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5‘,% WASHINGTON, D.C. 20460

OFFICE OF
AIR AND RADIATION

Dear Colleague:

I am pleased to transmit to you the Environmental Protection

Agency's (EPA) nineteenth annual Nationa s
Trends Report., This document describes one- and ten-year trends in

emissions and air quality for the following six important alr
pollutants. Specifically, for the timeperiod 1982 - 1991 it shows:

Pollutant ali ovemen Emission
Reduction
Carbon monoxide 30% 31%
Lead B9% 90%
Nitrogen Dioxide 6% 8%
Ozone (Smog) 8% 13%
Particulate Matter 10% 5%
Sulfur Dioxide 20% 2%

While we are pleased with the progress the nation has been
able to achieve to date, the report shows that there are still 86.4
million Americans that live in areas with air quality that does not
meet one or more of the national ambilent alr quality standards.
Ozone (smog) continues to be the pollutant to which most Americans
are exposed.

We are aggressively implementing the Clean Air Act to address

these problems, as well as air quality and health problems
associated with acid rain, air toxics, and stratospheric ozone

depletion.
I hope this report is helpful to you.

Sincerely,

william G. senberg
Asslistant Administrator
for Alr and Radiation

Printed on Recyded Paper
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DISCLAIMER

This report has been reviewed by the Office of Air Quality Planning and Standards,
U.S. Environmental Protection Agency, and has been approved for publication. Mention
of trade names or commercial products is not intended to constitute endorsement or
recommendation for use.

About the Cover: The graphical display presents three types of information on ground level ozone
in the US. The map shows those areas that were not meeting the ozone National
Ambient Air Quality Standard when the 1990 Clean Air Act Amendments were
passed. The color shading indicates the classification of each area. The text lists
the attainment deadlines specified in the Amendments with the same color coding
used in the maps. The bar chart shows the reduction in the population living in
areas not meeting the ozone standard that should occur as these deadlines are
met.



PREFACE

This is the nineteenth annual report of air pollution trends issued by the U. S.
Environmental Protection Agency. The report is prepared by the Technical Support
Division and is directed toward both the technical air pollution audience and the
interested general public. The Division solicits comments on this report and welcomes
suggestions on our trend techniques, interpretations, conclusions, and methods of
presentation. Please forward any response to Dr. Thomas C. Curran, (MD-14) U. S.
Environmental Protection Agency, Technical Support Division, Research Triangle Park,
North Carolina 27711.
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NATIONAL AIR QUALITY AND EMISSIONS TRENDS REPORT, 1991

1. EXECUTIVE SUMMARY

1.1 INTRODUCTION

This is the nineteenth annual report'”® documenting air pollution trends in the
United States for those pollutants for which the U.S. Environmental Protection
Agency (EPA) has established National Ambient Air Quality Standards. EPA set
these standards to protect public health and welfare. There are two types of National
Ambient Air Quality Standards, primary and secondary. Primary standards are
designed to protect public health, while secondary standards protect public welfare,
such as effects of air pollution on vegetation, materials and visibility.

This report focuses on comparisons with the primary standards in effect in
1991 to examine changes in air pollution levels over time, and to summarize current
air pollution status. EPA has established national air quality standards for six
pollutants: carbon monoxide (CO), lead (Pb), nitrogen dioxide (NO,), ozone (O,),
particulate matter (formerly as total suspended particulate (TSP) and now as PM-10
which emphasizes the smaller particles), and sulfur dioxide (SO,). It is important to
note that the discussions of ozone in this report refer to ground level, or tropospheric,
ozone and not to stratospheric ozone. Ozone in the stratosphere, miles above the
earth, is a beneficial screen from the sun’s ultraviolet rays. Ozone at ground level, in
the air we breathe, is a health and environmental concern and is the primary
ingredient of what is commonly called smog.

The report tracks two kinds of trends: air concentrations, based on actual
direct measurements of pollutant concentrations at selected sites throughout the
country; and emissions, which are based upon the best available engineering
calculations. It also provides estimates of the total tonnage of these pollutants
released into the air annually. Chapter 4 of this report includes a detailed listing of
selected 1991 air quality summary statistics for every metropolitan statistical area
(MSA) in the nation and maps highlighting the largest MSAs. Chapter 5 presents
1982-91 trends for 15 cities throughout the U.S. Chapter 6 presents summary air
pollution statistics from other countries. This is a new feature of this report and is
intended to provide a broader range of air pollution information.

A major event for air pollution control in the United States was the passage of
the Clean Air Act Amendments in November 1990, which has initiated a wide range
of planning and regulatory activities that will affect future air pollution levels in the
U.S. The 1991 data included in this report do not yet show the full effect of this
legislation because the implementation process is still underway. This report notes
some of these ongoing activities.
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1.2 SOME PERSPECTIVE

A 10-year time period is convenient for considering ambient air pollution
trends because monitoring networks underwent many changes around 1980.
However, it is important not to overlook some of the earlier control efforts in the air
pollution field. Emission estimates are useful in examining longer term trends.
Between 1970 and 1991, lead clearly shows the most impressive decrease (-98 percent)
but improvements are also seen for carbon monoxide (-50 percent), nitrogen oxides
(-1 percent), total particulate (-61 percent), volatile organic compounds, which
contribute to ozone formation, (-38 percent) and sulfur oxides (-27 percent). It is also
important to realize that many of these reductions occurred even in the face of
growth of emissions sources. More detailed information is contained in a companion
report.”
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While progress has been made, it is important not to lose sight of the
magnitude of the air pollution problem that still remains. About 86 million people in
the U.S. reside in counties which did not meet at least one air quality standard based
upon data for the single year 1991. Ozone is the most common contributor with 70
million people living in counties that exceeded the ozone standard in 1991. These
statistics, and associated qualifiers and limitations, are discussed in Chapter 4. These
population estimates are based only upon a single year of data, 1991, and only
consider counties with monitoring data for that pollutant. As noted in Chapter 4,
there are other approaches that would yield different numbers. In 1991, EPA issued
a rule formally designating areas that did not meet air quality standards.® Based
upon these designations, EPA estimated that 140 million people live in ozone
nonattainment areas. This difference is because the formal designations are based
upon three years of data, rather than just one, to reflect a broader range of
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meteorological conditions. Also, the boundaries used for nonattainment areas may
consider other air quality related information, such as emission inventories and
modeling, and may extend beyond those counties with monitoring data to more fully
characterize the ozone problem and to facilitate the development of an adequate
control strategy. For lead, EPA’s aggressive effort to better characterize lead point
sources has resulted in new monitors that have documented additional problem

areas.

pollutant

CcoO

Lead

NO2

Ozone

PM-10

s02

Any NAACS DRI

100

millions of persons
Based on 1990 popuiation data and 1991 air quality data.

Finally, it should be recognized that this report focuses on those six pollutants
that have National Ambient Air Quality Standards. There are other pollutants of
concern. According to industry estimates, more than 2.4 billion pounds of toxic
pollutants were emitted into the atmosphere in 1989.' They are chemicals known or
suspected of causing cancer or other serious health effects (e.g. reproductive effects).
Control programs for the pollutants discussed in this report can be expected to
reduce these air toxic emissions by controlling particulates, volatile organic
compounds and nitrogen oxides. However, Title III of the Clean Air Act
Amendments of 1990 provided specific new tools to address routine and accidental
releases of these toxic air pollutants. The statute established an initial list of 189 toxic
air pollutants. Using this list, EPA published a list of the industry groups (or “source
categories”) for which EPA will develop emission standards. EPA will issue
standards for each listed source category, requiring the maximum degree of
emissions reduction that has been demonstrated to be achievable. These are
commonly referred to as maximum achievable control technology (MACT) standards.
EPA is also implementing other programs to reduce emissions of
chlorofluorocarbons, halons, and other pollutants that are depleting the stratospheric
ozone layer.
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L3 MAJOR FINDINGS

' CARBONMONO

AIR CONCENTRATIONS

1982-91: 30 percent decrease (8-hour second high at 313 sites)
90 percent decrease (8-hour exceedances at 313 sites)

1990-91: 5 percent decrease (8-hour second high at 378 sites)

EMISSIONS

1982-91: 31 percent decrease
1990-91: 8 percent decrease

OVERVIEW

Trends Carbon monoxide emissions decreased 50 percent since 1970. Progress has
continued with the 1982-91 ten year period showing 30 percent improvement in air
quality levels and a 31 percent reduction in total emissions. This progress occurred
despite continued growth in miles of travel in the US. Transportation sources
account for approximately 70 percent of the nation’s CO emissions. Emissions from
highway vehicles decreased 45 percent during the 1982-91 period, despite a 36 percent
increase in vehicle miles of travel. Estimated nationwide CO emissions decreased 8
percent between 1990 and 1991.

Status On November 6, 1991, EPA designated 42 areas as nonattainment for CO.
Based upon the magnitude of the CO concentrations, 41 of these areas were classified
as moderate and 1 (Los Angeles) was classified as serious.

