted from

of the source profiles and
detalled results may be
found in Appendix E.

CMB calculates the combination
of emissions that accounts for the
composition of the air pollution.

the CMB cdculaion, it
IS likdy that the modd
will not be able to find a
source atribution  that

M ethods and Approach

CMB cdculations are

based on the fact that many chemicd species
do not participate in rapid chemica reactions in
the atmosphere.  Therefore, when collected,
they have the same chemica form as when they
were emitted. These chemica species may be
used in a three-step procedure to perform a
source gpportionment, i.e, to gpportion the
ambient pollutants to the sources from which
they were emitted. The first step is to measure
the chemicd compogtion of the emissons from
the more important source categories (eg.,
diesdl engines, gasoline engines, meat cooking,
wood combustion, cod-fired boilers, smelters,
resuspended dudt, etc.). Since gasoline engine
emissons vay from one vehicle to the next, a
composte or average compostion may be
cdculaed from measurements on a number of
vehicles These data for the compostion of
emissons are cdled source profiles The
second gtep is to collect and analyze samples of
the chemical speciesin the ambient air.

The third step is to gpply the CMB model
to each ambient sample to estimate the reative
amounts of emissons from each source
category which, when mixed together, give the
best agreement with the measured composition
of the aamosphere. Thisresult is called a source
goportionment or source atribution.  The
goplication of the CMB modd includes a
choice by the operator of the source profiles to
include in the cdculations. If a source profileis
included that is not needed to explain the
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accurately  reproduces
the measured ambient
concentrations.

An error andysis is a key component of
CMB cdculations. Each item of input data is
accompanied by an estimate of its uncertainty.
The CMB mode combines these uncertainties
to cdculate the uncertainty in each output value
that is attributable to the uncertainties in the
input data. If a contribution from one source
category is smdl compared to its uncertainty,
the cdculations do not show that this source is
important. If the best fit ambient composition
cdculated by the CMB modd differs from the
measured ambient composition by more than
the uncertainties, there is a problem with ether
the sdection of source profiles used in the
caculations or the accuracy of the input data
More detalled information about the
assumptions underlying CMB caculations and
the error analysesis presented in Appendix E.

In addition, a series of sengtivity tests and
reasonableness checks were performed on the
CMB data The results of the effort are
presented in Appendix E.  In generd, the
sengtivity teds indicated that the source
gpportionments are highly sendtive to changes
in source profile sdection and that other source
attributions with acceptable datistics may be
obtained from the same data set usng different
combinations of source profiles.  Accordingly,
the source apportionments derived from a
CMB andyds should be thought of as



representing the generd leve of contribution
from a source and not an absolute number.

The ambient data used in this Sudy consst
of fine paticle (PM2s) samples collected a
three locations in the Maricopa County area
every dgxth day from

vehicles. Meat cooking and wood combustion
could not be quantitatively apportioned because
organic compounds that are markers for these
sources  (methoxylated phenols, hopanes,
deranes, lactones, and serols) were not
measured in the HAPs monitoring program.

November 1994 to The CMB andyss
September 1995 by the  New results were obtained by wes  performed  using
ADEQ. Chemicd  jncluding organic compounds in source  profiles  from
andyses were performed  the CMB. NFRAQS (recently

on sas of filters collected
on seven or eght days
each caendar quarter. Measured components
of PM,s include nitrate, sulfate, chloride,
soluble potassum, organic and eementd
cabon, and dements from auminum to
uranium. These are the “conventiond” species
used in CMB cdculaions. The CMB modd
was agpplied to 28 and 22 sets of 6-hour and
24-hour samples, respectively, from Tempe and
ASU West and 25 and 26 sets of 6-hour and
24-hour samples, respectively, from the
Phoenix Super Site.

ADEQ dso collected samples for semi-
voldaile and paticulate polycyclic arométic
hydrocarbons (PAHS) in 1994 to 1996 as part
of an ambient hazardous air pollutants (HAPS)
monitoring program. Tweve of the 24-hour
PAH samples were collected a the Phoenix
Super Site concurrently with the PM, s samples
during the November 1994 to March 1995
period. The PAH data from these samples
were added to the corresponding conventional
PM speciation to obtain “extended speciation”
data  The addition of PAHs dlows the
Sseparate gpportionment to gasoline and diesdl
engine exhaust. These species potentidly make
it possble to separately apportion gasoline
engine emissons to cold dats smoking
engines, and properly operating hot stabilized
(warmed up) engines in catayst-equipped
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completed in the Denver
ared), from the 1989-
1990 Phoenix Urban Haze Study, and from the
charecterization of gasoline and diesd-
powered vehicles a a Phoenix Inspection and
Maintenance (IM) fecility. Sets of profiles
consging of conventiond gpecies and
conventional  species plus PAHs were
congdered for the NFRAQS and Phoenix 1M
profiles. The profiles from the Phoenix Urban
Haze Study consst of conventionad species
only. Chemicd abundances in each emission
source are expressed as the fraction of emitted
PM,s mass. Both particle-phase and gas-
phase emissons ae normdized to the PM,s
mass. The IM profiles generdly gave poor
mode performance and consgtently resulted in
underestimation of ambient eemental carbon.
This result suggests that the test procedure used
a the IM dation does not produce exhaust
compositions that are representative of on-road
diesd and gasoline exhaust emissons or tha
profiles from an important source were not
included in the CMB andysis. The absence of
cold-starts and hard accderations in the IM
240 test and congtant rather than variable loads
in the heavy-duty trucks test could be possible
explanations for the poor performance obtained
when usng the IM gation source profiles. In
contrast, use of the NFRAQS exhaust profiles
condgently resulted in  good modd
performance.



Summary of Findings

The present dudy focused on
measurement of PM, s, the fine particles that
contribute  to  brown
clouds. The ambient PM,

example, there is a rdativdy high levd of
confidence in estimates for the contribution of
total mobile source exhaust, ammonium nitrate,
ammonium sulfate, and geologicd maerid.
There is a lower levd of
confidence  associated

data showed tha in the
urban areas of Maricopa
County, particulate carbon
Species (organic
compounds and elemental
carbon) were the largest

Gasoline and diesel engine
exhaust account for most of the
PM, s and nearly all of the
elemental carbon and organic
carbon compounds.

with the slit in mobile
source exhaust between
diesd-powered  engines
and  gasoline-powered
engines. There is low

contributor, accounting for

nearly two-thirds of the

PM, s Paticulate ammonium nitrate was the
second most important species, with ammonium
sulfate and dust next in abundance.

When interpreting the results from the
CMB andysds, it is important to keep in mind
the limitations of the modd and view the results
as the generd level of contributions from a
source. For example, since source profiles for
wood burning and meat cooking were not
included in the andlyss, the dtribution of mass
to sources with smilar emisson compostions
(i.e., other combustion sources such as diesdl
and gaoline engines) is likdy to be
overestimated. In the current andysis, the lack
of source profiles for wood burning and mest
cooking is likdy to result in a greater
overedimation of emissons from gasoline
engines than from diesdl engines snce, Smilar to
gasoline engine exhaudts, both wood burning
and meat cooking produce emissons with a
high ratio of organic carbon to eementd
carbon, whereas the opposite is true for diesd

engines.

The results presented below have different
levds of confidence associated with them. For
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confidence that the CMB
atribution of gasoline-
powered engines emissions to cold gart, high
emitter, and hot stabilized is accurate.

The following are the main findings from
the CMB andyss (with extended speciation)
for the Phoenix Super Ste during the
November 1994 to March 1995 period. It is
important to note that athough the sampling
period lasted five months, only 12 samples
were used in the CMB andysis with extended
gpecies.  Therefore, the reaults from that
andyds are based on a rdativey smal number
of samples from one locdion in the
nonattainment area. As evidenced in the 1989-
1990 studies, the source contributions may vary
throughout the nonattainment area.

As shown in Figure 4-1, combugtion
sources emissons conditute the maority of
PM-2.5. Gasoline engine exhaust accounts for
about hdf of the ambient PM-2.5 and diesd
engine exhaust accounts for about 15 percent.
In addition, gasoline and diesd exhaust account
for nearly al of the carbonaceous fraction of the
fine paticles (organic carbon and eementd
carbon).
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Gasoline exhaust accounts for nearly 90 percent
of the carbon. It isimportant to note that diesel
exhaust makes a dightly larger contribution to
elemental carbon than does gasoline exhaudt,
and these two sources account for nearly al of
the lementd carbon. As

indicated earlier, dementd

sources because they ae formed in the
amosphere. Only negligible amounts of these
species are directly emitted by sources.

The NFRAQS
sudy determined that, in

carbon causes most of the
color of the brown cloud.

Died exhaust makes

An unexpectedly large fraction of
PM, s from gasoline engine
exhaust appears to come from
mh emitters and cold starts.

Denver, gadline engine
emissons from cold sarts
and high emitters both
mede contributions four
times  grester  than

a dightly larger
contribution to eementa
carbon than does gasoline
exhaudt, and these two sources account for
nearly dl the dementa carbon.

The source contribution estimates for
gasoline and diesel exhaust are based on source
profiles for engines in vehides, and may include
emissons from off-road diesd engines (eg.,
trans and condruction equipment), diesd-
powered equipment (e.g., generators), off-road
gasoline mobile source (eg., dl-teran
vehicles), and gasoline-powered equipment
(eg., lavnmowers, leaf blower, chainsaws).
The attribution for mobile sources should be
conddered the wupper limit snce the
contributions of wood combustion and mest
cooking could not be apportioned because
suitable marker species were not measured.
(See the discussion in the Conclusions section
below.)

Road and geologic dust sources
account for gpproximately 10 percent of the
PM,s. These sources make a negligible
contribution to dementa carbon and organic
compounds.  Ammonium nitrate accounts for
dightly more than 10 percent and ammonium
sulfate accounts for dightly less than 10 percent
of the ambient PM 5 at the Phoenix Super Site.
CMB is not able to attribute these species to
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emissons from gasoline

engines operding in the
hot dabilized mode. Smilaly, the CMB
andyss in the Maricopa County — study
indicated that the gasoline engine emissons
were coming from cold starts and high emitters
and that the contribution from the hot stabilized
mode was negligible.  Since these results were
aurprisng, MAG conducted a reasonableness
check on the reative digtribution of onroad
mobile gasoline engine emissions (see Appendix
E). These reasonableness checks confirm that
cold dats and high emitters contribute a
disproportionate amount of the tota gasoline
engine exhausd. However, gasoline engine
exhaus from the hot d<abilized mode
contributed a ggnificant fraction of the tota
gasoline engine exhaugt even if it was assumed
that as much as ten percent of the vehicles were
high emitters. Therefore, thereis alow leve of
confidence associated with the CMB
goportionment to specific modes of gasoline
vehicle activity. However, the importance of
contralling high emitters and cold gsarts was
confirmed by the reasonableness check.

There is some uncertainty in the gpplication
of the NFRAQS vehicle emisson source
profiles measured near Denver to Maricopa
County. There ae differences in fud
composition, and Denver has a higher devation



and lower temperatures. This makes the
uncertainties in the results reported above larger
than the reported mathematicad uncertainties.
Nevertheless, the CMB cdculaions usng the
NFRAQS source profiles resulted in excellent
fits to the ambient concentrations measured in
Maricopa County. Also, the differences
between the source profiles of gasoline and
diesdl vehicles ae much gregter than the
differences that might occur if al source profiles
were messured in Maricopa  County.
Therefore, it is believed that the above results
are substantialy the same as would have been

drictly attributable to emissons from smdters.
This background profile dso contains
secondary sulfate and nitrate in addition to other
particulate matter found in regiond background
samples. It was not necessary to include
source profiles from any other stationary source
categories in the CMB cdculaions to fit the
ambient data.

Condusions

The source apportionment andysis for the
Maricopa County area shows that exhaust
emissons from mobile

sources produced about

obtained from source
profiles measured in
Maricopa County.

The compogtion of
gasoline exhaust appears

A much more extensive CMB
study for the Denver area gave
essentially the same results.

65 percent of the PM .
Including the road and
geologic dust caused by
mobile sources would

to be nearly the same as

ded exhaug if only

conventional species are used in the profiles,
which leads to higher uncertainties in the
gpportionment. However, the combined
contributions of gasoline and diesd exhaust to
PM,s are about 60 to 65percent a the
Phoenix Super Site for both the conventiond
CMB and extended CMB. The following is a
summary of the findings from the CMB andyses
using conventiona speciation.

The mobile source contributions to PM; 5
are about ten percent higher for the 6-hour
morning samples a dl three stes (i.e,, Phoenix
Super Site, Tempe, and ASU West) compared
to the 24-hour samples from Phoenix Super
Site. The contributions of fine dust ranged from
8 to 15 percent at the three Sites. There are no
apparent seasond trends in apportionments.

In some cases, it was necessary to
include an ambient background source with
smdter emissions to account for excess arsenic,
lead, and lanthanum. This contribution is not

4-7

make the total

contribution  of these
sources even larger. The PM, s emissons from
gasoline engines were three times greater than
those from diesd engines. Fine particles
produced by road dust, construction, and wind-
blown sand contributed about 10 to 15 percent
of the PM,s. Wood burning emissons and
mesat cooking could not be gpportioned with the
available data

It isuseful to compare the above results for
Maricopa County with those found in the
metropolitan Denver area during NFRAQS
because a much larger number of trace organic
compounds were measured and used in the
CMB caculaions during NFRAQS. Although
the fraction of carbonaceous particles in PM, 5
is grester in Maricopa County than in Denver,
the rdaive contributions of mobile sources to
PM, s cabon are nearly identicd in the two
regions. PM,s emissons from gasoline
powered vehicles in Denver were three times
the PM,s emissons produced by diesd-



powered vehicles, compared with current
emisson etimates for Denver in which diexd-

modds. The EPA particulate emission factors
vay in the PART 5 computer modd only by

powered vehicles ae vehicde modd year
projected to produce groups. Emisson rates
more emissons than  The new CMB results from this study ~ for pre-1981
gasoline-powered agree with those from the 1989-1990 noncatalyst and post-

vehides.  High-emitting

or snoking vehicles, Studies.

Phoenix Urban Haze and PM;,

1980 catdyst vehicles
are 30 and 4.3 mg/mile

which comprise a smdl
fraction of the in-use
vehicle flegt in the Denver area, produced
nearly one-hdf of the gasoline PM,; exhaudt.
The diesd PM,; exhaust comes from trucks,
locomotives, congtruction equipment, and other
sources.  Fine particles from road debris and
dust, congruction activities, and wind-blown
sand contributed 16 percent of the tota PM, s,
an amount much lower than current emisson
edimates for the Denver area All of these
conclusions, derived for Northern Front Range
area, are aso gpplicable to Maricopa County.

It was possble to include meat cooking
and wood combusgtion in the NFRAQS source
gpportionments because a greater number of
organic compounds was measured, including
those specific to wood combugtion (eg.,
gyringols and guiacols). On average, the
combined contribution of wood bruning and
meat cooking was nine percent of the PM,5 in
Denver. Omitting these species from the CMB
caculations for Maricopa County introduces a
smal, but not negligible, error. The NFRAQS
area has a number of coa-fired power plants,
and primary paticdes (fly ash) from them
contributed approximately two percent of the
PM,s. There are no cod-fired power plantsin
Maricopa County.

An underestimation of particulate emissons
from gasoline-powered vehicles in the emisson
inventories is plausble given the current
development of motor vehicle emisson factor
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of carbon, respectively.
In contragt, the average
particulate emisson rates from the NFRAQS
vehicle emissons tests were 82.6 mg/mile for
pre-1980 light-duty gasoline vehicles and 24.9
to 48.2 mg/mile for post-1980 vehicles. The
corresponding Phase 1 (“cold”) emission rates
were 290 mg/mile for pre-1980 light-duty
gasoline vehicles and 81.3 to 159 mg/mile for
post-1980 vehicles. Smoking vehicles emitted
an average of 1179 mg/mile in Phase 1 and 434
mg/mile in the composite source profile for the
Federa Test Procedure (FTP). Because of
ubgtantialy higher emisson rates, smokers,
margind smokershigh emitters, and “puffers’
(older vehicles in cold gat mode) should
account for a disproportionate fraction of
particulate emissons rdaive to their numbers.
Yet, current emisson factor models used to
cdculate data for emisson inventories do not
adequately account for emissons from these
vehides. It is wdl esablished that in-use
vehide exhaust emissons are gamma distributed
and that ten percent of the vehicles account for
over 50 percent of the tota CO and VOC
emissons. There is no evidence to suggest that
PM emissons ae not sSmilaly ganma
distributed. The plaushility of ambient
attributions of gasoline exhaust to subcategories
of the vehide fleet depends on assumptions
regarding the contributions of a rdatively smal
fraction of the vehide flet and the average
particulate emisson rates of norma emitters in
hot stabilized opertion.



4.2.3 CMB Calculations from the 1989-
1990 Phoenix Studies

It was a Kkey
objective of both the

CMB cdculations could not separate the
contributions of onroad and nonroad mobile
sources.  Therefore, the tota from these two
source  categories s
reported. Also, as was

1989-1990  PhoeniX  The dominant contributor to PMy, the case for the current
PMy Sudy and the  was soil dust. Coarse particles are CMB  andyss with
1989-1990  Phoenix mostly soil dust. conventiond Species

Urban Haze Study to
determine the rdative
contribution of various categories of emisson
sources to PM in Maricopa County. Both
sudies were receptor oriented, i.e, they
measured the composition of the atmosphere at
a number of monitoring Stes (receptor Sites),
then used CMB to calculate the contribution of
the more important source categories to air
pollution during each sample cadllection time
period. These results are reported in detail in
the find reports and appendices from these
studies (Chow et al., 1991a, 1991b; Watson et
a., 1991b, 1991c). The following overview
presents a representative sample of average
results from one monitoring dte and a brief
summary of the findings from the two sudies.

Sour ce Contributionsto PM

The data presented below are from the
Urban Haze Study (Watson et d., 1991a), and
were selected because they show the source
contributions for morning (6:00 am. to noon
MST) and afternoon (1:00 to 7:00 p.m. MST)
samples for fine particles. The pie diagrams in
Figure 4-2 show the average source
contributions caculated for the West Phoenix
dgte. Aswastypicd of dl urban dtes, primary
particles from mobile source exhaust was the
dominant contributor to fine particles. These
CMB cdculations, performed nearly a decade
ago, used only the conventiond chemicd
gpecies. Aswasthe case in the results reported
from the current CMB andyss above, these
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reported above, the CMB

andyss from the Urban
Haze Study could not separate the contributions
of gaoline and diesd engines  Ammonium
nitrate, which is formed in the amosphere from
the nitrogen oxides emitted by mobile sources,
was the second most important contributor.
Soil dust smdler than 25 pum diameter was
third in importance. The average contributions
of ammonium sulfate and vegetaive burning
(eg., wood combustiion) to fine-patice
concentrations were smal. Soil dust was by far
the dominant contributor to coarse particles,
and primary paticdes from mobile source
exhaust accounted for most of the remainder of
the coarse particles.

Mobile source exhaust particles and soil
dust are primary species. Primary species are
emitted from sources, transported through the
amosphere without mgor chemica change,
and collected on filters in much the same form
as they were emitted. Ammonium, sulfate, and
nitrate are secondary species, which are formed
in the amaosphere from gases such as sulfur
dioxide, nitrogen oxides, and ammonia These
secondary species have the same chemical form
regardless of the emission source that released
the gases from which they were formed.
Consequently, it is not possible to determine the
source of these gases from the chemicd
composition of the secondary species. The
secondary species are included in the source
contribution diagrams in Fgure 4-2, but the
source of these particles is not indicated.



Primary particles have a chemica compostion
characterigic of ther source, and this
information may be used to determine the
relative contributions of different sources to the
primay  paticde component of PM
concentrations.
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The contributions of ammonium nitrate and
volatilized nitrate to fine-particle concentrations
are shown separately in Figure 4-2. Voldilized
nitrate is nitrate that was volatilized from the
collection filter during sample collection and
collected on a backup filter. Ammonium nitrate
is nitrate that was collected and did not
voldilize. Because of federd standards for
PM o sampling, the nitrate that did not volatilize
was the only nitrate included in the data from
the PMy, Study. The volatilized nitrate was
measured in the
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Urban Haze Study because the sum of the
measured ammonium nitrate and volatilized
nitrate provides a better measure of the nitrate
in the atmosphere than does only the ammonium
nitrate measurement.

Reaults gmilar to those in Fgure4-2 were
obtained in the PMy, Study (Chow et 4.,
1991a8). Mohile sources were by far the
dominant source contributing to fine-particle
concentrations. The average fraction of the
PM, s attributed to mobile source emissons
varied from 50 percent at the South Scottsdale
monitoring dte to 71 percent at the Centra
Phoenix dte. The average fraction of PM, 5
attributed to vegetative burning (e.g., wood
burning) varied from 29 percent a the West
Phoenix monitoring Ste to a vaue too smdl to
report a the Gunnery Range Site.

The dominant

because of the lower concentrations of
paticulate dementd cabon and organic
compounds dtributed to mobile source
emissons.

Mobile source emissions that contribute to

PM and brown clouds include primary particles
emitted from automobile exhaust pipes,
particles from brake and tire wear, and dust
resuspended from paved and unpaved roads.
A fraction of the secondary ammonium sulfate
and anmonium nitrate particles formed in the
amosphere are from the sulfur dioxide and
nitrogen oxides emitted by mobile sources, but
it is not possble to determine the redive
contribution of mobile sources to these species
from the measurements made during these
dudies. The paticles attributed to mobile
sources in Figure 4-2 are primary particles from
exhaudt. Dust

resuspended by vehicle

contributor to PMyg
was 0l dust, which
accounted for 43 to
76 percent  of the

measured PM . extinction.

The light scattering efficiency of coarse
particles is approximately one-tenth
the efficiency of fine particles. Soil
dust is not a major contributor to light

traffic appears in these
figures as soil dud.
Particles resulting from
tire wear and brake
wear were not identified

Because PMy, indudes
fine paticles (PM,5),
and about half of the PMyo mass is due to fine
particles, it is gpparent from these reaults that
s0il dugt is by far the dominant contributor to
coarse particles.

The highest fraction of mobile source
emissons was observed at the Central Phoenix
gte, and the highest fractions of vegedive
burning were observed a the West Phoenix
and South Scottsdde dtes, which are in
resdential areas. The gStes a which soil dust
was responsible for the highest fractions of fine
paticles were Edrdla Pak and Gunnery
Range. Soil dust sources have a greeter relative
importance a these nonurban dtes primarily
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in the CMB
cdculaions A review
of daa for fud use, vehicle emisson factors,
and vehicle miles traveled performed in 1991
indicated that at least 50 percent of the ambient
particles attributed to mobile source exhaust
particulate emissons were due to diesd vehicles
(Watson et d., 19918). This estimate attributes
a higher fraction of the mobile source exhaust
emissonsto diesd vehicles than doesthe CMB
andyds from the current sudy using the
extended chemical speciation.

The sources that are third and fourth in
importance (after mobile source exhaust and
s0il dust) are vegetative burning and secondary
ammonium nitrate.  In urban areas, most



vegetative burning is due to resdentid wood
combustion. This emisson source is varigble,
and is highest during the holidays. The average
secondary ammonium nitrate concentration is
less than five percent of the PMyo, but nitrate
concentrations may be a larger fraction of the
PM during wet haze events, as described in
Sections 3.5 and 3.6.

Sour ce contributionsto light extinction

The source contributions to light extinction
were calculated in two steps (Watson et 4.,
1991b). The first step was to caculate the
source contribution to PM to obtain the results
above. These caculations were performed for
each morning and afternoon sampling period for
filter samples collected a each of the four
Urban Haze Study monitoring Stes. These Stes
were the ICA building, West Phoenix, South
Scottsdale, and the roof of the Valey Nationd
Bank 175 m (575 ft) aove ground levd in
downtown Phoenix. The second step was to
multiply these source contributions by the light-
scatering and light-absorption  efficiencies in
Table 3-5 to obtain the contribution of sources
to light extinction. A key feature to note in the
data in Table 3-5 is that the light-extinction
efficiency of coase paticles, which are
primarily composed of soil dudt, is roughly one-
tenth the light-extinction efficiency of the
chemicd speciesin fine particles. As described
in Chapter 1 and in Appendix B, light extinction
is the sum of light scatering and light
absorption.

The results from these cdculations of the
contributions of different source categories to
light extinction were smilar to the PM source
atribution results from the Urban Haze Study
and, therefore, are not plotted separately.
There was a large day-to-day variahility in the
light extinction. On dmog dl days light
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extinction was gregter during the morning
sampling period than during the afternoon. In
nearly every sample, primary mobile source
emissons were responsible for more than half
the light extinction, and in the morning samples,
it was common for primary mobile source
emissons to account for more than 80 percent
of the light extinction.

Smilar results were obtained from the
caculaions of the source contributions to light
extinction a the West Phoenix and ICA dtes.
At the South Scottsdale and Vadley Nationd
Bank dtes, the cdculated light-extinction
coefficients were typicdly smdler in the morning
than at the ICA dte and were more nearly equa
to the afternoon vaues. The afternoon vaues
of the light-extinction coefficient and caculated
source contributions were comparable at al
four Stes.

The source contribution  caculations
indicate that mobile source exhaud is, by far,
the dominant contributor to light extinction.
Sources of soil dust rank second in importance,
but their percentage contribution to light
extinction is much smdler than their percentage
contribution to particulate mass.  Soil dust
sources contributed mainly to the coarse
paticlesze fraction, which has a light-
extinction efficiency approximately one-tenth
the light-extinction efficiency of the fine-particle
gzefraction.

On days with high light extinction,
secondary ammonium nitrete is often the second
most important contributor to light extinction.
As indicated in Section 3.5, anmonium nitrate
concentrations are the greatest during wet haze
events that occur after rains. The ground is wet
during these events, hence the contribution of
s0il dust isless than during dry haze events.



Vegetative burning contributed 25 to 50
percent of the light extinction for some samples
in resdentia areas (West Phoenix and South
Scottsdale) during the holidays. In most
samples, vegetative burning accounted for less
than 10 pecent of the light extinction.
Seconday ammonium sulfate and nitrogen
dioxide each contributed less than 10 percent of
the light extinction in dmost dl samples.

4.2.4 Discussion of CMB Results

The results reported above from the CMB
andyds of arr quality data collected a different
times in different sudies are remarkably amilar.
Essentidly the same vaues are obtained from
CMB andyses performed during the 1980
1990 dudies and as part of this study. Also,
the results from the CMB andyses with
extended chemica species agree with those
from the conventiond chemica species.

All these CMB andyses auffer from the
limitation thet it was not possble to separatdy
quantify the emissons from onroad and
nonroad sources. In addition, the CMB
andyses peformed with the conventiond
chemical species could not separately determine
the emissions from gasoline and diesd engines.
Thus, the conventional CMB andyses estimated
the combined contribution of the exhaust from
al onroad and nonroad diesd and gasoline
engines to PM,s. In addition, the lack of
source profiles for wood burning and mest
cooking likely resulted in an overestimation of
emissonsfrom onroad and nonroad sources.

It is a consensus of these CMB analyses
that exhaugst from gasoline and diesdl engines
contributed between 60 and 70 percent of the
24-hour average PM, s concentrations.  During
the morning hours, exhaust from these engines
accounted for 70 percent or more of the PM s,
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Results from CMB cdculations with extended
gpecies indicate that exhaust from these engines
was responsible for more than 95 percent of the
organic carbon and dementa carbon speciesin
the atmosphere.

The CMB andyss with extended
gpeciation provided new information concerning
the importance of emissons from cold darts
and high emitters. At the receptor location in
Maricopa County, organic carbon was typicaly
the largest component of PM2.5. The CMB
cadculaions with extended speciation indicated
that most of the organic carbon compounds
were emitted by gasoline vehicles during cold
dats and by high emitting vehides Diesd
engine and hot dabilized gasoline engine
exhaug made a much smdler contribution to
organic  carbon  compounds. The
reasonableness checks performed indicated that
emissons from gasoline vehicdles during cold
dats and from high emitting vehides
contributed a surprisngly large portion of
gasoline engine emissions relative to ther leve
of vehicle miles of travel. However, emissons
from vehicles operating in the hot sabilized
mode aso contributed a sgnificant portion of
gasoline engine emissions.

The CMB cdculations with extended
gpeciation aso indicated that gasoline and diesd
engine exhaust contributed about equaly to
elemental carbon concentrations. It isimportant
to note that the dark appearance of brown
cloudsis mostly caused by eementa carbon.

According to the emisson inventories,
gasoline and diesdl engines are dso responsible
for mogt of the emissons of nitrogen oxides,
which are partidly converted in the amosphere
into particulate nitrate that contributes to brown
clouds. Onroad and nonroad vehicles aso
cause dust to be resuspended, and as indicated



in Chapter 3, some of this dust is in the PM, s
paticesze fraction. When dl of these
contributions are combined, gasoline and diesdl
engines and the vehicles powered by these
engines account for the great mgority of the
emissionsthat contribute to PM, 5. Since PM; 5
is the dominant cause of brown clouds, the
CMB anayses indicate that the emissions from
these engines and vehicles are the most
important cause of brown clouds.

4.3 EMISSION INVENTORIES

Emisson inventories ae cadogs of
individud emisson sources or categories of
sources.  For example, an individua source
might be a specific manufacturing plant, or a
source category might be home water heaters.
The inventory includes estimates of the types
and amounts of pollutants emitted by each
source or source category, the location or
geographic digribution of the emissons, and
when possble informaion on how the
emissons vary with the time of day, day of the
week, and season of the year. Specific sources
are caled point sources because the emissons
aretypicaly released from one or afew stacks.
Sources such as water heaters are called area
sources because the emissions are released at a
great many locations throughout the urban area.
The location of areasourcesis usualy estimated
from some related parameter. For example, the
geographica didribution of resdentia water
heater emissons may be estimated from data
for the geographical distribution of houses.

The two sources mentioned in the previous
paragraph are examples of stationary sources.
Mobile sources include both onroad vehicles
that travel on roadways and nonroad engines
that generatle most of their emissons off
roadways, such as congtruction equipment and
farm equipment. Railroad locomoatives are dso
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mobile sources. Onroad and nonroad vehicles
include both gasoline-powered and diesd-
powered vehicles. Some inventories separate
these vehicles into light duty (e.g., automobiles
and pickup trucks), medium duty (eg., ddivery
vans), and heavy duty (e.g., large trucks).

The emisson inventory most rdevant to
this study was prepared for the MAG 1999
Serious Area Particulate Plan for PM,, for the
Maricopa County Nonatanment Area
(Maricopa Association  of  Governments,
1999a). This plan, referred to in this report as
the Serious Area PMjo Plan, describes the
controls necessary for the Maricopa County
Nonatanment Area to be brought into
compliance with the Nationd Ambient Air
Quality Standards for PMy. The plan is
accompanied by a Technica Support
Document (TSD) that addresses the emisson
and disperson modeling aspects of the regiond
sudy required by the EPA (Maricopa
Asociation of Governments, 1999b). The
emisson inventories prepared for the PM o Plan
present an overview of the PMy, emissons
from mgor source categories. PMyo indudes
both coarse paticles that make a large
contribution to PMo concentrations but only a
amal contribution to brown clouds, as well as
fine patides, which are primarily responsble
for brown clouds. ~The TSD presents
information on the gpaid and tempord
digribution of these emissons but tha
information is not reproduced here.

In decreasing order of importance, the
largest emisson sources for PMyo other than
dust are nonroad engine exhaudt, other area
sources, and point sources. According to the
inventory, onroad mobile exhaust will contribute
only a few percent of the PM, emissons in
2006. The combined onroad and nonroad



mobile exhaust will contribute about ten percent
of the PM o emissonsin 2006.

Pat of the process of preparing the
Serious Area PM o Plan (Maricopa Association
of Governments, 19998 included the
preparation of a draft PMy, inventory for 1994
(Maricopa Association of Governments, 1997).
This inventory has been superseded, but it
provides more detailed information about a
much larger number of source categories that
may be usad in a quditative way to guide the
selection of the sources that make the largest
contribution to brown clouds in Maricopa
County. Since the mgority of exhaust particles
ae in the PM,s dze range the rddive
emissons assgned to various combustion
sources in the PMyo inventory may be inferred
to represent the relative magnitude of PM, s
emissons from these sources. Therefore, the
inventory data may be combined with the CMB
data to edimate the relative contribution of
diesd and gasoline combustion sources to tota
diesdl and gasoline engine exhaudt.

Based on the aforementioned assumptions,
the sources that make the largest contribution to
brown clouds in Maricopa County are listed
below. Sources of dust are not listed because
most dust is composed of large particles that do
not scatter light efficiently and, therefore, make
only a smdl contribution to brown clouds. The
sources listed below are combustion sources
identified in the draft 1994 inventory.
Combustion sources emit mogtly fine particulate
matter, which contributes to the brown cloud,
as opposed to dust sources which produce
mostly coarse paticles not important to the
formation of the brown cloud. The 1994
inventory information, obtained from Table 3-1
on page 3-4 of the Serious Area PM;, Plan
(Maricopa Association  of  Governments,
1999a), identifies, in decreasing order of
importance, the following combustion sources.
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Nonroad mobile indudrid  and
commercid equipment exhaust

Onroad diesd engine exhaust
Stationary industrial processes

Onroad gasoline engine exhaust

Based on the aforementioned assumption, the
following sources aso contribute to brown
clouds, but to a lesser degree. They are dso
listed in decreasing order of importance.

Residentia wood combustion

Nonroad mobile airport ground support
equipment

Railroad locomotives

Lawn and garden equipment
Stationary  point  source
combustion engines
Charbroiling and mest frying

interna

The emisson inventory information
included in the PM;o Plan indicates the most
important combustion source caegory is
nonroad mobile indugrid and commercid
equipment exhaugt. The following are examples
of indugtrid and commercid diesd equipment:
fork lifts, pumps, generators, air compressors,
sweepers/scrubbers, back hoes, concrete
mixers, rock breskers, and other material
handling equipment. The draft 1994 inventory
indicates that virtudly dl of the indudrid and
commercid PM,s emissons come from
congtruction equipment (Maricopa Association
of Governments, 1997). Nationd data indicate
that approximately two thirds of al congruction
equipment is diesd-powered (STAPPA and
ALAPCO, 1996).

4.4 MOST IMPORTANT SOURCES

The CMB cdculations reported in Section
4.2 were performed for the PM, 5 paticle-size
fraction and the emisson inventory daa in
Section 4.3 are for PMy,. Therefore, these



sources of information ae not directly
comparable. Brown clouds are mostly caused
by PM, 5, and, therefore, the CMB caculations
are more directly relevant to the determination
of the sources that contribute to brown clouds
than are the PM;, emisson inventory daa in
Section4.2.  However, the inventory daa
gpecific to combustion sources, which produce
mostly PM, s, help to quditatively identify which
combustion source categories are the most
important contributors to the brown cloud. Itis
particularly useful to combine the findings from
both the CMB andyses and inventory review
gnce the CMB andyss is not able to
differentiate among diesd exhaust source
caegories. The inventory information helps to
clarify which diesdl source categories are more
important.

The following statements summarize key
findings concerning the most important brown
cloud sources:

The dominant cause of hazeis PM s.

PM,s is composed of (in decreasng
order of importance): organic
compounds, ammonium nitrate,
edementa cabon, soil dudt, and
sulfates.

Mobile source exhaust contributes 60
to 70 percent of PM s

Elementd carbon is responsble for the
brown appearance of the haze in
Maricopa County.

Nearly dl eementa carbon is due to
mobile source exhaust emissons.
Gasoline and diesd engines contribute
goproximatdy equaly.

Magor contributors to PM,s carbon
gpecies (both organic and eementd
carbon) are gasoline exhaust vehicles
and diesdl exhaust.
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The most important diesdl sources are:
nonroad indusrid and commercid
equipment and onroad diesdl vehicles.

Overdl, the most important brown
cloud sources include: nonroad
indugrid and commercid died
equipment  (construction  equipment),
onroad diesd vehicles, and light duty
gasoline vehicles.

Wood burning makes an important
contribution to brown clouds only on
winter holidays.

It appears that cold darts and high
emitting gasoline vehides contribute a
disproportionately large fraction of
gasoline engine emissions relaive to
their vehidle miles of travel.

Based on the combination of the CMB
andyses and the PM-10 inventory, the
most important contributors to the brown
cloud have been identified. The next logica
gep is to identify the control measures that
are currently being applied to these sources.
The reaults of this assessment will fadilitate
the identification of both control measures
that may be strengthened and new potentia
control mesasures that may reduce the
brown cloud.



5. POTENTIAL CONTROL MEASURES TO REDUCE THE

BROWN CLOUD

5.1 INTRODUCTION

This chapter identifies potential air
pollution control opportunities to reduce the
brown cloud. The information presented is
the product of aresearch effort that involved
interviewing representatives from other
western  United States communities,
reviewing ar pollution control literature,
and evaluating the array of existing control
measures aready adopted for
implementation in  Maricopa County.
Generaly, these existing control measures
are the committed measures
from the State and loca

described in Chapter 3, elemental carbon is
primarily responsible for the brown
appearance of brown clouds. As described
in Chapter 4, fine particles emitted by diesel
and gasoline engine exhaust are responsible
for the vast majority of all elemental carbon
emissions in Maricopa County.
Opportunities are available to control the
brown cloud by further reducing diesel and
gasoline engine exhaust emissions through
new control measures and measures that
augment existing control programs.

The State and local
governments have worked

governments in the MAG

Six control measures are

for years to identify and

1999 Serious Area  recommended in this implement air  pollution
Particulate Plan. The chapter; all focus on diesel control measures which
research was motivated by  and gasoline exhaust. those entities have

two goas: (1) to identify air
pollution controls that have
already been committed to in Maricopa
County that will help mitigate the brown
cloud; and (2) to recommend additional
brown cloud controls for consideration by
agencies in the Maricopa County area.

5.1.1 Brown Cloud Control Strategy

The man goa of the brown cloud
control strategy is to reduce fall and winter
diesel and gasoline engine emissions of
elemental carbon. As described in Chapters
2 and 3, the brown cloud forms when a layer
of cold air is trapped near the ground on
cold mornings, and pollutants are emitted
into and concentrated in this shallow air
layer. The layer of cold air, capped by a
temperature inversion, rises and is dispersed
as the sun rises and heats the ground. On
most days, the brown cloud dissipates by
late morning or ealy afternoon. As

determined are feasible for
the Maricopa County area.
The same sources that contribute to brown
clouds also contribute to ozone, carbon
monoxide, and particulate matter problems.
Each of these problems is being actively
controlled by State Implementation Plans
applicable to Maricopa County. Therefore it
is not surprising that it is difficult to identify
easily implemented, inexpensive,
technologically feasible measures to reduce
the brown cloud problem that have not
aready been attempted or evauated in
Maricopa County. Mobile source emissions
are the major source of brown clouds, and it
is difficult to find new mobile source
controls that have not aready been
considered.  The brown cloud controls
recommended in this study include measures
which  have not been previoudy
implemented, and measures which have may
have adready been implemented to a lesser
degree than recommended here.



5.1.2 Recommended M easures

The six recommended brown cloud
control measures include:

1. Mandating the use of a clean burning
diesd fudl.

Reformulating diesel fuel to reduce
emissions from onroad vehicles and nonroad
diesel-powered equipment.

2. Encouraging retrofits and replacements
of nonroad diesel engines and eguipment.

Retrofitting or replacing older, more
polluting nonroad diesel  equipment,
especialy construction equipment, to reduce
exhaust emissions.

3. Strengthening the voluntary onroad
diesal vehicle retirement program.

Strengthening  existing  programs  to
encourage early retirement of higher
polluting onroad heavy-duty diesel vehicles.

4. Electrifying truck stops through a pilot
program.

Implementing a pilot  program  to
demonstrate the feasibility of reducing
heavy-duty diesel vehicles idling through
truck stop €electrification.

5. Implementing a toll-free telephone
number for smoking vehicle complaints.

Strengthening current Maricopa County
programs by implementing a toll-free
telephone number to help the public report
smoking vehicles. The toll-free number
could facilitate follow-up notifications to
vehicle owners to have their vehicle
inspected at an ingpection and maintenance
(Im) facility.

6. Implementing a smoking
identification and citation program.

vehicle

Operating a smoking vehicle identification
program to identify and send written notices

to smoking vehicles, requiring the vehicle to
be inspected at an IM facility.

In addition to the six recommended
measures, two additional measures are
suggested for further study. These two
measures include:

Implementing the use of remote sensing
devices (RSDs) capable of detecting
smoking vehicles.

Implementing an IM  program
enhancement to detect or test for
smoking vehicles or particulate matter
high emitters.

There is currently great interest in
advancing available RSD and IM
technology to help identify and repair
smoking vehicles. RSD units and IM 240
equipment have been wused on an
experimental and research basis to identify
and test smoking vehicles. However, these
applications have been conducted for a
limited time and by skilled researchers. The
applications are time consuming and not
well adapted to high volume operations. For
example, researchers have used IM 240
equipment to test motor vehicle PM
emissions. The tests, including proper
handling and evaluation of filters used to
collect PM, may take as long as 12 hours
(Lindner, 1999). As of August 1999 there
are no RSD or IM equipment or testing
protocols available that will enable
metropolitan areas to accurately and quickly
identify  high  PM-emitting  vehicles.
However, several organizations, including
the Colorado Department of Public Health
and Environment, the University of Denver,
and private sector interests, are continuing to
pursue IM and RSD advances. New control
measure  opportunities may  become
available for the MAG region over the next
two to three years.



5.2 PMig MEASURES ALREADY
ADOPTED OR COMMITTED TO IN
MARICOPA COUNTY

One of the geps in the control measure
identification and screening process involved
identifying existing Maricopa County control
measures that will mitigate the brown cloud.
The effort focused on reviewing committed
measures from the State and local governments
inthe MAG 1999 Serious Area Particulate Plan
for PM-10 and previous plans. In addition to
identifying existing controls gpplicable to the
brown cloud, the review aso identified severd
other candidate brown cloud control measures.

Tables 5-1 and 5-2 present summarize
both Federa actions and State and local
government measures by source category.
The State and local government measures
are included in the MAG 1999 Serious Area
PMjo Plan. Table 5-1 addresses the most
important brown cloud combustion sources,
whereas Table 5-2 addresses minor brown
cloud sources. The important sources
include: nonroad mobile diesel exhaust and
onroad mobile diesdl and gasoline exhaust.

Table 5-2 lists severa control measures
that offer only minor brown cloud control
benefits. They are included in this report to
illustrate particulate matter air quality
control efforts aready underway in the
Maricopa County area.

Table 5-2 addresses sources of dust. As
detailed in the Serious Areas PM o Plan, dust is
the single most important component of the
Maricopa County PMio problem. Although
dust is not amgjor contributor to brown clouds,
dust controls do provide some modest brown
cloud mitigation benefits. The dust control
measures are presented in this report to
illustrate particulate matter air qudity control
efforts dready underway in the Maricopa
County area.



Table5-1. Important brown cloud sources, mgor federd actions, state and locad government measures and potentia additiona control measure
opportunities. Information is organized to reflect the four magjor control strategies available to reduce mobile source emissions: exhaust slandards for new
engines and vehicles, fud changes, vehicle ingpection and maintenance (I/M), and use management.

Sour ce
Category and
Sour ces Federal Actions Stateand L ocal Government Measures Opportunitiesfor Additional Controal
I. Nonroad 1. Exhaust Standards: October 23, 1998: Exhaust Standards: Off Road Vehicle Engine Standards | 1.  Exhaust Standards: Encourage retrofits of
Mobile EPA final rulemaking to reduce emissions existing equipment with more effective
Sources — from nonroad diesel engines. Rule Fuel: Limit Sulfur Content of Diesel Fuel Oil to 500 ppm exhaust control technology. _
diesel establishes standards (stds) for virtually 2. Fuel: (a) providetax incentives, low interest
all nonroad equipment; the new stds Diesel Fuel Sampling and Reporting loans, and/or rebates to retrofit diesel
would phasein from 1999-2008, equipment with alternative fuel capablllt_y
depending upon equipment types. 1/M: none. (CNG/LNG), or to purchase new altern.atlve
) ; fueled or cleaner operating equipment; (b)
Standards would achieve approximately a explore potential fuel reformulations, such
34% reductionin PM emissions by 2010, | Use Management: Encourage the Use of Temporary as: '
and 5_145% reduction by 2020 Electrical quer Fin& Rather than Portable Generators IoWaing sulfur content:
(Environmental Protection Agency, 1998; | at Construction Sites lowering aromatics, as with California diesel
Preamble, Table 6). (may generate a 10% reduction in PM);
2. FEuel: none. lowering aromatics lowers soot emissions
3. 1/M: none. (STAPPA and ALAPCO, 1996; p. 105);
4. UseManagement: none raising cetane level of fuel provides
potential PM reductions of up to 12%
(NESCAUM, 1997; p. 1X-22);
adding oxygenates (e.g., water, alcohols, or
ethers); a2% oxygen content may generate
810 15% reductionsin PM; 5% oxygen may
reduce PM by 20% (NESCAUM,1997; p.
VI1I1-5). Note: the only commercialy
available oxygenated diesel sold inthe U.S.
ishiodiesel, sold in small volumeinthe
northeast U.S., in part due to its higher cost
(Oxy-Fuel News, 1997).
3. 1/M: encourage EPA to develop in-use
compliance testing program.
4. UseManagement: Encourage use of low-

emitting equipment through (&) contractor
award criteriafor government-sponsored
construction projects; and/or (b) emission
budget and trading approach for nonroad
sources.




Table5-1. Important brown cloud sources, mgor federd actions, state and locad government measures and potentia additiona control measure
opportunities. Information is organized to reflect the four magjor control strategies available to reduce mobile source emissons: exhaust sandards for new
engines and vehicles, fud changes, vehicle ingpection and maintenance (I/M), and use management.

Tier 2 standards for the light-duty market
which applies the standards equally to
gasoline and diesel powered vehicles.
Tier 2 standards are proposed to be
phased-in between 2004 and 2009.
October 6, 1999: EPA Regulatory
Announcement for a Proposed Strategy
to Reduce Emissions from Heavy Duty
Vehicles with a gross vehicle weight
rating greater than 8,500 pounds,
including diesel and gasoline engines
used in large commercia trucks, larger
versions of full-size pickup trucks,
passenger vans, and the largest sport
utility vehicles. The first phase would
require gasoline trucks to be 78 percent
cleaner and diesel trucks to be 50 percent
cleaner than today’s models. The first
phase would take effect starting with the
2004 modd year. In late 1999, EPA
anticipates proposing a second phase to
propose even more stringent standards
that could take effect as early as 2007 to
reduce Nox emissions by between 75 and
90 percent beyond phase one. Emissions
of particulate matter could be reduced by
80 to 90 percent.

New and retrofit trucks and urban bus
standards phased-in 1991-1994; reduce
PM emissions more than 80% in affected
vehicles; reductions will continue to
accrue as fleet turns over. [Note that in
October 1997, EPA announced more
stringent NO, and hydrocarbon (HC)
emissions standards for diesel trucks and
buses; the new standards do not affect
directly emitted PM.]

Accelerated V ehicle Replacement by the Y ear 2004
Euel: Limit Sulfur Content of Diesel Fuel Oil to 500 ppm
Diesel Fuel Sampling and Reporting

Alternative Fuel Vehiclesfor Local Governments and
School Districts, and Federal Government/Low
Emission Vehicle Requirements

I/M: Voluntary Vehicle Repair and Retrofit Program

Random Roadside Testing of Diesel Vehicles

Snap Acceleration Test for Heavy-Duty Diesel

Oxidation Catalyst for Heavy Duty Diesel Vehicles

Use Management: Coordinate Traffic Signal Systems

Develop Intelligent Transportation Systems

Sour ce
Category Federal Actions State and L ocal Government M easures Opportunitiesfor Additional Control
Onroad Exhaust Standards: . Exhaust Standards: Require Pre-1988 Heavy-Duty 1. Exhaust Standards: (a) Implement voluntary
Mobile May 13, 1999: EPA Notice of Proposed | Djiesel Commercial Vehicles Registered in the low emission standards, with emission
Sources - Eulgam_am nSgt f<()jr ;"E?f |2 d’\g(‘j)t]?r elvehltdale Nonattainment Areato Meet 1988 Federal Emission reduction credits as an incentive (based on
diesel exhaust MISSION Stanaards Inclu uel-neutr Standards; Provide Incentives to Encourage Voluntary SCAQMD program) (NESCAUM, 1997; p. X-

11). (b)encourage retrofitting of existing
vehicles.
(continued)




Source
Category

Federal Actions

State and L ocal Government M easures

Opportunitiesfor Additional Control

Fuel:

May 13, 1999: EPA Advance Notice of
Proposed Rulemaking for Control of
Diesel Fuel Quality indicated that new
quality requirementsfor fuel usedin
diesel enginesisbeing considered to
bring about large environmental benefits
through the enabling of anew generation
of diesel emission control technologies.
The most promising change would be
desulfurization to enable the new engine
and after treatment technologies that are
currently sensitiveto sulfur. These
advanced sulfur-sensitive technol ogies
have the potential to reduce diesel
engine Nox emissions by up to 75
percent and PM emissions by 80 percent
or more.

October 6, 1999: EPA Regulatory
Announcement for a Proposed Strategy
to Reduce Emissions from Heavy Duty
Vehicles with a gross vehicle weight
rating greater than 8,500 pounds,
including diesel and gasoline engines,
indicated that EPA intends to propose a
second phase in late 1999 which would
involve reducing the sulfur content of
highway diesel fuel by 90 percent from
its current level of 500 ppm. The second
phase could take effect as early as 2007.
beginning in October 1993, diesel fuel
had to be low sulfur (500 ppm), and have
either a 35% maximum aromatics level or
aminimum cetaneindex of 40; EPA
estimates that PM emissions are reduced
by 90% due to low sulfur fuel
(NESCAUM, 1997; p. VIII-2).

1/M: none.

Use Management: none.

2.

3.

4,

Fuel: (a) Continuing to promote the use of
aternative fuels. (b) Reformulate diesel fuel
to reduce elemental carbon emissions (see
discussion above for off-road equipment).
1/M: Supplementing the region’ s existing
HDDYV inspection and maintenance program,
by either (a) expanding the program’s
geographic scope, (b) conducting random
roadside testing, asis being implemented in
Californiain 1998 (voluntary or mandatory;
mandatory currently prohibited under SB
1002).

Use Management: Limit vehicleidling




Table5-1. Important brown cloud sources, magjor federa actions, state and local government measures and potentia additiona control measure
opportunities. Information is organized to reflect the four magor control strategies available to reduce mobile source emissons. exhaust sandards for new
engines and vehicles, fud changes, vehicle ingpection and maintenance (I/M), and use management.

Standards al so included reducing the sulfur
in gasoline by establishing an average sulfur
standard of 30 ppm and a cap of 80 ppmin
2004. Inthe notice, EPA indicates that
reductionsin gasoline sulfur levels would
reduce PM emissions from gasoline vehicles.

1/M: No programs targeted to “gross’ or high
PM emitters. In general, enhanced I/M
requirements applicablein the MAG area,
along with fleet turnover, will contribute to
vehicle retirement and maintenance.

Alternative Fuel Vehiclesfor State Government/Low
Emission Vehicle Requirements

Alternative Fuel Vehicle and Equipment Tax
Incentives/Low Emission Vehicle Reguirements

Public Awareness Program for Alternative Fuels
Alternative Fuelsfor Fleets

1/M: Tougher Enforcement of Vehicle Registration and
Emission Tests

Catalytic Converter Replacement Program
One-Time Waiver from Vehicle Emissions Test
Phased-1n Emission Test Cutpoints

Enhanced Emission Testing of Constant Four-Wheel
Drive Vehicles

Increased Waiver Repair Limit Options
Gross Polluter Option for I/M Program Waivers

Vehicle Repair Grant Program

Source
Category Federal Actions State and L ocal Government M easures Opportunitiesfor Additional Control
Onroad Exhaust Standards: May 13, 1999: EPA Exhaust Standards: Nationa Low Emissions Vehicle 1. Exhaust Standards: none.
Mobile Notice of Proposed Rulemaking for Tier 2 Program 2. Euel: none.
Sources - Motor Vehicle Emission Standards included 3. 1IM: (a) Expand the enhanced I/M program
gasoline fuel-neutral Tier 2 standards for the light-duty | Fuel: Winter Fuel Reformulation: California Phase 2 to include more stringent pass/fail standards
exhaust market which applies the standards equally to | Reformulated Gasoline with 3.5 Percent Oxygen Content and a broader geographic scope. (b) Explore
gasoline and diesel powered vehicles. Tier2 | November 1 through March 31 with Californiaofficials the appropriateness
standards are proposed to be phased-in of using the California HEP program. (c)
between 2004 and 2009. Alternative Fuel Vehiclesfor Local Governments and Encourage early vehicle retirement by
School Districts, and Federal Government/Low identifying gross emitters through the
Fuel: May 13, 1999: EPA Notice of Proposed | Emission Vehicle Requirements existing I/M and remote sensing programs.
Rulemaking for Tier 2 Motor Vehicle Emission 4. Use Management: Change the Smoking

Vehicle Hotlineto atoll free number, and link
publicity about the new number to apublic
outreach campaign tied to forecasting
Brown Cloud problems.




Source
Category

Federal Actions

State and L ocal Government M easures

Opportunitiesfor Additional Control

Voluntary Vehicle Repair and Retrofit Program

Voluntary Gasoline Vehicle Retirement
Program/Maricopa County Travel Reduction Program

Expansion of Area A Boundaries

Remote Sensing

Use Management: Coordinate Traffic Signal Systems
Mass Transit Alternatives

Develop Intelligent Transportation Systems

Special Event Controls - Required Implementation from
List of Approved Strategies

Encourage Limitations on Vehicle ldling
Voluntary No-Drive Days

Expansion of Public Transportation Programs
Employer Rideshare Program Incentives
Preferential Parking for Carpoolsand VVanpools
Reduce Traffic Congestion at Mgjor Intersections
Site-Specific Transportation Control Measures
Encouragement of Bicycle Travel

Development of Bicycle Travel Facilities
Alternative Work Schedules

Land Use/Development Alternatives

Encouragement of Pedestrian Travel




Source
Category

Federal Actions

State and L ocal Government M easures

Opportunitiesfor Additional Control

Areawide Public Awareness Programs
Encouragement of Vanpooling

Trip Reduction Program

Park and Ride Lots

Encouragement of Telecommuting, Teleworking, and
Teleconferencing

Promotion of High Occupancy Vehicle (HOV) Lanes
and By-Pass Ramps




Table5-2. Minor brown cloud sources, state and local government measures.

