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PREFACE

This is the fifteenth 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, Résearch Triangle
Park, North Carolina 27711.

The following people are recognized for their contributions
as principal authors of the sections of the report:

Section 1 - Thomas C. Curran

Section 2 - Warren P. Freas

Section 3 - Robert B. Faoro, Terence Fitz-Simons,
Neil H. Frank, and Warren P. Freas

Section 4 - Warren P. Freas

Section 5 - Stan Sleva, Neil Berqg, Geri Dorosz, Ed Hanks,
David Lutz, and George Manire

Special mention should also be given to Helen Hinton and Cathy
Coats for typing the report, Whitmel Joyner for technical editing
and to William F. Hunt, Jr. for facilitating its preparation.

Also deserving special thanks are Sue Kimbrough for the
emission trend analyses, Tom Furmanczyk of Environment Canada for
the 1987 ozone data from Ontario, William Ivey for computer mapping
support and David Henderson and Coe Owen of EPA Region IX for
providing us with their software to generate the air quality maps
of the United States used in this report.
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NATIONAL ATR QUALITY AND EMISSTIONS TRENDS REPORT, 1987

l. EXECUTIVE SUMMARY

1.1 INTRODUCTION

Air pollution in the United States continues to exhibit
considerable progress over the years, offset by concerns that many
areas still do not meet applicable air quality standards. These
National Ambient Air Quality Standards (NAAQS) have been
promulgated by the U. S. Environmental Protection Agency (EPA) to
protect public health and welfare. There are two types of NAAQS,
primary and secondary. Primary standards are designed to protect
public health, while secondary standards protect public welfare,
including effects of air pollution on vegetation, materials and
visibility. This report focuses on comparisons with the primary
standards in effect in 1987 to examine changes in air pollution
levels over time, and to summarize current air pollution status.
There are six pollutants that have NAAQS: particulate matter
(formerly as total suspended particulate (TSP) and now as PM,, which
emphasizes the smaller particles), sulfur dioxide (S0,), carbon
monoxide (C0), nitrogen dioxide (NO,), ozone (0,) and lead (Pb).
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, 1is a beneficial screen from the sun’s ultraviolet rays.
Ozone at ground level, in the air we breathe, is a health and
environmental concern.

Almost 102 million people in the U.S. reside in counties which
exceeded at least one alr quality standard during 1987. Figure 1~
1 displays these totals for each individual pollutant, and it is
apparent why ground level ozone is viewed as our most pervasive
ambient air pollution problem. The 88.6 million people living in
counties that exceeded the ozone standard in 1987 are greater than
the total for the other five pollutants.

For the 10-year period (1978 through 1987) improvements were
seen nationally for all six pollutants: TSP, S0,, CO, NO,, 0, and
Pb. Similar improvements have been documented in earlier air
quality trends reports issued by EPA.'™ This 1987 report requires
that 10-year trend sites have data for at least 8 of these years.
To incorporate data from newer sites that began operation in the
1980s, trends are also presented for the 5-year period (1983-87).
Because of the interest in ozone levels during the summer of 1988,
a preliminary estimate is given of the impact of 1988 on ozone
trends.



The trends in ambient air quality that follow are presented
as boxplots, which display the 5th, 10th, 25th, 50th (median),
75th, 90th and 95th percentiles of the data, as well as the
composite average (Figure 1-2). The 5th, 10th and 25th percentiles
depict the "cleaner" sites, while the 75th, 90th and 95th depict
the "higher" sites and the median and average describe the
"typical" sites. For example, the 90th percentile means that 90
percent of the sites had concentrations less than or equal to that
value, and only 10 percent of the sites had concentrations that
were higher. The use of the boxplots allow us simultaneously to
compare trends in the "“cleaner", "typical" and "higher" sites.

The ambient air quality trends presented in this report are
based upon actual direct measurements. These air quality trends
are supplemented by trends for nationwide emissions, which are
based upon the best avallable engineering calculations. Chapter
4 of this report includes a detailed listing of selected 1987 air
quality summary statistics for every metropolitan statistical area
(MSA) in the nation and maps highlighting the largest MSaAs.
Chapter 5 presents 1983-87 trends for fourteen cities.

RN
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Figure 1-1. Number of persons living in counties with air
quality levels above the primary National Ambient
Air Quality Standards in 1987 (based on 1980
population data).
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Figure 1-2. Illustration of plotting conventions for boxplots.



MAJOR FINDINGS
TOTAL SUSPENDED PARTICULATE (TSP)
Air Quality
1978-87: geometric mean: 21 percent decrease (1726 sites) (Piqure 1-3)
1983-87: geometric mean: less than 1 percent decrease (1441 31tes)
1986-87: geometric mean: 2 percent increase (1441 sites)
Emissions
1978-87: 23 percent decrease (Riqure 1-4)
1983-87: 1 percent decrease
1986-87: 3 percent increase

Comments

‘The 1979~81 data were affected by a change in the filters used

to collect TSP, so the decrease between 1981 and 1982 was
probably less abrupt than shown in Figure 1-3.

Recent TSP trends have been very flat, with slight changes
such as the 1984-85 decrease and the 1986-87 increase likely
due to changes 1in meteorological conditions such as
precipitation. The increase in particulate emissions from
1986 to 1987 results from increased forest fire activity in
1987.

Worth Noting

On July 1, 1987, EPA promulgated new standards for

particulate matter using a new indicator, PM,,, rather than
TSP. PM,, focuses on those particles with aerodynamic
diameters smaller than 10 micrometers, which are likely to be
responsible for adverse health effects because of their
ability to reach the thoracic or lower regions of the

respiratory tract. PM,, networks are now being deployed
nationally but do not as yet have sufficient historical data
for trends analysis. However, summary statistics for 1987

are presented in Section 4.
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Figure 1-3. Boxplot comparisons of trends in annual geometric
mean total suspended particulate concentrations
at 1726 sites, 1978-1987.
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Figure 1-4. National trend in particulate emissions, 1978-1987.
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SULFUR DIOXIDE (SO,)
Air Quality
1978-87; arithmetic mean: 35 percent decrease (347 sites) (Figure 1-5)
24-hour second high: 40 percent decrease
24-hour exceedances: 94 percent decrease
1983-87: arithmetic mean: 10 percent decrease (603 sites)
1986-87: arithmetic mean: 3 percent decrease (603 sites)
Emissions (as S0,)
1978-87: 17 percent decrease (Fiqure 1-6)
1983-87: 1 percent decrease
1986-87: 1 percent decrease -
Comnents
The vast majority of SO, monitoring sites do not show any
exceedances of the 24-hour NAAQS, hence the exceedance trend
is dominated by source oriented sites.
Worth Noting
Ambient SO, is well in conformance with the current ambient

standards in most U.S. urban areas. Current concerns about
ambient SO, focus on major emitters which tend to be located

in more rural areas. This is the major reason for the
disparity between air quality and emission trends for sulfur
dioxide. The residential and commercial areas, where most

monitors are located, have shown sulfur oxide enission
decreases comparable to SO, air quality improvement.
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Figure 1-5. Boxplot comparisons of trends in annual mean sulfur
dioxide concentrations at 347 sites, 1978-1987.

SO, EMISSIONS, 10° METRIC TONS/YEAR

SOURCE CATEGORY
3 TRANSPORTATION £5 FUEL COMBUSTION 8 (NDUSTRIAL PROCESSES

20

10

0 :
1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Figure 1-6. National trend in sulfur oxide emissions, 1978-1987.



CARBON MONOXIDE (CO)

Air Quality

1978-87: 8-hour second high: 32 percent decrease (198 sites) (Fiqure 1-7)
8-hour exceedances: 91 percent decrease

1983-87: 8-hour second high: 16 percent decrease (367 sites)

1986-87: B-hour second high: 6 percent decrease (367 sites)

Emissions

1978-87: 25 percent decrease (Figure 1-8)
1983-87: 14 percent decrease
1986-87: less than 1 percent increase

Comments

While there is general agreement between the air guality and
emission changes over this 10-year period, it should be
recognized that the emission changes reflect estimated
national totals while the ambient CO monitors are frequently
located to identify problems. The mix of vehicles and the
change in vehicle miles of travel in an area around a typical
CO monitoring site may differ from the national averages. The
increase in CO emissions from 1986 to 1987 results from
increased forest fire activity in the West.

Worth Noting

The 1978-87 improvement in ambient CO levels, and in estimated
national CO emissions, has occurred despite a 24 percent
increase in vehicle miles traveled during this 10-year pericd.
In particular, CO emissions from highway vehlcles are
estimated to have decreased 38 percent in these 10 years
because controls have more than offset growth.

10



CONCENTRATION, PPM
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Figure 1-7. Boxplot comparisons of trends in second highest
nonoverlapping 8-hour average carbon monoxide
concentrations at 198 sites, 1978-1987.
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Figure 1-8. National trend in emissions of carbon monoxide,
1978-1987.
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NITROGEN DIOXIDE (NO,)

Alr Quality

1978-87: Annual Nean: 12 percent decrease (34 sites) (Fiqure 1-9}

1983-87: Annual Mean: 2 percent increase (199 sites)

1986-87: Annual Hean: No change (199 sites)

Emissions (NO,)

1978-87: 8 percent decrease (Figure 1-10)

1983-87: 3 percent increase

1986-87: 1 percent increase

Comments:

‘The national trend in annual mean NO, concentration has been
flat during the last 4 years. The increase in emissions from
1983 to 1984 and from 1986 to 1987 were primarily because of
increases in stationary source fuel combustion.

Worth Noting:

Los Angeles County is the only county in the country that
currently violates the NO, NAAQS.