Current Activities The 1990 Clean Air Act Amendments provided a detailed
schedule for CO nonattainment areas. States identified their nonattainment areas and
are now developing plans to ensure that these areas attain and maintain these
standards. Control strategies for these nonattainment areas are due in November
1992, In addition, the provisions of the Act, that deal with mobile sources, include a
variety of provisions to help reduce CO levels including a winter time oxygenated
fuels program for most CO nonattainment areas, increased application of vehicle
inspection and maintenance programs, and a tailpipe standard for CO under cold
temperature conditions.
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CO TREND, 1982-1981 CO EMISSIONS TREND

(ANNUAL 2ND MAX 8-HR AVG) (1982 vs. 1991)
CONCENTRATION, PPM MILLION METRIC TONS PER YEAR
15 120
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CO EFFECTS

Carbon monoxide enters the bloodstream and reduces the delivery of oxygen to
the body’s organs and tissues. The health threat from carbon monoxide is most
serious for those who suffer from cardiovascular disease, particularly those with

~ angina or peripheral vascular disease. Healthy individuals also are affected but
only at higher levels. Exposure to elevated carbon monoxide levels is associated
with impairment of visual perception, work capacity, manual dexterity, learning
abxhty and performance of complex tasks.
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LEAD (Pb) -

AIR CONCENTRATIONS

1982-91: 89 percent decrease (maximum quarterly average at 209 sites)
1990-91: 18 percent decrease (maximum quarterly average at 239 sites)
EMISSIONS

1982-91: 90 percent decrease in total lead emissions
(97 percent decrease in lead emissions from transportation sources)

1990-91: 3 percent decrease in total lead emissions
(5 percent decrease in lead emissions from transportation sources)

OVERVIEW

Trends Total lead emissions have dropped 98 percent since 1970 due principally to
reductions in ambient lead levels from automotive sources. Ambient lead (Pb)
concentrations in urban areas throughout the country have decreased 89 percent since
1982 while emissions decreased by 90 percent. The drop in Pb consumption and
subsequent Pb emissions was brought about by the increased use of unleaded
gasoline in catalyst-equipped cars (97 percent of the total gasoline market in 1991) and
the reduced Pb content in leaded gasoline.

Status In 1991, EPA designated 12 areas as nonattainment because of recorded
violations of the National Ambient Air Quality Standard for lead. EPA also
designated as "unclassifiable” 9 other areas for which existing air quality data are
insufficient at this time to designate as either attainment or nonattainment.

Current Activities The large reduction in lead emissions from transportation sources
has changed the nature of the ambient lead problem in the US. Current problems are
associated with specific point sources and this has become more apparent as the
transportation component was dramatically reduced. As a result, EPA’s current lead
strategy is to better characterize lead levels near these sources, fully enforce existing
emission limits, and, if necessary, require new control plans. In some cases, new
monitors have been placed in operation and documented ambient levels of concern.
This shift in the lead monitoring strategy can initially appear to complicate the
interpretation of lead trends as new monitors result in the documentation of new
problems. However, the more complete picture is that the successful reduction in
lead emissions from transportation sources is now being followed by a more complete
characterization of specific industrial sources such as smelters.
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“Exposure to lead can occur through multiple pathways, including inhalation of
air, diet and ingestion of lead in food, water, soil or dust. Lead accumulates in
_the body in blood, bone and soft tissue. Because it is not readily excreted, lead
also affects the kidneys, liver, nervous system and blood-forming organs.
Excessive expasure 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 enzymatic, energy transfer and
- homeostatic mechanisms in the body. Fetuses, infants and children are especially
susceptible to low doses of lead, often suffering central nervous system damage.
Recent studies have also shown that lead may be a factor in high blood pressure

" and subsequent heart disease in middle-aged white males.



AIR CONCENTRATIONS

1982-91: 6 percent decrease (annual mean at 172 sites)
1990-91: no change (annual mean at 236 sites)

EMISSIONS : NO,

1982-91: 8 percent decrease
1990-91: 3 percent decrease

OVERVIEW

Trends Nitrogen oxide emissions decreased 1 percent since 1970. Both emissions (-8
percent) and nitrogen dioxide air quality (-6 percent) showed improvement since 1982.
The two primary source categories of nitrogen oxide emissions, and their contribution
in 1991, are fuel combustion (56 percent) and transportation (39 percent). Since 1982,
emissions from the transportation category have decreased 25 percent while fuel
combustion emissions are estimated to have increased by 8 percent.

Status On November 6, 1991, EPA designated only one area as nonattainment for

NO,. Los Angeles, CA (which reported an annual mean of 0.055 parts per million

(ppm) in 1991 compared to the EPA standard of 0.053 ppm) is the only urban area
that has recorded violations of the National Ambient Air Quality Standard for NO,
during the past 10 years.

Current Activities Although Los Angeles is the only nonattainment area for nitrogen

dioxide, the Clean Air Act Amendments of 1990 recognized the need for nitrogen
oxide controls due to its contributing role in other problems including ozone (smog),
particulate matter, and acid rain. The role of NO, in ozone nonattainment problems is
receiving additional attention from both the scientific and regulatory communities.
EPA has already issued final tighter tailpipe standards for NO, as required under the
new amendments and the Acid Rain provisions of the Act calls for a 2 million ton
NO, reduction from affected utilities.



NO2 TREND, 1982-1991 NOX EMISSIONS TREND
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Nitrogen dioxide can irritate the 1ungs and lower resistance to respiratory
infection (such as influenza). The effects of short-term exposure are still unclear

- “but continued or frequent exposure to concentrations higher than those normally
~ found in the ambient air may cause increased incidence of acute respiratory

disease in children. Nitrogen oxides are an important precursor both to ozone
and to acidic precipitation and may affect both terrestrial and aquatic ecosystems.
Atmospheric deposition of NO, is a potentially significant contributor to
ecosystem effects including algal blooms in certain estuaries such as- the
Chesapeake Bay. In some western areas, NO, is an important precursor to
particulate concentrations.



AIR CONCENTRATIONS

1982-91: 8 percent decrease (second highest daily max 1-hour at 495 sites)
38 percent decrease (exceedance days at 495 sites)

1990-91: 1 percent increase (second highest daily max 1-hour at 647 sites)

EMISSIONS : VOC

1982-91: 13 percent decrease (-8 percent for NO,)
1990-91: 4 percent decrease (-3 percent for NO,)

OVERVIEW

Trends Ground level ozone, the primary constituent of smog, has been a pervasive
pollution problem for the U.S. Ambient trends during the 1980’s were influenced by
varying meteorological conditions. Relatively high 1983 and 1988 ozone levels are
likely attributed in part to hot, dry, stagnant conditions in some areas of the country.
The 1991 levels were somewhat higher than 1990 but were still 15 percent lower than
1988. There have now been three years with relatively low levels compared to earlier
years. While the complexity of the ozone problem and the effects of meteorological
conditions warrants caution in interpreting the data, there have been recent control
measures, such as lower Reid Vapor Pressure for gasoline resulting in lower fuel
volatility and lower NO, and VOC emissions from tailpipes. Emission estimates for
volatile organic compounds (VOCs), which contribute to ozone formation, are
estimated to have improved by 38 percent since 1970 and 13 percent since 1982.
However, these volatile organic compound (VOC) emission estimates represent annuzl
totals. NO, emissions, the other major precursor factor in ozone formation, decreased
8 percent between 1982 and 1991. While these annual emission totals are the best
national numbers now available, seasonal emission trends would be preferable.

Status In 1991, EPA designated 98 nonattainment areas for O,. Based upon the O,
concentrations in these areas, EPA classified 43 areas as marginal, 31 as moderate, 14
as serious, 9 as severe, and 1 (Los Angeles} as extreme.

Current Activities Kansas City became the first of these nonattainment areas to be
redesignated as attainment. The other areas classified as marginal under the Clean
Air Act have until 1993 to attain. During 1992, all ozone nonattainment areas were
required to prepare emission inventories. These inventories identify the sources
contributing to the ozone problems in these areas and are a critical first step in
developing control strategies to bring these areas into attainment.
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OZONE TREND, 1982-1991 VOC EMISSIONS TREND

(ANNUAL 2ND DAILY MAX HOUR) (1982 vs. 1991)
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-The reactivity of ozone causes health problems because it damages biological

- tissues and cells. Recent scientific evidence indicates that ambient levels of ozone

nat only affect people with impaired respiratory systems, such as asthmatics, but
healthy adults and children, as well. Exposure to ozone for 6 - 7 hours at
relatively low concentrations has been found to significantly reduce lung function
in normal, healthy people during periods of moderate exercise. This decrease in
lung function.often is accompanied by such symptoms as chest pain, coughing,

. nausea and pulmonary congestion. Though less well established in humans,

animal studies have demonstrated that repeated exposure to ozone for months

-to years can produce permanent structural damage in the lungs and accelerate the

rate of lung function loss and aging of the lungs. Ozone is responsible each year
for agricultural crop yield loss in the US. of several billion dollars and causes
noticeable foliar damage in many crops and species of trees. Forest and
ecosystem studies indicate that damage is resuiting from current ambient ozone
levels.
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 PARTICULATE MAT

AIR CONCENTRATIONS : Particulate Matter (PM-10)

1988-91: 10 percent decrease (based on arithmetic mean at 682 sites)

1990-91: 1 percent decrease PM-10 (based on arithmetic mean at 682 sites)

EMISSIONS : Total Particulates (TP) and PM-10

1982-91: 3 percent decrease (TP)

1985-91: 3 percent decrease (PM-10)

1988-91: 5 percent decrease (PM-10)

1990-91: no change (TP); 1 percent increase (PM-10)

OVERVIEW

Trends Total Particulate emissions from historically inventoried sources have been
reduced 61 percent since 1970. In 1987, EPA replaced the earlier TSP standard with a
PM-10 standard. (PM-10 focuses on the smaller particles likely to be responsible for
adverse health effects because of their ability to reach the lower regions of the
respiratory tract.) Ambient monitoring networks have been revised to measure PM-10
rather than TSP. Although PM-10 trends data are limited, ambient levels decreased
10 percent between 1988 and 1991. The historically inventoried PM-10 portion of TP
emissions is estimated to have decreased 3 percent since 1985. Nationally, fugitive
sources (such as emissions from agricultural tilling, construction, and unpaved roads)
provide 6-8 times more tonnage of PM-10 emissions than sources historically included
in emission inventories.

Status On November 15, 1991, EPA designated 70 areas as nonattainment for PM-10.

