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About the Cover

The map on the cover displays the 1998 annual average PM, 5 concentra-
tions at monitoring sites in the Interagency Monitoring of PROtected
Environments (IMPROVE) network. The IMPROVE network was estab-
lished in 1987 to track visibility impairment in the nation’s most pristine
areas, like national parks and wilderness areas. (See Chapter 6 for more
information on the IMPROVE network.) The size of the pie charts is pro-
portional to the annual average concentration of measured PM, 5. The
slices of the pie charts show the percentages of the known chemical con-
stituents of PM, 5. The map reveals that rural PM, 5 concentrations vary
regionally, with sites in the East typically having higher annual average
concentrations. Levels at most sites in the West are roughly less than half
of those in the East. ' ‘ '
Data Source: The IMPROVE network.
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Preface

This is the twenty-sixth annual report on air pollution trends in the
United States issued by the U.S. Environmental Protection Agency.
The report is prepared by the Air Quality Trends Analysis Group
(AQTAG) in Research Triangle Park, North Carolina and is directed
toward both the technical air pollution audience and other interest-
ed parties and individuals. ‘

The report can be accessed via the Internet at http://www.epa.gov/
airtrends/. AQTAG solicits comments on this report and welcomes
suggestions regarding techniques, interpretations, conclusions, or
methods of presentation. Comments can be submitted via the web-
site or mailed to:

Attn: Trends Team

AQTAG (MD-14)

U.S. EPA

Research Triangle Park, NC 27711

Readers can access data from the Aerometric Information Retrieval
System (AIRS) at http://www.epa.gov/airsdata/ and real time air
pollution data at http://www.epa.gov/airnow/.
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CHAPTER 1

Executive Summary

Criteria pollutants are those pollutants

- for which the United States

. Environmental Protection Agency (EPA)
i has established National Ambient Air

- Quality Standards (NAAQS). They

. include carbon monoxide (CO), lead

| (Pb), nitrogen dioxide (NO,), ozone (0,),
. particulate matter (PM), and sulfur

. dioxide (SO,).

CHAPTER 2

) _http:/lwyirwi;gpa'.gé&loéf/aqtfnd98/chépter1—.pdf :

This is the twenty-sixth annual report documenting air pollution trends in the
United States."® This document highlights the Environmental Protection
Agency’s most recent assessment of the nation’s air quality, focusing on the
10-year period from 1989 to 1998. It features comprehensive information for
the criteria pollutants and hazardous air pollutants, as well as relevant ambient
air pollution information for visibility impairment and acid rain.

Discussions throughout this report are based on the principle that many of
the programs designed to reduce ambient concentrations of the criteria pollut-
ants also aid in reducing pollution that contributes to air toxics pollution, vis-
ibility impairment, and acid rain. Likewise, requirements under the various air
toxics, visibility, and acid rain programs can also help reduce emissions that
contribute to ambient concentrations of the criteria pollutants.

CRITERIA POLLUTANTS —
NATIONAL TRENDS

Air Quality Concentrations

Percent Decrease in National

1989-1998
i Carbon Monoxide 39
‘ Lead 56
i Nitrogen Dioxide 14
Ozone* 4
| Particulate Matter (PM,,) 25
Sulfur Dioxide 39

© *based on 1-hour level. i E

" Air quality concentrations are based
. on actual measurements of pollutant
: concentrations in the air at selected

| monitoring sites across the country. ‘

: Fine particulate matter, or PM, , are
¢ those particles whose aerodynamic size

© I8 less than or equal to 2.5 micrometers.

EPA tracks trends associated with the criteria pollutant standards. The na-
tional and regional air quality trends, along with supporting emissions data,
are presented in this chapter. National average air quality has improved from
1989 to 1998 for all the criteria pollutants. ,

While the national trends have improved over this 10-year period, trends in
some areas, including rural locations, have worsened. Ozone concentrations,
for example, have increased at 17 of the 24 National Park Service sites with
trend data. Increases at nine of those sites are statistically significant. The
1998 levels were particularly high at two parks in the eastern United States, -

-Shenandoah and the Great Smoky Mountains. Ozone levels at these sites were

the highest in a decade and 3040 percent higher than the national ozone stan-
dard.* Fine particle concentrations have also increased in some areas in the
rural East. PM,5 concentrations increased at 7 of the 10 rural eastern sites with
trend data from 1992 to 1998. During that same period, average PM,; levels in
the western United States decreased 5 percent.

On July 18, 1997, EPA revised the ozone and particulate matter standards
following a thorough scientific review process. In May 1999, however, the U.S.
Court of Appeals for the D.C. Circuit issued an opinion affecting these revised
standards. In particular, the court remanded the ozone standard back to EPA
for further consideration. The court also vacated the revised PMyg standard
and remanded the PM, 5 standards back to EPA for further consideration. Fol-
lowing the denial of a petition for a reheéaring by the D.C. Circuit, the Justice
Department has filed a petition for review before the Supreme Court. See

_ CHAPTER1 - EXECUTIVE SUMMARY
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Chapter 2 for trends relating to the revised ozone and PM NAAQS and refer to
http://www.epa.gov/airlinks/ for up-to-date information concerning actions
surrounding the revised standards.

Special Report Chapter 2 features a
special report on the impact of major
wildfires on U.S. air quality.

CHAPTER 3

CRITERIA POLLUTANTS—
METROPOLITAN AREA TRENDS

Summary of MSA Trend Analyses, by Pollutant

Chapter 3 characterizes air quality on
a more local level, using three differ-
ent indicators. First, this chapter lists

Total # # MSAs # MSAs # MSAs the 1998 peak air quality concentra-
MSAs Up Down  with No tions for metropolitan areas. Second,
Trend Statistics Change Significant  ten-year trends are assessed for each
area using a statistical method to
co Second Max 8-hour 139 0 104 35 measure whether the trend is up or
Lead Max Quarterly Mean 90 1 61 28 down. The results show that 21 areas
NO, Arithmetic Mean 97 4 44 " 49 had a statistically significant upward
Ozone Fourth Max 8-hour 198 13 o5 160 trend in ambient concentrations for at
Ozone Second Daily Max 1-hour 198 11 23 164 least one Cntem.i p.ollutar}t, Wl.ule 221
) areas had a statistically significant
PM;  Weighted Annual Mean 211 1 152 58 downward trend for at least one
PM;,  90th Percentile 211 0 132 79 criteria pollutant. The third way in
SO, Arithmetic Mean 148 0 103 45 which local air quality is evaluated is
SO, Second Max 24-hour 148 0 91 57

(AQD) in the nation’s 94 largest met-

ropolitan areas. The AQI analysis
shows that between 1989 and 1998 the total number of “unhealthy” days de-
creased an average of 57 percent in southern California (which, for the pur-
poses of this analysis, includes the Los Angeles, Riverside, Bakersfield, and
San Diego), but actually rose 10 percent in the remaining major cities across
the United States.

CHAPTER 4

CRITERIA POLLUTANTS—
NONATTAINMENT AREAS

Chapter 4 summarizes the current status of nonattainment areas, which are
those areas not meeting the NAAQS for at least one of the six criteria pollut-
ants. Under the Clean Air Act Amendments (CAAA) of 1990, there were 274
areas designated nonattainment for at least one ambient air quality standard.