12
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Figure 1-9. Boxplot comparisons of trends in annual mean
nitrogen dioxide concentrations at 84 sites,
1978-1987.
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Figure 1-10. National trend in nitrogen oxides emissions,
1978-1987.
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OZONE (0,)
Air Quality
1979-87%: Second Highest Daily Max 1-hour: 9 percent decrease (274 sites) {Fiqure 1-11)

Exceedance Days: 38 percent decrease

*9-year period (see comments)
1983-87: Second Highest Daily Nax 1-hour: 8 percent decrease (522 sites)
1986-87: Second Highest Daily Max 1-hour: 5 percent increase
Emissions (VOC)
1978-87: 17 percent decrease (Figure 1-12)

(NOTE: 9-year 1979-87 decrease was 17 percent)
1983-87: 4 percent decrease
1986-87: 2 percent increase
Comments:
Air gquality trends are presented for the 9-year period 1979-
87 because ozone data before 1979 are affected by a
calibration change. The 10-year period showed a 16 percent
improvement in air quality, but this includes the effect of
the calibration change, which is difficult to quantify.
Worth Noting:
Ground level ozone is the most pervasive pollutant in urban
areas in the U.S. The interpretation of ozone trends is
complicated by the impact of meteorological conditions,
particularly the summers of 1987 and 1988, which were hotter
than 1985 and 1986 in some areas. It is difficult to
precisely quantify the impact of these hotter summers and it

remains to be seen which weather patterns more 1likely
represent future years.
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Figure 1-11. Boxplot comparisons of trends in annual second
highest daily maximum l-hour ozone concentration
at 274 sites, 1978-1987.
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Figure 1-12. National trend in emissions of volatile organic
compounds, 1978-1987.
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LEAD (Pb)

Air Quality

1978-87: Maximum Quarterly Average: 88 percent decrease (97 sites) (Figure 1-13)
1983-87: Maximum Quarterly Average: 71 percent decrease (394 sites)

1986-87: Maximum Quarterly Average: 19 percent decrease (394 sites)
Emissions

1978-87: 94 percent decrease in total lead emissions - 97 percent decrease in lead emissions from
transportation sources.

1983-87: 83 percent decrease in total lead emissions - 93 percent decrease in lead emissions from
transportation sources.

1986-87: 6 percent decrease in total lead emissions - 14 percent decrease in lead emissions from
transportation sources.

- Comments:

The ambient lead trends presented here represent for the most
part general urban conditions predominantly reflecting
automotive sources. For the first time, ambient trends are
also presented for a small number of lead monitoring sites
(24) in the vicinity of point sources of lead such as primary
and secondary lead smelters.

Worth Noting:

Ambient lead concentrations in urban areas throughout the
country continue to drop because of both the increased usage
of unleaded gasoline and the reduction of the lead content in
leaded gasoline. Also, lead concentrations at monitoring
sites near lead point sources show a dramatic decline, as a
result of the general factors noted above, as well as the
closing of some of these sources, and the reduction of lead
emissions by improved control measures.

16
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Figure 1-13. Boxplot comparisons of trends in maximum quarterly
average lead concentrations at 98 sites, 1978-1987.
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Figure 1-14. National trend in lead emissions, 1978-1987.
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2. INTRODUCTION

This report focuses on both 10-year (1978°1987) and 5-year
(1983-1987) national -air quality trends for each of the major
pollutants for which National Ambient Air Quality Standards have
been established, as well as Regional and, where appropriate,

short-term air quality trends. The national analyses are
complemented in Section 5 with air quality Lrends in selected
metropolitan areas for the period 1933 through 1927 The areas
exanined are Atlante, GA; Baltimore, MND; Bosron, MA; Chicago,

IT-Northwestern IN; Denver, CO; DPetroit, MI; Houston, TX; Los
Angeles-Long Beach, CA; New York, NY-~ Northeastern NJ; Philadelphia,
PA-NJ; Phoenix, AZ; Portland, OR-WA; St. Louls, MO-IL; and Seattle,
WA. 1In both the national 5-year trends and the metropolitan area
trends, the shorter time period was used to expand the nunhar of
sites available for trend analysis.

The national air gquality trends are presented for all sites
and for the National Air Monitoring Station (NAMS) sites The
NAMS were established through monitoring regulatlons promulgated
in May 1979' to provide accurate and timely data to the U. .
Environmental Protection Agency (EPA) from a national air
monitoring network. The NAMS are located in areas with hicgh
pollutant concentrations and high population exposure. These
stations meet uniform criteria for siting, guality assurance,
equivalent analytical methodology, sampling intervals, and
instrument selection to assure consistent data reporting among
the States. Other sites operated by the State and local air

pollution control agencies, such as the State and Local ailrxr
Monitoring Stations (SLAMS) and Special Purpose Monitors (GPM)
in general also meet the same rigid criteria, except that in

addition to being located in the area of hlghESL concentration and
high population exposure, they are located in other areas as well.
The ambient levels presented are the sults of direct air
pollution measurements.

As well as for ambient air quality, trends are alsoc presentad
for annual nationwide emissions. These are estimates of the
amount and kinds of pollution being emitted by auvtomobiles,
factories, and other sources, based upon the best available
engineering calculations for a given time period. The emission
trends are taken from the EPA publication, National air Pollutant
Emission Estimates, 1940-1987° and the reader is referred to this
publication for more detailed information. Area source fugitive
dust emissions (unpaved roads, construction activities, etc.) are
not included at all. Similarly, natural sources of particulates
such as wind erosion or dust, are not included. (Forest fl]es
some of which result from natural causes are included, however).
In total, these fugitive emissions may amounit to a oonv1derablﬂ
portion of total particulate emissions. Enmission estinates for
gazscline-and diesel- -powered motor vehicles were based upon vehicle-
mi'ce tabulations and upon emission factors from the MOBILE 1 ©
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TABLE 2-1. Mational Ambient Air Quality Standards (NAAQS) in Effect in 1987

POLLOTANT PRINARY (HEALTH RELATED) SECONDARY (WELFARE RELATED)
STANDARD LEVEL
AVERAGING TINE  CONCEWTRATION® AVERAGING TIHE CONCENTRATTON
TSP® Annual Geometric 75 pg/n’
Mean
PN,.° Annual Arithmetic 50 wq/n’ Same as Primary
Nean
24-hour 150 pa/n’ . Same as Primary
50, Annual Arithmetic  (0.03 ppm) 3-hour 1300 pg/n’
NHean 80 pg/m* (0.50 ppr)
24-hour {0.14 ppm)
365 pg/m’
(44 §-hour 9 ppm
(10 pg/m*) Ho Secondary Standard
1-hour 35 ppr No Seéondary Standard
(40 pg/n’)
o, Annual Arithmetic  0.053 ppn Same as Primary
Nean {100 pg/m")
0, Narimm Daily 1-hour 0.12 ppe’ Same as Primary
Average (235 pg/r’)
Pb Haximun Quarterly 1.5 pg/n’ Same as Primary
Average

= parenthetical value is an approximately equivalent concentration.

® 1P was the indicator pollutant for the original particulate matter (PH) standards.
This standard has been replaced vith the nev PN,, standard and it is no longer in effect.

< New PN standards were promulgated in 1987, using PH,, (particles less than 10u in diameter) as the new
indicator pollutant. The 24-hour standard is attained when the expected number of days per calendar year
above 150 pg/n° is equal to or less than 1, as determined in accordance with Appendix K of the PX NARQS.

4 he standard is attained when the expected mumber of days per calendar year with paximm hourly average

concentrations above 0.12 ppm is equal to or less than 1, as determined in accordance with Appendix H of
the Ozone NAAQS.
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model. Except for lead emissions, which are reported in gigagrams
(one thousand metric tons), the emission data are reported as
teragrams (one million metric tons) emitted to the atmosphere per
year.’

Air quality status may be measured by comparing the ambient
- air pollution levels with the appropriate primary and secondary
National Ambient Air Quality Standards (NAAQS) for each of the
pollutants (Table 2-1). Primary standards protect the public
health; secondary standards protect the public welfare as

measured by effects of pollution on vegetation, materials, and
visibility. The standards are further categorized for different

averaging times. Long-term standards specify an annual or
guarterly mean that may not be exceeded; short-term standards
specify upper limit values for 1-, 3-, 8-, or 24-hour averages.

With the exception of the pollutants ozone and PM,,, the short-term
standards are not to be exceeded more than once per vear. The
ozone standard reguires that the expected number of days per
calendar year with daily maximum hourly concentrations exceeding
0.12 parts per million (ppm) be less than or equal to one. The
new 24-hour PM,, standard alsc allows one expected exceedance per
year.

Section 4 of this report, "Air Quality Levels in Metropolitan
Statistical Areas" provides interested members of the air
pollution control community, the private sector and the general
public with greatly simplified air pollution information. Air
quality statistics are presented for each of the pollutants for
all MSAs with monitoring data for 1987.

Finally, two additional analyses of ozone air quality data have
been included in this report. The first analysis is an application
of a Geographical Information System (GIS) to display the
chronology of a large scale regional ozone episode which occurred
in June 1987. The second new analysis presents a preview of 1988
ozone trends. 1In response to indications of high ozone levels in
early Summer 1988, EPA implemented a cooperative program with the
state and local air pollution agencies for the accelerated
reporting of preliminary ozone data from a subset of peak
monitoring sites. These data have been merged with the trends data
base to provide a preliminary assessment of 1988 ozone trends.

2.1 DATA BASE

The ambient air quality data used in this report were obtained
from EPA’s Aerometric Information and Retrieval System (AIRS). Air
quality data are submitted to AIRS by both State and local
governments, as well as federal agencies. At the present time,
there are about 500 million air pollution measurements on AIRS, the
vast majority of which represent the more heavily populated urban
areas of the nation. '

23



Previously®, the size of the available air quality trends data
base was expanded by merging data at sites which had experienced
changes in the agency operating the site, the instruments used, or
in the project codes, such as a change from population oriented to
special purpcse monitoring. In contrast to the old Storage and
Retrieval of Aerometric Data (SAROAD) System, which created
separate records in these cases, the pollutant occurrence code
(POC) was established in AIRS to create combined summary records
for these monitoring situations. However, in the case of S0, and
Pb, the previous procedure of merging data was employed since the
POCs have not yet been resolved on the new data system for many of
the sites experiencing such changes.

In order for a monitoring site to have been included in the
national 10-year trend analysis, the site had to contain data for
at least 8 of the 10 years 1978 to 1987. For the national 5-year
trend and metropolitan area analyses, the site had to contain 4 out
of 5 years of data to be included as a trend site. Data for each
yvear had to satisfy annual data completeness criteria appropriate

to pellutant and measurement methodoloay. The air quality data
are divided into two major groupings -- 24-hour measurements and
continuous l-hour measurements. The 24-hour measurements are

obtained from monitoring instruments that produce one measurement
per 24-hour period and are typically operated on a systematic
sampling schedule of once every 6 days, or 61 samples per year.
Such instruments are used to measure TSP, S0,, NO, and Pb. Bubbler
data were not used in the S0, and NO, trends analyses because these
methods have essentially been phased out of the monitoring network.
Total suspended particulate data were judged adequate for trends
if there were at least 30 samples for the year. Both 24-hour and
composite data were used in the Pb trends analyses. The 24-hour
Pb data had to have at least six samples per quarter in at least
3 of the 4 calendar guarters. Monthly composite Pb data were used
if at least two monthly samples were available for at least 3 of
the 4 calendar guarters.