Sour ce
Category and
Sour ces Stateand L ocal Government Measures
I. Nonroad Exhaust Standards: Off Road Vehicle Engine Standards
Mobile
Sources — Fuel: Winter Fuel Reformulation: California Phase 2 Reformulated Gasoline with 3.5 Percent Oxygen Content November 1 through March 31
gasoline
1/M: none.
Use Management: Encourage the Use of Temporary Electrical Power Lines Rather than Portable Generators at Construction Sites
Voluntary Lawn Mower Emissions Reduction Program
Restrictions on the Use of Gasoline-Powered Blowers for Landscaping Maintenance
AreaSources | Restaurant Charbroiler Controls
PM-10 Episode Thresholds
Clean Burning fireplace Ordinance
Public Information Program on Wood Stoves and Wood Heat
Point Sources | PM-10 Best Available Control Technology (BACT) Determinations for Stationary Sources




Table 5-2. Minor brown cloud sources, state and local government measures.

Sour ce
Category State and L ocal Government Measures

Fine Soil Dust | PM-10 Efficient Street Sweepers

Fugitive/Win | Curbing, Paving, or Stabilizing Shoulders on Paved Roads (Includes Painting Stripe on Outside of Travel Lane)
ciown Paving, Vegetating and Chemically Stabilizing Unpaved Access Points Onto Paved Roads (Especially Adjacent to Construction/Industrial Sites)
Reduce Particulate Emissions from Unpaved Shoulders on Targeted Arterials

Crack Seal Equipment

Frequent Routine Sweeping or Cleaning of Paved Roads

Strengthening and Better Enforcement of Fugitive Dust Control Rules*

Reduce Particul ate Emissions from Unpaved Roads and Alleys

Low Speed Limit for Unpaved Roads

Use of Petroleum Products for Public Road and Street Maintenance

Agricultural Best Management Practices

Additional Dust Control Measures (City of Tempe)

Additional Dust Control Measures (City of Phoenix)

* Includes:
2. Reduce Particulate Emissions from Unpaved Parking Lots
3. Reduce Particulate Emissions from Vacant Disturbed Lots
4. Dust Control Plans for Construction/Land Clearing and Industrial Sites (Including Active landfills), with Elements Addressing Trackout Prevention, Site and
Material Maintenance, Construction Staging, and High Wind Operating Restrictions

5. Dust Abatement and Management Plans for State Lands.



5.3 OVERVIEW OF THE CONTROL
MEASURE IDENTIFICATION AND
SELECTION PROCESS

The brown cloud control measure
selection process involved assembling a list
of candidate controls, and then screening the
candidates to select recommended measures.
The most important factor in identifying
candidate brown cloud control measures was
identification of the sources of the brown
cloud problem. As described in Chapter 4,
gasoline and diesal engine exhaust sources
are the most important contributors to the
brown cloud. These include nonroad
industrial and commercial diesel equipment
(construction equipment), onroad diesel
vehicles, and light-duty gasoline vehicles
(high emitters and cold start emissions).
Wood burning is also important on a limited
number of days (usually holidays). Other
sources are small contributors to the brown
cloud, such as dust and relatively minor
combustion sources such as point sources.
The first step in the control measure
selection process was to identify candidate
controls, organized by the following
important source categories.

Onroad mobile sources (diesel exhaust)
Onroad mobile sources (gasoline exhaust)
Nonroad mobile sources (diesd exhaust)
Area (residential wood burning)

There are four control methods for
reducing emissions from mobile sources,
and these approaches establish the context
for identifying potential control measures
that could mitigate the brown cloud. The
four approaches include: (1) change or
improve the emission characteristics of the
fuel used; (2) improve vehicles and engines
currently in-use, through better maintenance
or retrofitting the vehicles and engines with
newer emisson control  technology;
(3) introduce cleaner vehicles and engines to
decrease emissions as the fleet changes; and
(4) control the use of the vehicle or engine to
reduce or change driving or operating times
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or to operate the vehicle or engine in a less
polluting manner. These four control
measure approaches are often divided into
two broad categories:

Technological controls, which include
fuels changes, in-use vehicle and engine
improvements through maintenance and
retrofits, and new vehicle and equipment
standards; and

Behavioral controls, which include
limiting or changing the use of the
vehicle or engine through economic
incentives or restrictions.

Wood burning controls may take the
form of prohibitions or restrictions when
burning occurs, restrictions on what is
burned, and installation limitations and
standards related to new or upgraded wood
burning appliances and fireplaces. The
investigation of candidate measures was
organized to identify control measure
opportunities corresponding to each of the
control techniques applicable to mobile
sources and wood burning.

Once the candidate measures had been
identified, the measures were screened using
several criteria. The criteria and ther
importance include:

1 Focusing on the most important
brown cloud sources. The most important
result from this criterion was screening out
additional wood burning controls as less
important than mobile source controls.

2. Focusing on technological, rather
than behavioral controls. This ultimately
resulted in screening out controls such as
pollution charges. Technology measures
were emphasized based on the greater
likelihood of creating public and political
support for implementation and their longer
record of achievement in reducing air
pollution.




3. Addressing  specific  emissions
problems.  This resulted in addressing

specific problems such as heavy-duty diesel
vehicle idling and high-emitting light-duty
gasoline vehicles.

4, Avoiding overlap with existing
federal, state, and regiona control efforts.
This resulted in eliminating measures from
consideration that had recently been adopted
or committed to by various government
agencies. For example, heavy-duty vehicle
random roadside inspections were identified
earlier in this project as a candidate measure.
Subsequent to that research, the Serious
Area PM1o Plan included a commitment to
implement random roadside inspections for
heavy-duty diesel vehicles. The candidate
measure list was reviewed to eliminate the
overlap between early research findings and
the latest control measure commitments.

5. Considering the timing and coverage
of the candidate measure This resulted in
identifying diesel fuels changes as the most
important candidate measure. Fuels changes
affect al sources that use the fuel, and
produce emissions reduction benefits more
quickly than other measures such as new-
vehicle or new-engine emission standards.
Other recommended measures will affect a
more limited number of sources or accrue
benefits over a longer time frame.

6. Considering  the  technological
feasibility of the candidate measure This
resulted in separating out promising
measures for further study (such as IM and
RSD  program  enhancements) and
recommending some  measures  be
implemented on a pilot basis (such as
electrifying truck stops).

7. Augmenting existing programs. This
resulted in recommending measures that
could build upon existing institutional
relationships and infrastructure. For
example, the recommendation to encourage
retrofits for nonroad mobile sources builds
upon the existing Voluntary Vehicle Repair
and Retrofit Program created for onroad
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vehicles. The recommendation to
implement a smoking vehicle identification
and citation program builds upon the
existing Registration Compliance Program
operated by the Motor Vehicle Division of
the Arizona Department of Transportation.

Cost information is included, where
possible, for the recommended measures.
Virtualy al of these measures have already
been evaluated based on cost effectiveness
as potential PM, ozone, and CO controls for
Maricopa County. Much of the cost data
provided in this study comes from the
economic anayses prepared for the Serious

Area PMip; Plan. Additional  cost
information is provided where recent
information  helped to  supplement

information included in the PM 19 Plan.

5.4 DEVELOPMENT OF A LIST OF
CANDIDATE MEASURES FOR
FURTHER SCREENING

Four information sources were used to
develop the candidate measures list:

The Serious Area PM4, Plan

The PMjyp plan development process
included a review of numerous potentia
control measures, some of which were not
ultimately selected for implementation. This
study reconsidered those control measures
that had been reviewed but not committed to
as part of the Serious Area PMyo Plan. The
control measures were reconsidered on the
premise that although the measures may not
have been feasible for the Serious Area
PMio Plan, they may provide brown cloud
control benefitsif they target PM2 5.

Most Stringent Measures (MSM) Analysis

As part of the PMjio plan development
processs, MAG commissioned Sierra
Research to identify the “most stringent
PM 1o control measures’ currently employed
throughout the United States. The resulting




report identified 14 potentia PM control
measures, severa of which were committed
to in the PMyp plan (Maricopa Association
of Governments, 1999a; pp. 10-36 through
10-37). Remaining measures relevant to the
brown cloud were included in the list of
candidate control measures. The relevant
measures relate to wood burning and diesel
fuel properties.

Literature Reviews

As part of this study, various published
information was reviewed to identify
potentially promising brown cloud controls.
The literature review work proceeded in
several stages throughout the project. The
material is presented in tabular form in
Appendix G, Table G-2. Appendix H
presents a naratve discusson that
integrates the findings of the literature
review and interviews, and identifies
opportunities to control nonroad and onroad
mobile sources.

Interviews

Interviews with Maricopa County officials
and officials from other western U.S.
metropolitan areas helped to further identify
potential control measures. As with the
literature reviews, interviews took place
during several stages through the project.
The information reviewed is presented in
Appendix G, Table G-1. Appendix H both
integrate findings from the interviews and
the literature reviews.

Table 5-3 lists the candidate measures
for controlling brown clouds in Maricopa
County.
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Table5-3. List of candidate brown cloud control measures.

Onroad Mobile (Diesel Exhaust)
Cadlifornia Air Resources Board (CARB) Diesel or other clean diesel fuel.
Vehicle pollution charge.
Voluntary diesel vehicle retirement.
Truck stop electrification to reduce vehicleidling.

Onroad Mobile (Gasoline Exhaust)
Vehicle pollution charge.
Performance-based standards for motor vehicle fuel.
Tighter limits on sulfur content in gasoline.
Use of clean fuels on a statewide basis.
M easures to encourage the construction and operation of fueling stations for alternative fuel
vehicles.
Adoption of the California Low-Emission Vehicle Program.
High occupancy vehicle lane pricing.
Fuel tax increase.
Special event controls - required implementation from list of approved strategies.
Limit excessive car dealership vehicle starts.
Limit idling time to three minutes.
Use the California High Emitting Profile (HEP) program to identify potential smoking vehicles,
and require more frequent IM for those vehicles.
Implement toll-free smoking vehicle hotline.
Use remote sensing devices (RSD) to identify high emitting smoking vehicles.
Expand the existing IM 240 inspection program to include PM and/or smoking vehicle testing.
Implement a smoking vehicle observation and citation program.

Nonroad Mobile (Diesel Exhaust)
CARB Diesel or other clean diesel fuel.
Emission standards for heavy-duty construction equipment.
Encourage retrofit of existing equipment.
Promote voluntary purchase of cleaner operating equipment.
Require railroads to accel erate deployment of cleaner operating locomotives (as opposed to the
phase-in schedul e contained in the EPA locomotive rulemaking).
Require geographic movement of railroad switching yard activities to downwind of Maricopa
County.
Implement railroad yard idling restrictions.
Encourage further electrification efforts for airport ground support equipment exhaust.
Continue to support use of alternative fuels for airport ground support equipment exhaust.
Encourage movement of aircraft ground support equipment (GSE) activitiesto the afternoon.

Area (Residential Wood Burning)
- Banonsolid fuel burning devicesin new or modified construction.
Limit emissions of new woodstoves & insertsto 60% of EPA Phase Il standards.
Retrofit of fireplaces and uncertified woodstoves.
Curtailment of wood heating.
Enforce opacity limit on residential wood smoke.
Require change-out of uncertified wood stoves upon sale of home.
Tradable permits for wood stoves.
Improved performance/maintenance of wood burning devices, including weatherization programs.
Inducements/requirements to eliminate or upgrade existing wood stoves and fireplaces.
Restrict the number or design of new wood stoves and fireplaces.
Ban on fireplace installation in new homes.
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5.5 IDENTIFICATION OF TOP
MEASURES FOR
CONSIDERATIONBY

MARICOPA COUNTY AGENCIES

This discussion describes the candidate
measures selected for further consideration
by implementing agencies in Maricopa
County. The discussion is organized around
each major source category used to describe
the candidate measures (see Table 5-3).

5.5.1 Discussion by Source Category

Onroad Mobile Diesal Exhaust

This category contained four candidate
measures, three of which

contribute significantly to the brown cloud,
phasing out older, higher polluting vehicles
will help reduce elemental carbon emissions.

The third recommended messure in this
source category is dectrifying truck stops. This
control option addresses the large quantity of
diesd emissons that originate from vehicle
idling, since truck tractors may idle up to 60
percent of the time (NESCAUM, 1997).

Vehicle pollution charges were eliminated
from further consideration. Pollution charges
ae an example of a behaviord control
messure. This dudy focused on
recommending technologica control measures
due to the longer history in the U.S. of
successtully implementing technologica rather
than behaviora ar quadity

were selected to be included

among the fina  sSix
recommended measures.
The first of these

Identifying and repairing
smoking vehicles will help
control brown clouds.

controls.

Onroad Mobile Gasoline
Exhaust

recommended measures is
perhaps the single most
effective control opportunity available to
reduce brown cloud problems: mandating
the use of clean burning diesel fuel. Clean
burning diesel fuel has severa important
benefits. For example, changing fuel
properties may affect all engines using that
fuel regardless of whether they are onroad or
nonroad engines. Changing fuels also has
an immediate impact on the entire vehicle
fleet, once the fuel is delivered to the market
and existing fuel stocks turn over. Finaly,
regulators may introduce fuel changes
without having to first identify individua
higher polluting engines or vehicles.

Another recommended measure in this
source category is strengthening the
voluntary diesel vehicle retirement program.
Retirements may be encouraged through
emission reduction credits, tax incentive
programs, low interest loans, and rebate (or
“bounty”) programs. Onroad diesel vehicles
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This source category
includes 16 candidate measures, two of
which were selected to be included among
the final six recommended measures.
Smoking vehicles are a small fraction
(probably less than two percent) of the
vehicle fleet that experience maintenance
and operation problems resulting in
excessive PM emissions. Control measures
focus on identifying problem vehicles, and
securing their repair or retirement.

The two recommended measures
include: implementing a toll-free telephone
number for smoking vehicle complaints, and
implementing a  smoking vehicle
identification and citation program. The
toll-free phone system could expand an
existing Maricopa County control effort.
Once a vehicle has been identified by a
caler, the vehicle owner would receive a
request to bring their vehicle to an IM
facility. The smoking vehicle identification



and citation program involves having human
observers (as opposed to remote sensing
devices) identify smoking vehicles, and then
having the Motor Vehicle Division of the
Arizona Department of Transportation send
citations to vehicle owners directing them to
take their smoking vehicles to an IM facility
for a required inspection and subsequent

repair.

Two  additional measures  had
significant promise for identifying and
reducing emissions from smoking vehicles.
These included: implementing the use of
RSDs capable of detecting smoking vehicles
and implementing an IM  program
enhancement to detect or test for smoking
vehicles or particulate matter high emitters.
Discussions with staff from the EPA Office
of Mobile Sources, the National Renewable
Energy Laboratory, the University of
Denver, General Motors, and the Colorado
Department of Public Hedth and
Environment, however, suggested that
neither measure has advanced beyond the
research stage. Given the difficulties of
identifying smoking vehicle emissions, and
the important role they play in brown cloud
formation, it is recommended that future
studies be conducted to determine whether
RSD or IM program enhancements can be
accomplished in the next two to three years
to identify smoking vehicles.

During the screening process the
remaining measures were eliminated from
further consideration because they did not
directly help identify and mitigate PM
emissions from smoking vehicles. Fue-
based measures, for example, could affect
the entire fleet, and could likely fail to
address the maintenance  problems
associated with smoking vehicles. Pollution
charges have not proven to be politically
feasible. California has created a “high
emitter profile” (HEP) program to identify
potentially problematic vehicles based on

5-17

past IM history. Implementing the HEP
program appeared promising, but further
research identified a poor overlap between
high PM-emitting vehicles, and the high
hydrocarbon (HC) and carbon monoxide
(CO) emitting vehicles targeted by the
California HEP program (see, for example,
the discussion in Cadle et al., 1998; p. ii).

Nonroad Mobile Diesd Exhaust

Ten candidate measures were identified to
control  nonroad mobile diesd  exhaust
emissons, two of which were sdected to be
included among the final Sx recommended
measures. The two measures include
mandating the use of clean burning diesd fued
(a repeat of the same measure identified for
onroad diesdl vehicles), and encouraging
retrofits and replacements of nonroad diesdl
engines and equipment. Other measures were
eliminated for a variety of reasons. For
example, adoption of emissons standards for
heavy-duty condruction equipment was
eliminated because the equipment is dready
covered by recently published EPA nonroad
gandards (U.S. Environmenta Protection
Agency, 1998). Other sources, such as airport
ground  service  equipment, railroad
locomotives, and agricultura equipment, are
(combined) less important than onroad trucks
and buses and nonroad industriad and
commercid  equipment emissons  (see
Maricopa Association of Governments, 1999g;
Table 3-1, p. 34). In addition, the best
avalable control measure (BACM) andyss
prepared for the Serious Area PMp Plan
indicated that some of these source categories,
such as ralroad emissons, are infeasble to
control.

Area (Residentia Wood Burning)

Eleven candidate
identified to reduce wood burning
emissions. However, wood burning
contributes most to brown clouds on a

measures  were



limited number of days during the winter
holiday season. In addition, the Serious
Area PM 1o Plan includes a variety of wood
burning  control  measures, including
implementation of more stringent PM-10
thresholds for declaration of no-burn days.
Given the ongoing regional efforts to reduce
wood burning emissions and the restricted
number of days when wood burning
contributes significantly to the brown cloud,
wood burning is not a recommended focus
for further control. All of these measures
were eliminated from further consideration.

5.5.2 Summary Discussion of Important

Sources and Control Measure
Considerations
Table 54  presents  additional

information on the reasons for selecting the
recommended measures identified in section
5.1.1. Each important source category, such
as onroad mobile sources, produces
pollutant emissions that contribute to brown
clouds. The frequency and rate at which the
sources emit pollutants is typically a
function of one or more of the following
four factors, which are the important
parameters related to mobile source
pollution:

1. Inherent design of the engine or
vehicle: Newer vehicles and engines are
designed to meet more stringent pollution
standards. For example, heavy-duty diesel
engines were not required to meet federal
emission standards until 1974. EPA
established heavy-duty diesel  engine
emission standards for particulate matter in
1988; the standards became more stringent
in 1991 and again in 1994. One way to
distinguish higher from lower polluting
heavy-duty diesel vehicles is to determine
the year they were manufactured, and to
encourage the replacement of older engines
and vehicles with newer, cleaner-operating
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versions. In many cases, older equipment
may be upgraded or retrofitted to meet more
recent standards and to produce fewer
pollutants.

2. Maintenance of the engine or vehicle:
Properly maintained engines and vehicles
will produce fewer pollutants. Improperly
maintained engines, or engines with worn
parts, increase pollution. For example,
emission control equipment might fail;
poorly tuned engines may use more fuel
than is properly combusted to power the
engine; and leaking valves and seals may
introduce motor oil into the combustion
process.

3. Characteristics of the fud used:
Engines and vehicles produce different
pollutants and emit different volumes of
pollutants depending upon the fuel used.
For example, federal diesd fue
requirements now specify reduced sulfur
content in comparison to fuels produced
severa years ago. Reduced fuel sulfur
results in lower sulfur dioxide emissions and
lower particulate emissions.

4. Engine and vehicle operation: As
vehicles ae driven more miles, or
equipment is operated more hours, more
pollution is produced. In addition, the
manner in which the engine or vehicle is
operated may increase pollution. For
example, vehicles driven with aggressive
accelerations and frequent starts and stops
produce more pollutants than vehicles
driven the same distance but at moderate,
steady speeds. An additiona example of
vehicular pollution related to operations
involves vehicle idling, where the vehicle
produces emissions without transporting the
occupants and contents—more idling equals
more pollutant emissions.




Table 5-4.

Important brown cloud sources, source parameters, and recommended controls.

Source Category and Sources

Source Parameters

Recommended Brown Cloud Controls

Brief Control Measure Comments

Nonroad Mobile Sources -
diesel exhaust

Diesel engine design

Diesel engine maintenance
practices

Diesel fuel specifications
Hours of use (time of day and
total hours)

Retrofit and replacement of
nonroad equipment
Clean burning diesel fuel

Recommended measures address engine design and
maintenance and fuel specifications. Implementing a
clean burning diesel fuel is an effective way to reduce
emissions from both nonroad and onroad diesel-
powered engines. Encouraging replacements
complements new EPA standards for nonroad engines;
the standards phase-in between 1999 and 2008. Use
restrictions would be difficult to enforce given the broad
array of equipment in the nonroad category.

Onroad Mobile Sources -
diesel exhaust

Diesel engine design

Diesel engine maintenance
practices

Diesel fuel specifications
Vehicle milestraveled (VMT)
Hours of use (including idling
time)

Retirement of onroad diesel
vehicles
Clean burning diesel fuel

Electrify truck stops

Recommended measures address engine design and

mai ntenance, fuel specifications, and hours of use.
Implementing a clean burning diesel fuel is an effective
way to reduce emissions from both nonroad and onroad
diesel-powered engines. Encouraging replacements
complements more stringent PM emissions standards,
which began in 1991. Driving and idling restrictions are
difficult to enforce. Programsto reduce idling may
become more practical if the pilot program to electrify
heavy-duty vehicle stops produces useful information.

Onroad Mobile Sources -
gasoline exhaust

Engine oil consumption

V ehicle maintenance practices
Engine operation (rich or lean)
VMT

Toll-free number for smoking
vehicles

Smoking vehicle identification and
citation program

Recommended measures address oil consumption and
vehicle maintenance/engine operation. Smoking vehicle
identification programs identify high PM-emitting
vehicles and encourage maintenance and repair work to
reduce emissions. VMT restrictions are difficult to
enforce, particularly since smoking vehicles are difficult
to identify.




As mentioned in Section 5.3, mobile
source control measures fal into four
categories. establishing more stringent new-
vehicle standards, retrofitting and replacing
older vehicles, reformulating the fuels used,
and restricting or changing the use of the
vehicle or engine. These four control
measure approaches directly reflect the
parameters controlling the amount of
pollution produced by mobile sources.
Table 5-4 briefly highlights how these
parameters and control measure approaches
relate to the important sources contributing
to the brown cloud. The table identifies
important  sources, important pollution
parameters for each source, and how the
recommended measures relate to the
parameters responsible for pollution to
create the brown cloud.

5.6 RECOMMENDED MEASURES

The best opportunities for controlling
brown clouds are to reduce exhaust
emissions from nonroad and onroad diesel
equipment and vehicles, and from high
PM-emitting onroad gasoline vehicles. The
following  discussion includes  brief
descriptions of each of the six recommended
measures, as well as further details on the
two measures recommended for further
study. Much of the discussion for severa of
these measures is drawn directly from the
Serious Area PMjp Pan (Maricopa
Association of  Governments, 1999a).
Appendix G and Appendix H include
background information collected during the
research phase of the brown cloud study that
is specific to controlling nonroad and onroad
diesdl exhaust, and onroad light-duty
gasoline exhaust from high emitting
vehicles.
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56.1 Six Recommended Measures for
I mplementation

1. Mandating the Use of Clean Burning
Diesel Fuel

EPA Proposed Regulatory Approach

At the nationa level, the U.S.
Environmental Protection Agency published
an Advance Notice of Proposed Rulemaking
for Control of Diese Fuel Quality in the
Federal Register on May 13, 1999. In the
notice, EPA indicated that new quality
requirements for fuel used in diesdl engines
is being considered in order to bring about
large environmental benefits through the
enabling of a new generation of diesel
emission control technologies. The most
promising change would be fue
desulfurization for the purpose of enabling
new engine and after treatment technologies
that are currently sensitive to sulfur. These
advanced sulfur-sensitive technologies have
the potential to reduce diesel engine NOx
emissions by up to 75 percent and PM
emissions by 80 percent or more.

According to the advance natice, the
impetus for near-term action on diesel fuel
quality comes from the EPA efforts to set
fuel-neutral Tier 2 standards for the light-
duty market, which applies the standards
equaly to gasoline and diesel powered
vehicles. The Tier 2 standards are proposed
to be phased-in between 2004 and 2009.
Emissions control technologies that prove
effective in light-duty diesel applications are
likely to be effective with heavy-duty
highway engines as well. Thus higher
quality diesel fuel for  heavy-duty
applications, combined with more stringent
heavy-duty engine emission standards that
effectively introduce the new technologies,
could provide large environmental benefits,
on perhaps a different implementation
schedule than that required for the light-duty

program.



With a phased-in program, the higher
quality diesdl fuel could be focused initialy
on the light-duty diesel fuel and then the
market penetration could be widened to
fulfill the expanding need created by sales of
new heavy-duty diesel vehicles that aso
employ the advanced technologies.
Eventually, these advanced technologies
could aso find application in nonroad
equipment.

In the notice, EPA indicated that
there is a reasonable possibility that diesels
will become more prevaent in the light-duty
truck  fleet. Vehicle and engine
manufacturers have indicated their intent to
sell more diesel-powered light-duty trucks
and in some cases have made capita
investments to implement these plans. The
Partnership for a New Generation of
Vehicles, a public-private research and
development effort, has been pursuing
several promising technologies such as
improved diesel engines which may be able
to deliver large fuel economy improvements
in the near future.

In order to assess the potentia
impact of increased diesel sales penetration
on PM-25 emissons, the Tier 2 PM
standards were anayzed by EPA under a
scenario in which diesel engines in light
trucks increase rapidly by five percent per
year from 2001 through 2010, when diesels
would account for 50 percent of light-duty
truck sales, beyond 2010, diesel sales were
assumed to be stable at 50 percent of the
light-truck market. If this scenario for
increased diesel engines in light trucks were
to occur, the May 13, 1999 proposal would
reduce diesel PM-2.5 by over 90 percent in
2020.

On October 6, 1999, the U.S
Environmental Protection Agency
announced a strategy to significantly reduce
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emissions from on-highway heavy-duty
vehicles (vehicles with a gross vehicle
weight rating greater than 8,500 pounds),
including diesdl and gasoline engines used
in large commercial trucks, large versions of
full-size pickup trucks, passenger vans, and
the largest sport utility vehicles. The first
phase of the strategy to reduce emissions
from heavy-duty trucks would take effect
starting with the 2004 modd year. The
second phase could take effect as early as
2007. It is important to note that the lighter
vehicles weighing up to 8,500 pounds would
be covered under the tailpipe emission
standards that EPA proposed in May 1999
(Tier 2 standards).

The first phase of this strategy for
heavy-duty vehicles would require gasoline
trucks to be 78 percent cleaner and diesel
trucks to be 50 percent cleaner than today’s
models. The second phase is anticipated to
be proposed by EPA late this year. The
Agency is considering even more stringent
standards that could take effect as early as
2007 to reduce NOy emissions by between
75 and 90 percent even beyond phase one.
Emissions of particulate matter could be
reduced by 80 to 90 percent.

As a part of this second phase, in
order to enable new emissions-control
technology on heavy trucks, EPA will be
proposing the reduction of the sulfur content
of highway diesel fuel by approximately 90
percent from its current level of 500 ppm.
EPA dready has proposed to significantly
reduce sulfur levels in gasoline in the Tier 2
proposal.

New Clean Diesel Fuels in the Market
Place

In addition to the efforts at the
national level, there are aso new clean
burning diesel fuels emerging in the market



place. These new clean burning diesel fuels

include: A-55; Atlantic Richfield
Company’s (ARCO) clean diesal fud;
Biodiesel “B20”; PuriNOy Performance

Systems diesel fued; and Cdifornia Air
Resources Board diesel fuel (CARB Diesdl).

A-55 /Clean Fudls

According to the A-55 Limited
Partnership, the A-55 Clean Fuels can be
used in al gasoline and diesel engines, as
well as boilers, heating units and turbines.
The fuels are a mixture of water and a
petroleum-based hydrocarbon such as diesel
fuel or heavy naphtha, a crude oil byproduct
produced early in the oil refining process.
The A-55 Clean Fuels can contain from 30
to 55 percent water, which is introduced into
engine systems, boilers and heating units. A
proprietary additive package binds the water
and petroleum together, and contains
elements that protect engines and other
combustion units from rusting and freezing
inherent with introducing water into those
systems. The water in the A-55 Clean Fuels
alows the fuel to burn cooler and more
efficiently, producing the same power and
less pollution.

The A-55 Clean Fuels reduce NOy
emissions by more than 50 percent in diesel
engines, with even lower NOy emissions as
more water is added to the fuels. The fuels
aso sgnificantly reduce particulate
emissions (A-55 Limited Partnership, 1999).

Atlantic Richfield Company’s (ARCO)
Clean Diesdl Fue

In 1999, the Atlantic Richfield
Company announced that it has developed a
cleaner diesdl fue for trucks and other large
vehicles. Anticipating further fuel actions
by the State of California, ARCO developed
the new fud known as EC-D. In ealy
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testing on a small number of vehicles, the
fuel reduced particulates by 13 percent,
nitrogen oxides by 3 percent and sulfates by
97 percent. According to ARCO, EC-D
may reduce emissions more than the CARB
Diesal formula.

ARCO is planning to produce
approximately seven million gallons of fuel
at Arcois refinery in Carson, California. It
will be tested by afleet of 150 trucks, school
buses and other diesel-powered vehicles
(Arizona  Republic, 1999 and ARCO
Products Company Fuels Development,
1999).

Biodiesel “B20”

Based upon information from the
U.S. Department of Energy, Biodiesdl is a
cleaner-burning fuel for diesd engines that
is made from renewable, domestic
resources. Biodiesel is composed of fatty
acid methyl esters that are formed when
vegetable oil and animal fats are reacted
with methanol. This process removes the
glycerin that creates fouling and engine
problems when pure vegetable oil is used as
a diesel fudl. Biodiesd should meet the
recently approved ASTM standard for
biodiesdl.

Biodiesdl can be used asis (100
percent pure) in conventional diesel
applications (mobile, marine, and stationary)
without modifications. It can aso be
blended with any diesd fuel in any
percentage, and it will stay blended in
storage. B20 was selected as the optimal
blend that reduces power and fuel economy
by only 1 percent while reducing most major
air pollutants such as particulates, soot and
visible smoke, sulfur dioxide, hydrocarbons,
carbon monoxide, and air toxics. In generd,
B20 is a 20 percent blend of biodiesel with
80 percent diesal fudl. No new



infrastructure or new vehicles are required
(U.S. Department of Energy, 1999).

PuriNO, Performance Systems

According to the Lubrizol Corporation,
Lubrizol and Caterpillar entered into a joint
development agreement and a commercial
agreement to combine chemica and system
capabilities  with  diesel

formulation
Governments,
5-40).

(Maricopa Association of
1999a; pp.5-38 through

A. Suggested Implementing Entity. The
federal government could require the use of
a clean burning diesel fuel on a nationa
bass. The Arizona Legidature could
require the use of a clean burning diesel fuel

for onroad and nonroad

engine  combustion  and
emissions knowledge in
developing and marketing
PuriNOx Performance
Systems. PuriNOy fud is a
stable blend of additives,

Another control option is to
expand the Voluntary
Vehicle Repair and
Retrofit program to include
nonroad diesel engines.

vehicles and engines in
Maricopa County or on a
statewide basis.

B. Cost. Cost information
is provided for CARB

water and commercial diesel

fuel. PuriNOy fuel is applicable to direct
heavy-duty compression ignition engines. It
requires no changes to engines or
equipment. Use of the fuel is compatible
with existing engines and complementary
systems. PuriNOy fuel remains completely
stable at room temperature for a minimum
of two months.

PuriNOy, fuel, when compared to
commercial diesel fuel, reduced NOx
emissions from compression ignition
engines by 5 to 30 percent. Particulate
emission reductions range from 20 to 50
percent. Test data indicates that levels of
hydrocarbons remain constant or are
reduced; carbon monoxide is also reduced.
Carbon dioxide remains essentially the same
(The Lubrizol Corporation, 1999).

CARB Diesel

Required in California beginning in the
fall of 1993, the regulation requiring CARB
Diesel specifies an aromatic content of 10
percent (for large refiners) and a sulfur
content of 0.05 percent. However, refiners
may use dternative formulations if they
demonstrate that the same emission
reductions will be achieved with ther
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Diesel since this fuel has
been in the marketplace for
several years. Other clean diesdl fuels are
relatively new. The differential for CARB
Diesdl has been estimated by the California
Air Resources Board (CARB) to be $0.06
per galon relative to conventional Diesel
#2. Inthe Draft Particulate Control Measure
Feasibility Study prepared for MAG by
Sierra Research in 1996 (Sierra Research,
1996), the cost effectiveness in reducing
PM25 by using CARB Diesal was estimated
to be $57.42 per pound in the year 2001.
The cost data is from a 1996 report; costs
arein 1994 dollars (Sierra Research, 1996).

C. Basis for Consideration. The use of a
clean burning diesel fuel will reduce tailpipe
PM emissions from diesel vehicles. What is
particularly important with respect to the
brown cloud, however, is the expected
reduction in elemental carbon emissions
from using clean burning diesal fuel.
Reformulated diesel fuel that lowers
aromatic content reduces elemental carbon
emissions (STAPPA and ALAPCO, 1996;
pp. 104-105). Adopting  Cdifornia
reformulated diesel fuel requirements or
other clean burning diesel fuel requirements
could directly lower the alowable aromatic
content and reduce elemental carbon
emissions. In addition, Arizona Revised
Statutes Section 49-571, passed in 1992,



requires newly purchased transit vehicles
used in the MAG region to operate on clean-
burning aternative fuels, which include
reformulated diesel and gasoline.

D. Benefits and Other Considerations. The
lower aromatic formulation in California
results in approximately a 10 to 20 percent
reduction in PM emissions beyond what is
achieved with federa fuel requirements
(Brasil, 1997; NESCAUM, 1997, pp. VIII-3
through VIII-4). Cadifornia reformulated
diesel fuel reduces aromatic hydrocarbons,
limiting the aromatic hydrocarbon content to
10 percent for most refiners.  Aromatic
hydrocarbons have a greater tendency to
form elemental carbon in burning than other
hydrocarbon species.

One drawback to requiring CARB
Diesal could be the controversy likely to
surround its introduction due to problems
encountered during the initial California
introduction in 1993. The EPA, the
Cdifornia Trucking Association, and the
Department of Defense all agreed that the
lower aromatic content of California diesel
fuel led to vehicle performance problems in
the initial months following the introduction
of the new fuel. However, these problems
seemed to disappear with the replacement of
some older rubber engine components on
affected vehicles (STAPPA and ALAPCO,
1996). A fina report prepared in March
1996 for the California Diesel Fuel Task
Force found that the fuel manufacturing
process, rather than the fud itself, may have
been responsible for the performance
problems (NESCAUM, 1997). Cadlifornia
continues to require the use of its lower
aromatic fuel, and CARB staff indicate that
the state has overcome the problems
experienced during the first few months of
using the reformulated fuel (Brasil, 1997).

Additional concerns were raised during
the Serious Area PMjo Plan development
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process. The PMig Plan documents several
reasons why CARB diesd was not
determined to be feasible and therefore not
selected as a PMp control measure (MAG,
1999a):
- Onroad diesel vehicles might refuel
outside Maricopa County, and thus
avoid using CARB diesdl.
There may be an inadequate supply of
CARB diesel available since Arizona
cannot compel California refiners to
produce enough fuel for the Arizona
market, and New Mexico and West
Texas refiners currently do not
produce CARB diesdl. The supply
concern becomes even more important
if CARB diesd is required statewide
instead of in Maricopa County. Supply
concerns relate to the deadlines to

implement PMio Plan  control
measures. The PMjp Plan
documented, for example, that
refineries  would have difficulty

providing adequate CARB diesel
supplies by the spring of 2001, an
important milestone for the PMjg
planning process.

Incremental costs associated with
CARB diesdl are uncertain. The PMqg
Plan documented concern  that
incremental costs  could rise
substantialy if an inadequate supply is
produced for the Maricopa County
area.

Benefits from using CARB diesel are
uncertain. The PMio Plan stated that
no approved method exists for
equating PM 1o emissions reductions to
particular diesel formulations.

Notwithstanding these concerns, the brown
cloud strategy includes clean burning diesel
fuel for severa reasons:

Nonroad  diesd-powered  mobile
sources are important contributors to
brown clouds. While some onroad
diesel vehicles may refuel outside an



area serviced by a clean burning diesel
fud, it is less likely that nonroad
engines and equipment will have an
opportunity to use fuels other than by a
clean burning diesel fuel.

Officials in the Maricopa County area
have the flexibility to design a diesel
implementation program that considers
the ability of out-of-state refiners to
provide an adequate supply of diesel
fuel.  There are no deadlines for
achieving brown cloud reductions. It
may be possible to establish a longer
lead-time for fuel production and
delivery than was available to those
developing the PMjg

program that applies to onroad vehicles.
This recommendation is to consider
adopting a similar program for nonroad
engines. In addition, this measure could
create contracting incentives to replace
older, higher emitting nonroad equipment
with newer equipment that meets recent
EPA  nonroad equipment  emissions
standards  (Maricopa  Association  of
Governments 1999a, p. 9-50; Maricopa
Association of  Governments  1999Db,
p. V-65).

The existing onroad vehicle repair and
retrofit program was passed by the Arizona
Legidature in 1998, and detailed in S.B.
1427. S.B. 1427 requires
Maricopa County to

Pan.

A clean burning diesel
fuel reduces PM, and
the reduced aromatic
levels in those fuds,
including CARB

Maricopa County agencies
should consider expanding
the onroad diesel vehicle
retirement program with

greater financial incentives.

establish and coordinate a
Voluntary Vehicle Repair
and Retrofit Program. The
County is required to
coordinate the program with

diesd specifically
reduce the elemental
carbon portion of PM (Brasil 1997;
NESCAUM 1997, pp. VIII-1 through
VIII-4; STAPPA and ALAPCO 1996,
pp. 104-105). The brown cloud control
strategy does not need to be submitted
to the EPA for approval. Thisreport is
not intended to be a Stae
Implementation Plan Revision for any
pollutant including PMyp and PMys.
The lack of an approved emission
reduction estimation methodology is
not of direct concern to developing a
brown cloud control strategy.

Encouraging Retrofits and Replacements
of Nonroad Diesd Engines ad
Equipment

This measure could enhance an existing
program to encourage the retrofitting and
replacement of older nonroad diesd-
powered engines. The existing measure is a
“voluntary vehicle repair and retrofit”
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the ADEQ and the Arizona
Department of
Transportation (ADOT). The program is
required to provide for quantifiable
emissions reductions based on actua
emissions testing performed on the vehicles
before repair and retrofit.

The control measure recommended as
part of the Brown Cloud study could
establish program requirements that are
smilar to the onroad program, but target
fleets  of nonroad, diesal-powered
construction  equipment. A nonroad
equipment owner would participate in the
program if all of the following criteria were
met: (1) The owner would be willing to
participate in the program; (2) The nonroad
equipment  would be  functionally
operationd; (3) The nonroad equipment has
been titled in Arizona and registered in
Maricopa County for at least 24 months;
(4) The nonroad equipment would be at |east
ten years older than the current model year
for similar equipment, or has at least
8,000 hours of use. 5. The vehicle fails an



opacity emissions test. The equipment must
be tested to determine its emissions level
before it is digible to participate in the

program.

The County Board of Supervisors could
be required to appoint an advisory
committee composed of representatives
from the ADOT, the ADEQ, and the parties
affected by the Voluntary Nonroad
Equipment Repair and Retrofit Program,
including contractors that operate fleets of
construction equipment, and the after-
market products industry. The role of the
committee could be to advise and make
recommendations on the development and
implementation of the program, including
opacity testing specifications.

A. Suggested Implementing Entity. The
Arizona Legidature could require Maricopa
County to coordinate the program with the
ADEQ and the ADOT.

B. Cost. The County could be required to
develop a Pilot Nonroad Emissions Control
Repair and Retrofit Program in cooperation
with the ADEQ that has the following
provisions (patterned after the existing
onroad program):

1. Equipment owners who qualify for the
repair and retrofit program will pay the
first $100 as a co-payment.

2. Equipment owners that require more
than $500 in repair costs or $650 in
retrofit parts and labor costs are not
eligible unless the equipment owner
chooses to pay additional costs.

Diesel powered nonroad construction
equipment that is operated at least 500 hours
per year and is registered in Maricopa
County could be €ligible for up to $1,000 in
repair or retrofit costs from the program.
Qualified owners will be responsible for
one-half of the costs of the qualified repairs
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and the other one-half of the costs will be
funded from the program up to $1,000. No
more than 20 percent of the program funds
in any year may be used for these purposes.

The program could aso establish a
Voluntary Nonroad Equipment Repair and
Retrofit Program Fund consisting of monies
appropriated by the Legislature and political
subdivisions and gifts, grants, and donations.
The program could be similar in nature to
one described in S.B. 1427, which included
an appropriation of $800,000 from the State
General Fund in fiscal year 1998-1999 for
the Voluntary Vehicle Repair and Retrofit
Program Fund.

C. Basisfor Consideration: Diesal exhaust
is one of the most important contributors to
the brown cloud. Nonroad construction
equipment exhaust is one of the most
important categories of diesel exhaust. The
EPA considers nonroad engines to have a
useful life of 8,000 hours or 10 years (U.S.
Environmental Protection Agency, 1998),
although a useful life of 10,000 to 20,000
hours is not uncommon (NESCAUM, 1997,
p. 1V-37). On average, California nonroad
equipment operates approximately 800
hours per year (NESCAUM, 1997; p. IV-
43). Engines are likely to be rebuilt or
change owners as they approach the end of
their service intervals or useful life
(NESCAUM, 1997; pp. IV-44 through IV-
45). The period when rebuilds or change of
ownership occurs is an opportune time to
implement repairs and retrofits to reduce
emissions.

D. Benefits and Other Considerations: By
December 1 of each year, the County could
be required to prepare a report on the
Voluntary Nonroad Equipment Repair and
Retrofit Program that includes the number of
vehicles or pieces of equipment repaired or
retrofitted by model vyear, the cost
effectiveness of the program in terms of



dollars spent per ton of vehicle emissions
reductions, any recommendations for
improving the effectiveness of the program,
and the administrative costs of the program.

The EPA has established a three-tiered
regulatory program to reduce exhaust
emissions from nonroad equipment. The
program phases in between 1996 and 2006
(U.S. Environmental Protection Agency,
1998). EPA rulemakings affect new
equipment only, and do not regulate existing
equipment. A program designed to create
incentives to retrofit or replace older
equipment will target those pollution
sources that are not covered by the federd
nonroad regulatory program.

In addition to the retrofit program, this
measure could institute incentives to
encourage the early retirement of higher
emitting construction equipment.  Public
agencies in the Maricopa County area could
give hiring preference to construction
contractors that utilize only nonroad diesel
equipment manufactured in 1996 or later
(federal emissions standards became more
stringent in 1996). When public agencies
release requests for bids to complete public
construction projects, the bid instructions
could inform potential contractors that the
selection criteria include the age of the
equipment fleet. The Maricopa Association
of Governments could draft “boilerplate’
contracting language to implement this
program and could provide the language to
public agencies throughout Maricopa
County.

3. Strengthening the Voluntary Onroad
Diesdl Vehicle Retirement Program

This measure could strengthen the
existing vehicle retirement a program to
purchase and scrap onroad heavy-duty diesel
vehicles. This measure is focused on older
vehicles because they have the highest
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emissions. A vehicle scrappage program
could be implemented as an enhancement to
the existing inspection and maintenance
program; this could involve scrapping
vehicles that fail the emissons test and
require repairs more costly than the waiver
limit. This measure could aso be
implemented as a separate, stand-alone
program available to all owners of older
heavy-duty diesel vehicles. Vehicle owners
could be offered an incentive of up to
$10,000 to scrap each vehicle. Only pre-
1991 model year vehicles would be dligible.
The program could be assumed to operate
for two years (Maricopa Association of
Governments 19993, pp. 5-43 through 5-44).

A. Suggested Implementing Entity. A
vehicle scrappage program, whether enacted
in a dtand-alone fashion or as an
enhancement to the existing vehicle
inspection and maintenance program, could
be implemented by action of the Arizona
Legidature.

B. Cost. In the Draft Particulate Control
Measure Feasbility Study prepared for
MAG by Sierra Research in 1996, it was
assumed that each scrapped heavy-duty
diesel vehicle would cost $10,000 in bounty
plus administrative fees. This cost estimate
has been used in previous studies of heavy-
duty diesel vehicle scrappage programs (see,
for example, STAPPA and ALAPCO, 1996;
pp. 92-93).

C. Basis for Consideration. Removing
older, high-emitting heavy-duty diesel
vehicles from service could result in a net
decrease in PM emissions, and reduce the
elemental carbon emissions contributing to
the brown cloud.

D. Benefits and Other Considerations. A
vehicle scrappage program could effectively
target older, high-emitting heavy-duty diesel
vehicles, which produce a disproportionate



share of the total onroad emission inventory.
Because of the logistics involved in shipping
vehicles to scrap yards and ensuring they are
permanently removed from  service,
administration of a large scrappage program
may prove cumbersome. It has been
suggested that scrapped vehicles could be
sold overseas, thereby reducing the total cost
of the program.

4. Electrifying Truck Stops Through a
Pilot Program

This control measure seeks to reduce
idling emissions from heavy-duty trucks
(HDTs). It is estimated that HDTs may idle
up to 60 percent of engine running time
(NESCAUM, 1997; p. VIII-13). Most
engine idling occurs at truck stops. Engine
idling takes place for various reasons, such

The program could require as to provide continuous power to
establishment of a refrigerated truck trailers and
Voluntary Onroad Piloting a bus or truck stop to provide heating and
Retirement Program Fund. electrification program will COOIing to truck cabs. As a
The fund could consist of  help develop a strategy to result, idling  emissons

monies appropriated by the
Legislature and political

reduce idling emissions.

represent a large fraction of
HDT emissions. The goa of

subdivisons and  gifts,

grants, and donations. The fund could
require state appropriations for a two-year
period. The program could be similar in
nature to one described in S.B. 1427, which
included an appropriation of $300,000 from
the State General Fund in fiscal year 1998-
1999 for the Voluntary Vehicle Repair and
Retrofit Program Fund. The same advisory
committee overseeing the Repar and
Retrofit Program could also oversee this
program, and program reporting and review
could be combined for both the retrofit and
retirement  efforts. The role of the
committee could be to advise and make
recommendations on the development and
implementation of the program, including
which vehicles would be digible to receive
program “bounties.” The committee could
focus on offering financia incentives to the
small percentage of heavy-duty onroad
vehicles considered to be “high emitters,”
and could scale the bounty to vehicle age,
with older, less vauable vehicles being
offered less money.

5-28

this measure is to test the
feasibility of introducing electrification
equipment at truck stops to reduce truck
idling (Maricopa Association of
Governments, 1999a; p. 5-89).

Past MAG research has identified
difficulties in implementing a truck stop
electrification program (Maricopa
Association of Governments, 1999a; p. 6-4).
This measure could create a pilot program to
test electrification on a limited basis and to
determine  how to best approach
implementing a broader program in
Maricopa County. The proposed method of
control is to retrofit HDTs and instal
electric outlets a truck and bus stop
locations. The truck equipment will replace
the engine idling functions by connecting to
ground-based el ectric power.

A. Suggested Implementing Entity.
Ultimately, this control measure could be
implemented regionwide through action by
Maricopa County. On a pilot basis, County
staff could work with the Regiona Public
Transportation  Authority  (RPTA) to
electrify abus facility.



B. Cost. Savings could result from less
fuel consumption, but could be offset by the
cost of electrification. It isassumed that any
net cost increase incurred by truck stop
operators and truckers ultimately could be
reflected in the consumer cost of trucked
goods.

C. Basisfor Consderation. Section 108(f)
of the Clean Air Act identifies “programs to
control extended idling of vehicles’ as a
transportation  control measure  for
consideration in air quality plans. Other
agencies are evauating this control measure
with support from the electric power
industry.  For example, the Lone Star
Energy Company (which provides electric
power to the Dallas/Fort Worth, Texas areq)
has applied to the North Central Texas

Council of Governments to receive
Congestion Mitigation Air Quality (CMAQ)
funding to establish a truck stop

electrification effort (Hayes, 1999).

D. Benefits and Other
This measure could seek

Considerations.

would work best. Buses return to a service
facility at midday, following morning transit
runs. Buses then leave again at 2:00 p.m. to
service the evening commute period. A
pilot program could electrify a service
facility to test how electrification works
during the midday period. Note that midday
emissions do not contribute to the brown
cloud as much as very late evening and early
morning emissions do. In addition, the truck
stop electrification concept is focused on
providing power to heating and air
conditioning a truck cab, which has a
smaler volume of space than a bus.
However, the pilot program could be more
concerned with testing the feasibility of
electrification  rather than  achieving
emissions reductions applicable to the
brown cloud. If successful, the program
could be adapted to trucks, and to those
times of the day when the brown cloud
would be most affected. Members of the
American Trucking Association (ATA)
could be invited to participate as pilot
program observers. Assuming the pilot is
successful, the ATA could

to reduce the need for
idling by trucks and buses
by instaling on-board
electrification  packages
and equipping truck stops
to accommodate such

A toll-free smoking vehicle
hotline, together with onroad
enforcement, could improve
identification and repair of high
emitting smoking vehicles.

provide advice about a
follow-up pilot project
involving a truck stop
within Maricopa County.

Truck stop

electrified vehicles. To
date there has been little
research in the area of quantifying potential
emission benefits from eliminating idling
trucks and buses and methodologies to
determine actual volatile organic compound
(VOC), CO, and PM reductions. A detailed
study would need to be completed as part of
the pilot project to help quantify these
potential emissions reductions.

RPTA dtaff are willing to consider
participating in a bus facility electrification
pilot program (Zwagerman, 1999). RPTA
staff indicate that midday idling controls
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electrification has not yet

been implemented in the
US. and there ae many program
uncertainties to resolve. The pilot effort
could help address these uncertainties by
identifying the number of truck stops in
Maricopa County and the idling emissions at
those truck stops; surveying truck operators
to determine why the idling occurs (for
example, to reduce diesel engine start-ups,
to control temperature in the cab, to keep
refrigerated trucks operating); establishing
electrical power needs; identifying available
electrification equipment; assessing the ease
of implementation; and quantifying program



benefits, both in terms of emissions
reductions and economic benefits to
trucking organizations from reduced fuel use
and reduced engine wear. The pilot project
could study these program elements while
working with RPTA on a bus electrification
effort.

5. Implementing a Toll-Free Number for

Smoking Vehicle Complaints

This measure could establish and
publicize a toll-free telephone number
citizens may use to register complaints
about smoking vehicles. The measure could
enhance existing Maricopa County efforts.
The ADEQ implemented a smoking vehicle
hotline in October 1996, and Maricopa
County assumed responsibility for the
hotline in 1999. The program provides a
local phone number for the public to use to
provide information regarding vehicles that
are observed emitting excessive tailpipe
smoke. In response to a complaint, the
County mails a letter to the registered
vehicle owner recommending an emissions
test for vehicles emitting excessive smoke.
This control measure could change the
existing hotline to a toll-free number, could
publicize the new number through existing
clean air promotion programs, and could
establish a tracking system to estimate the
number of vehicles that are identified and
then emissions tested as a result of the
program  (Maricopa  Association  of
Governments, 1999a; pp. 9-67 through 9-68;
Maricopa Association of Governments,
1999b; p. V-83).

A. Suggested Implementing Entity.
Maricopa County could implement the
measure and could work through other
agencies such as the RPTA to publicize the
availability of the toll-free number.

B. Cost. Costs for promoting the toll-free
number could be minimized by providing
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information about the toll-free number in
existing clean air promotions. Costs to
operate a toll-free program may be
recovered if the vehicle owner is assessed a
fee provided tests confirm the complaint.
The toll-free telephone system for the
greater Los Angeles area, which contains
more than six times the population of the
Maricopa County area, costs approximately
$416,000 per year to operate; those costs
include salaries and benefits for four office
staff, two telephone operators, and two field
staff (Redmond, 1999).

C. Basis for Consideration. The CMB
anayses (see Chapter 4) have identified
smoking light-duty gasoline vehicles as a
significant contributor to the brown cloud.
Studies estimate that anywhere from 0.6 to
2.5 percent of vehicles are smoking vehicles.
(Cadle et d., 1998, say the number is
between 0.6 to 1.1 percent; Durbin et al.,
1999, say the number is between 1.1 to 1.8
percent; and Lawson, 1999, says the number
isup to 2 or 2.5 percent.)

D. Benefits and Other Considerations. In
the Los Angeles area, the South Coast Air
Quality Management District (SCAQMD)
operates a toll-free smoking vehicle hotline
known as the “Cut Smog” program. The
toll-free  number is 1-800-CUT-SMOG.
Over a 12-month period, from October
1994, through October 1995, the program
collected approximately 138,000 records
(Durbin et a., 1999). Durbin et a. (1999)
estimate that 88 percent, or 121,000, light-
duty vehicle records were collected.

A well publicized toll-free number in
Maricopa County could expect to identify a
large fraction of the light-duty smoking
vehicles over a one-year period. During the
1994-1995 Los Angeles data collection
effort, approximately 10 million vehicles,
including automobiles, commercial vehicles,
and motorcycles, were registered in the



greater Los Angeles area.  (More vehicles
operated in the area, since a fraction of the
onroad vehicles were registered in other
locations.) (Keyngjad, 1999).
Approximately 8.1 million of these vehicles
were light-duty automobiles. Assuming that
smoking vehicles represent approximately
2 percent of the light-duty

to four times per year, workshops to increase
participation in Clean Air Campaign events,
and events to increase awareness of
alternative modes of transportation and work
schedules. High Pollution Advisory faxes
are aso sent to over 700 Valley employers
during the winter and summer high pollution

season when air quality is

vehicle population, there are
about 162,000 light-duty
smoking vehicles registered
in the greater Los Angeles
metropolitan  region (2
percent of 8.1 million).