Nonattainment Status ; )
As of September 1999, 121 areas are designated nonattainment. These areas

gr;g:;r;asl #1agr225 zligfolggg) are displayed on a map in this chapter. A second map depicts the current
ozone nonattainment areas, color-coded to indicate the severity of the ozone
Cco 43 20 33,230 problem in each area. The condensed list of nonattainment areas as of Septem-
: gg 1‘3 g 1,1 13 ber 1999 is presented in Table A-17. This table is also on the Internet at http://
2 . - .
O, 101 32 92,505 www.epa.gov/airs/nonatin.html and is updated as areas are redesignated.
PM;o 85 77 29,880
S10)% 51 31 4,371
2  EXECUTIVE SUMMARY . CHAPTER 1
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CHAPTER 5
AIR TOXICS

Chapter 5 presents information on another
set of air pollutants regulated under the
CAA. Hazardous Air Pollutants (-HHAPs),
commonly called air toxics, are pollutants
known to cause or suspected of causing
cancer or other serious human health effects
or ecosystem damage. The CAA lists 188
such pollutants and targets the sources emit-
ting them for regulation. Examples of air
toxics include mercury, chromium, benzene,
and perchloroethylene (“perc”). Air toxics
are emitted from literally thousands of
sotirces, including familiar sources like elec-
tric utilities, automobiles, and dry cleaners.

National Trend in Annual Average Benzene
Concentrations in Metropolitan Areas, 1993-1998

7.0
6.5
6.0
5.5
5.0
4.5
4.0
3.51
3.04
2.5
2.0
1.5

Annual Average Concentration {ug/m3)

01 Sitos Included In In 1990, Congress amended Section 112 of
0.5 . Do
00l ® Sufficlent data (54) , ~ the CAA by adding a new approach to the
Tl SleendhEE) ’ . " regulation of HAPs. This new approach is
1093 1994 1995 1936 1097 1998 divided into two phases. The first requires
Year the development of technology-based emis-

sions standards for sources of the 188 HAPs. The second phase is to evaluate
remaining problems or risks and develop additional regulations to address
sources of those problems as needed.

The success of the Air Toxics Program depends on our ability to quantify
the impacts of air toxics emissions on public health and the environment. To
that end, EPA has initiated numerous National Air Toxics Assessment (NATA)
activities to help identify areas of concern, characterize risks, and track
progress. These activities include expanded air toxics monitoring, improving
and periodically updating emissions inventories, national- and local-scale air
quality and exposure modeling, and continued research on effects and assess-
ment tools.

Currently, there are approximately 300 monitoring sites producing ambient
data on HAPs. EPA is working together with state and local air monitoring
agencies to build upon these monitoring sites to develop a monitoring net-
work which is representative of air toxics problems on a national scale. EPA’s
Photochemical Assessment Monitoring Stations (PAMS) also measure HAPs
among the many pollutants that are precursors of ozone. Although these
existing data sources are limited in thejr geographic scope, they still provide
useful information on the trends in ambient air toxics. The results generally

- reveal downward trends for most of the monitored HAPs. The most consistent
improvement is apparent for benzene, which is predominantly emitted by mobile
sources. Benzene decreased 37 percent from 1993 to 1998, with much of the re-
duction occurring between 1994 and 1996. This reduction is due, in large part,
to the use of reformulated gasoline.

CHAPTER 1 + EXECUTIVE SUMMARY 3
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CHAPTER 6

VISIBILITY TRENDS
The CAA authorizes EPA to protect visibility, or visual air quality, through a
number of programs. In 1987, the Interagency Monitoring of PROtected Vi-
sual Environments IMPROVE) visibility monitoring network was established
as a cooperative effort between EPA, National Park Service, U.S. Forest Ser-
vice, Bureau of Land Management, U.S. Fish & Wildlife Service, and state
governments. The objectives of the network are to establish current condi-
tions, to track progress toward the national visibility goal by documenting
long-term trends, and to provide information for determining the types of
pollutants and sources primarily responsible for visibility impairment.
The trends analyses presented in this chapter are based on data from the
IMPROVE network. There were 34 sites having data adequate for assessing
trends between 1989 and 1998. Because of the significant regional variations
in visibility conditions, the trends are grouped into eastern and western re-
gions, rather than a natlonal aggregate. The trends are presented in terms of
‘ m the annual average values for the “clearest,” “typi-
cal,” and “haziest” days monitored each year.

The results show that, in general, visibility is
worse in the east than in the west. In fact, the worst
visibility days in the west are only slightly more im-
paired than the best days in the east. The 10-year
trends show that visibility in the west has improved
slightly for all three ranges {(clearest, typical, and
haziest days), while visibility in the east does not
seem to be improving for any of the ranges. In fact,
eastern visibility impairment on the haziest days has
worsened from 1997 to 1998, and the Great Smoky
Mountains National Park experienced its worst vis-
ibility in more than a decade.

In April of 1999, EPA issued the final regional haze regulation. This regula-
tion addresses visibility impairment in national parks and wilderness areas
that is caused by numerous sources located over broad regions. The program
lays out a framework within which states can work together to develop imple-
mentation plans that are designed to achieve “reasonable progress” toward
the national visibility goal of no human-caused impairment in the 156 manda-
tory Class I federal areas across the country. Implementation of the PM and
Ozone NAAQS in conjunction with a future regional haze program is ex-
pected to improve visibility in urban as well as rural areas across the country.

4  EXECUTIVE SUMMARY « CHAPTER 1
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ATMOSPHERIC DEPOSITION OF

SULFUR AND NITROGEN COMPOUNDS

Comparison of ambient sulfate concentrations in the rural eastern United States
from CASTNet monitoring data, 1990-1991 vs. 1997-1998.

1990-1991

1997—-1998

Acidic deposition or “acid rain” oc-
curs when emissions of sulfur diox-
ide (50,) and oxides of nitrogen
(NOx) in the atmosphere react with
water, oxygen, and oxidants to form
acidic compounds. These com-
pounds fall to the Earth in either dry
form (gas and particles) or wet form
(rain, snow, and fog). Some are car-
ried by the wind, sometimes hun-
dreds of miles, across state and
national borders. In the United
States, about 64 percent of annual
S0, emissions and 26 percent of NO,
emissions are produced by electric
utility plants that burn fossil fuels.

The National Atmospheric Deposi-
tion Program/National Trends Net-
work (NADP/NTN) and the Clean Air Status and Trends Network
(CASTNet), two monitoring networks described in detail in the chapter, moni-
tor wet and dry acid deposition, respectively. NADP/NTN consists of nearly
200 sites nationwide, while CASTNet contains 79 sites. These sites monitor a -
number of compounds, including sulfates and nitrates, which are formed from
SO, and NOjy reacting in the atmosphere.

Wet deposition data from the NADP/NTN show that sulfate concentra-
tions in precipitation have decreased over the past two decades. In 1995 and
1996, concentrations of sulfates in precipitation over a large area of the eastern
United States exhibited a dramatic and unprecedented reduction. Sulfates
have been estimated to be 1025 percent lower than levels expected with at
continuation of the 1983-1994 trend. This important reduction in acid precipi-
tation is directly related to the large regional decreases in SO, emissions result-
ing from phase I of the Acid Rain program (see the SO, section in Chapter 2 for
more details). Nitrate concentrations in recent years at the NADP/NTN sites
are not appreciably different from historical levels.

Dry deposition data from the CASTNet sites in the eastern rural United
States show that average sulfate concentrations decreased 22 percent between
1989 and 1998. However, a 10-percent increase in average sulfate concentra-
tions occurred between 1997 and 1998. Most of the increase occurred during
the second and third calendar quarters. Between these warmer months of
1997 and 1998, regional sulfur dioxide emissions increased 12 percent and
average sulfate concentrations increased 21 percent. The higher summertime
emissions in 1998 are attributed, in part, to the extra demand on electric utili-
ties due to extremely warm temperatures throughout the Southeast.