The l-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 vyear. For
continuous hourly data, a valid annual mean for S0, and NO, trends
requires at least 4380 hourly observations. This same annual data
completeness, of at least 4380 hourly values, was required for the
CO standard related statistics - the second maximum nonoverlapping
g-hour average and the estimated number of exceedances of the
8-hour average CO standard. A slightly different criterion was
used for the 50, standard related daily statistics - the second
daily maximum 24-hour average and the estimated number of daily
exceedances of the SO, standard. Instead of requiring 4380 or more
hourly values, 183 or more daily values were required. A valid day
is defined as one consisting of at least 18 hourly observations.
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Finally, because of the seasonal nature of czone, both the
second daily maximum l-hour value and the estimated number of
exceedances of the 0, NAAQS were calculated for the ozone season,
which varies by state.’® For example, in California, the ozone
season is defined as 12 months, January through December, while
in New Jersey it is defined as 7 months, April through October.
In order for a site to be included, at least 50 percent of its
daily data had to be from the ozone season. For all pollutants,
the site must satisfy the annual completeness criteria, specified
above in at least 8 out of 10 years for it to be included in the
10-year air quality trends data base, and 4 out of 5 years to be
included in both the 5-year trend and metropolitan area trend data
bases. Table 2-2 displays the number of sites meeting the
completeness criteria for both trends data bases. The shorter time
period was used in the metropolitan area analyses to expand the
number of sites available for trend analyses.

The use of moving l0-year and 5-year windows for trends
vields a data base that is more consistent with the current
monitoring network. In addition, this procedure increased the
total number of trend sites by 16 percent for the 10-year period,
but decreased by 14 percent for the 5-year period relative to the
data bases used in the last annual report.’ The size of the TSP
monitoring network has declined during the past 2 years because of
promulgation of the PM,, standard. This decline in the number of
TSP sites between the 10-year and 5-year data bases results from
the difference in the number of years required for the two time
periods. If a site discontinued operation in 1986, it would be
included in the 10-year data base, but not in the 5-year data base
(since 2 of the 5 years would be missing). The trend from 1983
on reflects the period following the implementation of the
monitoring regulations.® The regulations required uniform siting
of monitors and placed greater emphasis on quality assurance. In
general, the data from the post 1980 period should be of the
highest gquality. As would be expected, there are considerably
more trend sites for the 5-year period than for the 10-year period
~ 3526 total trend sites versus 2726 trends sites, respectively
(Table 2-2). This 29 percent increase in the number of trends
sites for the 5-year period over the lo-year period reflects the
greater utilization of ambient air quality data that is achieved
by examining the shorter time period. Focusing on the non-TSP
sites, there is a 108% increase in the number of sites in the 5-
year data base as compared to the 10-year period. Except for NO,,
trend sites can be found in all EPA Regions (Figure 2-1) for TSP,
50,, CO, 0O, and Pb for the 5-year period.

2.2 TREND STATISTICS

The air quality analyses presented in this report comply with
the recommendations of the Intra-Agency Task Force on Air Quality
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Indicators.® This task force was established in January 1980 to
recommend standardized air quality indicators and statistical
methodologies for presenting air gquality status and trends. The
Task Force report was published in February 1981. The air quality
statistics used in these pollutant- specific trend analyses relate
to the appropriate NAAQSs. Two types of standard-related
statistics are used - peak statistics (the second maximum 24-hour
S0, average, the second maximum nonoverlapping 8-hour CO average,
and the second daily maximum l-hour 0, average) and long-term
averages (the annual geometric mean for TSP, the annual arithmetic
means for SO0, and NO,, and the quarterly arithmetic mean for Pb).
In the case of the peak statistics, the second maximum value is
used, because this is the value which traditionally has been used
to determine whether or not a site has or has not violated an air
quality standard in a particular year. A composite average of
each of these statistics 1is used in the graphical presentations
which follow. In all cases, all sites were weighted equally in
calculating the composite average trend statistic.

In addition to the standard related statistics, other
statistics are used, when appropriate, to provide further
clarification of observed air guality trends. Particular attention
is given to the estimated number of exceedances of the short-term
NAAQSSs. The estimated number of exceedances is the measured
number of exceedances adjusted to account for incomplete sampling.

For a pollutant such as ozone, for which the level of the
standard was revised in 1979, exceedances for all years were
computed using the most recent level of the standard. This was
done to ensure that the trend in exceedances is indicative of air
guality trends rather than of a change in the level of the
standard.
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Table 2-2. Comparison of Number of Sites for 10-Year and 5-fear Air Quality Trends

NUGMBER OF SITES
POLLUTANT 1978-87 TREND 1983-87 TREKD

§ CHANGE IN THE
NO. OF TREND SITES
1978-87 VS. 1983-87

Total Suspended Particulate

(TSP} 1726 1441
Sulfur Dioxide (80,) 347 603
Carbon Monoxide (CO) 198 367
Nitrogen Dioxide (NO,) 84 : 199
Ozone (0,) 27 622
Lead (Pb) 97 394

Total 2726 3526

27

-17%
+74%
+85%
+137%
191%

+304%

+29%
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Figure 2-1. Ten Regions of the U.S. Environmental Protection
Agency.
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3. NATIONAL AND REGIONAL TRENDS IN NAAQS POLLUTANTS

This chapter focuses on both l0-year (1978-1987) and recent
S5-year (1983-1987) trends for each of the six major pollutants, as
well as short term air quality trends. Comparisons are made
between all the trend sites and the NAMS subset. Trends are
examined for both the nation and the ten EPA Regions.

The air quallty trends information is presented using trend
lines, confidence intervals, boxplots' and bar graphs. This report
presents statistical confidence intervals to facilitate a better
understandlng of measured changes in air quality. Confidence
intervals are placed around composite averages, which are based on
sites that satisfy annual data completeness requirements. 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
(Figure 3-1). Ninety-five percent confidence intervals for
composite averages of annual means (arithmetic and geometrlc) and
second maxima were calculated from a two-way analysis of varlance
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 multlple
comparlsons procedure.® The utilization of these procedures is
explained in publications by Pollack Hunt and Curran® and Pollack
and Hunt.®

The boxplots have the advantage of displaying, simultaneously,
several features of the data. Figure 3-2 illustrates the use of
this technique in presenting the 5th, 10th, 25th, 50th (median),
75th, 90th and 95th percentiles of the data, as well as the
composite average. The 5th, 10th and 25th percentiles depict the
"cleaner" sites,. The 75th, 90th and 95th depict the '“higher"
sites, and the median and average describe the "typical" sites.
For example, 90 percent of the sites would have concentrations
equal to or lower than the 90th percentile. Although the average
and median both characterize typical behavior, the median has the
advantage of not being affected by a few extremely high
observations. The use of the boxplots allows us simultaneously to
compare trends in the "cleaner"™, "typical" and "higher" sites.

Boxplots of all trend sites are presented for each year in the
10-year trend. In the recent S5-year trend, the boxplots are
presented for the years 1983 through 1987. The recent 5-year trend
was introduced in the 1984 report’ to increase the number of sites
available for analysis and to make use of data from more recently
established sites. The recent 5-year period is presented to take
advantage of the larger number of sites and of the fact that the
data from this period should be of the highest quality, with sites
meeting uniform siting criteria and high standards of quality
assurance.
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Lai  ygraphs are used for the Regional comparisons with the
S-year trend data hase. The composite averages of the appropriate
air cguality statistic of the years 1985, 1986 and 1987 are
presented. The approach is simple, and it allows the reader at a
glance to compare the short-term trends in all ten EPA Regions.

in  addition to concentration related statistics, other
statistics are used, when appropriate, to clarify further the
observed alr guality trends. Particular attention is given to the
estimated number of exceedances of the short-term NAAQSS. The
cstimated number of exceedances 1is the measured number of
exceedances adjusted to account for incomplete sampling. Trends
in exceadances tend to be more variable than in the other
concentration related statistics, particularly on a percentage
basis. For example, a site may show a 50 percent decrease in
annual exceedances, from 2 to 1 per year, and yet record less than
a b percent decrease iin average concentration levels. The change
in concentration levels is likely to be more indicative of chianges
in emission Jevels.

Trends are also presented for annual nationwide emissions.
Thesse cmissions data are estimated using the best available
angineering calculations. The emissions data are reported as
ceragrams (one million metric tons) emitted to the atmosphere per
year, wiith the exception of lead emissions, which are reported as
gigagirams (onsg thousand metric tens).®? These are estimates of the
amount and kinds of pollution being generated by automobiles,
faciories and other sources. Estimates for earlier years are
recomputed using current methodology so that these estimates are
comparable over time.

Finally, tiwo additional analyses of ozone air quality data
have been Iincluded in this report. The first analysis is an
application of a Geographical Information System (GIS) to display
the chrenology of a large scale regional ozone episode which
occurred in June 1%87. The second analysis presents a preview of
1988 ozone trends based on preliminary 1988 ozone data from a
subsel of peak monitoring sites.
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Figure 3-1. Sample illustration of use of confidence intervals
to determine statistically significant change.
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Figure 3-2. 1Illustration of plotting conventions for boxplots.
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3.1 TRENDS IN TOTAL SUSPENDED PARTICULATE

Air pollutants called particulate matter include dust, dirt,
soot, smoke and liquid droplets directly emitted into the air by
sources such as factories, power plants, cars, construction
activity, fires and natural windblown dust as well as particles
formed in the atmosphere by transformation of emitted gases such
as sulfur dioxide and volatile organic compounds.

Total suspended particulate (TSP) was the indicator of
suspended particles in the ambient air prior to the promulgation
of the new particulate matter standards. TSP is measured using a
high volume sampler (Hi-Vol) which collects suspended particles
ranging up to approximately 45 micrometers in diameter. Annual and
24-hour National Ambient Air Quality Standards (NAAQS) for
particulate matter were set in 1971, with TSP as the indicator
pollutant.