RSD and IM program
enhancements need further
study to identify opportunities
to reduce the population of
smoking vehicles.

“forecast” to  exceed
federa air quality
standards. Promotion of a
toll-free hotline could be
included in the RPTA
public awareness program,

Ignoring the fraction of
vehicles operating in Los
Angeles that are registered outside the Los

Angeles area, the Cut Smog hotline
identified 121,000 light-duty smoking
vehicles;, or a number equivaent to

approximately 75 percent of al the light-
duty smoking vehicles registered in the Los
Angeles region. Even if 75 percent is
approximate (due to some fraction of the
identified vehicles coming from outside the
region, due to overlapping records, due to an
inaccurate assessment of the true number of
smoking vehicles on the road, or for other
reasons), it is still valid to note that an
effective toll-free hot line system has the
potential for identifying a large fraction of
smoking light-duty vehicles.

The toll-free number may be publicized
by adding awareness about the number to
existing clean air promotion programs. For
example, the RPTA is carrying out an area-
wide public awareness program.  The
program is targeted a employers and
employees affected by the Maricopa County
Trip Reduction Program (TRP), employers
not affected by the TRP, and the general
public. The awareness program includes
paid radio and televison advertising for
eight weeks during the winter pollution
season (when the brown cloud occurs),
promotional mailings to TRP participants up
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as well as other County
clean air programs.

6. Implementing a Smoking Vehicle
Identification and Citation Program

This control measure could deploy
trained Motor Vehicle Division officers to
identify and record the license plate numbers
of smoking vehicles. Smoking vehicle
owners could receive notification requiring
that the vehicle be tested at an inspection
facility or risk forfeiting their valid vehicle
registration (Maricopa Association  of
Governments, 1999b; p. V-38).

A. Suggested Implementing Entity. The
Motor Vehicle Divison (MVD) of the
ADOT could implement this measure. The
measure could enhance aready existing
enforcement programs implemented by the
MVD.

B. Cost. Additional costs for the program
may be minimal if the program is attached to
the existing “Registration Compliance
Program” operated by the MVD.

C. Basis for Consideration. The CMB
analyses (see Chapter 4) have identified
smoking light-duty gasoline vehicles as a
significant contributor to the brown cloud.
Studies estimate that anywhere from 0.6 to
2.5 percent of vehicles are smoking vehicles.



(Cadle et a., 1998, say the number is
between 0.6 to 1.1 percent; Durbin et al.,
1999, say the number is between 1.1 to 1.8
percent; and Lawson, 1999, says the number
isup to 2 or 2.5 percent.)

D. Benefits and Other Considerations.
According to the December 1996 Report of
the Governor’s Air Quality Strategies Task
Force, the MVD of ADOT has instituted a
comprehensive  enforcement  program.
Three key elements of the new program are
a Registration Enforcement Team, a
Registration Enforcement Tracking System,
and a New Resdent Tracking Program.
Through public participation, consistent
policy and procedure application, and new
tracking methods, MVD enforces the
Arizona registration laws to ensure vehicles
in question are registered properly. This
control measure could enhance the existing
enforcement program by  training
enforcement personnel to identify smoking
vehicles.

The Registration Compliance Program
began in January 1994 with one full-time
employee responding only to complaints. In
April 1996, this program was enhanced with
five MV D officers periodically conducting a
statewide effort locating and issuing
warning notices on vehicles suspected of
being in violation of Arizona registration
laws. This effort resulted in a substantial
increase in the collection of the Vehicle
Licenses Tax (VLT) for 1996. MVD
officers, in a manner similar to the way
registration compliance warning notices are
issued, could issue smoking vehicle
citations.  The citations could require
smoking vehicle owners to bring their
vehicles to an IM 240 test facility. If the
vehicle is not tested within 90 days, a
second notice could be sent, warning that the
vehicle registration will be suspended if the
owner does not have the vehicle tested
within 90 days of the second notice.
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Implementation of the citation and testing
part of the program could be coordinated
with the existing RSD program. Smoking
vehicle notices could be sent and subsequent
vehicle testing could be tracked, in a manner
similar to the way the RSD program notifies
ownes of high CO or HC-emitting
vehicles.

Implementation of the Smoking Vehicle
Identification and Citation Program could be
added to the responsibilities of existing and
future  Compliance  Program  staff.
Currently, the required staff time for the
existing MVD enforcement program is
equivalent to eght full-time employees.
Additional staff requirements for the initial
phase of the Registration Compliance
Program are expected require a total of
12 full-time (active) employees and one
supervisor.  The funding allocated for
implementation of the Registration
Compliance Program is included as part of
the overall MVD budget. A Smoking
Vehicle Identification program evaluation
following the first year of operation could
determine whether the program operated
effectively and whether staffing levels were
adequate to service the Smoking Vehicle

program.
5.6.2 Study Measures

Two additional measures have potential
for identifying and reducing emissions from
smoking  vehicles. These include:
(1) implementing the use of RSDs capable
of detecting smoking vehicles;, and
(20 implementing an IM  program
enhancement to detect or test for smoking
vehicles or particulate matter high emitters.
Unfortunately,  neither  measure  has
advanced beyond the research stage. This
section briefly reviews what is known about
these two options, and recommends that
Maricopa County officials study both these



measures further and track when they might
be appropriate for implementation.

1. Implementing the Use of Remote
Sensing Devices (RSDs) Capable of
Detecting Smoking Vehicles

The Maricopa County area is one of the
first in the nation to implement a remote
sensing program to identify high emitting
vehicles. The current program uses carbon
monoxide and hydrocarbon readings to
identify high emitters and notifies vehicle
owners to have their vehicles tested at an IM
facility. RSD units are also theoretically
capable of being used as opacity detectors,
i.e, to measure smoke emissions and the
degree to which the smoke obscures the
visible light seen when looking through a
tailpipe exhaust. However, discussions with
remote sensing experts, including one of the
inventors of the RSD, Dr. Donald Stedman
at the University of Denver, indicated that
RSDs do not currently operate as accurate
opacity measurement instruments (Stedman,
1999; Lawson, 1999). Staff from the
Northeast States for Coordinated Air Use
Management (NESCAUM) have identified
a least one company (Aerodyne Research)
working to develop an RSD unit capable of
detecting PM (Cooper, 1999). RSD units
ae not yet commercially available,
however, that could effectively measure
either smoke or PM.

Given the growing interest in smoking
vehicles, and growing experience with
implementing RSD programs, it is possible
that significant advances may occur during
the next two to three years and that RSD
units may become available that effectively
detect PM and smoke. Maricopa County
officials should actively study progress
made in this area, and track the availability
of RSD units that might assst in the
identification of smoking vehicles.
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2. Implementing an IM Program
Enhancement to Detect or Test for
Smoking Vehicles or Particulate M atter

High Emitters

Maricopa County currently operates
one of the most advanced IM 240 inspection
programs in the country. Enhancing the IM
240 program to aso test for PM, or to
otherwise identify smoking vehicles, could
help address the smoking vehicle problem
that contributes to the brown cloud.
Unfortunately, discussions with staff from
the EPA Office of Mobile Sources, the
National Renewable Energy Laboratory, the
University of Denver, General Motors, and
the Colorado Department of Public Health
and Environment all indicate that IM for PM
has not advanced beyond the research stage
(Lindner, 1999; Lawson, 1999; Stedman,
1999; Cadle, 1999; Gadlagher, 1999).
Severa obstacles are posed by PM testing,
perhaps the most important of which are
(& how to properly handle and weigh PM
filters used to conduct atest, and (b) how to
analyze in a relatively short amount of time
the PM sample obtained. For example,
when PM filters are currently weighed
during research efforts, the procedure
requires a room with good temperature,
humidity, and cleanliness controls. In
addition, new equipment would need to be
added to current IM facilities, including
exhaust dilution tunnels. Protocols to “fast
pass’ or “fast fal” vehicles, which are
current procedures used to speed up the IM
test process, would probably not work well
with PM testing since a minimum particul ate
sample needs to be collected (Cadle, 1999).

Notwithstanding the drawbacks to PM
testing, thereisinterest in the air quality control
field in finding a way to utilize IM facilities to
identify smoking vehicles and high PM
emitters. State of Colorado staff are currently
exploring how to add a smoking vehicle
identification process to the exising IM
program. One gpproach they are consdering is
adding smoke detection equipment to the IM




lanes to identify smoking vehicles arriving for
ingpection (Gallagher, 1999). Given the broad
interest in this problem, and the number of
public agencies involved in IM, there are
severad opportunities for Maricopa County
agencies to track and study the progress being
made. In addition to smply tracking existing
research in this area, Maricopa County might
be d&le to jointly sudy program
implementation options with other public
agencies, thereby reducing the study costs and
perhaps accelerating the availability of PM or
smoke detection protocols. Potentiad partner
agencies include the EPA Office of Mobile
Sources, the Nationd Renewable Energy
Laboratory in Colorado, NESCAUM, and the
Colorado Depatment of Public Hedth and
Environment.  In the near term, the most
important study opportunity is to work with
Colorado officids to track progress adding
smoke detection capabilitiesto the Denver area
IM program

5.7 CONCLUSIONS

In general, the brown cloud forms on
cold mornings when a layer of air is trapped
near the ground and pollutants are emitted
into and concentrated in this shallow air
layer. The layer of cold air, capped by a
temperature inversion, rises and is dispersed
as the sun rises and heats the ground.

Elemental carbon is the pollutant most
responsible for the brown appearance of
brown clouds in Maricopa County. Fine
particles emitted by diesel and gasoline
engine exhaust are responsible for the
majority of al elemental carbon emissions
in Maricopa County. Reducing fine particle
exhaust emissions from diesel and gasoline
engines may mitigate the brown cloud.

MAG and other agencies at the county,
state, and federal levels have committed to
severa State Implementation Plans (SIPs)
designed to reduce ozone, CO, and PM air
quality problems. Many of the control
measures included in these SIPs will
decrease diesel and gasoline engine

particulate emissions over the coming years.
The control measures recommended by this
study could provide additional measures and
supplement existing control efforts aready
underway.

Recommended brown cloud control
measures focus on two objectives:
(2) reducing emissions from vehicles and
equipment in use today, and (2) speeding the
introduction of newer vehicles and
equipment that will operate more efficiently
and produce fewer elementa carbon
emissions. Given the importance of diesel
emissions, the recommended measures focus
on reducing pollution from both nonroad
and onroad diesel-powered mobile sources.
Also important are recommendations to
identify and repair high emitting gasoline
vehicles. A small fraction, perhaps less than
two percent, of onroad gasoline powered
automobiles contribute a disproportionate
share of the mobile source emissions. In
addition to reducing diesel exhaust from
nonroad and onroad mobile sources, an
important component of the overall brown
cloud control strategy should be to reduce
the number of onroad high-emitting gasoline
vehicles.

Two measures warrant further study:
(1) implementing the use of RSDs capable
of detecting smoking vehicles; and,
(2) implementing an IM  program
enhancement to detect or test for smoking
vehicles or particulate matter high emitters.
RSD and IM have not yet advanced to a
point where they assist in large-scae
operations designed to identify smoking,
high PM-emitting vehicles. However,
various agencies, academic organizations,
and private sector interests are working to
advance the state of the practice for RSD
and M. For example, the Colorado
Depatment of Public Hedth and
Environment is actively exploring how to
identify smoking vehicles as part of the
Denver-area IM program. Continued study
of RSD and IM may yield additional brown
cloud control opportunities over the next
severa years.
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BROWN CLOUD GLOSSARY

Word

Abbreviation
or Acronym

Definition
Bold words are defined in this glossary

Aerosol

A mixture of particles suspended in agas. The particles
may be liquid, solid or a mixture of liquids and solids.

Ammonia

NH3

An invisble gas produced by dl living animds.
Agricultural activities, including fertilizer use, are the
dominant source. (See  ammonium nitrate and
ammonium sulfate.)

Ammonium nitrate

NH4sNO3

A solid chemica species formed in the atmosphere by
the reaction of ammonia and nitric acid. Thisreaction is
reversible; on hot days, ammonium nitrate particles may
evaporate to produce ammonia and nitric acid, which
areinvisible gases.

Ammonium sulfate

(NH4)2S0,4

A solid chemica species formed in the atmosphere by
the reaction of ammonia and sulfuric acid. This
reaction is not reversble; ammonium sulfate particles
persist in the atmosphere once they are formed.

Black carbon

Chemica forms of carbon that efficiently absorb light,
e.g., graphite. Black carbon is amost entirely made up of
elemental carbon.

Brown cloud

An urban haze with a brown appearance.

Carbon monoxide

6(0)

An invisble gas emitted by combustion sources,
especially motor vehicles. It is toxic and one of the six
criteria pollutants.

Carbonaceous
species

Chemicd species that contain the chemical eement,
carbon. In this report, carbonaceous species include
organic compounds and elemental carbon, but not
carbonates.

Coarse particles

Particles in the atmosphere larger than 2.5 um diameter.
This term is sometimes used to indicate the fraction of
PM 1o larger than 2.5 pm (i.e, particles with diameters
between 2.5 and 10 um), but may also be used to indicate
the concentration of dl particles in the atmosphere larger
than 2.5 um.

Coupled

Airflows at the surface are coupled with airflows aoft
when there is enough vertical mixing that the surface
flows are mostly controlled by the flows a oft.

Criteria pollutants

Six ar pollutants with adverse hedlth effects that have
been regulated by the Federd Government since the
passage of the Clean Air Act in 1970 (See CO, Lead,
NOz, 03, PM, and SOz)

Decoupled

Airflows at the surface are decoupled from airflows aoft
when there is little vertica mixing and the two flows act
independently.
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Word

Abbreviation
or Acronym

Definition
Bold words are defined in this glossary

Elementa carbon

EC

Chemical forms of carbon in which concentrations of
other elements are relatively small, e.g., graphitic carbon.
Elementd carbon particles absorb light efficiently, have a
black appearance, and are sometimes caled black
carbon.

Fine particles

Particles in the aimosphere smaller than 2.5 pm diameter
(See PM2_5).

Fugitive

Fugitive emissions are unintentiond emissons. Emissons
from an automobile talpipe are not fugitive emissons
because the tailpipe was designed to release emissions,
while dust from tires on the road are fugitive emissons
because tires were not intended to cause dust.

Gas

One of the three states of matter. A gas has neither a
definite volume nor a definite shape. Like liquids, gases
are fluids and assume the shape of their container. Unlike
liquids, they will expand to fill any container, regardless of
itssize. Airisages.

Haze

Suspension in the atmosphere of minute particles that are
not individualy seen but nevertheless reduce visibility.

High emitting

The terms “high emitting” and “gr oss polluting” refer to
vehicles that emit far more pollution than the average
vehicle.  In some contexts, the terms have legal
connotations. For example, the Arizona IM program
“Gross Polluter Option” defines gross polluting vehicles
as those emitting more than twice the pollution amounts
dlowable by government standards . High emitting
vehicles account for a large share of onroad vehicular
pollution. A typica estimate is that 10 percent of onroad
gasoline-powered automobiles cause 50 percent or more
of onroad CO, VOC, and NO, pallution. High PM
emitting vehicles include visbly smoking vehicles, which
represent approximately one to two percent of the onroad
light duty fleet.

Gross polluting

See high emitting

Heavy duty

Heavier weight onroad motor vehicles, such as trucks and
buses. Technicaly, “heavy duty” vehicles are defined as
trucks or buses with a gross vehicle weight rating, or
GVWR (i.e, vehicle weight plus rated cargo capacity)
of at least 26,000 |bs. Smaller three and four-axle tractor-
trailer trucks fall into this category. Lighter weight trucks
are referred to as “medium” duty vehicles (e.g., delivery
vans and postal vehicles); heavier trucks are referred to
as “heavy-heavy” duty vehicles (e.g., multi-trailer trucks,
concrete mixers, dump trucks).
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Word

Abbreviation
or Acronym

Definition
Bold words are defined in this glossary

Inspection and

M aintenance

M

The name for government programs that require periodic
inspection of vehicles and repair of vehicles that do not
meet emission standards.

Inversion

A condition of the atmosphere in which the temperature
increases with height above ground level. One cause of
inversions is the cooling of the surface of the Earth at
night by radiation into space and the resultant cooling of
the air near the surface. The air within or under an
inverson is stable, and will not spontaneoudy mix
upwards.

Lead

Pb

A toxic chemicd eement. It was included among the six
criteria pollutants because of its use as a gasoline
additive, which caused lead concentrations in the
atmosphere high enough to be of concern.

Light absorption

A process that absorbs light when it interacts with matter
and converts the energy into heat.

Light duty

Smdler, lighter weight onroad motor vehicles, including
passenger cars, usually seating 12 passengers or less. All
vehicles and trucks under 8,500 pounds gross vehicle
weight rating, or GVWR (i.e, vehicle weight plus rated
cargo capacity) are included. Small pick-up trucks and
vans may be included.

Light extinction

The sum of light scattering and light absorption. A
beam of light passing through matter is weakened by light
extinction.

Light scattering

A process that changes the direction of travel of light
when it interacts with matter.

Liquid

One of the three states of matter. A liquid has a
definite volume but no definite shape; it is a fluid and
flows to the shape of the containing vessd. Liquid
particles suspended in agas assume a spherical shape.

Micrometer

um

One millionth of ameter. A human hair has a diameter of
gpproximately 80 um. The wavelength of green light is
0.55 um.

Mobile sources

Emission sources that move about, such as vehicles,
congtruction equipment, forklifts, farm equipment, etc.

Nitric acid

HNO;

An invisble gas formed in the amosphere by the
oxidation of NO,. It reacts reversibly with ammonia to
form ammonium nitrate particles, which contribute to
haze.

Nitric oxide

NO

Aninvisble gas emitted by al combustion sources. It
reacts rapidly in the atmosphere with ozone to form NO..

Nitrogen dioxide

NO>

A toxic, brown gas that is one of the dx criteria
pollutants. It is formed in the atmosphere by the
reaction of NO and ozone.

A-5



Word

Abbreviation
or Acronym

Definition
Bold words are defined in this glossary

Nitrogen oxides

NOX

The sum of NO and NO,. In emission inventories, NO,
emissions are reported (in units such as pounds per hour
or tons per year) asif al NO were convertedto NO,. In
fact, nearly all NOy emissions are in the form of NO.

Onroad

Adjective that identifies mobile sources (vehicles) that
typically operate on roadways.

Nonroad

Adjective that identifies mobile sources (vehicles) that
typicaly operate off roadways. Examples include
construction and farm equipment.

Organic compounds

Chemical compounds that contain carbon as well as other
edements. Most organic compounds are predominantly
composed of carbon and hydrogen atoms. The next most
common atoms are oxygen and nitrogen, in that order.
Particulate organic compounds are a major contributor to
haze throughout the United States, including western
urban areas. Carbonates are not included in organic
compounds.

Ozone

An invisble, toxic gas formed in the atmosphere by
photochemica reactions. It is one of the sx criteria
pollutants. It is naturd, and exists in pristine
environments at concentrations approximately equd to 1/3
of the Federal standard. In polluted atmospheres, it is
formed from NOy and VOC emissions by the chemica
reactions that form smog.

Particle

A minute portion of matter. Particles may be liquid,
solid, or a combination of liquids and solids.

Particul ate

An adjective indicating that a substance is in the form of
particles. Careful linguists discourage the use of this
word (or its plura) as a noun.

Particulate M atter

PM

Particles in the atmosphere; one of the sx criteria
pollutants.

PMs 5

Particulate matter in particles smaler than 2.5um
diameter. Beginning in 1997, the federal standard for PM
was modified to regulate PM, s concentrations as well as
PM 1o.

PMig

Particulate matter in particles smaler than 10 pm
diameter. Beginning in 1987, the federal standard for PM
was modified to regulate PM;o concentrations.

Phase

State of matter. Chemica species may exist in the gas,
liquid, or solid phases.

Plume

An identifiable region of pollution generated by an
identifiable source, such as a smokestack or the tailpipe of
one vehicle. Plumes may be identified either visudly or
photographically (when they contain particles) or by
instrumental measurements.
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Word

Abbreviation
or Acronym

Definition
Bold words are defined in this glossary

Primary particles

Par ticles whose chemica form has not been significantly
atered while in the atmosphere; their chemica properties
are much the same as when they were emitted.

Regiona haze

Haze from many sources that has been mixed with the
result that the effects of individual sources are no longer
identifiable. Regiona haze covers multistate regions and
is typicaly trangported long disances. If the haze is
localized to an urban area, it is caled an urban haze
instead of aregional haze.

Relative Humidity

RH

A measure of the amount of water vapor in the
atmosphere. It is equd to the fraction or percentage of
the amount of water vapor the atmosphere would contain
at that temperature if it were saturated, i.e., in equilibrium
with liquid water.

Secondary particles

Particles formed in the atmosphere from gases.
Examples are ammonium sulfate and ammonium
nitrate particles.

Smog

A popular name used to indicate photochemica air
pollution. It is derived from the words, smoke and fog.
However, smog is a combinaion of particulate and
gaseous pollutants formed in the atmosphere from NOj
and VOC emissions. Prominent components of smog are
fine particles and ozone, which are regulated, and other
toxic gases (such as nitric acid and peroxyacetyl nitrate
or PAN), whose concentrations are not regulated.

Salid

One of the three states of matter. SoITds have both a
definite volume and a definite shape.

Soot

(This term not used)

Black emissions from incomplete combustion. Soot is not
a precisaly defined technicd term, and may be used, for
example, as a name for the mixture of elemental
carbon, tars, uncombusted oils and other organic
compounds, etc. emitted by diesel engines or woodburning
fireplaces.

Species

Chemica species include both chemica eements and
chemical compounds.

Sable

When the atmosphere is stable, vertica mixing is limited
and pollutants emitted near the ground tend to remain near
the ground. Temperature inversions may cause the
atmosphere to be stable.

State of matter

Chemical species may exist in three states or phases,
gas, liquid, or solid.

Sulfur dioxide

O,

A toxic, invisble gas that is one of the Sx criteria
pollutants. It reacts in the atmosphere to form sulfate
particles that are a mgor contributor to haze in the
eastern United States or in western areas downwind of
SO, sources.
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Abbreviation
or Acronym

Definition
Bold words are defined in this glossary

Sulfuric acid

H>SO,

Formed in the atmosphere by the oxidation of SO,. It
rapidly reacts with ammonia to form particulate
ammonium sulfate, which is a mgjor component of haze
in the United States. Ammonium sulfate is less important
in western urban areas because of a lack of SO,
emissions.

Urban haze

Haze in an urban area due to multiple sources.

Urban plume

Urban haze transported downwind to form a plume that
may be shown to have its origins in an identifiable urban
area.

Vehicle miles
traveled

VMT

The number of miles driven by a single vehicle, or by a
fleet of vehicles, over a set period of time such as a day,
week, month, or year.

Volétile organic
compounds

vVOC

Organic compounds in the gas phase.
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THE LIGHT-EXTINCTION COEFFICIENT

The light-extinction coefficient indicates the
drength of the atenuation of light by the
amosphere.  When this coefficient has large
vaues, light rays are strongly weekened as they
pass through the atmosphere and vighility is
impared. Smdl vdues of this coefficient
indicate good vighility. Light extinction is the
most important optical propety of the
amosphere, and the light-extinction coefficient
is universdly used by scientists in descriptions
of amospheric optics and vishility. However,
mos people ae not familiar with this
coefficient. Therefore, this gppendix provides a
brief introduction to the concept of light
extinction and the parameter used to measureit.

When a ray of light passes thorough the
aimosphere, it is weakened by light scattering
and light absorption. Light scattering causes
light to change its direction of trave, causng it
to be logt from the origind light beam and to
travel in a different direction. Light absorption
causes light to disappear and to be turned into
heat. Dense fogs provide an example of strong
light scattering. It is not possible to see objects
a adigance through a fog because light coming
from digant objects toward the eyes of the
observer is scattered into other directions by
the fog droplets. Very little light from digtant
objects traverses the fog without being
scattered, with the result that it is not possible to
perceive distant objects. Light that has been
scattered no longer conveys information about
its source, and gives fogs ther featurdess
appearance. Light absorption is eadly
observed when ink or adye is added to a glass
of water.

The weekening of a beam of light by
scetering and  absorption is  caled  light
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extinction, and it is measured by the light-
extinction coefficient. The technica definition of
the light-extinction coefficient is given in the
following paragraph, because it is more easly
understood after conddering a Specific
example. A beam of light passng through very
clear ar is attenuated by light scettering by air
molecules. (It is this light scettering which
makes the sky blue) Scatering by ar
molecules weakens a beam of green light by 1
percent per kilometer, or about 1.6 percent per
mile. The strength of this light extinction caused
by scattering may be indicated by trandating the
1 percent per kilometer to 1 per hundred per
kilometer, or 1/100 per kilometer, or 0.01 per
kilometer, which may be written as 0.01 kmi™.
This is approximately the vaue of the light-
extinction coefficent (and dso the light-
scattering coefficient) for particle free ar a
elevationstypica of mogt of the United States.

The rate a which a beam of light loses
energy due to light extinction is proportiond to
the energy of the beam. If the beam istwice as
intense, it loses twice as much energy in agiven
disgance. The proportiondity congant that
gpecifies the distance-rate of energy loss is the
light-extinction coefficient. As in the example
above, it has units of 1/length or length*. The
vaue of the light-extinction coefficient does not
depend on the strength of the illumination. For
agiven ar parcd, it hasthe same vdue if the air
isilluminated by srong sunlight or only starlight.
The vaue of the light-extinction coefficient does
depend on the wavelength (i.e., color) of the
light. Invighility sudies, it is cugomary to give
the vaue of the light-extinction coefficient for
green light, which isin the middle of the range of
vishle wavdengths and is the waveength to
which the eye is mogt sengitive.



The drength of light scatering and
absorption are indicated by the light-scattering
coefficient and the light-absorption coefficient,
which may be defined in the same way as the
light-extinction coefficient. The light-extinction
coefficient is equd to the sum of the light-
scattering coefficient and the light-absorption
coefficient.

As indicated above, vighility imparment
due to light scattering and light absorption
increese as the vaues of these coefficients
increase.  In Maricopa County, much of the
light absorption in the atmosphere is caused by
elemental carbon emitted by gasoline and diesdl
engines Watson et a., 1991b). As the
elemental carbon concentration increases, the
light-absorption coefficient increases.

Many optical caculations are smplified if
these coefficients are measured
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in units of Mmi* instead of km*. Mm is the
abbreviation for a megameter, which is one
thousand kilometers (km) or a million meters
(m). An example of a smplified caculaion
uses data from Table 3-5 for light-scattering
and light-absorption efficiency factors in units of
mflg. For any chemica species ligted in thet
table, multiplying the light-scattering efficiency in
units of ni/g by the ambient concentration of
that species in units of pgnT gives the
contribution of that species to the light-
extinction coeffident in units of Mmi*.  When
these units are used, this cdculation may be
performed without applying any additiond
factorsto convert units.

Converting the light-extinction coefficient
for very cdear ar from units of Lkilometers to
units of 1/megameters changes 0.01 km* to
10Mm*. During the summer, the light-
extinction coefficient messured in  centra
Phoenix is often between 40 and 70 Mm™.
During these times, the totd light extinction is 4
to 7 times as great as the light extinction due to
pollution-free ar. During winter brown cloud
events, the light-extinction coefficient frequently
exceeds 200 Mmi*, which is 20 times the light
extinction in cleen air.
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TRANSMISSOMETER MEASUREMENTSOF LIGHT EXTINCTION

The monitoring data in Maricopa County
that mogt directly measure the severity of the
brown clouds were obtaned by a
transmissometer operated for the Arizona
Depatment of Environmental Qudity (ADEQ)
by Air Resource Specidigts, Inc. (ARS) of Fort
Cdllins, Colorado.  The location of the
trangmissometer is shown in Figure C-1. A
transmitter at the Phoenix Baptist Hospita near
Bethany Road and Interstate 17 directed a
beam of light of controlled intensity toward the
receiver a the Quality Hotel, which is 4.76 km
(296 miles) to the south southeast. The
recelver measured the amount of light that
traversed the Sight path. The measured amount
of light was subtracted from the amount that
would be observed if the dght path were in a
vacuum to determine the light extinction due to
light scattering and light aosorption in the sght
path. The measured light extinction and the
length of the sght path were used to cdculate
the light-extinction coefficient, which is a
property of the atmosphere in the sight path.
More complete definitions of these terms
gppear in the glossary in Appendix A, and a
discusson of the light-extinction coefficient is
presented in Appendix B.

The Optec Transmissometer used to make
the light transmittance measurements has been
described by Molenar et a. (1992). This
indrument is used in the Interagency Monitoring
of Protected Visud Environments (IMPROVE)
program to monitor haze in naiond parks and
wilderness areas in the United States. The
procedures for the instrument operation, data
reduction, and data archiving are described in a
standard operating procedure prepared for the
IMPROVE program (Blandford, 1994,
Mercer, 1994). These procedures flag data
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influenced by meteorologicd effects, such as
fog or precipitation. The meteorologicad effects
may be very large, and, if |eft in the data, would
tend to obscure the effects of air pollution on
light extinction. All flagged data were omitted
from the data summaries presented below. The
light extinction measurements are made with
green light with a waveength range centered a
550 nm, which is the wavdength of light to
which the human eye is mogt senstive.

Light scattering by ar molecules causes the
ky to be blue and dso causes some light
extinction in the transmissometer Sght peth.
Pure ar weskens the transmissometer light
beam by approximaely 1 percent per
kilometer. This correspondsto alight extinction
coefficient of 001 km'.  Many opticd
cdculations for the Eath's amosphere are
amplified if disances are measured in millions
of meters (megameters or Mm) instead of
thousands of meters (kilometers or km). In
these units, the light extinction coefficient for
particle-free air is 10 Mm*. This is the vaue
the tranamissometer would measure if Maricopa
County were completely free of both natura
and manmade air pollution.

Figure C-2 presents a time-series plot of
the hourly light-extinction coefficient data for the
months of October 1995 through February
1996. As will be shown below, these are the
months with the highest leves of light extinction.
The verticd dividing lines in the plot ae a
midnight, and the labdls indicate the day of



Figure C-1 here
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Figure C-2 here
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the month. It is apparent that the readings are
highly irregular, and vary by roughly afactor of
two on mogt days. Strong peaks in the data
may occur a any time of day, but have a
tendency to occur a& night or early morning.
The lowest readings tend to occur in the
afternoon. These trends show clearly in the
datisticd summaries presented beow. The
purpose of Figure C-2 is to show that while the
trends presented beow ae smple, the
underlying deta are highly variable.

The firgd full month of transmissometer
measurements occurred in January 1994. The
laet data avaladle a the time the
transmissometer data were obtained were for
the month of May 1999. The data for
December 1998 through May 1999 are subject
to recdibration when the transmissometer is
returned to the manufacturer in December 1999
for annud maintenance. Figures C-3 through
C-13 present datidicd summaries of the
transmissometer data for dl months for which
data are avallable. The data are grouped by
month to show the seasond trends, and within
each month by the hour of the day to show the
daily trends. Each box-and-whisker symbol
provides an easy method for viewing the
datistica properties of the data The box
encloses the middle haf of the data. One
quarter of the light-extinction readings are
greater than the top of the box and one quarter
are smaller than the bottom of the box. When
the boxes are rlatively long, asin the hours late
in the day in January 1994, the measured vaues
of light extinction have a broad range. When
the boxes are redivey short, as in the May
1994 data, mogt light-extinction readings fal in
anarrow range.
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The whiskers provide information about
the high and low readings. The whiskers
adways end on a data point; when the plots
show no data points beyond the end of a
whisker, the whisker shows the vaue of the
highest or lowest data point. The whiskers
have a maximum length equd to 1.5 times the
length of the box. If there are data outside this
range, the points are shown on the plot and the
whisker ends on the highest or lowest data
point within the range of the whisker.

The line through the box shows the
median; haf the data points are above this line
and hdf bedow. The average of the daa is
shown by the symbol within the box.

A visud range scae appears a the upper
right of each figure to hdp in the interpretation
of the data The visud range is the greatest
distance a which it is possble to see a dark
target againg the horizon sky. If it is assumed
that the aimosphere and its illuminaion are
uniform throughout a dght path that extends
well beyond the dark target, then it is possible
to show that the visua range (VR) and the light-
extinction coefficient be are related by the
formula (Koschmeider, 1924),

VR = 4/Dey (C-1)
Digances in megameters caculated from this
formula have been converted to miles in the
scaesin thefigures.

The assumptions used in the derivation of
this formula are important, and are often
overlooked. Contrary to the assumption, haze
in the amogsphere is dmog never uniform. This
is epecidly true of brown



Figure C3 here
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Figure c4 here
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Figure C5 here
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Figure C6 here
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Figure C7 here
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Figure C-8. Box whisker plots of hourly light extinction in Phoenix during July-
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Figure C-9. Box whisker plots of hourly light extinction in Phoenix during January-
June 1997. Thetop right plot includes a scale of visud range in miles.
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Figure C-10. Box whisker plots of hourly light extinction in Phoenix during July-
December 1997. Thetop right plot includes ascde of visud rangein miles.
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Figure C-11. Box whisker plots of hourly light extinction in Phoenix during January-
June 1998. Thetop right plot includes ascale of visua range in miles.
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clouds, which are formed in the most densdy
populated areas and drift with the winds. For
examnple, the trangmissometer might be
measuring aloca haze that would limit the visud
range to 20 miles if the haze were uniform,
while a human obsaver near the
tranamissometer could see much father
because the haze may be this intense only in the
nearby portion of the dght path to a distant
target.

The data in Figures C-3 through C-13
show a definite seasond trend. Light extinction
is greatest during October through January and
the least during April. They dso show a daly
trend, with a minimum in the afternoon and
higher vaues a night and during or after the
morning rush hours. These trends are primarily
caused by trends in the meteorology, as
described in Sections 2.5
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and 3.35. The maximum in the light extinction
in the late morning is caused by a combination
of the increased emissions during the morning
rush hour and the lack of amospheric
disperson early in the day. The low vaues in
the afternoon are caused by the gredter
amospheric mixing and transport during this
time of day. These latter processes both dilute
the urban emissons and transport them away
from the urban area.

The data in Figures C-3 through C-13
indicate that high vaues of light extinction,
which are an indicator of brown clouds, occur
most frequently during October through
February, and that quite high vaues occur
occasondly in March and April. Control
meesures that ae implemented seasondly
should focus on these months.
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TRENDSIN AIRPORT VISIBILITY OBSERVATIONS

INTRODUCTION

Human observations of vighility a Sky
Harbor Airport (PHX) in Phoenix provide the
longest-duration higtoricd record of haze in the
Maricopa County area. These observations are
recorded hourly and archived by the Nationa
Climatic Data Center (NCDC) of the Nationa
Oceanic and Atmospheric  Adminigtration
(NOAA) in Asheville, North Cardlina.  Data
from these observations were obtained from
two sources. Solar and Meteorological Surface
Observational Network (SAMSON) data were
purchased from NCDC on CD-ROM. This
database contains hourly observations from 237
gtesin the United States, including Phoenix, for
the years 1961 through 1990. Nationd
Weather Service (NWS) Surface Airways
hourly observations for the years 1991 through
1995 were obtained from the Western Regiond
Climate Center (WRCC) operated for the
NWS by Desart Research Inditute (DRI),
Reno, Nevada.

EXPERIMENTAL METHODS

Vighility observations are made every hour
by determining the greatest distance a which it
is possible to see dark targets on the horizon in
haf or more of the full crce of view. The
vighility targets used in Phoenix after 1990 are
shown in Figure D-1. According to Mike
Bruce of the Phoenix office of the Nationd
Weather Service, essentidly the same targets
were used before 1990. Because vishility
targets are avallable only at certain distances, a
recorded vishility of 45 miles indicates that it
was possible to see the target at a distance of
45 miles, and the vighility is45 miles or better.
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The human observers who record vighility
observations introduce variability into the data
a a reslt of differences in traning and
judgment (Middleton, 1952). Therefore,
arport vighility data need to be reviewed for
anomdies and used with caution (Trijonis,
1979, 1982).

The vighility data used in the following
andyses were screened  to remove
meteorologicd  effects. All  hours that
precipitation of any type or fog were reported
were flagged and not used in the anayses
Also, observations made when the rddive
humidity was 95 percent or grester were not
used. The purpose of this data flagging was to
focus the analyses on the effects of ar qudity
on vighility.

RESULTS

The andyses of the arport vighility data
began by examining the frequency digtributions
of data recorded a 8:00 am. MST for the
months of October through February. Thistime
of day was sdected for two reasons. it is near
the time of maximum light extinction due to the
brown cloud, and data were available for this
time for all years. For some years, data were
avalable only every three hours and were not
available for 6:00, 7:00, 9:00, and 10:00 am.
Data for October through February were
selected for andys's because the 8:00 am. light
extinction due to the brown cloud is greatest
during these months. This data sdection
maximizes the chance that datisical andyss of
the arport vighility might show trends caused
by trends in the frequency and severity of
brown clouds. The mechanics of manipulaing
the daa wee gredly  dmplified
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by grouping the data by cadendar year. For
exanple, the 1975 data include January,
February, and October through December
1975.

The 800 AM wintertime arport vishility
data for the 33-year time period from 1961 to
1993 ae shown as cumulative frequency
digributionsin Figure D-2. Each line shows
the fraction of the 8:00 AM readings with
vighility as good as or better than the vaue
indicated on the labd for the line. For example,
the vighility was 40 miles or better in
24 percent of the readings in 1961. The
frequency of a 40-miles vishility increased to
56 percent of the readings in 1967, 58 percent
of the readings in 1968, then decreased to
30 percent of the readings in 1972 and
increased to 67 percent of the readings in 1983.
During this time period, the long-term trend was
for the frequency of occurrence of readings of
40 miles or better to increase.

Other lines in Fgure D-2 are smilaly
interpreted. Readings of 60 miles or better
were rarely observed in the 1960s, and were
increasingly observed until 1987 and 1988,
when they occurred in 7 percent of the
obsarvations. The frequency of 60 miles or
better vishility in 1992 gppears to be
anomdoudy high. The lines showing data for
short visud ranges indicate that the frequency of
vighility observations of 20 miles or better has
been increasng throughout the time period
shown. In other words, the frequency of visud
ranges less than 20 miles has been decreasing
during this time period. The overdl trend in
these data is a generd improvement in vishility.

The variability in the vigbility datais reedily
goparent. The vighility during 1967 and 1968,
and again during 1982 and 1983, was better
than in other years.  Decreased vishility
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occurred during 1972 and 1973 and again
during 1985 and 1986. Thisvariahility isduein
part to naturd varidbility, i.e, the year-to-year
vaiability in the weeather. It is dso likdy that
some of the vaiability is due to differences in
the traning and judgment of the human
observers (Middleton, 1952; Trijonis, 1979
and 1982).

Some of the variaility is dso due to
changesin emissons. An industry-wide copper
drike took place from July 1967 to March
1968.  Trijonis (1979) showed that the
decreased emissons of sulfur dioxide in Arizona
and adjacent states caused by the drike
resulted in decreased concentrations of sulfate
particles in the amosphere and increased
vighility during the drike  These effects
contributed to the improved vishility in 1967
and 1968 in Figure D-2.

TRENDSIN AIRPORT VISIBILITY

Thelinesin Figure D-3 show the trends in
the vighility data These lines were obtained
from least-squares fits of a quadratic equation
to the data Most lines show a generd
improvement in vighility during the data period.
The lines for 50 and 55 miles vishility do not
follow the trends in the surrounding data. It is
likdy tha this anomdy is due to the
uncertainties in human observations of targets at
fixed locations and distances.

The frequency of occurrence of a vighility
less than 10 miles was little changed during this
time period. This result should be interpreted
with caution, because most observations less
than 10 miles are caused by meteorologica
effects such as fog, precipitation, or very
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Figure D-2. Frequency of occurrence of 8:00 am. October-February Phoenix visbility
observations equd to or greater than the valuesindicated by the labes on the lines.
The 1961 through 1990 observations are from SAMSON and 1991 through 1993
from WRCC.
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Figure D-3. Vighility trends derived from lesst-squares fits to the 8:00 am.
October-February Phoenix vighility observationsin Figure D-2.



high relative humidity. The obsarvations due to
wegther effects were flagged and not used in
the andyses, as described above. Few
observations less than 10 miles remained in the
data. The procedures for flagging and removing
data are not reiable enough to be sure that
trends in the few remaning observations of
limited vighility are meaningful.

If the lines in Figure D-3 were exactly
correct, they would not cross each other. The
cases where the lines do cross are caused by
amplificationsin the cdculaions.

Figure D-4 presents these same arport
vighility data in a Smpler form.  The solid line
shows the median visua range each year. (Half
the vighility observations are
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greater than the median and hdf are less each
year.) The dotted line shows the trend in the
median visud ranges. According to this trend
ling, the median visud range increased from
about 35 milesin 1961 to more than 42 milesin
1993.

Sulfur dioxide emissons from sndters in
Arizona and surrounding dates decreased
gregtly during the time period included in the
trend lines in Figures D-3 and D-4. It is likely
this decrease in emissons contributed to the
generd improvement in vighility during this time
period. The analyses reported here did not
include any atempt to evduate the rdative
importance of changes in amdter emissons
compared to other factors that could have
contributed to the trends shown in Figures D-3
and D-4.
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CHEMICAL MASSBALANCE CALCULATIONS
WITH EXTENDED CHEMICAL SPECIATION DATA

INTRODUCTION

This appendix provides backup
infformation  for the PMys  source
apportionments described in Section 4.2.2
that were performed as part of this study.
These calculations were performed by Eric
Fujitaat Desert Research Institute (DRI).

Version 8 of the Chemical Mass
Balance (CMB) receptor model was applied
to atotal of 101 ambient PM2 s samples that
were collected in the Maricopa County area
by the Arizona Depatment  of
Environmental Quality (ADEQ) from
November 1994 to September 1995. The
CMB analysis was performed using source
profiles from NFRAQS recently completed
in the Denver area (Watson et al., 1998;
Zielinska et a., 1998b; and Fujita et al.,
1998), from the 1989-1990 Phoenix Urban
Haze Study (Watson et al., 1991b, 1991c),
and from a characterization of gasoline- and
diesel-powered vehicles a a Phoenix
Inspection and Maintenance (1&M) facility
(Zidinska et al., 1997).

The CMB uses the chemica and
physica characteristics of gases and
particles measured at sources and receptors
to both identify the presence of and to
guantify source contributions to receptor
concentrations. Sources that typically
contribute to ambient PM2 5 levels in urban
areas are: 1) onroad and nonroad mobile
source exhaust, 2) residentia wood
combustion, 3) paved road dust and
entrained geological material, 4) coa-fired
boilers a power plants, and 5) restaurant
grills and residential cooking. Inorganic
constituents  including trace elements,
sulfate, nitrate, and ammonium; total
particulate organic carbon (OC); and

elemental carbon (EC) are typicaly
measured in PM source apportionment
studies. However, source contributions of
carbonaceous particles (elemental carbon
plus organic compounds), which account for
the mgority of fine particulate mass, are
difficult to distinguish on the basis of these
kinds of constituents. For example, soluble
potassium, which is widely used as a wood-
smoke tracer, is aso found in paved road

dust. Elementa and organic carbon are
present in gasoline and diesel engine
exhaust, wood-smoke, and other

combustion-related emissions in varying
proportions within the same source type.
Lead and bromine additives to gasoline have
served as useful tracers for gasoline engine
emissions but due to the phase-out of leaded
gasoline in many parts of the United States
in 1990, they have become obsolete as
gasoline engine emission tracers. Although
the CMB analyses performed during the
1989-1990 Phoenix Urban Haze Study
attributed a major fraction of the pollutants
that cause brown clouds to mobile sources,
the contributions of the exhaust from
gasoline- and diesel-fueled engines could
not be distinguished using traditionally-
measured chemical species (Lowenthal et
a., 1992).

Source profiles that include both
particulate and gaseous organic compounds
in combination with traditionally-measured
inorganic species have been successfully
used to distinguish contributions of diesd-
fueled engines, gasoline-fueled engines, and
other  particulate  pollutant  sources.
Polycyclic aromatic hydrocarbons (PAH)
are useful tracers of various types of
combustion emissions because they are
present in emissions from all combustion
sources and the relative proportions of



different PAH compounds in emissions from
a given source may vary over severa orders
of magnitude. In addition, good sampling
and analytical methods exist for this class of
compounds. PAHSs exhibit a wide range of
volatility, and the factor of about 107 in the
range of their vapor pressure is reflected in
the fact that, a ambient temperature,
naphthalene exists amost entirely in the gas
phase, while BaP, other five-ring PAHS, and
higher ring PAHs are predominantly
adsorbed on particles. The intermediate
three- and four-ring PAHs (semi-volatile
PAHs) are distributed between the two
phases. The two- to four- ring PAHSs, which
exist partidly in the gas phase, react readily
with OH radicals and N,Os (Zielinska et a.,
1989a, 1989b, 1990; Arey et al., 1989;
Atkinson et a. 1988, 1990).  Their
atmospheric lifetimes have been estimated
to range from about 2 hours for anthracene
to about 9 hours for naphthalene. Although
the reactivity of semi-volatile PAHs
complicates their use in CMB modeling,
appropriate rate constants for these and other
volatile organic compounds may be used to
modify organic tracer concentrations in
CMB source profiles. PAH atmospheric
reaction rates are substantially less during
the winter, and the need to adjust the
profiles is correspondingly  diminished.
Alternatively, it is possible to circumvent
the effects of reactivity by selecting
nonreactive fitting species in the CMB
calculation.

The utility of particulate and gaseous
organic compounds in distinguishing
sources of fine particles by CMB modeling
was evaluated during 1996-1997 as part of
NFRAQS (Fujita et al., 1998). One of the
major objectives of NFRAQS was to
apportion the carbonaceous materid in
airborne particles along Colorado’s Northern
Front Range to emission sources. In order
to address this objective, the list of typically-
measured chemical species was extended to
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include selected particulate and
semi-volatile PAHs, methoxylated phenols,
hopanes, steranes, lactones, and sterols.
Methoxylated phenols are tracers for wood
combustion, and lactones and sterols are
emitted during charbroiling of meat.
Hopanes and steranes are found in motor
oils and are emitted with the exhaust from
mobile sources. The addition of speciated
organic compounds to conventional species
(“extended” CMB) dlowed carbonaceous
particles to be apportioned to diesal exhaust,
three categories of light-duty gasoline
vehicle (LDGV) exhaust (cold starts, hot
stabilized operation, and high particle
emitters), meat cooking, and two categories
of wood combustion (softwoods and
hardwoods).  These profiles were aso
applied to ambient NFRAQS samples with
traditionally-measured species
(“conventional” CMB) by combining the
three LDGV profiles into one composite
profile and by combining meat cooking with
wood combustion.

Sulfates and nitrates are the most
common secondary particles, though a
fraction of organic carbon may also result
from volatile organic compounds (VOCs)
via atmospheric reactions.  Sulfates and
nitrates are amost entirely secondary
because there are few primary emitters of
these species. Secondary organic particles
are more difficult to distinguish from
primary organic compounds because only
organic carbon, and not its chemical
congtituents, is usually measured and there
are many primary emitters of organic
material. Secondary organic compounds in
particulate matter include aiphatic acids,
aromatic acids, nitro aromatics, carbonyls,
esters, phenols, and aliphatic nitrates
(Grogean, 1992; Grogean and Seinfeld,
1989). However, these compounds are also
present in primary emissions (see, for
example, Rogge et a., 1993a, 1993b), thus
they are not unique tracers for atmospheric



transformation  processes. Because
secondary organic particles may not be
apportioned by receptor modeling, the
importance of secondary aerosol formed by
the photochemical processes (specificaly,
OH radical reactions) was assessed in
NFRAQS by measuring the concentrations
of nitroarenes.

CHEMICAL MASSBALANCE

The CMB (Friedlander, 1973,
Cooper and Watson, 1980; Gordon, 1980,
1988; Watson, 1984; Watson et al., 1984,
1990c, 1991a; Hidy and Venkataraman,
1996) consists of a solution to linear
equations that express each receptor
chemical concentration as a linear sum of
products of source profile abundances and
source contributions. The source profile
abundances (i.e., the mass fraction of a
chemical or other property in the emissions
from each source type) and the receptor
concentrations, with appropriate uncertainty
estimates, serve as inputs to the CMB. The
CMB calculates values for the contributions
from each source and the uncertainties of
those values.

The CMB is implicit in al factor
anaysis and multiple linear regression
models that intend to quantitatively estimate
source contributions (Watson, 1979). These
models attempt to derive source profiles
from the covariation in space and/or time of
many different samples of atmospheric
congtituents that originate in different
sources. These profiles are then used in a
CMB to quantify source contributions to
each ambient sample. The CMB is
applicable to multi-species data sets, the
most common of which are
chemically-characterized PMio (suspended
particles with aerodynamic diameters less
than 10 pm), PM25 (suspended particles

with aerodynamic diameters less than
2.5 um), and VOCs.
The CMB procedure requires:

1) identification of the contributing sources
types, 2) selection of chemical species or
other properties to be included in the
calculation, 3) estimation of the fraction of
each of the chemica species which is
contained in each source type (source
profiles), 4) estimation of the uncertainty in
both ambient concentrations and source
profiles, and 5) solution of the chemical
mass balance equations. CMB model
assumptions are: 1) compositions of source
emissions are constant over the period of
ambient and source sampling; 2) chemical
gpecies do not react with each other
(i.e, they add linearly); 3) al sources with a
potential for contributing to the receptor
have been identified and have had their
emissions characterized; 4) the number of
sources or source categories is less than or
equal to the number of species; 5) the source
profiles are linearly independent of each
other; and 6) measurement uncertainties are
random, uncorrelated, and normally
distributed.

The degree to which these
assumptions are met in applications depends
to a large extent on the particle and gas
properties measured at the sources and
receptors. CMB model performance is
examined generically, by applying analytical
and randomized testing methods, and
gpecifically for each application by
following an applications and validation
protocol (Pace and Watson, 1987). The six
assumptions are fairly restrictive and they
will never be totally complied with in actual
practice. Fortunately, the CMB model will
tolerate reasonable deviations from these
assumptions, though these deviations
increase the stated uncertainties of the
source contribution estimates (Cheng and
Hopke, 1989; Currie et al., 1984; deCesar et



al., 1985; Dzubay et a., 1984; Henry, 1982,
1992; Javitz and Watson, 1986; Javitzet a.,
1988a, 1988b; Kim and Henry, 1989;
Lowenthal et al., 1987, 1988, 1992, 1994;
Lowenthal and Rahn, 1988a, 1988b;
Watson, 1979).

The CMB cdculates source
contribution estimates for each individual
ambient sample. The combination of source
profiles that best explains the ambient
measurements may differ from one sample
to the next owing to differences in emission
rates (e.g., some days may have wood-stove
burning bans in effect and others will not),
wind directions (e.g., a downwind point
source would not be expected to be
contributing at an upwind sampling site),
and changes in emissions compositions (e.g.,
different gasoline characteristics and engine
performance in winter and summer may
result in different profiles). It is not known
a priori which profile best represents
emissions from a source type for a specific
sample. The profiles selected for a
particular sample are infered from
performance measures that reflect how well
the ambient concentrations are reproduced.
For this reason, it is important to quantify
the magnitude of biases that might result
from judgements about profile selection.

Ambient samples were apportioned
to source usng CMB Version 8. CMBS8
(Watson et a., 1997) replaces CMB7
(Watson et ., 1990c) as a more convenient
method of estimating contributions from
different sources to ambient chemical
concentrations. CMB8 returns the same
results as CMB7, but it operates in a
Windows-based environment and accepts
inputs and creates outputs in a wider variety
of formats than does CMB7. Each of the
CMB  results includes values for
performance measures that are used to
evaluate the goodness of the solution,
following the regulatory guidance of Pace

and Watson (1987). The most useful
performance measures are:

Source Contribution Estimate (SCE):
This is the contribution of each
source type to the pollutant being
apportioned, which is usudly the
mass concentration. Each of the
SCEs should be greater than zero and
none should exceed the total mass
concentration.

Standard Error (STDERR): This is
an indicator of the precison or
certainty of each SCE. The
STDERR IS estimated by
propagating the precisons of the
receptor data and source profiles
through the effective variance
least-squares  calculations. Its
magnitude is a function of the
uncertainties in the input data and the
amount of collinearity (i.e., degree of
similarity) among source profiles. It
is desrable to have this value be
much less than the source
contribution estimate.  When the
SCE is less than the STDERR, the
STDERR is interpreted as an upper
limit of the source contribution.

t-Statistic (TSTAT): Thisistheratio
of the source contribution estimate to
the standard error. A high vaue for
TSTAT (>2.0), shows that the
relative precison of the source
contribution estimate is high and that
the contribution is significant. A low
TSTAT vaue (<2.0) means that a
source contribution is not present at a
level which exceeds two times the
STDERR. Twice the STDERR is a
reasonable estimate of the upper
limit for a source contribution when
TSTAT <2.0.

R-Square (R SQUARE) and
Chi-Square (CHI SQUARE): The R



SQUARE measures the variance in
the receptor concentrations which is
explained by the calculated species
concentrations. The CHI SQUARE
satistic is the weighted sum of the
squares of differences between
caculated and measured species
concentrations  divided by the
effective variance and the degrees of
freedom (DF). A low R SQUARE
(<0.8) indicates that the selected
source profiles have not accounted
for the variance in the selected
receptor concentrations. A large
CHI SQUARE (>4.0) means that one
or more of the calculated species
concentrations  differs from the
measured concentrations by severd
uncertainty intervals. The values for
these statistics exceed their targets
when: 1) contributing sources have
been omitted from the CMB
calculation, 2) one or more source
profiles have been selected which do
not represent the contributing source
types, 3) precisions of receptor or
source profile data are
underestimated, and/or 4) source or
receptor data are inaccurate.

Percent of Mass Accounted For
(PERCENT MASS): This is the
ratio of the sum of the source
contributions to the reconstructed
mass for particulate samples. The
target value is 100 percent, with a
reasonable range of 80 to
120 percent.  Percent mass values
which are outside of this range result
when: 1) source profiles have been
incorrectly specified, 2) contributing
source types have been omitted from
the calculation, 3) mass or chemical
Species measurements are inaccurate,
and/or 4) mass measurements are
less than 10 pg/nt and within a few

precision intervals of the
measurements.