The trend in nitrate concentrations is essentially flat, corresponding to the small
change in NO, emissions during this period. The highest nitrate concentrations
are found in Ohio, Indiana, and Illinois, while the highest sulfate concentra-
tions are adjacent to the Ohjo Valley and in northern Alabama, which correspond
to the locations of large electric utilities.

Decrease in ambient sulfate
concentrations in the rural
eastern United States,
1990-1991 vs. 1997—1998.

CHAPTER 1 - EXECUTIVE SUMMARY 5
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CHAPTER 2

Criteria Pollutants —
National Trends

This chapter presents national and
regional trends for each of the pollut-
ants for which the United states Envi-
ronmental Protection Agency (EPA)
has established National Ambient Air
Quality Standards (NAAQS). NAAQS
are in place for the following six crite-
ria pollutants: carbon monoxide
(CO), lead (Pb), nitrogen dioxide
(NO,), ozone (Oy), particulate matter
(PM), and sulfur dioxide (SO,). Table
2-1 lists the NAAQS for each pollut-
ant in terms of the level and averag-
ing time of the standard used to
evaluate compliance.

There are two types of standards:
primary and secondary. Primary
standards protect against adverse
human health effects, whereas sec-
ondary standards protect against
welfare effects such as damage to

crops, ecosystems, vegetation, build- -

ings, and decreased visibility. There
are primary standards for all of the
criteria pollutants, and some pollut-
ants (PM and SO,) have primary
standards for both long-term (annual
average) and short-term (24 hours or
less) averaging times. Short-term
standards most directly protect
people from adverse health effects
associated with peak short-term ex-
posures to air pollution, while
long-term standards can protect
people from adverse health effects
associated with short- and long-term
exposures to air pollution. Second-

‘http://wwa.epa.gov/oar/aqtrnd98/chel|5ter2.pdf

Table 2 1 NAAQS in effect as of December 1999

Arithmetic Mean

(100 pg/m3)

E;
: Pollutant Prlmary Standard Secondary Standard
= (Health Related) (Welfare Related) ‘
Type of Average Standard Level Type of Average Standard Level
] Concentration® Concentration?
E -
CO 8-hour? 9 ppm No Secondary Standard
- (10 mg/m?3)
5: 1-hourb 35 ppm
é {40 mg/m?3) No Secondary Standard
hb Maximum 1.5 pg/m3 Same as Primary Standard
ilfi Quarterly Average
Annual 0.053 ppm Same as Primary Standard

Maximum Daily

7 0.12 ppmr

(365 pg/m?3)

] 1-hour Average® (235 pg/m3) Same as Primary Standard

;5 " |4th Maximum Dailyd  0.08 ppm Same as Primary Standard N

g . 8-hour Average (157 pg/m?3)

3 Mﬁ Annual 50 pyg/m® Same as Primary Standard

L Arithmetic Mean

*E 24-hour® 150 pyg/m3 Same as Primary Standard

£PM, Annual 15 pg/m? Same as Primary Standard

gﬂ . Arithmetic Meane

T . 24-hourt 65 pg/m3 Same as Primary Standard
Annual 0.03 ppm 3-hour? 0.50 ppm

Arithmetic Mean (80 pg/m3) (1,300 pg/m?)

24-hourt 0.14 ppm

tration.

 Parenthetical value iéiehr approximately equivalreht eéncentration. (See 40 CFR Part 50).
Not to be exceeded more than once per year.

The standard is attained when the expected number of days per calendar year with
maximum hourly average concentratlons above 0.12 ppm is equal to or less than one,
as determmed according to Appendlx H of the Ozone NAAQS.

Three-year average of the annual 4th highest dally maximum 8- hour average concen- .

“e Spatially avefaged over designated monitors.
. T The form is the 98th percentile.
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Any NAAQS mﬂm {t-hour)

ary standards have been established
for each criteria pollutant except CO.
Secondary standards are identical to
the primary standards, with the ex-
ception of SO,. Approximately 134
million people in the United states
reside in counties that did not meet
the primary standard for at least one
of the criteria pollutants for the single
year 1998.

co 102
b 43

No, Jo

PM,,! Data not yot avaitable.

0, |o

6-four) § 133.9
{

0 20 40 €0 80 100 120 140
Milllons of Persons

Number of people living in counties with
air quality concentrations above the level
of NAAQS in 1988.

On July 18, 1997, EPA revised the
ozone and PM NAAQS. The averag-
ing time of the ozone standard
changed from a 1-hour average to an
8-hour average to protect against
longer exposure periods that are of
concern for both human health and
welfare. The primary PM standards
were revised to change the form of
the PM;g standards and to add two
new PM, 5 standards to protect
against fine particles.

In May 1999, however, the U.S.
Court of Appeals for the D.C. Circuit
issued an opinion affecting these
revised standards. In particular, the
court remanded the ozone standard

back to EPA for further consideration.

The court also vacated the revised
PMjy standard and remanded the
PM, 5 standards back to EPA for fur-
ther consideration. Following the

denial of a petition for a rehearing by
the D.C. Circuit, the Justice Depart-
ment has filed a petition for review
before the Supreme Court. Refer to
http://www.epa.gov/airlinks for up-
to-date information concerning ac-
tions surrounding the revised
standards. A

The trends information presented
in this chapter is based on two types
of data: ambient concentrations and
emissions estimates. Ambient con-
centrations are measurements of
pollutant concentrations in the ambi-
ent air from monitoring sites across
the country. This year’s report con-
tains trends data accumulated from
1989 to 1998 on the criteria pollutants
at thousands of monitoring stations
located throughout the United states.
The trends presented here are de-
rived from the composite average of
these direct measurements. The
averaging times and air quality sta-
tistics used in the trends calculations
relate directly to the NAAQS.

The second type of data presented
in this chapter are national emissions
estimates. These are based largely on
engineering calculations of the
amounts and kinds of pollutants
emitted by automobiles, factories,
and other sources over a given pe-
riod. In addition, some emissions
estimates are based on measurements
from continuous emissions monitors
(CEMs) that have recently been in-
stalled at major electric utilities to
measure actual emissions. This re-
port incorporates data from CEMs
collected between 1994 and 1998 for
NO, and SO, emissions at major
electric utilities. The emissions data
summarized in this chapter and in
Appendix A were obtained from the
National Air Pollutant Emission Trends
Report, 1900-1998, which can be

found at http://www.epa.gov/ttn/
chief/trends98/emtrnd.html.

Changes in ambient concentra-
tions do not always track changes in
emissions estimates. There are four
known reasons for this. First, be-
cause most monitors are positioned
in urban, population-oriented locales,
air quality trends are more likely to
track changes in urban emissions
rather than changes in total national
emissions. Urban emissions are gen-
erally dominated by mobile sources,
while total emissions in rural areas
may be dominated by large station-
ary sources such as power plants and
smelters.

Second, emissions for some pollut-
ants are calculated or measured in a
different form than the primary air
pollutant. For example, concentra-
tions of ozone are caused by VOC
emissions as well as NO, emissions.

Third, the amount of some'pollut-
ants measured at monitoring loca-
tions depends on what chemical
reactions, if any, occur in the atmo-
sphere during the time it takes the
pollutant to travel from its source to
the monitoring station.

Finally, meteorological conditions
often control the formation and
buildup of pollutants in the ambient
air. For example, peak ozone concen-
trations typically occur during hot,
dry, stagnant summertime conditions;
CO is predominately a cold weather
problem; also, the amount of rainfall
can affect particulate matter levels
and the frequency of forest fires.