On July 1, 1987, EPA promulgated new annual and 24-hour
standards for particulate matter, using a new indicator, PM,,, that
includes only those particles with aerodynamic diameter smaller
"than 10 micrometers. These smaller particles are likely
responsible for most adverse health effects of particulate because
of their ability to reach the thoracic or lower regions of the
respiratory tract. The original (TSP) standards were an annual
geometric mean of 75 pg/m’, not to be exceeded, and a 24-hour
concentration of 260 pg/m’, not to be exceeded more than once per
year. The new (PM,,) standards specify an expected annual
arithmetic mean not to exceed 50 pg/m’ and an expected number of
24-hour concentrations greater than 150 pg/m* per year not to
exceed one.

Now that the standards have been revised, PM,, monitoring
networks are being deployed nationally. Figure 3-3 depicts the
geographic coverage of the State and Local Air Monitoring Networks
(SLAMS). Unfortunately, the PM,, SLAMS do not yet provide
sufficient information on which to base meaningful trends.
Therefore, the particulate matter trends presented in this section
will continue to be based on TSP. The annual geometric mean for
TSP is a more stable indicator of air quality than the cobserved
24-hour peak values, and will be used as the trend statistic.
When sufficient information is available on PM,, air quality trends,
future reports will present analyses based on the new particulate
matter indicator.

3.1.1 Long-term TSP Trends: 1978-87

The 10-year trend in average TSP levels, 1978 through 1987,
is shown in Figure 3-4 for 1726 sites geographically distributed
throughout the Nation and is presented for historical perspective.

Trends are also shown for the subset of 431 National Air Monitoring
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Stations (NAMS) which are located in areas of greater than 50,000
in population. The TSP levels are expressed in terms of the
composite average annual geometric mean.

The curves in Figure 3-4 show identical trends for both the
NAMS and the larger group of sites, although composite particulate
concentrations are higher for the NAMS. For both curves, composite
TSP concentrations are high and relatively stable in the 1978-1980
period and are lower and relatively stable in the 1982-1987 period.
A large decrease is apparent in the intervening years, particularly
from 1981 to 1982. As previously reported, EPA has determined that
the measurements produced during the years 1979, 1980 and 1981 may
be biased high due to the type of filters used to collect the TSP.®
For this reason, the portion of Figure 3-4 corresponding to the
.years 1979-1981 are stippled, to indicate the uncertainty in the
TSP measurements collected during this period. Although the
difference between 1978 and post-1981 is real, the pattern of the
yearly change in TSP between 1978 and 1981 is difficult to assess
and most of the large apparent decrease in pollutant concentrations
between 1981 and 1982 can be attributed to a change in these
filters.”™

The composite average of TSP levels measured at 1726 sites,
distributed throughout the Nation, decreased 21 percent during the
1978 to 1987 time period, and the subset of 431 NAMS decreased 22
percent. Figure 3-4 also includes 95 percent confidence intervals
developed for the composite annual estimates. It can be seen that
the estimates for 1982 - 1987 are all significantly lower than
those of 1978. Also, 1985 and 1986 are statistically
indistinguishable, and indicate the lowest particulate levels in
the 10~year period. These recent trends in particulate matter will
be discussed in more detail in Section 3.1.2.

The long-term trends in TSP are also illustrated in Figure 3-
5. Using the same national data base of 1726 TSP sites, Figure 3-5
shows the yearly change in the entire national concentration
distribution using boxplot displays. A decrease occurred at every
percentile level between 1978 and 1987, further indicating a broad
national improvement in ambient particulate concentrations
throughout the country.
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Nationwide TSP emission trends show an overall decrease of 23
percent from 1978 to 1987 which coincidentally matches the TSP air
quality improvement. (See Table 3-1 and Figure 3-6). The trend
in PM emissions is normally not expected to agree precisely with
the trend in ambient TSP levels due to unaccounted for natural PM
background and uninventoried emission sources such as unpaved roads
and construction activity. Such fugitive emissions could be of
significant magnitude and are not considered in estimates of the
annual nationwide total. The 10-year reduction in inventoried
particulate emissions occurred primarily because of reductions in
industrial processes. This is attributed to installation of
control equipment, and also to reduced activity in some industries,
such as iron and steel. Other areas of TSP emission reductions
include reduced coal burning by non-utility users and installation
of control equipment by electric utilities that burn coal.®
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Source Cateqory
Transportation
Fuel Combustion

Industrial
Processes

S0lid Waste
Niscellaneous

Total

Table 3-1. Nationmal Total Suspended Particulate Emission Estimates, 1978-1987.

1978

1.4

2.5

4.0

0.4

0.8

9.1

1979

1.4

2.5

3.8
0.4
0.9

§.9

(million metric toms/year)

1980 1981 1982 1983

1.3 1.3 1.3 1.3

2.4 2.3 2.2 2.0

3.3 3.0 2.6 2.4
0.4 0.4 0.3 0.3
1.1 0.9 0.7 1.1

8.5 8.0 1.1 1.1

NOTE: The sums of sub-categories may not equal total due to rounding.

TSP EMISSIONS, 10° METRIC TONS/YEAR

1984

1.3

2!1

2.8

0.3

0.9

7.4

1985

1.4

1.8

2.8

0.3

0.8

7.0

1986

1.4

1.8

. 2.5

0.3

0.8

6.8

15

10'7

o
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Figure 3-6.
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National trend in particulate emissions, 1978-1987.
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3.1.2 Recent TSP Trends: 1983-87

The trends for the 5-year period, 1983 through 1987 are
presented in terms of 1441 sites which produced data in at least
4 of these 5 years. The group of sites qualifying for this
analysis is smaller than the group used in previous trends reports,
reflecting the revisions to TSP SLAMS networks and the shift of
particulate monitoring to PM,. Figure 3-7 presents a boxplot
display of the 1983-1987 annual TSP concentration distributions.
Very little change in TSP concentrations is evident between 1983
and 1987, As mentioned in Section 3.1.1, generally lower
concentrations were measured in 1985 and 1986, and TSP levels in
1984 were generally the highest in the 5-year period. A small 2
percent increase was seen between 1986 and 1987, This pattern in
air quality generally matches the 5-year trend in national
particulate emission estimates.

Particulate emissions showed little change from 1983 to 1987.
They were highest in 1984 because of increases - in industrial
processes. Emissions were at their lowest in 1986, through
subsequent reductions in the industrial sector. Because of an
increase in forest fires in 1987, national total emissions returned
to their earlier levels. The major fires in Yellowstone during the
summer of 1988 could cause these levels to continue to climb.
Emissions from forest fires now typically represent 10 to 14
percent of the national total. Since particulate emissions from
fires are primarily small particles, future trends report emphasis
on PM,, may put more attention on fires as an important source of
air pollution.

Figure 3-8 focuses on the last 3 years with a bar chart of
Regional average TSP. Overall, there were relatively small changes
in most Regions. Many Regions had their lowest levels of TSP in
1986 with small increases in 1987.

The observed year-to-year variations in total suspended
particulate levels may in part be attributable to meteorology.
Among all meteorological parameters, precipitation has been shown
to have had the greatest influence on particulate air quality.
Rainfall has the effect of reducing reentrainment of particles and
of washing particles out of the air. An examination of Regional
precipitation patterns shows that the eight Regions with 1986-1987
TSP increases were also the only Regions which experienced
decreases in total precipitation, relative to normal.® Although
these decreases in precipitation were only 5 to 10 percent, they
could possibly have contributed to the particulate matter increases
in these areas. The generally drier conditions undoubtedly are
responsible, in part, for the increase in forest fires which was
noted earlier. The largest year-to-year change in particulates
occurred in the northwest (Region X}, where both 1985 and 1987 were
unusually dry and had higher particulates, while 1986 produced
normal precipitation and lower average particulate concentrations.
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3.2 TRENDS IN SULFUR DIOXIDE

Ambient sulfur dioxide (S0,) results largely from stationary
source coal and oil combustion and from nonferrous smelters. There
are three NAAQS for SO,: an annual arithmetic mean of 0.03 ppm
(80 wg/m’), a 24-hour level of 0.14 ppm (365 ug/m*) and a 3-hour
level of 0.50 ppm (1300 Hg/m’). - The first two standards are
primary (health-related) standards, while the 3-hour NAAQS is a
secondary (welfare-related) standard. The annual mean standard
is not to be exceeded, while the short-term standards are not to
be exceeded more than once per year. The trend analyses which
follow are for the primary standards.

The trends in ambient concentrations are derived from
continuous monitoring instruments which can measure as many as
8760 hourly values per year. The 50, measurements reported in
this section are summarized into a variety of summary statistics
which relate to the SO, NAAQS. The statistics on which ambient
trends will be reported are the annual arithmetic mean
concentration, the second highest annual 24-hour average
(summarized midnight to midnight), and the expected annual number
of 24-hour exceedances of the 24-hour standard of 0.14 ppm.

3.2.1 Long-term SO, Trends: 1978-87

The long-term trend in ambient S0,, 1978 through 1987, is
graphically presented in Figures 3-9 through 3-11. In each
figure, the trend at the NAMS is contrasted with the trend at all
sites. For each of the statistics presented, a steady downward
trend is evident through 1987. Nationally, the annual mean S0,,
examined at 347 sites, decreased at a median rate of approximately
4 percent per year; this resulted in an overall change of about
35 percent (Figure 3-9). The subset of 105 NAMS recorded higher
average concentrations but declined at a slightly higher rate of
5 percent per year, with a net change of 41 percent for the l0-year
period.

The annual second highest 24-hour values displayed a similar
improvement between 1978 and 1987. Nationally, among 347 stations
with adequate trend data, the median rate of change was 5 percent
per vear, with an overall decline of 40 percent (Figure 3-10).
The 105 NAMS exhibited a 6 percent per year rate of improvement,

for an overall change of 43 percent. - The estimated number of
exceedances also showed declines for the NAMS as well as for the
composite of all sites (Figure 3-11). The vast majority of S0,

sites, however, do not show any exceedances of the 24-hour NAAQS.
Most of the exceedances as well as the bulk of the improvements
occurred at source-oriented sites. The national composite
estimated number of exceedances decreased 94 percent from 1978 to
1987. : .
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Figure 3-9. National trend in the composite average of the
annual average sulfur dioxide concentration at both
NAMS and all sites with 95 percent confidence
intervals, 1978-1987.
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confidence intervals, 1978-1987.
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The statistical significance of these long-term trends is
graphically illustrated in Figures 3-9 to 3-11 with the 95 percent
confidence intervals. For both annual averages and peak 24-hour
values, the SO, levels in 1987 are the lowest in 10 years but are
statistically indistinguishable among the last three. Expected
exceedances of the 24-hour standard experienced a more rapid
decline. For each statistic, 1987 averages are significantly
lower than levels before 1983.