Max. Src. Unc. and Min. Src. Proj. —
Replaces U/S CLUSTERS and SUM
OF CLUSTER SOURCES: These
are used in Henry’s (1992) dligible
gpace treatment of collinearity. This
treatment uses two parameters,
maximum source uncertainty and
minimum source projection on the
eigible space. These are set to
default values of 1.0 and 0.95,
respectively, in CMB8. Briefly, the
maximum source uncertainty
determines the eligible space to be
spanned by the eigenvectors whose
inverse singular values are less than
or equal to the maximum source
uncertainty. Estimable sources are
defined to be those projections on the
eligible space that are a least the
minimum source projections.
Inestimable sources are sources that
are not estimable. To modify these
values click in the edit boxes and
edit with keyboard entry.

Ratio of Residua to Its Standard
Error (RATIO R/U): This is the
raio of the signed difference
between the calculated and measured
concentration (the residual) divided
by the uncertainty of that residual
(square root of the sum of the
squares of the uncertainty in the
calculated and measured
concentrations). The RATIO R/U
specifies the number of uncertainty
intervals by which the calculated and
measured  concentrations  differ.
When the absolute value of the
RATIO R/U exceeds 2, the residual
is significant. If it is positive, then
one or more of the profiles is
contributing too much to that
gpecies. If it is negative, then there



is an insufficient contribution to that
species and a source may be missing.
The sum of the squared RATIO R/U
for fitting species divided by the
degrees of freedom yields the CHI
SQUARE. The highest RATIO R/U
values for fitting species are the
cause of high CHI SQUARE values.

Ratio of Calculated to Measured
Species (RATIO C/M): The column
labeled RATIO C/M shows the ratio
of calculated to measured
concentration and the standard error
of that ratio for every chemica
species with measured data.  The
ratios should be near 1.00if the
model has accurately explained the
measured concentrations.  Ratios
which deviate from unity by more
than two uncertainty intervals
indicate that an incorrect set of
profiles is being used to explain the
measured  concentrations. The
RATIO C/M for most species is
within the target range for each
example.

AMBIENT DATA

The Arizona Depart of
Environmental Quality has maintained a
particle sampling network in Maricopa
County for many years. The collection of
fine particle (PM.s5) samples began in
October 1994. Currently, 24-hour PM35
samples are collected on Teflon filters every
sxth day at five stes. All filters are
weighed to determine the PM2s mass
concentrations and an optical measurement
is used to determine light absorption (ba) by
fine particles. At three sites, both Teflon
and quartz PM 5 filter samples are collected
every sixth day from 0500 to 1100 MST and
24-hour quartz filter samples are aso
collected. The PM2s mass and by, are

measured for al Teflon filters. Chemical
anayses are peformed on sets of filters
collected on seven or eight days each
calendar quarter. None of the filter samples
collected during October 1994 were
chemicaly analyzed. The chemica data
processed by Hurwitt and Richards (1998)
for the period November 1994 through
September 1995 were used in the CMB
analysis for the MAG Brown Cloud Study.
Data supplied by ADEQ were used by
Hurwitt and Richards to calculate filter
sample air volumes, and these were
combined with laboratory analytical results
provided by DRI to calculate ambient
concentrations. Quartz filters were analyzed
by ion chromatography for nitrate, sulfate,
and chloride; by colorimetry for ammonium
ion; by atomic absorption spectroscopy for
soluble potassium; and by Thermo Optical
Reflectance (TOR) for organic and
elemental carbon.  Teflon filters were
analyzed by x-ray fluorescence for elements.
The CMB model was applied to 28 and 22
sets of 6-hour Teflon and quartz filters from
Tempe and ASU West, respectively, and 25
and 26 sets of 6-hour and 24-hour Teflon
and quartz filters, respectively, from the
Phoenix Super Site.

During 1994-1996, ADEQ aso
conducted ambient ar monitoring for
hazardous ar pollutants in severd
representative urban and rural areas of
Arizona (Zidlinska et al., 1998a). As part of
this  monitoring,  semi-volatile  and
particulate PAHs were collected on a
sampling train consisting of a Teflon-
impregnated glass fiber filter followed by a
PUF/XAD cartridge. Following extraction,
samples were analyzed by capillary gas
chromatograph with mass spectrometric
detection (GC-MS). Sampling media were
prepared and analyzed a the Desert
Research  Inditute using the same
procedures utilized in NFRAQS. Twelve of
the 24-hour PAH samples were collected at



the Phoenix Super Site concurrently with the
PM25 samples during the period November
1994 to March 1995. The PAH data from
these samples were added to the
corresponding conventional PM  speciation.
Methoxylated phenols, hopanes, steranes,
lactones, and sterols were not measured in
the HAPS monitoring program.

SOURCE PROFILES

Source profiles from NFRAQS,
Phoenix Urban Haze Study, and the Phoenix
&M study were evaluated for use in this
study. The NFRAQS and Phoenix &M
profiles included both profiles with only
conventional species and with conventional
plus PAH species. The profiles from the
Phoenix Urban Haze Study consist of
conventional species only. Chemical
abundances in each emissions source are
expressed as the fraction of emitted PM2 5
mass. Both particle-phase and gas-phase
emissions are normalized to the PM, 5 mass.
The chemical species that were measured
and used in the source composition profiles
are listed in Table 1 aong with their
measurement  methods and  species
mnemonics used in the CMB modd.
Table 2 provides a brief description of the
source profiles. Tables 2a and 2b contain a
complete listing of the fractional abundances
for individual and composite profiles with
conventional species plus PAHs and
conventional species only, respectively.

Reconstructed PM» 5 mass was used

for normalization (i.e, geological
[1.89" aluminum + 2.14 silicon
+ 14 cdcium + 143 iron] + sum of

particulate speciated organic compounds
+unspeciated  organics  [(1.2" organic
carbon) — sum of particulate speciated
organic compounds| + elemental carbon
+ sulfate + nitrate + ammonium + road salt
[1.65" chloring]) with one-sigma analytical

errors for individua profiles (Chow et a.,
1998). These adjustments account for
unmeasured oxygen and hydrogen in
geological and organic carbon compounds.
The numerators in the source profiles are the
measured values without adjustments.
Uncertainties in the composite profiles are
the larger of ether the one-sigma variation
in fractional abundances among members of
the composite or the propagated root mean
squares of the analytica one-sigma
uncertainties. Reconstructed mass was used
because it often differed significantly from
measured mass in source samples.

Semi-volatile organic compounds are
distributed in both gas and particle phases
by varying amounts, and the actual phase
distributions depend on environmenta
conditions, especially temperature. Particle-
phase organic compounds include PAHs and
other organic compounds with gas
chromatographic retention times equal to or
greater than that of phenanthrene. Changing
this particle/gas division has little effect on
reconstructed mass over a fairly large range
of volatility because the sum of quantified
organic compounds is typicaly a smal
fraction of the total organic carbon.
Abundances of gas-phase organics, carbon
monoxide, hydrocarbons, and nitrogen
oxides are included in the profiles and are
aso expressed as weight fractions of
reconstructed PM s mass.

Profiles From NFRAQS

Source characterization studies that
were conducted as part of NFRAQS include
sampling by the Colorado Department of
Public Health and Environment (CDPHE)
for light-duty vehicles (including smokers,
normal and high PM emitters, and diesels)
and by the Colorado School of Mines
(CSM) Colorado Ingtitute for Fuels and
High Altitude Engine Research (CIFER) for



heavy-duty diesel vehicles (Graboski et al.,
1998). The CDPHE and the U.S
Environmental Protection Agency (EPA)
tested (FTP and IM-240 test cycles)
approximately 190 in-use light-duty vehicles
in the Denver area with the assistance of
Generd Motors R&D Center (GMR&D)
and Colorado State University Cadle et d.,
1997). Testing was conducted in August-
September 1996 and in January-February
1997 to examine the impact of temperature
on PM2s mass emissions and chemical
source profiles. CSM tested (State 1&M idle
test, EPA heavy-duty transient cycle, New
York arterial cycle, and central business
cycle for buses) 16 vehicles in March-June
1997. Samples collected by GMR&D and
CSM were analyzed at DRI in accordance
with the analytical methods that were used
for the NFRAQS ambient samples and
source characterization tests performed by
DRI for residential wood combustion and
for commercial meat cooking (Zielinska et
al., 1998b).

Individual samples were grouped to
form composite profiles appropriate for
CMB source apportionment. Correlations of
chemical groups and individual species with
total PM2 5 mass, organic carbon, elemental
carbon, carbon monoxide, hydrocarbons,
and nitrogen oxides (if available) were
examined to identify which species varied
within and between source categories.
Species showing high correlation within a
category, and poor correlations between
categories were considered  potential
“markers’ for a category. Fractional
abundances for potential marker species
were compared among individual source
profiles to determine if the abundances were
smilar for a particular source type.
Individual samples were grouped based on
the similarity and differences of abundances
for these markers. Composite profiles were
determined for subsets of samples by
calculating average and standard deviations
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for species groups and individua marker
gpecies.  Variations in source attributions
that result from the use of each individual
NFRAQS profile within composite groups
were evaluated in a series of CMB
sengitivity tests, and are summarized in
Fujitaet al. (1998).

Sour ce Profiles From the Phoenix Urban
Haze Study

Composite  source  profiles  for
receptor modeling were constructed from
samples taken a the S. Seventh St
Inspection and Maintenance (1&M) facility
and from the roadside samples. The &M
samples were grouped into two categories:
1) diesel-powered vehicles (sampled from
the exhaust of Lane 5 of the I&M facility)
and 2) gasoline-powered vehicles (sampled
from the exhaust of Lanes 1 to 4 of the &M
facility). A pure heavy-duty diesel profile
(PHDIES) was constructed from the species
averages and standard deviations of eight
samples taken from Lane 5 (Sample IDs
PDYDO01, PDYDO02, PDYDO03, PDYDO5,
PDYDO7, PDYDO06, PDYD15, PDYDI16,
PDYD19) which were evaluated to be
representative of the overall set of tests. A
pure gasoline-powered vehicle profile
(PHAUTO) was constructed from the
species averages and standard deviations of
nine samples taken from Lanes 1 to 4
(Sample IDs PDMX02, PDMXO03,
PDMX04, PDMX05, PDMX06, PDMX07,
PDMX09, PDMX10, PDMX12). Other
combinations of individual samples might
be constructed on these or future samples
based on the similarities of vehicle type
mixtures contributing to each sample.

Forty-five soil and road dust samples
were collected during the Phoenix Urban
Haze Study. Thirty-six of these samples
were resuspended into PM, s and PM4o Sze
fractions and chemically analyzed, and 32 of



these were used to derive composite source
profiles for geological material. The fina
composites were intended to represent:
1) construction, 2) paved road  dust,
3) unpaved road dust, 4) bare agricultural
soil, 5) overgrown agricultural soil, and
6) exposed desert soil.

It was suspected that pollutants could
be transported into the urban area from
distant sources such as coal-fired power
plants and nonferrous copper smelters. The
three non-urban sampling sites were selected
to evauate the non-urban  source
contributions.  In addition to these sites,
ambient PM, 5 samples were collected at the
General Motors (GM) Proving Grounds,
which is normally upwind of the Phoenix
urban area, from 0600 to 1200 MST for six
days every week during the study. This
period almost always experiences easterly to
southeasterly transport winds. Wind speed
and direction measured at the GM site and at
the South Mountain site were examined for
periods which might be associated with
extensive transport times. Forty-six samples
from the GM site were analyzed for all
chemica species, and these species
concentrations were submitted to the
Principal  Components Analysis (PCA)
receptor model. PCA is often used with a
time series of PMys or PMjip chemica
concentrations to aid in the identification of
contributing pollution sources. In order to
test whether or not this background aerosol
could be detected a the urban sampling
stes, two background profiles were
constructed from sub-sets of the GM
Proving Grounds data.  The "smelter"
background profile was determined by
averaging the fractional compositions of the
four samples identified above in which a
smelter contribution had been detected. For
comparison, a "nonsmelter” background
profile was constructed by averaging the
individual profiles of 28 samples which
exhibited concentrations less than 0.003
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my/nt, the typical detection limit for this
species.  Nitrate, sulfate, sulfur dioxide,
ammonium, organic carbon, and elemental
carbon concentrations are similar in the
smelter and nonsmelter background profiles.
In contrast, arsenic (As) and lead Pb) are
25 and 3 times higher, respectively, in the
smelter background profile as compared to
the nonsmelter  background  profile.
Lanthanum (La) is also a factor of 2 higher
in the smelter background profile as
compared to the nonsmelter background
profile.

Sour ce Profiles From the Phoenix
I nspection & Maintenance Station
Study

Arizona is one of the few states that
tests heavy-duty diesel vehicles in the
framework of their I&M program. An &M
station in Phoenix was used by Zielinska et
a. (1997) to identify and quantify organic
and inorganic components in the exhaust of
diesel- and gasoline- powered vehicles from
a representative population of gasoline-
powered and diesel-powered vehicles.
Sampling was carried out on December 4-6,
1995 from 0800 to 2000 MST. The I&M
test for diesel vehicles measured steady-state
exhaust opacity while operating under load.
Single-axle diesel vehicles less than 26,000
Ibs gross vehicle weight (GVW) were
operated on a dynamometer at a constant
speed. Tandem-axle vehicles and those with
GVW over 26,000 Ibs were operated at
wide-open throttle a 80 percent of the
maximum rpm (revolutions per minute) and
then lugged down to 20 percent of the
maximum rpm in the same gear. All
gasoline-powered vehicles less than 8500
Ibs GVW were tested using a loaded-mode
dynamometer test. Vehicles of model year
1981 or newer were given the IM240 test.
Since this test requires hot stabilized
operation, the vehicles were run at a steady



state for about 2 min prior to the test. The
IM240 test includes starting up the warm
engine, accelerating up to the maximum 50
mph, two stops without stopping the engine
and one fina stop with stopping the engine.
The average speed is 30 mph and 2.0 miles
are driven during the test. Vehicles 1980 or
older are given the loaded dynamometer test
plus anidle test.

Each diesd- and gasoline-engine
emission sample is a composite of exhaust
from approximately 15 heavy-duty diesel
trucks and about 20 gasoline-powered
automobiles,  respectively. Each set
included a canister sample for volatile C2 to
C11 hydrocarbons, a Tenax sample for
C8 to C20 hydrocarbons; PM, s particulate
sampleson Telfon and quartz filters for ions,
elements, and organic and elemental carbon;
and a PM, s Teflon-impregnated glass fiber
filter followed by a PUF/XAD cartridge for
particulate and semi-volatile PAHs. The
sampling and analytical procedures used are
comparable to those used in NFRAQS.
Individual and composite profiles were
derived from the original raw data according
to the mass normalization procedure used in
NFRAQS. CMB8 was applied to the twelve
ambient samples from the Phoenix Super
Site with data for both conventional species
and PAHs using the profiles derived from
the Phoenix 1&M test data These profiles
generally gave poor model performance and
consistently resulted in underestimation of
ambient elemental carbon.  This result
suggests that the test procedure used at the
I&M station does not produce exhaust
compositions that are representative of
onroad diesel and gasoline exhaust
emissions. The absence of cold-starts and
hard accelerations in the IM240 test and
variable loads in the heavy-duty trucks test
could be possible explanations.

CMB RESULTS
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Apportionment of the ambient data
included 12 apportionments using the
“extended” data sets that include the PAHSs
measured at the Phoenix Super Site. The
CMB was dso applied to 101 24-hour
average “conventional” data sets from three
sites that included the elemental, ionic, and
elemental/organic carbon concentrations that
are most commonly measured on source and
receptor samples. This dlowed for
comparison of source contribution estimates
derived from the “extended” and
“conventional” CMB caculations for the
data from the Phoenix Super Site. The
default source profiles used for the
“extended” CMB are NVNSP (gasoline
exhaust — cold start), NVNSP2 (gasoline
exhaust — hot stabilized), NVSM (gasoline
exhaust — high particle emitter), NWHD
(diesel exhaust), AMSUL (ammonium
sulfate), AMNIT (ammonium nitrate), and
PHPVRD (fine — Phoenix paved road dust).
The default source profiles for the
“conventionad” CMB ae NWLD W
(composite of NVNSP, NVNSP2, and
NVSM), NWHD (diesel exhaust), AMSUL
(ammonium sulfate), AMNIT (ammonium
nitrate), and PHPVRD (fine — Phoenix
paved road dust).

Tables 3 and 4 show the average
source contributions to PM»s mass, total
carbon, organic carbon, and elemental
cabon for the “extended” and
“conventional” CMB, respectively. Source
contribution estimates (SCE) are
undetectable when the SCE is less than its
standard error. Two or three times the
standard error may be taken as the upper
limit of the SCE in this case. The chi square
(c?), R, and percent mass are goodness of
fit measures for the least square calculation.
For these apportionments, R typicaly
exceeded 0.9 and c? vaues were mostly
between 0.3 and 0.5. The CMBs were run
with the automatic source elimination option



turned off. Percent of mass attributed was
generally within one standard error of
100 percent. The unexplained source
contributions are derived from the difference
between reconstructed mass and sum of the
absolute source contributions;, and the
percent contributions are normalized to the
sum of source contributions including
non-negative  unexplained contributions.
The average percent unexplained includes
only non-negative unexplained
contributions.

Of the 104 valid samples, three
sampleswith c? values greater than 2.0 were
removed from the average contributions.
These samples generally have low
concentrations, which result in more
collinearity among similar source profiles.
The average absolute contributions in mg/nt
include zero values for samples in which a
particular source was not detected.
Uncertainty estimates for average absolute
source contributions and relative source
contributions (i.e., percentage contributions)
are root mean squares of the individual
one-sigma error propagation from the CMB
model and reflect random measurement
errors in both ambient and source data
Uncertainty estimates for average relative
source contributions are aso given in
standard errors of the mean percent
contributions, which reflect the
sample-to-sample  variations in  source
contributions.

The standard errors of the mean
contributions are given first in the following
discussion aong with the propagated source
and ambient measurement errors in
parentheses. The results of the extended
CMB in Table 3 show that, on average,
light-duty gasoline vehicle exhaust accounts
for 51.5 £ 2.3 percent (19.2 percent) of the
ambient PM,5, 745 = 3.2 percent (2.3
percent) of TC, 885 = 1.0 percent (6.8
percent) of OC, and 53.8 + 6.1 percent (10.4
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percent) of EC at the Phoenix Super Site
during the period November 1994 to March
1995. Diesel exhaust contributes 15.1 +
2.3 percent (15.6 percent) of PMy5, 23.2+
3.4 percent (1.0 percent) of TC, 80 %
1.2 percent (3.7 percent) of OC, and 45.6+
6.2 percent (6.8 percent) of EC.
Contributions of wood combustion and meat
cooking could not be apportioned because
suitable marker species were not measured.
Consequently, the attribution for vehicle
exhaust should be considered upper limits.
The corresponding contributions of road and
geologic dust are 10.6+ 1.5 percent (1.9
percent), 2.3 + 0.3 percent (1.0 percent), 3.5
+ 0.5 percent (1.6 percent), and 0.5 =*
0.1 percent (0.3 percent). Ammonium
nitrate and ammonium sulfate account for
12.7 £ 3.0 percent (1.5 percent), and 9.8 +
1.6 percent (1.2 percent), respectively, of the
ambient PM,5 at the Phoenix Super Site.
The sums of these contributions leaves
essentially zero residual mass.

The 24-hour average ambient
concentrations of carbonaceous particles
account for 67 percent of PM,s a the
Phoenix Super Site during November 1994
to March 1995. The results of the extended
CMB in Taie3 show that the maor
contributors to PM» 5 carbon are LDGV high
emitters, LDGV cold start emissions, and
diesdl exhaust. The profile for LDGV cold
start is derived from the difference between
Phase 1 of the Federal Test Procedure (FTP)
cycle (i.e., 505-second, 3.6 mile drive from a
cold start) and Phase 3 (i.e., same as Phase 1
after a 10-min shutdown). Based upon the
relative emission rates, contributions within
the vehicle fleet to cold start emissions are
likely skewed with older vehicles
contributing a disproportionate fraction of
the emissons from this source. Motor
vehicle exhaust accounts for about
98 percent of the PM» 5 carbon (in elemental
carbon and organic compounds) at Phoenix
Super Site. LDGV cold start emissions,



high particle emitters, and diesel exhaust are
the largest components of the mobile source
contribution,  with  average  24-hour
contributions of 39.5 + 4.9 percent, 36.9 +
2.7 percent, and 232+ 34 percent,
respectively.  Norntsmoking, LDGV hot
stabilized emissons were undetectable.
Attachment | includes a table with more
detailed information from the extended
CMB analysis.

Tables 4a through 4d show the
apportionments  obtained  from  the
conventional CMB analysis for PM35, TC,
OC, and EC, respectively. In the
conventional approach, apportionments of
carbon sources are limited to two or three
broad categories. LDGV cold darts,
nonsmoking LDGV hot stabilized exhaust,
and LDGV high particle emitters were
combined into one composite category
caled LDGV exhaust. The results of the
extended CMB were used in NFRAQS to
apply weighting factors to the three
individual profiles in the composite profile.
Meat cooking, softwood combustion, and
hardwood combustion were similarly
combined in composite profiles called meat
and wood combustion. The same diesel
profile was used in both CMB anayses.
The mobile source contributions to PM» 5 are
about 10 pecent higher for the
6-hour morning samples at al three sites
(i.e., Phoenix Super Site, Tempe, and ASU
West) compared to the 24-hour samples
from Phoenix Super Site. The contributions
of fine dust ranged from 8 to 15 percent at
the three sites.

It is clear from Tables 4a through 4d
that gasoline exhaust and diesdl exhaust are
collinear with one another (i.e., have nearly
the same composition) if only conventional
species are used in the profiles. This causes
the relative apportionments to gasoline and
diesel exhaust from the conventiona CMB
to be unreliable, but does not degrade the
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sum of the apportionments from these two
sources. The combined contributions of
gasoline and diesdl exhaust to PM,s5 are
about 60-65 percent at Phoenix Super Site
for both conventional CMB and extended
CMB. There are no apparent seasonal
trends in apportionments. In some cases, it
was necessary to include the ambient
background with smelter to account for
excess arsenic, lead, and Lanthanum. This
contribution is not strictly attributable to
emissions from smelters. This background
profile also contains secondary sulfate and
nitrate in addition to other particulate matter
found in regional background samples.
Attachment Il includes a table with more
detailed information from the conventional
CMB analysis.

DISCUSSION

The present study focused on
measurement of PM2 s (fine particles), which
contribute to “brown clouds.” The data
showed that in the urban areas of Maricopa
County, particulate  carbon  species
(elementa carbon plus organic compounds)
were the largest contributor, accounting for
nearly two-thirds of the PM,5. Particulate
ammonium nitrate was the second-most
important species, with ammonium sulfate
and dust next in abundance.

The source apportionment analysis
for the Maricopa County area shows that
exhaust emissions from mobile sources
(cars, trucks, construction equipment, and
locomotives) produced about 65 percent of
the PM2s. Including road and geologic dust
with the exhaust contributions increases the
mobile source-related contribution to as
much as 75 percent of the PM2 5. Moreover,
PM,s emissons from gasoline-fueled
engines were three times more important
than those coming from diesel-fueled
engines. Fine particles produced by road



dust, construction, and wind-blown sand,
contributed about 10 to 15 percent of the
PM2s. Wood burning emissions and meat
cooking could not be apportioned with the
data available.

It is useful to compare the above
results for Maricopa County with those
found in the metropolitan Denver area
during NFRAQS because many more trace
organic compounds were measured during
NFRAQS and were used in the CMB
caculations.  Although the fraction of
carbonaceous particles in PM2 5 is greater in
Maricopa County, the relative contributions
of mobile sourcesto PM, 5 carbon are nearly
identical in the two regions. PM2s
emissions from gasoline-fueled engines in
Denver were three times the PM2 5 emissons
produced by diesd-fueled engines,
compared with current emission estimates
for the Denver area in which diesel engines
are projected to produce more emissions
than gasoline engines. High-emitting or
smoking vehicles, which comprise a small
fraction of the in-use vehicle fleet, produced
nearly one-half of the gasoline engine PM3 5
exhaust. The diesel engine PM, s exhaust
comes from trucks, locomotives,
construction equipment, and other sources.
Fine particles from road debris and dust,
construction activities, and wind-blown sand
contributed only 16 percent of the total
PM25, an amount much lower than current
emission estimates for the Denver area. All
of these conclusions, derived for Northern
Front Range area, are also applicable to
Maricopa County.

It was possible to include meat
cooking and wood combustion in the
NFRAQS source apportionments because a
greater number of organic compounds was
measured. It was found that these sources
were typically minor contributors to PM> s,
but there were some samples for which their
contribution exceeded 10 percent of the
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PM,s.  Omitting these species from the
CMB caculations for Maricopa County
introduces a small, but not negligible, error.
The NFRAQS area has a number of coal-
fired power plants, and primary particles (fly
ash) from them contributed approximately
2 percent of the PM,5. There are no coal-
fired power plantsin Maricopa County.

An underestimation of particulate
emissions from gasoline-fueled engines in
the emission inventories is plausible given
the current development of motor vehicle
emisson factor models. Particulate
emission factors vary in PART 5 only by
vehicle model year groups. Emission rates
for pre-1981 noncatalyst and post-1980
catalyst vehicles are 30 and 4.3 mg/mile of
carbon, respectively. In contrast, the
average particulate emission rates from the
NFRAQS vehicle emissions tests were
82.6 mg/mile for pre-1980 light-duty
gasoline vehicles and 24.9 to 48.2 mg/mile
for post-1980 vehicles. The corresponding
phase 1 (“cold’) emission rates were
290 mg/mile  for pre-1980  light-duty
gasoline vehicles and 81.3 to 159 mg/mile
for post-1980 vehicles. Smoking vehicles
emitted an average of 1179 mg/mile in
phase 1 and 434 mg/mile in the composite
source profile for the Federal Test Procedure
(FTP). Because of their substantially higher
emission  rates, smokers,  marginal
smokersg/high emitters, and “puffers’ (older
vehicles in cold start mode) should account
for a disproportionate fraction of particulate
emissons relative to their numbers. Y,
current emission factor models used to
calculate data for emission inventories do
not include their contributions. The
plausibility of ambient attributions of
gasoline exhaust to subcategories of the
vehicle fleet depends on one's assumptions
regarding the contributions of a relatively
small fraction of the vehicle fleet and the
average particulate emission rates of normal
emitters in hot stabilized operation.



Tablel1

CMB Species Selections

CMB
Species Method  Mnemonic Lnpuit
Mass Grav MSGC
chloride IC CLIC *
nitrate IC N3IC *
sulfate IC s4IC *
ammonium AC N4CC *
soluble potassium AA KPAC *
total carbon TOR TCTC
organic carbon TOR OCTC *
elemental carbon TOR ECTC *
Sodium XRF NAXC *
Magnesium XRF MGXC *
Aluminum XRF ALXC *
Silicon XRF SIXC *
Phosphorus XRF PHXC *
Sulfur XRF SUXC
Chlorine XRF CLXC *
Potassium XRF KPXC
Calcium XRF CAXC *
Titanium XRF TIXC *
Vanadium XRF VAXC *
Chromium XRF CRXC *
Manganese XRF MNXC *
Iron XRF FEXC *
Cobalt XRF COXC
Nickel XRF NIXC *
Copper XRF CUXC *
Zinc XRF ZNXC
Gallium XRF GAXC
Arsenic XRF ASXC *
Selenium XRF SEXC *
Bromine XRF BRXC *
Rubidium XRF RBXC *
Strontium XRF SRXC *
Yttrium XRF YTXC
Zirconium XRF ZRXC *
Molybdenum XRF MOXC
Palladium XRF PDXC
Silver XRF AGXC
Cadmium XRF CDXC
Induium XRF INXC
Tin XRF SNXC
Antimony XRF SBXC
Barium XRF BAXC
Lanthanum XRF LAXC
Gold XRF AUXC
Mercury XRF HGXC *
Thallium XRF TLXC
Lead XRF PBXC *
Uranium XRF URXC
Naphthalene GC/MS NAPHTH
2-menaphthalene GC/MS  MNAPH2
1-menaphthalene GC/MS MNAPH1
2,6+2,7-dimenaphthalene GC/MS DMN267
1,7+1,3+1,6-dimenaphthalene GC/MS DMm1367
2.3+1.4+1.5-dimenaphthalene GC/MS D14523
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Table 1 (continued)

NFRAQS CMB Species Selections
CvMB

Species Method  Mnemonic Input
1,2-dimenaphthaene GC/IMS DMN12
1,8-dimenapthalene GC/MS DMNI18
Biphenyl GC/MS  BIPHEN
2-Methylbiphenyl GC/IMS  M_2BPH
3-Methylbiphenyl GC/MS  M_3BPH
4-Methylbiphenyl GC/IMS  M_4BPH
A-Trimethylnaphthalene GC/IMS ATMNAP
1-Ethyl-2-methylnaphthalene GC/MS EM_12N
B-Trimethylnaphthalene GC/IMS BTMNAP
C-Trimethylnaphthalene GC/IMS  CTMNAP
2-Ethyl-1-methylnaphthalene GC/MS EM_2IN
E-Trimethylnaphthalene GC/IMS ETMNAP
F-Trimethylnaphthalene GC/IMS  FTMNAP
G-Trimethylnaphthalene GC/MS GTMNAP
H-Trimethylnaphthalene GC/IMS HTMNAP
1,2,8-Trimethylnaphthalene GC/MS TM128N
Acenaphthylene GC/IMS  ACNAPY
Acenaphthene GC/IMS  ACNAPE
Phenanthrene GC/MS  PHENAN *
Fluorene GC/MS  FLUORE *
A-Methylfluorene GC/IMS A_MFLU *
1-Methylfluorene GC/MS M_1FLU *
B-MethylIfluorene GC/MS B_MFLU *
C-MethylIfluorene GC/IMS C_MFLU *
A-Methylphenanthrene GC/IMS  A_MPHT *
2-Methylphenanthrene GC/IMS  M_2PHT *
B-Methylphenanthrene GC/IMS  B_MPHT *
C-Methylphenanthrene GC/IMS  C_MPHT *
1-Methylphenanthrene GC/IMS  M_1PHT *
3,6-Dimethylphenanthrene GC/MS  DM36PH *
A-Dimethylphenanthrene GC/IMS A _DMPH *
B-Dimethylphenanthrene GC/MS B_DMPH *
C-Dimethylphenanthrene GC/IMS C_DMPH *
1,7-Dimethylphenanthrene GC/IMS  DM17PH *
D-Dimethylphenanthrene GC/MS D_DMPH *
E-Dimethylphenanthrene GC/MS E_DMPH *
Anthracene GC/MS  ANTHRA *
9-Methylanthracene GC/IMS  M_9ANT *
Fluoranthene GC/IMS  FLUORA *
Pyrene GC/IMS  PYRENE *
A-Methylpyrene GC/IMS A_MPYR *
B-Methylpyrene GC/IMS B_MPYR *
C-Methylpyrene GC/IMS C_MPYR *
D-Methylpyrene GC/MS D_MPYR *
E-Methylpyrene GC/IMS E_MPYR *
F-Methylpyrene GC/IMS F MPYR *
Retene GC/MS  RETENE *
Benzonaphthothiophene GC/IMS  BNTIOP *
Benz(a)anthracene GC/IMS  BAANTH *
7-Methylbenz[ a] anthracene GC/IMS M_7BAA *
Chrysene GC/MS  CHRYSN *
Benzo(b+j+k)FL GC/MS BBJKFL *
BeP GC/IMS  BEPYRN *
BaP GC/MS  BAPYRN *
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Table 1 (continued)
NFRAQS CMB Species Selections

CMB
Species Method  Mnemonic Input
7-Methylbenzo[a] pyrene GC/MS M_7BPY *
Indeno[123-cd]Pyrene GC/MS  INCDPY *
Dibenz(ah+ac)anthracene GC/MS  DBANTH *
Benzo(b)chrysene GC/MS BBCHRN *
Benzo(ghi)Perylene GC/MS  BGHIPE *
Coronene GC/MS  CORONE *
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Table 2

Descriptions of Source Composition Profiles

0c-4

Mnemonic Size Project Source Type Species Description

NVNSP F NFRAQS Motor Vehicle Conv & PAH winter, light-duty, gasoline, 1-3 "cold start", L2, ML1, M1,M2,M3,H1

NVNSP2 F NFRAQS Motor Vehicle Conv & PAH winter, light-duty, gasoline, 2, L1P2,L2P2, ML1P2, M1P2,M2P2,M3P2,H1P2,H2P2

NV SM F NFRAQS Motor Vehicle Conv & PAH winter, light-duty, gasoline, 1, 2, and 3, S2P1,S2P2,S2P3,S3P1,S3P2,S3P3

NWLD_W F NFRAQS Motor Vehicle Conventional Composite of NVNSP, NVNSP2, and NVSM

NWHD F NFRAQS Motor Vehicle Conv & PAH winter, heavy-duty, diesel, all, Runs 2-15

NMc F NFRAQS Meat Cooking Conv & PAH composite of NMAHa, NMCH, NMCCa, and NMCK

NWFSc F NFRAQS Vegetative Burning Conv & PAH Fireplace burning soft woods

NWSHc2 F NFRAQS Vegetative Burning Conv & PAH Fireplace burning hard woods

NWW_w F NFRAQS Vegetative Burning Conventional Composite of NWFSc and NWSHc2

NWMW_W F NFRAQS Veg Burn & Meat Cooking Conventional Composite of NWFSc, NWSHc3, and NMc

NRDC F NFRAQS Geological Conv & PAH Composite roaddust, NRDO1 to 05

AMSUL F Scenic Denver Calculated Conv & PAH Secondary ammonium sulfate

AMNIT F Scenic Denver Calculated Conv & PAH Secondary ammonium nitrate

PCHCLC1 F Scenic Denver Power Station Conv & PAH Composite, PCHKCO03 & PCHKCO04, boilers burning coal.

phautoc F Phoenix 1&M Motor vehicle, auto Conv & PAH Composite of Auto Runs # 5, 6, and 7

phdiesc F Phoenix 1&M Motor vehicle, diesel Conv & PAH Composite of Diesel Runs # 3, 5, and 6

phauto3 F Phoenix 1&M Motor vehicle, auto Conv & PAH Auto Run 3 - Model year 1972 to 1995; 2 high HC emitters; all pass, 19 vehicles

phauto4 F Phoenix 1&M Motor vehicle, auto Conv & PAH Auto Run 4 - Model year 1967 to 1995; no high HC (>100 ppm) emitters, 2 cars ~ 50 ppm HC; all pass, 26 vehicles
phauto5 F Phoenix 1&M Motor vehicle, auto Conv & PAH Auto Run 5 - Model year 1976 to 1995; 1 high HC (> 100 ppm) emitter, 3 cars >50 ppm; 1 fail, 17 vehicles
phauto6 F Phoenix 1&M Motor vehicle, auto Conv & PAH Auto Run 6 - Model year 1968 to 1993; 2 high HC (> 100 ppm) emitters, 2 cars>50 ppm; 2 fail, 15 vehicles
phauto? F Phoenix 1&M Motor vehicle, auto Conv & PAH Auto Run 7 - Model year 1969 to 1995; 2 high HC (> 100 ppm) emitters, 3 cars>50 ppm ; all pass, 26 vehicles
phdies2 F Phoenix 1&M Motor vehicle, diesel Conv & PAH Diesel Run 2 - All pass; two (1978 and 1983) 6% opacity, 15 vehicles

phdies3 F Phoenix 1&M Motor vehicle, diesel Conv & PAH Diesel Run 3 - All pass; one (1989) 4.3% opacity, 12 vehicles

phdies4 F Phoenix 1&M Motor vehicle, diesel Conv & PAH Diesel Run 4 - All pass; one (1984) 7.2%, one (1986) 6.5% opacity, 13 vehicles

phdies5 F Phoenix 1&M Motor vehicle, diesel Conv & PAH Diesel Run 5 - All pass; one (1989) 8.2%, heavy white smoke; one (1977) 8.1% and one (1994) 15% opacity, 15 vehicles
phdies6 F Phoenix 1&M Motor vehicle, diesel Conv & PAH Diesel Run 6 - One fails (1978) 29% opacity; one (1990) 7.8% opacity, 17 vehicles

phdies7 F Phoenix 1&M Motor vehicle, diesel Conv & PAH Diesel Run 7 - All pass; two (1982 & 1986) 11%; one (1993) 10% opacity, 12 vehicles

phdies8 F Phoenix 1&M Motor vehicle, diesel Conv & PAH Diesel Run 8

phdies9 F Phoenix 1&M Motor vehicle, diesel Conv & PAH Diesel Run 9 - All pass; one (1989) 13.4% opacity, 15 vehicles

PHCONSTR F PHOENIX GEOLOGICAL Conventional Phoenix Construction Area Soil; Composite, 2 bulk samples collected on 1/19/90

PHCONSTR T PHOENIX GEOLOGICAL Conventional Phoenix Construction Area Soil; Composite, 2 bulk samples collected on 1/19/90

PHPVRDCB F PHOENIX GEOLOGICAL Conventional Phoenix Paved Road Dust; Composite, 2 vacumm samples collected on 1/19/90

PHPVRDCB T PHOENIX GEOLOGICAL Conventional Phoenix Paved Road Dust; Composite, 2 vacumm samples collected on 1/19/90

PHPVRD F PHOENIX GEOLOGICAL Conventional Phoenix paved road dust; Composite, 8 vacumm samples collected between 1/20/90 to 1/26/90

PHPVRD T PHOENIX GEOLOGICAL Conventional Phoenix paved road dust; Composite, 8 vacumm samples collected between 1/20/90 to 1/26/90

PHUPRD1 F PHOENIX GEOLOGICAL Conventional Phoenix unpaved road dust W/Hi Calcium; Composite, 2 bulk samples collected on 1/20/90

PHUPRD1 T PHOENIX GEOLOGICAL Conventional Phoenix unpaved road dust W/Hi Calcium; Composite, 2 bulk samples collected on 1/20/90

PHUPRD2 F PHOENIX GEOLOGICAL Conventional Phoenix unpaved road dust W/Lo Calcium; Composite, 2 bulk samples collected on 1/24/90

PHUPRD2 T PHOENIX GEOLOGICAL Conventional Phoenix unpaved road dust W/Lo Calcium; Composite, 2 bulk samples collected on 1/24/90

PHBAREAG F PHOENIX GEOLOGICAL Conventional Phoenix agricultural soil from bare field; Composite, 9 bulk samples collected on 1/21/90

PHBAREAG T PHOENIX GEOLOGICAL Conventional Phoenix agricultural soil from bare field; Composite, 9 bulk samples collected on 1/21/90

PHDSSOIL F PHOENIX GEOLOGICAL Conventional Phoenix desert soil; Composite, 4 bulk samples collected between 1/20/90 to 1/26/90

PHDSSOIL T PHOENIX GEOLOGICAL Conventional Phoenix desert soil; Composite, 4 bulk samples collected between 1/20/90 to 1/26/90

PHAUTO F PHOENIX MOTOR VEHICLE Conventional Phoenix motor vehicle: 100% gasoline; Composite, 9 samples collected on 1/03 to 1/05/90

PHDIES F PHOENIX MOTOR VEHICLE Conventional Phoenix motor vehicle: 100% diesel; Composite, 8 samples collected on 12/28 to 12/29/90

PHRD F PHOENI X MOTOR VEHICLE Conventional Phoenix motor vehicle; composite, 10 roadside samples average after background corrections
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Table 2a

Source Composition Profiles Consisting of Conventional Species and PAHs

Profile NVNSP NVNSP2 NVSM NWHD NMc NWFSc

clic 0.000325 + 0.000726 0.001406 +* 0.001421 0.000271 = 0.000464 0.000414 + 0.000994 0.000461 * 0.000620 0.001247 + 0.000579
n3ic 0.001626 + 0.001539 0.001404 =+ 0.001666 0.002816 * 0.002457 0.001658 = 0.001438 0.000164 * 0.000672 0.001038 = 0.000680
sdic 0.003645 + 0.014763 0.009419 + 0.006596 0.002379 * 0.001089 0.004167 + 0.004468 0.000598 * 0.000691 0.001846 + 0.000602
ndcc 0.000000 + 0.010000 0.000000 +* 0.010000 ©O0.000000 * 0.010000 O0.000000 + 0.010000 0.000077 * 0.000636 0.000995 + 0.000356
kpac 0.000000 * 0.010000 0.000000 * 0.010000 O0.000000 * 0.010000 ©0.000000 #+ 0.010000 0.002082 * 0.002039 0.003436 +* 0.000876
tctc 0.883925 + 0.076782 0.818314 + 0.053333 0.832597 * 0.033825 0.939272 + 0.037229 0.986644 * 0.078102 0.953217 + 0.314281
octc 0.459194 + 0.142555 0.567217 = 0.109640 0.770420 + 0.033579 0.189289 =+ 0.078860 0.964142 + 0.076978 0.617248 = 0.216149
ectc 0.424731 + 0.142284 0.251097 + 0.145596 0.062178 * 0.030366 0.749983 + 0.102669 0.022503 * 0.013199 0.335969 + 0.228149
naxc 0.000550 + 0.006767 0.001720 +* 0.004236 0.000000 * 0.010000 ©0.001403 + 0.002203 0.000654 * 0.000887 0.000176 + 0.000469
mgx c 0.000000 * 0.001605 0.001761 * 0.001470 0.000000 * 0.010000 0.000882 =+ 0.000891 0.000007 * 0.000242 0.000114 =+ 0.000153
al xc 0.000687 +* 0.001734 0.002563 +* 0.002950 0.000000 * 0.010000 ©0.000401 * 0.000958 0.000131 * 0.000220 0.000108 * 0.000096
sixc 0.002570 + 0.004256 0.007841 + 0.005521 0.000000 * 0.010000 ©0.005102 + 0.001285 0.000195 * 0.000204 0.000657 + 0.000911
phxc 0.000171 +* 0.003438 0.002355 + 0.001663 0.000000 * 0.010000 ©0.000344 + 0.000349 0.000298 * 0.000241 0.000025 +* 0.000059
suxc 0.003420 + 0.009457 0.006906 + 0.004397 0.002504 * 0.000642 0.002968 + 0.001861 0.001428 * 0.000353 0.000847 + 0.000078
cl xc 0.000537 + 0.001197 0.002320 = 0.002345 0.000448 + 0.000765 0.000683 = 0.001639 0.000878 * 0.000591 0.001045 = 0.000641
kpxc 0.000144 + 0.000482 0.000537 +* 0.000547 0.000230 * 0.001577 0.000060 + 0.000294 0.001900 * 0.001669 0.003534 + 0.000309
caxc 0.000982 + 0.003096 0.003869 + 0.002679 0.001573 * 0.000896 ©0.000598 + 0.000466 0.000019 * 0.000097 0.000027 + 0.000136
tixc 0.000000 * 0.002864 0.000166 +* 0.003021 O0.000000 * 0.003474 0.000005 + 0.001150 0.000002 * 0.000523 0.000001 * 0.000256
vaxc 0.000000 * 0.001250 0.000112 * 0.001271 0.000000 * 0.001586 ©0.000012 +* 0.000460 0.000002 * 0.000213 0.000000 * 0.000136
crxc 0.000119 + 0.000342 0.000529 = 0.000412 0.000004 * 0.000280 0.000000 = 0.000121 0.000001 * 0.000052 0.000000 = 0.000040
mnxc 0.000000 +* 0.000288 0.000136 +* 0.000357 0.000001 * 0.000196 ©0.000004 + 0.000090 0.000002 * 0.000040 0.000000 * 0.000022
fexc 0.005015 + 0.031091 0.010178 +* 0.007952 0.000853 * 0.000245 0.000201 + 0.000226 0.000203 * 0.000393 0.000000 + 0.000041
ni xc 0.000068 + 0.000190 0.000087 =+ 0.000229 0.000004 * 0.000070 0.000003 = 0.000058 0.000001 * 0.000027 0.000000 = 0.000013
cuxc 0.000000 * 0.000387 0.000262 +* 0.000229 0.000098 * 0.000081 0.000001 * 0.000063 0.000008 * 0.000017 0.000000 * 0.000020
zZnxc 0.000507 + 0.004759 0.003939 + 0.003170 0.000561 * 0.001119 0.000593 + 0.000807 0.000255 * 0.000509 0.000349 + 0.000227
asxc 0.000008 +* 0.000970 0.000004 + 0.000322 0.000016 * 0.000112 0.000004 + 0.000107 0.000000 * 0.000051 0.000002 * 0.000024
sexc 0.000001 + 0.000143 0.000011 +* 0.000143 0.000003 * 0.000049 0.000003 + 0.000057 0.000000 * 0.000026 0.000000 * 0.000012
brxc 0.000245 + 0.000959 0.000213 + 0.000293 0.000008 * 0.000050 0.000013 =+ 0.000052 0.000007 * 0.000019 0.000024 = 0.000008
rbxc 0.000009 +* 0.000127 0.000005 * 0.000111 O0.000000 * 0.000077 0.000009 * 0.000048 0.000003 * 0.000023 0.000000 * 0.000011
ST Xc 0.000003 + 0.000120 0.000013 +* 0.000123 ©0.000000 * 0.000137 0.000002 + 0.000053 0.000000 * 0.000025 0.000001 + 0.000012
Zrxc 0.000015 +* 0.000171 0.000003 +* 0.000170 O0.000006 =+ 0.000111 ©0.000000 + 0.000076 0.000000 * 0.000036 0.000000 * 0.000017
hgxc 0.000000 +* 0.000328 0.000003 +* 0.000330 0.000007 * 0.000142 0.000000 * 0.000128 0.000001 * 0.000059 0.000000 * 0.000027
pbxc 0.000690 + 0.003330 0.000796 = 0.000654 0.000226 * 0.000224 0.000003 = 0.000154 0.000002 * 0.000074 0.000006 = 0.000034
naphth 0.220095 + 0.206870 0.132500 + 0.133730 0.031074 * 0.007956 0.001401 + 0.001344 0.002764 * 0.002091 0.004235 + 0.001138
mnaph2 0.091002 + 0.070428 0.066444 + 0.051795 0.014145 * 0.002366 0.001640 + 0.001103 0.000203 * 0.000166 0.000895 + 0.000183
mnaphl 0.046672 + 0.034842 0.034283 =+ 0.029502 0.008026 * 0.001145 0.001157 = 0.000761 0.000206 * 0.000176 0.000759 = 0.000151
dmn267 0.009507 +* 0.006760 0.008452 + 0.006671 0.002069 * 0.000224 0.000644 + 0.000500 0.000016 * 0.000012 0.000149 + 0.000026
dml367 0.013677 + 0.009748 0.012329 + 0.010670 0.003408 * 0.000297 0.001106 + 0.000849 0.000035 * 0.000021 0.000513 + 0.000265
d14523 0.004379 + 0.003216 0.003933 + 0.003298 0.001257 + 0.000141 0.000335 + 0.000253 0.000030 * 0.000021 0.000116 * 0.000013
dmnil2 0.001668 +* 0.001279 0.001672 + 0.001329 0.000662 * 0.000071 ©0.000115 * 0.000094 0.000014 * 0.000015 0.000055 +* 0.000022
bi phen 0.003151 + 0.002476 0.003105 + 0.001963 0.000595 * 0.000188 0.000371 = 0.000229 0.000283 * 0.000224 0.000245 = 0.000066
m_2bph 0.000309 +* 0.000326 0.000370 +* 0.000415 0.000056 * 0.000050 ©0.000033 + 0.000066 0.000027 * 0.000037 0.000000 * 0.000013
m_3bph 0.002216 + 0.001708 0.002059 + 0.001271 0.000472 + 0.000129 0.000312 + 0.000266 0.000045 * 0.000022 0.000069 += 0.000024
m_4bph 0.001117 +* 0.000864 0.001112 + 0.000632 0.000226 =+ 0.000066 ©0.000112 + 0.000100 0.000026 * 0.000020 0.000045 + 0.000019
at mnap 0.003236 +* 0.002366 0.002928 +* 0.001980 ©0.000852 * 0.000132 0.000281 * 0.000209 0.000013 * 0.000004 0.000099 * 0.000013
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Table 2a
Source Composition Profiles Consisting of

Conventional Species and PAHs (Continued)

Profile AMSUL AMNI T PCHCLC1 phautoc phdiesc phaut o3

clic 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.003899 =+ 0.004150 0.000855 * 0.000721 0.003379 * 0.004240
n3ic 0.000000 + 0.000100 O0.775000 * 0.077500 0.000000 + 0.002116 0.017786 * 0.006751 0.002939 + 0.002418 0.020608 + 0.004161
sdic 0.727000 = 0.072700 0.000000 * 0.000100 0.101716 * 0.089405 0.026729 * 0.007932 0.004316 * 0.003643 0.020270 * 0.004113
ndcc 0.273000 * 0.027300 0.225500 #* 0.022550 0.003476 * 0.001352 0.012099 + 0.004441 0.001891 + 0.001706 0.010583 + 0.004447
kpac 0.000000 * 0.000100 ©0.000000 * 0.000100 0.001109 * 0.000571 0.000792 + 0.000426 0.000312 + 0.000452 0.001059 + 0.000445
tctc 0.000000 * 0.000141 0.000000 * 0.000141 0.042763 + 0.042580 0.748839 + 0.081423 0.844800 + 0.052484 0.767735 + 0.061446
octec 0.000000 = 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.029263 0.534771 +* 0.073987 0.618903 * 0.062321 0.422297 * 0.042218
ectc 0.000000 * 0.000100 ©0.000000 * 0.000100 0.042763 + 0.030931 0.214067 * 0.092457 0.225896 + 0.048967 0.345438 + 0.044645
naxc 0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 0.001370 * 0.007830 0.000000 * 0.001138 0.002616 * 0.007641
mg X ¢ 0.000000 = 0.010000 ©0.000000 * 0.010000 O0.000000 * 0.010000 0.002927 + 0.002740 0.000233 + 0.000504 0.003563 + 0.001950
al xc 0.000000 * 0.000100 ©0.000000 * 0.000100 0.059680 * 0.005247 0.004532 * 0.003061 0.000632 * 0.000503 0.003693 + 0.001334
sixc 0.000000 = 0.000100 ©0.000000 * 0.000100 0.090112 +* 0.005675 0.018509 * 0.004544 0.003538 * 0.002644 0.021538 * 0.002357
phxc 0.000000 * 0.000100 ©0.000000 * 0.000100 0.009372 + 0.006322 0.001579 + 0.000471 0.000242 + 0.000064 0.001634 + 0.000483
suxc 0.242700 + 0.024270 0.000000 * 0.000100 0.029480 * 0.027290 0.009006 *+ 0.003232 0.003036 * 0.001425 0.007252 * 0.000525
clxc 0.000000 +# 0.000100 O0.000000 +* 0.000100 ©0.000629 + 0.000221 0.000825 + 0.000780 0.000234 + 0.000195 O0.000646 + 0.000999
kpxc 0.000000 * 0.000100 0.000000 * 0.000100 O0.004644 + 0.000602 0.002865 * 0.001036 0.000580 * 0.000572 0.002682 + 0.000774
caxc 0.000000 * 0.000100 ©0.000000 * 0.000100 0.034536 * 0.010411 0.008390 * 0.001592 0.002632 * 0.002830 0.007641 * 0.000919
tixc 0.000000 * 0.000100 ©0.000000 * 0.000100 0.004315 + 0.000651 0.000587 + 0.003682 0.000198 + 0.000433 0.000948 + 0.003777
vaxc 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000734 0.000248 *+ 0.001493 0.000041 + 0.000176 0.000133 * 0.001530
crxec 0.000000 + 0.000100 O0.000000 +* 0.000100 ©0.000176 + 0.000041 0.000055 * 0.000328 0.000011 + 0.000041 0.000273 +* 0.000252
mnxc 0.000000 * 0.000100 ©0.000000 * 0.000100 0.000284 * 0.000139 0.000183 *+ 0.000230 0.000052 + 0.000058 0.000358 + 0.000189
fexc 0.000000 * 0.000100 ©0.000000 * 0.000100 0.029160 * 0.003827 0.007792 + 0.002024 0.002990 * 0.003215 0.010025 * 0.000722
ni xc 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000072 + 0.000019 0.000055 + 0.000165 0.000007 + 0.000021 O0.000146 + 0.000127
cuxc 0.000000 * 0.000100 ©0.000000 * 0.000100 0.000179 * 0.000112 0.001100 * 0.000216 0.002788 +* 0.004092 0.002140 * 0.000176
znxec 0.000000 = 0.000100 O0.000000 * 0.000100 O0.000797 = 0.000341 0.002266 * 0.000606 O0.000608 * 0.000270 0.001887 * 0.000170
asxc 0.000000 * 0.000100 ©0.000000 * 0.000100 O.000000 * 0.000164 0.000039 * 0.000390 0.000004 * 0.000046 0.000036 + 0.000413
sexc 0.000000 * 0.000100 ©0.000000 * 0.000100 0.000406 * 0.000407 0.000047 + 0.000181 0.000010 * 0.000021 0.000057 * 0.000180
brxc 0.000000 + 0.000100 O0.000000 +* 0.000100 ©0.000147 + 0.000154 0.000096 * 0.000146 0.000013 +* 0.000019 0.000139 + 0.000120
rbxc 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000053 * 0.000043 0.000022 * 0.000155 0.000006 * 0.000018 0.000000 * 0.000153
srxc 0.000000 * 0.000100 ©0.000000 * 0.000100 0.001964 * 0.000686 0.000044 = 0.000174 0.000014 + 0.000019 0.000047 * 0.000173
zrxc 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000247 + 0.000043 0.000000 * 0.000254 0.000002 * 0.000030 O0.000000 * 0.000252
hgxc 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000154 0.000010 * 0.000401 0.000000 * 0.000047 0.000075 * 0.000402
pbxc 0.000000 +# 0.000100 O0.000000 +* 0.000100 ©0.000680 + 0.000336 0.000896 + 0.000373 0.000098 + 0.000048 0.001179 + 0.000392
naphth 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.139681 * 0.078670 0.009270 + 0.002201 0.273785 + 0.013798
mnaph?2 0.000000 * 0.000100 ©0.000000 + 0.000100 O0.000000 * 0.000100 0.122359 * 0.065385 0.005701 * 0.001361 0.200869 * 0.010069
mnaphl 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.051686 =+ 0.026624 0.002928 + 0.000732 0.085476 + 0.004285
dmn267 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.019570 * 0.008867 0.002222 + 0.000568 0.030619 * 0.001535
dml367 0.000000 = 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 ©0.027599 * 0.012230 0.003322 * 0.001559 0.043847 * 0.002198
d14523 0.000000 * 0.000100 0.000000 * 0.000100 O0.000000 * 0.000100 0.010122 * 0.004381 0.001541 +* 0.000352 0.016645 + 0.000834
dmn12 0.000000 * 0.000100 0.000000 * 0.000100 O0.000000 * 0.000100 0.004188 * 0.001837 0.000558 + 0.000170 0.006665 * 0.000334
bi phen 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.005631 * 0.002551 0.001364 + 0.000396 0.009188 + 0.000461
m_2bph 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.001094 *+ 0.000536 0.000395 * 0.000141 0.001778 * 0.000089
m_3bph 0.000000 = 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 O0.005176 * 0.002803 0.002573 * 0.000716 0.009525 * 0.000477
m_4bph 0.000000 * 0.000100 ©0.000000 * 0.000100 O.000000 * 0.000100 0.002392 + 0.001316 0.001039 * 0.000291 0.004249 + 0.000213
at mnap 0.000000 * 0.000100 ©0.000000 * 0.000100 0.000000 * 0.000100 0.008335 * 0.004081 0.002007 * 0.000445 0.013996 * 0.000702



ec3

Table 2a
Source Composition Profiles Consisting of

Conventional Species and PAHs (Continued)