For a more detailed discussion of
the methodology used to compute
the trend statistics in this chapter,
please refer to Appendix B.
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Carbon Monoxide

Air Quality Concentrations

1989-98 39% decrease

199798 ‘8% decrease

Emissions

198998 16% decrease
decrease

1997-98 5%
Nature and Sources
CO is a colorless, odorless, (and at
much higher levels) poisonous gas,
formed when carbon in fuels is not
burned completely. It is a product of
motor vehicle exhaust, which contrib-
utes about 60 percent of all CO emis-
sions nationwide. High concentrations
of CO generally occur in areas with
heavy traffic congestion. In cities, as
much as 95 percent of all CO emis-
sions may emanate from automobile
exhaust. Other souxces of CO emis-
sions include industrial processes,
non-transportation fuel combustion,
and natural sources such as wildfires.
Woodstoves, cooking, cigarette
smoke, and space heating are sources
of CO in indoor environments. Peak
CO concentrations typically occur
during the colder months of the year
when CO automotive emissions are
greater and nighttime inversion con-
ditions are more frequent. Figure 2-1
shows this seasonal pattern in aver-
age daily maximum 1-hour CO con-
centrations at 414 sites reporting
complete data in 1998.

Health Effects

Carbon monoxide enters the blood-
stream through the lungs and reduc-
es oxygen delivery to the body’s
organs and tissues. The health threat
from lower levels of CO is most seri-
ous for those who suffer from cardio-
vascular disease, such as angina

NATIONAL AIR QUALITY AND EMISSIONS TRENDS REFQRT, 1998

Figure 2-1. Average daily maximum 1-hour CO concentrations by month, 1998.

Concentration, ppm

5 -

_— 90th percentile

414 sites -

Composite mean

pectoris. At much higher levels of
exposure, CO can be poisonous, and
healthy individuals may also be af-
fected. Visual impairment, reduced
work capacity, reduced manual dex-
terity, poor learning ability, and diffi-
culty in performing complex tasks
are all associated with exposure to
elevated CO levels.

Primary Standards

There are two primary NAAQS for
ambient CO—a 1-hour average of
35 ppm, and an 8-hour average of

9 ppm. These concentrations are not
to be exceeded more than once per
year. There currently are no second-
ary standards for CO.

National 10-Year Trends
The 10-year trend in ambient CO

concentrations is shown in Figure 2-2.

Nationally, CO concentrations de-
creased 39 percent during the past 10
years as measured by the composite
average of the annual second highest
8-hour concentration (referred to as

J F M A M J
Month

J A s O N D

the second maximum non-overlap-
ping 8-hour concentration). Year-to-
year reductions in peak 8-hour CO
concentrations have continued since
the upturn in 1994. Between 1997
and 1998, CO concentrations de-
creased 3 percent on average and are
the lowest level recorded during the
past 10 years. Exceedances of the
8-hour CO NAAQS (which are sim-
ply a count of the number of times .
the level of the standard is exceeded)
have declined 98 percent since 1989.

Long-term reductions in ambient
CO concentrations have been mea-
sured across all monitoring environ-
ments—rural, suburban, and urban
sites. Figure 2-3 shows that on aver-
age, urban monitoring sites record
higher CO concentrations than subur-
ban sites, with the lowest levels
found at 12 rural CO sites. During
the past 10 years, the composite mean
CO 8-hour concentration decreased 36
percent at 12 rural monitoring sites, 37
percent at 148 suburban sites, and 41
percent at 200 urban sites.
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Emissions Trends Figure 2-2. Trend in 2nd maximum non-overlapping 8-hour average CO

Figure 2-4 shows that national total concentrations, 1989-1998.

{

CO emissions have decreased 16 . '
Concentration, ppm '
|

|

l

1

i

|

[

]

percent since 1989. Emissions from 15—
all transportation sources have de- —90th Percentile
creased 16 percent during the past 10
years. Despite a 23-percent increase
in vehicle miles traveled (VMT),
emissions from on-road vehicles
decreased 24 percent during the past
10 years as a result of automotive
emissions control programs. Total
CO emissions decreased 5 percent
since 1997, while CO emissions from
on-road vehicles recorded a 2-percent
decline. Figure 2-5 shows that the
transportation category, composed of
on-road and off-road sources, ac-
counts for 79 percent of the nation’s
total CO emissions in 1998.

Table 2-2 lists some of the major
milestones in the control of emissions T T
from automobiles starting with the 59 90 91 92 93 94 95 96 97 98

l
{
Clean Air Act (CAA) of 1970. At the i
|
|
|
!

363 Sites.

0/ e R

national level, these measures, which
have led to reductions in emissions of
CO as well as other pollutants, in-

clude establishing national standards

Figure 2-3. Trend in 2nd maximum non-overlapping 8-hour average CO
concentrations by type of location, 1989—-1998.

0
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for tailpipe emissions, new vehicle Concentration, ppm
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Figure 2-4. Trend in national total CO emissions, 1989—1998. Table 2-2. Milestones in Motor Vehicle
Emissions Control

1970 New Clean Air Act sets auto

Thousand Short Tons Per Year emisslons standards.

120,000 - 1971 Charcoal canisters appear to
[ Fuel Combusticn J Industrial Processing

[] Transportation  §ilj Miscellaneous

meet evaporative standards.

1972 EGR valves appear to meet NO,
standards.

1974 Fuel economy standards are set.

) 1975 The first catalytic converters
80,000 S appear for hydrocarbon, CO.

Unleaded gas appears for use in
catalyst equipped cars.

100,000

60,000 1981  3-way catalysts with on-board
computers and O, sensors ap-
pear.

40,000 1983  I/M programs are established in
64 cities.

. - : 1989  Fuel volatility limits are set for

20,000 RVP.

1990 CAAA set new tailpipe standards.
ﬁ 1992  Oxy-fuel introduced in cities with
0 high CO levels.
89 90 91 92 93 94 95 96 97 98 1993 Limits set on sulfur content of
diesel fuel.
1294 Phase-in begins of new vehicle
Figure 2-5. CO emissions by source category, 1998. standards and technologies.

1995 On-board diagnostic systems in
1996 model year cars.

1998 Sales of 1999 model year Califor-
Industrial Processes 5.4% nia emissions equipped vehicles
begin in the Northeast.
Fuel Combustion 6.0%

In the area of clean fuels, the 1990
Clean Air Act Amendments (CAAA)
require oxygenated gasoline pro-
grams in several regions of the coun-
try during the winter months. Under
the program regulations, a minimum
oxygen content (2.7 percent by
weight) is required in gasoline to
ensure more complete fuel combus-
tion.12 Of the 36 CO nonattainment
areas that initially implemented the
program in 1992, 25 areas partici-
pated in the program during January
and February 1998, while 17 areas
continued to use oxygenated fuels
during November and December
1998. An analysis of the oxygenated

Miscellaneous 10.0%

Transportation 78.6%
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fuels program in several cities with
winter oxygenated gasoline pro-
grams showed reductions in ambient
CO concentrations of about 10 per-
cent.3 Other studies estimated that
the oxy-fuel effect was an average
total reduction in ambient CO con-
centrations of 7 to 14 percent overall
for the eight winter seasons from
1986 through 1994.45

Biue Ribbon Panel on
Oxygenates in Gasoline

In November 1998, in response to the
public concern regarding the detec-
tion of MTBE (methyl tertiary butyl
ether—one of two fuel oxygenates
used in reformulated gasoline to help
improve air quality) in water, EPA
Administrator Carol M. Browner
announced the creation of a blue
ribbon panel of leading experts from
the public health and scientific com-
munities, automotive fuels industry,
water utilities, and local and state
governments to review the important
issues posed by the use of MTBE and
other oxygenates in gasoline. The
Panel’s final report stated that “the
Wintertime Oxyfuel Program contin-
ues to provide a means for some
areas of the country to come into, or
maintain, compliance with the carbon
monoxide standard. Only a few met-
ropolitan areas continue to use MTBE
in this program. In most areas today,
ethanol can, and is, meeting these
wintertime needs for oxygen without
raising fuel volatility concerns given
the season of the year. The Panel
recommends that the Wintertime
Oxyfuel program be continued (a) for
as long as it provides a useful com-
pliance and/or maintenance tool for
the affected states and metropolitan
areas, and (b) assuming that the clari-
fication of state and federal authority
described above is enacted to enable

Figure 2-6. Long-term trend in 2nd maximum non-overlapping 8-hour average CO .

concentrations, 1979-1998.

