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Message from the Assistant Administrator
for Research and Development

I am pleased to present EPA’s 2008 Report on the Environment (ROE).
This report compiles, in one place, the most reliable indicators currently
available to answer key questions about trends in human health and the
condition of the nation’s environment.

EPA’s 2008 Report on the Environment demonstrates the importance of
scientifically sound information to help us understand the state of the
environment, identify areas of concern, and monitor progress. We can all
celebrate the fact that our air is cleaner, our water is purer, and our land is
better protected than it was just a generation ago. Today, we are beginning
to measure just how much progress we have made. Though we once

took our environment for granted, we now understand the importance

of environmental quality for our future. Much work remains to be done,
however, and we must continue to build on our record of progress.

[ thank the many EPA staff members from every program and Region; our
tederal, tribal, state, and local government partners; and the independent
scientists and research institutions who contributed to this report. The
2008 ROE represents the culmination of an effort that began in 2001
when EPA embarked on a bold initiative to assemble, for the first time,
indicators of national conditions that are important to the Agency’s mission
to protect human health and the environment. EPA first presented this
information in its 2003 Draft Report on the Environment. We have since
revised and refined the ROE in response to feedback from EPA’s Scientific
Advisory Board and our stakeholders, and we have updated the indicators
to reflect the latest available data.

EPA’s 2008 Report on the Environment 1s part of an important national
dialogue on how we can improve our ability to assess the nation’s
environmental quality and human health, and how we can use that
knowledge to better manage for measurable environmental results.

[ invite you to participate in this dialogue with us and our partners.
Your comments and feedback are essential to our future efforts.

fye //‘%/

George Gray, Ph.D.

Science Advisor and
Assistant Administrator for
Research and Development
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1. Introduction

o accomplish its mission, the U.S. Environmental Protec-

tion Agency (EPA) must pay close attention to trends in

the condition of the nation’s air, water, and land, and to
associated trends in human exposure and health and the condi-
tion of ecological systems. Data on environmental trends serve
two key purposes: they provide valuable input to EPA in devel-
oping its strategic outlook and priorities, and they allow EPA
and the public to assess whether the Agency is succeeding in its
overall mission to protect human health and the environment.
EPA prepared this Report on the Environment (ROE) to accom-
plish these purposes.

In 2001, EPA embarked on a bold initiative to assemble, for
the first time, an extensive set of environmental indicators that
are important to its mission. EPA presented these indicators in
its Draft Report on the Environment Technical Document, released
in 2003. Since then, EPA has revised, updated, and refined the
ROE in response to scientific developments and to feedback

from public stakeholders and EPA’s Science Advisory Board
(SAB). EPA’s 2008 Report on the Environment presents the
results of this work.

The 2008 ROE compiles, in one place, the most reliable
indicators currently available to answer 23 questions that EPA
believes are of critical importance to its mission and the nation’s
environment. The indicators are supported by data gathered
from federal and state agencies and non-governmental organiza-
tions. All of the indicators were peer-reviewed to meet exacting
standards for accuracy, representativeness, and reliability. This
2008 ROE presents trends wherever adequate data are currently
available, and it establishes reliable national baselines where they
are not. Equally important, the report identifies key limitations
of these indicators and gaps where reliable indicators do not

yet exist. This report does not propose actions to reduce data
limitations or fill gaps, nor does it analyze the costs and benefits
of doing so.

EPA’s 2008 Report on the Environment
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Written for a broad range of environmental professionals, the o
ROE provides the technical foundation for two other compo- Exhibit 1-1. The ROE framework

nents of EPA’s ROE project:

e EPA’s 2008 Report on the Environment: Highlights of National
Trends, which presents highlights of the ROE that EPA
believes would be of significance to the interested public.

e An electronic version of the ROE (the e-ROE, available ROE @
at http://www.epa.gov/roe), which provides online access
to printable versions of both reports, as well as to the data,
methodology, references, and sources of additional informa-
tion behind the indicators presented in the ROE.
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EPA is committed to periodically updating the ROE and
its component indicators so that the latest information on

environmental status and trends is available to EPA, exter- ROE
nal scientists, and interested members of the public on a CHAPTERS

long-term basis.

Organization of This Report

Exhibit 1-1 provides a schematic framework for EPA’s 2008
Report on the Environment:

* The ROE: The report is organized around five main
chapters: “Air,” “Water,” “Land,” “Human Exposure and QUESTIONS

| WHAT THE

DATA SHOW

Health,” and “Ecological Condition.” These five chapters
relate to EPA’s five strategic goals (Clean Air, Clean and
Safe Waters, Healthy Land, Healthy Communities and Eco-
systems, Stewardship and Compliance) and serve to focus

the ROE on issues important to EPA’s mission to protect

human health and the environment. ROE

* ROE chapters: Each chapter is organized around a set of INDICATORS

questions that EPA considers to be important and relevant
to its mission.

* ROE questions: For each question, the ROE:

o Describes the issues covered by the question. These . . .
. . , e * Appendix A lists acronyms and provides a glossary of
issues include EPA’s regulatory responsibilities, as well as . . o .
terms that have particular definitions within this document
areas where the Agency conducts or sponsors research, i .
. . S . or whose definitions are not commonly available.

exerts policy leadership, provides information to the

* Appendix B describes the process used to develop the
2008 ROE.

* Appendix C compares indicators used in the 2003 Draft
ROE Technical Document with those in this 2008 version.

public, or shares an interest in human health and the
environment with its federal, state, and tribal partners.

© Presents indicators that are available to help answer the
question; discusses critical indicator gaps that prevent
the question from being fully answered; and reviews the
challenges to filling these gaps. ROE Chapters

* ROE indicators: All indicators presented in the ROE EPA has important mandates to protect air, water, and land
were peer-reviewed against an indicator definition and (e.g., in the case of land, to ensure the safety of pesticides and
criteria (see Box 1-1) to ensure that they are useful, objec- chemicals used in commerce, to ensure the reduction and
tive, transparent, and scientifically reliable. Each indica- proper disposal of wastes, and to prevent and clean up contam-
tor describes what the data show and any limitations that inated lands). The Agency is therefore interested in trends in
generate uncertainty in the trend characterized by the these media. In reality, however, most human health and eco-
indicator. system effects are influenced by many factors, including stres-

sors acting through multiple media and non-environmental
factors that are outside EPA’s mission. EPA believes it is vitally
important to conduct surveillance of trends in indicators of’

Further detail on the ROE chapters, questions, and indicators
is provided below. Several sections follow the five main
ROE chapters:

* Chapter 7, “Afterword,” discusses the next steps for
improving indicators and summarizes the challenges to

human health and ecological condition, even if they cannot
be linked with confidence to national or regional trends in
pollutant emissions or concentrations, in order to determine

answering the questions and synthesizing and integrating whether they warrant the Agency’s closer attention.

information across indicators.

EPA’'s 2008 Report on the Environment
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Indicator definition: For EPA’s 2008 Report on the
Environment, an indicator is a numerical value derived from
actual measurements of a stressor, state or ambient condi-
tion, exposure, or human health or ecological condition
over a specified geographic domain, whose trends over time
represent or draw attention to underlying trends in the con-
dition of the environment.

Indicator criteria:

* The indicator is useful. It answers (or makes an impor-
tant contribution to answering) a question in the ROE.

* The indicator is objective. It is developed and presented
in an accurate, clear, complete, and unbiased manner.

To accommodate EPA’s interest in both media-specific and
broader, more complex environmental trends, the Agency has
used the following conceptual model to organize the ROE
indicators among the chapters:

e Air, water, and land chapters (Chapters 2, 3, and 4):
The air, water, and land chapters focus on trends in these
individual media, and on resulting trends in their effects on
human health and ecological systems. An effect indicator is
included in a media chapter only if the condition or effect
can be demonstrably linked at the national level to trends
in stressors associated with that particular environmental medium.
For example, indicators of lake and stream acidity and ozone
damage to trees are placed in the air chapter (rather than
the ecological condition chapter) because trends in these
effects indicators are clearly linked to trends in the emissions
and concentration of particular air pollutants. Specifically,
downward trends in the acidity of lakes and streams in cer-
tain geologically sensitive regions of the country are clearly
linked to declining acid deposition; the type of damage
to leaves in forest plants described by the indicator can be
clearly attributed to ozone exposure. However, these indica-
tors are exceptional: the ROE’s three media chapters include
very few indicators of effects, because most effects indica-
tors cannot be linked with confidence to stressors associated
with a single environmental medium.

* Human exposure and health and ecological condi-
tion chapters (Chapters 5 and 6): These two chapters
address questions about trends in human exposure and
health and ecological condition that are influenced by
contaminants in more than one medium and by factors that
are broader than EPA’s mission. For example, the human
exposure and health chapter includes a question about
trends in human disease and conditions for which environ-
mental contaminants may be a risk factor; these trends also
are influenced by other factors, such as lifestyle, genetics,
and the quality of medical care. The ecological condition
chapter includes a question about trends in diversity and
biological balance of the nation’s ecological systems; these
trends are influenced not only by trends in contaminants in
multiple media but also by factors such as land use, invasive
species, and natural resource management. Trends in the
health or ecological indicators covered in Chapters 5 and

* The indicator 1s transparent and reproducible. The specific
data used and the specific assumptions, analytic methods,
and statistical procedures employed are clearly stated.

* The underlying data are characterized by sound collec-
tion methodologies, data management systems to protect
their integrity, and quality assurance procedures.

* Data are available to describe changes or trends and the
latest available data are timely.
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¢ The data are comparable across time and space, and rep-
resentative of the target population. Trends depicted in
this indicator accurately represent the underlying trends
in the target population.

6 cannot be attributed with any confidence to particular
contaminants or other causes covered in the ROE’s media
chapters. This is true even though epidemiological and lab-
oratory studies may have demonstrated a clear relationship
between a contaminant and a health or ecological effect.

ROE Questions

The 23 questions presented in the ROE were developed

by EPA. These are questions the Agency believes should be
answered with confidence if it is to be adequately informed
about important environmental trends; however, they are not
necessarily questions that EPA can fully answer at present based
on the indicators that meet the ROE definition and criteria.

Each question asks about environmental trends, indicating
EPA’s interest in monitoring how the status of the environ-
ment and human exposure and health changes over time.
The latest data point in the trend represents the most current
information on the status of the environment or health when
the data were gathered; for some indicators, only the baseline
status is available.

ROE Indicators

Environmental conditions can be represented in many ways.
For reasons discussed below, the ROE relies on an indica-

tor approach. To maintain a high level of scientific integrity
and consistency among the indicators used in the ROE, EPA
established an explicit definition and six criteria (see Box 1-1)
that all ROE indicators must meet. The criteria are based in
part on EPA’s Information Quality Guidelines (http://www.
epa.gov/quality/informationguidelines/), which cover impor-
tant information that EPA provides to the public. Together,
the six criteria are intended to ensure that all indicators in

the ROE are useful to EPA and the public, and that they are
objective, transparent, and based on high-quality, compa-
rable, and representative data across space and time. The ROE
emphasizes indicators that can be tracked over time; therefore,
one-time studies are not included unless they serve as baselines
for future trends.

The ROE indicator definition intentionally excludes some
categories of indicators. For example, ROE indicators include
measures of pollutant emissions, but not measures of more

EPA’s 2008 Report on the Environment 1-3
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EPA released the first edition of the ROE as a draft report
in 2003 (see http://www.epa.gov/roe). A number of changes
have been incorporated into this 2008 edition in response
to comments on the 2003 draft. The major changes are:

* Questions: The ROE questions were revised to present
a more consistent format and comprehensive coverage of
EPA’s interests across chapters.

¢ Indicators: The indicator definitions and criteria were
revised. As a result, several changes were made to the
2003 indicators, including combining some indicators
and deleting others. Also, new indicators have been
added that were not available for the 2003 version of the
report. See Appendix C for details.

general causal factors such as energy generation or agricultural
production. Also excluded are economic indicators such as
the value of land or natural resources and the cost of pollution
control, or efficiency factors such as pollutant emissions per
vehicle mile traveled. Because ROE indicators focus on actual
physical measurements, administrative indicators such as per-
mits issued, regulations promulgated, and enforcement actions
undertaken also are excluded. Indicators based on results pre-
dicted by environmental fate and transport models or risks to
people or ecological systems are excluded as well, because they
are not based on actual measurements.

Indicators, whether they represent baseline conditions or
trends, involve uncertainties. While statistical analyses could
have been presented for some of the indicators in this report,
such analyses require considerably more complex indicator
development and peer review than was possible given the time
and resource constraints for the 2008 ROE. Therefore, EPA
determined that this report would not include presentations of
statistical confidence in the status of and trends in the indica-
tors. When the word “trend” is used in an indicator, it simply
means the direction of change and does not imply statistical
significance. EPA recognizes that uncertainty is an important
issue and does plan to quantify uncertainty in future versions
of the ROE and its indicators.

EPA also recognizes that many others types of environmental
data and information are available, in addition to indicators,
that could potentially be used to answer the ROE questions.
Many environmental reports, particularly those that focus on
particular issues or locations, conduct integrated assessments
by gathering and weighing the strengths and weaknesses of all
the relevant information available. This integrated approach

is not feasible for the ROE because it covers so many different
topics across the entire nation.

EPA selected the indicators for this 2008 ROE based on indica-
tors suggested by EPA, other federal agencies, state agencies,
and non-governmental organizations. EPA developed a list of
proposed indicators that it believed could play a significant role
in answering the questions in the ROE. These included indica-
tors from the 2003 Draft ROE that EPA judged to be relevant
and consistent with the 2008 ROE indicator definition and

EPA’'s 2008 Report on the Environment

* Indicator placement: Indicators of health or environ-
mental effects that are linked predominantly to a single
medium (air, water, land) were moved from the human
exposure and health or ecological condition chapter to
the chapter for the relevant medium.

* Spatial scale: National-level indicators were the focus
of the 2003 Draft ROE and continue to be the focus in
this 2008 ROE. However, as discussed under “Regional
Indicators,” the 2008 ROE demonstrates how relevant
indicators might be identified, developed, and presented
at finer geographic scales.

criteria, as well as many new indicators (see Appendix C). Indi-
cators that did not make a significant contribution to answering
the questions were excluded from further consideration. The
time frame for developing the ROE did not allow for develop-
ment of additional indicators.

In creating this list, EPA reviewed all the indicator reports it
could find, whether developed by EPA or others, and con-
sulted with experts within and outside the Agency. Generally,
EPA used existing indicators and did not invest in developing
entirely new indicators for the 2008 ROE.

The proposed indicators were evaluated via an independent
public peer review process (see http://www.epa.gov/roe for
detailed information). Of the proposed indicators, 85 were
ultimately selected for inclusion in the ROE. Appendix B pro-
vides more information on the indicator development process.

Each indicator consists of a graphic(s) or table(s) and explana-
tory text. All indicators present the most recent relevant,
quality-assured data available when this report went to press.
EPA intends to update these indicators in the e-ROE as new
data become available. The baselines and reference levels for
most indicators follow the underlying sources. Complete
documentation of the indicator data sources can be found at
http://www.epa.gov/roe. For ease of use in both the print and
e-versions, each indicator was developed to stand alone, with
sufficient information for the reader to understand its scope,
origin, and data sources. As a result, some redundancies of text
exist in the hardcopy version of the document.