Profile phaut o6 phauto?7 phdi es2 phdi es3 phdi es4 phdi es5

clic 0.004722 + 0.004515 0.003465 * 0.003680 0.001870 * 0.000908 0.001687 =+ 0.000860 0.001258 + 0.000611 0.000468 + 0.000338
n3ic 0.024309 + 0.004360 0.010829 + 0.003461 0.003462 + 0.000693 0.005730 = 0.000735 0.003267 +* 0.000485 0.001620 +* 0.000315
sdic 0.034103 + 0.004470 0.018336 * 0.003529 0.007999 * 0.000778 0.008516 * 0.000784 0.004712 +* 0.000506 0.002430 * 0.000324
ndcc 0.016115 + 0.004974 0.007486 +* 0.003708 0.002961 * 0.000790 0.003838 = 0.000858 0.002429 + 0.000568 0.001181 * 0.000345
kpac 0.000423 + 0.000455 0.000905 +* 0.000379 0.000473 + 0.000080 0.000833 + 0.000093 0.000115 * 0.000050 0.000077 + 0.000033
tctc 0.720815 + 0.085908 0.758731 + 0.075423 0.871535 * 0.055263 0.825281 + 0.050557 0.882881 + 0.057386 0.849545 + 0.053794
octec 0.613260 + 0.081360 0.485126 * 0.066125 0.459115 +* 0.034780 0.550711 * 0.041672 0.426089 * 0.032162 0.672904 * 0.050551
ectc 0.107554 + 0.027581 0.273605 * 0.036277 0.412420 + 0.042946 0.274570 * 0.028627 0.456792 + 0.047526 0.176641 + 0.018397
naxc 0.001715 + 0.008388 0.000000 * 0.007273 0.000000 * 0.001531 0.000000 * 0.001718 0.000000 * 0.001066 0.000000 * 0.000751
mg X ¢ 0.004225 + 0.002037 0.002094 +* 0.002898 0.000219 + 0.000594 0.000482 + 0.000751 0.000222 + 0.000473 0.000090 * 0.000352
al xc 0.001267 + 0.002249 0.007336 * 0.001189 0.000743 + 0.000125 0.001208 * 0.000172 0.000732 * 0.000112 0.000410 * 0.000072
sixc 0.017853 + 0.002327 0.023345 * 0.002128 0.003275 * 0.000201 0.006583 * 0.000366 0.004518 * 0.000250 0.001833 * 0.000110
phxc 0.001731 + 0.000511 0.001213 +* 0.000412 0.000248 + 0.000056 0.000306 * 0.000069 0.000169 * 0.000045 0.000242 + 0.000035
suxc 0.012380 * 0.000755 0.005938 + 0.000447 0.002660 * 0.000152 0.004681 = 0.000250 0.002642 + 0.000145 0.002202 * 0.000118
clxc 0.000988 + 0.000730 0.001102 + 0.000603 0.000237 + 0.000064 0.000456 * 0.000078 0.000227 + 0.000049 0.000150 +* 0.000034
kpxc 0.003000 +* 0.000798 0.003827 * 0.000677 0.000481 * 0.000060 0.001239 *+ 0.000092 0.000461 + 0.000046 0.000270 * 0.000030
caxc 0.007593 + 0.000938 0.010223 + 0.000884 0.002075 * 0.000132 0.005897 + 0.000315 0.001812 + 0.000108 0.001107 * 0.000068
tixc 0.000514 + 0.003928 0.000780 + 0.003361 0.000181 + 0.000632 0.000463 + 0.000634 0.000159 * 0.000450 0.000077 + 0.000314
vaxc 0.000173 + 0.001591 0.000302 * 0.001364 0.000048 * 0.000256 0.000081 + 0.000258 0.000009 + 0.000182 0.000023 * 0.000128
irxc 0.000043 + 0.000348 0.000003 + 0.000301 0.000027 + 0.000058 0.000021 +* 0.000060 O0.000010 + 0.000041 O0.000007 + 0.000029
nnxc 0.000161 + 0.000266 0.000154 * 0.000232 0.000054 * 0.000016 0.000118 + 0.000018 0.000032 * 0.000033 0.000029 * 0.000008
exc 0.008453 + 0.000677 0.009402 + 0.000642 0.002652 * 0.000138 0.006691 = 0.000340 0.002169 + 0.000112 0.001385 * 0.000072
nixc 0.000060 + 0.000176 ©0.000035 * 0.000152 0.000005 * 0.000029 0.000014 + 0.000031 0.000000 * 0.000021 O0.000001 * 0.000015
cuxc 0.001112 + 0.000150 ©0.001310 * 0.000134 0.004326 * 0.000219 0.007512 * 0.000379 0.002270 * 0.000116 0.000379 * 0.000021
znxec 0.002663 +* 0.000200 0.001568 * 0.000144 0.000372 * 0.000024 0.000915 * 0.000050 0.000526 * 0.000029 0.000495 * 0.000026
asxc 0.000000 * 0.000423 0.000117 +* 0.000351 0.000019 +* 0.000082 0.000013 + 0.000064 0.000009 * 0.000045 0.000000 * 0.000041
sexc 0.000076 * 0.000193 0.000022 +* 0.000169 0.000021 * 0.000032 0.000018 + 0.000031 0.000006 * 0.000022 0.000009 * 0.000016
brxc 0.000171 + 0.000125 0.000050 +* 0.000151 0.000033 + 0.000010 0.000028 *+ 0.000028 O0.000017 + 0.000020 O0.000006 + 0.000014
rbxc 0.000012 + 0.000165 0.000026 * 0.000146 0.000002 * 0.000027 0.000012 * 0.000027 0.000004 + 0.000019 0.000006 * 0.000014
srxc 0.000053 + 0.000186 ©0.000011 +* 0.000163 0.000000 * 0.000030 0.000035 * 0.000010 0.000008 * 0.000022 0.000006 * 0.000016
zrxc 0.000000 * 0.000271 0.000000 * 0.000239 0.000000 * 0.000044 0.000002 * 0.000043 0.000004 * 0.000032 0.000005 * 0.000023
hgxc 0.000029 + 0.000430 0.000000 * 0.000375 0.000019 * 0.000071 0.000000 = 0.000067 0.000000 * 0.000049 0.000000 * 0.000036
pbxc 0.001057 + 0.000403 0.000617 + 0.000332 0.000284 + 0.000036 0.000102 + 0.000030 O0.000057 +* 0.000065 O0.000145 + 0.000018
naphth 0.058179 + 0.003108 0.215173 + 0.010910 0.010158 * 0.000592 0.011787 + 0.000676 0.009382 * 0.000517 0.007708 + 0.000414
mnaph?2 0.055217 + 0.002759 0.185832 + 0.009317 0.004330 * 0.000218 0.006493 = 0.000326 0.004658 + 0.000231 0.004129 * 0.000207
mnaphl 0.023995 + 0.001199 0.077097 + 0.003866 0.002264 + 0.000114 0.003379 + 0.000170 0.002527 + 0.000125 0.002083 + 0.000105
dmn267 0.010814 + 0.000542 0.028544 + 0.001432 0.002292 * 0.000115 0.002803 * 0.000141 0.002541 + 0.000126 0.001668 + 0.000084
dml367 0.015448 = 0.000773 0.039906 * 0.002002 0.004138 * 0.000208 0.005023 +* 0.000252 0.004669 * 0.000231 0.002982 * 0.000150
d14523 0.006018 + 0.000308 0.014735 * 0.000745 0.001564 + 0.000079 0.001880 * 0.000094 0.001867 + 0.000093 0.001178 + 0.000059
dmn12 0.002498 + 0.000132 0.006144 + 0.000314 0.000617 * 0.000031 0.000751 + 0.000038 0.000735 * 0.000036 0.000428 * 0.000022
bi phen 0.002968 + 0.000149 0.008053 * 0.000404 0.001457 + 0.000073 0.001758 + 0.000088 0.001715 * 0.000085 0.000966 + 0.000049
m_2bph 0.000530 = 0.000026 ©0.001596 * 0.000080 0.000352 * 0.000018 0.000418 + 0.000021 0.000430 * 0.000021 0.000244 * 0.000012
m_3bph 0.002555 + 0.000128 0.008131 * 0.000408 0.002420 * 0.000122 0.003158 * 0.000159 0.002771 * 0.000137 0.001774 = 0.000089
m_4bph 0.001173 + 0.000059 0.003787 + 0.000190 0.000978 + 0.000049 0.001278 + 0.000064 0.001080 * 0.000054 0.000715 + 0.000036
at mnap 0.004669 + 0.000233 0.012733 + 0.000638 0.001967 + 0.000099 0.002465 + 0.000124 0.002339 + 0.000116 0.001576 * 0.000079
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Table 2a
Source Composition Profiles Consisting of

Conventional Species and PAHs (Continued)

Profile phdies8 phdi es9 PHCONSTR PHPVRDCB PHPVRD PHUPRD1

clic 0.001753 + 0.000882 0.000522 + 0.000449 0.000126 * 0.000254 0.001061 +* 0.000841 0.001410 * 0.002264 0.000273 +* 0.000354
n3ic 0.003427 = 0.000694 0.002906 * 0.000447 0.000365 = 0.000773 0.000427 + 0.001860 0.001132 * 0.002042 0.000860 * 0.001040
s4dic 0.005738 + 0.000725 0.003477 + 0.000450 0.001134 + 0.000938 0.003880 + 0.003315 0.002075 +* 0.001907 0.003176 * 0.002762
ndcc 0.003514 + 0.000837 0.002036 + 0.000508 ©0.000672 * 0.000355 0.000413 + 0.000425 0.000706 * 0.000462 0.000369 + 0.000303
kpac 0.000302 + 0.000015 0.000106 +* 0.000046 0.002657 +* 0.000677 0.001383 + 0.001025 0.002147 * 0.001204 0.002426 * 0.000245
tctc 0.873773 + 0.054127 0.847026 + 0.053541 0.046167 + 0.017301 0.239449 + 0.022414 0.128440 + 0.049099 0.089465 + 0.046260
octc 0.509203 + 0.038552 0.666147 +* 0.050106 0.046167 + 0.015767 0.217272 * 0.020782 0.118661 * 0.048698 0.089465 * 0.045528
ectc 0.364570 + 0.037993 0.180879 + 0.018868 0.000000 +* 0.007122 0.022177 + 0.008395 0.009779 * 0.006266 0.000000 * 0.008199
naxc 0.000526 +* 0.001451 0.000000 +* 0.000870 ©0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
mgx ¢ 0.000000 = 0.000609 0.000340 +* 0.000368 0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
al xc 0.000388 + 0.000126 0.000726 + 0.000084 0.036848 + 0.002762 0.040178 + 0.003104 0.042470 * 0.005194 0.037034 + 0.002809
sixc 0.002649 = 0.000173 0.001916 * 0.000121 0.115005 + 0.013446 0.132720 * 0.009572 0.136932 * 0.015685 0.121216 * 0.008656
phxc 0.000171 +* 0.000175 0.000176 + 0.000041 0.000286 +* 0.000108 0.000899 + 0.000151 0.000782 + 0.000201 0.000297 * 0.000079
suxc 0.003171 + 0.000176 0.002481 + 0.000135 0.001073 * 0.000554 0.006693 * 0.000544 0.002593 * 0.000969 0.001357 +* 0.000569
clxc 0.000038 + 0.000176 0.000098 +* 0.000119 0.000620 * 0.000116 0.002094 * 0.000518 0.002159 * 0.001857 0.001007 * 0.000359
kpxc 0.000345 + 0.000057 0.000268 + 0.000036 0.014865 + 0.001237 0.014248 + 0.001067 0.018549 + 0.001965 0.015120 * 0.002285
caxc 0.001079 + 0.000092 0.000886 + 0.000064 0.091029 * 0.016756 0.060567 * 0.012806 0.046724 * 0.010890 0.103772 + 0.026776
tixc 0.000036 = 0.000665 0.000070 +* 0.000393 0.003546 +* 0.000374 0.004077 + 0.000484 0.004447 + 0.000435 0.003161 * 0.000345
vaxc 0.000000 = 0.000269 0.000010 + 0.000159 0.000238 +* 0.000090 0.000365 + 0.000173 0.000261 * 0.000172 0.000211 + 0.000109
crxc 0.000005 + 0.000059 0.000000 * 0.000035 0.000186 =+ 0.000025 0.000478 * 0.000248 0.000248 * 0.000035 0.000176 * 0.000035
mnxc 0.000014 + 0.000045 0.000016 +* 0.000027 0.001047 + 0.000132 0.001035 +* 0.000106 0.001065 * 0.000140 0.000888 + 0.000122
fexc 0.001265 + 0.000070 0.001385 +* 0.000073 0.035051 * 0.002494 0.047128 + 0.003399 0.044195 * 0.003630 0.034066 + 0.002763
ni xc 0.000003 +* 0.000030 0.000003 + 0.000018 0.000054 +* 0.000008 0.000183 + 0.000025 0.000093 * 0.000018 0.000055 * 0.000010
cuxc 0.000659 + 0.000037 0.000635 + 0.000034 0.000109 + 0.000055 0.000340 + 0.000044 0.000257 + 0.000086 0.000079 * 0.000044
znxc 0.000395 = 0.000025 0.000395 * 0.000022 0.000335 +* 0.000260 0.001296 * 0.000438 0.001202 +* 0.000260 0.000880 * 0.000624
asxc 0.000027 +* 0.000063 0.000000 + 0.000041 0.000016 * 0.000055 0.000000 * 0.000162 0.000013 +* 0.000168 0.000017 * 0.000091
sexc 0.000000 +* 0.000032 0.000009 * 0.000019 O0.000000 * 0.000022 0.000000 * 0.000040 0.000011 * 0.000028 0.000013 + 0.000025
brxc 0.000013 +* 0.000029 0.000014 +* 0.000018 0.000018 +* 0.000008 0.000013 * 0.000040 0.000042 * 0.000044 0.000017 * 0.000023
rbxc 0.000006 +* 0.000028 0.000000 + 0.000016 0.000101 +* 0.000016 0.000091 * 0.000041 0.000129 * 0.000023 0.000106 + 0.000018
ST Xc 0.000006 + 0.000032 0.000009 +* 0.000019 O0.000461 * 0.000109 0.000626 * 0.000109 0.000968 * 0.000633 0.000503 + 0.000042
zZrxc 0.000003 +* 0.000046 0.000000 + 0.000027 0.000156 +* 0.000025 0.000158 + 0.000041 0.000155 * 0.000039 0.000111 * 0.000036
hgxc 0.000000 * 0.000073 0.000000 +* 0.000043 0.000018 * 0.000045 0.000000 * 0.000081 0.000016 * 0.000066 0.000020 +* 0.000056
pbxc 0.000019 + 0.000092 0.000080 * 0.000020 0.000165 * 0.000160 0.000710 * 0.000345 0.000811 * 0.000436 0.000417 * 0.000086
naphth 0.004893 + 0.000347 0.006090 + 0.000465 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
mnaph2 0.003157 + 0.000158 0.005351 + 0.000265 ©0.000000 * 0.010000 O0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 +* 0.010000
mnaphl 0.001698 + 0.000085 0.003534 + 0.000175 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
dmn267 0.001531 + 0.000077 0.002596 + 0.000129 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
dml367 0.002642 = 0.000132 0.004517 +* 0.000224 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
d14523 0.001063 = 0.000055 0.001790 +* 0.000091 0.000000 +* 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
dmnil2 0.000432 + 0.000023 0.000706 +* 0.000037 0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
bi phen 0.001014 = 0.000051 0.001490 +* 0.000074 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
m_2bph 0.000243 + 0.000012 0.000369 +* 0.000018 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
m_3bph 0.001697 + 0.000085 0.002811 * 0.000139 0.000000 = 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
m_4bph 0.000685 = 0.000034 0.001124 + 0.000056 0.000000 +* 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
at mnap 0.001260 +* 0.000063 0.002433 +* 0.000120 ©0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
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Table 2a

Source Composition Profiles Consisting of Conventional Species and PAHs (Continued)

Profile PHDSSOI L PHAUTO PHDI ES PHRD

clic 0.000118 + 0.000324 0.006400 * 0.006554 0.016204 + 0.043981 0.011573 * 0.007545
n3ic 0.000720 +* 0.001015 0.038949 + 0.028743 0.003095 +* 0.003995 0.110254 + 0.104066
s4ic 0.000147 + 0.000272 0.022885 + 0.013188 0.024448 + 0.010048 0.060125 + 0.020920
ndcc 0.000994 + 0.000520 0.016722 +* 0.010236 0.008661 * 0.001261 0.041064 * 0.027397
kpac 0.003401 + 0.001440 0.003861 + 0.009616 0.003876 = 0.009574 0.007588 * 0.023147
tctec 0.036610 + 0.015840 0.435773 + 0.146806 0.730145 + 0.103475 0.754677 + 0.216194
octec 0.036610 * 0.012785 0.300752 + 0.122989 0.400956 +* 0.066018 0.390031 * 0.186177
ectc 0.000000 + 0.009352 0.135021 + 0.080161 0.329189 * 0.079679 0.364646 + 0.109899
naxc 0.000000 + 0.010000 ©0.000000 = 0.010000 ©0.000000 * 0.010000 O0.000000 * 0.010000
mgxc 0.000000 * 0.010000 ©0.000000 + 0.010000 ©0.000000 = 0.010000 O0.000000 * 0.010000
al xc 0.049811 + 0.005476 0.004118 + 0.002046 0.001735 +* 0.001211 0.000723 + 0.005250
sixc 0.140039 +* 0.017430 0.016443 + 0.008785 0.004627 = 0.001838 0.000828 * 0.011319
phxc 0.000828 + 0.000403 0.001147 + 0.000653 ©0.000609 = 0.000583 0.000837 * 0.001327
suxc 0.000598 + 0.000087 0.010111 + 0.004806 0.012395 * 0.002824 0.020156 * 0.006026
clxc 0.000415 + 0.000127 0.003376 +* 0.003217 0.000282 +* 0.000613 0.005624 * 0.004085
kpxc 0.018894 + 0.003333 0.002493 + 0.001414 0.000421 = 0.000332 0.002150 +* 0.002294
caxc 0.034550 + 0.013424 0.007071 + 0.004068 0.001586 * 0.000631 0.001253 +* 0.009805
tixc 0.005013 + 0.000899 0.000654 + 0.001256 ©0.000015 +* 0.001530 0.000872 * 0.004008
vaxc 0.000300 + 0.000115 0.000047 + 0.000538 ©0.000008 +* 0.000621 0.000233 + 0.002011
crxc 0.000241 + 0.000098 0.000151 +# 0.000104 0.000039 +* 0.000147 0.000187 * 0.000402
mnxc 0.001365 + 0.000288 0.001048 + 0.000359 0.000082 +* 0.000113 0.001782 + 0.001142
fexc 0.044803 + 0.005147 0.006849 +* 0.004231 0.001588 +* 0.000652 0.009341 + 0.005294
ni xc 0.000064 + 0.000015 0.000094 + 0.000093 0.000026 = 0.000054 0.000189 * 0.000149
cuxc 0.000111 + 0.000026 0.000739 + 0.000642 0.000132 + 0.000082 0.003558 + 0.001351
znxc 0.000288 +* 0.000123 0.002727 + 0.002250 0.000699 +* 0.000190 O0.005054 * 0.003873
asxc 0.000008 + 0.000052 0.000021 + 0.000351 ©0.000009 = 0.000208 0.000057 * 0.000942
sexc 0.000000 + 0.000030 0.000010 = 0.000090 ©0.000009 * 0.000103 0.000042 * 0.000335
brxc 0.000007 +* 0.000029 0.000294 + 0.000163 ©0.000023 + 0.000089 0.000580 * 0.000339
rbxc 0.000126 +* 0.000018 0.000014 + 0.000090 ©0.000015 * 0.000102 0.000019 * 0.000331
Srxc 0.000335 + 0.000047 0.000070 = 0.000106 0.000018 * 0.000132 0.000042 * 0.000476
Zrxc 0.000181 + 0.000036 0.000038 + 0.000173 ©0.000019 +* 0.000198 0.000100 * 0.000631
hgxc 0.000021 + 0.000046 0.000018 +* 0.000216 0.000014 +* 0.000248 0.000035 * 0.000798
pbxc 0.000166 * 0.000087 0.001553 + 0.000723 0.000147 = 0.000294 0.002700 * 0.001261
naphth 0.000000 + 0.010000 ©0.000000 + 0.010000 ©0.000000 * 0.010000 O0.000000 * 0.010000
mnaph?2 0.000000 £+ 0.010000 ©0.000000 = 0.010000 ©0.000000 * 0.010000 O0.000000 * 0.010000
mnaphl 0.000000 * 0.010000 ©0.000000 + 0.010000 ©0.000000 = 0.010000 O0.000000 * 0.010000
dmn267 0.000000 + 0.010000 ©0.000000 + 0.010000 ©0.000000 = 0.010000 O0.000000 * 0.010000
dml367 0.000000 *# 0.010000 ©0.000000 + 0.010000 ©0.000000 = 0.010000 O0.000000 * 0.010000
d14523 0.000000 + 0.010000 ©0.000000 + 0.010000 ©0.000000 * 0.010000 O0.000000 * 0.010000
dmnil2 0.000000 +# 0.010000 0.000000 = 0.010000 ©0.000000 * 0.010000 O0.000000 * 0.010000
bi phen 0.000000 * 0.010000 ©0.000000 + 0.010000 ©0.000000 = 0.010000 O0.000000 * 0.010000
m_2bph 0.000000 + 0.010000 ©0.000000 + 0.010000 ©0.000000 = 0.010000 O0.000000 * 0.010000
m_3bph 0.000000 *# 0.010000 ©0.000000 + 0.010000 ©0.000000 = 0.010000 O0.000000 * 0.010000
m_4bph 0.000000 + 0.010000 ©0.000000 *+ 0.010000 ©0.000000 = 0.010000 O0.000000 * 0.010000
at mnap 0.000000 +# 0.010000 0.000000 * 0.010000 ©0.000000 * 0.010000 O0.000000 * 0.010000



9¢-4

Table 2a

Source Composition Profiles Consisting of Conventional Species and PAHs (Continued)

Profile NVNSP NVNSP2 NVSM NWHD NMc NWF Sc

em_12n 0.000919 + 0.000709 0.000939 +* 0.000696 ©0.000338 * 0.000068 ©0.000063 +* 0.000049 0.000043 * 0.000024 0.000102 + 0.000033
bt mnap 0.003255 + 0.002171 0.003245 + 0.002266 0.000914 +* 0.000155 0.000265 * 0.000206 0.000014 * 0.000007 0.000137 * 0.000042
ct mnap 0.003153 + 0.002010 0.003300 * 0.002219 0.000912 + 0.000173 0.000318 + 0.000216 0.000015 * 0.000005 0.000075 * 0.000013
em_21n 0.000180 + 0.000141 0.000182 + 0.000141 0.000086 * 0.000024 0.000013 + 0.000015 0.000012 * 0.000008 0.000016 + 0.000010
et mnap 0.002122 + 0.001339 0.002179 +* 0.001553 0.000650 +* 0.000096 0.000222 * 0.000158 0.000012 +* 0.000004 0.000079 * 0.000019
ftmnap 0.002306 +* 0.001378 0.002606 +* 0.001682 0.000597 * 0.000129 0.000193 + 0.000124 0.000006 * 0.000005 0.000053 + 0.000018
gt mnap 0.001181 + 0.000683 0.001415 +* 0.001020 0.000351 +* 0.000087 0.000099 * 0.000059 0.000010 * 0.000003 0.000048 =+ 0.000008
ht mnap 0.000435 +* 0.000277 0.000584 + 0.000398 0.000274 + 0.000056 0.000019 + 0.000015 0.000006 * 0.000003 0.000043 + 0.000022
tml28n 0.000030 + 0.000034 0.000130 +* 0.000066 ©0.000112 * 0.000044 0.000005 + 0.000014 0.000017 * 0.000027 0.000044 + 0.000019
acnapy 0.016914 + 0.012669 0.009947 + 0.014274 0.002760 * 0.001142 0.000037 * 0.000092 0.000641 * 0.000425 0.001373 * 0.000519
acnape 0.005074 + 0.006087 0.000868 + 0.000493 0.000216 +* 0.000060 0.000024 + 0.000042 0.000030 * 0.000027 0.000082 + 0.000013
phenan 0.010780 = 0.007887 0.042251 +* 0.020849 0.002238 +* 0.000880 0.000056 * 0.000037 0.000756 * 0.000380 0.002530 * 0.000728
fluore 0.005255 + 0.003700 0.004917 + 0.002291 0.001094 + 0.000278 0.000049 + 0.000036 0.000169 * 0.000082 0.000466 * 0.000077
a_mflu 0.001416 +* 0.000899 0.003431 + 0.002163 ©0.000511 * 0.000188 ©0.000011 * 0.000014 0.000032 * 0.000101 0.000216 +* 0.000623
m_1f1lu 0.000634 + 0.000405 0.001655 +* 0.001068 0.000216 * 0.000077 0.000012 * 0.000014 0.000012 * 0.000013 0.000111 * 0.000119
b_mflu 0.000297 + 0.000210 0.000778 + 0.000492 0.000122 + 0.000047 0.000012 + 0.000014 0.000008 * 0.000009 0.000086 * 0.000082
c_mflu 0.001255 + 0.000803 0.010033 + 0.003842 0.000734 * 0.000409 0.000024 + 0.000020 0.000181 * 0.000507 0.000673 + 0.001647
a_mpht 0.000754 + 0.000590 0.005263 + 0.003285 0.000264 +* 0.000145 0.000026 * 0.000014 0.000022 +* 0.000009 0.000289 * 0.000215
m_2pht 0.000890 + 0.000725 0.005724 + 0.003442 0.000278 +* 0.000136 0.000022 + 0.000014 0.000030 * 0.000011 0.000342 + 0.000127
b_mpht 0.000457 + 0.000449 0.000926 * 0.001251 0.000096 + 0.000049 0.000003 * 0.000014 0.000010 * 0.000008 0.000076 * 0.000013
c_mpht 0.000514 + 0.000448 0.003418 + 0.002166 0.000200 +* 0.000104 0.000022 * 0.000014 0.000023 * 0.000010 0.000132 + 0.000050
m_1pht 0.000574 + 0.000518 0.003590 + 0.002224 0.000179 * 0.000083 0.000013 + 0.000014 0.000024 * 0.000009 0.000533 + 0.000086
dm36ph 0.000110 +* 0.000082 0.001340 +* 0.000851 0.000052 +* 0.000028 0.000004 + 0.000014 0.000004 +* 0.000002 0.000049 * 0.000014
a_dmph 0.000156 + 0.000116 0.001782 + 0.001229 0.000056 +* 0.000032 0.000014 + 0.000014 0.000003 +* 0.000003 0.000000 * 0.000100
b_dmph 0.000060 = 0.000049 0.000897 +* 0.000609 0.000028 +* 0.000016 0.000010 * 0.000014 0.000003 * 0.000002 0.000032 * 0.000023
c_dmph 0.000252 + 0.000216 0.002731 + 0.001862 0.000104 + 0.000056 0.000013 + 0.000014 0.000007 * 0.000005 0.000060 * 0.000010
dml7ph 0.000139 + 0.000111 0.001317 +* 0.000872 0.000046 * 0.000020 0.000005 * 0.000014 0.000003 * 0.000002 0.000045 + 0.000023
d_dmph 0.000048 = 0.000052 0.000720 * 0.000469 0.000022 +* 0.000012 0.000002 * 0.000014 0.000008 * 0.000004 0.000753 * 0.000531
e_dmph 0.000092 + 0.000078 0.001164 + 0.000785 0.000039 +* 0.000020 0.000006 + 0.000014 0.000060 * 0.000035 0.000036 * 0.000007
ant hra 0.002237 + 0.001330 0.011460 +* 0.007136 0.000645 * 0.000270 0.000037 + 0.000019 0.000153 * 0.000067 0.000536 + 0.000080
fluora 0.002342 + 0.001593 0.021152 + 0.011392 0.000555 +* 0.000307 0.000022 + 0.000027 0.000186 * 0.000060 0.000505 * 0.000174
pyrene 0.002831 + 0.001880 0.027608 + 0.014800 0.000630 +* 0.000350 0.000039 + 0.000033 0.000246 +* 0.000100 0.000434 + 0.000150
b_mpyr 0.000025 +* 0.000031 0.000479 * 0.000297 0.000015 +* 0.000008 0.000002 * 0.000014 0.000011 * 0.000005 0.000034 * 0.000009
d_mpyr 0.000072 +* 0.000034 0.000482 + 0.000287 0.000021 +* 0.000012 0.000001 * 0.000014 0.000022 * 0.000011 0.000053 * 0.000020
f_mpyr 0.000025 + 0.000040 0.000501 +* 0.000329 0.000014 * 0.000005 ©0.000002 + 0.000014 0.000016 * 0.000008 0.000022 + 0.000013
retene 0.000000 = 0.000041 0.000000 * 0.000055 0.000000 = 0.000003 0.000001 * 0.000020 0.000003 * 0.000003 0.000386 * 0.000075
baanth 0.000071 +* 0.000088 0.000220 + 0.000147 0.000013 +* 0.000007 0.000040 * 0.000043 0.000037 + 0.000038 0.000236 * 0.000240
chrysn 0.000091 +* 0.000057 0.000211 * 0.000128 0.000013 +* 0.000004 0.000007 * 0.000022 0.000038 * 0.000022 0.000032 * 0.000035
bbj kfl 0.000246 = 0.000196 0.000190 + 0.000287 0.000025 + 0.000011 0.000003 + 0.000023 0.000049 * 0.000037 0.000218 * 0.000161
bepyrn 0.000108 +* 0.000113 0.000099 +* 0.000101 O0.000008 * 0.000003 ©0.000006 + 0.000014 0.000015 * 0.000014 0.000041 + 0.000030
bapyrn 0.000122 + 0.000147 0.000096 * 0.000127 0.000010 * 0.000007 0.000013 * 0.000046 0.000020 * 0.000016 0.000065 * 0.000049
incdpy 0.000093 + 0.000098 0.000038 + 0.000106 0.000008 + 0.000006 0.000001 * 0.000039 0.000013 +* 0.000009 0.000036 * 0.000031
dbanth 0.000003 + 0.000114 0.000004 + 0.000153 0.000002 * 0.000009 ©0.000000 + 0.000056 0.000002 * 0.000008 0.000009 + 0.000009
bghipe 0.000357 +* 0.000415 0.000143 + 0.000192 0.000021 +* 0.000009 0.000009 * 0.000050 0.000020 * 0.000013 0.000036 * 0.000032
corone 0.000294 + 0.000345 0.000096 + 0.000275 0.000013 + 0.000015 0.000001 + 0.000101 0.000011 * 0.000014 0.000012 + 0.000010
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Table 2a
Source Composition Profiles Consisting of

Conventional Species and PAHs (Continued)

Profile AMSUL AMNI T PCHCLC1 phautoc phdiesc phaut o3

em_12n 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.001943 + 0.000894 0.000462 + 0.000149 0.003482 + 0.000175
bt mnap 0.000000 + 0.000100 O0.000000 +* 0.000100 O0.000000 +* 0.000100 0.008180 * 0.004227 0.003016 +* 0.000659 0.014631 + 0.000733
ct mnap 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.008831 *+ 0.004601 0.004152 + 0.000888 0.016605 * 0.000832
em_21n 0.000000 = 0.000100 0.000000 + 0.000100 O0.000000 * 0.000100 O0.005586 * 0.002871 0.002959 + 0.000762 0.010653 + 0.000534
et mnap 0.000000 * 0.000100 ©0.000000 * 0.000100 O.000000 * 0.000100 0.005608 + 0.002981 0.002515 + 0.000677 0.010678 + 0.000535
ftmnap 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.004119 * 0.002092 0.002469 + 0.000705 0.008162 * 0.000409
gt mnap 0.000000 + 0.000100 O0.000000 * 0.000100 ©0.000000 +* 0.000100 0.000796 * 0.000414 0.000339 +* 0.000106 0.001713 + 0.000086
ht mnap 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.001088 *+ 0.000501 0.000921 + 0.000264 0.002352 + 0.000118
tml28n 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.000182 + 0.000034 0.000260 * 0.000139 0.002135 * 0.000107
acnapy 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.013644 * 0.003520 0.001251 + 0.000228 0.027236 + 0.001365
acnape 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.003314 + 0.001016 0.000258 + 0.000041 0.004175 * 0.000209
phenan 0.000000 = 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 ©0.007257 * 0.002967 0.001774 * 0.000512 0.013318 * 0.000668
fluore 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.005335 * 0.002236 0.000898 + 0.000258 0.009358 + 0.000469
a_mflu 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.004651 * 0.002433 0.001782 + 0.000345 0.008291 * 0.000416
m_1flu 0.000000 + 0.000100 O0.000000 +* 0.000100 O0.000000 +* 0.000100 0.002398 + 0.001213 0.001635 +* 0.000316 0.004523 + 0.000227
b_mflu 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.001140 * 0.000608 0.000341 * 0.000073 0.001731 * 0.000087
c_mflu 0.000000 = 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.005209 + 0.003016 0.001063 + 0.000158 0.009409 * 0.000472
a_mpht 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.002822 + 0.001231 0.001172 + 0.000105 0.004628 + 0.000232
m_2pht 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.003138 * 0.001380 0.001311 #* 0.000107 0.005180 * 0.000260
b_mpht 0.000000 = 0.000100 O0.000000 * 0.000100 0.000000 = 0.000100 ©0.000358 * 0.000246 0.000086 * 0.000013 0.001081 * 0.000054
c_mpht 0.000000 * 0.000100 ©0.000000 * 0.000100 O.000000 * 0.000100 0.001365 * 0.000563 0.000947 + 0.000107 0.002496 + 0.000125
m_1pht 0.000000 = 0.000100 ©0.000000 + 0.000100 0.000000 * 0.000100 0.001284 * 0.000520 0.000646 =+ 0.000032 0.002270 * 0.000114
dm36ph 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.000627 *+ 0.000237 0.000294 + 0.000015 0.000995 + 0.000050
a_dmph 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.000745 * 0.000313 0.000309 + 0.000018 0.001129 * 0.000057
b_dmph 0.000000 = 0.000100 ©0.000000 * 0.000100 O0.000000 = 0.000100 ©0.000404 +* 0.000173 0.000201 * 0.000013 0.000679 = 0.000034
c_dmph 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.001191 * 0.000504 0.000913 + 0.000110 0.002016 + 0.000101
dml7ph 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.000387 =+ 0.000156 0.000268 +* 0.000023 0.000659 * 0.000033
d_dmph 0.000000 +# 0.000100 O0.000000 +* 0.000100 ©0.000000 +* 0.000100 0.000296 * 0.000124 0.000239 +* 0.000017 O0.000445 + 0.000022
e_dmph 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.000473 + 0.000203 0.000243 + 0.000031 0.000733 * 0.000037
ant hra 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.002185 * 0.000991 0.000381 * 0.000076 0.003881 * 0.000195
fluora 0.000000 +* 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.002544 + 0.000918 0.000348 + 0.000056 0.004900 + 0.000246
pyrene 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.003178 * 0.001164 0.000463 + 0.000053 0.006099 * 0.000306
b_mpyr 0.000000 = 0.000100 O0.000000 * 0.000100 O0.000000 = 0.000100 ©0.000196 * 0.000079 0.000022 * 0.000001 0.000275 %= 0.000014
d_mpyr 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.000154 * 0.000061 0.000023 + 0.000002 0.000222 + 0.000011
f_mpyr 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.000113 *+ 0.000046 0.000041 + 0.000005 0.000186 * 0.000009
retene 0.000000 + 0.000100 O0.000000 * 0.000100 ©0.000000 +* 0.000100 0.000015 * 0.000013 O0.000017 + 0.000010 O0.000034 + 0.000002
baanth 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.000073 *+ 0.000035 0.000027 + 0.000009 0.000091 * 0.000005
chrysn 0.000000 = 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 O0.000089 * 0.000048 0.000040 * 0.000010 0.000136 * 0.000007
bbj kfl 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 O0.000000 * 0.000021 0.000032 * 0.000019 0.000113 + 0.000007
bepyrn 0.000000 * 0.000100 0.000000 * 0.000100 0.000000 * 0.000100 O0.000062 * 0.000040 0.000020 * 0.000007 0.000079 * 0.000004
bapyrn 0.000000 + 0.000100 O0.000000 * 0.000100 ©0.000000 +* 0.000100 0.000034 + 0.000033 0.000017 +* 0.000013 O0.000053 + 0.000003
incdpy 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.000044 *+ 0.000036 0.000015 * 0.000010 0.000091 * 0.000005
dbant h 0.000000 = 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.000000 = 0.000035 0.000001 * 0.000002 O0.000000 * 0.000009
bghipe 0.000000 * 0.000100 ©0.000000 * 0.000100 O0.000000 * 0.000100 0.000162 * 0.000113 0.000023 + 0.000010 0.000328 + 0.000016
corone 0.000000 * 0.000100 ©0.000000 *+ 0.000100 0.000000 * 0.000100 0.000127 * 0.000080 0.000009 * 0.000005 0.000283 + 0.000014
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Table 2a
Source Composition Profiles Consisting of

Conventional Species and PAHs (Continued)

Profile phaut 06 phauto?7 phdi es2 phdi es3 phdi es4 phdi es5

em_12n 0.001187 + 0.000059 ©0.002929 + 0.000147 0.000493 * 0.000025 0.000633 + 0.000032 0.000560 * 0.000028 0.000391 * 0.000020
bt mnap 0.004407 + 0.000220 0.012748 + 0.000639 0.002646 + 0.000133 0.003516 * 0.000177 0.003200 + 0.000159 0.002269 + 0.000114
ct mnap 0.004660 * 0.000233 0.013767 * 0.000690 0.003781 * 0.000190 0.004942 + 0.000248 0.004453 + 0.000221 0.003191 * 0.000160
em_21n 0.003025 + 0.000151 0.008690 * 0.000436 0.002532 * 0.000127 0.003442 + 0.000173 0.003018 + 0.000150 0.002081 * 0.000105
et mnap 0.002919 + 0.000146 0.008812 * 0.000442 0.002474 + 0.000125 0.003297 + 0.000165 0.002739 + 0.000136 0.002094 + 0.000105
ftmnap 0.002205 +* 0.000110 ©0.006353 * 0.000319 0.002177 + 0.000110 0.003198 + 0.000161 0.002347 + 0.000116 0.001791 * 0.000090
gt mnap 0.000515 + 0.000026 0.001272 + 0.000064 0.000310 +* 0.000016 ©0.000415 + 0.000021 0.000358 + 0.000018 0.000218 + 0.000011
ht mnap 0.000589 + 0.000029 ©0.001591 +* 0.000080 0.000881 * 0.000044 0.001224 + 0.000061 0.000985 + 0.000049 0.000741 * 0.000037
tml28n 0.000147 + 0.000007 ©0.000215 #+ 0.000011 0.000213 * 0.000011 0.000239 + 0.000012 0.000139 * 0.000007 0.000133 * 0.000007
acnapy 0.009750 + 0.000489 0.016598 + 0.000834 0.001222 + 0.000061 0.001442 + 0.000072 0.002074 + 0.000103 0.000998 + 0.000050
acnape 0.002680 + 0.000135 0.004485 * 0.000227 0.000237 * 0.000012 0.000299 *+ 0.000015 0.000337 * 0.000017 0.000216 * 0.000011
phenan 0.004095 + 0.000205 0.009981 * 0.000500 0.001958 +* 0.000099 0.002361 * 0.000119 0.001943 * 0.000096 0.001539 * 0.000077
fluore 0.003244 + 0.000162 0.007692 +* 0.000386 0.000968 + 0.000049 0.001192 + 0.000060 0.000987 + 0.000049 0.000711 + 0.000036
a_mflu 0.002374 + 0.000119 0.007214 + 0.000362 0.001493 * 0.000075 0.002070 * 0.000104 0.001627 * 0.000081 0.001400 * 0.000070
m_1flu 0.001082 + 0.000054 0.003472 + 0.000174 0.001411 + 0.000071 0.001909 + 0.000090 0.001455 + 0.000072 0.001289 + 0.000065
b_mflu 0.000532 + 0.000027 0.001748 + 0.000088 0.000357 +* 0.000018 0.000423 + 0.000021 0.000342 + 0.000017 0.000283 + 0.000014
c_mflu 0.002410 += 0.000120 ©0.008403 + 0.000421 0.001034 * 0.000052 0.001245 + 0.000063 0.001043 + 0.000052 0.000970 * 0.000049
a_mpht 0.001490 + 0.000074 0.003920 * 0.000196 0.000968 + 0.000049 0.001241 + 0.000062 0.000907 + 0.000045 0.001052 + 0.000053
m_2pht 0.001630 +* 0.000081 0.004338 + 0.000218 0.001116 * 0.000056 0.001434 + 0.000072 0.001020 * 0.000051 0.001242 + 0.000062
b_mpht 0.000128 + 0.000006 ©0.000616 +* 0.000031 0.000081 * 0.000004 0.000100 * 0.000005 0.000044 +* 0.000002 0.000075 %= 0.000004
c_mpht 0.000735 + 0.000037 0.001821 * 0.000091 0.000786 * 0.000040 0.001057 * 0.000053 0.000706 * 0.000035 0.000843 + 0.000042
m_1pht 0.000707 + 0.000035 ©0.001715 + 0.000086 0.000528 * 0.000027 0.000671 * 0.000034 0.000481 + 0.000024 0.000614 * 0.000031
dm36ph 0.000356 + 0.000018 0.000793 + 0.000040 0.000217 + 0.000011 0.000305 * 0.000015 0.000196 * 0.000010 O0.000277 + 0.000014
a_dmph 0.000390 * 0.000019 ©0.000982 + 0.000049 0.000281 * 0.000014 0.000317 * 0.000016 0.000178 + 0.000009 0.000289 * 0.000015
b_dmph 0.000213 + 0.000011 0.000551 * 0.000028 0.000154 +* 0.000008 ©0.000191 * 0.000010 O0.000126 * 0.000006 0.000197 * 0.000010
c_dmph 0.000614 + 0.000031 0.001544 + 0.000077 0.000688 + 0.000035 0.000899 + 0.000045 0.000573 + 0.000028 0.000811 + 0.000041
dml7ph 0.000209 + 0.000010 ©0.000499 * 0.000025 0.000208 * 0.000010 0.000295 *+ 0.000015 0.000169 * 0.000008 0.000254 * 0.000013
d_dmph 0.000158 + 0.000008 0.000398 + 0.000020 ©0.000187 + 0.000009 0.000259 * 0.000013 O0.000162 + 0.000008 0.000229 + 0.000011
e_dmph 0.000250 +* 0.000013 ©0.000648 + 0.000032 0.000189 * 0.000010 0.000257 * 0.000013 0.000131 * 0.000006 O0.000208 * 0.000010
ant hra 0.001240 + 0.000062 ©0.003216 * 0.000161 0.000361 * 0.000018 0.000468 = 0.000023 0.000392 + 0.000019 0.000325 * 0.000016
fluora 0.001553 + 0.000079 ©0.002715 * 0.000137 0.000351 + 0.000018 0.000410 * 0.000021 0.000348 + 0.000017 0.000301 + 0.000015
pyrene 0.001991 + 0.000100 ©0.003225 * 0.000162 0.000453 * 0.000023 0.000517 * 0.000026 0.000403 + 0.000020 0.000411 * 0.000021
b_mpyr 0.000106 = 0.000005 0.000226 * 0.000011 0.000019 * 0.000001 O0.000023 * 0.000001 O0.000022 * 0.000001 0.000022 * 0.000001
d_mpyr 0.000091 +* 0.000005 0.000159 +* 0.000008 0.000016 * 0.000001 0.000022 * 0.000001 0.000022 * 0.000001 O0.000022 + 0.000001
f_mpyr 0.000066 + 0.000003 ©0.000115 * 0.000006 0.000033 * 0.000002 0.000037 + 0.000002 0.000037 * 0.000002 0.000039 * 0.000002
retene 0.000006 + 0.000009 0.000019 + 0.000013 0.000014 + 0.000001 0.000029 + 0.000001 O0.000009 + 0.000000 O0.000013 + 0.000001
baanth 0.000038 + 0.000018 0.000074 +* 0.000027 0.000012 * 0.000001 0.000018 * 0.000001 0.000029 * 0.000001 0.000027 * 0.000001
chrysn 0.000044 + 0.000010 ©0.000083 * 0.000015 0.000028 +* 0.000001 O0.000031 * 0.000002 O0.000050 * 0.000002 0.000038 * 0.000002
bbj kfl 0.000000 * 0.000014 0.000000 * 0.000021 0.000019 * 0.000001 0.000018 * 0.000001 0.000039 * 0.000002 O0.000024 + 0.000001
bepyrn 0.000031 +* 0.000006 ©0.000046 * 0.000010 0.000014 * 0.000001 0.000013 + 0.000001 0.000022 + 0.000001 0.000019 * 0.000001
bapyrn 0.000013 + 0.000015 0.000019 + 0.000022 0.000008 + 0.000001 0.000005 * 0.000001 O0.000019 + 0.000001 O0.000016 + 0.000001
incdpy 0.000019 + 0.000017 ©0.000028 * 0.000025 0.000007 * 0.000000 0.000008 * 0.000000 O0.000014 + 0.000001 0.000012 * 0.000001
dbant h 0.000000 = 0.000024 0.000000 * 0.000036 0.000000 * 0.000001 0.000000 * 0.000001 0.000000 * 0.000002 O0.000000 * 0.000001
bghipe 0.000075 + 0.000022 0.000120 * 0.000033 0.000024 + 0.000001 0.000016 * 0.000001 0.000018 + 0.000001 O0.000019 * 0.000001
corone 0.000056 + 0.000044 0.000111 * 0.000065 0.000009 * 0.000000 0.000005 * 0.000000 O0.000005 * 0.000000 O0.000008 * 0.000000
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Table 2a
Source Composition Profiles Consisting of

Conventional Species and PAHs (Continued)

Profile phdi es8 phdi es9 PHCONSTR PHPVRDCB PHPVRD PHUPRD1

em_12n 0.000309 + 0.000015 0.000602 +* 0.000030 O0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
bt mnap 0.001859 + 0.000093 0.003482 + 0.000172 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
ct mnap 0.002565 + 0.000128 0.004681 + 0.000232 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
em_21n 0.001674 + 0.000083 0.003328 + 0.000165 ©0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 + 0.010000
et mnap 0.001620 = 0.000081 0.002928 + 0.000145 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
ftmnap 0.001560 +* 0.000078 0.002919 +* 0.000144 0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
gt mnap 0.000193 + 0.000010 0.000316 * 0.000016 0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
ht mnap 0.000566 = 0.000028 0.000993 + 0.000049 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
tml28n 0.000089 + 0.000004 0.000178 +* 0.000009 O0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 + 0.010000
acnapy 0.000949 + 0.000048 0.001615 +* 0.000081 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
acnape 0.000190 +* 0.000010 0.000327 + 0.000017 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 + 0.010000
phenan 0.001322 + 0.000066 0.001895 +* 0.000094 0.000000 = 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
fluore 0.000656 = 0.000033 0.000926 + 0.000046 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
a_mflu 0.001135 + 0.000057 0.001606 +* 0.000079 O0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
m_1f1lu 0.001208 + 0.000060 0.001645 +* 0.000081 0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
b_mflu 0.000247 + 0.000012 0.000356 +* 0.000018 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
c_mflu 0.000914 + 0.000046 0.001277 + 0.000063 ©0.000000 * 0.010000 O0.000000 + 0.010000 0.000000 * 0.010000 0.000000 + 0.010000
a_mpht 0.000692 = 0.000035 0.000975 + 0.000048 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
m_2pht 0.000812 + 0.000040 0.001136 + 0.000056 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
b_mpht 0.000026 = 0.000001 0.000062 * 0.000003 0.000000 = 0.010000 O0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000
c_mpht 0.000567 = 0.000028 0.000743 + 0.000037 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
m_1pht 0.000409 + 0.000020 0.000532 + 0.000026 ©0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 + 0.010000
dm36ph 0.000156 = 0.000008 0.000239 +* 0.000012 0.000000 +* 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
a_dmph 0.000153 + 0.000008 0.000219 + 0.000011 0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
b_dmph 0.000107 + 0.000005 0.000139 * 0.000007 0.000000 = 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
c_dmph 0.000442 + 0.000022 0.000595 + 0.000029 0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
dml7ph 0.000148 + 0.000007 0.000186 +* 0.000009 O0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
d_dmph 0.000134 + 0.000007 0.000168 +* 0.000008 0.000000 * 0.010000 O0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000
e_dmph 0.000124 + 0.000006 0.000173 +* 0.000009 0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
ant hra 0.000299 + 0.000015 0.000353 + 0.000018 ©0.000000 * 0.010000 O0.000000 + 0.010000 0.000000 * 0.010000 0.000000 + 0.010000
fluora 0.000246 = 0.000013 0.000262 +* 0.000014 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
pyrene 0.000306 = 0.000015 0.000355 + 0.000018 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
b_mpyr 0.000016 = 0.000001 0.000017 * 0.000001 O0.000000 = 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
d_mpyr 0.000013 +* 0.000001 0.000018 + 0.000001 0.000000 +* 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
f_mpyr 0.000024 + 0.000001 0.000032 +* 0.000002 O0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
retene 0.000007 = 0.000002 0.000008 +* 0.000003 0.000000 = 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
baanth 0.000020 +* 0.000004 0.000016 + 0.000006 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
chrysn 0.000030 + 0.000003 0.000028 +* 0.000003 0.000000 = 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
bbj kfl 0.000006 = 0.000003 0.000000 + 0.000005 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
bepyrn 0.000013 + 0.000002 0.000018 +* 0.000002 O0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
bapyrn 0.000010 = 0.000003 0.000011 * 0.000005 0.000000 = 0.010000 O0.000000 * 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000
incdpy 0.000008 +* 0.000004 0.000012 + 0.000005 0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
dbanth 0.000000 + 0.000005 0.000000 = 0.000008 ©O0.000000 * 0.010000 ©0.000000 + 0.010000 0.000000 * 0.010000 0.000000 + 0.010000
bghipe 0.000011 +* 0.000005 0.000022 +* 0.000007 O0.000000 +* 0.010000 0.000000 * 0.010000 0.000000 * 0.010000 0.000000 * 0.010000
corone 0.000004 + 0.000010 0.000012 + 0.000014 0.000000 + 0.010000 O0.000000 * 0.010000 0.000000 * 0.010000 ©0.000000 * 0.010000
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Table 2a
Source Composition Profiles Consisting of Conventional Species and PAHs (Continued)