Concentration, ppm

14

1979-88
(251 sites)

12

1989-98
(363 sites)
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79 81 83 85 87

states, where necessary, to regulate
and/or eliminate the use of gasoline
additives that threaten drinking wa-~
ter supplies.”6 The Panel’s Executive
Summary and final report entitled
Achieving Clean Air and Clean Water:
The Report of the Blue Ribbon Panel on
Oxygenates in Gasoline can be found
on the Panel’s homepage at: http://
www.epa.gov/oms/consumer/fu-
els/oxypanel/blueribb.htm.

National 20-Year Trends

Because of the annual loss and re-
placement of ambient monitoring
sites (e.g., redevelopment, new leases,
etc.), too few sites are able to meet a
20-year trends data completeness
criteria. Thus, long-term trends are
assessed by piecing together two
separate 10-year trends databases.
Although there are differences in the
mix of trend sites for the two periods
(251 vs. 363 sites), Figure 2-6 shows a

89 91

93 95 97 098

consistent decline in CO concentra-
tions during the past 20 years. Na-
tionally, the 1998 composite average
ambient concentration is 58 percent
lower than 1979, and is the lowest
level recorded during the past 20
years of monitoring.

Regional Trends

The map in Figure 2-7 shows the
regional trends in ambient CO con-
centrations during the past 10 years,
1989-1998. All 10 EPA Regions re-
corded 10-year declines in CO levels
as measured by the regional compos-
ite mean concentrations. The largest
10-year concentration reductions are
in the Northcentral, Rocky Mountain
and Northwest states. Smaller re-
ductions can be seen in the New
England, West, South and Midwest
regions. Two regions (Region 5 and
Region 7) saw increases in the com-
posite mean CO concentration be-

14
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Figure 2-7. Trend in CO 2nd maximum non-overlapping 8-hour concentrations by EPA Region, 1989—1998.
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Alaska is in EPA Region 10; Hawaii, EPA Region 9; and Puerto Rico, EPA Region 2.

Concentrations are ppm.

tween 1997 and 1998 (increases of 3
percent and 14 percent, respectively).

1998 Air Quality Status
The map in Figure 2-8 shows the
variations in CO concentrations
across the country in 1998. The air

- quality indicator is the largest annual
second maximum 8-hour CO concen-
tration measured at any site in each
county. The bar chart to the left of the
map displays the number of people
living in counties within each concen-
tration range. The colors on the map
and bar chart correspond to the col-
ors of the concentration ranges dis-
played in the map legend. Only
seven of the 526 monitoring sites
reporting ambient CO data to the
Aerometric Information Retrieval

System (AIRS) failed to meet the CO
NAAQS in 1998. These seven sites
were located in six counties—Los
Angeles County, CA; Fairbanks Bur-
ough, AK; Clarke County, NV (Las
Vegas, NV); Polk County, IA (Des
Moines, IA); Hancock County, WV
(Weirton, WV); and Imperial County,
CA (Calexico, CA). The two sites in
this latter area are located just north
of the border crossing with Mexicali,
Mexico. There are 10 million people

living in these six counties, compared

to the 1997 count of three counties
with a total population of 9 million
people.

Data Sources
The CO ambient trends plotting
points and emissions totals, by

5_8 -
6.4 ) /\_\/\3_7
\/\3.3. ' 36%
2 4718% [
5.5

3.7 Note: These trends are
influenced by the
distribution of monitoring
locations in a given region
and, therefore, can be
driven largely by urban
concentrations. For this
reason, they are not
indicative of background
regional concentrations.

source category, are listed in Tables
A-1 and A-2. The plotting points for
the 20-year trend charts are listed in
Table A-9. The 1998 county maxi-
mum second-highest non-overlap-
ping 8-hour CO concentrations are
listed in Table A-11.
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Figure 2-8. Highest 2nd maximum non-overlapping 8-hour average CO concentration by county, 1998.
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Lead

i L

¥ Air Quality Concentrations

i 1989-98 56% decrease

g, 199798 no change g

' &
Emissions
1989-98 27% decrease

1997-98

1% increase
Nature and Sources
Twenty years ago, automotive
sources were the major contributor of
lead emissions to the atmosphere. As
a result of EPA’s regulatory efforts to
reduce the content of lead in gasoline,
the contribution from the transporta-
tion sector has declined. Today,
metals processing is the major source
of lead emissions to the atmosphere.
The highest ambient air concentra-
tions of lead are found in the vicinity
of ferrous and nonferrous smelters,
battery manufacturers, and other
stationary sources of lead emissions.

Health and Environmental
Effects

Exposure to lead occurs mainly
through inhalation and through in-
gestion of lead in food, water, soil, or
dust. It accumulates in the blood,
bones, and soft tissues. Lead can also
adversely affect the kidneys, liver,
nervous system, and other organs.
Excessive exposure to lead may cause
neurological impairments such as
seizures, mental retardation, and/or
behavioral disorders. Even at low
doses, lead exposure is associated
with changes in fundamental enzy-
matic, energy transfer, and homeo-
static mechanisms in the body. At
low doses, fetuses and children may
suffer from central nervous system
damage. Recent studies show that
lead may be a factor in high blood

NATIONAL AIR QUALITY AND EMISSIONS TRENDS RERCRT, 1398

pressure and subsequent heart dis-
ease. Recent studies also indicate
that neurobehavioral changes may
result from lead exposure during the
child’s first years of life.

Airborne lead can also have ad-
verse impacts on the environment.
Wild and domestic grazing animals
may ingest lead that has deposited
on plant or soil surfaces or that has
been absorbed by plants through
leaves or roots. Animals, however,
do not appear to be more susceptible
or more sensitive to adverse effects
from lead than humans. For this rea-
son, the secondary standard for lead
is identical to the primary standard.

At relatively low concentrations
(210 pg/m3), lead can inhibit plant
growth and result in a shift to more -
tolerant plant species growing near
roadsides and stationary source
emissions. In spite of the fact that the
majority of soil lead becomes bound
so that it is insoluble, immobile, and
biologically unavailable, elevated soil
lead concentrations have been ob-
served to cause shifts in the microbial
community (fungi and bacteria),
reduced numbers of invertebrates,
reduced decomposition and nitrifica-
tion rates, and altered other soil pa-
rameters. Because lead remains in
the soil, soil concentrations continue
to build over time, even when depo-
sition rates are low. Thus, another
concern is that acid precipitation may
be increasing the mobility and
bioavailability of soil lead in some
places. ‘

Lead enters water systems mainly

through urban runoff and sewage
and industrial effluents. Most of this
lead is readily complexed and bound
in the sediment. However, water
lead concentrations can reach levels
that are associated with increased
mortality and impaired reproduction

in aquatic invertebrates and blood
and neurological changes in fish.
Given the above effects, there con-
tinue to be implications for the long-
term impact of lead on ecosystem
function and stability. (See also the
Toxics chapter and the December 1990
OAQPS Staff Paper (EPA-450/
2-89-022)).