Some indicators are used to answer more than one ROE ques-
tion. In most cases, these indicators are presented with the
question that they are first used to answer and referenced when
they are used to answer another question later in the ROE. For
example, the Blood Cotinine indicator is first used to answer

a question in the air chapter and then another question in the
human exposure and health chapter. The indicator is presented
in the air chapter; the human exposure and health chapter refers
the reader to the air chapter for details. Tables listing indicators
and their page numbers are provided as navigation aids at the
end of this introduction (Table 1-1), in the introduction to each
chapter, and in the introduction to each question.


http://www.epa.gov/roe
http://www.epa.gov/roe
http://www.epa.gov/roe

More than half of the indicators and supporting

data derive from sources other than EPA, includ-
ing other federal agencies, state agencies, and non-
governmental organizations. These external sources
also maintain many environmental data sets that are
valuable for other purposes and offer potential for
development of future ROE indicators. Many of these
data sets, though important, were not included in
this 2008 ROE because the data do not yet meet the
ROE indicator criteria. For example, since 1971, the
Centers for Disease Control and Prevention (CDC),
EPA, and the Council of State and Territorial Epide-
miologists have maintained a surveillance system for

Exhibit 1-2. The EPA Regions

collecting and periodically reporting data on occur-
rences and causes of waterborne disease outbreaks

(WBDOs). These surveillance activities are useful in

characterizing the epidemiology of WBDOs, iden-
tifying changing trends in the etiologic agents that
cause WBDOs, and determining why the outbreaks
occurred. However, because of several limitations,

including under-reporting and differences in how

Guam (9]

Trust Territories
American Samoa

Northern Mariana
Islands

states investigate and report outbreaks, these data do

not currently meet the ROE criteria for an indicator.

EPA continues to work with CDC and other federal,

state, and private organizations on important programs such
as this one, so that they may meet the indicator criteria and be
used in future editions of the ROE.

Regional Indicators

The ROE focuses on trends within the U.S., even though the
indicators may be affected by sources outside U.S. borders.
National-level indicators (indicators for which nationally con-
sistent data are available) are the focus of this report. However,
highly aggregated national data may mask important varia-
tions that take place at finer scales. Therefore, the ROE takes
two preliminary steps to demonstrate how indicators might be
identified, developed, and presented at finer geographic scales.

* National data are broken out by major geographic region for
32 indicators for which the data are sufficiently representative
at that geographic scale. Rather than adopt regionalization
schemes based on natural boundaries that would not be
consistent among indicators, and because EPA Regions play
an important role in the way EPA’s environmental protec-
tion efforts are implemented, EPA chose to use EPA Regions
for the 25 indicators where this was possible. EPA Regions
follow state borders and do not reflect natural boundaries
based on physiography, climate, or biota. To aid readers who
are unfamiliar with EPA Regional boundaries, the ten EPA
Regions are delineated in Exhibit 1-2, and also depicted in
icons on each indicator graphic that displays regional data.

* Eight Regional Indicators (indicators that cover an EPA
Region or substantial parts of one or more EPA Regions) were
selected to demonstrate how such indicators can answer part
of an ROE question that is unique to a particular Region, or
could eventually be expanded to answer an ROE question at
the national level. Like the National Indicators, all Regional
Indicators were peer-reviewed against the ROE indicator
definition and criteria. EPA hopes that the Regional Indicators

will serve as useful models, and that lessons learned from them
will help the Agency identify and present a more robust set

of indicators that answer ROE questions at multiple scales in
the future. However, it is important to note that the Regional
Indicators are presented as examples only: trends in these indica-
tors are not necessarily representative of similar trends in other
regions or in the nation as a whole; they do not represent an
exclusive set of indicators needed to answer the ROE ques-
tions at a regional scale; and they may or may not scale up to
National Indicators. EPA may or may not include these indica-
tors in future versions of the ROE.

Conclusion

The Report on the Environment represents a commitment by EPA
to continually improve the quality and quantity of information
available to understand the condition of human health and the
environment and how it is changing over time. Within EPA,
this commitment provides ongoing opportunities to use the
ROE to inform strategic planning and related activities. The
ROE also creates opportunities to establish and strengthen
partnerships among federal, state, tribal, and non-governmental
organizations for monitoring, data sharing, and data needs
planning to support indicator development and improvement.

As mentioned earlier, the topics of air, water, land, human
exposure and health, and ecological condition under which the
indicators are presented are all interconnected. Changes in one
medium affect other media; human health is affected by envi-
ronmental condition; and environmental condition is affected
by human factors. In reality, humans and ecological systems are
exposed to multiple pollutants from multiple sources; large spa-
tial and temporal variations in environmental exposures exist;
and numerous non-environmental factors also have influence.
EPA recognizes these complexities; to improve future versions
of the ROE, EPA will continue to seek ways to better link and
integrate indicators across questions and chapters.

EPA’s 2008 Report on the Environment
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Table 1-1. ROE Questions and Supporting Indicators'

—

(2 <

"|'_J What are th'e trends in outdoor air quality and their effects on human health 2.2 2-6

[a and the environment?

g Carbon Monoxide Emissions 2.2.2 2-9

o Ambient Concentrations of Carbon Monoxide 2.2.2 2-11
Lead Emissions 2.2.2 2-12
Ambient Concentrations of Lead 2.2.2 2-14
Nitrogen Oxides Emissions 2.2.2 2-16
Ambient Concentrations of Nitrogen Dioxide 2.2.2 2-18
Volatile Organic Compounds Emissions 2.2.2 2-20
Ambient Concentrations of Ozone 2.2.2 2-22
Ozone Injury to Forest Plants 2.2.2 2-24
Particulate Matter Emissions 2.2.2 2-26
Ambient Concentrations of Particulate Matter 2.2.2 2-29
Regional Haze 2.2.2 2-33
Sulfur Dioxide Emissions 2.2.2 2-34
Acid Deposition 2.2.2 2-37
Lake and Stream Acidity 2.2.2 2-42
Percent of Days with Air Quality Index Values Greater Than 100 2.2.2 2-44
Mercury Emissions 2.2.2 2-46
Air Toxics Emissions 2.2.2 2-48
Ambient Concentrations of Benzene 2.2.2 2-51
Concentrations of Ozone-Depleting Substances 2.2.2 2-52
Ozone Levels over North America 2.2.2 2-54
Ozone and Particulate Matter Concentrations for U.S. Counties in the 2.2.2 2-56
U.S./Mexico Border Region
Ambient Concentrations of Manganese Compounds in EPA Region 5 2.2.2 2-58

What are the trends in greenhouse gas emissions and concentrations? 2.3 2-62

U.S. Greenhouse Gas Emissions 2.3.2 2-64
Atmospheric Concentrations of Greenhouse Gases 2.3.2 2-66

' As mentioned earlier, some indicators are used to answer more than one question. In most cases, these indicators are presented where they are first used to answer
a question and referenced under subsequent questions.
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Table 1-1. ROE Questions and Supporting Indicators (continued)

Air Chapter (continued) Section
Indoor Air Quality
What are the trends in indoor air quality and their effects on human health?
U.S. Homes Above EPA’'s Radon Action Level

Blood Cotinine Level

)
-
>
"
—
m
=
—h

Water Chapter Section
Water and Watersheds

Ground Water

Coastal Waters

What are the trends in the extent and condition of fresh surface waters and 3.2 3-6

their effects on human health and the environment?
High and Low Stream Flows 3.2.2 3-8
Streambed Stability in Wadeable Streams 3.2.2 3-11
Lake and Stream Acidity 2.2.2 2-42
Nitrogen and Phosphorus in Wadeable Streams 3.2.2 3-13
Nitrogen and Phosphorus in Streams in Agricultural Watersheds 3.2.2 3-15
Nitrogen and Phosphorus Loads in Large Rivers 3.2.2 3-17
Pesticides in Streams in Agricultural Watersheds 3.2.2 3-19
Benthic Macroinvertebrates in Wadeable Streams 3.2.2 3-21

What are the trends in the extent and condition of ground water and their 33 3-25
effects on human health and the environment?
Nitrate and Pesticides in Shallow Ground Water in Agricultural Watersheds 3.3.2 3-27

What are the trends in the extent and condition of wetlands and their effects 34 3-30
on human health and the environment?
Wetland Extent, Change, and Sources of Change 34.2 3-32

What are the trends in the extent and condition of coastal waters and their 3.5.2 3-35

effects on human health and the environment?
Wetland Extent, Change, and Sources of Change 34.2 3-32
Trophic State of Coastal Waters 3.5.2 3-38
Coastal Sediment Quality 3.5.2 3-42
Coastal Benthic Communities 352 3-44
Coastal Fish Tissue Contaminants 3.8.2 3-61
Submerged Aquatic Vegetation in the Chesapeake Bay 3.5.2 3-46
Hypoxia in the Gulf of Mexico and Long Island Sound 35.2 3-48

EPA’s 2008 Report on the Environment
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Table 1-1. ROE Questions and Supporting Indicators (continued)

Water Chapter (continued)

Drinking Water

What are the trends in the quality of drinking water and their effects on
human health?

Population Served by Community Water Systems with No Reported
Violations of Health-Based Standards

Recreational Water

What are the trends in the condition of recreational waters and their effects
on human health and the environment?

Consumable Fish and Shellfish

What are the trends in the condition of consumable fish and shellfish and
their effects on human health?

Coastal Fish Tissue Contaminants

Contaminants in Lake Fish Tissue

Land Chapter

Land Cover

Section

3.6.2

3.7

3.8

3.8.2
3.8.2

Section

What are the trends in land cover and their effects on human health and the
environment?

Land Cover

Forest Extent and Type

Land Cover in the Puget Sound/Georgia Basin

What are the trends in land use and their effects on human health and the
environment?

Land Use

Urbanization and Population Change

What are the trends in wastes and their effects on human health and the
environment?

Quantity of Municipal Solid Waste Generated and Managed
Quantity of RCRA Hazardous Waste Generated and Managed

Chemicals Used on the Land

What are the trends in chemicals used on the land and their effects on
human health and the environment?

Fertilizer Applied for Agricultural Purposes

Toxic Chemicals in Production-Related Wastes Combusted for Energy
Recovery, Released, Treated, or Recycled

Pesticide Residues in Food

Reported Pesticide Incidents

4.2.2
6.2.2
4.2.2

4.3.2
4.3.2

442
4.4.2

452
452

45.2
452

4.7
6-8
4-10
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Table 1-1. ROE Questions and Supporting Indicators (continued)

Land Chapter (continued)

Contaminated Land

What are the trends in contaminated land and their effects on human health
and the environment?

Current Human Exposures Under Control at High-Priority Cleanup Sites

Migration of Contaminated Ground Water Under Control at High-Priority
Cleanup Sites

Human Exposure and Health Chapter

Exposure to Environmental Contaminants

What are the trends in human exposure to environmental contaminants,
including across population subgroups and geographic regions?

Blood Lead Level

Blood Mercury Level

Blood Cadmium Level

Blood Persistent Organic Pollutants Level
Blood Cotinine Level

Urinary Pesticide Level

Urinary Phthalate Level

What are the trends in health status in the United States?
General Mortality
Life Expectancy at Birth
Infant Mortality

What are the trends in human disease and conditions for which
environmental contaminants may be a risk factor, including across
population subgroups and geographic regions?

Cancer Incidence

Childhood Cancer Incidence

Cardiovascular Disease Prevalence and Mortality

Chronic Obstructive Pulmonary Disease Prevalence and Mortality
Asthma Prevalence

Infectious Diseases Associated with Environmental
Exposures or Conditions

Birth Defects Prevalence and Mortality
Low Birthweight

Preterm Delivery

Section

4.6

46.2
4.6.2

Section

52.2
5.2.2
5.2.2
5.2.2
2.4.2
5.2.2
522

53
53.2
53.2
8.3.2

54

54.2
54.2
54.2
54.2
54.2
54.2

54.2
54.2
54.2

4-42

4-44
4-47

Disease and Conditions

5-43
5-46
5-48
5-52
5515
5-59

5-62
5-65
5-67
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Table 1-1. ROE Questions and Supporting Indicators (continued)

Ecological Condition Chapter
Extent and Distribution

What are the trends in the extent and distribution of the nation’s
ecological systems?

Land Cover

Forest Extent and Type

Forest Fragmentation

Wetland Extent, Change, and Sources of Change

Land Use

Urbanization and Population Change

Land Cover in the Puget Sound/Georgia Basin

Ecological Connectivity in EPA Region 4

Relative Ecological Condition of Undeveloped Land in EPA Region 5

Diversity and Biological Balance

What are the trends in the diversity and biological balance of the nation’s
ecological systems?

Coastal Benthic Communities

Benthic Macroinvertebrates in Wadeable Streams

Bird Populations

Fish Faunal Intactness

Submerged Aquatic Vegetation in the Chesapeake Bay

Non-Indigenous Benthic Species in the Estuaries of the Pacific Northwest

Ecological Processes

What are the trends in the ecological processes that sustain the
nation’s ecological systems?

Carbon Storage in Forests

Physical and Chemical Attributes

What are the trends in the critical physical and chemical attributes
of the nation’s ecological systems?

U.S. and Global Mean Temperature and Precipitation
Sea Surface Temperature

Streambed Stability in Wadeable Streams

High and Low Stream Flows

Sea Level

Nitrogen and Phosphorus Loads in Large Rivers

Nitrogen and Phosphorus in Wadeable Streams

Section

4.2.2
6.2.2
6.2.2
3.4.2
4.3.2
4.3.2
4.2.2
6.2.2
6.2.2

8.5.2
3.2.2
6.2.2
6.2.2
3.5.2
6.2.2

6.4.2

6.5.2
6.5.2
3.2.2
3.2.2
6.5.2
3.2.2
3.2.2

4-10

6-39
3-17
SHIS]
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Table 1-1. ROE Questions and Supporting Indicators (continued)

Ecological Condition Chapter (continued)

Physical and Chemical Attributes (continued)

What are the trends in the critical physical and chemical attributes
of the nation’s ecological systems? (continued)

Nitrogen and Phosphorus in Streams in Agricultural Watersheds
Lake and Stream Acidity
Hypoxia in the Gulf of Mexico and Long Island Sound

What are the trends in hiomarkers of exposure to common environmental
contaminants in plants and animals?

Coastal Fish Tissue Contaminants
Contaminants in Lake Fish Tissue

Ozone Injury to Forest Plants

Section

6.5

3.2.2
2.2.2
3.5.2

6.6

3.8.2
3.8.2
2.2.2

6-31

ERIG
2-42
3-48

Ecological Exposure to Contaminants

©-45

3-61
3-63
2-24

EPA’s 2008 Report on the Environment

)
-
>
"
—
m
=
—h

1-11







Chapter 2




Contents

2.1

2.2

2.3

24

INtrodUCtion . .. o 2-3
2.1.1 Overview of the Data . . . . .. ... . . 2-4
2.1.2 Organization of This Chapter. . . . ... .. . ... . . 2-5

What Are the Trends in Outdoor Air Quality and Their Effects on Human

Health and the Environment? .. .. ... . . 2-6
2.2.1 INtrodUucCtion . . . . . o 2-6
2.2.2 ROE Indicators . . . . . ... 2-7
2.2.3 DISCUSSION . . . o o 2-60

What Are the Trends in Greenhouse Gas Emissions and Concentrations? ............. 2-62
2.3.1 Introduction . . . .. .. 2-62
2.3.2 ROE Indicators . . . . .. 2-63
2.3.3 DISCUSSION . . ot 2-72

What Are the Trends in Indoor Air Quality and Their Effects on Human Health? .. ... .. 2-73
24.1 INtrodUcCtion . . . . . .. 2-73
24.2 ROE Indicators . . . . ... 2-74

243 Discussion



2.1 Introduction

ir provides the oxygen and carbon dioxide needed to

sustain human, animal, and plant life on Earth, and the

composition of trace gases in the atmosphere plays an
important role for the climate. Air pollution can adversely affect
these critical functions of the atmosphere in many ways. High
levels of air pollution, whether indoors or outdoors, can harm
human health by triggering asthma attacks, aggravating aller-
gies, and contributing to or potentially causing various diseases.
Certain types of outdoor air pollution can impair visibility and
damage other valued resources, such as forests, lakes and streams,
and building surfaces. On a global scale, air pollution released
worldwide can eventually change the atmosphere’s composition
with important consequences, including depletion of the Earth’s
ozone layer and climate change.

An important component of EPA’s mission is to protect and
improve air quality in order to avoid or mitigate the conse-
quences of air pollution’s harmful effects. State and tribal air
pollution control agencies help fulfill this mission by imple-
menting many of the air pollution control requirements that
EPA sets at the federal level. Other federal partners, the aca-
demic community, industry and trade associations, and non-
governmental organizations all conduct important research
that contributes to the current understanding of regional,
national, and global air quality issues.