The inter-site variability for annual mean and annual second
highest 24-hour SO, concentrations is graphically displayed in
Figures 3-12 and 3-13. These figures show that higher
concentrations decreased more rapidly and that the concentration
range among sites has also diminished from the late 1970s to the
present.

Nationally, sulfur oxide emissions decreased 17 percent from
1978 to 1987 (Figure 3-14 and Table 3-2), reflecting the
installation of flue gas desulfurization controls at coal-fired
electric generating stations and a reduction in the average sulfur
content of fuels consumed. Emissions from other stationary source
fuel combustion sectors also declined, mainly due to decreased
combustion of coal by these consumers. Sulfur oxide emissions from
industrial processes are also significant.. Emissions from
industrial processes have declined, primarily as the result of
controls implemented to reduce emissions from nonferrous smelters
and sulfuric acid manufacturing plants.’

The disparity between the 35 percent improvement in SO, air
quality and the 17 percent decrease in SO, emissions can be
attributed to several factors. SO, monitors with sufficient
historical data for trends are mostly urban population-oriented,
and as such, do not monitor many of the major emitters which tend
to be located in more rural areas. Among the 347 trend sites used
in the analysis of average SO, levels, approximately two-thirds
are categorized as population-oriented. The remaining sites
include those monitors in the vicinity of large power plants,
nonferrous smelters and other industrial sources such as paper
mills and steel producing facilities.

The residential and commercial areas, where most monitors
are located, have shown sulfur oxide emission decreases comparable
to SO, air quality improvement. These decreases in sulfur oxide
emissions are due to a combination of energy conservation measures
and the use of cleaner fuels in the residential and commercial
areas.® Comparable SO, trends have also been demonstrated for
monitors located in the vicinity of nonferrous smelters which
produce some of the highest SO, concentrations observed
nationally.” Smelter sources represent a majority of SO, emissions
in the intermountain region of the western U.S. Although one-third
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Figure 3-12. Boxplot comparisons of trends in annual mean sulfur
dioxide concentrations at 347 sites, 1978-1987.
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Figure 3-13. Boxplot comparisons of trends in second highest
24-hour average sulfur dioxide concentrations at
347 sites, 1978-1987.
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Tahle 3-2. Natiomal Sulfur Oxide Zaission Fstiuates, 197%-1497,
frillien vaicic Lons/year’
1978 1979 1980 1081 1982 1983 1984 1985 1986 1987
Source Category
Transportation 0.8 4.9 £ o .t 5.5 0.z "G 0.9 0.9

Puel Combustion 19.5 19.5 18.7 17.8 17.3 16.7 17.4 17.0 16.7 16.4

Industrial
Processes 4.3 4,4 3.3 3.9 313 3.3 1.3 2.2 3.1 3.1
Solid Waste 0.0 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0
Higcellaneous 0.0 0.0 0.0 0.0 0.0 1.0 8.9 8.0 0.0 0.0
Total 24.6 24.8 23.4 22.6 2.4 0.7 21.5 211 20.7 20.4

NOTE: The suss of sub-cateqories wav mo% equal total duc fo rovmding

SO, EMISSIONS, 10° METRIC TONS/YEAR

SOURCE CATEGORY
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Figure 3-%4. Natiocnal trend in sulful vdide emissions, 1978 207
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of the trend sites are categorized as source—-oriented, the majority
of SO, emissions are dominated by large point sources. Two-thirds
of all national SO, emissions are generated by electric utilities
(96 percent of which come from coal fired power plants). The
majority of these emissions, however, are produced by a small
number of facilities. Fifty individual plants in 15 states account
for one-half of all power plant emissions. 1In addition, the 200
highest SO, emitters account for more than 85 percent of all SO,
power plant emissions. These 200 plants account for 61 percent
of all SO, emissions nationally.™

Another factor which may account for differences in 50,
emissions and ambient air quality is stack height. The height at
which S0, is released into the atmosphere has been increasing at
industrial sources and power plants.'™* This can permit ground
level concentrations to decrease at a faster rate than emissions.
Under these circumstances, concentrations can, in fact, decrease
even if emissions increase.

3.2.2 Recent SO, Trends: 1983-87

Figure 3-15 presents boxplots for the 1983-1987 data using
603 SO, sites. The 5-year trend shows a 10 percent decline in
average concentrations, indicating that the long term trend has
continued but has been leveling off. Correspondingly, SO,
emissions have decreased only 1 percent over the last 5 years.

Regional changes in composite average SO, concentrations
for the last 3 years, 1985-1987, are shown in Figure 3-16. Most
Regions decreased slightly. Between 1986 and 1987, average
ambient concentrations have declined 3 percent, corresponding to
a 1 percent decrease in total emissions.
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Figure 3-15. Boxplot comparisons of trends in annual mean sulfur
dioxide concentrations at 603 sites, 1983-1987.
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3.3 TRENDS IN CARBON MONOXIDE

Carbon monoxide (CO) is a colorless, odorless, and poisonous
gas produced by incomplete burnlng of carbon in fuels.
Two-thirds 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 l-hour level is 35 ppm, and the 8-hour level
is 9 ppm. This analysis focuses on the 8-hour average results
because the B8-hour standard is generally the more restrictive
limit. In fact, only four exceedances of the CO 1-hour NAAQS were
recorded for the nation during 1987.

Trends sites were selected using the procedures presented in
Section 2.1. This resulted in a data base of 198 sites for the
1978-87 1l0-year period and a data base of 367 sites for the
1983-87 5-year period. There were 54 NAMS sites included in the
l0-year data base and 97 NAMS sites in the 5-year data base. This
almost two-fold increase in the number of trend sites available
for the more recent time period is consistent with the improvement
in size and stability of current ambient €O monitoring progranms.

3.3.1 Long-term CO Trends: 1978-87

The 1978-87 composite national average trend is shown in
Figure 3-17 for the second highest non-overlapping 8-hour CO value
for the 198 Ilong-term trend sites and the subset of 54 NAMS sites.
During this 10-year period, the national composite ~average
decreased by 32 percent, and the subset of NAMS decreased by 30
percent. The median rate of improvement for this time period is
approximately 4 percent per vyear. After leveling off to no
significant change from 1985 to 1986, the trend resumed downward
in 1987. Long-term improvement was seen in each EPA Region with
median rates of improvement varying from 1 to 7 percent per year.
This same trend is shown in Figure 3-18 by a boxplot presentation
which provides more information on the distribution of ambient CO
levels at the 198 long-term trend sites from year to year. While
there is some year to year fluctuation in certain percentiles, the
general long-term improvement in ambient CO levels is clear.

Figure 3-19 displays the l0-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 improved
91 percent between 1978 and 1987 for the 198 long-term trend sites,
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Figure 3-17. National trend in the composite average of the
' second highest nonoverlapping 8-hour average
carbon monoxide concentration at both NAMS and
all sites with 95 percent confidence intervals,
1978-1987.
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Figure 3-18. Boxplot comparisons of trends in second highest
nonoverlapping 8-hour average carbon monoxide
concentrations at 198 sites, 1978-1987.
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while the subset of 54 NAMS showed a similar 88 percent
improvement. As noted earlier, these percentage improvements for
exceedances are typically much larger than those found for peak
concentrations, such as the annual second maximum. The percentage
change for the second maxima is more likely to reflect the
percentage change in emission levels.

The 1l0-year 1978-87 trend in national carbon monoxide
emission estimates is shown in Figure 3-20 and in Table 3-3.
These estimates show a 25 percent decrease between 1978 and 1987.
Transportation sources accounted for approximately 74 percent of
the total in 1978 and decreased to 66 percent of total emissions
in 1987. The contribution from highway vehicles decreased 38
percent during the 1978-87 period, despite a 24 percent increase
in vehicle miles of travel. Figure 3-21 contrasts the 10 year
increasing trend in vehicle miles travelled (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 controls
more than offsetting 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 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.

Despite the progress that has been made, CO remains a concern
in many urban areas. The characterization of the CO problem is
complicated because of the growth and possible changes in traffic
patterns that have occurred in many major urban areas. Figure 3-
22 shows 1987 CO levels ordered by population for all MSAs with
populations greater than 500,000. Cities with incomplete, or
nissing data, are plotted at the zero concentration level. Studies
are in progress to understand better the differences from one city
to another and the lack of correspondence between CO levels and
city size. There are a variety of possible factors to consider,
such as topography, meteorology, and localized traffic flow. The
goal is to ensure that the monitoring networks continue to
characterize the ambient CO problem adequately. However, these
concerns should not overshadow the genuine progress documented over
time in areas that have traditionally been the focus of the CO
problem. '

3.3.2 Recent CO Trends: 1983-87

This section examines ambient CO trends for the 5-year
period 1983-87. As discussed in section 2.1, this allows the use
of a larger data base, 367 sites versus 198. Figure 3-23 displays
the 5-year ambient CO trend in terms of the second highest
non-overlapping 8-~hour averages. These sites showed a 16 percent
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improvement between 1983 and 1987. The general patterns are
consistent with the longer term data base and, after no change
between 1985 and 1986, levels resumed their decline by 6 percent
in 1987. Table 3-3 indicates that estimated total CO emissions
decreased 14 percent during this 5-year period and that the
highway vehicle contribution decreased 22 percent. The increase
in CO emissions between 1986 and 1987 is from the increased forest
fire activity in the western states during 1987. In fact,
emissions from transportation sources decreased 5 percent from 1986
to 1987.