Profile PHDSSOI L PHAUTO PHDI ES PHRD

em_12n 0.000000 +# 0.010000 ©0.000000 * 0.010000 O0.000000 * 0.010000 ©0.000000 = 0.010000
bt mnap 0.000000 + 0.010000 ©0.000000 + 0.010000 0.000000 * 0.010000 ©0.000000 + 0.010000
ct mnap 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 * 0.010000
em_21n 0.000000 +# 0.010000 ©0.000000 * 0.010000 ©0.000000 * 0.010000 ©0.000000 = 0.010000
et mnap 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 ©0.000000 * 0.010000
ftmnap 0.000000 +# 0.010000 ©0.000000 * 0.010000 ©0.000000 * 0.010000 ©0.000000 = 0.010000
gt mnap 0.000000 + 0.010000 ©0.000000 + 0.010000 0.000000 * 0.010000 ©0.000000 +* 0.010000
ht mnap 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 * 0.010000
tml28n 0.000000 + 0.010000 ©0.000000 * 0.010000 O0.000000 * 0.010000 ©0.000000 = 0.010000
acnapy 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 O0.000000 * 0.010000
acnape 0.000000 + 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 ©0.000000 + 0.010000
phenan 0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 O0.000000 * 0.010000
fluore 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 * 0.010000
a_mflu 0.000000 +# 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 ©0.000000 = 0.010000
m_1flu 0.000000 * 0.010000 ©0.000000 + 0.010000 0.000000 * 0.010000 ©0.000000 +* 0.010000
b_mflu 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 * 0.010000
c_mflu 0.000000 +# 0.010000 ©0.000000 * 0.010000 ©0.000000 * 0.010000 ©0.000000 = 0.010000
a_mpht 0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 ©0.000000 * 0.010000
m_2pht 0.000000 + 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 ©0.000000 + 0.010000
b_mpht 0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 O0.000000 * 0.010000
c_mpht 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 * 0.010000
m_1pht 0.000000 + 0.010000 ©0.000000 * 0.010000 ©0.000000 * 0.010000 ©0.000000 = 0.010000
dm36ph 0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 ©0.000000 * 0.010000
a_dmph 0.000000 + 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 ©0.000000 + 0.010000
b_dmph 0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 O0.000000 * 0.010000
c_dmph 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 * 0.010000
dml7ph 0.000000 +# 0.010000 ©0.000000 * 0.010000 ©0.000000 * 0.010000 ©0.000000 = 0.010000
d_dmph 0.000000 *# 0.010000 ©0.000000 + 0.010000 0.000000 * 0.010000 O0.000000 * 0.010000
e_dmph 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 + 0.010000
ant hra 0.000000 +# 0.010000 ©0.000000 * 0.010000 O0.000000 * 0.010000 ©0.000000 = 0.010000
fluora 0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 ©0.000000 * 0.010000
pyrene 0.000000 + 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 ©0.000000 + 0.010000
b_mpyr 0.000000 *# 0.010000 ©0.000000 = 0.010000 0.000000 * 0.010000 O0.000000 * 0.010000
d_mpyr 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 * 0.010000
f_mpyr 0.000000 +# 0.010000 ©0.000000 * 0.010000 ©0.000000 * 0.010000 ©0.000000 = 0.010000
retene 0.000000 * 0.010000 ©0.000000 + 0.010000 0.000000 * 0.010000 ©0.000000 + 0.010000
baant h 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 + 0.010000
chrysn 0.000000 +# 0.010000 ©0.000000 * 0.010000 0.000000 * 0.010000 O0.000000 * 0.010000
bbj kfl 0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 * 0.010000
bepyrn 0.000000 +# 0.010000 ©0.000000 * 0.010000 ©0.000000 * 0.010000 ©0.000000 = 0.010000
bapyrn 0.000000 *# 0.010000 ©0.000000 + 0.010000 0.000000 * 0.010000 ©0.000000 * 0.010000
incdpy 0.000000 * 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 + 0.010000
dbanth 0.000000 +* 0.010000 ©0.000000 * 0.010000 O0.000000 * 0.010000 ©0.000000 = 0.010000
bghipe 0.000000 *# 0.010000 ©0.000000 * 0.010000 0.000000 +* 0.010000 ©0.000000 * 0.010000
corone 0.000000 + 0.010000 ©0.000000 *+ 0.010000 O0.000000 + 0.010000 O0.000000 * 0.010000




Table2b
Sour ce Composition Profiles Consisting of Conventional Species

TE-3

profil NLD W NWHDC NWAN W NIV W NVE NRDC AVBUL AWN T

clic 0.000633 + 0.000569 0.000414 + 0.000994 0. 000759 + 0. 001460 0. 001373 + 0.002392 0. 000461 * 0. 000620 0. 028420 + 0. 026332 0. 000000 + 0. 000100 0. 000000 * 0. 000100
n3ic 0.002212 + 0.001702 0. 001658 + 0.001438 0. 000554 + 0. 002266 0. 000954 + 0. 002424 0.000164 + 0.000672 0. 003170 + 0. 005028 0. 000000 + 0.000100 0. 775000 + 0. 077500
sdic  0.009626 + 0.005395 0.004167 + 0.004468 0. 005403 + 0. 004303 0. 006645 + 0.004618 0.000598 + 0.000691 0. 009103 *+ 0. 009303 0. 727000 + 0. 072700 0. 000000 * 0. 000100
ndcc  0.000000 * 0.010000 0. 000000 + 0.010000 0. 002618 + 0. 005345 0. 003374 + 0. 005737 0. 000077 + 0.000636 0. 000769 * 0. 002733 0. 273000 # 0. 027300 0.225500 * 0. 022550
kpac  0.000000 * 0.010000 0. 000000 + 0.010000 0. 007152 + 0.010663 0. 008477 + 0. 011388 0. 002082 + 0.002039 0. 000991 * 0. 000449 0. 000000 # 0.000100 0. 000000 * 0. 000100
tctc  0.830997 + 0.036949 0. 939272 + 0.037229 0. 923575 + 0. 158269 0. 900673 + 0.252791 0. 986644 + 0.078102 0. 102711 + 0. 032674 0. 000000 * 0. 000141 0. 000000 * 0. 000141
octc  0.590272 + 0.054108 0. 189289 + 0. 078860 0. 837839 + 0. 142934 0. 683648 + 0.196235 0. 964142 + 0. 076978 0. 095004 + 0. 038050 0. 000000 * 0. 000100 0. 000000 * 0. 000100
ectc  0.240726 + 0.039747 0. 749983 + 0. 102669 0. 085737 + 0. 067962 0. 217025 + 0. 159359 0. 022503 + 0.013199 0. 007707 + 0. 008874 0. 000000 * 0. 000100 0. 000000 * 0. 000100
naxc  0.000703 # 0.007182 0. 000000 + 0.010000 0. 001855 + 0.004523 0. 001859 + 0. 004831 0. 000654 + 0.000887 0. 015533 + 0. 012009 0. 000000 # 0.000100 0. 000000 * 0. 000100
mgxc  0.000799 + 0.006914 0. 000000 + 0.010000 0. 000154 + 0.001364 0. 000218 + 0. 001460 0. 000007 + 0.000242 0. 006916 + 0. 002676 0. 000000 + 0.000100 0. 000000 + 0. 000100
alxc  0.001015 + 0.006903 0. 000000 + 0.010000 0. 000100 * 0. 000855 0. 000087 + 0.000908 0. 000131 + 0.000220 0. 055334 + 0. 031319 0. 000000 + 0. 000100 0. 000000 * 0. 000100
sixc  0.003553 + 0.007152 0.000000 + 0.010000 0. 000142 * 0. 000352 0. 000312 + 0. 000665 0. 000195 + 0.000204 0. 173543 + 0. 081030 0. 000000 + 0. 000100 0. 000000 * 0. 000100
phxc  0.001812 * 0. 006927 0. 000000 + 0.010000 0.000204 + 0.000436 0. 000083 *+ 0. 000436 0.000298 + 0.000241 0. 000292 * 0. 000689 0. 000000 + 0.000100 0. 000000 * 0. 000100
suxc  0.006289 + 0.002810 0.002968 + 0.001861 0. 004014 * 0. 005937 0. 004198 + 0.006384 0.001428 + 0.000353 0. 004384 + 0. 001882 0. 242700 * 0.024270 0. 000000 * 0. 000100
clxc  0.001044 + 0.000939 0.000683 + 0.001639 0. 001404 * 0. 001184 0.001552 + 0.001262 0. 000878 * 0.000591 0. 029973 + 0. 024970 0. 000000 * 0. 000100 0. 000000 * 0. 000100
kpxc  0.000339 * 0.000893 0. 000060 + 0.000294 0.017052 + 0.037951 0. 020079 + 0. 040822 0.001900 + 0.001669 0. 023053 * 0. 010660 0. 000000 + 0.000100 0. 000000 * 0. 000100
caxc  0.003308 + 0.001356 0.000598 + 0.000466 0. 000010 * 0. 000842 0.000012 + 0.000907 0. 000019 * 0.000097 0. 025627 + 0. 017374 0. 000000 * 0. 000100 0. 000000 * 0. 000100
tixc 0.000029 + 0.002310 0.000005 + 0.001150 0. 000007 + 0. 001965 0. 000007 + 0.002085 0. 000002 + 0. 000523 0. 002530 + 0. 004404 0. 000000 + 0. 000100 0. 000000 * 0. 000100
vaxc 0.000015 + 0.001027 0.000012 + 0.000460 0. 000008 * 0. 000800 0. 000008 + 0.000851 0.000002 + 0.000213 0. 000118 + 0. 001734 0. 000000 + 0. 000100 0. 000000 * 0. 000100
crxc  0.000195 + 0.000209 0. 000000 + 0.000121 0. 000002 * 0. 000189 0. 000002 + 0.000201 0.000001 + 0. 000052 0. 000099 + 0. 000419 0. 000000 + 0. 000100 0. 000000 * 0. 000100
mxc  0.000079 * 0.000180 0. 000004 + 0.000090 0.000002 + 0.000148 0. 000001 *+ 0. 000157 0. 000002 + 0.000040 0. 000589 * 0. 000322 0. 000000 + 0.000100 0. 000000 * 0. 000100
fexc 0.009408 + 0.011846 0.000201 * 0.000226 0. 000133 * 0. 000296 0. 000043 + 0.000133 0.000203 * 0.000393 0. 033690 + 0. 015930 0. 000000 * 0. 000100 0. 000000 * 0. 000100
nixc 0.000076 + 0.000119 0. 000003 + 0.000058 0. 000000 * 0.000099 0. 000000 * 0. 000105 0. 000001 + 0.000027 0. 000002 * 0. 000218 0. 000000 + 0.000100 0. 000000 * 0. 000100
cuxc  0.000202 + 0.000130 0.000001 * 0.000063 0. 000004 * 0. 000107 0. 000001 + 0.000115 0. 000008 * 0.000017 0. 000729 + 0. 000732 0. 000000 * 0. 000100 0. 000000 * 0. 000100
znxc  0.003198 + 0.001652 0. 000593 + 0.000807 0. 000142 * 0. 000468 0. 000161 + 0.000363 0. 000255 + 0.000509 0. 000862 + 0. 000483 0. 000000 * 0. 000100 0. 000000 * 0. 000100
asxc  0.000009 + 0.000341 0.000004 + 0.000107 0. 000006 * 0. 000190 0. 000008 + 0.000202 0.000000 * 0.000051 0. 000005 + 0. 000431 0. 000000 * 0. 000100 0. 000000 * 0. 000100
sexc  0.000003 + 0.000072 0.000003 + 0.000057 0. 000000 * 0. 000098 0. 000000 + 0.000104 0.000000 + 0.000026 0. 000001 + 0. 000235 0. 000000 + 0. 000100 0. 000000 * 0. 000100
brxc 0.000212 + 0.000434 0. 000013 + 0.000052 0. 000013 + 0.000083 0. 000021 *+ 0. 000088 0. 000007 + 0.000019 0. 000039 * 0. 000212 0. 000000 + 0.000100 0. 000000 + 0. 000100
rbxc  0.000004 * 0.000070 0. 000009 + 0.000048 0. 000018 + 0.000086 0. 000020 *+ 0. 000091 0. 000003 + 0.000023 0. 000104 * 0. 000200 0. 000000 + 0.000100 0. 000000 * 0. 000100
srxc  0.000006 + 0.000093 0.000002 + 0.000053 0. 000000 * 0. 000092 0. 000000 + 0. 000098 0. 000000 * 0.000025 0. 000307 + 0. 000220 0. 000000 * 0. 000100 0. 000000 * 0. 000100
zrxc  0.000009 + 0.000101 0. 000000 * 0.000076 0. 000000 * 0. 000136 0. 000000 + 0.000144 0.000000 * 0.000036 0. 000119 * 0. 000320 0. 000000 * 0. 000100 0. 000000 * 0. 000100
hgxc  0.000005 # 0.000170 0. 000000 + 0.000128 0.000004 + 0.000223 0. 000004 * 0. 000237 0. 000001 + 0.000059 0. 000008 * 0. 000520 0. 000000 # 0.000100 0. 000000 * 0. 000100
pbxc__ 0.001252 + 0.001379 0. 000003 + 0.000154 0. 000004 + 0. 000282 0. 000005 + 0. 000299 0. 000002 + 0.000074 0. 000217 + 0. 000627 0. 000000 # 0.000100 0. 000000 0. 000100
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Table 2b (continued)
Sour ce Composition Profiles Consisting of Conventional Species

Profil PCHCLC1 phaut oc phdi esc PHCONSTR PHPVRDCB PHPVRD PHUPRDL PHUPRD2

clic 0.000000 + 0.000100 0.003899 + 0.004150 0.000855 + 0.000721 0.000126 * 0.000254 0.001061 + 0.000841 0.001410 * 0.002264 0.000273 + 0.000354 0.001248 + 0.000373
n3ic 0.000000 + 0.002116 0.017786 + 0.006751 0.002939 * 0.002418 0.000365 + 0.000773 0.000427 + 0.001860 0.001132 + 0.002042 0.000860 * 0.001040 0.002952 + 0.001153
sdic 0.101716 + 0.089405 0.026729 + 0.007932 0.004316 * 0.003643 0.001134 + 0.000938 0.003880 + 0.003315 0.002075 * 0.001907 0.003176 + 0.002762 0.001117 + 0. 000564
ndcc  0.003476 = 0.001352 0.012099 + 0.004441 0.001891 * 0.001706 0.000672 + 0.000355 0.000413 + 0.000425 0.000706 + 0.000462 0.000369 + 0.000303 0.000664 * 0.000425
kpac  0.001109 # 0.000571 0.000792 + 0.000426 0.000312 + 0.000452 0.002657 * 0.000677 0.001383 + 0.001025 0.002147 = 0.001204 0.002426 * 0.000245 0. 003469 + 0.001337
tctc  0.042763 + 0.042580 0.748839 + 0.081423 0.844800 + 0.052484 0.046167 + 0.017301 0.239449 * 0.022414 0.128440 + 0.049099 0.089465 * 0.046260 0.060544 + 0.017508
octc  0.000000 + 0.029263 0.534771 + 0.073987 0.618903 + 0.062321 0.046167 + 0.015767 0.217272 + 0.020782 0.118661 + 0.048698 0.089465 + 0.045528 0.060544 + 0.014134
ectc  0.042763 + 0.030931 0.214067 + 0.092457 0.225896 + 0.048967 0.000000 * 0.007122 0.022177 = 0.008395 0.009779 + 0.006266 0.000000 + 0.008199 0.000000 + 0.010332
naxc  0.000000 = 0.000100 0.001370 * 0.007830 0.000000 + 0.001138 0.000000 + 0.010000 0.000000 * 0.010000 0.000000 + 0.010000 0.000000 * 0.010000 0. 000000 + 0. 010000
ngxc  0.000000 + 0.000100 0.002927 + 0.002740 0.000233 * 0. 000504 0.000000 + 0.010000 0.000000 * 0.010000 0.000000 + 0.010000 0.000000 + 0.010000 0.000000 * 0.010000
alxc  0.059680 + 0.005247 0.004532 + 0.003061 0.000632 * 0.000503 0.036848 + 0.002762 0.040178 = 0.003104 0.042470 * 0.005194 0.037034 + 0.002809 0.046176 + 0.006027
sixc  0.090112 + 0.005675 0.018509 = 0. 004544 0.003538 * 0.002644 0.115005 + 0.013446 0.132720 = 0.009572 0.136932 + 0.015685 0.121216 + 0.008656 0.134416 + 0.013629
phxc  0.009372 + 0.006322 0.001579 + 0.000471 0.000242 + 0.000064 0.000286 + 0.000108 0.000899 + 0.000151 0.000782 + 0.000201 0.000297 + 0.000079 0.000638 + 0.000113
suxc  0.029480 + 0.027290 0.009006 + 0.003232 0.003036 + 0.001425 0.001073 + 0.000554 0.006693 * 0.000544 0.002593 + 0.000969 0.001357 * 0.000569 0.000629 + 0.000088
clxc 0.000629 + 0.000221 0.000825 + 0.000780 0.000234 + 0.000195 0.000620 * 0.000116 0.002094 + 0.000518 0.002159 + 0.001857 0.001007 + 0.000359 0.001298 + 0. 000556
kpxc  0.004644 = 0.000602 0.002865 + 0.001036 0.000580 + 0.000572 0.014865 + 0.001237 0.014248 + 0.001067 0.018549 + 0.001965 0.015120 * 0.002285 0.016740 + 0.001519
caxc  0.034536 + 0.010411 0.008390 + 0.001592 0.002632 + 0.002830 0.091029 * 0.016756 0.060567 * 0.012806 0.046724 + 0.010890 0.103772 * 0.026776 0.036432 + 0.003338
tixc  0.004315 + 0.000651 0.000587 + 0.003682 0.000198 * 0.000433 0.003546 + 0.000374 0.004077 = 0.000484 0.004447 + 0.000435 0.003161 + 0.000345 0.005233 + 0.001587
vaxc  0.000000 + 0.000734 0.000248 + 0.001493 0.000041 + 0.000176 0.000238 + 0.000090 0.000365 * 0.000173 0.000261 + 0.000172 0.000211 + 0.000109 0.000317 + 0.000132
crxc  0.000176 + 0.000041 0.000055 + 0.000328 0.000011 + 0.000041 0.000186 + 0.000025 0.000478 * 0.000248 0.000248 + 0.000035 0.000176 * 0.000035 0.000242 + 0.000035
mxc  0.000284 + 0.000139 0.000183 + 0.000230 0.000052 * 0.000058 0.001047 + 0.000132 0.001035 + 0.000106 0.001065 + 0.000140 0.000888 + 0.000122 0.001502 * 0.000734
fexc 0.029160 + 0.003827 0.007792 + 0.002024 0.002990 + 0.003215 0.035051 * 0.002494 0.047128 * 0.003399 0.044195 + 0.003630 0.034066 + 0.002763 0.043395 + 0.003098
nixc 0.000072 = 0.000019 0.000055 + 0.000165 0.000007 + 0.000021 0.000054 + 0.000008 0.000183 * 0.000025 0.000093 + 0.000018 0.000055 * 0.000010 0. 000060 * 0. 000009
cuxc  0.000179 + 0.000112 0.001100 + 0.000216 0.002788 + 0.004092 0.000109 * 0.000055 0.000340 + 0.000044 0.000257 + 0.000086 0.000079 * 0.000044 0.000142 + 0.000021
znxc  0.000797 + 0.000341 0.002266 + 0.000606 0.000608 + 0.000270 0.000335 + 0.000260 0.001296 + 0.000438 0.001202 + 0.000260 0.000880 * 0.000624 0.000556 + 0.000296
asxc  0.000000 + 0.000164 0.000039 + 0.000390 0.000004 + 0.000046 0.000016 + 0.000055 0.000000 * 0.000162 0.000013 + 0.000168 0.000017 * 0.000091 0.000013 + 0.000133
sexc  0.000406 + 0.000407 0.000047 + 0.000181 0.000010 + 0.000021 0.000000 + 0.000022 0.000000 * 0.000040 0.000011 + 0.000028 0.000013 * 0.000025 0.000018 + 0.000023
brxc  0.000147 + 0.000154 0.000096 + 0.000146 0.000013 = 0.000019 0.000018 + 0.000008 0.000013 + 0.000040 0.000042 + 0.000044 0.000017 + 0.000023 0.000037 + 0.000020
rbxc  0.000053 + 0.000043 0.000022 + 0.000155 0.000006 + 0.000018 0.000101 + 0.000016 0.000091 + 0.000041 0.000129 + 0.000023 0.000106 + 0.000018 0.000123 + 0.000021
srxc  0.001964 + 0.000686 0.000044 + 0.000174 0.000014 + 0.000019 0.000461 * 0.000109 0.000626 + 0.000109 0.000968 + 0.000633 0.000503 + 0.000042 0.000552 + 0.000141
zrxc  0.000247 + 0.000043 0.000000 + 0.000254 0.000002 + 0.000030 0.000156 * 0.000025 0.000158 + 0.000041 0.000155 + 0.000039 0.000111 + 0.000036 0.000164 + 0.000043
hgxc ~ 0.000000 * 0.000154 0.000010 + 0.000401 0.000000 + 0.000047 0.000018 + 0.000045 0.000000 + 0.000081 0.000016 + 0.000066 0.000020 * 0.000056 0. 000005 * 0.000066
pbxc __ 0.000680 + 0.000336 0.000896 + 0.000373 0.000098 + 0.000048 0.000165 + 0.000160 0.000710 + 0.000345 0.000811 + 0.000436 0.000417 + 0.000086 0.000584 + 0.000524




Table 2b (continued)
Sour ce Composition Profiles Consisting of Conventional Species

ee-d

Profile PHBAREAG PHDSSO L PHAUTO PHDI ES PHRD

clic 0. 000222 + 0.000322 0.000118 + 0.000324 0.006400 *= 0.006554 0.016204 + 0.043981 0.011573 *= 0. 007545
n3ic 0.000732 + 0.001062 0.000720 + 0.001015 0.038949 + 0.028743 0.003095 + 0.003995 0.110254 + 0.104066
s4dic 0. 000572 = 0.000297 0.000147 + 0.000272 0.022885 * 0.013188 0.024448 + 0.010048 0.060125 *= 0.020920
n4cc 0. 001089 * 0.000558 0.000994 + 0.000520 0.016722 * 0.010236 0.008661 + 0.001261 0.041064 * 0.027397
kpac 0.003685 = 0.001213 0.003401 + 0.001440 0.003861 * 0.009616 0.003876 + 0.009574 0.007588 * 0.023147
tctc 0. 042965 = 0.020598 0.036610 + 0.015840 0.435773 * 0.146806 O0.730145 + 0.103475 0.754677 * 0.216194
octc 0. 042965 = 0.018395 0.036610 + 0.012785 0.300752 * 0.122989 0.400956 + 0.066018 0.390031 * 0.186177
ectc 0. 000000 = 0.009269 0.000000 + 0.009352 0.135021 *+ 0.080161 0.329189 + 0.079679 0.364646 *= 0.109899
naxc 0. 000000 = 0.010000 0.000000 + 0.010000 0.000000 = 0.010000 0.000000 + 0.010000 0.000000 * 0.010000
ngxc 0. 000000 + 0.010000 0.000000 + 0.010000 O0.000000 + 0.010000 0.000000 + 0.010000 O0.000000 * 0.010000
al xc 0.050197 = 0.007979 0.049811 + 0.005476 0.004118 = 0.002046 0.001735 + 0.001211 0.000723 % 0.005250
si xc 0.143490 = 0.014780 0.140039 + 0.017430 0.016443 *= 0.008785 0.004627 + 0.001838 0.000828 * 0.011319
phxc 0. 000552 *= 0.000175 0.000828 + 0.000403 0.001147 *= 0.000653 0.000609 + 0.000583 0.000837 * 0.001327
suxc 0.000912 + 0.000128 0.000598 + 0.000087 0.010111 * 0.004806 0.012395 + 0.002824 0.020156 * 0.006026
cl xc 0. 000773 = 0.000171 0.000415 + 0.000127 0.003376 = 0.003217 0.000282 + 0.000613 0.005624 * 0.004085
kpxc 0.019801 + 0.003200 0.018894 + 0.003333 0.002493 *+ 0.001414 0.000421 + 0.000332 0.002150 *= 0.002294
caxc 0. 051507 = 0.023243 0.034550 + 0.013424 0.007071 = 0.004068 0.001586 + 0.000631 0.001253 * 0.009805
tixc 0.004428 + 0.000550 0.005013 + 0.000899 0.000654 + 0.001256 0.000015 + 0.001530 0.000872 * 0.004008
vaxc 0. 000255 = 0.000116 0.000300 + 0.000115 0.000047 %= 0.000538 0.000008 + 0.000621 0.000233 * 0.002011
crxc 0. 000234 = 0.000037 0.000241 + 0.000098 0.000151 * 0.000104 0.000039 + 0.000147 0.000187 * 0.000402
mxc 0. 001363 *= 0.000255 0.001365 + 0.000288 0.001048 * 0.000359 0.000082 + 0.000113 0.001782 * 0.001142
fexc 0.047648 = 0.008737 0.044803 + 0.005147 0.006849 * 0.004231 0.001588 + 0.000652 0.009341 * 0.005294
ni xc 0. 000065 = 0.000015 0.000064 + 0.000015 0.000094 * 0.000093 0.000026 + 0.000054 0.000189 * 0.000149
cuxc 0. 000140 = 0.000065 0.000111 + 0.000026 0.000739 = 0.000642 0.000132 + 0.000082 0.003558 *+ 0.001351
znxc 0. 000232 + 0.000058 0.000288 + 0.000123 0.002727 = 0.002250 0.000699 + 0.000190 0.005054 * 0.003873
asxc 0.000017 + 0.000059 0.000008 + 0.000052 0.000021 + 0.000351 0.000009 + 0.000208 0.000057 *+ 0.000942
sexc 0. 000009 *= 0.000027 0.000000 + 0.000030 0.000010 %= 0.000090 O0.000009 + 0.000103 0.000042 * 0.000335
brxc 0.000021 = 0.000016 0.000007 + 0.000029 0.000294 * 0.000163 0.000023 + 0.000089 0.000580 * 0.000339
rbxc 0. 000136 *= 0.000027 0.000126 + 0.000018 0.000014 * 0.000090 O0.000015 + 0.000102 0.000019 * 0.000331
Srxc 0. 000387 = 0.000056 0.000335 + 0.000047 0.000070 * 0.000106 0.000018 + 0.000132 0.000042 * 0.000476
zZr xc 0. 000184 + 0.000033 0.000181 + 0.000036 0.000038 = 0.000173 0.000019 + 0.000198 0.000100 * 0.000631
hgxc 0. 000007 = 0.000057 0.000021 + 0.000046 0.000018 *+ 0.000216 0.000014 + 0.000248 0.000035 *= 0.000798
pbxc 0.000130 + 0.000051 0.000166 + 0.000087 0.001553 + 0.000723 0.000147 + 0.000294 0.002700 + 0.001261




Table 3
Source Contributionsto PM,, . at the Phoenix Super Site by Extended Species CMB (11/94 to 3/95)

PM,  Tota PM, . Organic ~ PM, . Elemental
Site PM, . Mass Carbon Carbon Carbon
Start Hour (MST)
Duration 24 24 24 24
Observations 12 12 12 12
Concentration (ug/m3) + RMS 152+17 89107 53+04 3.6+04
R-square + SD 0.95+0.03
Chi-sguare + SD 0.36+0.30
Percent Mass Attributed + SD 100.8 + 1.7 100.3+ 0.5 1005+ 0.5 100.2+ 0.7
Mean Contributions (ug/m3) + RMSab
Gasoline Exhaust, cold start 38+42 3.3+03 1.7+06 16+06
Gasoline Exhaust, hot stabilized -02+12 -0.2+0.0 -0.1+£00 -0.1+£01
Gasoline Exhaust, high emitter 41+18 34102 31+0.2 03+0.1
Diesel Exhaust 24122 23101 05+0.2 1.8+0.3
Ammonium Sulfate 1.3+02
Ammonium Nitrate 25104
Geological 14+0.3 0.2+0.1 0.2+0.1 0.0£0.0
Unexplained -0.1 0.0 0.0 0.0
Mean Contributions (%) + RMS¢&¢
Gasoline Exhaust, cold start 26.4+29.8 39.5+37 34.1+11.4 483+ 17.7
Gasoline Exhaust, hot stabilized -15+82 -19+0.2 -22+0.6 -15+13
Gasoline Exhaust, high emitter 26.6+12.9 36.9+15 56.5+ 25 71+36
Diesel Exhaust 15.1+15.6 23.2+10 8.0+37 456+6.8
Ammonium Sulfate 9812
Ammonium Nitrate 127+15
Geological 106+1.9 2310 35+16 05+0.3
Unexplained 0.2 0.0 0.0 0.1
Mean Contributions (%) + Std Err &€
Gasoline Exhaust, cold start 26.4+3.0 39.5+49 34.1+4.2 48.3+6.5
Gasoline Exhaust, hot stabilized -15+04 -19+05 -22+0.6 -15+04
Gasoline Exhaust, high emitter 26.6+24 36.9+27 56.5+ 3.7 7107
Diesel Exhaust 151+23 23.2+34 8.0+1.2 456+6.2
Ammonium Sulfate 9.8+1.6
Ammonium Nitrate 127+ 3.0
Geological 106+15 23+£03 35+05 05+01
Unexplained 02+0.1 0.0+0.0 0.0+0.0 0.1+0.0

a Uncertainties are root mean sgquares of the individual 1-sigmaerror propagations from CMB. Zero uncertainties are excluded from RMS.
b Sampleswith percent mass attribution > 120 percent are removed from average source contributions.

¢ Contributions are normalized to sum of contributions including non-negative unexplained contributions.

d Uncertainties are root mean squares of the individual 1-sigma error in percent of normalized sum. Zero uncertainties are excluded from RN
e Uncertainties are standard errors of the mean.



Table 4a
Contributionsto PM . Mass in Phoenix, AZ in 1994/95, Conventional Species CMB

Site ADEQ Super Site ADEQ Super Site Tempe ASU West
Start Hour (MST)
Duration 6 24 6 6
Observations 25 26 28 22
Concentration (ug/m3) £+ RMS 196+ 21 124+14 138+14 13.6+15
R-square + SD 0.97 £ 0.03 0.97 £ 0.02 0.98 + 0.01 0.98 + 0.01
Chi-square + SD 0.36 + 0.36 0.46 + 0.40 0.18+0.13 0.21+0.15
Percent Mass Attributed + SD 101.7+ 4.6 1035+ 27 104.7 £ 4.6 103.6 £ 4.0
Mean Contributions (Ug/m3) + RMS ab
Gasoline Exhaust 13.7+22 6.8+1.2 89+18 97+15
Diesd Exhaust -01+15 08+0.8 03+13 -04+10
Ammonium Sulfate 16+03 16+0.2 13+04 14+02
Ammonium Nitrate 26+04 1.8+04 1.3+03 13+03
Geologica 1.6+0.6 12+04 1.7+0.6 19+04
Ambient Bkgrd w/Smelter 05+28 04+12 10+24 01+19
Unexplained -0.2 -0.3 -0.7 -05
Mean Contributions (%) + RMS¢cd
Gasoline Exhaust 741+12.3 555+ 8.9 64.4+12.1 73.0+11.1
Diesel Exhaust -53+81 46+6.2 04+83 -56+70
Ammonium Sulfate 9.0+21 152+21 97+24 96+17
Ammonium Nitrate 100+1.8 92+15 79+17 74+15
Geologica 84+35 12.3+29 11.8+3.9 147+31
Ambient Bkgrd w/Smelter 32+186 30+89 5.7+ 139 06+91
Unexplained 0.6 0.1 0.1 0.3
Mean Contributions (%) + Std Err ©©
Gasoline Exhaust 741+ 38 555+ 1.7 64.4+ 3.2 73.0+ 3.7
Diesel Exhaust -53+29 46+19 04+25 -56+27
Ammonium Sulfate 90+11 152+1.8 97+11 96+11
Ammonium Nitrate 10.0+ 24 92+23 79116 74+£20
Geologica 84+21 123+ 16 11.8+22 147+23
Ambient Bkgrd w/Smelter 32+24 30x15 57+26 06+0.6
Unexplained 06+0.2 01+0.1 0.1+0.1 0.3+0.2

a Uncertainties are root mean squares of the individual 1-sigma error propagations from CMB. Zero uncertainties are excluded from RMS.
b Samples with percent mass attribution > 120 percent are removed from average source contributions.

¢ Contributions are normalized to sum of contributions including non-negative unexplained contributions.

d Uncertainties are root mean squares of the individual 1-sigma error in percent of normalized sum. Zero uncertainties are excluded from Rl
e Uncertainties are standard errors of the mean.
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Table 4b
Contributionsto PM,, . Total Carbon in Phoenix, AZ in 1994/95, Conventional SpeciesCMB

Site ADEQ Super Site ADEQ Super Site Tempe ASU West
Start Hour (MST)
Duration 6 24 6 6
Observations 25 26 28 22
Concentration (ug/m3) £ RMS 11.7+1.0 6.7+ 0.6 82107 8007
R-square + SD
Chi-square £ SD
Percent Mass Attributed = SD 99.1+14 1005+ 1.0 999+1.7 995+1.2
Mean Contributions (ug/m3) + RMS *°
Gasoline Exhaust 114+ 05 57+03 74+0.3 80+04
Diesdl Exhaust -01+0.1 08+0.1 03x01 -04+0.1
Geological 02x01 02+0.1 02x01 03+0.1
Ambient Bkgrd w/Smelter 01+14 01+05 03x12 00+0.6
Unexplained 0.1 0.0 0.0 0.0
Mean Contributions (%) + RMS ¢
Gasoline Exhaust 1039+ 4.7 885+ 4.0 93.2+4.2 104.7 £ 4.7
Diesdl Exhaust -8.7+0.9 6.4+ 0.7 01+0.8 -93+0.9
Geological 20+14 31+15 29+18 35+19
Ambient Bkgrd w/Smelter 18+174 18+77 32+130 04+6.1
Unexplained 11 0.2 0.7 0.8
Mean Contributions (%) + Std Err ©*©
Gasoline Exhaust 1039+41 885+28 93.2+39 1047+ 4.1
Diesdl Exhaust -87x45 64+31 01+40 -93+43
Geological 2007 31+04 29+0.7 35+08
Ambient Bkgrd w/Smelter 18+13 18+08 32+14 04+04
Unexplained 11+0.2 02+0.1 0.7+0.2 08+0.2

a Uncertainties are root mean squares of theindividual 1-sigma error propagations from CMB. Zero uncertainties are excluded from RMS.

b Samples with percent mass attribution > 120 percent are removed from average source contributions.

¢ Contributions are normalized to sum of contributionsincluding non-negative unexplained contributions.

d Uncertainties are root mean squares of theindividual 1-sigma error in percent of normalized sum. Zero uncertainties are excluded from RM:

e Uncertainties are standard errors of the mean.
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Table4c
Contributionsto PM,, . Organic Carbon in Phoenix, AZ in 1994/95, Conventional Species CMB

Site ADEQ Super Site ADEQ Super Site Tempe ASU West
Start Hour (MST)
Duration 6 24 6 6
Observations 25 26 28 22
Concentration (ug/m3) + RMS 84+0.7 43+04 55+ 05 59+05
R-square + SD
Chi-square + SD
Percent Mass Attributed + SD 99.0+£25 101.0+21 1004+ 29 995+18
Mean Contributions (ug/m3) + RMS *°
Gasoline Exhaust 81+0.8 40+04 52+05 57+05
Diesdel Exhaust 0.0+0.3 02+01 01+02 -01+0.1
Geologica 02+01 01+01 02+01 02+01
Ambient Bkgrd w/Smelter 00+15 00+0.6 00+13 00+0.7
Unexplained 0.1 0.0 0.0 0.0
Mean Contributions (%) + RMS ®¢
Gasoline Exhaust 97.3+8.9 928+85 93.8+8.6 96.6+ 8.9
Diesdl Exhaust -15+27 25+23 10x£27 -1.7+24
Geological 23+17 41+20 36+22 41+22
Ambient Bkgrd w/Smelter 0.4+ 26.8 04+136 0.7+234 0.1+ 10.7
Unexplained 15 0.3 0.9 1.0
Mean Contributions (%) = Std Err © ¢
Gasoline Exhaust 97.3+13 92.8+09 93.8+1.3 96.6+1.2
Diesdl Exhaust -15+1.3 25110 10+£12 -17+1.2
Geologica 23107 41+06 36108 41+08
Ambient Bkgrd w/Smelter 04+03 04+£02 0.7+03 01+01
Unexplained 15+0.2 03+01 09+0.2 1.0+0.2

a Uncertainties are root mean squares of theindividual 1-sigma error propagations from CMB. Zero uncertainties are excluded from RMS.

b Samples with percent mass attribution > 120 percent are removed from average source contributions.

¢ Contributions are normalized to sum of contributionsincluding non-negative unexplained contributions.

d Uncertainties are root mean squares of theindividual 1-sigma error in percent of normalized sum. Zero uncertainties are excluded from RM:
e Uncertainties are standard errors of the mean.
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Table4d

Contributions to PM, . Elemental Carbon in Phoenix, AZ in 1994/95, Conventional Species CMB

Site ADEQ Super Site ADEQ Super Site Tempe ASU West
Start Hour (MST)
Duration 6 24 6 6
Observations 25 26 28 22
Concentration (ug/m3) £+ RMS 33105 24+03 26+04 21+£03
R-square + SD
Chi-square = SD
Percent Mass Attributed + SD 100.8+ 1.3 100.0+ 0.6 100.3+ 0.9 100.7+ 0.9
Mean Contributions (ug/m3) + RMS?3P
Gasoline Exhaust 33+06 16+0.3 21+04 23104
Diesel Exhaust -0.1+0.3 06+0.2 03+0.2 -0.3+0.2
Geological 00+0.0 0.0x0.0 0.0+0.0 0000
Ambient Bkgrd w/Smelter 01+12 01+£05 02+11 00+£05
Unexplained 0.0 0.0 0.0 0.0
Mean Contributions (%) + RMS¢d
Gasoline Exhaust 1755+ 37.7 89.0+ 16.3 1232+ 26.1 176.5+ 34.7
Diesel Exhaust -81.9+229 55+59 -32.0+14.1 -79.3+19.2
Geologica 09+13 09107 11+17 19+26
Ambient Bkgrd w/Smelter 5.3+545 4.3+ 186 75+32.1 09+144
Unexplained 0.1 0.2 0.2 0.1
Mean Contributions (%) + Std Err €
Gasoline Exhaust 1755+ 29.9 89.0+ 8.4 123.2+19.0 1765+ 25.0
Diesd Exhaust -81.9+29.7 55+85 -32.0+18.9 -79.3+25.3
Geologicd 09+04 09+02 11+04 19+08
Ambient Bkgrd w/Smelter 53140 43+20 75+35 09+09
Unexplained 01+0.1 02+0.1 02+0.1 0.1+0.0

a Uncertainties are root mean squares of the individual 1-sigma error propagations from CMB. Zero uncertainties are excluded from RMS.
b Samples with percent mass attribution > 120 percent are removed from average source contributions.

¢ Contributions are normalized to sum of contributions including non-negative unexplained contributions.

d Uncertainties are root mean squares of the individual 1-sigma error in percent of normalized sum. Zero uncertainties are excluded from Rl
e Uncertainties are standard errors of the mean.
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Attachment |
Extended Species CMB Resultsfor Individual 24-Hour Samples at Phoenix Super Site

Gasoline Gasoline Gasoline
Exhaust, cold  Exhaust, hot Exhaust, high Diesl Ammonium Ammonium
Concentration Chi- Percent start stabilized emitter Exhaust Sulfate Nitrate Geologica Unexplained
Species Date (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
PM2.5 11/10/94 8709 0.92 0.58 99.8 3.8+46 -01+£12 13+18 0.0+23 11+£01 0.8+0.1 18+02 0.0
PM2.5 11/2/94 9.1+0.9 0.97 0.22 102.2 19+15 0.0+ 0.0 26+0.9 16+£10 14+£0.1 0.7+01 12+02 -0.2
PM2.5 11/22/94 346+35 0.98 0.26 99.2 6.5+65 0717 81+29 53+35 17+£0.2 114+10 20+£05 0.3
PM2.5 11/28/94 16.8+1.7 0.98 0.13 101.0 42+45 -06£12 55+20 3824 04+0.1 21+0.2 15+03 -0.2
PM2.5 12/04/94 193+19 0.97 0.26 98.8 48+49 -03+13 58+21 16+£26 23x03 32+03 16+03 0.2
PM2.5 12/10/94 138+14 0.97 0.18 100.7 29+32 -05+0.8 6.0+15 2817 0.7+£0.1 09+01 11+03 -0.1
PM2.5 12/22/94 13.7+14 0.97 0.23 100.9 47+58 -01+£15 24+23 2829 11+£01 06+0.1 22+03 -0.1
PM2.5 01/03/95 185+1.8 0.89 112 99.8 17+£20 0.1+05 43+x11 3512 2202 6.0+ 0.5 0.7+£0.2 0.0
PM2.5 01/09/95 16.2+1.6 0.97 0.16 100.2 47+38 -04+£09 46+£20 44+22 11+£0.2 0.8+0.1 0.9+0.3 0.0
PM2.5 02/02/95 16.8+1.7 0.97 0.22 100.4 53+48 -03£12 44+22 16+£25 15+£0.2 3.0+£03 13+03 -0.1
PM2.5 02/08/95 8709 0.89 0.69 102.0 3837 -0.1+£09 14+16 03+19 21+0.2 0.2+ 0.0 12+02 -0.2
PM2.5 03/22/95 6.2+ 0.6 0.94 0.38 105.1 11+£12 0.0+ 0.0 23+0.7 11+£0.7 04+0.1 04+01 12+02 -0.3
TC 11/10/94 45+0.3 0.92 0.58 101.8 34+03 -0.1+£0.0 11+00 0.0+£0.0 0.0+£0.0 0.0+ 0.0 02+01 -0.1
TC 11/2/94 5504 0.97 0.22 100.1 17+£0.1 0.0+ 0.0 21+01 15+£0.1 0.0+£0.0 0.0+ 0.0 02+01 0.0
TC 11/22/94 171+1.2 0.98 0.26 100.1 5705 -06+£0.0 6.7+ 0.3 50x+0.2 0.0+£0.0 0.0+ 0.0 0.3+x01 0.0
TC 11/28/94 116+ 0.8 0.98 0.13 100.2 3703 -05£0.0 46+0.2 36+01 0.0+£0.0 0.0+ 0.0 02+01 0.0
TC 12/04/94 105+ 0.7 0.97 0.26 100.3 43+04 -02+£0.0 48+0.2 15+£0.1 0.0+£0.0 0.0+ 0.0 02+01 0.0
TC 12/10/94 9.9+0.7 0.97 0.18 100.0 25+0.2 -04+£0.0 5.0+£0.2 26+01 0.0+£0.0 0.0+ 0.0 01+01 0.0
TC 12/22/94 9.0+ 0.6 0.97 0.23 100.7 42+04 -0.1+£0.0 20+£01 2701 0.0+£0.0 0.0+ 0.0 0.3+01 -0.1
TC 01/03/95 85+0.7 0.89 112 100.2 15+£0.1 0.1+0.0 36+01 33x01 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0
TC 01/09/95 119+1.0 0.97 0.16 100.3 42+04 -0.3£0.0 3.8+£0.2 42+0.2 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0
TC 02/02/95 9.8+0.8 0.97 0.22 100.1 47+04 -02+£0.0 37+£01 15+£0.1 0.0+£0.0 0.0+ 0.0 02+01 0.0
TC 02/08/95 49+04 0.89 0.69 100.4 33x03 -0.1+£0.0 12+00 0.3+0.0 0.0+£0.0 0.0+ 0.0 01+01 0.0

TC 03/22/95 41+03 0.94 0.38 99.8 10+01 0.0+£0.0 19+01 1.0+00 0.0+0.0 0.0+0.0 02+01 0.0



Gasoline Gasoline Gasoline

Exhaust, cold  Exhaust, hot Exhaust, high Diesdl Ammonium Ammonium
Concentration Chi- Percent start stabilized emitter Exhaust Sulfate Nitrate Geological Unexplained
Species Date (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
ocC 11/10/94 2902 0.92 0.58 101.7 18+0.5 -0.1+£0.0 1.0+00 0.0+£0.0 0.0+£0.0 0.0+ 0.0 02+01 0.0
ocC 11/2/94 33x02 0.97 0.22 100.0 09+03 0.0+ 0.0 20+£01 03+0.1 0.0+£0.0 0.0+ 0.0 01+01 0.0
ocC 11/22/94 10.0+ 0.7 0.98 0.26 100.3 3.0x09 -04+£0.1 6.2+0.3 10+04 0.0+£0.0 0.0+ 0.0 02+01 0.0
ocC 11/28/94 6.7+x04 0.98 0.13 100.6 19+£0.6 -0.3+£0.1 43+0.2 0.7+£0.3 0.0+£0.0 0.0+ 0.0 02+01 0.0
ocC 12/04/94 70x05 0.97 0.26 100.4 2207 -02+£0.0 45+0.2 03+0.1 0.0+£0.0 0.0+ 0.0 02+01 0.0
ocC 12/10/94 6.3+x04 0.97 0.18 100.0 13+04 -03+£0.1 46+0.2 05+0.2 0.0+£0.0 0.0+ 0.0 01+01 0.0
ocC 12/22/94 47+03 0.97 0.23 101.1 2207 0.0+ 0.0 18+0.1 05+0.2 0.0+£0.0 0.0+ 0.0 0.3+£01 -0.1
ocC 01/03/95 49+04 0.89 112 100.6 0.8+0.2 0.1+0.0 33+x01 0.7+£0.3 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0
ocC 01/09/95 6.4+ 0.6 0.97 0.16 100.5 2207 -02+£0.0 35+0.2 0.8+0.3 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0
ocC 02/02/95 6.1+05 0.97 0.22 100.2 24+08 -02+£0.0 34+01 03+0.1 0.0+£0.0 0.0+ 0.0 02+01 0.0
ocC 02/08/95 2903 0.89 0.69 100.9 1.7+£05 -0.1+£0.0 11+00 0.1+0.0 0.0+£0.0 0.0+ 0.0 01+01 0.0
ocC 03/22/95 26+0.2 0.94 0.38 100.0 05+0.2 0.0+ 0.0 18+0.1 02+0.1 0.0+£0.0 0.0+ 0.0 01+01 0.0
EC 11/10/94 17+£0.2 0.92 0.58 102.1 16+£05 0.0+ 0.0 0.1+0.0 0.0+£0.0 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0
EC 11/2/94 2202 0.97 0.22 100.6 0.8+0.3 0.0+ 0.0 02+01 12+£0.2 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0
EC 11/22/94 7107 0.98 0.26 99.8 2709 -02+£0.1 05+0.2 40+05 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0
EC 11/28/94 49+05 0.98 0.13 99.7 1.8+0.6 -01+£0.1 0.3+0.2 2904 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0
EC 12/04/94 35+03 0.97 0.26 100.4 21+07 -0.1+£0.0 04+0.2 12+£0.2 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0
EC 12/10/94 3604 0.97 0.18 100.1 12+04 -01+£0.1 04+0.2 21+03 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0
EC 12/22/94 43+04 0.97 0.23 100.2 20x0.7 0.0+ 0.0 01+01 21+03 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0
EC 01/03/95 3702 0.89 112 99.6 0.7+£0.2 0.0+ 0.0 03+01 2604 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0
EC 01/09/95 5504 0.97 0.16 100.0 20x0.7 -01+£0.1 03+01 33x05 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0
EC 02/02/95 3702 0.97 0.22 99.9 22+08 -0.1+£0.0 03+01 12+£0.2 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0
EC 02/08/95 19+£0.1 0.89 0.69 99.6 16+£05 0.0+ 0.0 0.1+0.0 0.2+0.0 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0