Efforts to maintain good air quality are complicated by popula-
tion increase, energy consumption, motor vehicle use, and other
factors that can lessen air quality. Outdoor air is polluted by

emissions from a broad array of industrial and mobile sources, as

well as everyday activities like dry cleaning, painting, and refu-

eling vehicles. Emissions from natural sources, such as wildfires,
also contribute to outdoor air pollution. Similarly, indoor air
quality is affected not only by these outdoor sources, but also by
sources found within buildings, such as home heating devices,
tobacco smoke, consumer products, and building materials. In
this chapter, EPA assesses national trends in the condition of air,
stressors that influence air quality, and associated exposures and
effects among humans and ecological systems. ROE indicators
are presented to address three fundamental questions about the
state of the nation’s air:

* What are the trends in outdoor air quality and their
effects on human health and the environment? This
question examines a broad spectrum of outdoor air quality
issues, including polluted air that people breathe at ground
level, deposition of air pollutants to land and water, and
depletion of the Earth’s ozone layer. For each issue, infor-
mation is provided both on the main stressors (emissions
sources) and potential health and environmental effects.

* What are the trends in greenhouse gas emissions and
concentrations? This question focuses on releases and
atmospheric concentrations of certain so-called “green-
house gases,” or gases in the atmosphere that help regulate
the Earth’s temperature and thus contribute to climate
change—a topic introduced in this chapter and revisited in
Chapter 6, “Ecological Condition.”

EPA’s 2008 Report on the Environment (ROE): Essentials

ROE Approach
This 2008 Report on the Environment:
* Asks questions that EPA considers

important to its mission to protect

human health and the environment. ROE Indicators

that are influenced by many stressors
acting through multiple media and by
factors outside EPA’s mission.

were used, where possible, for consistency
and because they play an important role in
how EPA implements its environmental
protection efforts.

Several other ROE indicators describe

* Answers these questions, to the extent
possible, with available indicators.

* Discusses critical indicator gaps, limita-
tions, and challenges that prevent the
questions from being fully answered.

ROE Questions

The air, water, and land chapters (Chapters
2, 3, and 4) ask questions about trends in
the condition and/or extent of the envi-
ronmental medium; trends in stressors to
the medium; and resulting trends in the
effects of the contaminants in that medium
on human exposure, human health, and
the condition of ecological systems.

The human exposure and health and
ecological condition chapters (Chapters
5 and 6) ask questions about trends in
aspects of health and the environment

An indicator is derived from actual mea-
surements of a pressure, state or ambient
condition, exposure, or human health or
ecological condition over a specified geo-
graphic domain. This excludes indicators
such as administrative, socioeconomic, and
efficiency indicators.

Indicators based on one-time studies are
included only if they were designed to serve
as baselines for future trend monitoring.

All ROE indicators passed an independent
peer review against six criteria to ensure
that they are useful; objective; transparent;
and based on data that are high-quality,
comparable, and representative across space
and time.

Most ROE indicators are reported at the
national level. Some national indicators
also report trends by region. EPA Regions

trends in particular regions as examples of
how regional indicators might be included
in future versions of the ROE. They are
not intended to be representative of trends
in other regions or the entire nation.

EPA will periodically update and revise
the ROE indicators and add new indicators
as supporting data become available. In the
future, indicators will include information
about the statistical confidence of status
and trends. Updates will be posted elec-
tronically at http://www.epa.gov/roe.

Additional Information

You can find additional information about
the indicators, including the underlying
data, metadata, references, and peer review,
at http://www.epa.gov/roe.

EPA’s 2008 Report on the Environment




* What are the trends in indoor air quality and their
effects on human health? This question considers air
quality in indoor settings, such as homes, offices, and
schools, and how poor indoor air quality can affect human
health and welfare, whether by causing adverse health
effects or by impairing productivity.

These ROE questions are posed without regard to whether
indicators are available to answer them. This chapter presents
the indicators available to answer these questions, and also
points out important gaps where nationally representative data
are lacking.

While this chapter focuses on air quality, readers should not
infer that air quality trends are completely independent of
the other themes in ROE: water, land, human exposure and
health, and ecological condition. High levels of air pollution
are linked to many broader environmental concerns. Because
air interfaces directly with water and land, air pollutants can
enter these media through various fate and transport mecha-
nisms, such as wet deposition into surface waters, dry depo-
sition of gaseous pollutants, and gravitational settling onto
soils, vegetation, and other surfaces. Conversely, chemicals in
surface water and soil can enter outdoor air through processes
like evaporation and resuspension of wind-blown dust. Thus,
in a very general sense, air quality is related to selected topics
covered in the water chapter and the land chapter. Further,
nearly every topic addressed in this chapter is primarily moti-
vated by some specific concern regarding human health or
ecological effects. Therefore, air quality and climate change
are conceptually linked to many topics addressed in the
human exposure and health and ecological condition chapters.
Air quality issues that are connected with other ROE themes
are introduced and examined in this chapter, and addressed
further in later sections of the ROE as appropriate.

2.1.1 Overview of the Data

When developing the 27 ROE indicators in this chapter, EPA
accessed and compiled data collected by many parties. The
individual data sources that were evaluated can be classified
into four general categories:

* National emissions inventories. Emissions data were
queried from databases known as emissions inventories.
These inventories are composites of measured and esti-
mated emission rates for industrial sources, mobile sources,
area sources, and natural sources. Industry and state, tribal,
and local agencies provide most of the data compiled in
these inventories.

* Ground-level ambient air monitoring data. Ambient
air concentrations measured at ground level primarily come
from measurements collected in a nationwide network of
ambient air monitoring stations (i.e., the State and Local
Air Monitoring Stations network, other special purposes
monitors). State, tribal, and local agencies operate most
of these stations and submit their validated measurement
results to a centralized database.

EPA’'s 2008 Report on the Environment

* Deposition measurements. Data on deposition of
outdoor air pollutants come from samples collected and
analyzed at fixed locations throughout the country as part
of the National Atmospheric Deposition Program and the
Clean Air Status and Trends Network.

* Other data sources. The remaining ROE indicators in
this chapter draw from various other data sources, includ-
ing satellite measurements of stratospheric ozone depletion,
an evaluation of pollution-related injury to forest plants,
surveys on radon in homes and evidence of exposure to
environmental tobacco smoke, an inter-agency assessment
of regional haze, and articles in the peer-reviewed literature
on historical concentrations of greenhouse gases estimated
from ice core samples.

Tracking the country’s air quality is a complicated endeavor
and cannot be done with any single indicator. Multiple indica-
tors are needed to characterize indoor air quality separately
from outdoor air quality, air quality trends at ground level
separately from changing atmospheric conditions aloft, and air
pollution levels for the many different pollutants of potential
concern. Regardless of the issue of interest, a particular chal-
lenge in developing this chapter’s indicators is that air quality
can vary considerably with location and time. Consequently,
all underlying data sources must be sufficiently representative,
both spatially and temporally.

Spatial resolution is a critical consideration due to associated
spatial variations in population density, industrial emissions
sources, traffic patterns, and meteorological conditions that
dictate relevant atmospheric fate and transport processes. Tem-
poral resolution also must be considered because ambient air
concentrations of certain pollutants vary considerably with time
of day (partly due to sunlight’s contribution to photochemical
reactions and due to variations in dilution), day of week (partly
due to changes in commuting patterns), and season (mostly due
to changes in meteorological conditions). Temporal resolution is
particularly important when interpreting air quality trends: long
enough time frames must be considered to ensure that trends
reflect sustained changes in air quality, rather than natural fluc-
tuations in atmospheric conditions.

This chapter presents only data that meet the ROE indicator
definition and criteria (see Box 1-1, p. 1-3). Note that non-
scientific indicators, such as administrative and economic
indicators, are not included in this definition. Thorough doc-
umentation of the indicator data sources and metadata can be
found online at http://www.epa.gov/roe. All indicators were
peer-reviewed during an independent peer review process
(again, see http://www.epa.gov/roe for more information).
Readers should not infer that the indicators included reflect
the complete state of knowledge on the nation’s air. Many
other data sources, publications, and site-specific research
projects have contributed substantially to the current under-
standing of air quality trends, but are not used in this report
because they did not meet some aspect of the ROE indicator
criteria.



2 ‘l 2 Organ Izatlon Of Regional Indicators that meet the ROE indicator definition

and criteria and help to answer a question at a smaller geo-

Th IS Cha pter graphic scale. Each section concludes by listing major chal-
. .. . lenges to answering the questions and identifying important
This chapter’s remaining three sections are framed around 8 & d yiig unp
. . data gaps.
the three overarching questions that EPA seeks to answer
about trends in air. Each section introduces the question and Table 2-1 lists the indicators used to answer the three ques-
its importance, presents the National Indicators that help tions in this chapter and shows the locations where the indica-

answer the question, and discusses what these indicators, taken ~ tors are presented.
together, say about the question. The chapter also presents two

Table 2-1. Air—ROE Questions and Indicators

What are the trends Carbon Monoxide Emissions (N/R) 2.2.2 2-9
in outdoor air quality Ambient Concentrations of Carbon Monoxide (N/R) 222 211
and their effects on Lead Emissions (N) 222 212
hum_an health and the Ambient Concentrations of Lead (N) 2.2.2 2-14
environment? , , o
Nitrogen Oxides Emissions (N/R) 2.2.2 2-16
Ambient Concentrations of Nitrogen Dioxide (N/R) 2.2.2 2-18
Volatile Organic Compounds Emissions (N/R) 2.2.2 2-20
Ambient Concentrations of Ozone (N/R) 2.2.2 2-22
Ozone Injury to Forest Plants (N/R) 2.2.2 2-24
Particulate Matter Emissions (N/R) 2.2.2 2-26
Ambient Concentrations of Particulate Matter (N/R) 2.2.2 2-29
Regional Haze (N) 2.2.2 2-33
Sulfur Dioxide Emissions (N/R) 2.2.2 2-34
Acid Deposition (N) 2.2.2 2-37
Lake and Stream Acidity (N) 2.2.2 2-42
Percent of Days with Air Quality Index Values Greater Than 100 (N/R) 2.2.2 2-44
Mercury Emissions (N) 2.2.2 2-46
Air Toxics Emissions (N/R) 2.2.2 2-48
Ambient Concentrations of Benzene (N) 2.2.2 2-b1
Concentrations of Ozone-Depleting Substances (N) 2.2.2 2-52
Ozone Levels over North America (N) 2.2.2 2-54
Ozone and Particulate Matter Concentrations for U.S. Counties in the 2.2.2 2-56

U.S./Mexico Border Region (R)
Ambient Concentrations of Manganese Compounds in EPA Region 5 (R) 2202 2.58

What are the trends in U.S. Greenhouse Gas Emissions (N) 2.3.2 2-64
greenhouse gas emissions | Atmospheric Concentrations of Greenhouse Gases (N) 2.3.2 2-66
and concentrations?

What are the trends in U.S. Homes Above EPA’'s Radon Action Level (N) 242 2-74
indoor air quality and their | Blood Cotinine Level (N) 242 276

effects on human health?

N = National Indicator
R = Regional Indicator
N/R = National Indicator displayed at EPA Regional scale
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2.2 What Are the Trends
in Outdoor Air Quality
and Their Effects on
Human Health and the
Environment?

2.2.1 Introduction

Outdoor air—the air outside buildings, from ground level to
several miles above the Earth’s surface—is a valuable resource
for current and future generations because it provides essen-
tial gases to sustain life and it shields the Earth from harmful
radiation. Air pollution can compromise outdoor air quality in
many ways. Outdoor air pollution, for instance, is associated
with various adverse health effects including asthma attacks
and cancer; outdoor air pollution can also contribute to “acid
rain,” damage crops and surfaces of treasured buildings and
monuments, and diminish the protective ozone layer in the
upper atmosphere. Maintaining clean air is a challenging task,
especially considering the growing stressors on outdoor air
quality such as increased population growth, increased use of
motor vehicles, and increased energy consumption.

Outdoor air pollution contains numerous substances of both
natural and anthropogenic origin. While natural sources
release some potentially harmful substances into the air (e.g.,
pollen, mold spores, dust), emissions sources of anthropogenic
origin are of particular interest because regulatory and volun-
tary reductions can lead to decreased emissions and associated
air quality improvements. Accordingly, this section focuses
on outdoor air quality issues caused at least in part by human
activity and acknowledges and quantifies contributions from
natural sources, as appropriate.

Most outdoor air quality issues can be traced back to emissions
sources that release pollutants into the air. Emissions sources
are typically classified into different categories, such as point
sources (e.g., power plants, industrial facilities), area sources
(e.g., air pollution sources over a diffuse area, such as gasoline
stations and dry cleaners), mobile sources (e.g., cars, trucks,
airplanes, off-road vehicles), and natural sources (e.g., wildfires,
wind-blown dust, volcanoes, vegetation). Once pollutants are
airborne, prevailing wind patterns carry and disperse them
from their sources to other locations. Atmospheric chemical
reactions may consume some airborne pollutants and create
others. As pollutants mix in the atmosphere, depending on
their chemical and physical properties, some pollutants deposit
to the Earth’s surface near their sources, while others remain
airborne for hours, days, or years. Deposition of air pollut-
ants, especially those that are persistent and biocaccumulative,
can lead to accumulation of contaminants in other media. The
levels of air pollution at a given location and at a given time are
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influenced by emissions from nearby and distant sources as well
as by atmospheric factors, such as meteorology.

Human exposure to outdoor air pollution is a function of the
composition and magnitude of air pollution, combined with
human activity patterns. Ambient concentration data, while
useful for characterizing outdoor air quality, ultimately do not
quantify exposures, because ambient air monitoring equip-
ment measures air quality at fixed outdoor locations, while
people breathe air in multiple indoor and outdoor environs
throughout a day. Whether people are harmed by poor air
quality depends on the mixture of pollutants found in the air,
exposure doses and durations, individuals’ susceptibilities to
diseases, and other factors. Similarly, air pollutants’ interac-
tions with ecosystems determine whether air pollution causes
harmful environmental effects. For a complete understanding
of a given air pollution issue, information is therefore typi-
cally sought on emissions sources, ambient air concentrations,
exposures, and effects.

Outdoor air pollution can contain hundreds of different pollut-
ants, which are typically grouped into various categories based
on shared attributes. Some categories are defined by pollutants’
physical attributes (e.g., gases, particulate matter), while others
by regulatory terminology (e.g., criteria pollutants, air toxics).
The indicators used to answer the question regarding outdoor
air quality are organized into the following three categories,
which were selected based on the different parts of the atmo-
sphere to which they pertain and the different types of infor-
mation available to support indicator development:

e Criteria pollutants. The following six common pollutants
are referred to as criteria pollutants: carbon monoxide, lead,
nitrogen dioxide, ozone, particulate matter of different size
fractions, and sulfur dioxide. These pollutants are known
as “criteria pollutants” because EPA regulates them by
developing human health-based or environmentally based
criteria (or science-based guidelines) for setting permis-
sible levels. Specifically, the Clean Air Act requires EPA
to set National Ambient Air Quality Standards (NAAQS)
for these pollutants that are commonly found in outdoor
air and can harm human health or the environment. The
NAAQS have been modified and, in some cases, revoked
since they were originally established. EPA is required to
periodically review and update the NAAQS to reflect the
latest scientific information on how outdoor air quality
affects human health and the environment. Extensive data
are available on criteria pollutants’ emissions (or emissions
of the pollutants’ precursors) and ambient concentrations.

* Air toxics and other air pollutants. Air toxics, also
known as hazardous air pollutants, are known or suspected
to cause cancer and are associated with other serious health
effects, such as reproductive effects or birth defects, or
adverse environmental effects. The Clean Air Act specifi-
cally identifies 188 air toxics. Numerous other air pollutants
exhibit toxicity even though they are not classified as air
toxics; included among these other pollutants are several
hundred chemicals whose emissions are tracked in EPA’s
Toxics Release Inventory.