Figure 3-24 shows the composite Regional averages for the
1983~87 time period. Eight of the ten Regions have, 1987 composite
levels lower than 1986 levels. Increases were observed in Regions
VI and X, however the 1987 levels in Region X were less than in
1985, while the increase in Region VI was small. 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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Table 3-3. Natiomal Carbon Monoxide Emission Estimates, 1978-1987,
{million metric tons/year)
Source Category 1978 1979 1980 1981 1982 19'83 1984 1985 1986 1987
Tranéportation 61.6 56.9 53.5 52.5 50.0 49.3 47.6 45.5 42.8 10.7

Fuel Combustion 5.8 6.6 1.3 7.5 8.0 7.9 8.1 7.2 7.2 1.2

Industrial
Processes 7.2 7.1 6.1 5.9 4.4 4.4 1.8 4.6 4.5 4.7
Solid Waste 2.5 2.3 2.2 2.1 2.0 1.9 LY 2.0 1.7 1.7
Niscellaneous 5.7 6.5 7.6 6.4 4.9 7.7 6.3 5.3 5.0 7.1
Total 82.4 79.4 71.0 74.4 69.4 71.3 68.7 64.6 61.1 61.4

NOTE: The sums of sub-categories may not equal total due to rounding.
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Figure 3-20. National trend in emissions of carbon monoxide,
1978-1987.
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Figure 3-23. Boxplot comparisons of trends in second highest
nonoverlapping 8-hour average carbon monoxide
concentrations at 367 sites, 1983-1987.

4 CONCENTRATION, PPM

COMPOSITE AVERAGE

12 - 77 1985 W 1986 (72 1967
10

8

6

4 -

o

0 . /

EPA REGION | nm v Vi vibovi X

NO.OF STES ©© 27 47 52 27 1 17 85
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3.4 TRENDS IN NITROGEN DIOXIDE

Nitrogen dioxide (NO,), a yellowish brown gas, is present in
urban atmospheres through emissions from two major sources,

transportation and stationary fuel combustion. The major
mechanism for the formation of NO, in the atmosphere is the
oxidation of the primary air pollutant, nitric oxide. NO, is

measured using either a continuous monitoring instrument, which
can collect as many as 8760 hourly values a year, or a 24-hour
bubbler, which collects one measurement per 24-hour period. Both
types of data are used to compare annual average concentrations
with the NO, standard of 0.053 parts per million.

In contrast to previous reports,’' the current trends site
selection process excluded bubbler data, because only four of the
nineteen sites meeting the annual data completeness criteria
reported any data in the last 2 years. 1In fact, only one of the
bubbler sites reported any data in 1987. Thus, these sites were
omitted from the trends data base, because substituting previous
years’ levels for missing data would tend to underestimate the
average rate of change. A total of 84 continuous sites were
selected for the 10-year period and 199 continuous sites for the
5-year data base. Fourteen of the long-term trend sites are NAMS,
while 47 NAMS are included in the 1983-87 data base.

3.4.1 Long-term NO, Trends: 19?8—87

The composite average long-term trend for the nitrogen
dioxide mean concentrations at the 84 trend sites and the 14 NAMS
sites, is shown in Figure 3-25. Nationally, composite annual
average NO, levels increased from 1978 to 1979, then decreased
through 1983. Following a 3 percent increase in 1984, NO, levels
declined again by 1 percent in 1987. The 1987 composite average
NO, level is 12 percent lower than the 1978 level, indicating an
overall downward trend during this period. Composite mean NO,
levels have remained essentially unchanged since 1984. A similar
trend is seen for the NAMS sites which, for NO,, are located only
in urban areas with populations of 1,000,000 or greater. Although
the composite averages of the NAMS are higher than those of all
sites, they also declined by 12 percent during this period.

In Figure 3-25, the 95 percent confidence intervals about
the composite means allow for comparisons among the years. There
are no significant differences among the recent years, for all
sites and for the NAMS. The 1986 and 1987 composite mean NO,
levels are not significantly different from one another, but they
are significantly less than the earlier years 1978 and 1979.

Long-term trends in NO, annual average concentrations are also

displayed in Figure 3-26 with the use of boxplots. The
improvement in the composite average between 1979 and 1987 can
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generally be seen in the upper percentiles until 1984. The lower
percentiles show little change, however.

The trend in the estimated nationwide emissions of nitrogen
oxides (NO,) is similar to the NO, air quality trend. Table 3-4
shows NO, emissions decreasing from 1978 through 1983 then
increasing in 1984 and 1985. Total 1987 nitrogen oxide emissions
decreased by 8 percent from 1978 levels. Highway vehicle
emissions, the source category likely affecting the majority of
urban NO, sites, decreased by 15 percent during this period. This
decrease in the highway vehicle category is similar to the
long-term decrease in  ambient NO, levels of 12 percent. Figure
3-27 shows that the two primary source categories of nitrogen
oxide emissions are fuel combustion and transportation, composing
53 percent and 43 percent, respectively, of total 1987 nitrogen
oxide emissions. -

3.4.2 Recent NO, Trends: 1983-87

Figure 3-28 uses the boxplot presentation to display recent
trends in nitrogen dioxide annual mean concentrations for the
years 1983-87. Focusing on the past five years, rather than the
last ten years, more than doubles the number of sites, from 84 to
199, available for the analysis. Although the composite means from
the recent period are 1 to 2 percent higher than the long-term
means, the trends are consistent for the two data bases.

The composite average NO, level at the 199 trend sites
increased 2 percent from 1983 to 1984 and remained constant during
the last four years. During this same period, nitrogen oxide
emissions increased by 3 percent. Between 1984 and 1987, the NO,
composite average remained constant, while nitrogen oxide highway
vehicle emissions decreased by 3 percent.

Regional trends in the composite average NO, concentrations
for the years 1985-87 are displayed in Figure 3-29 with bar
graphs. Region X, which did not have any NO, sites which met the
S5-year trends data completeness and continuity criteria, is not
shown. The pattern of the year-to-year changes is mixed among
the Regions. Although the national composite average showed no
change during this period, seven of the ten Regions showed small
increases from 1986 to 1987. Only Regions VIII and IX recorded a
decrease in the last 2 years. As discussed in Section 4.0, the
Los Angeles metropolitan area (Region IX) is the only area which
exceeded the NO, standard during this period.
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Source Category
Transportation
Fuel Cembustion

Industrial
Processes

Solid Waste
Niscellaneous

.Total

NOTE: The sums of sub-categories may not equal total due to rounding.

Table 3-4. National Nitrogen Oxides Emission Estimates, 1978-1987.

1978 1979 1980
9.8 9.6 9.3
10.3 10.5 10.1
0.7 0.7 0.7
0.1 0.1 0.1
0.2 0.2 0.2
21.1 21.1 20.4
pARNL

(million metric tons/year)

1981 1982
9.4 9.0
10.0 9.8
0.6 0.5
0.1 0.1
0.2 0.1
20.4 1%.6

1983

8.5

9.6

0.5

0.1

0.2

19.0

NO, EMISSIONS, 10° METRIC TONS/YEAR

1984

8.6

10.2

0.6

0.1

0.2

19.7

1985

8.8

10.2

0.6

0.1

0.1

19.8

1986

8.5

10.0

0.6

0.1

0.1

19.3

1987

8.4

10.3

0.6

0.1

0.1

19.5
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Figure 3-27.
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National trend in nitrogen oxides emissions, 1978-

1987.
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Figure 3-28. Boxplot comparisons of trends in annual mean
nitrogen dioxide concentrations at 199 sites, 1983~
1987.
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3.5 TRENDS IN OZONE

Ozone (0,) is a photochemlcal 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 given
off by 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 typlcally 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. The strong seasonality of ozone levels makes it
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 on a state by state basis
to ensure that the data completeness requirements apply to the
relevant portions of the year.

The O, NAAQS is defined in terms of the daily maximum, that
is, the highest hourly average for the day, and 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 trends site selection process, discussed in Section 2.1,
resulted in 274 sites being selected for the 1978-87 period and
522 sites gqualifying for the 1983-87 5-year data base.
Ninety-eight of the long—term trends sites were NAMS, and 181 NAMS
sites were included in the 5-year trends data base. In both
cases, the 5-year data base is much 1arger than -the l0-year data
base, which reflects the improvement in ambient ozone monitoring
networks.

3.5.1 Long-term 0, Trends: 1978-87

Figure 3-30 displays the l0-year composite average trend
for the second highest day during the ozone season for the 274
trends sites and the subset of 98 NAMS sites. Although the 1987
composite average for the 274 trend sites is 16 percent lower than
the 1978 average, this comparison is affected by a calibration
change for ozone measurements that occurred in the 1978-79
period.” This complication has been discussed in previous reports,
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as have the reasons that it is difficult to quantify this
effect.”*’® The stippled portion of Figure 3-30 indicates data
affected by measurements taken before the calibration change.
Considering the data after this calibration change, there was a
9 percent improvement in ozone levels between 1979 and 1987. This
has not been a smooth downward trend, and there has been year-to-
year fluctuation, with 1983 clearly being high. This has been
attributed in part to 1983 meteorological conditions in some areas
of the country that were more conducive to ozone formation.

This same 1l0-year trend for the annual second highest daily
maximum for the 274 site data base is displayed in Figure 3-31 by
the boxplot presentation. Again, the stippled portion indicates
those years affected by data preceding the calibration change, and
1983 is clearly higher than adjacent years. The 1979, 1980 and
1983 values are similarly high, while the remaining years in the
1979-87 period are generally lower, with 1986 being the lowest,
on average. In 1987, ozone concentrations generally returned to
the levels recorded during 1984 and 1985 except for the peak sites,
which were considerably lower than these earlier years. Figure 3-
32 depicts the 1978-87 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. The stippled area again
indicates the time period when comparisons would be affected by
the calibration change, so that the 51 percent decrease between
1978 and 1987 incorporates the effect of the calibration change.
Since 1979, the expected number of exceedances decreased 38
percent for the 274 sites and 37 percent for the 98 NAMS. As with
the second maximum, the 1979, 1980 and 1983 values are higher than
the other years in the 1979-87 period.

Table 3-5 and Figure 3-33 display the 1978-87 emission trends
for volatile organic compounds (VOC) which, along with nitrogen
oxides, are involved in the atmospheric chemical and physical
processes that result in the formation of 0,. Total VOC emissions
are estimated to have decreased 17 percent between 1978 and 1987.
Between 1978 and 1987, VOC emissions from highway vehicles are
estimated to have decreased 36 percent, despite a 24 percent
increase in vehicle miles of travel during this time period (see
Figure 3-21). Total VOC emissions declined 17 percent since the
calibration change.