Primary and Secondary
Standards

The primary and secondary NAAQS
for lead is a quarterly average con-
centration not to exceed 1.5 pg/m3.

National 10-Year Trends

The statistic used to track ambient
lead air quality is the maximum
quarterly mean concentration of each
year. A total of 189 ambient lead
monitors met the trends data com-
pleteness criteria for the 10-year peri-
od 1989-1998. Point-source oriented
monitoring data were excluded from
all ambient trends analyses presented
in this section to avoid masking the
underlying urban trends. Figure 2-9
indicates that between 1989 and 1998,
maximum quarterly average lead
concentrations decreased 56 percent at
population-oriented monitors. Be-
tween 1997 and 1998, national aver-
age lead concentrations (approaching
the minimum detectable level) re-
mained unchanged. Figure 2-10 looks
at urban, rural, and suburban 10-year
trends separately. The figure shows
that background levels of lead are
similar in the three demographic
regions.

Emissions Trends

Figure 2-11 shows that total lead
emissions decreased 27 percent be-
tween 1989 and 1998. The large am-
bient and emissions reductions are a

_waning result of the phase-out of
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leaded gasoline. Table A-3, which Figure 2-9. Trend in maximum quarterly average Pb concentrations (excluding

lists lead emissions by major source source-oriented sites), 1989—1998.

category, shows that on-road vehicles Concentration, ug/m3

accounted for 64 percent of the T o e e
~——90th Percentile [
10-year emissions decline. Between B 189 Sites

1997 and 1998, lead emissions esti~ 4t Mean
—-Median

mates did not change substantially. F
Figure 2-12 shows that industrial 1 —-10th Percentile NAAQS
processes were the major source of
lead emissions in 1998, accounting
for 74 percent of the total. The trans-
portation sector (on-road and
non-road sources) now accounts for
only 13 percent of total 1998 lead
emissions, with most of that coming
from aircraft.

3)

1.0 -

National 20-Year Trends

The effect of the conversion to un-
leaded gasoline usage on ambient
lead concentrations is most impres- 0.0L
sive when viewed over a longer peri-
od, such as illustrated in Figure 2-13.
Between 1979 and 1998, ambient
concentrations of lead declined 96

Figure 2-10. Pb maximum quarterly mean concentration trends by location (excluding

percent. This large decline tracks point-source-oriented sites), 1989—1998.
well with overall lead emissions,
‘Vhich dedined 98 Percent betWeen Concentration, ug/m3
1979 and 1998.
0.12 ‘
Regional Trends Rugal (5 sites) Suburban (98 sites) Urban (82 sites)
Figure 2-14 tes the ambi /\— —
gure segregates the ambient 0.1 YA —
though most regions showed large

concentration reductions between 0.08
1989 and 1998, there were some inter-

mittent upturns. Many of the -
“bumps” in the graphs can be attrib- 0.06
uted to the inherent variability asso-

ciated with data reported near the

|
|
trend analysis by EPA Region. Al- / \ ’ ‘ — : S |
minimum detectable level. 0.04 :

1998 Air Quality Status
The large reductions in long-term 0.02 |
lead emissions from transportation , i
l
I

sources have changed the nature of

the ambient lead problem in the Unit- 0 89 90 91 92 93 94 95 096 97 98
ed States. Because industrial pro-
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Figure 2-11. National total Pb emissions trehd, 1989-1998.

Short Tons 'Per Year

6,000
5,000

4,000

3,000
2,000

1,000

[] Fuel Combustion |l Industrial Processing [} Transportation

0
89 90 91 92 93 94 95 96 97 98

Figure 2-12. Pb emissions by source category, 1998.

Fuel Combustion 12.7%

Transportation 13.1%

Including on-road
and off-road sources.

Industrial Processes 74.2%

cesses are now responsible for all
violations of the lead standard, the
lead monitoring strategy now focuses
on emissions from these point sourc-
es. The map in Figure 2-15 shows the
lead monitors located in the vicinity
of major sources of lead emissions.

- In 1998, five lead point sources had

one or more source-oriented monitors
that violated the NAAQS. These five
sources are ranked in Figure 2-15
according to the site with the greatest
maximum quarterly mean. Various
enforcement and regulatory actions

- are being actively pursued by EPA

and the states for these sources.

The map in Figure 2-16 shows the
highest quarterly mean lead concen-
tration by county in 1998. Five coun-
ties, with a total population of 4.3
million and containing the point
sources identified in Figure 2-15, did
not meet the lead NAAQS in 1998.

Monitoring Status
Because of the shift in ambient air
monitoring focus from mobile-source
emissions to stationary point sources
of lead air pollution, EPA revised the
lead air monitoring regulations by
publishing a new rule on January 20,
1999. This action was taken at the
direct request of numerous state and
local agencies whose on-road mobile-
source oriented lead monitors have
been reporting peak lead air pollu-
tion values that are many times less
than the quarterly lead NAAQS of
1.5 g/ m3 for a number of consecu-
tive years. '
The previous regulation required
that each urbanized area with a
population of 500,000 or more oper-
ate at least two lead National Air
Monitoring Stations (NAMS). The
new rule allows state and local agen-
cies more flexibility. The rule sub-
stantially reduces the requirements

CHAPTER 2 -
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for measuring lead air pollutant con-
centrations near major highways,

thus shifting the focus to point Concentration, ug/m3

Figure 2-13. Long-term ambient Pb trend, 1979-1998.

2

sources and their impact on neigh-

boring populations. The regulation
allows states to reduce the number of
NAMS from approximately 85 to

1.5

1979-88

(184 sites) (189 sites)

1989-98

approximately 15. This reduction

will still allow EPA to confirm that

lead air pollution in populated areas
remains well below the NAAQS, but
it refocuses available monitoring \
resources into areas with industrial \
sources. N\
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Figure 2-14. Trend in Pb maximum quarterly mean concentration by EPA Region, 1989-1998.
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Alaska is in EPA Region 10; Hawaii, EPA Region 9; and Puerto Rico, EPA Region 2.
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Note: These trends are
influenced by the
distribution of monitoring
locations in a given region
and, therefore, can be
driven largely by urban
concentrations. For this
reason, they are not
indicative of background
regional concentrations.
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Figure 2-15. Pb maximum quarterly concentratiion in the vicinity of Pb point sources, 1998.
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Figure 2-16. Highest Pb maximum quarterly mean by county, 1998.
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Nitrogen Dioxide

Air Quality Concentrations

1989-98 14% decrease
1997-98 no change .
Emissions

1989-908 2% increase

1997-98 1% decrease
Nature and Sources

Nitrogen dioxide (NO,) is a reddish
brown, highly reactive gas that is
formed in the ambient air through
the oxidation of nitric oxide (NO).
Nitrogen oxides (NO,), the term used
to describe the sum of NO, NO, and
other oxides of nitrogen, play a major
role in the formation of ozone in the
atmosphere through a complex series
of reactions with volatile organic
compounds (VOCs). A variety of
NO, compounds and their transfor-
mation products occur both naturally
and as a result of human activities.
Anthropogenic (i.e., man-made)
emissions of NO, account for a large
majority of all nitrogen inputs to the
environment. The major sources of
anthropogenic NO, emissions are
high-temperature combustion pro-
cesses, such as those occurring in
automobiles and power plants. Most
of NO, from combustion sources
(about 95 percent) is emitted as NO;
the remainder is largely NO,. Be-
cause NO is readily converted to NO,
in the environment, the emissions
estimates reported here assume nitro-
gen oxides are in the NO, form. Nat-
ural sources of NO, are lightning,
biological and abiological processes
in soil, and stratospheric intrusion.
Ammonia and other nitrogen com-
pounds produced naturally are im-
portant in the cycling of nitrogen
through the ecosystem. Home heat-

ers and gas stoves also produce sub-
stantial amounts of NO, in indoor
settings.