* Stratospheric ozone issues. The ozone layer occurs in
the stratosphere between 6 and 20 miles above the Earth’s
surface and protects the Earth’s biota from harmful effects
of the sun’s ultraviolet radiation. Past and ongoing releases
of a number of synthetic chemicals from throughout
the world have depleted the ozone layer, allowing more
ultraviolet radiation to reach the Earth’s surface. This can
lead to increased incidence of skin cancer, cataracts, and
other health problems." Further, high levels of ultraviolet
radiation can cause detrimental ecological effects, such as
stressing productivity of marine phytoplankton, which are
essential components of the oceanic food web.?

Air pollution is manifest over a range of spatial and temporal
domains—an important factor to consider when evaluating
trends for the three categories considered in this section. The
spatial domains of air pollution issues vary widely. Air pollu-
tion can be local in nature. For instance, ambient concentra-
tions of benzene tend to be greatest in the proximity of major
sources (e.g., oil refineries, chemical production facilities) and in
high-traffic areas; long-range transport is relatively unimportant
due to benzene’s photochemical reactivity and the dilution that
occurs over longer distances. Air pollution can also extend over
regional and national scales. For example, emissions sources
hundreds of miles away can contribute to airborne fine par-
ticulate matter at a given location.? Finally, a few air pollution
issues are global in nature, such as intercontinental transport

of particles during dust storms. Stratospheric ozone depletion,
as another example, is affected by releases of ozone-depleting
substances from countries worldwide. The spatial domains ulti-
mately determine the minimum spatial resolution of monitors
needed to adequately characterize trends.

Temporal scales also vary among pollutants and typically reflect
some combination of changes in emissions and fluctuations

in weather. Ambient air concentrations of some air pollut-
ants, like ground-level ozone, have considerable diurnal and
seasonal variations.* However, temporal variations are far less
pronounced for pollutants that are long-lived in the atmo-
sphere, including many ozone-depleting substances. Tempo-
ral variations largely determine the appropriate monitoring
frequency for quantifying trends and the most meaningful
statistic (or averaging time) used to report ambient air concen-
trations. When quantifying and interpreting long-term trends
in outdoor air quality, attention also must be paid to changes
in emissions estimation techniques and advances in ambient air
monitoring technologies. Unless otherwise noted, the outdoor
air quality indicators only come from data sets generated using
consistent methodologies over the entire time frame of interest.

The nationwide air quality trends in this section are generally
consistent with those documented in other EPA publications,
though readers should not expect to find perfect concor-
dance among individual data points. This is because some

' World Meteorological Organization. 2007. Scientific assessment of ozone

depletion: 2006. Geneva, Switzerland.

2 DeMora, S., S. Demers, and M.Vernet. 2000. The effects of UV radiation in
the marine environment. Cambridge, United Kingdom: Cambridge Univer-
sity Press.

publications address different spatial domains or time frames
and may use less rigorous selection criteria when identifying
and compiling data sets.

2.2.2 ROE Indicators

The 23 outdoor air quality indicators track emissions, ambi-
ent concentrations, and pollution-related effects over varying
spatial domains and time spans, depending on the availability
of underlying data. The indicators include 21 National Indica-
tors (12 of which break national data down into the ten EPA
Regions) and two Regional Indicators. The most extensive
temporal coverage of these indicators tracks trends from 1964
to the present.

Indicators were developed using data compiled from multiple
sources. Emissions indicators are based on EPA’s National
Emissions Inventory (NEI), a database of measured and esti-
mated emissions for numerous pollutants and source catego-
ries. At the writing of this report, NEI data were available for
1990 through 2002, but the indicators only present data for
those inventory years that are fully updated and are developed
using consistent methodologies. Ground-level ambient air
concentration indicators were developed from data in EPA’s
Air Quality System (AQS), a clearinghouse of validated ambi-
ent air monitoring results submitted largely by tribal, state,
and local environmental agencies. The ambient concentration
indicators present data through calendar year 2006, which is
the most recent calendar year having a complete, validated

set of monitoring data available from AQS when this report
was prepared. Remaining indicators draw from different
monitoring programs, including regional haze data from the
Interagency Monitoring of Protected Visual Environments,
acid deposition measurements from the multi-agency National
Atmospheric Deposition Program and Clean Air Status and
Trends Network, ozone injury observations from the U.S.
Forest Service’s Forest Health Monitoring Program, and
monitoring of stratospheric ozone levels and concentrations of
ozone-depleting substances conducted by the National Oce-
anic and Atmospheric Administration.

Table 2-2 shows how indicators are classified into three gen-
eral categories (criteria pollutants, air toxics and other pollut-
ants, stratospheric ozone issues) and then further organized by
pollutant. For each pollutant and to the extent supported by
ROE indicators, relevant emissions indicators are presented
first, immediately followed by ambient concentration indica-
tors, and next by effects indicators. With this organization,
readers can readily compare trends in emissions, ambient
concentrations, and effects for the same pollutant.

> U.S. Environmental Protection Agency. 2004. The particle pollution

report: Current understanding of air quality and emissions through 2003.
EPA/454/R-04/002. Research Triangle Park, NC.

U.S. Environmental Protection Agency. 2004. The ozone report: Measuring
progress through 2003. EPA/454/K-04/001. Research Triangle Park, NC.
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Table 2-2. ROE Indicators of Trends in Outdoor Air Quality and Their Effects
on Human Health and the Environment

National Indicators Section Page

Criteria Pollutants and Their Precusors

2-8

Air Toxics and Other Pollutants

Stratospheric 0zone Issues

Carbon Monoxide Emissions (N/R) 2.2.2 2-9
Ambient Concentrations of Carbon Monoxide (N/R) 2.2.2 2-11
Lead Emissions 2.2.2 2-12
Ambient Concentrations of Lead 2.2.2 2-14
Nitrogen Oxides Emissions (N/R) 2.2.2 2-16
Ambient Concentrations of Nitrogen Dioxide (N/R) 2.2.2 2-18
Volatile Organic Compounds Emissions (N/R) 2.2.2 2-20
Ambient Concentrations of Ozone (N/R) 2.2.2 2-22
Ozone Injury to Forest Plants (N/R) 2.2.2 2-24
Particulate Matter Emissions (N/R) 2.2.2 2-26
Ambient Concentrations of Particulate Matter (N/R) 2.2.2 2-29
Regional Haze 2.2.2 2-33
Sulfur Dioxide Emissions (N/R) 222 2-34
Acid Deposition 2.2.2 2-37
Lake and Stream Acidity 2.2.2 2-42
Percent of Days with Air Quality Index Values Greater Than 100 (N/R) 2.2.2 2-44

Mercury Emissions 2.2.2 2-46
Air Toxics Emissions (N/R) 2.2.2 2-48
Ambient Concentrations of Benzene 2.2.2 2-51

Concentrations of Ozone-Depleting Substances 2.2.2 2-52

Ozone Levels over North America 2.2.2 2-54
Regional Indicators Section Page

Ozone and Particulate Matter Concentrations for U.S. Counties in the U.S./ 2.2.2 2-56

Mexico Border Region

Ambient Concentrations of Manganese Compounds in EPA Region 5 2.2.2 2-58

N/R = National Indicator displayed at EPA Regional scale
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Carbon Monoxide Emissions

Carbon monoxide (CO) gas forms primarily when
carbon fuels are not burned completely. Mobile
sources account for the majority of CO emissions (U.S.
EPA, 2003). These sources include both on-road vehicles
(e.g., cars, trucks, motorcycles) and nonroad vehicles and
engines (e.g., farm equipment, construction equipment,
aircraft, marine vessels). Consequently, high concentra-
tions of CO generally occur in areas with heavy traffic
congestion. In cities, as much as 95 percent of all CO
emissions may come from automobile exhaust (U.S. EPA,
2003). Other sources of CO emissions include industrial
processes, non-transportation fuel combustion, and natural
sources, such as wildfires. Fuel-burning appliances also

are a large source of CO releases in indoor environments.
Undetected releases of carbon monoxide in indoor settings
can present serious health risks to building occupants. The
CO Concentrations indicator (p. 2-11) describes health
hazards associated with inhaling CO.

This indicator presents CO emissions from tradition-
ally inventoried anthropogenic source categories: (1) “Fuel
combustion,” which includes emissions from coal-, gas-,
and oil-fired power plants and industrial, commercial, and
institutional sources, as well as residential heaters (e.g.,
wood-burning stoves) and boilers; (2) “Other industrial
processes,” which includes chemical production, petro-
leum refining, metals production, and industrial processes
other than fuel combustion; (3) “On-road vehicles,”
which includes cars, trucks, buses, and motorcycles; and
(4) “Nonroad vehicles and engines,” such as farm and
construction equipment, lawnmowers, chainsaws, boats,
ships, snowmobiles, aircraft, and others. The indicator
also includes estimates of biogenic CO emissions in 2002.
Biogenic emissions were estimated using the Biogenic
Emissions Inventory System Model, Version 3.12, with
data from the Biogenic Emissions Landcover Database and
2001 annual meteorological data.

CO emissions data are tracked by the National Emis-
sions Inventory (NEI). The NEI is a composite of data from
many different sources, including industry and numerous
state, tribal, and local agencies. Different data sources use
different data collection methods, and many of the emissions
data are based on estimates rather than actual measurements.
For most fuel combustion sources and industrial sources,
emissions are estimated using emission factors. Emissions
from on-road and nonroad sources were estimated using
EPA-approved modeling approaches (U.S. EPA, 2007a).

NEI data have been collected since 1990 and cover all
50 states and their counties, D.C., the U.S. territories of
Puerto Rico and Virgin Islands, and some of the territories
of federally recognized American Indian nations. Data are
presented for 1990 and from 1996 to 2002; prior to 1996,
only the 1990 data have been updated to be comparable to
the more recent inventories.

Exhibit 2-1. CO emissions in the U.S. by
source category, 1990 and 1996-2002

0 A. Anthropogenic CO emissions by source category’
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B. Relative amounts of CO
emissions from anthropogenic
and biogenic sources, 2002

®Data are presented for 1990
and 1996-2002, as datasets
from these inventory years are
all fully up to date. Data are
available for inventory years
1991-1995, but these data have
not been updated to allow
comparison with data from
1990 and 1996-2002.

Data source: U.S. EPA, 2007b

Biogenic
5%

What the Data Show

This indicator focuses on trends in CO emissions from
anthropogenic sources. However, CO emissions from bio-
genic sources were estimated for 2002 to provide a sense of
the relative contributions of natural versus anthropogenic
emissions (Exhibit 2-1, panel B). Nationally, biogenic
emissions were estimated to contribute approximately 5
percent to the CO emissions from all sources during 2002.

Nationwide estimated anthropogenic CO emissions have
decreased 35 percent between 1990 and 2002, the most
recent year for which aggregate NEI emissions estimates
are available (Exhibit 2-1, panel A). Almost the entire
emissions reduction is attributed to decreased emissions
from on-road mobile sources. In 2002, mobile sources
(both on-road and nonroad sources combined) accounted
for 90 percent of the nation’s total anthropogenic CO
emissions. The CO emissions reductions are reflected in
corresponding reductions in ambient concentrations (the
CO Concentrations indicator, p. 2-11).

Net estimated anthropogenic CO emissions declined
in all EPA Regions between 1990 and 2002 (Exhibit
2-2). The largest decrease (10.84 million tons) occurred
in Region 9, and the smallest decrease (1.33 million tons)
occurred in Region 10.
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Carbon Monoxide Emissions

Indicator Limitations
» Comparable CO emissions estimates through the NEI are
available only for 1990 and 1996-2002. Data for 1991-1995
are not provided due to differences in emissions estimation
methodologies from other inventory years, which could
lead to improper trend assessments.

¢ CO emissions from “miscellaneous sources,” including
wildfires, are not included in the total emissions. Yearly
fluctuations in wildfire emissions have the potential to
mask trends in anthropogenic emissions and therefore have
been excluded from the trends graphics. Details on emis-
sions from miscellaneous sources can be found by down-
loading 2002 NEI inventory data for the “nonpoint sector”

(http://www.epa.gov/ttn/chief/net/2002inventory.html).

* The emissions data for CO are largely based on estimates
that employ emission factors generated from empirical
and engineering studies, rather than on actual measure-
ments of CO emissions. Although these estimates are
generated using well-established approaches, the esti-
mates have uncertainties inherent in the emission factors
and emissions models used to represent sources for which
emissions have not been directly measured.

* The methodology for estimating emissions is continually
reviewed and is subject to revision. Trend data prior to
any revisions must be considered in the context of
those changes.

* Not all states and local agencies provide the same data or
level of detail for a given year.

Data Sources

Summary data in this indicator were provided by EPA’s
Office of Air Quality Planning and Standards, based on
biogenic and anthropogenic CO emissions data in the
NEI (U.S. EPA, 2007b) (http://www.epa.gov/ttn/chief/
net/2002inventory.html). This indicator aggregates the
NEI data by source type (anthropogenic or biogenic),
source category, and EPA Region.

References

U.S. EPA (United States Environmental Protection
Agency). 2007a. Documentation for the final 2002 mobile
National Emissions Inventory, Version 3. <ftp://ftp.
epa.gov/EmisInventory/2002finalnei/documentation/
mobile/2002_mobile_nei_version_3_report_092807.pdf>

(continued)

Exhibit 2-2. CO emissions in the U.S. by
EPA Region, 1990 and 1996-2002°
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U.S. EPA. 2007b. Data from the 2002 National Emissions
Inventory, Version 3.0. Accessed 2007.
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Research Triangle Park, NC.
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Ambient Concentrations of Carbon Monoxide

arbon monoxide (CO) gas forms primarily when car-

bon fuels are not burned completely. Elevated ambient
air concentrations of CO are hazardous because inhaled
CO enters the bloodstream and reduces the amount of
oxygen that the blood can deliver to the body’s organs and
tissues. If exposure concentrations are high enough, poten-
tially serious cardiovascular and neurological effects can
result. Visual impairment, reduced work capacity, reduced
manual dexterity, poor learning ability, and difficulty in
performing complex tasks are all associated with exposure
to elevated CO levels (U.S. EPA, 2000).

Motor vehicle exhaust currently accounts for the
majority of CO emissions nationwide, and as much as 95
percent of CO emissions in cities with high traffic con-
gestion. Other anthropogenic sources of CO emissions
include fossil fuel combustion for heating and power
generation, metals processing, and chemical manufactur-
ing. The highest ambient air concentrations of CO often
occur during nighttime inversion conditions, which trap
pollutants near ground level. These conditions are most
frequently observed during the cold winter months (U.S.
EPA, 2003).

This indicator presents ambient CO concentrations
in parts per million (ppm) from 1980 to 2006, based on
continuous measurements averaged over 8-hour time
frames. The 8-hour standard is indicative of exposures
occurring over a sustained period of time, for example,
an outdoor worker’s exposure over the course of a work
day. This indicator displays trends in the annual second
highest 8-hour CO concentrations for 144 sites in 102
counties nationwide that have consistent data for the
period of record in the State and Local Air Monitoring
Stations network or by other special purpose monitors.

It also shows trends in the average 8-hour measurements
in each EPA Region. This indicator’s exhibits display the
National Ambient Air Quality Standard (NAAQS) for
CO as a point of reference, but the fact that the national or
any regional second highest 8-hour values fall below the
standard does not mean that all monitoring sites nation-
ally or in the EPA Region also are below the standard.
The indicator displays trends in the number of the 144 sites
nationwide at which reported CO concentrations were
above the level of the 8-hour standard, but this statistic is
not displayed for each EPA Region.

What the Data Show

The 2006 annual second highest 8-hour CO concentra-
tion averaged across 144 monitoring sites nationwide was
75 percent lower than that for 1980, and is the lowest level
recorded during the past 27 years (Exhibit 2-3, panel A).
The downward trend in CO concentrations in the 1990s
parallels the downward trend observed in CO emissions,
which has been attributed largely to decreased emissions
from mobile sources (the CO Emissions indicator, p. 2-9).

Exhibit 2-3. Ambient CO concentrations in the
U.S., 1980-2006°
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4Coverage: 144 monitoring sites in 102 counties nationwide (out of
a total of 375 sites measuring CO in 2006) that have sufficient
data to assess CO trends since 1980.