Current Activities The Act focuses attention on nonattainment of PM-10 health
based standards. Because many PM-10 monitoring networks were patterned after
existing TSP networks, additional emphasis is now being placed on evaluating current
PM-10 monitoring networks to be certain that they adequately characterize problems
from these finer particles. The Acid Rain provisions of the Act address visibility
impairment caused by fine (<2.5 micrometer) particles.
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PM-10 TREND, 1988-1991

PM-10 EMISSIONS TREND

(ANNUAL ARITHMETIC MEAN) (1988 vs. 1991)
CONCENTRATION, UG/M? MILLION METRIC TONS PER YEAR
80
682 SITES
60
NAAQS
T .. 90% of sites have lower
“Arith. Mean concentrations
40- than thlS]lnB ................. .—-- 4 L N DU I
Average for all sites
\
207 109;01 ﬂle;;\;\;; tower 1l 2
Arith Mean concsntrations
than this line
(
0 T T 0
88 89 90 91 1988 1991
PM EPFBCTS

~ ‘Based on studles of human ‘populations exposed to high concentrations of _
 particles (often 'in the presence of sulfur dioxide), and laboratory studies of

“animals and "humans, the major effects of concern for human health include

“effects on breathing and respiratory symptoms, aggravation of existing respiratory.. -
“and cardiovascular disease, alterations in"the body’s defense systems against -
foreign materials, damage to lung tissue, carcinogenesis and premature mortality.
“The major subgroups of the population that appear likely to be most sensitive to

“the"effécts ‘of particiulate matter include individuals with chronic obstructive -

-pulmonary or cardiovascular disease, individuals with influenza, asthmatics, the.

'i'=e]derly and children.” Particulate matter causes damage to materials, soiling and
is‘a'major cause of substantial visibility impairment in many parts of the US.
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AIR CONCENTRATIONS

1982-91: 20 percent decrease (arithmetic mean at 479 sites)
31 percent decrease (24-hour second high at 479 sites)

1990-91: 4 percent decrease (arithmetic mean at 577 sites)

EMISSIONS : SO,

1982-91: 2 percent decrease
1990-91: 2 percent decrease

OVERVIEW

Trends SO, emissions decreased 27 percent since 1970. Since 1982, emissions
improved 2 percent while average air quality improved by 20 percent. This difference
occurs because the historical ambient monitoring networks were population-oriented
while the major emission sources tend to be in less populated areas. The exceedance
trend is dominated by source oriented sites. The 1982-91 decrease in emissions
reflects reductions at coal-fired power plants.

Status Almost all monitors in US. urban areas meet EPA’s ambient air quality
standards for SO,. Dispersion models are commonly used to assess ambient SO,
problems around point sources because it is frequently impractical to operate enough
monitors to provide a complete air quality assessment. Currently, there are 50 areas
designated nonattainment for SO,. Current concerns focus on major emitters, total
atmospheric loadings and the possible need for a shorter-term standard. Sixty-eight
percent of all national SO, emissions are generated by electric utilities (96% of which
come from coal fired power plants).

Current Activities The Acid Rain provisions of the 1990 Clean Air Act Amendments
include a goal of reducing SO, emissions by 10 million tons relative to 1980 levels.
The focus of this control program is an innovative market-based emission allowances
which will provide affected sources flexibility in meeting the mandated emission
reductions. This is EPA’s first large-scale regulatory use of market-based incentives
and the first allowance trade was announced in May 1992. This program is
coordinated with the air quality standard program to insure that public health is
protected while allowing for cost effective reductions of SO,.

1-14



0.04

0.031

0.021

0.014-

SO2 TREND, 1982-1991
(ANNUAL ARITHMETIC MEAN)

CONCENTRATION, PPM

SOX EMISSIONS TREND
(1982 vs. 1991)

MILUON METRIC TONS PER YEAR

479 SITES

NAAQS

90% of sitas have lower
Arith Mean concentrations
.. than this line
\\ T N,
\_/' Y

Average for all sites

. 10% of sites hava lower

e Afith. Mean concentrations
than this line

000 T—T— T T T T T T 1

82 83 84 B85 86 87 88 89 90 91

SO, EFFECTS

Industrial Solid Waste
Procasses & Misc.

1991

1982

The major health effects of concern associated with high exposures to sulfur. .
-dioxide include effects on breathing, respiratory illness and symptoms, alterations
‘in the lung’s defenses, aggravation of existing respiratory and cardiovascular .

. disease, and mortality. The major subgroups of the population most sensitiveto
- sulfur dioxide include asthmatics and individuals with chronic lung disease (such *

as bronchitis or emphysema) or cardiovascular disease. Children and the elderly -

may also be sensitive. Sulfur dioxide produces foliar damage on trees and
_agricultural crops... It and nitrogen-oxides are major precursors :to acidic
deposition (acid rain), which is associated ‘with a number ‘of effects including -

acidification of lakes and streams, accelerated corrosion of buildings and -’

monuments and visibility impairment.
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2. INTRODUCTION

This report focuses on 10-year (1982-91)
national air quality trends for each of the major
pollutants for which National Ambient Air Quality
Standards (NAAQS) have been established. This
section presents many of the technical details
involved in these analyses; readers familiar with
previous reports may prefer initially to proceed
directly to the remaining sections. The national
analyses are complemented in Chapter 5 with air
quality trends in 15 metropolitan areas and in
Chapter 6 with an international air pollution

perspective.

The air quality trends statistics displayed
for a particular pollutant in this report are closely
related to the form of the respective air, quality
standard. Trends in other air quality indicators are
also presented for some pollutants. NAAQS are
currently in place for six pollutants: carbon
monoxide (CO), lead (Pb), nitrogen dioxide (NOy),
ozone (O,), particulate matter whose aerodynamic
size is equal or less than 10 microns (PM-10), and
sulfur dioxide (SO,). There are two types of
standards - primary and secondary. Primary
standards protect against adverse hezlth effects;
whereas, secondary standards protect against
welfare effects like damage to farm crops and
vegetation, and damage to buildings to mention
just a few examples. Table 2-1 lists the NAAQS
for each pollutant in terms of the level of the
standard and the averaging time that the standard
represents. Some pollutants (PM-10 and SO,) have
standards for both long-term (annual average) and
short-term (24-hour or less) averaging times. The
short-term standards are designed to protect
against acute, or short-term, health effects, while
the long-term standards were established to protect
against chronic health effects.

It is important to note that discussions of
ozone in this report refer to ground level, or
tropospheric ozone and not stratospheric ozone.
Ozone in the stratosphere, miles above the earth,
is a benefidal screen from the sun’s ultraviolet
rays. Ozone at ground level, in the air we breathe,
is a health and environmental concern and is the
primary ingredient of what is commonly called
Smog.
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Table 2-1. National Ambient Air Quality
Standards (NAAQS) in Effect in 1992,

POLLUTANT PRIMARY N SECONDARY
(HEALTH RELATED) (WELFARE RELATED)
Type of Standard Lavet Type ot Sandard Level
Averago Concentration” . Average Concentrzton
co 8-hour® 9 pom No Secondary Sandard
{10 mgm*)
1-howr* 3S ppm No Socondary Standard
(40 mpim’)
Pb Maximum Same as Primary Standard
Quarterty 1.5 po/m®
Average
KO, Annual 0.053 ppm Same a3 Primary Sandard
Animenc {100 ug/m*)
oan
Oy Maximum Same as Primary Standard
Oaiy 0.12 gpm
t-howr (235 pgim®
Average'
PM-30 Annual Same as Prmary Standard
Arihmatic 50 pgm’
Mean*
24hour” 150 pgm® Same as Prmary Standand
S0, Annual 80 pgm®
Arthmetc {0.03 ppm) Jhowr” 1300 pg/m®
Maan (0.50 ppm}
24-hour” 365 pgm’
0.14 ppm)
‘P vake is an : ly o
* Nol b be exanded moro than onoe per year.
* The standard is sBained when tha expeciod number of days par calendar yeas
with maxmum hourly average concantations above 0.12 pom iy equal b or less
tan 1, as deterna 0 o A dix H of the Qzone NAACS.
‘P use PM-10 leas than 10u in damator) as the
incicator pollviant The annual stndard @ altained when (he expectod annual
AANMES MeAN CONCINTALON is leas Tan or equal to 50 uym’: the 24-hour
standard s Bined whan the expectad number of days per calendar year above
150 kgim’ is equal 1D of iess than 1; a3 detormined according 10 Appendix K of
the Pl NAAGS.

The ambient air quality data presented in
this report were obtained from EPA’s Aerometric
Information Retrieval System (AIRS). These are
actual direct measurements of pollutant
concentrations at monitoring stations operated by
state and local governments throughout the nation.
EPA and other federal agencies operate some air
quality monitoring sites on a temporary basis as a
part of air pollution research studies. In 1991,



more than 4200 monitoring sites reported air
quality data for the six NAAQS pollutants to AIRS.
The vast majority of these measurements represent
the heavily populated urban areas of the nation.

The national monitoring network conforms
to uniform criteria for monitor siting,
instrumentation, and quality assurance.!! Each
monitoring site is classified into one of three
specific categories. National Air Monitoring
Stations (NAMS) were established to ensure a long
term national network for urban area-oriented
ambient monitoring and to provide a systematic,
consistent data base for air quality comparisons
. and trends analysis. The State and Local Air
Monitoring Stations (SLAMS) allow state or local
governments to develop networks tailored to their
immediate monitoring needs. Special purpose
monitors (SPM) fulfill very specific or short-term
monitoring goals. Often SPMs are used as source-
oriented monitors rather than monitors which
reflect the overall urban air quality. Data from all
three types of monitoring sites are presented in
this report.

Trends are also presented for annual
nationwide emissions. These are estimates of the
amount and kinds of pollution being emitted by
automobiles, factories and other sources, based
upon best available engineering calculations. The
1991 emission estimates are preliminary and may
be revised in the next annual report. Estimates for
earlier years have been recomputed using current
methodology so that these estimates are
comparable over time. The reader is referred to a
companion EPA publication, National Air
Pollutant Emission Estimates, 1900-1991%, for more
detailed information.

21 AIR QUALITY DATA BASE

Monitoring sites are included in the
national 10-year trend analysis if they have
complete data for at least 8 of the 10 years 1982 to
1991. For the regional comparisons, the site had to
report data in each of the last three years to be
included in the analysis. Data for each year had to
satisfy annual data completeness criteria
appropriate to pollutant and measurement
methodology. Table 2-2 displays the number of
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sites meeting the 10-year trend completeness
criteria. For PM-10, whose monitoring network has
just been initiated over the last few years, analyses
are based on sites with data in 1988 through 1991.