Health and Environmental
Effects
Nitrogen dioxide is the most wide-
spread and commonly found nitro-
gen oxide and is a matter of public
health concern. The health effects of
most concern associated with
short-term exposures (i.e., less than
three hours) to NO, at or near the
ambient NO, concentrations seen in
the United States, include changes in
airway responsiveness and pulmo-
nary function in individuals with
preexisting respiratory illnesses, as
well as increases in respiratory ill-
nesses in children 5-12 years old.”.8
Evidence suggests that long-term
exposures to NO; may lead to in-
creased susceptibility to respiratory
infection and may cause alterations
in the lungs. Atmospheric transfor-
mation of NO, can lead to the forma-
tion of ozone and nitrogen-bearing
particles (e.g., nitrates and nitric
acid). As discussed in the ozone and
PM sections of this report, exposure
to both PM and ozone is associated
with adverse health effects.
Nitrogen oxides contribute to a
wide range of effects on public wel-
fare and the environment, including
global warming and stratospheric
ozone depletion. Deposition of nitro-
gen can lead to fertilization, eutrophi-
cation, or acidification of terrestrial,
wetland and aquatic (e.g., fresh water
bodies, estuaries, and coastal water)

systems. These effects can alter com-

petition between existing species,
leading to changes in the number and
type of species (composition) within
a community. For example;
eutrophic conditions in aquatic sys-
tems can produce explosive algae '

growth leading to a depletion of
oxygen in the water and/or an in-
crease in levels of toxins harmful to
fish and other aquatic life. Nitrogen
oxides are also important precursors
or components of ozone, particulate
matter and visibility impairment.
(See sections on ozone, particulate
mater, and sulfur dioxide, as well as
chapters on visibility and atmo-
spheric deposition).

Primary and Secondaty
Standards
The level for both the primary and-

' secondary national ambient air quali-

ty standards (NAAQS) for NO, is
0.053 ppm annual arithmetic average,
not to be exceeded.

National 10-Year Trends

The annual mean NO, concentration
is the statistic used to track ambient
NO, air quality trends. A total of 225
ambient NO, monitoring sites met
the trends data completeness criteria
for the 10-year period 1989-1998.
Figure 2-17 shows that the national
composite annual mean NO, concen-
tration in 1998 is 14 percent lower
than the composite mean recorded in
1989, and is unchanged from the 1997
level. Except for 1994, annual mean

NO, concentrations have decreased,

or remained unchanged, each year
since 1989. Figure 2-18 shows how
the trends in annual mean NO, con-
centrations vary among rural, subur-
ban and urban monitoring locations.
The highest annual mean NO, con-
centrations are typically found in
urban areas, with significantly lower
annual mean concentrations recorded
at rural sites. The 1998 composite
mean at 80 urban sites is 12 percent
lower than the 1989 level, compared
to an 18-percent reduction at 104
suburban sites. At 39 rural sites, the

22
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Figure 2-17. Trend in annual NOzrmean concentrations, 1989~1998. ) Composite mean N02 Concentration
, decreased 22 percent from the 1989
Concentration, ppm concentration level. (See Figure B-3
0.07~ —=goth Percentile ~~~ ~ — ~ in Appendix B for a map of the NO,
] T ’ monitoring site locations.)
fMean oo Atmospheric concentrations of
' 1 10 Percrentilem I NAAQS NO, are determined by indirect pho-
. ‘ W o tomultiplier measurement of the
0,05 - v i e i i e C _ luminescence produced by a critical
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7 - T ' - subsequent detection of NO using
0.03}-~+ -}~ 3 R0 HENE RN T AR = B B “this well characterized chemilumi-
111 1T H i AT nescence technique. This conversion
1 0. 1.1 ‘ is not specific for NO,, hence chemi-
e luminescence analyzers are subject to
T4 A | & , : ‘ interferences produced by response
0.01 o bt g A1 1 U 3"%’3 % BT to other nitrogen containing com-
: ‘ - B ~ pounds (e.g., peroxyacetyl nitrate
0.00}-. [PAN]) that can be converted to NO.

89 90 91 9'2 9‘3 94 95 96 97 98 The chemiluminescence technique

has been reported to overestimate
NO, due to these interferences. This
‘ : is not an issue for compliance since
Figure 2-18. Trend in annual mean NO, concentrations by type of location, 1989—1998. there are no violations of the NO,
' ' NAAQS. In addition, the interfer-
Concentration, ppm , ences are believed to be relatively
0.03 ) o small in urban areas.9 The national
and regional air quality trends de-
picted are based primarily on data -

|

ST

i

0.02}- -

0.025| T~ “ : e~ , from monitoring sites in urban loca-
—— ~— tions, and are expected to be reason-
_ ‘ . able representations of urban NO,
0.02 e L ' : trends. That is not the case in rural

el o and remote areas, however, where air

, ~ mass aging could foster greater rela-

0.015 I o A ‘ ‘ * tive levels of PAN and nitric acid and
‘ : interfere significantly with the inter-

0.01 pretation of NO, monitoring data.

Emissions Trends
7 , . Figure 2-19 shows the 10-year trend
Rural (39 sites) Suburban (104 sites) Urban (80 sites) . in NO, emissions. National total
— -ee- . == s NO, emissions in 1998 are 2 percent
0 N ' J " higher than the 1989 total, although
89 90 91 92 93 94 95 96 97 98 changes in data availability and
methodology between 1989 and 1990

0.005
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(in the other combustion Category) Figure 2-19. Trend in national total NO, emissions, 1989-1998.

introduce uncertainty in this compar-
ison. Emissions from electric utility Thousand Short Tons Per Year
fuel combustion sources in 1998 are 7

percent lower than the 1989 level, 30,000
while emissions from on-road sourc- {] Fuel Combustion [l Industrial Processing
es have increased 1 percent during [ Transportation Miscellaneous

the past 10 years. Figure 2-20 shows 2,000 o e— )
i
|
|
|
|

that the two primary sources of NO,

emissions are fuel combustion and 20.000
transportation. Together, these two ’
sources comprise 95 percent of 1998

total NO, emissions. Title IV (Acid 15,000
Deposition Control) of the CAA re- ‘ o ‘ i
quired EPA to establish NO, annual

average emission limits for coal-fired 10,000 SmsEEmme——
electric utility units in two phases.