Data source: U.S. EPA, 2007

In addition, of the 144 sites used to determine this trend
(out of 375 total monitoring sites that were operating in
2006), the number reporting CO concentrations above the
level of the CO standard declined to zero over the same
period (Exhibit 2-3, panel B).

Also shown in Exhibit 2-3 (panel A) are the 90* and 10
percentiles based on the distribution of annual statistics at
the monitoring sites. This provides additional graphical
representation of the distribution of measured concentra-
tions across the monitoring sites for a given year. Thus, the
graphic displays the concentration range where 80 percent
of measured values occurred for that year.

Consistent with the nationwide trend, CO levels in all
ten EPA Regions have steadily decreased since 1980, with
percent reductions over this period ranging from 68 per-
cent (Region 7) to 85 percent (Region 1) (Exhibit 2-4).
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Ambient Concentrations of Carbon Monoxide

Exhibit 2-4. Ambient CO concentrations in the
contiguous U.S. by EPA Region, 1980-2006°
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Indicator Limitations

* Because most CO monitoring sites are located in high-
traffic urban areas, the nationwide trends presented in
this indicator might not accurately reflect conditions
outside the immediate urban monitoring areas.

* Because of the relatively small number of trend sites in
some EPA Regions, the regional trends are subject to
greater uncertainty than the national trends. Some EPA
Regions with low average concentrations may include
areas with high local concentrations, and vice versa.

Lead Emissions

Lead is a naturally occurring metal found in small amounts
in rock and soil. Lead has been used industrially in the
production of gasoline, ceramic products, paints, metal
alloys, batteries, and solder. In the past, automotive sources
were the major contributors of lead emissions to the atmo-
sphere. After leaded motor vehicle fuels were phased out
during the 1970s and 1980s, the contribution of air emis-
sions of lead from the transportation sector, and particularly
the automotive sector, greatly declined. Today, industrial
processes, primarily metals processing, account for a large
portion of lead emissions to the atmosphere and the highest

(continued)

* To ensure that long-term trends are based on a consistent
set of monitoring sites, selection criteria were applied to
identify the subset of CO monitoring sites with sufficient
data to assess trends since 1980. Monitoring sites with-
out sufficient data are not included in the trend analysis.
Some excluded monitoring sites reported CO concentra-
tions above the level of the CO standard over the time
frame covered by this indicator. In 2006, for example,
one monitoring site in the U.S. recorded CO concentra-
tions above the level of the NAAQS, but did not have
sufficient long-term data to be considered a trend site for
this indicator.

Data Sources

Summary data in this indicator were provided by EPA’s
Office of Air Quality Planning and Standards, based on
CO ambient air monitoring data in EPA’s Air Quality
System (U.S. EPA, 2007) (http://www.epa.gov/ttn/airs/
airsaqs/). National and regional trends in this indicator are
based on the subset of CO monitoring stations that have
sufficient data to assess trends since 1980.
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levels of airborne lead are usually found near industrial oper-
ations that process materials containing lead, such as smelters
(U.S. EPA, 2003). Exposure to lead occurs mainly through
inhalation of air and ingestion of lead in food, water, soil, or
dust. The Lead Concentrations indicator (p. 2-14) describes
health hazards associated with lead exposures.

This indicator presents lead emissions from tradition-
ally inventoried anthropogenic source categories: (1) “Fuel
combustion,” which includes emissions from coal-, gas-,
and oil-fired power plants and industrial, commercial,
and institutional sources, as well as residential heaters and
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Lead Emissions

boilers; (2) “Other sources,” which includes chemical
production and petroleum refining; (3) “On-road vehi-
cles,” which includes cars, trucks, buses, and motorcycles;
(4) “Nonroad vehicles and engines,” such as farm and
construction equipment, lawnmowers, chainsaws, boats,
ships, snowmobiles, aircraft, and others; and (5) “Metals
industrial processing.” Since metals processing is one of
the largest sources of lead emissions, the indicator includes
a metals source category in addition to the four categories
presented in the other emissions indicators.

For the years 1970 through 1985, the primary source
for lead emissions data was the National Emissions Data
System (NEDS) archives. Since 1990, lead emissions data
have been tracked by the National Emissions Inventory
(NEI). The NEI is a composite of data from many differ-
ent sources, including industry and numerous state, tribal,
and local agencies. Different data sources use different
data collection methods, and many of the emissions data
are based on estimates rather than actual measurements.
For most industrial processes and fuel combustion sources,
emissions are estimated using emission factors. Emissions
from on-road and nonroad sources were estimated using
EPA-approved modeling approaches (U.S. EPA, 2007a).

Data for lead emissions cover all 50 states and their coun-
ties, D.C., the U.S. territories of Puerto Rico and Virgin
Islands, and some of the territories of federally recognized
American Indian nations.

What the Data Show

Between 1970 and 2002, estimated nationwide lead emis-
sions decreased by 99 percent (219,210 tons), mostly due
to reductions from on-road vehicle sources after lead was
removed from gasoline (Exhibit 2-5). Since 1990, further
declines in lead emissions occurred, mostly due to reduc-
tions from on-road vehicles and nonroad vehicles and
engines. Sharp declines in nationwide air concentrations
of lead between 1980 and 1990 paralleled the emissions
reductions (the Lead Concentrations indicator, p. 2-14).

Indicator Limitations

* Although lead emissions trends have been generated using
well-established estimation methods, the data reflect
estimates based on empirical and engineering models and
not actual measurement of lead emissions. These esti-
mates have uncertainties inherent in the emission factors
and emissions models used to represent sources for which
emissions have not been directly measured.

* The method for estimating lead emissions for fuel com-
bustion and industrial sources changed in 1999 to reduce
uncertainties inherent in the previous method (U.S.
EPA, 2003). Despite the change in methodology, the
long-term trend is still reliable.

(continued)

Exhibit 2-5. Lead emissions in the U.S. by
source category, 1970-1999 and 2002°
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* Not all states and local agencies provide the same data or
level of detail for a given year.

Data Sources

Summary data in this indicator were provided by EPA’s
Office of Air Quality Planning and Standards, based on
lead emissions data from two sources. Emissions data
from 1970 to 1985 are from EPA’s NEDS archives, and
data summaries for this time frame can be found in
various EPA publications (e.g., U.S. EPA, 2001). Emis-
sions data for 1990-1999 and 2002 are available from the
NEI (U.S. EPA, 2007b) (http://www.epa.gov/ttn/chief/
net/2002inventory.html). This indicator aggregates the
emissions data by source category.

References

U.S. EPA (United States Environmental Protection
Agency). 2007a. Documentation for the final 2002 mobile
National Emissions Inventory, Version 3. <ftp://ftp.
epa.gov/EmisInventory/2002finalnei/documentation/
mobile/2002_mobile_nei_version_3_report_092807.pdf>

EPA’s 2008 Report on the Environment




Lead Emissions

U.S. EPA. 2007b. Data from the 2002 National Emissions
Inventory, Version 3.0. Accessed 2007.
<http://www.epa.gov/ttn/chief/net/2002inventory.htmI>

U.S. EPA. 2003. National air quality and emissions trends
report—2003 special studies edition. EPA/454/R-03/005.
Research Triangle Park, NC.
<http://www.epa.gov/air/airtrends/aqtrnd03/>

(continued)

U.S. EPA. 2001. National air quality and emissions trends
report, 1999. EPA/454/R-01/004. Research Triangle Park,
NC. <http://www.epa.gov/air/airtrends/aqtrnd99/>

Ambient Concentrations of Lead

Lead is a naturally occurring metal found in small amounts
in rock and soil. Despite steep decreases in emissions
since 1970 (the Lead Emissions indicator, p. 2-12), lead
remains an important environmental health issue because
exposure to high levels has been associated with serious
health effects, including neurological impairments such as
seizures, mental retardation, and behavioral disorders (CDC,
2005). Even at low doses, lead exposure can have adverse
effects on the nervous systems of fetuses and young children
(the Blood Lead indicator, p. 5-10) (U.S. EPA, 2006). People
can be exposed to lead by inhaling airborne particles that
contain lead, drinking contaminated water, eating contami-
nated food items, or ingesting non-food items that contain
lead, such as dust and paint chips.

Lead has been used industrially in the production of
gasoline, ceramic products, paints, metal alloys, batteries,
and solder. Some chemicals containing lead were previ-
ously added to gasoline to enhance vehicle performance,
but that practice was phased out during the 1970s and
1980s. As a result, air emissions of lead from the transpor-
tation sector decreased dramatically during that period
(the Lead Emissions indicator, p. 2-12). Today, the high-
est levels of airborne lead are usually found near industrial
operations that process materials containing lead, such as
smelters (U.S. EPA, 2003).

This indicator presents ambient lead concentrations in
micrograms per cubic meter (ug/m?) from 1980 to 2006.
Trends for this indicator are based on measurements made
at 15 monitoring stations in 10 counties nationwide. These
trend sites were selected because they are part of the State
and Local Air Monitoring Stations network or are special
purpose monitors and they have consistently measured
ambient air concentrations of lead over the entire period of
interest. Reported values are annual maximum quarterly
averages. This indicator’s exhibit displays the lead National
Ambient Air Quality Standard (NAAQS) as a point
of reference, but the fact that the average national lead
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concentrations fall below the standard does not mean that
all monitoring sites also are below the standard.

What the Data Show

Between 1980 and 2006, average lead concentrations
decreased 96 percent nationally (Exhibit 2-6, panel A).
This decrease, which occurred mostly during the 1980s
and early 1990s, is largely attributed to reduced lead
content in gasoline (U.S. EPA, 2003). In addition, of
the 15 sites used to determine this trend (out of 161 total
monitoring sites that were operating in 2006), the num-
ber reporting lead concentrations above the level of the
NAAQS declined to zero over the same period (Exhibit
2-6, panel B).

Also shown in Exhibit 2-6 (panel A) are the 90 and 10"
percentiles based on the distribution of annual statistics at
the monitoring sites. This provides additional graphical
representation of the distribution of measured concentra-
tions across the monitoring sites for a given year. Thus, the
exhibit displays the concentration range where 80 percent
of measured values occurred for each year.

Indicator Limitations

* Because most lead monitoring sites are located in urban
areas, the nationwide trends might not accurately reflect
conditions outside the immediate urban monitoring areas.

* To ensure that long-term trends are based on a consistent
set of monitoring sites, selection criteria were applied to
identify the subset of lead monitoring sites with sufficient
data to assess trends since 1980. Monitoring sites without
sufficient data are not included in the trend analysis. Some
excluded monitoring sites reported lead concentrations
above the level of the lead standard over the time frame
covered by this indicator. In 2006, for example, two
monitoring sites recorded lead concentrations above the
level of the NAAQS, but did not have sufficient long-term
data to be considered trend sites for this indicator.



Ambient Concentrations of Lead (continuea)

Data Sources

Summary data in this indicator were provided by EPA’s Exhibit 2-6. Ambient lead concentrations in
Office of Air Quality Planning and Standards, based on the U.S., 1980-2006"

lead ambient air monitoring data in EPA’s Air Quality ) )

System (U.S. EPA, 2007) (http://www.epa.gov/ttn/airs/ 25 A. Ambient concentrations

airsaqs/). National trends in this indicator are based on the
subset of lead monitoring stations that have sufficient data
to assess trends since 1980.
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Nitrogen Oxides Emissions

“N itrogen oxides” (NO,) is the term used to describe the
sum of nitric oxide (NO), nitrogen dioxide (NO,), and
other oxides of nitrogen. Most airborne NO_ comes from

combustion-related emissions sources of human origin,
primarily fossil fuel combustion in electric utilities, high-
temperature operations at other industrial sources, and
operation of motor vehicles. However, natural sources, like
biological decay processes and lightning, also contribute to
airborne NO_. Fuel-burning appliances, like home heat-
ers and gas stoves, produce substantial amounts of NO_in
indoor settings (U.S. EPA, 2003).

NO, plays a major role in several important environmen-
tal and human health issues. Short-term and long-term
exposures to elevated air concentrations of NO, are associ-
ated with various acute and chronic respiratory effects (U.S.
EPA, 1993). NO_ and volatile organic compounds react in
the presence of sunlight to form ozone, which also is associ-
ated with human health and ecological effects (the Ozone
Concentrations indicator, p. 2-22). NO_and other pollut-
ants react in the air to form compounds that contribute to
acid deposition, which can damage forests and cause lakes
and streams to acidify (the Acid Deposition indicator, p.
2-37). Deposition of NO_ also affects nitrogen cycles and
can contribute to nuisance growth of algae that can disrupt
the chemical balance of nutrients in water bodies, especially
in coastal estuaries (the Lake and Stream Acidity indicator,
p. 2-42; the Trophic State of Coastal Waters indicator,

p- 3-38). NO_ also plays a role in several other environmen-
tal issues, including formation of particulate matter

(the PM Concentrations indicator, p. 2-29), decreased vis-
ibility (the Regional Haze indicator, p. 2-33), and global
climate change (the U.S. Greenhouse Gas Emissions indica-
tor, p. 2-64; the Greenhouse Gas Concentrations indicator,
p. 2-606).

This indicator presents NO_ emissions from tradition-
ally inventoried anthropogenic source categories: (1) “Fuel
combustion: selected power generators,” which includes
emissions from coal-, gas-, and oil-fired power plants that are
required to use continuous emissions monitors (CEMs) to
report emissions as part of the Acid Rain Program (ARP); (2)
“Fuel combustion: other sources,” which includes industrial,
commercial, and institutional sources, as well as residential
heaters and boilers not required to use CEMs; (3) “Other
industrial processes,” which includes chemical production and
petroleum refining; (4) “On-road vehicles,” which includes
cars, trucks, buses, and motorcycles; (5) “Nonroad vehicles
and engines,” such as farm and construction equipment,
lawnmowers, chainsaws, boats, ships, snowmobiles, aircraft,
and others. Since a substantial portion of airborne NO_ comes
from fossil fuel combustion in electric utilities, this indicator
includes the separate category for “selected power genera-
tors” in addition to the four categories presented in the other
emissions indicators. The indicator also includes estimates of
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Exhibit 2-7. NOy emissions in the U.S. by
source category, 1990 and 1996-2002

A. Anthropogenic NOy emissions by source category’
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®Data are presented for 1990
and 1996-2002, as datasets
from these inventory years are
fully up to date. Data are
available for inventory years
1991-1995, but these data have
not been updated to allow
comparison with data from
1990 and 1996-2002.

®This category includes
emissions from only those
power plants required to use continuous emissions monitors under the
Acid Rain Program.

Data source: U.S. EPA, 2007b

B. Relative amounts of NOy
emissions from anthropogenic
and biogenic sources, 2002

Biogenic

. 5%

biogenic NO_emissions in 2002. Biogenic emissions were
estimated using the Biogenic Emissions Inventory System
Model, Version 3.12, with data from the Biogenic Landcover
Database and 2001 annual meteorological data.

NO_ emissions data are tracked by the National Emis-
sions Inventory (NEI). The NEI is a composite of data
from many different sources, including industry and
numerous state, tribal, and local agencies. Different data
sources use different data collection methods, and many of
the emissions data are based on estimates rather than actual
measurements. For major electricity generating units, most
data come from CEMs that measure actual emissions. For
other fuel combustion sources and industrial processes,
data are estimated using emission factors. Emissions from
on-road and nonroad sources were estimated using EPA-
approved modeling approaches (U.S. EPA, 2007a).

NEI data have been collected since 1990 and cover all
50 states and their counties, D.C., the U.S. territories of
Puerto Rico and Virgin Islands, and some of the territories
of federally recognized American Indian nations. Data are
presented only for 1990 and the years from 1996 to 2002;



Nitrogen Oxides Emissions (continued)

prior to 1996, only the 1990 data have been updated to be
comparable to the more recent inventories.

What the Data Show

This indicator focuses on trends in NO_ emissions from
anthropogenic sources. However, NO_emissions from
biogenic sources were estimated for 2002 to provide a sense
of the relative contributions of natural versus anthropogenic
emissions. Nationally, biogenic emissions were estimated to
contribute approximately 5 percent to NO_ emissions from
all sources during 2002 (Exhibit 2-7, panel B).