EC 03/22/95 14+01 0.94 0.38 99.8 05+0.2 0.0+0.0 01+01 0.8+0.1 0.0+0.0 0.0+0.0 0.0+0.0 0.0




ATTACHMENT 11

CONVENTIONAL CMB RESULTSFOR INDIVIDUAL SAMPLES

E-43



Attachment |1

Conventional CM B Resultsfor Individual Samples

Ambient
Gasoline Diesdl Ammonium  Ammonium Bkgrd
Duration  Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
pm25 SS1-3 11/16/94 6 19.8+20 0.98 0.26 100.7 130+21 21+13 16+£0.2 22+0.3 11+04 0.0+ 0.0 -0.1
pm25 SS1-3 11/22/94 6 448+ 45 0.99 0.21 99.3 211+30 73%x25 19+£03 125+11 1.7+£0.6 0.0+ 0.0 0.3
pm25 SS1-3 11/28/94 6 39.6+4.0 0.98 0.25 98.6 255+£35 63%26 11+£03 6.1+ 0.6 0.1+0.7 0.0+ 0.0 0.6
pm25 SS1-3  12/04/94 6 19.2+19 0.97 0.46 99.5 132+21 -01+11 25+03 25+0.3 09+04 0.0+ 0.0 0.1
pm25 SS1-3 12/10/94 6 26727 0.98 0.28 99.7 17.3+24 39x17 0.8+0.2 3.7+04 09+05 0.0+ 0.0 0.1
pm25 SS1-3  12/22/94 6 286+29 0.96 0.66 1048 153+24 79x22 12+£0.2 15+02 41+0.7 0.0+ 0.0 -14
pm25 SS1-3 12/28/94 6 283+28 0.95 0.98 97.0 96+16 04+0.8 25+03 145+12 04+03 0.0+ 0.0 0.8
pm25 SS1-3 01/03/95 6 16.3+16 0.96 0.36 1038 11.0x24 -15%+17 1.0+£0.6 26+04 -02+09 40+£20 -0.6
pm25 SS1-3 01/09/95 6 221+22 0.91 142 97.6 13.7+21 3113 09+0.2 19+02 19+£05 0.0+ 0.0 0.5
pm25 SS1-3 02/02/95 6 25025 0.99 0.25 1001 142+x20 -04%x11 16+£0.2 8.7+0.8 10+04 0.0+ 0.0 0.0
pm25 SS1-3  02/08/95 6 126+13 0.96 0.09 1154 100+x39 -30x29 -03%x10 05+05 -08+16 81+34 -19
pm25 SS1-3  03/04/95 6 111+11 0.98 0.18 98.9 106+15 -15+1.0 13+£0.2 05+01 0.1+03 0.0+ 0.0 0.1
pm25 SS1-3 03/22/95 6 10.0+x1.0 0.99 0.05 99.0 88+13 -0.8+£0.9 05+0.1 0.6+0.1 0.8+0.3 0.0+ 0.0 0.1
pm25 SS1-3  04/09/95 6 16.3+16 0.97 0.45 114.8 8916 -16+£0.8 12+£0.2 0.7+01 9.5+09 0.0+ 0.0 -24
pm25 SS1-3 04/21/95 6 123+12 0.98 0.18 1010 112+16 -15%10 11+£0.2 0.7+01 10+04 0.0+ 0.0 -0.1
pm25 SS1-3  04/27/95 6 161+16 0.99 0.12 1023 151+21 -27%+13 16+£0.2 04+01 21+05 0.0+ 0.0 -0.4
pm25 SS1-3  05/09/95 6 148+ 15 0.98 0.19 1030 114+16 01x11 13+£0.2 1.0£02 16+04 0.0+ 0.0 -0.4
pm25 SS1-3 05/21/95 6 122+12 0.98 0.24 1003 10415 -25%+09 25+03 04+01 14+04 0.0+ 0.0 0.0
pm25 SS1-3 06/20/95 6 13614 0.98 0.23 1041 119+17 -20x10 1.0+£0.2 04+01 2805 0.0+ 0.0 -0.6
pm25 SS1-3  06/26/95 6 169+17 0.98 0.17 103.3 159%+22 -29%+13 16+£0.2 04+01 25+0.6 0.0+ 0.0 -0.6
pm25 SS1-3  07/08/95 6 154+15 0.98 0.15 100.7 152+22 -38%x13 20x03 0.3+x01 19+£05 0.0+ 0.0 -0.1
pm25 SS1-3 08/13/95 6 150+15 0.98 0.17 97.2 164+23 -45+14 19+£03 05+01 0.3+04 0.0+ 0.0 0.4
pm25 SS1-3 08/19/95 6 164+16 0.88 1.25 99.3 150+21 -22+13 2603 04+0.2 05+04 0.0+ 0.0 0.1
pm25 SS1-3 08/31/95 6 210x21 0.99 0.15 1036 144+20 -03x14 45+ 05 04+01 28+0.6 0.0+ 0.0 -0.8
pm25 SS1-3  09/06/95 6 151+15 0.98 0.16 99.3 139+19 -28+12 27x03 0.7+£0.2 06+04 0.0+ 0.0 0.1
pm25 SS2-4 11/16/94 24 9.1+0.9 0.98 0.36 103.0 51+07 13+05 14+£0.1 0.7+01 1.0+£0.2 0.0+ 0.0 -0.3
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
pm25 SS2-4  11/22/94 24 346+35 0.99 0.23 99.6 153+21 45x17 15+£0.2 115+10 15+£05 0.0+ 0.0 0.1
pm25 SS2-4  11/28/94 24 168+ 1.7 0.98 0.31 1018 102+14 32%x11 03+0.1 21+0.2 12+03 0.0+ 0.0 -0.3
pm25 SS2-4  12/04/94 24 193+19 0.90 1.99 1032 112+18 03x13 17+04 32+04 11+£0.6 24+14 -0.6
pm25 SS2-4  12/10/94 24 138+14 0.98 0.27 1004 100%13 16+09 06+0.1 10+01 0.7+£0.3 0.0+ 0.0 -0.1
pm25 SS2-4  12/22/94 24 13.7+x14 0.97 0.57 104.9 71+x11 33+1.0 11+£01 0.6+0.1 22+x04 0.0+ 0.0 -0.7
pm25 SS2-4  12/28/94 24 204+29 0.99 0.22 97.5 114+15 06x09 2603 143+12 -02+£0.3 0.0+ 0.0 0.7
pm25 SS2-4  01/03/95 24 185+18 0.99 0.14 103.6 7917 14+13 14+04 59+ 0.6 -0.3+£0.6 29+14 -0.7
pm25 SS2-4  01/09/95 24 16.2+1.6 0.98 0.30 101.8 9.7+16 42+11 11+£01 09+01 0.6+0.3 0.0+ 0.0 -0.3
pm25 SS2-4  02/02/95 24 168+ 1.7 0.99 0.17 103.3 99+17 10+11 1.0+£03 3.0+£03 05+05 19+12 -0.6
pm25 SS2-4  02/08/95 24 8.7+£0.9 0.98 0.13 110.8 50x16 -02+£12 13+04 0.1+0.2 0.2+ 0.6 31+14 -0.9
pm25 SS2-4  03/04/95 24 53+05 0.99 0.22 101.5 3.6+x05 0.3+0.3 10+£0.1 0.2+0.0 04+0.1 0.0+ 0.0 -0.1
pm25 SS2-4  03/22/95 24 6.2+ 0.6 0.99 0.12 104.1 41+0.6 0.6+04 04+0.1 04+01 09+0.2 0.0+ 0.0 -0.3
pm25 SS2-4 04/21/95 24 47+05 0.97 0.58 104.6 24+04 -0.2+£0.2 11+£01 04+01 11+£01 0.0+ 0.0 -0.2
pm25 SS2-4  04/27/95 24 83+0.8 0.96 0.68 106.7 49+0.7 0.0+ 05 16+£0.2 0.3+0.0 21+03 0.0+ 0.0 -0.6
pm25 SS2-4  05/09/95 24 7.8+0.8 0.98 0.41 104.8 47+0.7 0.6+ 0.6 11+£01 05+01 14+£0.2 0.0+ 0.0 -0.4
pm25 SS2-4  05/21/95 24 6.9+ 0.7 0.97 0.45 103.8 44+0.6 -0.7£04 19+£0.2 0.3+0.0 13+£0.2 0.0+ 0.0 -0.3
pm25 SS2-4 06/20/95 24 7.3+£0.7 0.97 0.56 106.8 45+ 0.7 0.0+04 10+£0.1 0.3+0.0 21+03 0.0+ 0.0 -0.5
pm25 SS2-4  06/26/95 24 8.8+0.9 0.97 0.58 106.1 52+08 -0.2+£05 17+£0.2 0.2+ 0.0 24+03 0.0+ 0.0 -0.5
pm25 SS2-4 07/08/95 24 13.7+x14 0.93 1.26 101.7 95+13 -1.1+08 27x03 0.6+0.1 2304 0.0+ 0.0 -0.2
pm25 SS2-4  07/26/95 24 109+11 0.98 0.30 106.5 64+10 0.6+0.7 18+£0.2 0.2+ 0.0 2604 0.0+ 0.0 -0.7
pm25 SS2-4 08/13/95 24 82+0.8 0.98 0.29 101.9 57+0.8 -0.7+£05 20x0.2 04+01 11+£0.2 0.0+ 0.0 -0.2
pm25 SS2-4  08/19/95 24 76+0.8 0.95 0.79 101.1 48+ 0.7 -0.8+£0.5 21+0.2 02+01 0.7+£0.2 0.6+0.5 -0.1
pm25 SS2-4  08/31/95 24 134+13 0.98 0.43 103.9 6.0+ 0.9 11+08 45+04 0.2+ 0.0 21+03 0.0+ 0.0 -0.5
pm25 SS2-4  09/06/95 24 76+0.8 0.98 0.31 102.9 3805 -04+£0.3 3.0x03 0.3+0.0 12+£0.2 0.0+ 0.0 -0.2
pm25 SS2-4  09/12/95 24 9.7+1.0 0.99 0.21 104.4 50+0.8 12+07 19+£0.2 0.3+0.0 1.7+£03 0.0+ 0.0 -0.4
pm25 TM1-3  11/04/94 10.7+x11 0.95 0.66 100.6 6.1+10 14+06 0.7+£0.1 18+02 0.8+0.2 0.0+ 0.0 -0.1
pm25 TM1-3 11/16/94 159+16 0.98 0.26 106.4 81+18 3514 13+04 11+02 1.0£05 20+£13 -1.0
pm25 TM1-3  11/22/94 216+22 0.99 0.22 1029 106+20 52%15 13+£0.2 31+03 20x05 0.0+ 0.0 -0.6
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
pm25 TM1-3  11/28/94 6 128+13 0.98 0.21 103.6 64+12 32+09 05+0.1 19+02 14+03 0.0+ 0.0 -0.5
pm25 TM1-3  12/04/94 6 10.3+x1.0 0.98 0.14 106.1 7617 -18+x1.2 13+04 0.9+0.2 0.1+0.6 2714 -0.6
pm25 TM1-3  12/10/94 6 5.0+£05 0.99 0.06 102.4 43+0.8 -06+£04 05+0.1 0.3+01 0.6+0.2 0.0+ 0.0 -0.1
pm25 TM1-3  12/22/94 6 144+14 0.98 0.31 109.1 8916 25+1.0 1.0+£0.2 0.7+01 2704 0.0+ 0.0 -1.3
pm25 TM1-3  12/28/94 6 23.0+£23 1.00 0.07 100.0 89x15 27+10 23x03 8.6+0.8 05+03 0.0+ 0.0 0.0
pm25 TM1-3  01/03/95 6 153+15 0.99 0.11 108.3 8923 09+1.6 0.8+ 0.6 19+03 -0.1+£09 41+19 -1.3
pm25 TM1-3  01/09/95 6 135+13 0.99 0.09 104.2 7614 28+1.0 0.6+0.3 1.0£02 0.3+04 16+11 -0.6
pm25 TM1-3  02/02/95 6 221+22 0.99 0.10 107.6 9.0+x29 12+21 0.6+0.7 72+0.8 02+11 5725 -1.7
pm25 TM1-3  02/08/95 6 149+15 0.96 0.07 118.7 9.8+51 -19+£38 -05+13 04+0.7 -1.0£20 109+44 -2.8
pm25 TM1-3  03/04/95 6 7.8+0.8 0.98 0.12 99.1 64+10 -05+£0.7 11+£0.2 04+01 0.3+0.2 0.0+ 0.0 0.1
pm25 TM1-3  03/22/95 6 99+1.0 0.99 0.06 99.9 88x+13 -09+£0.9 05+0.1 04+01 11+£03 0.0+ 0.0 0.0
pm25 TM1-3  03/28/95 6 9.3+0.9 0.99 0.07 105.5 6.6+1.0 0.0+0.8 0.8+0.2 05+01 20x03 0.0+ 0.0 -0.5
pm25 TM1-3  04/09/95 6 132+13 0.98 0.35 115.2 6.8+13 -15+£0.6 12+£0.2 0.8+0.1 8.0x+0.8 0.0+ 0.0 -2.0
pm25 TM1-3  04/27/95 6 155+16 0.99 0.15 1058 105+15 05%x11 16+£0.2 0.6+0.1 3205 0.0+ 0.0 -0.9
pm25 TM1-3  05/09/95 6 13.0+x13 0.99 0.08 1041 100+14 -02x10 11+£0.2 0.8+0.2 19+04 0.0+ 0.0 -0.5
pm25 TM1-3  05/21/95 6 101+1.0 0.98 0.22 103.9 70x10 -0.8+£0.6 20x0.2 04+01 19+£03 0.0+ 0.0 -0.4
pm25 TM1-3  06/20/95 6 129+13 0.98 0.19 110.2 80x13 -0.1+£0.8 09+0.2 0.6+0.1 47+0.6 0.0+ 0.0 -1.3
pm25 TM1-3  06/26/95 6 138+x14 0.97 0.36 103.9 94+14 01+1.0 18+£0.2 05+01 2604 0.0+ 0.0 -0.5
pm25 TM1-3  07/08/95 6 113+11 0.98 0.23 102.4 91+13 -20+£0.8 21+03 0.3+01 21+04 0.0+ 0.0 -0.3
pm25 TM1-3  07/26/95 6 17317 0.99 0.09 1042 120%+18 11+14 16+£0.2 04+01 3.0+x05 0.0+ 0.0 -0.7
pm25 TM1-3  08/13/95 6 131+13 0.98 0.12 98.3 141+20 -35+12 15+£0.2 0.6+0.1 0.2+04 0.0+ 0.0 0.2
pm25 TM1-3  08/19/95 6 106+11 0.97 0.25 99.2 102+14 -22+09 19+£0.2 0.3+01 0.3+0.3 0.0+ 0.0 0.1
pm25 TM1-3  08/31/95 6 223+22 0.99 0.11 1038 143+21 04zx15 44+05 05+01 3.6+0.6 0.0+ 0.0 -0.8
pm25 TM1-3  09/06/95 6 144+14 0.99 0.14 102.8 99+14 -0.3+£0.9 2803 0.8+0.2 17+04 0.0+ 0.0 -0.4
pm25 TM1-3  09/12/95 6 126+13 0.99 0.07 102.3 86x+12 04+0.9 20x0.2 04+01 16+£03 0.0+ 0.0 -0.3
pm25 WP1-3  12/10/94 6 128+13 0.99 0.18 103.8 81+14 16+08 06+0.1 0.8+0.1 22+x04 0.0+ 0.0 -0.5
pm25 WP1-3  12/22/94 6 178+18 0.98 0.28 1066 101+19 42%13 12+£0.2 0.7+01 2805 0.0+ 0.0 -1.2
pm25 WP1-3  12/28/94 6 288+29 0.99 0.23 96.3 102+18 28zx11 20x03 125+11 0.2+0.3 0.0+ 0.0 11
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
pm25 WP1-3  01/03/95 6 20.0+£2.0 0.98 0.27 1016 100+19 0.7x14 18+0.5 53+0.6 -01+£0.7 27+19 -0.3
pm25 WP1-3  01/09/95 6 175+18 0.98 0.23 1024 123+18 24z%11 1.0+£0.2 11+02 11+04 0.0+ 0.0 -04
pm25 WP1-3  03/04/95 6 79+0.8 0.99 0.12 100.2 6.9+10 -1.3+£0.6 12+£0.2 0.7+01 05+0.2 0.0+ 0.0 0.0
pm25 WP1-3  03/22/95 6 7.8+0.8 0.98 0.16 98.8 6.6+1.0 -0.7+£0.7 05+0.1 05+01 0.7+£0.2 0.0+ 0.0 0.1
pm25 WP1-3  03/28/95 6 105+11 0.99 0.10 105.6 7511 -0.1+£0.9 0.8+0.2 0.6+0.1 22+x04 0.0+ 0.0 -0.6
pm25 WP1-3  04/09/95 6 127+13 0.97 0.49 1144 71+13 -19+£0.7 15+£0.2 11+02 6.6+ 0.7 0.0+ 0.0 -1.8
pm25 WP1-3  04/21/95 6 119+12 0.98 0.22 1028 113+x16 -19%x09 1.0+£0.2 0.9+0.2 09+03 0.0+ 0.0 -0.3
pm25 WP1-3  04/27/95 6 124+12 0.99 0.15 104.9 95+14 -1.1+£08 16+£0.2 05+01 2504 0.0+ 0.0 -0.6
pm25 WP1-3  05/09/95 6 119+12 0.99 0.15 101.6 95+13 -05+£0.9 1.0+£0.2 0.8+0.2 13+£03 0.0+ 0.0 -0.2
pm25 WP1-3  05/21/95 6 122+12 0.99 0.14 1035 110x16 -25%+09 20x03 05+01 18+04 0.0+ 0.0 -04
pm25 WP1-3  06/20/95 6 8.8+0.9 0.97 0.29 109.8 6.3+x10 -09+£05 04+0.1 0.3+x01 3604 0.0+ 0.0 -0.9
pm25 WP1-3  06/26/95 6 8.8+0.9 0.99 0.07 107.1 88+13 -21+£0.7 04+0.2 0.3+01 21+04 0.0+ 0.0 -0.6
pm25 WP1-3  07/08/95 6 185+18 0.94 0.75 101.0 152+21 -22%+13 25+03 0.7+£0.2 26x+0.6 0.0+ 0.0 -0.2
pm25 WP1-3  07/26/95 6 171+17 0.99 0.16 107.2 128+19 00zx13 12+£0.2 0.3+01 40+0.6 0.0+ 0.0 -1.2
pm25 WP1-3  08/13/95 6 85+0.9 0.98 0.12 102.3 86x+12 -20x£0.7 05+0.2 0.3+01 13+£03 0.0+ 0.0 -0.2
pm25 WP1-3  08/19/95 6 8.6+0.9 0.98 0.15 99.1 89x+12 -15+£0.7 0.7+£0.2 02+01 0.3+0.3 0.0+ 0.0 0.1
pm25 WP1-3  08/31/95 6 18.0+138 0.99 0.12 1039 117+x17 -02%x11 40+x04 04+01 2805 0.0+ 0.0 -0.7
pm25 WP1-3  09/06/95 6 125+12 0.98 0.21 1004 10.7+x15 -21+09 25+03 0.6+0.1 0.8+0.3 0.0+ 0.0 0.0
pm25 WP1-3  09/12/95 6 145+14 0.99 0.10 106.1 98+14 08+11 18+£0.2 04+01 2504 0.0+ 0.0 -0.9
TCTC SS1-3 11/16/94 6 128+ 0.9 0.98 0.26 100.7 10.8%+05 19+0.1 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 -0.1
TCTC SS1-3 11/22/94 6 24617 0.99 0.21 1003 175+08 6.9%03 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.1
TCTC SS1-3 11/28/94 6 27.3x19 0.98 0.25 99.2 21209 59%02 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.2
TCTC SS1-3  12/04/94 6 11.0+0.8 0.97 0.46 1000 110+05 -01+00 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
TCTC SS1-3 12/10/94 6 182+13 0.98 0.28 99.7 144+06 36x0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
TCTC SS1-3  12/22/94 6 200x14 0.96 0.66 103.2 127+06 74x03 0.0+£0.0 0.0+ 0.0 05+0.2 0.0+ 0.0 -0.6
TCTC SS1-3 12/28/94 6 85+ 0.6 0.95 0.98 98.5 8004 0.4+0.0 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
TCTC SS1-3 01/03/95 6 8.9+0.7 0.96 0.36 99.2 9.2+04 -15+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 12+09 0.1
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
TCTC SS1-3 01/09/95 6 146+12 0.91 142 99.1 114+05 29x0.1 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
TCTC SS1-3 02/02/95 6 11.6+0.9 0.99 0.25 99.4 11.8+05 -04+0.0 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
TCTC SS1-3 02/08/95 6 7.7+0.6 0.96 0.09 101.6 83x04 -28+0.1 0.0+£0.0 0.0+ 0.0 -0.1+£0.0 24+18 -0.1
TCTC SS1-3  03/04/95 6 75+0.6 0.98 0.18 98.7 8804 -14+0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
TCTC SS1-3 03/22/95 6 6.7+ 0.5 0.99 0.05 99.4 7403 -0.8+£0.0 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
TCTC SS1-3  04/09/95 6 74+0.6 0.97 0.45 96.3 7403 -15+£0.1 0.0+£0.0 0.0+ 0.0 12+£05 0.0+ 0.0 0.3
TCTC SS1-3 04/21/95 6 81+0.7 0.98 0.18 98.6 9.3+x04 -14+0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
TCTC SS1-3  04/27/95 6 105+ 0.9 0.99 0.12 98.6 125+06 -25+01 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.2
TCTC SS1-3  05/09/95 6 9.7+0.8 0.98 0.19 100.0 94+04 0.1+0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
TCTC SS1-3 05/21/95 6 6.6+ 0.6 0.98 0.24 97.9 8704 -23x0.1 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
TCTC SS1-3 06/20/95 6 85+0.7 0.98 0.23 98.6 99+04 -19+0.1 0.0+£0.0 0.0+ 0.0 04+0.1 0.0+ 0.0 0.1
TCTC SS1-3 06/26/95 6 11.0+0.9 0.98 0.17 98.4 132+06 -27+01 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.2
TCTC SS1-3  07/08/95 6 95+0.8 0.98 0.15 98.0 126+06 -36+01 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.2
TCTC SS1-3 08/13/95 6 9.7+0.8 0.98 0.17 97.2 136+06 -42+0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.3
TCTC SS1-3 08/19/95 6 10.7+£0.9 0.88 1.25 97.5 125+06 -21+01 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.3
TCTC SS1-3 08/31/95 6 121+10 0.99 0.15 99.7 119+05 -03+0.0 0.0+£0.0 0.0+ 0.0 04+0.1 0.0+ 0.0 0.0
TCTC SS1-3  09/06/95 6 9.2+0.8 0.98 0.16 97.8 116+05 -26+01 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.2
TCTC SS2-4  11/16/94 24 55+04 0.98 0.36 100.9 42+0.2 12+00 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 0.0
TCTC SS2-4  11/22/94 24 171+12 0.99 0.23 1003 127+06 42%02 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.1
TCTC SS2-4  11/28/94 24 11.6+0.8 0.98 0.31 100.3 8504 3.0+£01 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
TCTC SS2-4  12/04/94 24 105+ 0.7 0.90 1.99 99.2 9.3+x04 0.3+0.0 0.0+£0.0 0.0+ 0.0 01+01 0.7+£0.5 0.1
TCTC SS2-4  12/10/94 24 9.9+0.7 0.98 0.27 99.7 8304 15+01 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
TCTC SS2-4  12/22/94 24 9.0+ 0.6 0.97 0.57 102.9 59+03 31+01 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 -0.3
TCTC SS2-4  12/28/94 24 10.0+x0.7 0.99 0.22 99.4 94+04 0.5+0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
TCTC SS2-4  01/03/95 24 85+0.7 0.99 0.14 101.4 6.5+0.3 13+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.9+0.6 -0.1
TCTC SS2-4  01/09/95 24 119+1.0 0.98 0.30 101.6 81+04 3.9+0.2 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 -0.2
TCTC SS2-4  02/02/95 24 9.8+0.8 0.99 0.17 100.7 82x+x04 1.0+00 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.6+04 -0.1
TCTC SS2-4  02/08/95 24 49+04 0.98 0.13 103.1 42+0.2 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.9+0.7 -0.1
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
TCTC SS2-4  03/04/95 24 33+03 0.99 0.22 100.7 3.0x01 0.3+0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
TCTC SS2-4  03/22/95 24 41+03 0.99 0.12 100.4 34x+02 0.5+0.0 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
TCTC SS2-4  04/21/95 24 20+0.2 0.97 0.58 99.0 20x01 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 0.0
TCTC SS2-4  04/27/95 24 43+04 0.96 0.68 100.9 41+0.2 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
TCTC SS2-4  05/09/95 24 45+04 0.98 0.41 101.2 39x+02 0.5+0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.1
TCTC SS2-4  05/21/95 24 31+03 0.97 0.45 99.9 3.6+0.2 -0.7£0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
TCTC SS2-4  06/20/95 24 39+03 0.97 0.56 100.9 3.7x0.2 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
TCTC SS2-4  06/26/95 24 45+04 0.97 0.58 100.1 44+0.2 -0.2+£0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
TCTC SS2-4  07/08/95 24 71+0.6 0.93 1.26 100.0 7904 -1.1+£00 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
TCTC SS2-4  07/26/95 24 6.1+ 0.5 0.98 0.30 100.7 5302 0.5+0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
TCTC SS2-4 08/13/95 24 42+04 0.98 0.29 99.2 47+0.2 -0.7£0.0 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 0.0
TCTC SS2-4 08/19/95 24 3.6+£0.3 0.95 0.79 99.6 40+0.2 -0.7£0.0 0.0+£0.0 0.0+ 0.0 0.1+0.0 02+01 0.0
TCTC SS2-4 08/31/95 24 6.2+ 0.5 0.98 0.43 100.9 50x+0.2 11+00 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 -0.1
TCTC SS2-4  09/06/95 24 29+0.2 0.98 0.31 99.5 31+01 -04+£0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
TCTC SS2-4  09/12/95 24 55+ 05 0.99 0.21 101.0 41+0.2 12+00 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.1
TCTC TM1-3  11/04/94 6 6.5+ 0.5 0.95 0.66 99.9 50x+0.2 1301 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
TCTC TM1-3 11/16/94 6 105+ 0.7 0.98 0.26 102.1 6.7+0.3 33+x01 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.6+04 -0.2
TCTC TM1-3  11/22/94 6 13.8+1.0 0.99 0.22 101.7 8804 49+0.2 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 -0.2
TCTC TM1-3  11/28/94 6 84+0.6 0.98 0.21 101.1 53+0.2 3.0+£01 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.1
TCTC TM1-3  12/04/94 6 54+04 0.98 0.14 101.1 6.3+0.3 -17+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.8+ 0.6 -0.1
TCTC TM1-3  12/10/94 6 31+04 0.99 0.06 99.6 3.6+0.2 -06+£0.0 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
TCTC TM1-3  12/22/94 6 9.8+ 0.7 0.98 0.31 102.2 74+03 23+01 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 -0.2
TCTC TM1-3  12/28/94 6 9.9+0.7 1.00 0.07 101.0 7403 25+01 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 -0.1
TCTC TM1-3  01/03/95 6 9.3+0.7 0.99 0.11 101.5 7403 0.9+0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 12+09 -0.1
TCTC TM1-3  01/09/95 6 9.4+0.8 0.99 0.09 100.8 6.3+0.3 2701 0.0+£0.0 0.0+ 0.0 0.0+£0.0 05+0.3 -0.1
TCTC TM1-3  02/02/95 6 10.0+0.8 0.99 0.10 102.3 7403 11+00 0.0+£0.0 0.0+ 0.0 0.0+£0.0 17+12 -0.2
TCTC TM1-3  02/08/95 6 9.1+0.7 0.96 0.07 104.1 82x+x04 -18+0.1 0.0+£0.0 0.0+ 0.0 -0.1+£0.0 32124 -0.4
TCTC TM1-3  03/04/95 6 5.0+ 0.9 0.98 0.12 98.6 5302 -04+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
TCTC TM1-3  03/22/95 6 6.7+ 0.5 0.99 0.06 98.6 73x03 -09+£0.0 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 0.1
TCTC TM1-3  03/28/95 6 5705 0.99 0.07 99.2 55+0.2 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
TCTC TM1-3  04/09/95 6 55+05 0.98 0.35 96.5 56+0.2 -14+0.1 0.0+£0.0 0.0+ 0.0 10+04 0.0+ 0.0 0.2
TCTC TM1-3  04/27/95 6 9.7+0.8 0.99 0.15 99.8 8704 0.5+0.0 0.0+£0.0 0.0+ 0.0 04+0.2 0.0+ 0.0 0.0
TCTC TM1-3  05/09/95 6 84+0.7 0.99 0.08 99.9 83x04 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
TCTC TM1-3  05/21/95 6 54+05 0.98 0.22 98.7 58+0.3 -0.7£0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
TCTC TM1-3  06/20/95 6 7.3+£0.6 0.98 0.19 99.0 6.7+0.3 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 0.6+0.2 0.0+ 0.0 0.1
TCTC TM1-3  06/26/95 6 83+0.7 0.97 0.36 99.0 78+0.3 0.1+0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.1
TCTC TM1-3  07/08/95 6 6.1+ 0.5 0.98 0.23 97.8 7603 -19+0.1 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.1
TCTC TM1-3  07/26/95 6 114+10 0.99 0.09 99.6 10004 10x00 0.0+£0.0 0.0+ 0.0 04+0.1 0.0+ 0.0 0.0
TCTC TM1-3  08/13/95 6 8.6+0.7 0.98 0.12 97.9 11.7+05 -33x01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.2
TCTC TM1-3  08/19/95 6 6.6+ 0.6 0.97 0.25 98.4 8504 -21+0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
TCTC TM1-3  08/31/95 6 128+11 0.99 0.11 99.3 119+05 03x00 0.0+£0.0 0.0+ 0.0 05+0.2 0.0+ 0.0 0.1
TCTC TM1-3  09/06/95 6 82+0.7 0.99 0.14 99.3 82x+x04 -0.3+£0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
TCTC TM1-3  09/12/95 6 7.7+£0.7 0.99 0.07 99.5 71+03 0.4+0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
TCTC WP1-3  12/10/94 6 85+ 0.6 0.99 0.18 100.0 6.7+0.3 15+01 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
TCTC WP1-3  12/22/94 6 123+ 0.9 0.98 0.28 102.5 84+04 3.9+0.2 0.0+£0.0 0.0+ 0.0 04+0.1 0.0+ 0.0 -0.3
TCTC WP1-3  12/28/94 6 11.2+0.8 0.99 0.23 99.4 8504 26+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
TCTC WP1-3  01/03/95 6 9.6+0.8 0.98 0.27 101.5 8304 0.7+ 0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.8+ 0.6 -0.1
TCTC WP1-3  01/09/95 6 125+1.0 0.98 0.23 101.0 102+05 23zx01 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 -0.1
TCTC WP1-3  03/04/95 6 45+0.8 0.99 0.12 99.2 57+03 -1.3+£0.0 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
TCTC WP1-3  03/22/95 6 5.0+ 0.9 0.98 0.16 97.7 55+0.2 -06+£0.0 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
TCTC WP1-3  03/28/95 6 6.5+ 0.5 0.99 0.10 99.6 6.3+0.3 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
TCTC WP1-3  04/09/95 6 51+04 0.97 0.49 97.6 59+03 -18+0.1 0.0+£0.0 0.0+ 0.0 09+03 0.0+ 0.0 0.1
TCTC WP1-3  04/21/95 6 7.8+0.7 0.98 0.22 98.9 94+04 -18+0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
TCTC WP1-3  04/27/95 6 7.3+£0.6 0.99 0.15 99.2 7904 -1.0+£0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.1
TCTC WP1-3  05/09/95 6 7.7+0.6 0.99 0.15 99.5 7904 -04+£0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
TCTC WP1-3  05/21/95 6 71+0.6 0.99 0.14 99.1 91+04 -24+0.1 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
TCTC WP1-3  06/20/95 6 47+£04 0.97 0.29 101.4 52+0.2 -09+£0.0 0.0+£0.0 0.0+ 0.0 05+0.2 0.0+ 0.0 -0.1
TCTC WP1-3  06/26/95 6 56+05 0.99 0.07 99.6 73x03 -20x£0.1 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
TCTC WP1-3  07/08/95 6 11.0+0.9 0.94 0.75 98.8 126+06 -21+01 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.1
TCTC WP1-3  07/26/95 6 11.2+1.0 0.99 0.16 99.6 106+05 0.0x0.0 0.0+£0.0 0.0+ 0.0 05+0.2 0.0+ 0.0 0.0
TCTC WP1-3  08/13/95 6 55+05 0.98 0.12 98.9 71+03 -18+0.1 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
TCTC WP1-3  08/19/95 6 6.1+ 0.5 0.98 0.15 98.6 7403 -14+0.1 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.1
TCTC WP1-3  08/31/95 6 9.9+0.8 0.99 0.12 99.8 9.7+04 -0.2+£0.0 0.0+£0.0 0.0+ 0.0 04+0.1 0.0+ 0.0 0.0
TCTC WP1-3  09/06/95 6 7.2+0.6 0.98 0.21 98.0 8904 -19+0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
TCTC WP1-3  09/12/95 6 9.2+0.8 0.99 0.10 100.0 82x+x04 0.7+ 0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
OCTC SS1-3 11/16/94 6 81+0.9 0.98 0.26 101.2 7.7x0.7 04+0.2 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 -0.1
OCTC SS1-3 11/22/94 6 14.0+ 0.9 0.99 0.21 1005 125%+11 14+06 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.1
OCTC SS1-3 11/28/94 6 165+11 0.98 0.25 98.3 150+14 12+05 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.3
OCTC SS1-3  12/04/94 6 79+0.9 0.97 0.46 100.0 7807 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
OCTC SS1-3 12/10/94 6 11.1+0.7 0.98 0.28 99.4 102+09 0.7x03 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
OCTC SS1-3 12/22/94 6 101+0.7 0.96 0.66 108.6 9.1+0.8 15+06 0.0+£0.0 0.0+ 0.0 05+0.2 0.0+ 0.0 -0.9
OCTC SS1-3 12/28/94 6 59+0.6 0.95 0.98 97.8 5705 0.1+0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
OCTC SS1-3 01/03/95 6 6.4+ 0.5 0.96 0.36 98.7 6.5+ 0.6 -03x0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 02+1.0 0.1
OCTC SS1-3 01/09/95 6 9.0+0.8 0.91 142 98.6 8107 0.6+0.2 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
OCTC SS1-3 02/02/95 6 85+0.7 0.99 0.25 99.2 84+08 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
OCTC SS1-3  02/08/95 6 55+05 0.96 0.09 102.4 5905 -06+£0.2 0.0+£0.0 0.0+ 0.0 -0.1+£0.0 0.3+19 -0.1
OCTC SS1-3  03/04/95 6 6.1+ 0.5 0.98 0.18 98.2 6.3+ 0.6 -03+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
OCTC SS1-3 03/22/95 6 52+04 0.99 0.05 99.1 52+05 -02+£0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
OCTC SS1-3  04/09/95 6 6.4+ 0.5 0.97 0.45 95.3 53+05 -03+£0.1 0.0+£0.0 0.0+ 0.0 11+£05 0.0+ 0.0 0.3
OCTC SS1-3 04/21/95 6 6.6+ 0.5 0.98 0.18 98.0 6.6+ 0.6 -03+£0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
OCTC SS1-3 04/27/95 6 8.8+0.7 0.99 0.12 97.9 8908 -05+£0.2 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.2
OCTC SS1-3  05/09/95 6 6.9+ 0.6 0.98 0.19 99.9 6.7+ 0.6 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
OCTC SS1-3 05/21/95 6 6.0+ 0.5 0.98 0.24 97.8 6.2+ 0.6 -05+£0.2 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
OCTC SS1-3 06/20/95 6 7.2+0.6 0.98 0.23 97.8 71+0.6 -04+£0.2 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.2
OCTC SS1-3 06/26/95 6 9.3+0.8 0.98 0.17 97.9 9.4+09 -06+£0.2 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.2
OCTC SS1-3  07/08/95 6 8.7+0.7 0.98 0.15 97.8 9.0+0.8 -0.7+£0.3 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.2
OCTC SS1-3 08/13/95 6 9.2+0.8 0.98 0.17 96.7 9.7+ 0.9 -09+04 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.3
OCTC SS1-3 08/19/95 6 8.8+0.7 0.88 1.25 96.6 8908 -04+£0.2 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.3
OCTC SS1-3 08/31/95 6 8.8+0.7 0.99 0.15 99.4 85+0.8 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.1
OCTC SS1-3  09/06/95 6 79+0.7 0.98 0.16 97.4 82+0.8 -05+£0.2 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.2
OCTC SS2-4 11/16/94 24 33+£0.2 0.98 0.36 101.9 3.0x03 02+01 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 -0.1
OCTC SS2-4  11/22/94 24 10.0+x0.7 0.99 0.23 100.7 9.0+0.8 09+04 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.1
OCTC SS2-4  11/28/94 24 6.7+04 0.98 0.31 100.5 6.0+ 0.6 0.6+0.3 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 0.0
OCTC SS2-4  12/04/94 24 7.0+£05 0.90 1.99 98.7 6.6+ 0.6 0.1+0.0 0.0+£0.0 0.0+ 0.0 01+01 0.1+0.6 0.1
OCTC SS2-4  12/10/94 24 6.3+04 0.98 0.27 99.5 5905 0.3+01 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
OCTC SS2-4  12/22/94 24 47+0.3 0.97 0.57 107.2 42+04 0.6+0.3 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 -0.3
OCTC SS2-4  12/28/94 24 6.9+ 0.5 0.99 0.22 99.1 6.7+ 0.6 0.1+0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
OCTC SS2-4  01/03/95 24 49+04 0.99 0.14 102.8 47+04 0.3+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.1+0.7 -0.1
OCTC SS2-4  01/09/95 24 6.4+ 0.6 0.98 0.30 103.4 5705 0.8+0.3 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 -0.2
OCTC SS2-4  02/02/95 24 6.1+ 0.5 0.99 0.17 101.1 5805 02+01 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.1+05 -0.1
OCTC SS2-4  02/08/95 24 29+0.3 0.98 0.13 105.7 3.0x03 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.1+0.8 -0.2
OCTC SS2-4  03/04/95 24 22+0.2 0.99 0.22 101.1 21+0.2 0.1+0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
OCTC SS2-4  03/22/95 24 26+0.2 0.99 0.12 100.8 24+0.2 0.1+0.0 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
OCTC SS2-4  04/21/95 24 1601 0.97 0.58 98.5 14+£0.1 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 0.0
OCTC SS2-4 04/27/95 24 31+03 0.96 0.68 101.0 2903 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
OCTC SS2-4  05/09/95 24 3.0+£0.2 0.98 0.41 102.0 2803 0.1+0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.1
OCTC SS2-4  05/21/95 24 26+0.2 0.97 0.45 100.0 26+0.2 -0.1+£0.1 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
OCTC SS2-4 06/20/95 24 28+0.2 0.97 0.56 101.2 26+0.2 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
OCTC SS2-4  06/26/95 24 33+03 0.97 0.58 100.0 31+03 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
OCTC SS2-4  07/08/95 24 5705 0.93 1.26 99.7 56+05 -02+£0.1 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
OCTC SS2-4  07/26/95 24 42+0.3 0.98 0.30 101.0 3.8+03 0.1+0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
OCTC SS2-4 08/13/95 24 34+03 0.98 0.29 98.8 33x03 -0.1+£0.1 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 0.0
OCTC SS2-4 08/19/95 24 29+0.2 0.95 0.79 99.1 2903 -0.1+£0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+01 0.0
OCTC SS2-4 08/31/95 24 39+03 0.98 0.43 101.6 35+03 02+01 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.1
OCTC SS2-4  09/06/95 24 23+0.2 0.98 0.31 99.3 2202 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 0.0
OCTC SS2-4  09/12/95 24 33+03 0.99 0.21 101.8 2903 02+01 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.1
OCTC TM1-3 11/04/94 6 40+£04 0.95 0.66 99.8 3.6+03 0.3+01 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
OCTC TM1-3 11/16/94 6 54+0.6 0.98 0.26 104.8 48+04 0.7+£0.3 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.1+05 -0.3
OCTC TM1-3 11/22/94 6 72+0.8 0.99 0.22 103.8 6.3+ 0.6 1.0+04 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.3
OCTC TM1-3 11/28/94 6 44+05 0.98 0.21 103.0 3.8+03 0.6+0.2 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 -0.1
OCTC TM1-3 12/04/94 6 42+05 0.98 0.14 101.5 45+04 -03x0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.1+0.7 -0.1
OCTC TM1-3 12/10/94 6 25+0.3 0.99 0.06 99.4 26x+0.2 -0.1+£0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
OCTC TM1-3 12/22/94 6 5.8+ 0.6 0.98 0.31 103.9 53+05 05+0.2 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 -0.2
OCTC TM1-3 12/28/94 6 57+0.6 1.00 0.07 101.8 52+05 05+0.2 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 -0.1
OCTC TM1-3 01/03/95 6 54+05 0.99 0.11 103.2 53+05 02+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 02+1.0 -0.2
OCTC TM1-3 01/09/95 6 50+£04 0.99 0.09 101.7 45+ 04 05+0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 01+04 -0.1
OCTC TM1-3 02/02/95 6 55+ 05 0.99 0.10 104.7 53+05 02+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 02+14 -0.3
OCTC TM1-3 02/08/95 6 53+05 0.96 0.07 108.4 5805 -04+£0.1 0.0+£0.0 0.0+ 0.0 -0.1+£0.0 05+26 -0.4
OCTC TM1-3 03/04/95 6 3.8+04 0.98 0.12 98.5 3.8+03 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
OCTC TM1-3 03/22/95 6 52+05 0.99 0.06 98.3 52+05 -02+£0.1 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 0.1
OCTC TM1-3 03/28/95 6 41+04 0.99 0.07 99.3 3904 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
OCTC TM1-3 04/09/95 6 49+04 0.98 0.35 95.7 40+x04 -03+£0.1 0.0+£0.0 0.0+ 0.0 09+04 0.0+ 0.0 0.2
OCTC TM1-3 04/27/95 6 6.7+ 0.5 0.99 0.15 99.2 6.2+ 0.6 0.1+0.0 0.0+£0.0 0.0+ 0.0 04+0.2 0.0+ 0.0 0.1
OCTC TM1-3 05/09/95 6 6.1+ 0.5 0.99 0.08 99.8 59+05 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
OCTC TM1-3 05/21/95 6 43+£04 0.98 0.22 98.2 41+04 -0.1+£0.1 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
OCTC TM1-3 06/20/95 6 53+04 0.98 0.19 98.8 47+04 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.6+0.2 0.0+ 0.0 0.1
OCTC TM1-3 06/26/95 6 6.0+ 0.5 0.97 0.36 98.3 56+05 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.1
OCTC TM1-3 07/08/95 6 54+05 0.98 0.23 97.3 54+05 -04+£0.2 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
OCTC TM1-3 07/26/95 6 7.7+0.6 0.99 0.09 99.3 71+0.6 02+01 0.0+£0.0 0.0+ 0.0 04+0.1 0.0+ 0.0 0.1

[1-10



Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
OCTC TM1-3 08/13/95 6 79+0.7 0.98 0.12 97.2 83x+0.8 -0.7+£0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.2
OCTC TM1-3 08/19/95 6 58+ 05 0.97 0.25 98.0 6.0+ 0.6 -04+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
OCTC TM1-3 08/31/95 6 9.0+0.8 0.99 0.11 98.8 84+08 0.1+0.0 0.0+£0.0 0.0+ 0.0 04+0.2 0.0+ 0.0 0.1
OCTC TM1-3 09/06/95 6 6.1+ 0.5 0.99 0.14 98.8 5805 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
OCTC TM1-3 09/12/95 6 54+04 0.99 0.07 99.2 51+05 0.1+0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.0
OCTC  WP1-3 12/10/94 6 53+0.6 0.99 0.18 100.0 48+04 0.3+01 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
OCTC  WP1-3 12/22/94 6 6.7+ 0.7 0.98 0.28 104.8 59+05 0.8+0.3 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 -0.3
OCTC  WP1-3 12/28/94 6 6.7+ 0.7 0.99 0.23 99.0 6.0+ 0.6 05+0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
OCTC WP1-3 01/03/95 6 6.0+ 0.5 0.98 0.27 102.3 59+05 01+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.1+0.7 -0.1
OCTC  WP1-3 01/09/95 6 7.7+£0.7 0.98 0.23 101.8 7307 05+0.2 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 -0.1
OCTC  WP1-3 03/04/95 6 39+04 0.99 0.12 98.9 41+04 -03x0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
OCTC  WP1-3 03/22/95 6 39+04 0.98 0.16 97.3 3904 -0.1+£0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
OCTC  WP1-3 03/28/95 6 47+£04 0.99 0.10 100.0 44+04 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
OCTC  WP1-3 04/09/95 6 48+04 0.97 0.49 97.1 42+04 -04+0.1 0.0+£0.0 0.0+ 0.0 0.8+0.3 0.0+ 0.0 0.1
OCTC  WP1-3 04/21/95 6 6.5+ 0.5 0.98 0.22 98.4 6.7+ 0.6 -04+0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
OCTC  WP1-3 04/27/95 6 58+ 05 0.99 0.15 99.2 56+05 -02+£0.1 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
OCTC  WP1-3 05/09/95 6 5705 0.99 0.15 98.8 56+05 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
OCTC  WP1-3 05/21/95 6 6.3+0.5 0.99 0.14 98.8 6.5+ 0.6 -05+£0.2 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
OCTC  WP1-3 06/20/95 6 39+03 0.97 0.29 101.8 3703 -02+£0.1 0.0+£0.0 0.0+ 0.0 04+0.2 0.0+ 0.0 -0.1
OCTC  WP1-3 06/26/95 6 51+04 0.99 0.07 99.4 52+05 -04+£0.2 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
OCTC  WP1-3 07/08/95 6 9.0+ 0.7 0.94 0.75 98.5 9.0+0.8 -04+£0.2 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.1
OCTC  WP1-3 07/26/95 6 81+0.7 0.99 0.16 99.3 7507 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 05+0.2 0.0+ 0.0 0.1
OCTC  WP1-3 08/13/95 6 49+04 0.98 0.12 98.6 51+05 -04+£0.2 0.0+£0.0 0.0+ 0.0 02+0.1 0.0+ 0.0 0.1
OCTC  WP1-3 08/19/95 6 51+04 0.98 0.15 98.2 52+05 -03+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
OCTC  WP1-3 08/31/95 6 7.3+£0.6 0.99 0.12 99.3 6.9+ 0.6 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.1
OCTC  WP1-3 09/06/95 6 6.1+ 0.5 0.98 0.21 97.7 6.3+ 0.6 -04+£0.2 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.1
OCTC  WP1-3 09/12/95 6 6.2+ 0.5 0.99 0.10 100.1 5805 01+01 0.0+£0.0 0.0+ 0.0 03+0.1 0.0+ 0.0 0.0
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
ECTC SS1-3 11/16/94 6 47+05 0.98 0.26 99.8 31+05 16+02 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 11/22/94 6 106+ 1.0 0.99 0.21 99.8 51+0.8 55+0.8 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 11/28/94 6 108+11 0.98 0.25 100.5 6.1+10 47+0.6 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 -0.1
ECTC SS1-3  12/04/94 6 31+03 0.97 0.46 100.0 3205 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 12/10/94 6 71+0.7 0.98 0.28 100.1 42+0.7 29+04 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3  12/22/94 6 9.8+1.0 0.96 0.66 97.7 3.7+x0.6 59+0.8 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.2
ECTC SS1-3 12/28/94 6 26+0.2 0.95 0.98 100.1 2304 0.3+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 01/03/95 6 25+0.2 0.96 0.36 100.3 2704 -1.2+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 1.0+08 0.0
ECTC SS1-3  01/09/95 6 56+04 0.91 142 99.9 33x05 23+03 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 02/02/95 6 31+0.2 0.99 0.25 100.0 3406 -0.3+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 02/08/95 6 22+0.2 0.96 0.09 99.7 24+04 -23+£0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 21+16 0.0
ECTC SS1-3  03/04/95 6 14+04 0.98 0.18 100.8 2604 -1.1+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 03/22/95 6 15+04 0.99 0.05 100.6 21+04 -06+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3  04/09/95 6 1.0£02 0.97 0.45 102.2 21+04 -1.2+£0.2 0.0+£0.0 0.0+ 0.0 01+01 0.0+ 0.0 0.0
ECTC SS1-3 04/21/95 6 15+03 0.98 0.18 101.1 2704 -1.1+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3  04/27/95 6 16+03 0.99 0.12 101.3 3.6+0.6 -20+£0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3  05/09/95 6 28+05 0.98 0.19 100.3 2705 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 05/21/95 6 0.6+0.1 0.98 0.24 101.8 2504 -19+£0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 06/20/95 6 14+02 0.98 0.23 101.1 2905 -15+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 06/26/95 6 16+03 0.98 0.17 101.4 3.8+0.6 -22+0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3  07/08/95 6 0.8+0.1 0.98 0.15 102.4 3.7+£0.6 -29+04 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 08/13/95 6 05+01 0.98 0.17 105.1 3907 -34+£05 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 08/19/95 6 19+04 0.88 1.25 101.9 3.6+0.6 -1.7+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3 08/31/95 6 3.2+0.6 0.99 0.15 100.4 35+0.6 -0.2+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS1-3  09/06/95 6 12+02 0.98 0.16 101.7 3.3x0.6 -21+£0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4 11/16/94 24 22+0.2 0.98 0.36 99.5 12+£0.2 10+£01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  11/22/94 24 71+0.7 0.99 0.23 99.8 3.7+£0.6 34+05 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  11/28/94 24 49+05 0.98 0.31 100.1 24+04 24+0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
ECTC SS2-4  12/04/94 24 35+03 0.90 1.99 100.3 2704 0.2+ 0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.6+0.5 0.0
ECTC SS2-4  12/10/94 24 3.6+04 0.98 0.27 100.2 24+04 12+02 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  12/22/94 24 43+04 0.97 0.57 98.1 17+£03 25+0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.1
ECTC SS2-4  12/28/94 24 32+03 0.99 0.22 100.1 2705 04+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  01/03/95 24 3.7+£0.2 0.99 0.14 99.5 19+£03 10+£01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.7+ 0.6 0.0
ECTC SS2-4  01/09/95 24 55+04 0.98 0.30 99.4 2304 31+04 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0
ECTC SS2-4  02/02/95 24 3.7+£0.2 0.99 0.17 99.8 24+04 0.8+0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 05+04 0.0
ECTC SS2-4  02/08/95 24 19+01 0.98 0.13 99.0 12+£0.2 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.8+ 0.6 0.0
ECTC SS2-4  03/04/95 24 11+01 0.99 0.22 99.9 09+0.1 0.2+ 0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  03/22/95 24 14+01 0.99 0.12 100.0 1.0+£0.2 04+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4 04/21/95 24 05+01 0.97 0.58 100.8 06+0.1 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  04/27/95 24 12+02 0.96 0.68 100.2 12+£0.2 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  05/09/95 24 16+03 0.98 0.41 99.8 11+£0.2 04+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  05/21/95 24 05+01 0.97 0.45 100.4 1.0+£0.2 -05+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  06/20/95 24 11+02 0.97 0.56 100.0 11+£0.2 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  06/26/95 24 11+02 0.97 0.58 100.4 13+£0.2 -0.2+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4 07/08/95 24 14+03 0.93 1.26 100.8 2304 -09+0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  07/26/95 24 20+04 0.98 0.30 100.0 15+£03 04+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4 08/13/95 24 0.8+0.2 0.98 0.29 100.9 14+£0.2 -05+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4 08/19/95 24 0.7+01 0.95 0.79 101.1 12+£0.2 -06+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 02+01 0.0
ECTC SS2-4 08/31/95 24 23+04 0.98 0.43 99.6 14+£0.2 09+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  09/06/95 24 06+0.1 0.98 0.31 100.6 09+0.1 -0.3+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC SS2-4  09/12/95 24 22+04 0.99 0.21 99.5 12+£0.2 09+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  11/04/94 6 25+0.2 0.95 0.66 100.1 15+£0.2 11+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3 11/16/94 6 51+05 0.98 0.26 99.3 19+£03 26+04 0.0+£0.0 0.0+ 0.0 0.0+£0.0 05+04 0.0
ECTC TM1-3  11/22/94 6 6.5+ 0.6 0.99 0.22 99.3 2604 3.9+05 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  11/28/94 6 40+£04 0.98 0.21 99.4 15+£03 24+0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  12/04/94 6 12+01 0.98 0.14 99.6 18+£0.3 -1.3+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.7+£0.5 0.0
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Ambient

Gasoline Diesel Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
ECTC TM1-3  12/10/94 6 0.6+0.1 0.99 0.06 100.3 1.0+£0.2 -05+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  12/22/94 6 40+£04 0.98 0.31 99.7 21+04 18+03 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  12/28/94 6 42+04 1.00 0.07 99.8 21+04 20+0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  01/03/95 6 39+03 0.99 0.11 99.6 22+x04 0.7+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 1.0+08 0.0
ECTC TM1-3  01/09/95 6 44+0.3 0.99 0.09 99.8 18+£0.3 21+0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 04+0.3 0.0
ECTC TM1-3  02/02/95 6 45+0.3 0.99 0.10 99.4 22+x04 09+01 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 14+11 0.0
ECTC TM1-3  02/08/95 6 3.8+£0.3 0.96 0.07 98.4 24+04 -14+0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 28+21 0.1
ECTC TM1-3  03/04/95 6 12+03 0.98 0.12 100.3 15+£03 -04+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  03/22/95 6 14+04 0.99 0.06 101.0 21+03 -0.7+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  03/28/95 6 16+04 0.99 0.07 100.3 16+£03 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  04/09/95 6 0.6+0.1 0.98 0.35 102.3 16+£03 -11+£0.1 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
ECTC TM1-3  04/27/95 6 29+05 0.99 0.15 100.6 2504 04+01 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  05/09/95 6 23+x04 0.99 0.08 100.2 24+04 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  05/21/95 6 11+02 0.98 0.22 100.7 1.7+£03 -06+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  06/20/95 6 19+04 0.98 0.19 100.6 19+£03 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  06/26/95 6 2304 0.97 0.36 100.7 2304 0.1+0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  07/08/95 6 0.7+01 0.98 0.23 101.8 22+x04 -15+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  07/26/95 6 3.7+£0.7 0.99 0.09 100.4 2905 0.8+0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  08/13/95 6 0.7+01 0.98 0.12 102.8 3406 -27+x04 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  08/19/95 6 0.8+0.1 0.97 0.25 101.5 2504 -1.7+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  08/31/95 6 3.7+£0.7 0.99 0.11 100.4 3406 0.3+0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  09/06/95 6 21+04 0.99 0.14 100.7 24+04 -0.3+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC TM1-3  09/12/95 6 24+04 0.99 0.07 100.2 21+03 0.3+0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  12/10/94 6 32+03 0.99 0.18 99.9 20x03 12+02 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  12/22/94 6 5.6+05 0.98 0.28 99.5 24+04 31+04 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  12/28/94 6 45+05 0.99 0.23 100.0 2504 21+0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  01/03/95 6 3.7+£0.2 0.98 0.27 99.7 24+04 06+0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.7+£0.5 0.0
ECTC WP1-3  01/09/95 6 48+0.3 0.98 0.23 99.8 3.0x05 18+02 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
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Ambient

Gasoline Diesdl Ammonium  Ammonium Bkgrd
Duration ~ Concentration Chi- Percent Exhaust Exhaust Sulfate Nitrate Geologica w/Smelter Unexplained
Species Site Date (Hours) (ug/m3) R2 Squared Mass (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
ECTC WP1-3  03/04/95 6 0.6+0.2 0.99 0.12 100.9 17+£03 -10+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  03/22/95 6 11+03 0.98 0.16 100.9 16+£03 -05+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  03/28/95 6 1.7+05 0.99 0.10 99.8 18+0.3 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  04/09/95 6 04+01 0.97 0.49 103.8 17+£03 -14+0.2 0.0+£0.0 0.0+ 0.0 0.1+0.0 0.0+ 0.0 0.0
ECTC WP1-3  04/21/95 6 13+02 0.98 0.22 101.3 2704 -14+0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  04/27/95 6 15+03 0.99 0.15 100.6 2304 -0.8+£0.1 0.0+£0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0
ECTC WP1-3  05/09/95 6 19+04 0.99 0.15 100.6 2304 -0.3+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  05/21/95 6 0.8+0.1 0.99 0.14 101.4 2604 -19+£0.3 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  06/20/95 6 0.8+0.1 0.97 0.29 99.6 15+£0.2 -0.7+£0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  06/26/95 6 05+01 0.99 0.07 101.1 21+03 -16+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  07/08/95 6 20+04 0.94 0.75 101.0 3.7+x0.6 -1.7+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  07/26/95 6 31+0.6 0.99 0.16 100.5 31+05 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  08/13/95 6 0.6+0.1 0.98 0.12 101.3 21+03 -15+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  08/19/95 6 1.0£02 0.98 0.15 100.8 21+04 -1.1+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  08/31/95 6 2705 0.99 0.12 100.5 2805 -0.1+£0.0 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  09/06/95 6 1.0£02 0.98 0.21 101.5 2604 -15+£0.2 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
ECTC WP1-3  09/12/95 6 3.0+£05 0.99 0.10 100.3 24+04 0.6+0.1 0.0+£0.0 0.0+ 0.0 0.0+£0.0 0.0+ 0.0 0.0
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SENSITIVITY ANALYSISOF THE DATA PRESENTED IN THE
MAG BROWN CLOUD STUDY SOURCE ATTRIBUTION OF PM-2.5

INTRODUCTION

MAG conducted aseries of sengtivity tests using the ambient data collected at the Phoenix Super
Siteand the source profiles collected inNorth Front Range Air Quality Study (NFRAQS) and localy. The
purposes of the sengtivity testsswere to determine if the results presented for the Desert Research Ingtitute
(DRI) chemica masshbaance (CMB) andysiscould bereplicated and how stabile those resultswere. In
addition, emission rate datacollected inthe NFRA QS were combined with assumptions about vehiclefleet
characteristicsto perform areasonabl eness check on the attribution of gasoline exhaust to various modes
of vehicle operation.

SENSITIVITY TEST ONE

Sinceversion 8 of the chemical mass balance receptor model had not been used extensively by
MAG daff before, thefirgt sengitivity test wasto replicate the datafrom the DRI andysis. Theresultsfrom
the DRI analysiswere replicated indicating that there were no errorsin the andysisrelated to the operation
of the CMB model.

SENSITIVITY TEST TWO

Asasecond sensitivity test, the source profilefor cold startswasremoved and aCMB analysis
was conducted with the remaining source profiles. Asshownin Table 1, statistically acceptable results
were obtained. However, theses resultsindicate that hot stabilized gasoline exhaust is a significant
contributor to PM-2.5 emissions. Itisimportant to notethat the chi-square and R-square statisticsfor the
new andyssare not asgood asfor theorigina analysis. However, the standard errors associated with the
source apportionments in the new analysis are less than those in the original analysis.