3.5.2 Recent 0, Trends: 1983-87

This section discusses ambient 0, trends for the 5-year time
period 1983-87. Using this period permits the use of a larger
data base of 522 sites, compared to 274 for the l0-year period.
Figure 3-34 uses a boxplot presentation of the annual second
maximum daily value at these 522 sites. The national composite
average decreased 8 percent between 1983 and 1987 while Table 3-5
indicates that total VOC emissions are estimated to have decreased
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by 4 percent during this period. After declining during the last
4 years, the composite average increased 5 percent from 1986 to
1987. The increase in 1987 ozone levels is likely from the hot,
dry meteorological conditions recorded in much of the Eastern U.S.
during Summer 1987. The most obvious feature of Figure 3-34 is
that 1983 levels were clearly higher than those of the other years.
Previous reports’®' have discussed how these 1983 ozone levels were
influenced that year by meteorological conditions being more
conducive to ozone formation than in the adjacent years.

CONCENTRATION, PPM
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Figure 3-30. 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, 1978-1987.
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Figure 3-31. Boxplot comparisoﬁs of trends in annual second
highest daily maximum l-hour ozone concentration

at 274 sites, 1978-1987.
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Figure 3-32. National trend in the composite average of 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, 1978-1987. :
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Source Category
Transportation
Fuel Combustion

Industrial
Processes

Solid Waste

Niscellaneous

TOTAL

NOTE: The sues of sub-cateqories may not equal total due to rounding.

Table 3-5.

1978

9.9

0.8

2.7

1979

9.1

1.9

9.9

0.7

2.9

1980

7.4

2.2

9.2

0.6

2.9

‘!i!li\ 23.5 22.3

(million metric tons/year)

1981

7.2

2.3

8.3

0.6

2.5

21.0

1982

6.8

2.5

7.5

0.6

2.2

19.7

1983

6.7

2.6

7.9

0.6

2.7

20.4

VOC EMISSIONS, 10° METRIC TONS/YEAR

1984

6.8

2.6

8.8

0.6

2.7

21.5

1985

6.4

2.1

8.5

0.6

2.2

20.1

National Volatile Organic Compound Emission Estimates, 1978-1987.

1986
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2.3
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19.3

1987

6.0
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19.6
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Figure 3-33.
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National trend in emissions of volatile organic
compounds, 1978-1987.
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Figure 3-34. Boxplot comparisons of trends in annual
second highest daily maximum l-hour ozone
concentrations at 522 sites, 1983-1987.

Figure 3-35 presents a Regional comparison for 1985, through
1987 of the composite average second highest daily maximum l-hour
ozone concentration. Again it is worth noting that these 1985-87
values are generally lower than those of 1983. 1In seven of these
Regions the 1987 values were higher than in 1986. 1In contrast,
Regions VIII and X recorded the lowest levels of the last 3 years.
Data for 1987 suggest that meteorological conditions may again
have been conducive to ozone formation and may have contributed to
increased ozone levels in the eastern half of the country. Studies
have shown that peak ozone levels are highly correlated with
maximum daily temperature and with the number of days with greater
than 90 degrees Fahrenheit (°F). Figure 3-36 uses the Regional
bar chart format to present the number of days greater than 920° F
in 1985-87 for selected cities in these Regions.*® Although there
is considerable similarity between the patterns for the air quality
data (Figure 3-35) and the patterns for this simple meteorological
indicator, peak ozone levels result from a complex process, as
illustrated by the multi-Region ozone episode described in the
following section.
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Figure 3-35. Regional comparisons of the 1985, 1986, 1987
composite averages of the second-highest daily
1-hour ozone concentrations.
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Figure 3-36. Regional comparisons of the number of days greater
than 90°F in 1985, 1986, 1987 for selected cities.
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3.5.3 Chronology of a Multi-Regional Ozone Episode, June 17-20,
1987

Because of the recent interest in ozone, a June 1987 multi-
region episode was examined, using the geographic information
system (GIS) ARC/INFO.* The system was used to generate isopleths

States. Data were also obtained from Canadian sites, in Ontario,
during the same time period.* The Canadian data helped define the
isopleths near the Great Lakes. The GIS was used to display the
isopleths as levels of grey shading (Figures 3-37 through 3-40).
These isopleths involve a certain amount of smoothing, so that the
maps provide a simplified overvieyw and are not intended to provide
precise city specific concentrations. The episode begins on
Wednesday, June 17 and ends on Saturday, June 20.

Wednesday, June 17: A strong high pressure system is located
in southeastern Canada, and the whole study area is. experiencing
high temperatures from the high 70s to the low 90s, with small
amounts of precipitation in New England. Ozone readings above the
standard are observed in the Chicago and Milwaukee areas and at
one site in Parkersburg, West Virginia (Figure 3=-37).

Thursday, June 18: The high pressure system is now over
Pennsylvania, and a strong low pressure system has moved into
southern Canada. No precipitation has been observed in the entire
region. Areas of high ozone concentrations are centered on
Chicago, Milwaukee, northwest Indiana, eastern Ohio, western
Pennsylvania, and central Maryland (Figure 3-38).

Friday, June 19: The high pressure system has moved off the
coast of New Jersey, with high temperatures in the 80s to 90s.
Again, no precipitation has been observed in the entire area. High
ozone concentrations are now observed in eastern Michigan, western
Pennsylvania, and from eastern Pennsylvania through the northeast
corridor (Figure 30-39).

Saturday, June 20: A weak cold front moving into the area
from the northwest has reached Pennsylvania. Precipitation is
observed along this front, and maximum temperatures have reached
the mid~90’s to the east of the front. High ozone concentrations
are observed in central New Jersey, with very high concentrations
centered on New York City (Figure 3-40).

These displays indicate an initiation of an episode in the
Chicago~Milwaukee area which is followed by a general eastward
movement ending in New York City. The episode tracks the basic
meteorological events occurring during this period. By Sunday no
elevated readings of ozone are reported, and the episode has ended.
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Figure 3-37. Isopleths of ozone daily maximum 1l-hour
concentrations for June 17, 1987.
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MAXIMUM ONE HOUR OZONE FOR JUNE 18, 1987
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Figure 3-38. Isopleths of ozone daily maximum 1-hour
concentrations for June 18, 1987.
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MAXIMUM ONE HOUR OZONE FOR JUNE 1%, 1987

Ozone Concentrations in ppm

D .00-.06 07-.12 . 13-.16

->.16

Figure 3-39. Isopleths of ozone daily maximum 1-hour
concentrations for June 19, 1987.

74



MAXIMUM ONE HOUR OZONE FOR JUNE 20, 1987
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Figure 3-40. Isopleths of ozone daily maximum 1-hour
concentrations for June 20, 1987.
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3.5.4 Preview of 1988 Ozone Trends

The summer of 1988, with its very hot, dry weather and
stagnant conditions, was highly conducive to peak ozone levels.
Unusually high ozone levels and numerous exceedances were reported
beginning in early June. In response to public concern and media
attention, EPA initiated a cooperative program with the state and
local air pollution control agencies for the early reporting of
ozone summary data.®” Preliminary, unvalidated data were reported
to EPA for a subset of peak ozone monitoring sites.

Figure 3-41 provides a Regional overview of how hot the summer
of 1988 was compared to the past 57 years. Nationally, 1988 was
the third hottest summer since 1931. In the north central states,
this was the hottest summer in almost 60 years.” This single
meteorological indicator, average daily temperature, does not
completely describe the hot, stagnant conditions which occurred
during June in the Southeast and which produced record numbers of
exceedances that month. The observed exceedances of the ozone
standard in these two regions are shown in Figure 3-42 and Figure
3-43, respectively. There are numerous sites with more than 10
_ exceedances, which is 10 times the allowable average expected
exceedance rate of one per year. '

Meteorological conditions during 1983 were also highly
conducive to ozone formation.’ Figure 3-44 presents a boxplot
comparison of 1983 and 1988 ozone levels for the subset of 228
sites with data available for both years. The composite average
of the annual daily maximum l-hour concentration for 1988 is 5
percent higher than the 1983 value. Except for peak percentiles,
which are lower than those for 1983, the 1988 distribution is
higher, but more compact, than the 1983 distribution. The 95th
percentile level of the 1983 boxplot is lower than that shown in
Figure 3-34, because of the under-representation of southern
California sites in this preliminary data subset of early reporting
sites.

Figure 3-45 shows a preliminary estimate of the trend in the
composite average of the annual daily maximum l-hour concentration
for the period 1978 through 1988. The 1988 composite average is
14 percent higher than the 1987 level. This estimate is based on
a subset of 272 sites which reported data for both 1987 and 1988.
In order +to eliminate any bias from unequal Regional response
rates, the Regional percentage changes were adjusted for the
relative number of sites in the long-term trends data base. This
estimate should be viewed as preliminary, because the 1988 data
have not yet been subjected to the complete quality assurance
process.
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SUMMER'88 WAS 3RD HOTTEST SINCE 1931
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Figure 3-41. Summer ‘88 was 3rd hottest since 1931. (Source:
USA Today, September 6, 1988).

77



Figure 3-42. Ozone exceedances for selected cities in the north
central and northeastern U.S., 1988.

OBSERVED EXCEEDANCES

Figure 3-43. Ozone exceedances for selected cities in the
southeastern U.S., 1988,
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Figure 3-44. Boxplot comparison of 1983 and 1988 annual second
highest daily maximum 1-hour O0zone concentrations
at 228 paired sites.
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Figure 3-45. Preliminary estimate of the national trend in the
composite average of the second highest daily
maximum 1-hour ozone concentration, 1978-1988.
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3.6 TRENDS IN LEAD

Lead (Pb) gasoline additives, nonferrous smelters and battery
plants are the most significant contributors to atmospheric Pb
emissions. Transportation sources in 1987 contributed 37 percent
of the annual emissions, down substantially from 73 percent in
1985. Total lead emissions from all sources dropped from 21.1 X
10 metric tons in 1985 to 8.6 x 10° and 8.1 x 10° metric tons,
respectively in 1986 and 1987. The decrease in lead emissions fronm
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. Most recently the Pb content of the
leaded gasoline pool was reduced from an average of 1.0
grams/gallon to 0.5 grams/gallon on July 1, 1985 and still further
to 0.1 grams/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 1987 unleaded
gasoline sales accounted for 76 percent of the total gasoline
market. Additionally, Pb emissions from stationary sources have
been substantially reduced by control programs oriented toward
attainment of the TSP and Pb ambient standards. Lead emissions in
1987 from industrial sources, e.qg. primary and secondary lead
smelters dropped by more than one-half from levels reported in the
late 70s. Emissions of lead from solid waste disposal are down 35
percent since the late 70s. 1In 1987 emissions from solid waste
disposal represent the second largest category of lead emissions.
The overall effect of these three control programs has been a major
reduction in the amount of Pb in the ambient air.