Table 2-2. Number of Monitoring Sites

Number of Number of
Pollutant . Sites Reporting " Trend Sitas
in 1991 1982-91
co 494 313
Pb 450 209
NO, 322 172
o, 835 495
PM-10 1363 €82°
S0, 748 479
Total 4212 2350
* Number of Trend Sites in 1988-91

The air quality data are divided into two
major groupings - 24-hour measurements and
continuous 1-hour measurements. The 24-hour
measurements are obtained from monitoring
instruments that produce one measurement per
24-hour period and typically operate on a
systematic sampling schedule of once every 6 days,
or 61 samples per year. Such instruments are used
to measure PM-10 and Pb. For PM-10, more
frequent sampling of every other day or everyday
is now also common. Only PM-10 sites with
weighted annual arithmetic means that met the
AIRS annual summary criteria were selected as
trends sites. The 24-hour Pb data had to have at
least six samples per quarter in at least 3 of the 4
calendar quarters. Monthly composite Pb data
were used if at least two monthly samples were
available for at least 3 of the 4 calendar quarters.

The 1-hour data are obtained from
monitoring instruments that operate continuously,
producing a measurement every hour for a possible
total of 8760 hourly measurements in a year. For
continuous hourly data, a valid annual mean for
trends requires at least 4380 hourly observations.
The SO, standard related daily statistics required
183, or more, daily values. Because of the different



selection criteria, the number of sites used to
produce the daily SO, statistics may differ slightly
from the number of sites used to produce the
annual SO, statistics. Ozone sites met the annual
trends data completeness requirement if they had
at least SO percent of the daily data available for
the ozone season, which typically varies by State.?

The use of a moving 10-year window for
trends yields a data base that is more consistent
with the current monitoring network and reflects
the period following promulgation of uniform
monitoring requirements.  In addition, this
procedure increases the total number of trend sites
for the 10-year period relative to the data bases
used in the last annual report.*

2.2 TREND STATISTICS

The air quality statistics presented in this
report relate to the pollutant-specific NAAQS and
comply with the recommendations of the
Intra-Agency Task Force on Air Quality
Indicators.® Although not directly related to the
NAAQS, more robust air quality indicators are
presented for some pollutants to provide a
consistency check.

A composite average of each of the trends
statistics is used in the graphical presentations that
follow. All sites were weighted equally in
calculating the composite average trend statistic.
Missing annual summary statistics for the second
through ninth years for a site are estimated by
linear interpolation from the surrounding years.
Missing end points are replaced with the nearest
valid year of data. This procedure results in a
statistically balanced data set to which simple
statistical procedures and graphics can be applied.
The procedure is also conservative, because
end-point rates of change are dampened by the
interpolated estimates.

This report presents statistical confidence
intervals around composite averages. The
confidence intervals can be used to make
comparisons between years; if the confidence
intervals for any 2 years do not overlap, then the
composite averages of the 2 years are significantly
different. Ninety-five percent confidence intervals

for composite averages of annual means and
second maxima were calculated from a two-way
analysis of variance followed by an application of
the Tukey Studentized Range‘ The confidence
intervals for composite averages of estimated
exceedances were calculated by fitting Poisson
distributions’ to the exceedances each year and
then applying the Bonferroni multiple comparisons
procedure.® The utilization. of these procedures is
explained elsewhere.!°

Boxplots' are used to present air quality
trends because they have the advantage of
displaying, simultaneously, several features of the
data. Figure 2-1 illustrates the use of this
technique in presenting the percentiles of the data,
as well as the composite average. For example, 0
percent of the sites would have concentrations
equal to or lower than the 90th percentile.

95th PERCENTILE

90th PERCENTILE

75th PERCENTILE

COMPOSITE AVERAGE
MEDIAN

25th PERCENTILE

10th PERCENTILE
5th PERCENTILE

Figure 2-1. [llustration of plotting
convention of boxplots.

Bar graphs are introduced for the Regional
comparisons with the 3-year trend data base.
These comparisons are based on the ten EPA
Regions (Figure 2-2). The composite averages of
the appropriate air quality statistic of the years
1989, 1990 and 1991 are presented. The approach
is simple, and it allows the reader at a glance to
compare the short-term changes in all ten EPA
Regions.



Figure 2-2. Ten Regions of the U.S. Environmental Protection Agency.
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3. NATIONAL AND REGIONAL TRENDS IN NAAQS POLLUTANTS

EPA has set National Ambient Air Quality
Standards (NAAQS) for six pollutants considered
harmful to public health: carbon monoxide (CO),
lead (Pb), nitrogen dioxide (NO,), ozone (O,),
particulate matter (PM-10), and sulfur dioxide
(SO,). This chapter focuses on both 10-year
(1982-91) trends and recent changes in air quality
and emissions for these six pollutants. Changes
since 1990, and comparisons between all the trend
sites and the subset of National Air Monitoring
Stations (NAMS) are highlighted. Trends are
examined for both the nation and the ten EPA
Regions.

As in previous reports, the air quality trends
are presented using trend lines, confidence
intervals, boxplots and bar graphs. The reader is
referred to Section 2.2 for a detailed description of
the confidence interval and boxplot procedures.

Trends are also presented for annual
nationwide emissions of carbon monoxide, lead,
nitrogen oxides (NO,), volatile organic compounds
(VOQ), particulate matter [both in terms of total
particulate (TP), -which includes all particles

MILLION METRIC TONS/YEAR
140

regardless of size, and for PM-10], and sulfur
oxides (5O,). These emissions data are estimated
using best available engineering calculations. The
reader is referred to a companion report for a
detailed description of emission trends, source
categories and estimation procedures.! While the
ambient.data trends and the emission trends can
be viewed as independent assessments that lend
added credence to the results, the emission
estimates can also be used to provide information
on trends over longer time periods. Because of
changes that have occurred in ambient monitoring
measurement methodology and the change over
time in the geographical distribution of monitors,
it is difficult to provide ambient trends going back
to 1970, other than for TSP, and yet it is important
not to lose sight of some of the earlier progress
that was made in air pollution control. Emission
estimates can provide some insight in this area.
Figure 3-1 depicts long-term change in emission
estimates. Lead clearly shows the most impressive
decrease of 98 percent but improvements are also
seen for TP (-61 percent), SO, (-27 percent), CO (-50
percent), VOC (-38 percent), and a small
improvement for NO, (-1 percent).

THOUSAND
METRIC TONS/YEAR
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Figure 3-1. Comparison of 1970 and 1991 emissions.
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3.1 TRENDS IN CARBON MONOXIDE

Carbon monoxide (CO) is a colorless, odorless
and poisonous gas produced by incomplete
burning of carbon in fuels. Seventy percent of the
nationwide CO emissions are from transportation
sources, with the largest contribution coming from
highway motor vehicles. The NAAQS for ambient
CO specify upper limits for both 1-hour and
8-hour averages that are not to be exceeded more
than once per year. The 1-hour level is 35 ppm,
and the 8hour level is 9 ppm. This trends
analysis focuses on the 8-hour average results
because the 8-hour standard is generally the more
restrictive limit. Also, there were no exceedances
of the CO 1-hour NAAQS recorded at any site
during 1991.

Carbon monoxide enters the bloodstream and
reduces the delivery of oxygen to the body’s
organs and tissues. The health threat is most
serious for those who suffer from cardiovascular
disease, particularly those with angina or
peripheral vascular disease. Exposure to elevated
carbon monoxide levels is associated with
impairment of visual perception, manual dexterity,
learning ability and performance of complex tasks.

Trends sites were selected using the criteria
presented in Section 2.1 which yielded a data base
of 313 sites for the 10-year period 1982-91 and a
data base of 378 sites for the 3-year 1989-91 period.
There were 94 NAMS sites included in the 10-year
data base and 108 NAMS sites in the 3-year data
base. Most of these sites are located in urban
areas where the main source of CO is motor
vehicle exhaust; other sources are wood-buming
stoves, incinerators, and industrial sources.

3.11 Long-term CO Trends: 1982-91

The 1982-91 composite national average trend
is shown in Figure 3-2 for the second highest
non-overlapping 8-hour CO concentration for the
313 long-term trend sites and the subset of 94
NAMS sites. During this 10-year period, the
national composite average of the annual second
highest 8-hour concentration decreased by 30
percent and the subset of NAMS decreased by 34

percent. Both curves show similar trends for the
NAMS and the larger group of long-term trend
sites. Nationally, the median rate of improvement
between 1982 and 1991 is 4 percent per year for the
313 trend sites, and for the subset of 94 NAMS.
Except for a small upturn between 1985 and 1986,
composite average 8-hour CO levels have shown a
steady decline throughout this period.  All the
regional median rates of improvement varied from
3 to 6 percent per year, except for Region 9 which
had a median rate of improvement of one percent
per year. The 1991 composite average is
significantly lower than the composite means for
1989 and earlier years for both the 313 trend sites,
and the subset of 94 NAMS. This same trend is
shown in Figure 3-3 for the 313 trend sites by a
boxplot presentation which provides more
information on the year-to-year distribution of
ambient CO levels at the long-term trend sites.
While there is some year to year fluctuation in
certain percentiles, the general long-term
improvement in ambient CO levels is clear.

Figure 3-4 displays the 10-year trend in the
composite average of the estimated number of
exceedances of the 8-hour CO NAAQS. This
exceedance rate was adjusted to account for
incomplete sampling. The trend in exceedances
shows long-term improvement but the rates are
much higher than those for the second maximums.
The composite average of estimated exceedances
decreased 90 percent between 1982 and 1991 for
the 313 long-term trend sites, while the subset of
94 NAMS showed an 87 percent decrease. These
percentage changes for exceedances are typically
much larger than those found for peak
concentrations. The trend in annual second
maximum 8-hour value is more likely to reflect the
change in emission levels, than the trend in
exceedances. For both curves, the 1991 composite
average of the estimated exceedances is
significantly lower than levels for 1989 and earlier
years.
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Figure 3-2. National trend in the
composite average of the second
highest non-overlapping 8-hour
average carbon monoxide
concentration at both NAMS and
all sites with 95 percent
confidence intervals, 1982-1991.