SENSITIVITY TEST THREE

Asathird sengitivity test, the source profilesfor cold start and high emitter were removed. In
addition, the source profilefor hot stabilized gasoline exhaust was replaced with the Phoenix gasoline
exhaust profile. Again, statistically acceptable results (Table 2) were obtained from the CMB analysis.
It isimportant to note that the chi-square and R-square statistics for the new analysis are not as good as
for the original anaysis. However, the standard errors associated with the source apportionmentsin the
new analysis are less than those in the original analysis. Interpretation of these results would lead to
different conclusions about therelative contributions of sourcesthan would be reached based onthe DRI
analysis.
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Table 1. PM-2.5 Sour ce Contribution at the Phoenix Super Site by Extended Species CMB for Cases 1 and 2

Casel Case?2
Total Organic Elemental Total Organic Elemental
PM2.5 Carbon Carbon Carbon PM2.5 Carbon  Carbon Carbon
Concentration (ug/m3) £ RMS 152+17 89+07 53+04 36+04 [152+17 89+07 53+04 36+04
R-square = SD 0.95+0.03 0.82+
0.07
Chi-square+ SD 0.36+0.30 205+
1.07
Per cent Mass Attributed + SD 100.8+1.7 100.3+£0.5 1005+ 100.2+0.7| 103.6% 1014 + 1040+ 97712
05 1.6 0.6 15
Mean Contributions (ug/m3) 4
RMS
Gasoline Exhaugt, cold start 38142 33+03 17+06 16+06 - Not Used -
Gasoline Exhaust, hot| -0.2+12 -02+00 -01+00 -01+01 | 29+09 24+02 17+03 0705
stabilized
Gasoline Exhaust, high] 41+18 34+02 31102 03+01 |39+11 33+02 30x01 0201
emitter
Phoenix Gasoline Exhaust - Not Used - - Not Used -
Diesel Exhaust 24+22 2301 05+x02 18+03 | 34+x10 32+01 06x03 25%04
Ammonium Sulfate 13+02 00+00 00+00 00+00 | 13202 00+00 00+00 00+00
Ammonium Nitrate 25+04 00+00 00+00 00+00 |25+04 00+00 00+00 00zx00
Geological 14+03 02+01 02+01 00x00 | 16+x03 02+01 02+01 0.0x00
Unexplained -0.1 0 0 0 -0.4 -0.2 -0.2 0.2
Mean Contributions (%) + RMS
Gasoline Exhaugt, cold start 264+29.8 395+37 341+ 483177 - Not Used -
114
Gasoline Exhaust, hot| -1.5+82 -19+0.2 -22+0.6 -15+13(21.1+6.7 29.1+20 337169 22.6+14.0
stabilized
Gasoline Exhaust, high| 26.6+129 36.9+15 565+25 71+36 |259+75 357+15 547+24 6835
emitter
Phoenix Gasoline Exhaust - Not Used - - Not Used -
Diesel Exhaust 151+156 232+10 80+37 456%+6.8 |220+65 341+14 116 £50 67.7+9.3
Ammonium Sulfate 98+12 00+00 00+00 00+00 |99+12 00+00 00+00 00zx00
Ammonium Nitrate 127+15 00+00 00+00 00+00 [(128+15 00+00 0.0+00 0.0+0.0
Geological 106+19 23+10 35+16 05+03 |119+18 25+10 39+x17 05+04
Unexplained 0.2 0 0 0.1 -3.6 -1.4 -39 24
Mean Contributions (%) + Std
Err
Gasoline Exhaugt, cold start 264+30 395+49 341+42 483+65 - Not Used -
Gasoline Exhaust, hot| -1.5+04 -19+05 -22+06 -15+04 [21.1+0.6 29.1+02 33.7+0.7 226+14
stabilized
Gasoline Exhaust, high| 26.6+24 36.9+27 565+37 7.1+07 |259+04 357+0.1 547+02 6.8%0.3
emitter
Phoenix Gasoline Exhaust - Not Used - - Not Used -
Diesel Exhaust 151+23 232+x34 80x12 456+6.2|220+04 341+01 116 +04 67.7+x03
Ammonium Sulfate 98+16 00+00 00+00 00+00 |99+02 00+00 00+00 00zx00
Ammonium Nitrate 127+30 00+00 00+00 00+00 [128+03 00+00 0.0+00 0.0+0.0
Geological 10615 23+03 3505 05+£01 |119+01 25+01 3902 0501
Unexplained 02+0.1 0.0+00 00+00 01+00 | -36+x05 -14+02 -39+x04 24+03
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Table 2. PM-2.5 Sour ce Contribution at the Phoenix Super Site by Extended Species CMB for Cases 1 and 3

Casel Case3
Total Organic Elemental Total Organic  Elemental
PM2.5 Carbon Carbon  Carbon PM25 Carbon Carbon Carbon
Concentration (ug/m3) + RMS 152+17 89+07 53+04 36+04 |152+17 8907 53+04 36+04
R-square+ SD 0.95+0.03 081+
0.06
Chi-sguare + SD 0.36+0.30 227+
0.97
Percent Mass Attributed + SD 100.8+1.7 100.3+05 1005+ 100.2+0.7(927+6.3 89.2+ 809+157 102.0+5.7
0.5 74
Mean Contributions (ug/m3) +*
RMS
Gasoline Exhaust, cold start 38+4.2 33+03 17+06 1606 - Not Used -
Gasoline Exhaust, hot| -02+12 -02+00 -01+00 -0.1+0.1 - Not Used -
stabilized
Gasoline Exhaust, high| 41+18 34+02 31+02 0301 - Not Used -
emitter
Phoenix Gasoline Exhaust - Not Used - 6.4+09 48+05 34105 14+06
Diesel Exhaust 24+22 23+01 05+02 18+03 |31+11 29+01 06%03 23104
Ammonium Sulfate 13+02 00+00 00+00 00x00 |[11+02 0.0+0.0 0.0+00 0.0+0.0
Ammonium Nitrate 25+04 00+00 00+00 00+00 |24+03 00+00 00x00 0.0+0.0
Geological 14+03 02+01 02+01 00+00 [09+02 01+00 01+00 0.0+0.0
Unexplained -0.1 0 0 0 13 1.1 1.2 -0.1
Mean Contributions (%) £+ RMS
Gasoline Exhaust, cold start 26.4+29.8 395+37 341+ 483+17.7 - Not Used -
11.4
Gasoline Exhaust, hot| -1.5+82 -19+02 -22+06 -15+13 - Not Used -
stabilized
Gasoline Exhaust, high| 26.6+129 369+15 565+25 7.1+36 - Not Used -
emitter
Phoenix Gasoline Exhaust - Not Used - 457+6.6 575+ 682+97 4191189
6.4
Diesel Exhaust 151+156 232+10 80+37 456+68 [196+74 302+ 103+45 59.8+84
12
Ammonium Sulfate 98+12 00+00 00+00 00+00 |84+11 00+00 00x00 0.0+0.0
Ammonium Nitrate 127+15 00+00 00+00 00+00 |11.7+15 00+00 0.0%0.0 0.0+0.0
Geological 106+19 23+10 35+16 05+03 |72+16 15+07 2412 0.3+0.2
Unexplained 0.2 0 0 0.1 7.4 10.8 19.1 -2
Mean Contributions (%) + Std
Err
Gasoline Exhaust, cold start 264+30 395149 341142 483+65 - Not Used -
Gasoline Exhaust, hot| -1.5+04 -19+05 -22+06 -15+04 - Not Used -
stabilized
Gasoline Exhaust, high| 26.6+24 369+27 565+37 7.1+0.7 - Not Used -
emitter
Phoenix Gasoline Exhaust - Not Used - 457+05 575+ 682+07 419+16
05
Diesdl Exhaust 151+23 232+34 8012 456+6.2 [196+04 302+ 103+05 59.8+06
0.1
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Ammonium Sulfate
Ammonium Nitrate
Geological
Unexplained

9.8+16
12.7+3.0
106+ 15
02+01

0.0+£0.0
0.0+£0.0
23+03
0.0+0.0

0.0+0.0
0.0+0.0
3505
0.0+0.0

0.0+£0.0
0.0+£0.0
05+0.1
0.1+0.0

84+01 0.0+00
11.7+0.2 0.0+0.0
72+02 15+01

74+18

10.8+
2.1

0.0+0.0
0.0+0.0
24+0.2
10.1+45

0.0+£0.0
0.0+£0.0
03+0.1
-20+1.6
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SENSITIVITY TEST FOUR

A fourth sengtivity run was doneto test the effect of theincluson of the profile from an inggnificant
source (hot stabilized gas exhaust) on the CMB analysis. Inthisrun, the hot stabilized gasoline exhaust
source profile was removed and a CMB anadysiswas conducted. The Satiticd fit of thistest run appears
nearly identical to the original DRI analysiswith respect to chi-square and R-square (see Table 3). In
addition, the standard errors associated with the source apportionmentsin the new analysisarelessthan
thoseintheorigina analysis. Although therelative contributionsallocated to cold start, high emitter, and
diesel did change noticeably between the two runs, the changeis not necessarily large compared to the
uncertainties associated with the source attributions.

Table 3. PM-2.5 Sour ce Contribution at the Phoenix Super Site by Extended Species CMB for Cases1 and 4

Casel Case4
Total Organic  Elemental Total Organic Elemental
PM2.5 Carbon Carbon Carbon PM2.5 Carbon  Carbon Carbon
Concentration (ug/m3) + RMS 152+17 89+07 53+04 36+04 | 152+17 89+07 53+04 36+04

R-square+ SD 095+ 0.94+0.04
0.03
Chi-square + SD 0.36 £ 0.45+0.36
0.30
Percent Mass Attributed = SD 100.8+ 1003+ 1005+05 100.2+0.7|100.8+1.2 1002+ 1003+ 100.1+0.7
17 0.5 0.5 0.6
Mean Contributions (ug/m3) =+
RMS
Gasoline Exhaust, cold start 38+42 3303 17x06 16+0.6 31+22 2703 1405 13+05
Gasoline Exhaust, hot|-02+12 -02+00 -01+00 -0.1+0.1 - Not Used -
stabilized
Gasoline Exhaust, high| 41+18 34+02 31+02 0.3%0.1 42+15 35%x02 32+x02 03+01
emitter
Diesel Exhaust 2422 23+01 05+02 18%03 | 27+15 2501 05+03 20+03
Ammonium Sulfate 13+02 00+x00 00+x00 00+00 | 1.3+02 0.0+x00 00+x00 0.0%00
Ammonium Nitrate 25+04 00x00 0000 0.0£0.0 25+04 00+x00 00x00 0.0x00
Geological 14+03 02+01 0201 0.0£0.0 14+03 02+01 0201 0.0x0.0
Unexplained -0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean Contributions (%) + RMS
Gasoline Exhaust, cold start 264+ 395+37 341+114 483+17.7|227+170 340+33 295+ 41.6+156
29.8 101
Gasoline Exhaust, hot| -1.5+82 -1.9+02 -22+06 -15+13 - Not Used -
stabilized

Gasoline Exhaust, high| 26.6+ 36.9+15 565+25 71+36 |276+108 380+16 584+26 7337
emitter 129

Diesel Exhaust 151+ 232+10 80+37 456+6.8 |169+108 258+11 89+41 508%75
15.6

Ammonium Sulfate 98+12 00+00 00+00 00+0.0 99+12 00+00 00+x00 0.0%00

Ammonium Nitrate 127+15 00+00 00+00 00+00 | 128+15 0.0+00 00+00 0.0+£0.0

Geological 106+19 23+10 35+16 05+03 | 108+18 23+10 36+16 05+03
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Unexplained 0.2 0.0 0.0 0.1 -0.7 -0.1 -04 -0.2

Mean Contributions (%) * Std
Err

Gasoline Exhaust, cold start 264+30 395+49 341+42 483+65 | 227+18 340+04 295+12 416+21

Gasoline Exhaust, hot|-15+04 -19+05 -22+06 -15+04 - Not Used
stabilized
Gasoline Exhaust, high|266+24 36.9+27 565+37 71+07 | 276+09 380+01 584+02 7.3%+0.3
emitter
Diesel Exhaust 151+23 232+34 80+12 456+62 | 169+10 258+0.1 89+05 50.8+0.8
Ammonium Sulfate 98+16 00+x00 00+00 00x00 99+02 00+00 0000 00zx00
Ammonium Nitrate 127+30 00+00 00+00 00+00 | 128+03 0.0+00 00+00 0.0+00
Geological 106+15 23+03 35+05 05+01 | 108+01 23+02 3602 05+01
Unexplained 02+01 00+00 00+00 01+00 [ -07+04 -01+02 -04+02 -02+02
REASONABLENESS CHECKS

MAG a so conducted areasonableness check on the DRI source all ocation with regardsto the
alocation of gasoline exhaust emissions among cold starts (gpproximeately 49 percent of gasoline exhaust
emissionsin the DRI analyss), hot stabilized (approximately -3 percent of the gasoline exhaust emissions
inthe DRI analys's), and high emitters (gpproximately 53 percent of the gasoline exhaust emissonsin the
DRI andysis). Thefollowing assumptionsregarding driving modefrom the EPA MOBILE5amode were
incorporated into the reasonableness check:

Driving in cold start mode accounts for 20.6 percent of annual vehicle milestraveled (VMT)
Driving in hot stabilized mode accounts for 52.1 percent of annual VMT
Driving in hot start mode accounts for 27.3 percent of annual VMT.

Emission factorsmeasured for the NFRAQSwere combined with thelocal vehicleagedistribution
to estimate acomposite emission rate for each driving mode for normal emittersand high emitters. These
mode and emitter specific emission factorswere combined withtheannual VMT per modeto estimate the
emissionsfrom each mode and emitter type. Three analyses were done using different assumptions about
the fraction of the fleet that was high emitters: (1) 10% high emitter/90% normal emitter, (2) 1% high
emitter/99% norma emitter, and (3) 0.1% high emitter/99.9% normal emitter. It isimportant to notethat
the data collected for the NFRAQS study, it was estimated that 0.13 percent of the fleet were high
emitters.

The NFRA QS data contained measured emission factors for two data sets. data collected by
Colorado Department of Public Health and Environment (CDPHE) and data collected by EPA. The
analysis described above was carried out using each data set separately. Theresults of thisanalysis may
not bedirectly comparable to the CMB results because asource profile was not included for the hot start
mode in the CMB analysis.

The results from the reasonabl eness check using the EPA data are presented below. Table 4
containsthe VMT fraction by vehicle age and the measured emission factors.
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Table 4. PM Emission Factors by Phases for Winter-EPA Measurement Data and MAG
VMT Fractions by Vehicle Age.

Period VMT Fraction Cold start Hot stabilized Hot start
by Vehicle Age (mg/mile) (mg/mile) (mg/mile)
Pre-1981 0.049 290 26.1 37.9
1981-1985 0.056 159 19 214
1986-1990 0.156 70.6 16.9 18.7
1991-2000 0.739 81.3 134 6.3
Overal LDGV 1.000 94.21 14.88 10.63
High Emitter 1179 231 272

Table5 containstheemissonsand VMT fractions associated with each mode of operationfor high
emittersand normal emitters. Thethree scenariosfor thefraction of thefleet that are high emittersare
referred to as profile 1, profile 2, and profile 3in Table 5.

Table 5. Emissions and Distributions by Phasesfor Three Different Fleet Profiles Using
Winter-EPA Measurement Data Set.

Profile 1 Phase VMT Emission (mg) Percent
Cold start 0.0206 24.29 34.30
10% high emitters Hot stabilized 0.0521 12.04 17.00
Hot start 0.0273 7.43 10.49
Subtotal 0.1000 43.75 61.79
Cold start 0.1854 17.47 24.67
90% normal emitters  Hot stabilized 0.4689 6.98 9.86
Hot start 0.2457 2.61 3.69
Subtotal 0.9000 27.06 38.21
Total 1.0000 70.80 100.00
Profile 2
Cold start 0.00206 243 711
1% high emitters Hot stabilized 0.00521 1.20 3.53
Hot start 0.00273 0.74 2.18
Subtotal 0.01000 4.37 12.82
Cold start 0.20394 19.21 56.28
99% normal emitters  Hot stabilized 0.51579 7.68 22.49
Hot start 0.27027 2.87 8.41
Subtotal 0.99000 29.76 87.18
Total 1.00000 34.14 100.00
Profile 3
Cold start 0.000206 0.24 0.80
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0.1% 0.40

high
emitters Figure la. Distribution of Emissions by Phases of Profile 1
for Winter-EPA M easurement Data
2% High emitter cold start
O High emitter hot stabilized
O High emitter hot start
O Normal emitter hot start
10%
O Normal emitter hot stabilized
4%
O Normal emitter cold start
10% 17%
Hot stabilized 0.000521 0.12
Hot start 0.000273 0.07 0.24
Subtotal 0.001000 0.44 1.44
Cold start 0.205794 19.39 63.63
99.9% normal emitters Hot stabilized 0.520479 7.75 25.42
Hot start 0.272727 2.90 9.51
Subtotal 0.999000 30.03 98.56
Total 1.000000 30.47 100.00

The datafrom Table 5 are presented graphically in Figures lathrough 1c below. These data
indicatethat emissionsfrom normal emittersoperating in hot stabilized and hot start mode are estimated
to contribute between 15 and 35 percent of the gasoline engine exhaust depending on the assumption of
the number of high emitters.
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Figure1c. Distribution of Emissions by Phases of
0% Profile 3 for Winter-EPA M easurement Data
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Figure 1b. Distribution of Emissions by Phases of Profile 2
for Winter-EPA M easurement Data
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The results from the reasonabl eness check using the CDPHE data are presented below. Table6
containsthe VMT fraction by vehicle age and the measured emission factors.

Table 6. PM Emission Factors by Phases for CDPHE Measurement Data and MAG
VMT Fractions by Vehicle Age.

Period VMT Fraction Cold start Hot stabilized Hot start

by Vehicle Age (mg/mile) (mg/mile) (mg/mile)
Pre-1981 0.049 143 27.8 41.2
1981-1985 0.056 82.6 20.3 30.2
1986-1990 0.156 27.9 7.3 8.2
1991-2000 0.739 9.1 1.8 29
Overall LDGV 1.000 22.71 4.97 7.13
High Emitter 742 298 315
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Table 7. Emissions and Distributions by Phases for Three Different Fleet Profiles Using
Winter-CDPHE M easurement Data.

Profile 1 Phases VMT Emission (mg) Percent
Cold start 0.0206 15.29 32.04
10% high emitters Hot stabilized 0.0521 15.53 32.55
Hot start 0.0273 8.60 18.03
Subtotal 0.1000 39.41 82.62
Cold start 0.1854 4.21 8.83
90% normal emitters  Hot stabilized 0.4689 2.33 4.88
Hot start 0.2457 1.75 3.67
Subtotal 0.9000 8.29 17.38
Total 1.0000 47.70 100.00
Profile 2
Cold start 0.00206 1.53 11.70
1% high emitters Hot stabilized 0.00521 1.55 11.89
Hot start 0.00273 0.86 6.58
Subtotal 0.01000 3.94 30.17
Cold start 0.2039%4 4.63 35.46
99% normal emitters  Hot stabilized 0.51579 2.56 19.62
Hot start 0.27027 1.93 14.76
Subtotal 0.99000 9.12 69.83
Total 1.00000 13.06 100.00
Profile 3
Cold start 0.000206 0.15 1.59
0.1% high emitters Hot stabilized 0.000521 0.16 1.62
Hot start 0.000273 0.09 0.90
Subtotal 0.001000 0.39 411
Cold start 0.205794 4.67 48.69
99.9% normal emitters Hot stabilized 0.520479 2.59 26.94
Hot start 0.272727 1.95 20.27
Subtotal 99.900000 9.20 95.89
Total 1.000000 9.60 100.00

The data from Table 6 are presented graphically in Figures 2athrough 2c below. These data
indicate that emissionsfrom normal emittersoperating in hot stabilized and hot start mode are estimated
to contribute between 9 and 47 percent of the gasoline engine exhaust depending on the assumption of the
number of high emitters.
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Figure 2a. Distribution of Emissons by Phases of Profile 1
for Winter-CDPHE Measurement Data
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Figure 2c. Distribution of Emissions by Phases of Profile 3
for Winter-CDPHE Measurement Data
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CONCLUSIONS

Basad on theresults of the sengtivity tests and reasonabl eness checks, the results of the DRI CMB
andysis should not beinterpreted as absolute numbers. 1t isimportant to considered the uncertainty of the
source attributions cal culated by the model aswell asthe uncertaintiesintroduced through source profile
selection and missing source profiles. Through the sensitivity tests, it has been shown that different
“acceptable’ results may be obtained using the same ambient dataand different sourceprofiles. Therefore,
it isimportant to examine the reasonableness of the source attributions with respect to physical redlity.

Given that source profilesfor meat cooking and wood burning were not included inthe analysis,
itislikely the contribution from mobile sourcesis overestimated since these two missing sources, produce
mostly carbon emissions. Themeat cooking profileisnearly all organic carbon and the wood burning
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profile has a high organic to elemental carbon ratio. If meat cooking and wood burning contribute
approximately nine percent of the PM-2.5 emissionsin Phoenix, asin Denver, then the mobile source
contributionislikely to be overestimated since nearly dl of thecarboninthe PM-2.5is currently attributed
tomobilesources. Inparticular snce meet cooking and wood burning emissionsare predominantly organic
carbon and gasoline exhaust has significantly more organic carbon than does diesel exhaust, the
overestimation of themobile source contributionislikely to be mostly dueto an overestimation of gasoline
engineexhaudt. If thisisthe case, then theratio of gasoline engine exhaust to diesel engine exhaust would
change significantly.

Based on the reasonableness checks, it appears that a scenario in which emissions from hot
dabilized gasoline emissonsareinggnificant may be difficult to produce usng the NFRAQS emisson data
In fact, assuming that either one or 0.1 percent of the fleet are high emitters, emissions from the hot
stabilized mode contribute at least 20 percent of the gasoline exhaust emissions. Although the
reasonableness check does not agree withthe CM B resultsin terms of the magnitude of emissionsfrom
various modes of gasoline-powered vehicles, the reasonabl eness check does agree with the CM B results
in that emissionsfrom cold starts and high emitters contribute a dioroportionately large fraction of gasoline-
powered vehicle emissions relative to their level of VMT.
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APPENDIX G

CONTROL MEASURE INFORMATION FROM
INTERVIEWS AND LITERATURE REVIEW

This appendix includes severd tables summarizing information collected during the research phase
of the Brown Cloud study. Thetablesare:

Table G-1: Control measure information derived from seven western U.S. geographic areas. Includes
information from interviews and literature reviews specific to seven western U.S. geographic aress.

Table G-22 Control measure informeation derived from literature review.
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Table G-1. Control measure information derived from seven western U.S. geographic areas

(information gathered during mid- to late-1996).

Page 1 of 3
Area Controls/Programs Reference Comment
Albuquerque Area: Dan Warren, City of Controls are focused on
Wood burning limitationson | Albuquerque addressing carbon monoxide,
cam days Environmenta Hedth | athough they have studied
Mobile: Department, personal | Brown Cloud
Oxygenated fuels program, communication, August
vehicle I/M, ridesharingand | 22, 1996
transit promotion
Clark Sationary: Haze Apportionment, | Mike Naylor, Clark County
County/Las Natural gas for some power | Chester Environmental, | Health District, indicated
Vegas plants 1993; Fugitive Dust gpproximately two thirds of
Area: and Other Source the haze problem is crustal
Ban on wood burning in new | Contributorsin (dust) versus combustion
residential Nevada's Las Vegas | related (diesdl followed by
Construction dust controls VaIIey, DRI, August, auto exhaust and wood
Mobile: 1996. smoke).
- Oxygenated fuel but no
reformul ated
Remote sensing coming
No central 1&M, buy back or
TRO
Some CNG County public
fleet, but not for transit or
school buses
Paratransit all CNG
Will test A-55 (water based)
in buses and street sweepers
Denver Area: U.S. Environmental Denver has avishility

Wood burning curtailment on
forecasted high PM and poor
visibility days, paved road
sweeping and sanding
requirements

Mobile:

- Oxygenated fuels use
Diesd |/M; national
standards on heavy-duty
vehicles and diesel fuel
Enhanced I/M; significant
transit improvement program
involving subsidized bus use,
high-occupancy vehicle
lanes, and plans for light rail

Sationary:

- NO, and SO, emission
controls on major sources
(e.g., Colorado Public
Service Company), new
PM o limits for mgor
sources, restricted use of oil
as a backup fuel

Protection Agency
Region 8, Cdlie
Videtich, personal
communication
September 3,
December 10, 1996.

Colorado SIP for
Particulate Matter
(PM-10), Regiona Air
Qudity Council,
Colorado Department
of Health. October 20,
1994,

regulation, but has not
adopted controls specific to
controlling vigibility. Denver
forecasts problem PM and
vighility days, and prohibits
wood burning on those days
(mandatory control), and
encourages reduced vehicle
use (voluntary). The state is
working to develop a
comprehensive air quaity
plan which will encompass
criteria pollutants and
vighility; anear fina draft of
the plan is not likely to be
complete until sometimein
late 1997 or 1998.




Table G-1. Control measure information derived from seven western U.S. geographic areas
(information gathered during mid- to late-1996).

Page 2 of 3
Area Controls/Programs Reference Comment
Portland Sationary: Ozone Maintenance | Brian Finneran, Oregon
- RACT a industrid controls Pan, State of Department of Environmental

VOC standards for paints and
consumer products
No construction controls
Agriculture and forest burning
not an issue
Certified wood stoves only in
new construction
Mobile:
- Education to encourage eectric
yard tools, curtailed lawvn
mowing, vehicletrips
Winter oxygenated fuel
program, &M, including testing
of 1975+ models
Driving cycle 1&M proposed
New TRO for urban area
employers over 50
Voluntary parking reduction in
new non-residential
development
Expanded transit, density
bonuses

Oregon, Department
of Environmental
Qudity, duly, 1996.

Quality indicates Portland
does not have a haze problem
and meets the PM; standard.
Ozone Plan isimpetus for
most controls.




Seattle/Puget
Sound

Sationary:

Mo

Only certified stoves can be
sold in King County
Firewood moisture standard
Outdoor burning ban

wood burning educeation
program

Industrial and dust controls at
ports

Some CNG for airport tow
vehicles, but not required
Monitor CO and NOy at ends
of runways

Some power plant conversions
from coal to gas

bile:

Transit rejected liquid natural
gas for clean diesel

Some CNG for County fleet
vehicles

Will test remote sensing
Oxygenated fuel a contingent
measure (was required)

&M isbiannud centralized
Snap idle test for trucks not
central, no test for interstate
trucks

Statewide TRO for urban areas

Wood smoke
Control in Puget
Sound Region,
Puget Sound APCA,
1992; Commute
Trip Reduction,
1995 Report to the
Washington Sate
Legislature,
Commute Trip
Reduction Task
Force, December 1,
1995; Analysis of
Air-Quality Data in
the Puget Sound
Airshed,

WY NDsoft Inc,
September, 1994.

Naydene Maykut, Puget
Sound Air Pollution Control
Agency indicated up to 75%
of residential particulates are
due to wood smoke, 18%
sulfate, 15% mobile sources.

One report concludes
Oxygenated fuel reduced
winter CO up to 20%; burn
bans reduced haze up to
35%.




Table G-1. Control measure information derived from seven western U.S. geographic areas
(information gathered during mid- to late-1996).
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Area

Controls/Programs

Reference

Comment

South Coast Air
Quadlity
Management
District

Mobile On-Road:
Accelerated refinement of
light- and heavy-duty vehicles
Focus on reduction of NOy
from heavy-duty engines
Phase |1 gasoline implemented
encouraging use of cleaner
burning fuels, with 10% new
vehicle sdlesin 2003 being
zero emission vehicles (ZEV)
Infrastructure for above being
developed

Off-Road:
Industria equipment being
encouraged to use natural gas
and LPG with Cdifornia or
nationa standards
Most other sources — marine
vessals, locomotives and
pleasure craft controlled by
national standards — support
for stricter standards for these
Encouraging use of cleaner
fuelsincluding eectric for
lawn mowers, street sweepers
and leaf blowers.

1997 Air Qudlity
Management Plan,
October 1996

Washoe
County/Reno

Area:
- Ban on wood burning in new
resdential, change to certified
stoves at sde
BACT requirements for food
establishments
Episodic controls on al open,
incinerator and stove burning
Construction, agriculture,
livestock dust controls
Sationary:
Concrete batch plant controls
HC vapor standards for fuel
storage
Mobile:
Redtrict diesdl idling
winter O fuel
Reid vapor pressure standard
Gasoline transfer standards
No TRO

District Board of
Health Regulations
Governing Air
Quality
Management,
October, 1995.

Andy Goodrich, Air Quality
Supervisor, County Hedlth
Department indicated that
wood smoke and on and off
road diesel are biggest
contributors, though he has no
studies in support and has
limited 2.5 monitor data. Said
idling rule is tough to enforce.




Table G-2. Control measure information derived from literature review (information gathered
during mid- to late-1996).
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Comments (especidly
regarding availability of

Literature Controls Pollution Target measure cost-benefit
information)
Arizona Governor’s Retrofit existing diesel vehicles | Particulate matter
Air Quality Enhanced smoking vehicle
Strategies Task program (public education), Ozone
Force, October 29, bicycling measures, nonresident
1996 Draft of vehicle registration
Measures Under enforcement, enhanced remote
Consideration sensing program, tougher 1/M
(Measures “Still on pass/fail standards, transient
the Table/May be loaded I/M test for older
Modified) (Mobile vehicles, promotion of CNG use
Source Controls). for vehicles, catalytic retrofits,
parking management
Arizona Governor’s Clean Air Campaign expansion | Carbon monoxide
Air Quality (severd million dollars),
Strategies Task promotion of catalyst-surface
Force, October 29, coating technology programs,
1996 Draft (measures truck stop eectrification,
that died or are not various economic incentives to
being pursued) reduce travel (e.g., congestion
(Mobile Source fee), expansion of enhanced
Contrals). I/M to newly growing areas
Adoption of Cdliforniadiesd
fud standards Particul ate matter
Limit excessive car dedlership
Ozone

garts, limit idling timeto 3
minutes, tax incentives to site
homes closer to work, time of
day restrictions on trucks,
dternative diesel fuel for buses




Table G-2. Control measure information derived from literature review (information gathered
during mid- to late-1996).
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Comments (especidly
regarding availability of

Literature Controls Pollution Target measure cost-benefit
information)
Controlling Mobile Diesel Exhaust Controls: | Particulate matter Provides cost
Particul ate Matter - New engine standards for on- information such as
Under the Clean Air road HDV's by 2004-2007 cost per vehicle or
Act: A Menu of Vehicle retrofit for HDV's, engine unit, and overal
Options, buses, and nonroad vehicles cost benefit per ton of
STAPPA/ALAPCO, HDV retirement program pO”UtI on reduced
July 1996 (Mobile HDV I/M
Source Controls). Reformulated diesel fuel for on
and nonroad vehicles
Small Non-road engine controls:
New standards for gasoline-
powered engines
Mobile Gasoline and Diesel
Vehicles:
- Alternative fuels use,
transportation control measures
Cost and Employer trip reduction HC (on-highway, Regiond, daily HC
Effectiveness of Area-wide rideshare non-methane emisson reductions for
TCMs: A Review and Transit improvements hydrocarbons) the on-road vehicle

Analysis of the
Literature, for
National Association
of Regional Councils,
Apogee Research,
January, 1994

HOV lanes

Park and ride lots

Bike and walk facilities
Parking pricing
Congestion pricing
Compressed work week
Telecommuting

Land use

Signd timing

Incident management
Smog/VMT tax

Old vehicle buy-back

fleet from each of the
measures are below
5%, except for
congestion pricing
(8.2%). In terms of
costs to governments
and firms, cost per ton
of HC reductionsin
1997 dollars are:

>$300,000: employer
trip reduction; mgor rail
improvements; bicycle
facilities.

$100,000 to $300,000:
HOV lanes; park and
ride.

<$100,000:
emissons/VMT tax;
incident management;
compressed work

week; parking pricing;
area-wide rideshari ng.




Table G-2. Control measure information derived from literature review (information gathered
during mid- to late-1996).

Page 3 of 5

Comments (especidly
regarding availability of

Literature Controls Pollution Target measure cost-benefit
information)
Draft Comprehensive bile: Particul ate matter, Thisincludes a

List of Measures for
Particulate Matter
and Carbon
Monoxide, Maricopa
Association of
Governments,
November 1996.

Mo

Area:

Vehicle emissions testing, clean
fuels for conventiona vehicles,
cleaner vehicle technologies,
reduced vehicle use and traffic
congestion, reduced vehicle

iding

Reduced emissions from
nonroad equipment, fugitive
dust control, reduced emissions
from agriculturd activities,
fireplace and other burning
restrictions

Sationary:

Reduced emissions from
industrial sources

carbon monoxide,
ozone

comprehensive listing
of measures divided
into two categories.
new measures, and
existing measures
which could be
considered for
strengthening. The
report does not include
cost-benefit
information, however it
does identify the
potentia implementing
entity.

Feasibility and Cost
Effectiveness of New
Air Pollution Control
Measures Pertaining
to Mobile Sources,
for Maricopa
Association of
Governments, By
Sierra Research, June
1993.

Mo

bile:

Telecommunications, emission-
based vehicle registration
charges, vehicle scrappage
programs, dternative fuels
programs, adoption of the
CdiforniaLEV program, land-
use planning aternatives, off-
peak goods movement, transit
service improvements, I/M
program enhancements,
catalyst retrofit/replacement,
control of nonresident motor
vehicle emissions, freeway
incident response, dternative
work schedules

Ozone, carbon
monoxide,
particulate matter

Includes detailed cost-
effectiveness
information




Table G-2. Control measure information derived from literature review (information gathered
during mid- to late-1996).
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Literature

Controls

Pollution Target

Comments (especidly
regarding availability of
measure cost-benefit
information)

Particulate Control
Measure Feasibility
Study for Maricopa
Association of
Governments, Sierra
Research, September,
1996.

Road travel, construction,
agriculture tilling, resdential wood
combustion, on-road and nonroad
motor vehicle exhaust, particulate
precursors, wind entrainment.

PMlo and PM2_5

In terms of 1994 dollars
daily cost per pound of
pollution reduced:

<$10/Ib: episodic
curtailment of
residential wood
burning; regtrict tilling in
high winds; restrictions
on blowers;
traffic/speed reduction
on unpaved roads;
surface treatment on
unpaved roads; material
transport controls,
street sweeping;
construction controls;
spill clean ups.

$10 - 50/Ib: paving of
unpaved roads,
maintain wood burning
devices, anima waste
management; scrapping
of heavy-duty diesel
vehicles.

>$50/b: dust control on
material storage;
chemica gabilizing of
unpaved access; limit
of off-road use; heavy-
duty diesd engine
replacement; use "clean
diesd;" enhanced diesel
[&M; dust control plan
for grading; reduce
agriculture ammonia
emissions; windbresks,
fallow field trestment.

G-10



Table G-2. Control measure information derived from literature review (information gathered
during mid- to late-1996).

Page 5 of 5

Comments (especidly
regarding availability of

Literature Controls Pollution Target measure cost-benefit
information)

Reducing Vehicular | Mobile: Ozone and Includes
Emissionsin Reformulated gasoline use particul ate matter comprehensive cost-
Arizona: benefit information
Reformulated
Gasoline and
Control of
Particulate Emissions
from Heavy Duty
Diesel Vehicles,
DRI/McGraw-Hill,
January 1993

Report of the Grand
Canyon Visibility
Transport
Commission to the
United Sates
Environmental
Protection Agency,
June 1996.

Mo

bile:

Capping emissions at lowest
levelsfor fleet asawhole
(around 2005)

National LEV program
Nationa heavy-duty vehicle
standards (for both on and off
road engines)

Nationa reductionsin diesel
and gasoline sulfur content
Nationa standards for marine
vessals, locomotives, aircraft,
and federa vehicles
Evaporative emissions control
for refueling

Establish clean fuel
demonstration zones
Andyze heavy duty I/M and
pricing measures to reduce
VMT

Promote vehicle maintenance
and scrappage of gross
polluters

Vishility

Final report notes that
the single most
effective mobile source
control measure (by the
year 2020) isthe
implementation of a49-
state LEV program.
Report provides little
quantitative information
on control cogts (mainly
for fire management
strategies).
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Transportation
Control Measure
Information
Documents, for
U.S. Environmental
Protection Agency,
CSl, March, 1992.

Trip reduction ordinances,
employer-based programs,
work schedule changes, area
wide ridesharing, improved
public transit, HOV facilities,
traffic flow improvements,
parking management, park and
ride, bicycle programs, specia
events, vehicle use regtrictions,
accelerated vehicle retirement,
activity centers, vehicleidling
and low temperature starts

All mgor pollutants

Generdly information
about costs but not c/e.
Where thereis c/e
information it isnot in
terms of $/pound or ton
of pollution reduced.
For example, employer
programs cost
employers up to
$3/vehicle trip reduced;
rideshare programs
cost 2.4 cents per
vehicle mile reduced.
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BACKGROUND DISCUSSION ON IMPORTANT
NONROAD AND ONROAD SOURCES

As described in Chapter 5, nonroad and
onroad mobile sources are the most
important source categories contributing to
the brown cloud. This appendix summarizes
control strategy information collected during
the research phase of the brown cloud
project pertaining to these source categories.
The information is organized by source
category, and covers:

(1) Nonroad industrial and commercial
diesel equipment exhaust.

(2) Onroad heavy- and light-duty vehicle
diesel exhaust.

(3) Onroad high emitting
gasoline vehicles,

light-duty

The information included in this appendix
represents additional background
information used to identify candidate
brown cloud control measures. Virtualy all
of the information in this appendix was
researched during the earlier phases of the
brown cloud study, during 1996 and 1997.

NONROAD INDUSTRIAL AND
COMMERCIAL DIESEL EQUIPMENT
EXHAUST

Definition: Industrial and commercial diesel
equipment includes sources such as fork
lifts, sweeper/scrubbers, pumps, generators,
air compressors, welders, back-hoes, rock
breakers, concrete mixers, pressure washers,
and other materia handling equipment. As
indicated in the Serious Area PM1o Plan, the
largest fraction of nonroad exhaust
emissons originates with industria and
commercial equipment (Maricopa
Association of Governments, 1999a; Table
3-1, p. 34). Construction equipment is
responsible for virtually al industrial and

H-3

commercia equipment PM  emissions
(Maricopa Association of Governments,
1997). Approximately two thirds of the
construction equipment used in the United
States is diesd-powered (STAPPA and
ALAPCO, 1996).

Control  Actions Already Taken or
Considered: The U.S. EPA has finalized a
rulemaking (October 23, 1998) to control
virtually al of these and other nonroad
equipment  sources. These federa
regulations will apply to new equipment and
will be phased in during the 1999 to 2008
time period. U.S. EPA estimates that the
new standards will result in approximately a
34 percent reduction in PM emissions by the
year 2010, and a 45 percent reduction by the
year 2020 (U.S. Environmental Protection
Agency, 1998). In addition, the MAG area
has already implemented, per S.B. 1002,
diesel fuel requirements that limit the sulfur
content of diesdd fuel used in nonroad
equipment to 500 ppm of sulfur. MAG area
efforts enhance federal diesel fuel
requirements, which only apply to onroad
diesdl engines. MAG, as part of its PM1g
state implementation plan (SIP)
devel opment, iIs dso considering
encouraging state and local government
agencies to seasonally adjust their activity to
minimize PM emissions during periods
when the PM air quality standards might be
exceeded.

Other communities have taken three types of
actions to limit emissions from nonroad
diesal mobile sources:

Installing retrofit _exhaust systems:
Over 100,000 retrofit exhaust
systems have been instdled
nationwide on nonroad equipment




produced by over 25 manufacturers
(STAPPA and ALAPCO, 1996).

Encouraging voluntary replacement
of nonroad equipment with low or
zero emission equipment: Rule 1620
(March, 1996) of the SCAQMD in
southern  Cadlifornia  encourages
voluntary replacement of nonroad
equipment with low or zero-emission
equipment (NESCAUM, 1997).

Utilizing  cleaner  burning
formulations: Examples include:

(&) Cdlifornia diesel fuel requires
lower aromatic content than
federa requirements in place in
Arizona. The Cdifornia
requirement to lower aromatic
formulation results in
approximately a 10 to 20 percent
reduction in PM emissions
beyond what is achieved with
federa fud regquirements (Bras,
1997; NESCAUM, 1997).

(b) French petroleum producer Elf-
Aquitaine plans to introduce
“Aquazole’ fud in spring of
1998; the fuel combines diesel
and water and may reduce fine
PM emissions up to 70 percent
(with a catalytic converter); the
target market is public transit
fleets  (Technology  Report,
1997).

(c) Sacramento, California and Clark
County, Nevada are testing “A-
55" a naphtalwater fud to
replace diesd; it may cut
emissions up to 40 percent (Platt,
1996).

(d) Since 1991, Sweden has had
diesel sulfur restrictions of
10 ppm (for Class 1 diesd), and
50 ppm (for Class 2 diesdl);
Scandinavia in  genera has

fuel
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combined lower sulfur (10 to
50 ppm) with cetane numbers in
excess of 50 and has achieved
greater PM reductions than is
currently achieved in the U.S.
(cetane numbers for diesel fuel
are a measure of the ignition
quality of the fuel) (NESCAUM,
1997, STAPPA and ALAPCO,
1996).

Opportunities for Additional Control: Three
opportunities exist for agencies in Maricopa
County to promote reduced nonroad
emissions, beyond those reductions that will
aready be achieved by ongoing regulatory
actions. These three options involve:

1. encouraging retrofits of existing
equipment with more effective
exhaust technology;

2. requiring the use of cleaner burning
fuels;

3. promoting the voluntary purchase of
cleaner operating equipment in
advance of its normal introduction
into the equipment fleet.

1. Encouraging retrofits may be done
through incentive programs, such as the use
of contract award criteria for government
contracts that give contract award points to
bids that commit to utilizing retrofit exhaust
technology on all equipment used to carry
out the work awarded. Loca and state
agencies could also provide tax incentives,
low interest loans, and/or rebates to retrofit
diesel equipment with alternative fuel
capability (CNG/LNG), or to purchase new
aternative fueled or cleaner operating
equipment.




2. Cleaner burning fuel may be achieved by
varying any one of four fuel components:

Lowering sulfur content;

Lowering aromatic content, as with
California diesal (this may generate a
10 to 20 percent reduction in PM);

Raising the cetane level of fud; this
provides potential PM reductions of
up to 12percent (NESCAUM,
1997); or

Adding oxygenates (e.g., water,
alcohols, or ethers); a 2 percent
oxygen content may generate 8 to 15
percent reductions in PM; 5percent

oxygen may reduce PM by
20 percent (NESCAUM,  1997);
note: the only commercialy

available oxygenated diesel sold in
the U.S. is biodiesd, sold in small
volume in the northeast U.S,, in part
due to its higher cost (Oxy-Fuel
News, 1997).

Perhaps the most important of these fuel
options relates to lowering the aromatic
content, since aromatics form  soot
(STAPPA and ALAPCO, 1996). Adopting
reformulated diesel fuel requirements
similar to those in California would directly
lower the allowable aromatic content.

3. Promoting voluntary purchase and use of
cleaner operating equipment may be done in
conjunction with U.S. EPA efforts to
regulate nonroad engines. The U.S. EPA
nonroad rulemaking includes a “Blue Sky
Series Engines’” program; this is a voluntary
program to encourage very low emitting
diesel engines (e.g., CNG or propane) (U.S.
Environmental Protection Agency, 1998).
Under the U.S. EPA rulemaking, engine
manufacturers would generate credits under
an averaging, banking, and trading program
with Blue Sky Engines that were certified by
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U.S. EPA to produce reduced emissions. It
is the intent of U.S. EPA that the Blue Sky
program continue through the 2004 model
year. U.S. EPA will evaluate the program to
determine if it should be continued for 2005
and later engines, and if so, whether any
changes are needed. This evauation would
be considered as pat of a year 2001
Feasibility Review built into the nonroad
regulations. The U.S. EPA Blue Sky
Program targets PM reductions of 35 to
65 percent beyond the Tier 2 exhaust
standards built into the regulations. Local
officids in the MAG region could offer
contract award incentives, tax rebates and
incentives, or low interest loans to
encourage participation in the Blue Sky

program.

ONROAD HEAVY- AND LIGHT-DUTY
DIESEL EXHAUST

Definition: More than 95 percent of these
emissions are related to heavy-duty vehicle
exhaust from trucks and buses. Remaining
emissions originate from light-duty vehicles
such asdiesd cars.

Control  Actions  Already Taken or
Considered: U.S. EPA promulgated new
and retrofit truck and urban bus standards
that were phased-in from 1991 to 1994.
These standards reduce PM emissions more
than 80 percent in affected vehicles, and the
reductions will continue to accrue as truck
and bus vehicle fleets turn over. Nationaly,
the average truck in 1994 was 8.4 years old,
and the average transit bus was 8.9 years old
(NESCAUM, 1997); there is a lag time
between the introduction of new standards
and fleet emissions reductions. [Note that in
October 1997, U.S. EPA announced more
stringent NOyx and hydrocarbon (HC)
emissions standards for diesdl trucks and
buses, the new standards do not affect
directly emitted PM ]




There are a number of efforts underway in
the MAG aea to promote the use of
alternative fuels and, in particular, to convert
the regiona transit bus fleet to aternative
fueled vehicles. By 1999, approximately
half of the Valley Metro bus fleet will be
fuded by alternative fuels (Zwagerman,
1997). By the year 2000, all inter-terminal
and parking buses at the Phoenix Skyharbor
International Airport will be powered by
compressed natural gas (CNG), instead of
diesel (Crandal, 1997). The MAG Clean
Cities Program was begun in 1995 and is
promoting the conversion of vehicle fleets to
dternative fuels. And, effective April 1997,
per HB 2237, public agencies must have
“fleet plans’ to convert their vehicles to
dternative fuels, or otherwise phase-in the
retrofitting of pre-1993 model year heavy-
duty diesel vehicles to reduce emissions.

Beginning in October 1993, diesal fuel in
the MAG region had to be low sulfur
(500 ppm), and have either a 35 percent
maximum aromatics level or a minimum
cetane index of 40; U.S. EPA estimates that
PM emissions are reduced by 90 percent due
to low sulfur fued (NESCAUM, 1997). As
noted in the nonroad industrid and
commercia diesel equipment discussion, the
MAG area has implemented these fuel
requirements for both onroad and nonroad
diesel engines.

The MAG area dso has one of the more
advanced and longest running heavy-duty
diesel vehicle inspection programs. Heavy-
duty diesel vehicles registered in the county
undergo annual loaded mode testing. Per
SB 1002, beginning in October 1998,
vehicles greater than 8,500 Ibs. switched to a
new “snap acceleration” annual test
(Maricopa Association of Governments,
1999a). The new test is considered safer to
administer, since the vehicle is parked. A
“snap acceleration” test measures the smoke
opacity (or darkness) produced when an
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engine is suddenly accelerated while the
vehicle is parked. Starting from an idle
position, the accelerator peda is quickly
depressed.  This acceleration tends to
produce a short "puff” of smoke. The peak
smoke opacity produced during the test is
recorded by an opacity meter, and compared
to an established limit.

All vehicles tend to emit less when traveling
at consistent speeds, rather than in stop-and-
go trafficc. HB 2001 required the
synchronization of all traffic signals on
roads carrying more than 15,000 vehicles
per day (Maricopa Association of
Governments, 1999a). As more traffic
signals in the region are synchronized, per
vehicle emissions reductions will occur from
heavy-duty vehicles traveling affected
streets.

As part of regiona efforts to control PM, the
MAG area recently committed to a broad
range of control measures, including severa
measures which will help reduce PM from
heavy-duty onroad vehicles. Examples of
these control measures include:

A voluntary vehicle and
retrofit program
Encouraged voluntary retirement of
diesal vehicles by the year 2004
Oxidation catalysts for heavy-duty

diesel vehicles

repair

Control actions taken by other communities
help illustrate potential heavy-duty vehicle
PM325 control options. In December 1997,
Cdlifornia announced a new HDDV I/M
program with two key components: an
annua self-inspection program for fleets of
two or more vehicles (the “periodic smoke
inspection” program), and a random
roadside program using snap acceleration
testing. The random roadside program
began in 1998, and was based on a similar
program in place from 1991-1993. British



Columbia has operated a successful roadside
inspection pilot program since February
1996. [The Arizona Legidature passed S.B.
1427 in 1998 which requires ADEQ to
implement a pilot random roadside emission
testing program for heavy-duty diesd
vehicles]

Much as the MAG region has implemented
aternative fuel programs for buses and
trucks, smilar efforts are underway
throughout the country. Nearly one fifth of
all trangit buses ordered in the U.S. in 1996
were CNG fueled (Tri-State Transportation
Campaign, 1997). In January 1997, New
York and New Jersey announced the
purchase of 500 clean fuel buses (15 percent
of their entire fleet). In September 1997, the
Metropolitan ~ Transportation  Authority
(MTA) in Los Angeles agreed to purchase
nearly 300 new CNG buses, for delivery
beginning in February 1999, after which Los
Angeles will have the largest aternative
fueled bus fleet in the nation--over 800 CNG
buses (PR Newswire, 1997). The U.S.
Postal Service introduced 30 new CNG
fueled 2ton trucks into its New York fleet
in September 1997, and plans to continue to
introduce aternative fueled vehicles into its
fleet in various places around the country
including Texas, Colorado, and California;
the Phoenix area was not cited as one of the
cities dated to receive these vehicles
(Business Wire, 1997).

In addition, a southern California based
group, Gladstein and Associates, is working
to create the Interstate Clean Transportation
Corridor (ICTC). The ICTC is seeking to
create natural gas refueling stations along
the man travel corridors linking Los
Angeles, Sdt Lake City, and Las Vegas.
Gladstein and Associates is working with
public and private sector companies to
encourage CNG wuse and infrastructure
development (Williams, 1998). The same
group is working to develop a pilot truck
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stop electrification program along the major
transportation corridors linking Mexico, the
U.S., and Canada (Munger, 1999).

On a more experimental basis, the recent
introduction of fuel cells by the Chicago
Transit Agency (CTA) represents the use of
new technology electric buses in the mass
transit fleet. CTA fuel cel buses are
powered by compressed hydrogen gas. The
fud cel bus will have the performance
equivalent of other CTA diesal-powered
vehicles. However, the fud cell bus will
create no pollution. Instead of the heavy
exhaust often associated with diesel buses,
the only by-product of afuel cell busis pure
water vapor. The CTA buses feature a
Ballard Fuel Cell Engine, and cost about
$1.4 million per bus (as opposed to the
$320,000 the MTA is spending per CNG
powered bus in Los Angeles). CTA fuel cell
buses were paid for with capital investment
funds that were specifically embarked for
environmental ar quality improvement
projects. Federa CMAQ grants from the
Federal Trangt Administration and the
Regional Transportation Authority provided
$6.7 million for the project. The cost of the
three Ballard fuel cell buses was
$1.4 million each. Spare parts, maintenance,
training, and engineering are expected to
cost $1.6 million. Construction of the
fueling station and the hydrogen fuel cost
amost $1 million. An additional
$2.9 million were provided by the FTA and
the RTA to modify a Chicago Transit
Authority bus garage that will house the fuel
cell buses, and to pay for additiona site
work, labor costs by fiddd forces and
additional monitoring systems. In total, $9.6
million were allocated for this project.

There ae aso examples of other
communities restricting the use of HDDVSs.
Beginning in July 1996, three of the largest
cities in Sweden prohibited the use of older
heavy-duty vehicles in their central aress,



unless the trucks were retrofit with
emissions controls (NESCAUM, 1997). In
the U.S., both New York and Washington,
D.C. have three minute idling restrictions for
heavy-duty vehicles (NESCAUM, 1997).

Opportunities for _Additional Control:
Severa opportunities exist for agencies in
Maricopa County to achieve additional
emission reductions from on-road HDDVSs,
beyond the efforts already underway or
planned. These include:

1. Reformulating diesd
produce fewer emissions.
2. Strengthening the existing program
to encourage vehicle retirements and
retrofits.

3. Limiting vehicle idling.

fuels to

1. Reformulating diesel fuels to produce
fewer emissions would be effective for on-
road as well as nonroad sources. AS
described in the discussion for nonroad
industrial and commercial sources, cleaner
burning fuels that focus on lowering
aromatic levels, as has been done in
Cdifornia, will reduce elemental carbon
emissions that contribute to the brown
cloud.

2. Encouraging vehicle retirements and
retrofits may be achieved through emission
reduction credits, tax incentive programs,
low interest loans, rebate programs, and
possible participation in the Interstate Clean
Transportation Corridor program. Note that
one of the methods to retrofit diesal vehicles
is through the installation of oxidation
catalysts, however, oxidation catalysts will
not reduce black carbon emissions.

3. Controlling vehicle idling has the
potential to be a significant emission
reduction program. Truck tractors may idle
up to 60 percent of the time (NESCAUM,
1997). The MAG Air Quality Technical
Advisory Committee identified problems
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with implementing truck stop electrification
as away to limit vehicle idling, due to a lack
of facilities (Maricopa Association of
Governments, 1999a). However, Maricopa
County agencies may be able to pilot an
electrification effort, and work with the
American  Trucking  Association  to
determine suitable pilot opportunities.

ONROAD HIGH EMITTING LIGHT-
DUTY GASOLINE VEHICLES

Definition: A small fraction, perhaps
approximately two percent, of light-duty
automobiles emit much higher than average
guantities of PM. For example, a study
published in 1996 (Sagebiel et al., 1996)
measured emissions from 23 vehicles
identified as high emitters by remote sensing
and roadside inspections. The average
particle emission rate, as measured by
advanced technology inspection equipment
(“IM240" inspection equipment) showed
that of the 23 vehicles, 17 were non-
smoking vehicles that emitted approximately
51 mg of PM per mile. The remaining 6
vehicles emitted visible smoke and averaged
558 mg of PM per mile with a high of 1,342
mg per mile. In contrast, a “clean” vehicle
typicaly emits 5 mg per mile. On average,
most of the particulate mass was carbon
with an average split of 75 percent organic
carbon (OC) and 25 percent black carbon
(EC), or soot.

Control _ Actions  Already Taken or
Considered: There are currently no
programs specifically designed to identify
and correct PM gross emitters.  In general,
enhanced I/M requirements applicable in the
MAG area, aong with fleet turnover,
contribute to vehicle retirement and
improved vehicle maintenance that will help
reduce these PM emissions. Severa actions
recently committed to in the Serious Area
PMo Plan for the MAG area will aso help




identify and correct these gross emitting
vehicles. Examples of these actions include
(Maricopa Association of Governments,
1999a):

1. More dtringent gross polluter
requirements for vehicles seeking to
waive out of the I/M 240 pass/fail
standards (per S.B. 1427 in 1998).

2. Enhancements to the Vehicle Repair
Grant program.

3. Tougher enforcement
registration and emissions
compliance.

of vehicle
test

In California, state officials have developed
a computer program that identifies vehicle
types most likely to be high emitting
vehicles. The program, the “high emitter
profile” (HEP) program, relies upon past
and current I/M data, as well as remote
sensing results.

Opportunities for Additiona  Control:
Potential additional efforts include four
program options:

1. Strengthening the enhanced IM

program.

2. Implementing use of the California
HEP program.

3. Changing the smoking vehicle
hotline to a toll-free number.

4. Encouraging early
retirement.

vehicle

1. Strengthening the enhanced I/M program
to include particulate matter or to identify
smoking vehicles. The current I/M program
is designed to address hydrocarbon, NO
and carbon monoxide, rather than PM
emissions.

2. Implementing use of the Cdifornia HEP
program  The Cadlifornia vehicle fleet is
different from the rest of the nation;
however, the California HEP program may
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have general applicability in identifying
model years, engine families, and other
indicators of potentially higher polluting
vehicles. Arizona may be able to use the
HEP program to identify gross PM emitting
vehicles that contribute to the brown cloud.
[Note: later research described in Chapter 5
determined that the California HEP program
would not likely identify the smoking, high-
PM emitting vehicles of primary concern to
controlling the brown cloud.]

3. Changing the Smoking Vehicle Hotline
to a toll-free number, and linking publicity
about the new number to a public outreach
campaign tied to forecasting brown cloud
problems. Loca officials in the MAG
region may expand the Clean Air Campaign
to include brown cloud forecasts and to




provide visual displays of air pollution
formation to local westher forecasters.
These outreach efforts may be linked to
promoting a toll-free hotline number.

4. Encouraging early vehicle retirement by
identifying gross emitters through the
existing I/M and remote sensing programs.
Once identified, owners of gross emitting
vehicles could become digible for low
interest new vehicle purchase loans, vehicle
scrappage payments, or other incentives or
disincentives (such as the vehicle pollution
charge) designed to promote early vehicle
retirement.
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