According to the NEI data, estimated nationwide
anthropogenic emissions of NO_ decreased by 17 percent
between 1990 and 2002 (from 25,160,000 to 20,917,000
tons) (Exhibit 2-7, panel A). This downward trend results
primarily from emissions reductions at electric utilities and
among on-road mobile sources. Although total nation-
wide anthropogenic NO_emissions decreased during this
period, emissions from some sources (such as nonroad
vehicles and engines) have increased since 1990.

Estimated anthropogenic NO_ emissions in nine of
the ten EPA Regions decreased between 1990 and 2002
(Exhibit 2-8). The percent change in emissions over this
time frame ranged from a 36 percent decrease (in Region
2) to a 6 percent increase (in Region 10), and the largest
absolute reduction (919,000 tons) occurred in Region 3.

Indicator Limitations

* Comparable NO_ emissions estimates through the NEI
are available only for 1990 and 1996-2002. Data for
1991-1995 are not provided due to differences in emis-
sions estimation methodologies from other inventory
years, which could lead to improper trend assessments.

* NO_ emissions from miscellaneous sources are not
included in the total emissions.

¢ Though NO_ emissions from most electric utilities are
measured directly using continuous monitoring devices,
NO_ emissions data for most other source types are
estimates. These estimates are generated using well-
established approaches, but still have uncertainties inher-
ent in the emission factors and emissions models used
to represent sources for which emissions have not been
directly measured.

* The methodology for estimating emissions is continually
reviewed and is subject to revision. Trend data prior to
any revisions must be considered in the context of
those changes.

* Not all states and local agencies provide the same data or
level of detail for a given year.

Data Sources
Summary data in this indicator were provided by EPA’s
Office of Air Quality Planning and Standards, based on

Exhibit 2-8. NOy emissions in the U.S. by EPA
Region, 1990 and 1996-2002*
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anthropogenic and biogenic NO_ emissions data in EPA’s
NEI (U.S. EPA, 2007b) (http://www.epa.gov/ttn/chiet/
net/2002inventory.html). This indicator aggregates the NEI
data by source type (anthropogenic or biogenic), source
category, and EPA Region.
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Ambient Concentrations of Nitrogen Dioxide

N itrogen dioxide (NO,) is a reddish-brown, highly reac-
tive gas that is formed in the ambient air through the
oxidation of nitric oxide (NO). Nitrogen dioxide is one

in a group of highly reactive gases generically referred to
as “nitrogen oxides” (NO,), all of which contain nitrogen
and oxygen in varying amounts. NO_ plays a major role in
the formation of ozone in the atmosphere through a com-
plex series of reactions with volatile organic compounds.
NO, is the most widespread and commonly found nitro-
gen oxide (U.S. EPA, 2003).

Short-term exposures (e.g., less than 3 hours) to low
levels of NO, may lead to changes in airway responsiveness
and lung function in individuals with preexisting respira-
tory illnesses. These exposures may also increase respira-
tory illnesses in children. Long-term exposures to NO,
may lead to increased susceptibility to respiratory infection
and may cause irreversible alterations in lung structure
(U.S. EPA, 1995).

Atmospheric transformation of NO_ can lead to the
formation of ozone and nitrogen-bearing particles (e.g.,
nitrates, nitric acid). Deposition of nitrogen can lead to fer-
tilization, eutrophication, or acidification of terrestrial, wet-
land, and aquatic (e.g., fresh water bodies, estuaries, coastal
water) systems. These effects can alter competition among
existing species, leading to changes in species abundance and
distribution within communities. For example, eutrophic
conditions in aquatic systems can produce explosive growth
of algae leading to hypoxia or an increase in levels of toxins
harmful to fish and other aquatic life (U.S. EPA, 1993).

This indicator presents ambient NO, concentrations in
parts per million (ppm) from 1980 to 2006, based on the
annual arithmetic average. The indicator displays trends
averaged over 87 sites in 64 counties nationwide that have
consistent data for the period of record in the State and
Local Air Monitoring Stations network or by special pur-
pose monitors. It also shows trends in the annual average
NO, measurements in each EPA Region. This indicator’s
exhibits display the NO, National Ambient Air Quality
Standard (NAAQS) as a point of reference, but the fact that
the national or any regional average values fall below the
standard does not mean that all monitoring sites nation-
ally or in the EPA Region also are below the standard.

This indicator displays trends in the number of the 87 sites
nationwide at which NO, concentrations exceeded the level
of the annual average standard over the period of record, but
this statistic is not displayed for each EPA Region.

What the Data Show

The national annual average NO, concentration in 2006
was 41 percent lower than that recorded in 1980 (Exhibit
2-9, panel A). Also shown on this graph are the 90* and
10 percentiles of NO, concentrations based on the distri-
bution of annual statistics at the monitoring sites. This pro-
vides additional graphical representation of the distribution
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Exhibit 2-9. Ambient NO> concentrations in the
U.S., 1980-2006°
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“Coverage: 87 monitoring sites in 64 counties nationwide (out of a
total of 369 sites measuring NO2 in 2006) that have sufficient data
to assess NO2 trends since 1980.

Data source: U.S. EPA, 2007

of measured concentrations across the monitoring sites for
a given year. Thus, for each year, the graphic displays the
concentration range where 80 percent of measured values
occurred. The highest annual average NO, concentra-
tions are typically found in urban areas. In addition, of
the 87 sites used to determine this trend (out of 369 total
monitoring sites that were operating in 2006), the number
reporting NO, concentrations above the level of the NO,
standard declined from seven sites in 1981 to zero sites
since 1992 (Exhibit 2-9, panel B).

NO, levels in all ten EPA Regions have steadily
decreased since 1980, with percent reductions over this
time ranging from 20 percent in Region 8 to 49 percent in
Region 1 (Exhibit 2-10).




Ambient Concentrations of Nitrogen Dioxide

The decrease in NO, concentrations in this indicator is
consistent with the decreasing NO_ emissions observed
over the past decade (the Nitrogen Oxides Emissions indi-
cator, p. 2-16).

Indicator Limitations

* Because ambient monitoring for NO, occurs almost
exclusively in high-traffic urban areas, the average
concentrations presented in this indicator likely may not
reflect NO, levels in rural areas. Also, in rural areas, air
mass aging could foster greater relative levels of peroxy-
acetyl nitrate (PAN) and nitric acid which can cause a
positive interference in NO, measurements.

¢ The measurement of NO, is based on the conversion of
NO, to NO and the subsequent detection of NO using
the chemiluminescence technique. Because there are
other nitrogen-containing compounds, such as PAN and
nitric acid, that can be converted to NO, the chemilu-
minescence technique may overestimate NO, concentra-
tions due to these interferences. Measurement devices
with ultraviolet photolytic converters are less prone to
interferences than devices with heated surfaces (or cata-
lysts) upstream of the chemiluminescence detector.

* Because of the relatively small number of trend sites in
some EPA Regions, the regional trends are subject to
greater uncertainty than the national trends. Some EPA
Regions with low average concentrations may include
areas with high local concentrations, and vice versa.

* To ensure that long-term trends are based on a con-
sistent set of monitoring sites, selection criteria were
applied to identify the subset of NO, monitoring sites
with sufficient data to assess trends since 1980. Monitor-
ing sites without sufficient data are not included in the
trend analysis. Some excluded monitoring sites reported
NO, concentrations above the level of the NO, standard
over the time frame covered by this indicator. In 2006,
however, no monitoring sites in the U.S. measured NO,
concentrations above the level of the NAAQS.

Data Sources

Summary data in this indicator were provided by EPA’s
Office of Air Quality Planning and Standards, based on
NO, ambient air monitoring data in EPA’s Air Quality
System (U.S. EPA, 2007) (http://www.epa.gov/ttn/airs/
airsaqs/). National and regional trends in this indicator are
based on the subset of NO, monitoring stations that have
sufficient data to assess trends since 1980.

(continued)

Exhibit 2-10. Ambient NO» concentrations in the
contiguous U.S. by EPA Region, 1980-2006%°
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Thus, no trend line for Region 10 is shown.

Data source: U.S. EPA, 2007
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Volatile Organic Compounds Emissions

Volatile organic compounds (VOCs) are a large group of
organic chemicals that include any compound of carbon
(excluding carbon monoxide, carbon dioxide, carbonic acid,
metallic carbides or carbonates, and ammonium carbonate)
and that participate in atmospheric photochemical reac-
tions. VOC:s are of interest in part because they contribute
to ozone formation (U.S. EPA, 2003a). Ozone (the Ozone
Concentrations indicator, p. 2-22) is formed from chemi-
cal reactions involving airborne VOCs, airborne nitrogen
oxides, and sunlight. VOCs are also of interest because
many individual VOCs are known to be harmful to human
health (the Benzene Concentrations indicator, p. 2-51; the
Air Toxics Emissions indicator, p. 2-48). Health effects vary
by pollutant. VOCs are emitted from a variety of sources,
including motor vehicles, chemical manufacturing facilities,
refineries, factories, consumer and commercial products, and
natural (biogenic) sources (mainly trees) (U.S. EPA, 2003b).

This indicator presents VOC emissions from tradition-
ally inventoried anthropogenic source categories:

(1) “Fuel combustion,” which includes emissions from
coal-, gas-, and oil-fired power plants and industrial, com-
mercial, and institutional sources, as well as residential
heaters and boilers; (2) “Other industrial processes,” which
includes chemical production, petroleum refining, metals
production, and processes other than fuel combustion; (3)
“On-road vehicles,” which includes cars, trucks, buses, and
motorcycles; and (4) “Nonroad vehicles and engines,” such
as farm and construction equipment, lawnmowers, chain-
saws, boats, ships, snowmobiles, aircraft, and others. The
indicator also includes estimates of biogenic VOC emis-
sions in 2002. Biogenic emissions were estimated using the
Biogenic Emissions Inventory System Model, Version 3.12,
with data from the Biogenic Emissions Landcover Data-
base and 2001 annual meteorological data.

VOC emissions data are tracked by the National Emis-
sions Inventory (NEI). The NEI is a composite of data
from many different sources, including industry and
numerous state, tribal, and local agencies. Different data
sources use different data collection methods, and many of
the emissions data are based on estimates rather than actual
measurements. For most fuel combustion sources and
industrial sources, emissions are estimated using emission
factors. Emissions from on-road and nonroad sources were
estimated using EPA-approved modeling approaches (U.S.
EPA, 2007a).

NEI data have been collected since 1990 and cover all
50 states and their counties, D.C., the U.S. territories of
Puerto Rico and Virgin Islands, and some of the territories
of federally recognized American Indian nations. Data are
presented only for 1990 and the years from 1996 to 2002;
prior to 1996, only the 1990 data have been updated to be
comparable to the more recent inventories.
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Exhibit 2-11. VOC emissions in the U.S. by
source category, 1990 and 1996-2002

A. Anthropogenic VOC emissions by source category®
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B. Relative amounts of VOC
emissions from anthropogenic
and biogenic sources, 2002

®Data are presented for 1990
and 1996-2002, as datasets
from these inventory years are
fully up to date. Data are
available for inventory years
1991-1995, but these data have
not been updated to allow
comparison with data from
1990 and 1996-2002.

Data source: U.S. EPA, 2007b
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What the Data Show

This indicator focuses on trends in VOC emissions from
anthropogenic sources. However, VOC emissions from
biogenic sources were estimated for 2002 to provide a sense
of the relative contributions of natural versus anthropogenic
emissions. Nationally, biogenic emissions were estimated
to contribute approximately 72 percent to VOC emissions
from all sources during 2002 (Exhibit 2-11, panel B). Thus,
VOC emissions from biogenic sources are larger than the
VOC emissions from all anthropogenic sources combined.

According to NEI data, national total estimated VOC
emissions from anthropogenic sources, excluding wild-
fires and prescribed burns, decreased by 25 percent
between 1990 and 2002 (from 23,048,000 to 17,194,000
tons) (Exhibit 2-11, panel A). The overwhelming major-
ity of anthropogenic emissions reductions were observed
among industrial processes and on-road mobile sources.
Combined, these two source categories accounted for 84
percent of the total nationwide estimated anthropogenic
VOC emissions in 1990 (excluding wildfires and pre-
scribed burns), but accounted for only 72 percent of the
nationwide anthropogenic emissions in 2002.



Volatile Organic Compounds Emissions  (continued)

Trends in estimated anthropogenic VOC emissions in
nine of the ten EPA Regions were consistent with the over-
all decline seen nationally from 1990 to 2002 (Exhibit 2-12).
Changes in VOC emissions ranged from a 52 percent reduc-
tion (Region 9) to a 16 percent increase (Region 10).

Indicator Limitations

* Comparable VOC emissions estimates through the NEI
are available only for 1990 and 1996-2002. Data for
1991-1995 are not provided due to differences in emis-
sions estimation methodologies from other inventory
years, which could lead to improper trend assessments.

* VOC emissions from “miscellaneous sources” are not
included in the total emissions. Details on emissions from
miscellaneous sources can be found by downloading 2002
NEI inventory data for the “nonpoint sector” (http://
www.epa.gov/ttn/chief/net/2002inventory.html).

* VOC emissions data are largely based on estimates that
employ emission factors generated from empirical and
engineering studies, rather than on actual measurements
of VOC emissions. These estimates are generated using
well-established approaches, and quality assurance mea-
sures are implemented to ensure that the emissions data
entered in NEI meet data quality standards (U.S. EPA,
2006). Nonetheless, the estimates have uncertainties
inherent in the emission factors and emissions models
used to represent sources for which emissions have not
been directly measured.

* The methodology for estimating emissions is continually
reviewed and is subject to revision. Trend data prior to
any revisions must be considered in the context of
those changes.

* Not all states and local agencies provide the same data or
level of detail for a given year.

Data Sources

Summary data in this indicator were provided by EPA’s
Office of Air Quality Planning and Standards, based on
biogenic and anthropogenic VOC emissions data in the
NEI (U.S. EPA, 2007b) (http://www.epa.gov/ttn/chief/
net/2002inventory.html). This indicator aggregates the
NEI data by source type (anthropogenic or biogenic),
source category, and EPA Region.
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Ambient Concentrations of Ozone

zone is a gas found in different parts of the atmosphere.

Ozone in the upper atmosphere, or stratosphere,
helps protect the Earth from the sun’s harmful rays. (The
Ozone Levels over North America indicator, on page
2-54, describes trends in stratospheric ozone levels over the
U.S.)) In the lowest level of the atmosphere, the tropo-
sphere, ozone is harmful to both human health and the
environment. For this reason, ozone is often described as
being “good up high and bad nearby” (U.S. EPA, 2003a).
Although some industrial sources release ozone directly
into the environment, most ground-level ozone forms in
the air from chemical reactions involving nitrogen oxides
(NO,), volatile organic compounds (VOCs), and sunlight.
Ozone levels are typically highest during the afternoon
hours of the summer months, when the influence of direct
sunlight is the greatest. These highest levels occur dur-
ing what is known as the “ozone season,” which typically
occurs from May 1 to September 30 but whose time frame
varies by state (U.S. EPA, 2003b).

Variations in weather conditions play an important role
in determining ozone levels. Daily temperatures, rela-
tive humidity, and wind speed can affect ozone levels. In
general, warm dry weather is more conducive to ozone
formation than cool wet weather. Wind can affect both
the location and concentration of ozone pollution. NO_
and VOC emissions can travel hundreds of miles on air
currents, forming ozone far from the original emissions
sources. Ozone also can travel long distances, affecting
areas far downwind. High winds tend to disperse pol-
lutants and can dilute ozone concentrations. However,
stagnant conditions or light winds allow pollution levels to
build up and become more concentrated.