Figure 3-3. Boxplot comparisons
of trends in second highest non-
overlapping 8-hour average
carbon monoxide concentrations
at 313 sites, 1982-1991.

Figure 3-4. National trend in the
composite average of the
estimated number of exceedances
of the 8-hour carbon monoxide
NAAQS, at both NAMS and all
sites with 95 percent confidence
intervals, 1982-1991.
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The long-term trends have emphasized air
quality statistics that are closely related to the
NAAQS. For many pollutants, this tends to place
an emphasis on peak values. While these
summary statisticc may be more readily
understood, there is concern that they may be too
variable to be used as trend indicators. This issue
was raised recently concerning ozone trend
indicators in a report? by the National Academy of
Sciences (NAS). One possible concern is whether
trend results using a peak value type of summary
statistic, such as the annual second maximum, are
overly influenced by data from just a few days and
are not necessarily representative of an "overall”
trend. Of course, a major reason to look at
ambient trends is to make comparisons with the
NAAQS and, therefore, it makes sense to use'a
summary statistic that clearly relates to the
standard. Similarly, it can be argued that the peak
values are associated with health effects, and thus
should be considered in any trends analysis of
ambient levels. Nevertheless, it is still useful to
look at trends in alternative summary statistics to
see if there are sufficient differences among trends
for different summary statistics to warrant concern.
As an example of alternative trends indicators, the
NAS report cited earlier analyses which used a

CONCENTRATION, PPM

comparison of different percentiles and maximum
values34 The percentiles are statistically robust, in
the sense that they are less affected by a few
extreme values. The percentiles selected here
range from the 50th percentile (or median) to the
95th percentile.  The mean of ' the hourly
concentrations is also presented. Figure 3-5
presents the 10-year trends for these various
alternative carbon monoxide summary statistics.
All of the patterns are somewhat similar among
the various summary statistics, with a tendency to
become flatter in the lower percentiles. The
percent change between 1982 and 1991 for each
summary statistic follows: annual maximum 8-hour
concentration (-31%), annual second maximum 8-
hour concentration (-30%), 95th and 90th
percentiles of 8-hour concentrations (-28%), 70th
percentile  (-27%), median of the 8-hour
concentrations (-23%), and the annual mean of the
hourly concentrations (-26%).

The 10-year 1982-91 trend in national carbon
monoxide emission estimates is shown in Figure
3-6 and in Table 3-1. These estimates show a 31
percent decrease in total emissions between 1982
and 1991. Transportation sources accounted for
approximately 80 percent of the total in 1982 and
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Figure 3-5. Trend in carbon monoxide air quality indicators, 1962-1991.



decreased to 70 percent of total
emissions in 1991. The estimates of CO
emissions from transportation sources
have been recalculated for this report
using the MOBILE 4.1 model, rather
than the MOBILE 4.0 model used in the
last report® Emissions from highway
vehicles decreased 45 percent during the
1982-91 period, despite a 36 percent
increase in vehicle miles of travel.! The
1990 estimate for fuel combustion
sources in the last report, which was
based on preliminary data, has been
revised downward by almost 3 million
metric tons (or 38% lower than the
preliminary 1990 estimate). Figure 3-7
contrasts the 10-year increasing trend in
vehicle miles traveled (VMT) with the
declining trend in carbon monoxide
emissions from highway vehicles. This
indicates that the Federal Motor Vehicle
Control Program (FMVCP) has been
effective on the national scale, with
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Figure 3-6. National trend in carbon monoxide
emissions, 1982-1991.

TABLE 3-1. National Carbon Monoxide Emission Estimates, 1982-1991

(million metric tons/year)

SOURCE

CATEGORY 1982 |1983 | 1984 |1985 |1986 |1987 |[1988 |1989 | 1990 1991

Transporiation |72.26 |71.40 {67.68 [6352 [58.71 [56.24 |53.45 |49.30 [48.48 |43.49

Fuel

Combustion 707 697 705 629 627 634 (627 640 430 468

Industrial

Processes 435 |434 (466 (438 |420 433 |460 |458 [4.64 4.69

Solid Waste

Disposal 194 |1.84 1.84 1.85 1.70 1.70 11.70 1.70 1.70 2.06

Miscellaneous 4 .91 7.76 636 |7.09 |5.15 6.44 9.5 6.34 8.62 7.18
TOTAL 90.53 |92.31 |87.60 [83.12 |76.03 |75.05 |7553 6832 (67.74 |[62.10

NOTE: The sums of sub-categories may not equal total due to rounding.
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controls more than offseting growth
during this period. While there is
general agreement between changes in
air quality and emissions over this
10-year period, it is worth noting that
the emission changes reflect estimated
national totals, while ambient CO
monitors are frequently located to
identify local problems. The mix of
vehicles and the change in vehicle miles
of travel in the area around a specific
CO monitoring site may differ from the
national averages.

3.12 Recent CO Trends: 1989-
1991

This section examines ambient CO
changes during the last 3 years, 1989-91
at sites that recorded data in all three
years. Between 1990 and 1991, the
composite average of the second highest
non-overlapping 8-hour average
concentration at 378 sites decreased by 5
percent and by 7 percent at the 108
NAMS sites. The composite average of
the estimated number of exceedances of
the 8-hour CO NAAQS decreased by 39
percent between 1990 and 1991 at these
378 sites and by 31% for at the NAMS
sites. Estimated nationwide CO
emissions decreased 8 percent between
1990 and 1991, and CO emissions from
highway vehicles decreased by 13
percent.

Figure 3-8 shows the composite
Regional averages for the 1989-91 time
period. Eight of ten Regions had 1991
composite mean levels less than the
corresponding 1989 and 1990 values.
Every region had 1991 composite mean
CO levels less than the composite means
for 1989. These Regional graphs are
primarily intended to depict relative
change. Because the mix of monitoring
sites may vary from one area to another,
this graph is not intended to indicate
Regional differences in concentration
levels.

% of 1932 — —
Lovst —d Hwy CO Emissions B 7012l vMT
160 ¢
140 ¥ ?::
120 4 £ 1R
. ¥ -
131
100 1 B n
C -!:f-.!
80 A i
60 -
40 - 3 o .
i BN TS By i
Q4 } ,b:tﬁ 2R ','4" G i
el Ll el P A VP
o / T Zf f‘l T j[ / T T

1982 1983 1984 1985 1986 1987 1988 1989 1980 199y

Figure 3-7. Comparison of trends in total national
vehicle miles traveled and national highway vehicle
emissions, 1962-1991.
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overlapping 8-hour average carbon monoxide
concentrations.
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3.2 TRENDS IN LEAD

Lead (Pb) gasoline additives, nonferrous
smelters and battery plants are the most significant
contributors to atmospheric Pb emissions.
Transportation sources in 1991 contributed 33
percent of the annual emissions, down
substantially from 81 percent in 1985. Total lead
emissions from all sources dropped from 18.3 x 10°
metric tons in 1985 to 5.1 x 10° and 5.0 x 10° metric
tons, respectively in 1990 and 1991. The decrease
in lead emissions from highway vehicles accounts
for essentially all of this drop. The reasons for this
drop are noted below.

Two air pollution control programs
implemented by EPA before promulgation of the
Pb standard® in October 1978 have resulted in
lower ambient Pb levels. First, regulations issued
in the early 1970s required gradual reduction of
the Pb content of all gasoline over a period of
many years. The Pb content of the leaded gasoline
pool was reduced from an average of 1.0
gram/gallon to 0.5 gram/gallon on July 1, 1985
and still further to 0.1 gram/gallon on January 1,
1986. Second, as part of EPA’s overall automotive
emission control program, unleaded gasoline was
introduced in 1975 for use in automobiles
equipped with catalytic control devices. These
devices reduce emissions of carbon monoxide,
volatile organics and nitrogen oxides. In 1991,
unleaded gasoline sales accounted for 97 percent of
the total gasoline market. In contrast, the
unleaded share of the gasoline market in 1982 was
approximately 50 percent. These programs have
essentially eliminated violations of the lead
standard in urban areas, except in those areas with
lead point sources. Programs are also in place to
control Pb emissions from stationary point sources.
Pb emissions from stationary sources have been
substantially reduced by control programs oriented
toward attainment of the particulate matter and b
ambient standards, however, significant ambient
problems still remain around some lead point
sources, which are the focus of new monitoring
initiatives. Lead emissions in 1991 from industrial
sources, e.g. primary and secondary lead smelters,
dropped by more than 75 percent from levels
reported in the mid 70s. Emissions of lead from
solid waste disposal are down over 50 percent
since the mid 70s. In 1991, emissions from solid
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waste disposal, industrial processes and
transportation were respectively: 0.7, 2.2 and 1.6 x
10° metric tons. The overall effect of these three
control programs has been a major reduction in the
amount of Pb in the ambient air. In addition to
the above Pb pollution reduction activities,
additional. reductions in Pb are anticipated as a
result of the Agency’s Multi-media Lead Strategy
issued in February, 19917 The goal of the
Agency’s Lead Strategy is to reduce Pb exposures
to the fullest extent practicable.

Exposure to lead can occur through multiple
pathways, including inhalation of air and ingestion
of lead in food, water, soil or dust. Excessive lead
exposure can cause seizures, mental retardation
and/or behavioral disorders. Fetuses, infants and
children are especially susceptible to low doses of
lead, resulting in central nervous system damage.
Recent studies have also shown that lead may be
a factor in high blood pressure and subsequent
heart disease in middle-aged white males.

3.21 Long-term Pb Trends: 1982-91

Early trend analyses of ambient Pb data®’
were based almost exclusively on National Air
Surveillance Network (NASN) sites. These sites
were established in the 1960’s to monitor ambient
air quality levels of TSP and associated trace
metals, including Pb. The sites were
predominantly located in the central business
districts of larger American cities. In September
1981, ambient Pb monitoring regulations were
promulgated.®  The siting criteria in the
regulations resulted in finding many of the old
historic TSP monitoring sites unsuitable for the
measurement of ambient Pb concentrations and
many of the earlier sites were moved or
discontinued.