NO, reductions are approximately

400,000 tons per year during Phase I 5,000
(1996-1999) and two million tons per
year in Phase II (year 2000 and subse-
quent years).10 In 1998, 265 Phase I
coal-fired utility units were subject to
the Title IV emission limitations. For
these 265 affected utility units, total
NO, emissions in 1998 were 29 per-  Figure 2-20. NO, emissions by source category, 1998.
cent lower than in 1990, but 3 percent

higher than in 1997.10 While this is

the second year that NO,f emissions Fuel Combustion 41.7%
from these sources have increased,
the ascent can be attributed in part to
greater electrical production com-
pared to 1996.10

0
890 90 91 92 93 94 95 96 97 098

Miscellaneous 1.3%

National 20-Year Trends

As discussed in previous sections of
this report, long-term national ambi-
ent air quality trends are difficult to
assess because few monitoring sites |ndustrial Processes 3.7%
have operated continuously in the
same location for 20 years. Figure
2-21 presents 20-year trends in ambi-
ent NO, concentrations by combining
two separate 10-year trends databas-
es, 1979-1988 (127 sites) and 1989-
1998 (225 sites). Nationally, annual
mean NO, concentrations have de-
creased approximately 25 percent

Transportation 53.3%
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Figure 2-21. Long-term trend in annual mean NO, concentrations, 1979-1998. mean NO, concentration measured in

each county. In July 1998, EPA an-
nounced the redesignation of the

Concentration, ppm South Coast Air Basin (the last re-

0.03 v ' " maining nonattainment area for NO,)
1979-88 1989-98 to attainment for the NO, NAAQS.11
(127 sites) (225 sites)
0.025 PN N Data Sources )
S S - The NO, ambient trends plotting

0021 . o ‘ o . points and emissions totals by source
) ¥\—/\_ category are listed in Tables A-1 and

A-4, respectively. The plotting points
0.015| -~ .l : ‘ . for the 20-year trend charts are listed
in Table A-9. Table A-11 contains the
highest annual mean NO, concentra-
0.01 - v v tion by county in 1998.

0
79 81 83 85 87 89 91 93 95 97

since 1979. Annual mean NO, con- least 8 years of ambient measure-
centrations declined in the early ments. Figure 2-22 shows that the
1980s, were relatively unchanged largest reductions in composite annu-
during the mid-to-late 1980s, and al mean NO, concentrations occurred
resumed their decline in the 1990s. in the South Coast of California, fol-
Because most NO, monitoring sites lowed by the New England states,
are mobile-source oriented sites in and the northeastern states, New
urban areas, the 20-year decline in York and New Jersey. Smaller reduc-
NO, concentrations more closely tions in mean NO, concentrations
tracks the 19-percent reduction in were recorded in mid-Atlantic, south-
NO, emissions from on-road vehicles east, southwest and Rocky Mountain
since 1980. states. The 1989 and 1998 composite
mean NO, concentrations were the
Regional Trends same level in both the North Central

The map in Figure 2-22 shows region- and Midwest states.
al trends in NO, concentrations dur-

ing the past 10 years, 1989-1998 1998 Air Quality Status

(except Region 10 which does not All monitoring locations across the
have any NO, trend sites). The nation, including Los Angeles, met
trends statistic is the regional com- the NO, NAAQS in 1998. This is

posite mean of the NO, annual mean  reflected on the map in Figure 2-23
concentrations across all sites with at  that displays the highest annual
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Figure 2-22. Trend in NO, maximum quarterly mean concentration by EPA Region, 1988—1998.

|
B e . i
Insufficlent ; !
. - TrendData .- i
T T i
023 i
\,\(I!B [
¥$22%
Sz A - 7 Note: These trends are
016 015 014 i influenced by the
o . 01 N $7% distribution of monitoring
) - §6% b - g locations in a given region
- and, therefore, can be ;
R R driven largely by urban |
The National Trend . . i / ) ) concentrations. For this
Co21 ' L . - . reason, they are not
Ll o8 g
14% . J S . indicative of background
¥ : T regional concentrations. [

Alaska is in EPA Region 10; Hawaii, EPA Region 9; and Puerto Rico, EPA Region 2. Concentrations are ppm.

Figure 2-23. Highest NO, annual mean concentration by county, 1998.
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Ozone

i Air Quality Concentrations
i 1989-98 4% decrease (1-hr)
B no change (8-hr),
£ 1997-98 5% increase (1-hr)
- 4% increase (8-hr)

:

Emissions (Anthropogenic VOCs)

1989-98  20% decrease
~ 1997-98 5% decrease
Nature and Sources -
Ground level ozone remains a perva-
sive pollution problem in-the United
States. Ozone is readily formed in the
atmosphere by the reaction of VOCs
and NO, in the presence of heat and
sunlight, which are most abundant in
the summer. VOCs are emitted from
a variety of sources including: motor
-vehicles, chemical plants, refineries,
factories, consumer and.commercial
products, other industriés, and natu-
ral (biogenic) sources. Nitrogen ox-
ides are emitted from motor vehicles,
power plants, and other sources of
combustion, and natural sources
including lightning and biological
processes in soil. Changing weather
patterns contribute to yearly differ-
ences in ozone concentrations. Ozone
and the precursor pollutants that
cause ozone also can be transported
into an area from pollution sources -
located hundreds of miles upwind.

Health and Environmental
‘Effects: ‘

Ozone occurs naturally in the strato-

sphere and provides a protective
-layer high above the Earth. Howev-

er, at ground level, it is the prime

ingredient of smog. Short-term (1-3
* hours) and prolonged (6-8 hours)
exposures to ambient ozone concen-
trations have been linked to a num-
ber of health effects of concern. For

NATIONAL AIR QUALITY AND EMISSIONS TRENDS REPORT, 1998

example, increased hospital admis-
sions and emergency room visits for
respiratory causes have been associ-
ated with ambient ozorie exposures.
Exposures to ozone may make
people more susceptible to respira-
tory infection, result in lung inflam-
mation, and aggravate preexisting
respiratory diseases such as asthma.
Other health effects attributed to
short-term and prolonged exposures
to ozone, generally while individuals
are engaged in moderate or heavy
exertion, include significant decreases
in lung function and increased respi-
ratory symptoms such as chest pain

‘and cough. Children active outdoors

during the summer when ozone lev-
els are at their highest are most at risk
of experiencing such effects. Other
at-risk groups include adults who are
active outdoors, such as outdoor
workers, and individuals with preex-
isting respiratory disorders such as
asthma and chronic obstructive lung

disease. Within each of these groups

are individuals who are unusually
sensitive to ozone. In addition, re-
peated long-term exposure to ozone
presents the possibility of irreversible
changes in the lungs which could
lead to premature aging of the lungs
and/or chronic respiratory illnesses.

- Ozone also affects sensitive veg-
etation and ecosystems. Specifically,
ozone can lead to reductions in agri-
cultural and commercial forest yields,
reduced survivability of sensitive tree
seedlings, and increased plant suscep-
tibility to disease, pests, and other
environmental stresses such as harsh
weather. In long-lived species, these
effects may become evident only after
several years or even decades. As
these species are out-competed by
others, long-term effects on forest
ecosystems and habitat quality for
wildlife and endangered species

occurs. Furthermore, ozone injury to
the foliage of trees and other plants
can decrease the aesthetic value of
ornamental species as well as the
natural beauty of our national parks
and recreation areas.

Primary and Secondary 1-hour
Ozone Standards

In 1979, EPA established 1-hour pri-
mary and secondary standards for
ozone. The level of the 1-hour prima-
ry and secondary ozone NAAQS is
0.12 ppm daily maximum 1-hour
concentration that is not to be exceed-
ed more than once per year on aver-
age. To encourage an orderly
transition to the revised ozone stan-
dards (promulgated in 1997; see fol-
lowing section for more information),
EPA initiated a policy in which the
1-hour standards would no longer
apply once an area experig¢nced air
quality data meeting the 1-hour stan-
dards. - In 1998 and early 1999, EPA
revoked the 1-hour ozone NAAQS in
2,942 counties in the United States,
leaving 201 counties where the
1-hour standard still applies.12.13,14
However, due to unresolved legal
challenges, the Agency is unable to
enforce and effectively implement the
8-hour standard. As a result, many
areas are wi