Inhalation exposure to ozone has been linked to numer-
ous respiratory health effects, including acute reversible
decrements in lung function, airway inflammation, cough,
and pain when taking a deep breath. Ozone exposure can
aggravate lung diseases such as asthma, leading to increased
medication use and increased hospital admission and visits
to emergency rooms. In addition, evidence is highly sug-
gestive that ozone directly or indirectly contributes to
non-accidental and cardiopulmonary-related mortality, but
the underlying mechanisms by which such effects occur
have not been fully established (U.S. EPA, 2006). Although
people with lung disease are most susceptible to the effects
of ozone, even healthy people who are active outdoors can
suffer from ozone-related health effects. Further, evidence
suggests that older adults (more than 65 years old) appear to
be at excess risk of ozone-related mortality or hospitaliza-
tion (U.S. EPA, 2006). Elevated concentrations of ozone
can also affect vegetation and ecosystems, as the Ozone
Injury to Forest Plants indicator (p. 2-24) describes further
(U.S. EPA, 2006).
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Exhibit 2-13. Ambient 8-hour ozone
concentrations in the U.S., 1978-2006°
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“Coverage: 201 monitoring sites in 150 counties nationwide (out of
a total of 1,194 sites measuring ozone in 2006) that have sufficient
data to assess ozone trends since 1978.

"The figure displays the 1997 NAAQS (0.08 ppm). Future versions of
the ROE will compare ozone concentrations to the recently
promulgated 2008 NAAQS (0.075 ppm) or to the NAAQS in effect at
the time.

Data source: U.S. EPA, 2007

This indicator presents ambient ground-level ozone
concentrations in parts per million (ppm) from 1978 to
2006. Data are shown for 8-hour averaging times, based
on continuous ozone monitoring data and consistent with
this pollutant’s National Ambient Air Quality Standard
(NAAQS). The 8-hour standard is indicative of exposures
occurring over a sustained period of time (e.g., an outdoor
worker’s exposure over the course of a work day). Trends
for this indicator represent 201 sites in 150 counties nation-
wide that have data for the period of record in the State



Ambient Concentrations of Ozone (continued)

and Local Air Monitoring Stations network or by other

special purpose monitors. The indicator also displays trends
in ozone measurements in each EPA Region. This indica-
tor’s exhibits display the corresponding 1997 NAAQS as a
point of reference, but the fact that the national or regional

concentrations fall below the standard does not mean that
all monitoring sites nationally or in any EPA Region also
are below the standard. The indicator displays trends in
the number of the 201 sites nationwide at which ozone

concentrations exceeded the level of the 1997 standard, but

this statistic 1s not displayed for each EPA Region.
Trends in ozone concentrations can be difficult to dis-
cern because of the year-to-year variations in the concen-

trations. By presenting data for rolling 3-year time periods,

this indicator smoothes out the “peaks” and “valleys” in
the trend, making it easier to see the long-term trend.
Three years is consistent with the 3-year period used to

assess compliance with the ozone standards. For the 8-hour
trends in this report, a 3-year average of the fourth highest
daily maximum 8-hour concentration in each year is used

to be consistent with the 8-hour ozone standard.

What the Data Show

Between the 1978-1980 and 2004-2006 averaging peri-
ods, nationwide fourth highest daily maximum 8-hour
ambient ozone concentrations decreased by 25 percent

(Exhibit 2-13, panel A). Although the 8-hour ozone levels

in 2004-2006 were the lowest on record and the number
of trend sites measuring ozone concentrations above the

level of the 1997 8-hour NAAQS decreased by 75 percent

over the time frame covered in this indicator (Exhibit
2-13, panel B), ambient air monitoring data collected in
2006 and reported to EPA’s Air Quality System indicate
that approximately 77 million people lived in counties
where 8-hour average ozone concentrations are above
the level of the 1997 primary ozone NAAQS. Among the
ten EPA Regions, the most substantial declines in 8 hour
levels were observed in EPA Regions that originally had
the highest ozone concentrations (EPA Regions 1 and 9)
(Exhibit 2-14). Over the entire period of record, Region
10 consistently showed the lowest Regional ozone levels.
Also shown in Exhibit 2-13 (panel A) are the 90" and
10 percentiles based on the distribution of statistics at
the monitoring sites. This provides additional graphical

representation of the variability of measured concentrations
across the monitoring sites for a given 3-year period. Thus,
the graphic displays the concentration range where 80 per-

cent of measured values occurred for that 3-year period.
In summary, despite reductions in ambient concentra-

tions of ozone over the past quarter century and decreases in

the emissions of ozone precursors since 1990 (the Nitrogen
Oxides Emissions indicator, p. 2-16; the VOC Emissions

indicator, p. 2-20.), ozone remains one of the most persistent

and ubiquitous air pollution issues in the U.S.

Exhibit 2-14. Ambient 8-hour ozone
concentrations in the contiguous U.S. by EPA
Region, 1978-2006°
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Indicator Limitations

* Short-term trends in ozone concentrations are often
highly dependent on meteorological conditions. This
complicates efforts to interpret data for any given year.
Air quality trends over the longer term are far less likely
to be influenced by unusual meteorological conditions.

* Because most of the monitoring sites are located in urban
areas, the trends might not accurately reflect conditions
outside the immediate urban monitoring areas.

* Because of the relatively small number of trend sites in
some EPA Regions, the regional trends are subject to
greater uncertainty than the national trends. Some EPA
Regions with low average concentrations may include
areas with high local concentrations, and vice versa.

* To ensure that long-term trends are based on a consistent
set of monitoring sites, selection criteria were applied to
identify the subset of ozone monitoring sites with sufficient
data to assess trends since 1978. Monitoring sites without
sufficient data are not included in the trend analysis. Some
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Ambient Concentrations of Ozone

excluded monitoring sites reported ozone concentrations
above the level of the ozone standard over the time frame
covered by this indicator. In 2006, for example, 187 moni-
toring sites (in addition to the trend sites shown in Exhibit
2-13, panel B) recorded ozone concentrations above the
level of the 1997 NAAQS, but did not have sufficient long-
term data to be included in this indicator.

Data Sources

Summary data in this indicator were provided by EPA’s
Office of Air Quality Planning and Standards, based on
ozone ambient air monitoring data in EPA’s Air Quality
System (U.S. EPA, 2007) (http://www.epa.gov/ttn/airs/
airsaqs/). National and regional trends in this indicator are
based on the subset of ozone monitoring stations that have
sufficient data to assess trends since 1978.

(continued)
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Ozone Injury to Forest Plants

Air pollution can have noteworthy cumulative impacts
on forested ecosystems by affecting regeneration,
productivity, and species composition (U.S. EPA, 2006). In
the U.S., ozone in the lower atmosphere is one of the pol-
lutants of primary concern. Ozone injury to forest plants
can be diagnosed by examination of plant leaves. Foliar
injury is usually the first visible sign of injury to plants
from ozone exposure and indicates impaired physiological
processes in the leaves (Grulke, 2003).

This indicator is based on data from the U.S. Department
of Agriculture (USDA) Forest Service Forest Inventory and
Analysis (FIA) program. As part of its Phase 3 program,
formerly known as Forest Health Monitoring, FIA examines
ozone injury to ozone-sensitive plant species at ground moni-
toring sites in forest land across the country. For this indicator,
forest land does not include woodlots and urban trees. Sites
are selected using a systematic sampling grid, based on a global
sampling design (White et al., 1992; Smith et al., 2003). At
each site that has at least 30 individual plants of at least three
ozone-sensitive species and enough open space to ensure that
sensitive plants are not protected from exposure by the forest
canopy, FIA looks for damage on the foliage of ozone-sensitive
forest plant species. Because ozone injury is cumulative over
the course of the growing season, examinations are conducted
in July and August, when ozone injury is typically highest.

Monitoring of ozone injury to plants by the USDA Forest
Service has expanded over the last 10 years from monitoring
sites in ten states in 1994 to nearly 1,000 monitoring sites
in 41 states in 2002. The data underlying this indicator are

based on averages of all observations collected in 2002, the
latest year for which data are publicly available, and are bro-
ken down by EPA Region. Ozone damage to forest plants is
classified using a subjective five-category biosite index based
on expert opinion, but designed to be equivalent from site
to site. Ranges of biosite values translate to no injury, low or
moderate foliar injury (visible foliar injury to highly sensi-
tive or moderately sensitive plants, respectively), and high

or severe foliar injury, which would be expected to result in
tree-level or ecosystem-level responses, respectively (Coul-
ston et al., 2004; U.S. EPA, 2006).

What the Data Show

There is considerable regional variation in ozone injury to
sensitive plants (Exhibit 2-15). The highest percentages of
observed high and severe foliar injury, which are most likely
to be associated with tree or ecosystem-level responses,

are primarily found in the Mid-Atlantic and Southeast
regions. In EPA Region 3, 12 percent of ozone-sensitive
plants showed signs of high or severe foliar damage, and in
Regions 2 and 4, the values were 10 percent and 7 percent,
respectively. The sum of high and severe ozone injury
ranged from 2 percent to 4 percent in EPA Regions 1, 7, and
9; and no high or severe foliar damage was observed in EPA
Regions 5, 6, 8, and 10. The percentage of sites showing no
damage was greater than 55 percent in every EPA Region,
and no ozone-related foliar damage was observed at any of
the 129 biosites in EPA Regions 8 and 10.

2-24
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Ozone Injury to Forest Plants (continued)

Indicator Limitations
* Field and laboratory studies were reviewed to identify
the forest plant species in each region that are highly sen-
sitive to ozone air pollution. Other forest plant species,
or even genetic variants of the same species, may not be
harmed at ozone levels that cause effects on the selected
ozone-sensitive species.

* Because species distributions vary regionally, different
ozone-sensitive plant species were examined in different
parts of the country. These target species could vary with
respect to ozone sensitivity, which might account for

some of the apparent differences in ozone injury among
EPA Regions.

* Ozone damage to foliage is considerably reduced under
conditions of low soil moisture, but most of the vari-
ability in the index (70 percent) was explained by ozone
concentration (Smith et al., 2003).

* Ozone may have other adverse impacts on plants (e.g.,
reduced productivity) that do not show signs of visible
foliar injury (U.S. EPA, 2006).

Though FIA has extensive spatial coverage based on a

robust sample design, not all forested areas in the U.S.
are monitored for ozone injury.

Even though the biosite data have been collected over
multiple years, most biosites were not monitored over
the entire period, so these data cannot provide more
than a baseline for future trends.

Data Sources

Data were provided by the USDA Forest Service’s Ozone
Biomonitoring Program, which maintains a database of
plant injury statistics by state (USDA Forest Service, 2006)
(http://nrs.fs.fed.us/fia/topics/ozone/data/). This indicator
aggregates the state data by EPA Region.
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Exhibit 2-15. Ozone injury to forest plants in
the U.S. by EPA Region, 2002%°
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Particulate Matter Emissions

““rYarticulate matter” (PM) is the general term used to

describe solid particles and liquid droplets found in the
air. The composition and size of these airborne particles
and droplets vary. Some particles are large enough to be
seen as dust or dirt, while others are so small they can only
be seen using a powerful microscope. Two size ranges,
known as PM, 'and PM_ ,
major emissions sources and in ambient air. PM, includes

are widely monitored, both at

particles that have aerodynamic diameters less than or
equal to 10 microns (um), approximately equal to one-
seventh the diameter of human hair. PM, _ is the subset of
PM,  particles that have aerodynamic diameters less than
or equal to 2.5 pm.

Particles within the two size ranges behave differently in
the atmosphere. PM, _,
borne for long periods and travel hundreds of miles. Coarse
particles, or the subset of PM,  that is larger than 2.5 pum,
do not remain airborne as long and their spatial impact is

or fine particles, can remain air-

typically limited because they tend to deposit on the ground
downwind of emissions sources. Larger coarse particles are
not readily transported across urban or broader areas because
they are generally too large to follow air streams and they
tend to be removed easily on contact with surfaces. In

short, as the particle size increases, the amount of time the
particles remain airborne decreases. The PM Concentrations
indicator (p. 2-29) describes the various ways PM can harm
human health and the environment (U.S. EPA, 2004).

PM can be emitted directly or formed in the atmosphere.
“Primary” particles are those released directly to the
atmosphere. These include dust from roads and soot from
combustion sources. In general, coarse PM is composed
largely of primary particles. “Secondary” particles, on the
other hand, are formed in the atmosphere from chemical
reactions involving primary gaseous emissions. Thus, these
particles can form at locations distant from the sources
that release the precursor gases. Examples include sulfates
formed from sulfur dioxide emissions from power plants
and industrial facilities and nitrates formed from nitrogen
oxides released from power plants, mobile sources, and
other combustion sources. Unlike coarse PM, a much
greater portion of fine PM (PM, ) contains secondary
particles (U.S. EPA, 2004).

This indicator presents trends in annual average pri-
mary PM emissions data tracked by the National Emis-
sions Inventory (NEI). The NEI tracks emission rate data,
both measured and estimated, for primary particles only.
Because secondary particles are not released directly from
stacks, the NEI instead tracks the precursors that contrib-
ute to formation of secondary particles. These precursors
include nitrogen oxides, sulfur dioxide, ammonia, and
other gases (e.g., particle-producing organic gases), some
of which are addressed in separate indicators (the Nitrogen
Oxides Emissions indicator, p. 2-16; the Sulfur Dioxide
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Exhibit 2-16. PM1g emissions in the U.S. by
source category, 1990 and 1996-2002
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®Starting in 1999, EPA began
tracking condensable
particulate emissions
separately from filterable
particulate emissions. In
order to display data
generated using a consistent methodology, emissions of
condensable particulate from 1990 to 2002 are not included in
Panel A. However, condensable particulate emissions are
included in Panel B.

Data source: U.S. EPA, 2007b

B. Relative amounts of PMyq
emissions from anthropogenic
and other sources, 2002°

Miscellaneous
and natural
sources
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Anthropogenic
14%

Emissions indicator, p. 2-34). Particles formed through
secondary processes are not included in this indicator.

Primary emissions of PM can exist as solid or liquid mat-
ter (the “filterable” portion) or as gases (the “condensable”
portion). Data for the condensable portion exist only for
the years 1999 to 2002. To allow for a valid comparison
of emissions trends from 1990 to 2002, only data for the
filterable portion of PM, and PM, , are included in the
trend graphs. Condensables are, however, included in the
inset pie charts shown in Exhibits 2-16 and 2-18 (i.e., panel
B in both exhibits).

All emissions data presented in this indicator are taken
from the NEI. Primary particulate emissions data are
presented for the traditionally inventoried anthropogenic
source categories: (1) “Fuel combustion,” which includes
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emissions from coal-, gas-, and oil-fired power plants and
industrial, commercial, and institutional sources, as well
as residential heaters and boilers; (2) “Other industrial
processes,” which includes chemical production, petroleum
refining, metals production, and processes other than fuel
combustion; (3) “On-road vehicles,” which includes cars,
trucks, buses, and motorcycles; and (4) “Nonroad vehicles
and engines,” such as farm and construction equipment,
lawnmowers, chainsaws, boats, ships, snowmobiles, air-
craft, and others. For 2002 only, this indicator includes a
comparison of these anthropogenic sources with emissions
from miscellaneous and natural sources, such as agriculture
and forestry, wildfires and managed burning, and fugitive
dust from paved and unpaved roads. Biogenic emissions
were estimated using the Biogenic Emissions Inventory
System Model, Version 3.12, with data from the Biogenic
Emissions Landcover Database and 2001 annual meteoro-
logical data. The NEI also documents estimates of primary
emissions from fugitive dust and miscellaneous sources.

The NEI is a composite of data from many different
sources, including industry and numerous state, tribal, and
local agencies. Different data sources use different data
collection methods, and many of the emissions data are
based on estimates rather than actual measurements. For
most fuel combustion sources and industrial sources, emis-
sions are estimated using emission factors. Emissions from
on-road and nonroad sources were estimated using EPA-
approved modeling approaches (U.S. EPA, 2007a).

NEI data have been collected since 1990 and cover all
50 states and their counties, D.C., the U.S. territories of
Puerto Rico and Virgin Islands, and some of the territories
of federally recognized American Indian nations. Data are
presented for 1990 and the years from 1996 to 2002; prior
to 1996, only the 1990 data have been updated to be com-
parable to the more recent inventories.