As with the other pollutants, the sites selected
for the long-term trend analysis had to satisfy
annual data completeness criteria of at least 8 out
of 10 years of data in the 1982 to 1991 period. A
year was included as "valid" if at least 3 of the 4
quarterly averages were available. As in last year's
report, composite lead data, i.e., individual 24-hour
observations are composited together by month or



quarter and a single analysis made, are
being used in the trend analysis.
Nineteen sites qualified for the 10-year
trend because of the addition of 4 -Concentraiion. ugim®
composite data.

A
16 . NAAQS

A total of 209 urban-oriented sites, 14
from 38 States and Puerto Rico, met the 12
data completeness criteria. Seventy-
eight of these sites were NAMS, the
largest number of lead NAMS sites to 06
qualify for the 10-year trends. Twenty- 06
six (12 percent} of the 209 trend sites

lu.usnts {209) ® NAMS SITES (78)

!

..

i N I |

were located in the State of California. o4 )

However, the lead tend at the 92 7

California sites was identical to the trend 0 ——r T
at the non-California sites; so that these 1982 1983 1984 1385 1986 1987 1988 1688 1890 1851

sites did not distort the overall trends.
Other states with 10 or more trend sites
included: Mlinois (13), Kansas (16),

Pennsylvania (10}, Tennessee (12), Te: . . . .
(]e::;‘ ai ; aWest Vi)rgim'an (12). Again, :l:: Figure 3-9. National trend in the composite average

Pb trend in each of these states was very ~ Of the maximum quarterly average lead

similar to the national trend. Sites that concentration at both NAMS and all sites with §5
were located near lead point sources percent confidence intervals, 1982-1991.

such as primary and secondary lead
smelters were excluded from the urban
trend analysis, because the magnitude of
the levels at these sources could mask
the underlying urban trends. Trends at
lead point source oriented sites will be CONGENTRATION, UG/M °
discussed separately in the next section. 3

J ® POINT SOURCE SITES {42) © URBAN SITES (208)
The means of the composite 25
maximum quarterly averages and their
respective 95 percent confidence 2
intervals are shown in Figure 3-9 for

both the 209 urban sites and 78 NAMS 15 NAAGS
sites (1982-1991). There was an 89

percent (1982-91) decrease in the average 1 -

for the 209 urban sites. Lead emissions

over this 10-year period also decreased. 05 -

There was a 90 percent decrease in total N\¥ _ =

lead emissions and a 97 percent decrease 0 —TTTT T %

in lead emissions from transportation 1982 1983 1984 1985 1986 1967 1988 1983 1990 1994

sources. The confidence intervals for all

sites indicate that the 1986-91 averages

are significantly less than all averages

from preceding years. Because of the  Fjgyre 3-10. Comparison of national trend in the

smaller number (78) of NAMS sites with  ¢omposite average of the maximum quarterly

at least 8 years of data, the confidence ;01506 Jead concentrations at urban and point-
source oriented sites, 1982-1991,
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intervals are wider. However, the 1986-91 NAMS
averages are still significantly different from all
NAMS averages before 1986. It is interesting to
note that the composite average lead concentration
at the NAMS sites in 1991 is the same (0.053
ug/m?d) as the "all sites" average; whereas in the
early 1980's the averages of the NAMS sites were
significantly higher.

Figure 3-10 shows the trend in average lead
concentrations for the urban-oriented sites and for
42 point-source oriented sites which also met the
10-year data completeness criteria. Composite
average ambient lead concentrations at the
point-source oriented sites, located near industrial
sources of lead, e.g. smelters, battery plants,
improved 69%, compared to 89% at the urban
oriented sites. The average at the point-source
oriented sites dropped in magnitude from 2.4 to
0.7 pg/m’, a 1.7 ug/m’® difference; whereas, the
average at the urban sites dropped only from 0.5
to 0.1 pg/m’.  This improvement at the
point-source oriented sites reflects both industrial
and automotive lead emission controls, but in
some cases, the industrial source reductions are
because of plant shutdowns. However, there are
still several urban areas where significant Pb
problems persist. The 10 MSAs shown in Table

Concentration, ug/m?

4-5 that are above the lead NAAQS in 1991 are all
due to lead point sources. These MSAs are
Birmingham, AL; Columbus, GA-AL; Indianapolis,
IN; Los Angeles-Long Beach, CA; Memphis, TN-
AR-MS; Nashville, TN; Omaha, NE-IA;
Philadelphia, PA-NJ; St Louis, MO-IL; and Tampa-
St Petersburg-Clearwater, FL. None of the
monitoring sites responsible for 1991 lead
concentrations above the NAAQS had sufficient
historical data to be included in the point-source
oriented trends discussed.above. The sites in these
MSAs which recorded lead concentrations above
the NAAQS were sites situated near the lead point
sources listed in EPA’s Lead Strategy. This
strategy targeted 28 primary or secondary lead
smelters for more intensive lead monitoring.

Figure 3-11 shows boxplot comparisons of the
maximum quarterly average Pb concentrations at
the 209 urban-oriented Pb trend sites (1982-91).
This figure shows the dramatic improvement in
ambient Pb concentrations over the entire
distribution of trend sites. As with the composite
average concentration since 1982, most of the
percentiles also show a monotonically decreasing
pattern. The 209 urban-oriented sites that qualified
for the 1982-91 period, when compared to the 202
sites for 1981-90 and the 189 sites for 1980-89

209 SITES

NAAQS

1.5

']

0.5

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Figure 3-11. Boxplot comparisons of trends in maximum quarterly average lead

concentrations at 209 sites, 1982-1991.
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period, indicate an expansion of the
10-year trends data base.>!!

The trend in total lead emissions is
shown in Figure 3-12. Table 3-2
summarizes the Pb emissions data as
well. The 1982-91 drop in total Pb
emissions was 90 percent. Lead
emissions in the transportation category
account for most of this drop. The trend
in Pb emissions from non-transportation
sources is shown in Figure 3-13. This
figure shows the trend in three
categories: fuel combustion, industrial,
and solid waste disposal. Lead
emissions from these categories show a
drop early in the time period with a
leveling off in the case of fuel
combustion and solid waste disposal and
an increase in the case of industrial. The
drop in the non-transportation emissions

. LEAD EMISSIONS, 10° METRIC TONS/YEAR

40—

20

.

SOURCE CATEGORY
TRANSPORTATION 5B INDUSTRIAL PROCESSES

8 FUEL &8 SOLID WASTE
COMBUSTION

]

Figure 3-12.

-

1982 1983 1984 1985 1986 1987 1988 1989 1930 19N
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TABLE 3-2. National Lead Emission Estimates, 1982-1991

(thousand metric tons/year)

SOURCE

CATEGORY 1982 [1983 [1984 (1985 1986 |1987 |1988 |[1989 |1990 {1991

Transportation |46.96 {40.80 |34.69 |14.70 |345 [3.03 |[264 (215 {171 1.62

Fusl

Combustion 1.70 |0.60 049 (047 047 | 046 | 0.46 | 0.46 | 0.46 0.45

Industrial

Processes 271 | 244 1230 | 230 | 193 | 184 [202 | 223 | 223 2.21

Solid Waste .

Disposal 094 | 082 ;082 |079 (077 |077 | 074 | 069 | 0.73 0.69

Miscellaneous 0.00 | 000 | 000 ] 0.00 |0.00 |0.00 | Q.00 | 000 | 0.00 0.00
TOTAL 52.31 |44.66 |38.30 |18.26 |6.62 621 | 586 | 553 | 513 497

NOTE: The sums of sub-categories may not equal total gue to raunding.
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is due to decreases in lead from all
categories as shown in Table 3-2. This
compares with the 89 percent decrease
(1982-91) in ambient lead concentrations.
The drop in Pb consumption and
subsequent Pb emissions since 1982 was
brought about by the increased use of
unleaded gasoline in catalyst-equipped
cars and the reduced Pb content in
leaded gasoline. The results of these
actions in 1991 amounted to a 73 percent
reduction nationwide in total Pb
emissions from 1985 levels. As noted
previously, unleaded gasoline
represented 97 percent of 1991 total
gasoline sales.  Although the good
agreement among the trend in lead
consumption, emissions and ambient
levels is based upon a limited
geographical sample, it does show that
ambient urban Pb levels are responding
to the drop in lead emissions. The 10-
year trend at the 42 point source
oriented sites shows a much larger
decline in lead concentrations (69%),
than did lead emissions from industrial
processes (18%). The improvement in
lead concentrations at the point source
oriented sites reflect improvements at a
relatively small number of lead sources
unlike the emission figures for industrial
processes which represent all industrial
sources in the nation. It is interesting to
note that the lead emissions from
industrial processes are lowest in 1986
(1.93X10* metric tons) then rise to
2.23X10° metric tons in 1989 and 1990.
On the other hand, the trend in lead
concentrations shows a decline over this
period, although there is a small increase
in average lead concentrations in 1988.

In Canada a very similar trend in
ambient lead concentrations has been
observed. Composite average lead
concentrations declined over 95 percent
for the 1974-90 time period.!? Also,
average ambient Pb concentrations in
Tokyo, Japan' have dropped from
around 10 pg/m’ in 1967 to
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Figure 3-13. National trend in emissions of lead
excluding transportation sources, 1982-1991.
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Figure 3-14. Regional comparisons of the 1989, 1990,
1991 composite average of the maximum quarterly
average lead concentrations.
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approximately 0.1 pg/m’® in 1985 - a 90%
improvement.