What the Data Show
Primary PM, , Emissions Trends
Estimated primary PM,  emissions from anthropogenic
sources decreased 27 percent nationally between 1990 and
2002 (Exhibit 2-16, panel A). Of these sources, those in
the fuel combustion category saw the largest absolute and
relative decrease in emissions (656,000 tons; 55 percent).
Primary PM, S emissions from the group of sources includ-
ing miscellaneous and natural sources and fugitive dust
were estimated to account for 86 percent of total primary
PM,  emissions (including condensables from stationary and
mobile sources) in 2002, the majority of which was attribut-
able to fugitive dust from roads (Exhibit 2-16, panel B).
Changes in estimated primary anthropogenic PM,
emissions from 1990 to 2002 varied widely among EPA
Regions, ranging from an increase of 16 percent (Region

8) to a decrease of 75 percent (Region 2) (Exhibit 2-17).

(continued)
Exhibit 2-17. PM19 emissions in the U.S. by
EPA Region, 1990 and 1996-2002?°
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#Data are presented for 1990 EPA Regions

and 1996-2002, as datasets o (1]

from these inventory years are (5} 3,

fully up to date. Data are o

available for inventory years

1991-1995, but these data ®

have not been updated to allow )

comparison with data from (9)

1990 and 1996-2002.
bStarting in 1999, EPA began tracking condensable particulate
emissions separately from filterable particulate emissions. In
order to display data generated using a consistent methodology,
emissions of condensable particulate from 1999 to 2002 are not

included in this figure.

Data source: U.S. EPA, 2007b

Primary PM, . Emissions Trends

Estimated primary PM, _ emissions from anthropogenic
sources decreased 44 percent nationally between 1990 and
2002 (Exhibit 2-18, panel A). The largest absolute and
relative decline in PM, | was seen in the fuel combustion
source category (621,000 tons; 68 percent). Primary emis-
sions from the group of sources including miscellaneous
and natural sources and fugitive dust were estimated to
account for 64 percent of the total PM, ; emissions (includ-
ing condensables from stationary and mobile sources)
nationally in 2002 (Exhibit 2-18, panel B).

Primary anthropogenic PM, . emissions decreased in all
ten EPA Regions from 1990 to 2002, with percent reduc-
tions ranging from 21 percent (Region 4) to 71 percent
(Region 2) (Exhibit 2-19).

Indicator Limitations

* Comparable PM emissions estimates through the
NEI are available only for 1990 and 1996-2002. Data
for 1991-1995 are not provided due to differences in

EPA’s 2008 Report on the Environment




Particulate Matter Emissions

(continued)

Exhibit 2-18. PM» 5 emissions in the U.S. by
source category, 1990 and 1996-2002
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®Starting in 1999, EPA began
tracking condensable
particulate emissions
separately from filterable
particulate emissions. In
order to display data
generated using a consistent methodology, emissions of
condensable particulate from 1990 to 2002 are not included in
Panel A. However, condensable particulate emissions are included
in Panel B.

Data source: U.S. EPA, 2007b

Exhibit 2-19. PM> 5 emissions in the U.S. by
EPA Region, 1990 and 1996-20022°
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Starting in 1999, EPA began tracking condensable particulate
emissions separately from filterable particulate emissions. In
order to display data generated using a consistent methodology,
emissions of condensable particulate from 1999 to 2002 are not
included in this figure.

Data source: U.S. EPA, 2007b

b

emissions estimation methodologies from other inventory
years, which could lead to improper trend assessments.

Because the emissions indicators focus on sources of
anthropogenic origin, PM emissions from miscella-
neous sources (e.g., wildfires) are not included in the
trend line. Details on emissions from these sources can
be found by downloading 2002 NEI inventory data for
the “nonpoint sector” (http://www.epa.gov/ttn/chief/
net/2002inventory.html).

The emissions data for PM are largely based on estimates
that employ emission factors generated from empirical
and engineering studies, rather than on actual measure-
ments of PM emissions. Although these estimates are
generated using well-established approaches, the esti-
mates have uncertainties inherent in the emission factors
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and emissions models used to represent sources for which
emissions have not been directly measured.

* The methodology for estimating emissions is continually
reviewed and is subject to revision. Trend data prior to
these revisions must be considered in the context of those
changes.

* The indicator tracks primary PM emissions. Particles
that form in the air through secondary processes are not
included in this indicator, but are considered in the PM
Concentrations indicator (p. 2-29).

* Not all states and local agencies provide the same data or
level of detail for a given year.

Data Sources

Summary data in this indicator were provided by EPA’s
Office of Air Quality Planning and Standards, based on
biogenic and anthropogenic PM emissions data in the
NEI (U.S. EPA, 2007b) (http://www.epa.gov/ttn/chief/
net/2002inventory.html). This indicator aggregates the
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NEI data by source type (anthropogenic or biogenic),
source category, and EPA Region.
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Ambient Concentrations of Particulate Matter

“Particulate matter” (PM) is the general term used for a
mixture of solid particles and liquid droplets found in
the air. Airborne PM comes from many different sources.
“Primary” particles are released directly into the atmo-
sphere from sources such as cars, trucks, heavy equipment,
forest fires, and burning waste. Primary particles also
consist of crustal material from sources such as unpaved
roads, stone crushing, construction sites, and metallurgi-
cal operations. “Secondary” particles are formed in the air
from reactions involving precursor chemicals such as sul-
fates (which are formed from sulfur dioxide emissions from
power plants and industrial facilities), nitrates (which are
formed from nitrogen dioxide emissions from cars, trucks,
and power plants), and carbon-containing reactive organic
gas emissions from cars, trucks, industrial facilities, forest
fires, and biogenic sources such as trees.

Ambient air monitoring stations throughout the country
measure air concentrations of two size ranges of particles:
PM, _ and PM, . PM, _ consists of “fine particles” with
aerodynamic diameters less than or equal to 2.5 microns
(um). PM, includes both fine particles (PM, ) and “coarse
particles,” which is the subset of PM,  that is larger than
2.5 pm and smaller than 10 pm. The chemical makeup of
particles varies across the U.S. For example, fine particles
in the eastern half of the U.S contain more sulfates than
those in the West, while fine particles in southern Califor-
nia contain more nitrates than those in other areas of the
U.S. Carbon is a substantial component of fine particles
everywhere (U.S. EPA, 2004a).

Fine particles also have seasonal patterns. PM, _ values in
the eastern half of the U.S. are typically higher in the third
calendar quarter (July-September), when sulfates are more
commonly formed from sulfur dioxide emissions from power
plants in that part of the country. Fine particle concentrations
tend to be higher in the fourth calendar quarter (October-
December) in many areas of the West, in part because fine

Exhibit 2-20. Ambient 24-hour PM1g
concentrations in the U.S., 1988-2006°
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“Coverage: 301 monitoring sites in 199 counties nationwide (out of a
total of 902 sites measuring PMyq in 2006) that have sufficient data
to assess PMyq trends since 1988.

Data source: U.S. EPA, 2007
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(continued)

Exhibit 2-21. Ambient 24-hour PM19o
concentrations in the contiguous U.S. by EPA
Region, 1988-2006°
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particle nitrates are more readily formed in cooler weather,
and wood stove and fireplace use produces more carbon.

Many recent epidemiologic studies show statistically
significant associations of various ambient PM indicators
(e.g., coarse or fine particulate, short-term or long-term
concentrations) with a variety of cardiovascular and respira-
tory health endpoints, including mortality, hospital admis-
sions, emergency department visits, other medical visits,
respiratory illness and symptoms, and physiologic changes
in pulmonary function (U.S. EPA, 2004b). Sensitive groups
that appear to be at greatest risk to such PM effects include
older adults, individuals with cardiopulmonary disease such
as asthma or congestive heart disease, and children (U.S.
EPA, 2004b). Unlike other criteria pollutants, PM is not a
single specific chemical entity, but rather a mixture of par-
ticles from different sources with different sizes and chemical
compositions. Toxicological studies suggest that some air-
borne particles are more toxic than others, due to differences
in their chemical composition—a topic that is thoroughly
reviewed in other publications (e.g., U.S. EPA, 2004b).

PM also can cause adverse impacts to the environment. Fine
particles are the major cause of reduced visibility in parts of the
U.S., including many National Parks and Wilderness Areas
(the Regional Haze indicator, p. 2-33). PM deposition affects
vegetation and ecosystems by altering nutrient and chemical
cycles in soils and surface water. For example, deposition of
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Exhibit 2-22. Ambient annual PM> 5 concentrations
in the U.S., 1999-2006*
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“Coverage: 752 monitoring sites in 508 counties nationwide (out of a
total of 786 sites measuring PM, 5 in 2006) that have sufficient data
to assess PM, 5 trends since 1999.

Data source: U.S. EPA, 2007

particles containing nitrogen and sulfur may change the nutri-
ent balance and acidity of aquatic environments so that species
composition and buffering capacity change (the Lake and
Stream Acidity indicator, p. 2-42.). Some particles that deposit
onto plant leaves can corrode leaf surfaces or interfere with
plant metabolism. PM also causes soiling and erosion damage
to materials, including monuments, statues, and other objects
of cultural importance (U.S. EPA, 2004b).

This indicator presents trends in PM, and PM, , con-
centrations, using averaging times consistent with the
pollutants’ corresponding National Ambient Air Quality
Standards (NAAQS). For PM, ; trend data from 1988 to
2006 are presented for the second highest 24-hour concen-
trations measured at the trend sites during each calendar
year. For PM_ _, trend data from 1999 to 2006 are presented
for seasonally weighted annual average concentrations and
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(continued)

Exhibit 2-23. Ambient annual PM> 5 concentrations
in the contiguous U.S. by EPA Region, 1999-2006°
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for the 98" percentiles of 24-hour average concentrations
measured at the trend sites over three consecutive calen-
dar years. Trend data are based on measurements from the
State and Local Air Monitoring Stations network and from
other special purpose monitors. This indicator presents PM,
trends for 301 monitoring sites in 199 counties nationwide
and PM, , trends for 752 monitoring sites in 508 counties
nationwide. For both PM, 'and PM ,
trends for the entire nation and for the ten EPA Regions.
The indicator’s exhibits display the pollutants’ NAAQS as
points of reference. However, the fact that the national val-

the indicator displays

ues or those shown for EPA Regions fall below the standards
does not mean that all monitoring sites nationally or in any
particular EPA Region also are below the standards. The
indicator displays trends in the number of PM, monitoring
sites and PM, . monitoring sites nationwide that recorded
ambient air concentrations above the level of the standards,
but these statistics are not displayed for each EPA Region.

What the Data Show

PM,, Concentration Trends

In 2006, the national 24-hour PM, | concentration (based on
the second highest 24-hour concentration at each site) was
37 percent lower than the average 1988 level (Exhibit 2-20,
panel A). Additionally, of the 301 sites used to determine
this trend (out of 902 total monitoring sites that were oper-
ating in 2006), the number reporting PM, = concentrations
above the level of the 24-hour standard declined 78 percent

Exhibit 2-24. Ambient 24-hour PM> 5
concentrations in the U.S., 1999-2006*
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“Coverage: 752 monitoring sites in 508 counties nationwide (out of a
total of 811 sites measuring PM, 5 in 2006) that have sufficient data
to assess PM, 5 trends since 1999.

Data source: U.S. EPA, 2007

between 1988 and 2006 (Exhibit 2-20, panel B). All EPA
Regions experienced a steady decrease in 24-hour PM,  lev-
els over this period (Exhibit 2-21). EPA Region 10 showed
the greatest relative decrease (68 percent) since 1988.

Also shown in Exhibit 2-20 (panel A) are the 90" and
10t percentiles based on the distribution of annual statistics
at the monitoring sites. This provides additional graphical
representation of the distribution of measured concentra-
tions across the monitoring sites for a given year. Thus, the
graphic displays the concentration range where 80 percent
of measured values occurred for that year. (Note that this
presentation style also applies to panel A in Exhibits 2-22
and 2-24, discussed below.)

PM, , Concentration Trends
Seasonally weighted average PM, | concentrations over the
2004-2006 averaging period were the lowest since nationwide
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. . 2004-2006 averaging period, with Region 9 showing the
Exhibit 2'?5' A.mb|ent 24'.h0ur PMzs largest decline (25 percent) (Exhibit 2-25).
concentrations in the contiguous U.S. by EPA . o
Region, 1999-2006° Indicator Limitations
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included in the trend analysis. Some excluded monitoring
Data source: U.S. EPA, 2007 {10] sites reported PM concentrations above the level of the PM
(9] (2) standard during the years covered by this indicator. In 2006,
for example, 41 monitoring sites (in addition to the trend

sites shown in Exhibit 2-20, panel B) recorded PM, , con-

monitoring began in 1999 (Exhibit 2-22, panel A). The trend centrations above the level of the NAAQS, but did not have

is based on measurements collected at 752 monitoring stations sufficient long-term data to be included in this indicator.
that have sufficient data to assess trends over that period. The

seasonally weighted annual average concentrations decreased Data Sources

10 percent between the 1999-2001 averaging period and the Summary data in this indicator were provided by EPA’s
2004-2006 averaging period. The number of monitoring sites ~ Office of Air Quality Planning and Standards, based on
in this trend (752 out of 786 total sites that were operating in PM ambient air monitoring data in EPA’s Air Quality
2006) reporting ambient air concentrations above the level of  System (U.S. EPA, 2007) (http://www.epa.gov/ttn/airs/

the annual average PM, ; standard declined 61 percent over airsaqgs/). National and regional trends in this indicator are
this period (Exhibit 2-22, panel B). based on the subset of PM monitoring stations that have

Regional declines were greatest in portions of the West sufficient data to assess trends over the period of record
(EPA Region 9), the Southeast (EPA Region 4), and the (i-e., since 1988 for PM, and since 1999 for PM, ).

Midwest (EPA Region 5), where seasonally weighted aver-
age PM, _ levels over the 2004-2006 averaging period were References
19 percent, 11 percent, and 11 percent lower than those in ~ U-S. EPA (United States Environmental Protection
1999-2001 averaging period, respectively (Exhibit 2-23). Agency). 2007. Data from the Air Quality System.
In 2004-2006, the average of 98" percentiles of 24-hour Accessed 2007. <http://www.epa.gov/ttn/airs/airsaqs/>

PM, ; concentrations at the 752 monitoring sites used U.S. EPA. 2004a. The particle pollution report: Cur-
for the tregq was 10 percent lower than the 1999'2.001_ rent understanding of air quality and emissions through
level (Exhibit 2-24, panel A). The number of monitoring 003, EPA 454/R-04/002. Research Triangle Park, NC.

sites in this trend (752 out of a total of 811 sites that were <http://www.epa.gov/air/airtrends/aqtrnd04/pm.hemI>
operating in 2006) reporting ambient air concentrations

above the level of the 24-hour PM, , standard declined U.S. EPA. 2004b. Air quality criteria for particulate mat-
46 percent over this period (Exhibit 2-24, panel B). All ter (October 2004). EPA 600/P-99/002aF-bF. Research
ten EPA Regions experienced decreasing 24-hour PM, _ Triangle Park, NC. <http://cfpub.epa.gov/ncea/CFM/
levels between the 1999-2001 averaging period and the recordisplay.cfm?deid=87903>
o
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Regional Haze

Visibility impairment occurs when air pollution, especially
particles, scatter and absorb light. The resulting haze
not only limits the distance one can see, but also degrades
the color, clarity, and contrast of scenes. As the PM Con-
centrations indicator (p. 2-29) describes further, the same
pollutants that impair visibility are linked to serious health
effects. Visibility impairment occurs throughout the coun-
try, including both urban and rural areas. Regional haze is
visibility impairment caused by the cumulative air pollutant
emissions from numerous sources over a wide geographic
area (U.S. EPA, 2004a). Regional haze has been identi-
fied as an important issue for all of the National Parks and
Wilderness Areas, such as the Grand Canyon, Great Smoky
Mountains, Mount Rainier, Shenandoah, Yellowstone, and
Yosemite National Parks (U.S. EPA, 2003).

The particles that impair visibility include both primary
and secondary pollutants. The primary pollutants of con-
cern are particles that are emitted directly into the atmo-
sphere, such as dust from roads o