3.22 Recent Pb Trends: 1989-91

Ambient Pb trends were also studied over the
shorter period 1989-91. A total of 239 urban sites
from 38 States and Puerto Rico met the data
requirement that a site have all 3 years with data.
In recent years, the number of lead sites has
dropped because of the elimination of some TSP
monitors from state and local air monitoring
programs. Lead measurements were obtained
from the TSP filters. Some monitors were
eliminated due to the change in the particulate
matter standard from TSP to PM-10 while others
were discontinued because of the very low lead
concentrations measured in many urban locations.
Although some further attrition may occur, the
core network of NAMS lead sites together with
supplementary State and local sites should be
sufficient to assess national ambient lead trends.
The 3-year data base (1989-91) showed an
improvement of 27 percent in composite average
urban Pb concentrations. The 1989 and 1991 lead
averages respectively were 0.113 and 0.082 pg/m’.
This corresponds to reductions in total Pb
emissions of 10 percent and a reduction of 25
percent in lead emissions from transportation
sources. Most of this decrease in total nationwide
Pb emissions was due once again to the decrease
in automotive Pb emissions. Even this larger
group of sites was disproportionately weighted by
sites in California, Dllinois, Kansas, Pennsylvania
and Texas.  These States had about 42 percent of
the 239 sites represented. However, the percent
changes in 1989-91 average Pb concentrations for
these five States were very similar to the percent
change for the remaining sites, thus the
contributions of these sites did not distort the
national trends. Although urban lead
concentrations . continue to decline consistently,
there are indications that the rate of the decline has
slowed down. Clearly in some areas, urban lead
levels are so low, that further improvements have
become difficult.

Indeed, as will be shown later, all sections of
the country are showing declines in average lead
concentrations.  Sixty-five (65) point source
oriented sites did not show any change over the

1989-91 time period. Thus, lead concentrations
near lead point sources unlike the urban sites,
which showed an 18% decrease, have remained
steady over the last 3 years. Lead emissions from
industrial processes also did not change over the
1989-91 period. The average lead levels at the
point oriented sites are much higher here than at
the urban sites. The 1990 and 1991 lead point
source averages were 0.78 .and 074 pg/m’

respectively.

The larger sample of sites represented in the
3-year trends (1989-91) will be used to compare the
most recent individual yearly averages. However,
for the 10-year time period the largest single year
drop in average lead concentrations, 44 percent,
occurs as expected between 1985 and 1986, because
of the shift of the lead content in leaded gasoline.
The 1991 composite average lead concentrations
show the more modest decline of 18 percent from
1990 levels. The 10-year data base showed a 15
percent decrease in average lead concentrations
from 1990 to 1991. There has been a 5 percent
improvement in estimated Pb emissions for the
transportation category between 1990 and 1991,
although, VMT increased 1 percent between 1990
and 1991. The Pb emissions trend is expected to
continue downward, but at a slower rate, primarily
because the leaded gasoline market will continue
to shrink. Between 1990 and 1991, total lead
emissions decreased 3 percent, while emissions
from transportation sources decreased 5%. Some
major petroleum companies have discontinued
refining leaded gasoline because of the dwindling
market, so that in the future the consumer will find
it more difficult to purchase regular leaded
gasoline.

Figure 3-14 shows 1989, 1930 and 1991
composite average Pb concentrations, by EPA
Region. Once again the larger more representative
3-year data base of 239 sites was used for this
comparison.  The number of sites varies
dramatically by Region from 6 in Region X to 46 in
Region V. In all Regions there is a decrease in
average Pb urban concentrations between 1989 and
1991. These results confirm that average Pb
concentrations in urban areas are continuing to
decrease throughout the country, which is exactly
what is to be expected because of the national air
pollution control program in place for Pb.
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3.3 TRENDS IN NITROGEN DIOXIDE

Nitrogen dioxide (NO,) is a brownish, highly
reactive gas which is present in urban
atmospheres. The major mechanism for the
formation of NO, in the atmosphere is the
oxidation of the primary air pollutant, nitric oxide
(NO). Nitrogen oxides play a major role, together
with volatile organic compounds, in the
atmospheric reactions that produce ozone. The
role of NO, in ozone formation received attention
in the recent NAS study.? Nitrogen oxides form
when fuel is burned at high temperatures. The
two major emissions sources are transportation
and stationary fuel combustion sources such as
electric utility and industrial boilers.

Nitrogen dioxide can irritate the lungs, cause
bronchitis and pneumonia, and lower resistance to
respiratory infections. Nitrogen oxides are an
important precursor both to ozone and acidic
precipitation and may affect both terrestrial and
aquatic ecosystems. Los Angeles, CA is the only
urban area that has recorded violations of the
annual average NO, standard of 0.053 ppm during
the past 10 years.

CONCENTRATION, PPM

NO;, is measured using a continuous
monitoring instrument which can collect as many
as 8760 hourly observations per year. Only annual
means based on at least 4380 hourly observations
were considered in the trends analyses which
follow. A total of 172 sites were selected for the
10-year period and 236 sites were selected for the
3-year data base.

3.3.1 Long-term NO, Trends: 1982-91

The composite average long-term trend for the
nitrogen dioxide mean concentrations at the 172
trend sites and the 42 NAMS sites, is shown in
Figure 3-15. The 95 percent confidence intervals
about the composite means reveal that the 1982-89
NGO, levels are statistically indistinguishable. The
1991 composite average NO, level is 6 percent
lower than the 1982 level, and the difference is
statistically significant.  The 1990 composite
average is also significantly lower than the 1982
composite mean level. A similar trend is seen for
the NAMS sites which, for NO,, are located only in
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Figure 3-15. National trend in the composite annual average nitrogen dioxide
concentration at both NAMS and all sites with 95 percent confidence intervals, 1982-1991.
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large urban areas with populations of
one million or greater. As expected, the
composite averages of the NAMS are
higher than those of all sites. The 1991
composite average of the NO, annual
mean concentration at the 42 NAMS is 8
percent lower than the composite
average in 1982. This difference is
statistically significant.

Long-term trends in NO, annual
average concentrations are also
displayed in Figure 3-16 with the use of
boxplots. The middle quartiles for the
years 1982 through 1989 are similar,
while a decrease in levels can be seen in
1991. The upper percentiles, which
generally reflect NO, annual mean levels
in the Los Angeles metropolitan area,
also show improvement during the last
three years. The lower percentiles show
little change. Long-term NO, annual
mean trends vary with population size
among metropolitan areas. Previous
reports have shown that the level of the
NQO, composite means varied by
metropolitan area size, with the larger
areas recording the higher concentration
levels.!

Figure 3-17 presents a comparison
of the 10-year trend in the annual
arithmetic mean NQO, concentration with
the 10-year trends in various alternative
NG, air quality indicators. The trends in
the peak indicators, both the annual
maximum and the second maximum 1-
hour concentrations, show a much
steeper decline (18 and 17 percent
reductions, respectively) than for the
annual arithmetic mean concentration,
which recorded a 6 percent reduction
between 1982-91. The reductions in the
various percentiles were similar to that
observed in the annual arithmetic mean;
95th percentile of the hourly
concentrations (-7%), 90th percentile
(-6%), 70th percentile (-5%), and the 50th
percentile, or median (-5%).

CONCENTRATION, PPM
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Figure 3-16. Boxplot comparisons of trends in
annual mean nitrogen dioxide concentrations at 172
sites, 1982-1991.
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Figure 3-17. Trend in nitrogen dioxide air
quality indicators, 1982-1991.
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Table 3-3 presents the trend in
estimated nationwide emissions of
nitrogen oxides (NO,). Total 1991
nitrogen oxides emissions are 8 percent
less than 1982 emissions. Highway
vehicle emissions decreased by 32
percent during this period, as estimated
using the MOBILE 4.1 model. These
estimates differ only slightly (about 4%
higher in 1982) from those calculated
with MOBILE 4.0 in the last report®
Fuel combustion emissions, which are 8
percent higher in 1991 than in 1982, have
remained relatively constant during the
last 4 years. Most of the decreases in
mobile source emissions occurred in
urban areas. Figure 3-18 shows that the
two primary source categories of
nitrogen oxides emissions are fuel
combustion and transportation,
composing 56 percent and 39 percent,
respectively, of total 1991 nitrogen
oxides emissions.

NO, EMISSIONS, 10° METRIC TONS/YEAR
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Figure 3-18. National trend in nitrogen oxides
emissions, 1982-1991.

TABLE 3-3. Nalional Nittogen Oxides Emission Estimates, 1982-1991

(million metric tons/year}

SOURCE |

CATEGORY 1982 1983 1984 1585 711986 |[1987 |1988 | 1989 | 1990 1991

Transportation 974 | 935 | 910 | 915 [ 849 | 814 | 819 | 785 | 7.83 7.26

Fuel

Combustion 984 (960 {10.16 | 9.38 | 9.55 |10.05 |10.52 {1059 |10.63 | 10.59

Industrial

Processes 0.55 0.55 0.58 0.56 0.56 0.56 0.58 0.59 0.59 0.60

Scolid Waste

Disposal 0.09 0.08 0.08 c.08 0.08 0.08 0.08 0.08 0.08 0.10

Miscellaneous 0.15 4.23 0.19 .21 0.16 0.19 0.28 0.19 0.26 0.21
TOTAL 20.37 {19.80 |20.11 | 19.39 |18.83 | 19.03 |19.65 [19.29 | 19.38 | 18.76

NOTE: The sums of sub-categories may not equal lotal due to rounding.
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3.32 Recent NO, Trends: 1983-1991

Between 1990 and 1991, there was no change
in the composite annual mean NO, concentration
at 236 sites, with complete data during the last
three years. This followed a decrease of 6 percent
between 1989 and 1990, the largest decrease in the
past decade. At the subset of 42 NAMS, the
composite mean concentration decreased 2 percent
between 1990 and 1991. Nationwide emissions of
nitrogen oxides are estimated to have decreased 3
percent between 1990 and 1991, due primarily to
the 8 percent reduction in NO, emissions from
transportation sources.

Regional trends in the composite average NO,
concentrations for the years 1989-91 are displayed
in Figure 3-19 with bar graphs. Region X, which
did not have any NQ, sites meeting the 3-year data
completeness and continuity criteria, is not shown.
All of the remaining nine Regions have 1991
composite average NO; annual mean

CONCGCENTRATION, PPM

concentrations that are lower than the 1989
composite mean levels. Five of the nine Regions
have 1991 composite mean concentrations which
are lower than the corresponding 1990 levels.
These Regional graphs are primarily intended to
depict relative change. Because the mix of
monitoring - sites may vary from one area to
another, this graph is not intended to indicate
Regional differences in absolute concentration
levels.
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Figure 3-19. Regional comparisons of 1989, 1990, 1991 composite averages of the annual

mean nitrogen dioxide concentrations.
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3.4 TRENDS IN OZONE

Ozone (0O,) is a photochemical oxidant and the
major component of smog. While ozone in the
upper atmosphere is beneficial to life by shielding
the earth from harmful ultraviolet radiation from
the sun, high concentrations of ozone at ground
level are a major health and environmental
concern. Ozone is not emitted directly into the air
but is formed through complex chemical reactions
between precursor emissions of volatile organic
compounds and nitrogen oxides in the presence of
sunlight. These reactions are stimulated by
sunlight and temperature so that peak ozone levels
occur typically during the warmer times of the
year. Both volatile organic compounds and
nitrogen oxides are emitted by transportation and
industrial sources. Volatile organic compounds are
emitted from sources as diverse as autos, chemical
manufacturing, and dry cleaners, paint shops and
other sources using solvents. Nitrogen oxides
emissions were discussed in the previous section.

The reactivity of ozone causes
health problems because it tends to
break down biological tissues and cells.
Recent sdentific evidence indicates that
ambient levels of ozone not only affect
people with impaired respiratory
systems, such as asthmatics, but healthy
adults and children, as well. Exposure

possible for areas to limit their ozone monitoring
to a certain portion of the year, termed the ozone
season. The length of the ozone season varies
from one area of the country to’another.* May
through October is typical but States in the south
and southwest may monitor the entire year.
Northern States would have shorter ozone seasons
such as May through September for North Dakota.
This analysis uses these ozone seasons to ensure
that the data completeness requirements apply to
the relevant portions of the year.

The trends site selection process, discussed in
Section 2.1, resulted in 495 sites being selected for
the 1982-91 period, an increase of 24 sites (or 5%)
from the 1981-90 trends data base. A total of 647
sites are included in the 1989-91 data base. The
NAMS compose 199 of the long-term trends sites
and 216 of the sites in the 3-year data base.

CONCENTRATION, PPM

to ozone for several hours at relatively
low concentrations has been found to
‘'significantly reduce lung function in 0.4 A

018 A

normal, healthy people during exercise. o,
This decrease in lung function generally

is accompanied by symptoms including 610 -
chest pain, coughing, sneezing and 008 ]
pulmonary congestion. 0.06 J
The O, NAAQS is defined in terms 004 T
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of the daily maximum, that is, the
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highest hourly average for the day, and 0.0
it specifies that the expected number of
days per year with values greater than
0.12 ppm should not be greater than
one. Both the annual second highest
daily maximum and the number of daily
exceedances during the ozone season are
considered in this analysis. The strong
seasonality of ozone levels makes it
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Figure 3-20. National trend in the composite
average of the second highest maximum 1-hour
ozone concentration at both NAMS and all sites
with 95 percent confidence intervals, 1982-1991.
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3.4.1 Long-term O, Trends: 1982-91

Figure 3-20 displays the 10-year composite
average trend for the second highest day during
the ozone season for the 495 trends sites and the
subset of 199 NAMS sites. The 1991 composite
average for the 495 trend sites is 8 percent lower
than the 1982 average and 7 percent lower for the
subset of 199 NAMS. These 1991 values are
slightly higher than the 1990 levels, which were
the lowest composite averages of the past ten
years. The 1991 composite average is significantly
less than the 1988 composite mean, which is the
second highest average (1983 was the highest)
during this 10-year period. As discussed in
previous reports, the relatively high ozone
concentrations in both 1983 and 1988 are likely
attributed in part to hot, dry, stagnant conditions
in some areas of the country that were more
conducive to ozone formation than other years.
Peak ozone concentrations typically occur during
hot, dry, stagnant summertime conditions (high

CONCENTRATION, PPM

temperature and strong solar insolation).'%!
Previous reports have compared the regional
variability in meteorological parameters such as
maximum daily temperature and precipitation with
the variability in peak ozone concentrations.'?

The interpretation of recent ozone trends is
difficult due to the confounding factors of
meteorology and emission changes. Just as the
increase in 1988 is attributed in part to
meteorological conditions, the 1989 decrease is
likely due, in part, to meteorological conditions
being less favorable for ozone formation in 1989
than in 1988.""Y Nationally, summer 1991 was
warmer than the long-term climatological means.'*
Also, precursor emissions of nitrogen oxides and
volatile organic compound emissions from
highway vehicles have decreased in urban areas.
The volatility of gasoline was reduced by new
regulations which lowered national average
summertime Reid Vapor Pressure (RVP) in regular
unleaded gasoline from 10.0 to 8.9 pounds per
square inch (psi) between 1988 and 1989."***? RVP
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Figure 3-21. Boxplot comparisons of trends in annual second highest daily
maximum 1-hour ozone concentration at 495 sites, 1982-1991.
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was reduced an additional 3 percent between 1989
and 1990.2

The inter-site variability of the annual second
highest daily maximum concentrations for the 495
site data base is displayed in Figure 3-21. The
years 1983 and 1988 values are similarly high,
while the remaining years in the 1982-91 period
are generally lower, with 1990 being the lowest, on
average. The distribution of second daily
maximum 1-hour concentrations in 1991 is similar
to that recorded in 1986 and 1990.

Historically, the long-term ozone trends in this
annual report have emphasized air quality
statistics that are closely related to the NAAQS. A
recent report’ by the National Academy of Sciences
(NAS) stated that "the principal measure currently
used to assess ozone trends (i.e, the second-
highest daily maximum 1-hour concentration in a
given year) is highly sensitive to meteorological
fluctuations and is not a reliable measure of
progress in reducing ozone over several years for
a given area.” The report recommended that
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"more statistically robust methods be developed to
assist in tracking progress in reducing ozone." The
report described "several other potentially robust
indicators of ozone trends” and featured indicators
described previously by Curran and Frank which
used a comparison of different’ percentiles and
maximum values'. Of course, the main focus of
this report is to track the trends in the quality of
air people are breathing when outdoors, therefore,
it makes sense to use a summary statistic that
clearly relates to the ozone air quality standard.
Nevertheless, it is still useful to look at trends in
alternative summary statistics to see if there are
sufficient differences among trends for different
summary statistics to warrant concern. As research
continues, it may become possible to quantify the
effect of meteorological influences on ozone levels
so that meteorologically adjusted trends could be
presented. The percentiles are statistically robust,
in the sense that they are less affected by a few
extreme values. The percentiles selected here
range from the 50th percentile (or median) to the
95th percentile.  The mean of the hourly
concentrations is also presented. Figure 3-22
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Figure 3-22. Trend in ozone air quality indicators, 1982-1991.
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presents the 10-year trends for these various
alternative ozone summary statistics. All of the
patterns are somewhat similar among the various
summary statistics, with a tendency to become
flatter in the lower percentiles. The peak years of
1983 and 1988 are still evident in the trend lines
for each indicator, however. The increase of 8
percent recorded in the annual second-highest
daily maximum 1-hour concentration between 1987
and 1988 was also seen in the 95th and 90th
percentile concentrations. The lower percentile
indicators had smaller increases of 3 to 4 percent.
The percent change between 1982 and 1991 for
each of the summary statistics follows: annual
daily maximum 1-hour concentration (-11%),
annual second daily maximum 1-hour
concentration (-8%), 95th percentile of the daily
maximum 1-hour concentrations (-5%), 90th
percentile (4%), 70th percentile (-1%), 50th
percentile, or median of the daily maximum 1-hour
concentrations {+1%), and the annual mean of the
daily maximum 1-hourly concentrations (-1%).

NO. OF EXCEEDANCES

Figure 3-23 depicts the 1982-91 trend for the
composite average number of ozone exceedances.
This statistic is adjusted for missing data, and it
reflects the number of days that the ozone
standard is exceeded during the ozone season.
Since 1982, the expected number of exceedances
decreased 38 percent at the 495 long-term trend
sites and 42 percent at the subset of 199 NAMS.
As with the second maximum,-the 1983 and 1988
values are higher than the other years in the
1982-91 period. The 1989 through 1991 levels are
significantly lower than all the previous years.

Table 34 and Figure 3-24 display the 1982-91
emission trends for volatile organic compounds
(VOC) which, along with nitrogen oxides shown
earlier in Table 33, are involved in the
atmospheric chemical and physical processes that
result in the formation of Q; Total VOC
emissions are estimated to have decreased 13
percent between 1982 and 1991. During this same
period, nitrogen oxides emissions, the other major
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Figure 3-23. National trend in the estimated number of daily exceedances of the ozone
NAAQS in the ozone season at both NAMS and all sites with 95 percent confidence

intervals, 1982-1991.
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precursor of ozone formation, decreased
8 percent. Between 1982 and 1991, VOC
emissions from highway vehicles
decreased 46 percent, despite a 36 VOC EMISSIONS, 10° METRIC TONS/YEAR

percent increase in vehicle miles of 20 SOURCE CATEGORT

travel during this time period. These TAANSPORTATION - INOUSTRIAL PROCESSES
VOC estimates are based on statewide >° - FUEL CoMBUSTION - SOUO WASTE 8 e
average monthly temperatures and
statewide average RVP. The highway
vehicle emission estimates in this report
were recalculated using the MOBILE 4.1
model and revised statewide estimates
of RVP 1989 and 1990. In contrast to
previous reports, these VOC totals now
reflect the reduction in RVP that
occurred since 1988. However, these
VOC emissions estimates are annual
totals. While these are the best national
numbers now available, ozone is
predominately a warm weather problem
and seasonal emission trends would be
preferable.
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Figure 3-24. National trend in volatile o