3.6.1 Long-term Pb Trends: 1978-87

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
guality 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.

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 1978 to 19287
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period. A year was included as "valid" if at least 3 of the 4
quarterly averages were available. For the first time, composite
lead data, i.e., individual 24~hour observations are composited
together by month or guarter, and a single analysis made, are being
used in the trend analysis. Nine sites qualified for the 10-year
trend because of the addition of composite data. Sixty additional
sites qualified for the d-year trend, which will be discussed
later. A total of only 97 urban-oriented sites, representing 27
states, met the data completeness criteria. Twenty-one of these
sites were NAMS, the largest number of lead NAMS sites to qualify
for the 10-year criteria. Thirty-five (36 percent) of the 97 trend
sites were located in the States of california, Ohio and
Pennsylvania; thus these States are over-represented in the sample
of sites satisfying the long-term trend criteria. Sites that were
located near lead point sources 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.

The means of the composite maximum quarterly averages and
their respective 95 percent confidence intervals are shown in
‘Figure 3-46 for both the 97 urban sites and 21 NAMS sites {1978-
1987). There was an 88 percent (1978-87) decrease in the average
for the 97 urban sites. The confidence intervals for these sites
indicate that the 1978-80 averages are significantly different from
the 1981-87 averages. Because of the smaller number (21) of NaAMS
sites with 8 years of data, the confidence intervals are wider.
However, the 1986 and 1987 averages are still significantly
different from all averages before 1985. It is interesting to note
that the average lead concentrations at the NAMS sites in 1987 are
only slightly higher than the "all sites" average; whereas in the
late 70s the average of the NAMS sites was significantly higher.
Figure 3-47 shows the trend in average lead concentrations for the
urban-oriented sites and for 24 point-source oriented sites which
met the 10-year data completeness -criteria. The improvement in
average ambient lead concentrations is even more pronounced at the
point-source oriented sites, reflecting control improvements from
automotive and, of course, industrial sources of lead. 1In some
cases, the industrial source reductions are because of plant
shutdowns. Figure 3-48 shows boxplot comparisons of the maximum
quarterly average Pb concentrations at the 97 urban-oriented Pb
trend sites (1978-87). This figure shows the dramatic improvement
in ambient Pb concentrations for the entire distribution of trend
sites. As with the composite average concentration since 1978,
most of the percentiles also show a monotonically decreasing
pattern. The 97 urban-oriented sites that qualified for the 1978-
87 period, when compared to the 82 sites for the 1977-86 period
in last year’s report," indicate the expansion of the data base in
more recent years.
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The trend in total lead emissions is shown in Figure 3-49,
Table 3-6 summarizes the Pb emissions data as well. The 1978-87
drop in total Pb emissions was 94 percent. This compares with a
88 percent decrease (1978-87) in ambient Pb noted above. The drop
in Pb consumption and subsequent Pb enissions since 1978 was
brought about by the increased use of unleaded gasoline 1in
catalyst-equipped cars and the reduced Pb content in leaded
gasoline as noted above. The results of these actions in 1987
amounted to a 62 percent reduction nationwide in total Pb emissions
from 1985 levels. As noted above, unleaded gasoline represented
76 percent of 1987 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.
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Figure 3-46. National trend in the composite average of the
maximum quarterly average lead concentration
at 97 sites and 21 NAMS sites with 95 percent
confidence intervals, 1978-1987.
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Figure

Figure 3-48.
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3-47. Comparison of national trend in the composite

average of the maximum quarterly average lead
concentrations at urban and point-source oriented
sites, 1978-1987.
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Boxplot comparisons of trends in maximum quarterly
average lead concentrations at 97 sites, 1978-1987.
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Source Category
Transpertation
Fuel Combustion

Industrial
Processes

Solid Waste

Total

1978

112.4

6.1

5.4

4.0

127.9

Table 3-6. National lLead Emission Estimates, 1978-1987.

1979

94.6

4.9

5.2

4.0

108.7

(thousand wetric tons/year)

1980 1981 1982 1983

59.4 46.4 46.9 40.7

3.9 2.8 1.7 0.6

3.6 3.0 2.7 2.4
3.7 3.7 1.1 2.6

70.6 55.9 54.4 46.3

NOTE: The sums of sub-categories may mot equal total due to rounding.

LEAD EMISSIONS, 10° METRIC TONS/YEAR

1984 1985 1986

34.7 15.5 3.5

0.5 0.5 0.5

2.3 2.3 1.9

2.6 2.8 2.7

0.1 21.1 8.6

200

150

1978

Figure 3-49.

1979

1980

SOURCE CATEGORY
TRANSPORTATION

FUEL
COMBUSTION

&8 INDUSTRIAL PROCESSES
M SOUD WASTE

1981 1982 1983

1984 1985 1986

National trend in lead emissions, 1978-1987.
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3.6.2 Recent Pb Trends: 1983-87

Ambient Pb trends were also studied over the shorter period

1983-87 (Figure 3-50). A total of 394 urban sites in 44 states
met the minimum data requirement of at least 4 out of the 5 years
of data. This larger and more representative set of sites showed
an improvement of 71 percent in average Pb concentrations during
this time period. This corresponds to reductions in total Pb
emissions of 83 percent. Most of this decrease in total nationwide
Pb emissions, 99 percent, was due to the decrease in automotive Pb
emissions. Even this larger group of sites was disproportionately
weighted by sites in California, Illinois, Pennsylvania, and Texas.
These states had 35 percent of the 394 sites represented. However,
the percent changes in 1983-87 average Pb concentrations for these
four states were very similar to the percent change at all sites,
thus these contributions of the sites did not bias the national
trends. Indeed, as will be shown later, all sections of the
country are showing declines in average lead concentrations.
It is worth noting that the sites in the 10-year data base also
showed a 71 percent decrease during this 5-year period, suggesting
that, despite the geographical imbalance, their patterns may
adequately depict national trends.

Because of the much larger sample of sites represented in the
5-year trends (1983-87), compared with the 10-year, the larger
sample will be used to compare individual yearly averages. The
largest single year drop in average lead concentrations, 42
percent, occurs as expected between 1985 and 1986, because of the
shift from 1.0 grams/gallon of lead in leaded gasoline for the
first half of 1985 to 0.5 grams/gallon of lead in July 1985, and
finally to 0.1 grams of lead/gallon on January 1, 1986. However,
1987 average lead concentrations show the more modest decline of
19 percent from 1986 levels. This trend is expected to continue
primarily because the leaded gasoline market will continue to
shrink. Some major petroleum companies have discontinued refining
leaded gasoline because of the dwindling market, so that in the
future the consumer may find it more difficult to purchase regular
leaded gasoline. :

Figure 3-51 shows 1985, 1986 and 1987 composite average Pb
concentrations, by EPA Region. Once again the larger more
representative 5-year data base of 394 sites was used for
comparison. The number of sites varies dramatically by Region from
2 in Region X to 82 in Region V. In all Regions, there is a
substantial difference in average Pb concentrations between 1985
and 1987. These results confirm that average Pb concentrations in
urban areas are continuing to decrease in all sections of the
country, which is exactly what is to be expected because of the
national air pollution control program for Pb.
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Figure 3-50. Boxplot comparisons of trends in maximum quarterly
average lead concentrations at 394 sites, 1978-1987.
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Figure 3-51. Regional comparison of the 1985, 1986, 1987
composite average of the maximum quarterly
raverage lead concentration.
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4. AIR QUALITY LEVELS IN METROPOLITAN STATISTICAL AREAS

This section summarizes 1987 air quality levels for each
Metropolitan Statistical Area (MSA) in the United States. Previous
reports have presented air quality data only for those large MSAs
with populations greater than 5¢0,000. This section has been
expanded this year to provide more extensive air quality
information for general air pollution audiences.

The general concept of a metropolitan area is one of a large
population center, with adjacent communities which have a high
degree of economic and social integration with the urban center.
Metropolitan Statistical Areas contain a central county(ies), and
any adjacent counties with at least S0 percent of their population
in the urbanized area.' Figure 4-1 illustrates that, although MSAs
compose only 16 percent of the land area in the U.S., they account
for 77 percent of the population. Table 4-1 displays the
population distribution of the 338 MSAs, based on 1986 population
estimates.’

These summaries are complemented with an estimate of the
- number of people living in counties in which pollutant-specific
primary health NAAQS were exceeded by measured air quality in 1987.
These estimates use a single-year interpretation of the NAAQS.
Table 4-2 lists the selected air quality statistics and their
associated NAAQS. Figure 4-2 clearly demonstrates that 0, is the
most pervasive air pollution problem in 1987 for the United States
with an estimated 88.6 million people 1living in counties which
exceeded the O, standard. Carbon monoxide follows, with 29.4
million people; PM,, with 21.5 million people; NO, with 7.5 million
people; Pb with 2.8 million people; and SO, with 1.6 million
people. A total of 102 million persons reside in counties
exceeding at least one air quality standard during 1987. These
estimates are based on available 1980 county population data, thus,
the 7 percent growth in total U.S. population since 1980 is not
reflected in these county estimates. Also, the estimate for PM,
is considered a lower bound estimate, because the PM,, monitoring
network is still evolving and the required sampling schedules are
being determined. .

These population estimates are intended to provide a relative
measure of the extent of the effect of each pollutant. The
limitations of this indicator should be recognized. An individual
living in a county that violates an air quality standard may not
actually be exposed to unhealthy air. For example, if CO
viclations were confined to a traffic-congested center city during
evening rush hours in the winter, it is possible that an individual
may never be in that area, or may be there only at other times of
the day or during other seasons. However, it is worth noting that
ozone, which appears to be the most pervasive pollution problem by
this measure, is also the pollutant most likely to have fairly
uniform concentrations throughout an area.
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In the MSA summary table which follows, the air quality
statistics relate to selected pollutant-specific NAAQS listed in
Table 4-2. The population data for each MSA are the 1986
population estimates available from the Bureau of the Census.’
This summary provides the reader with information on how air
guality varied among the nation’s metropolltan areas in 1987. The
highest air quality levels measured in each MSA are summarized for
each pollutant monitored in 1987. Individual MSAs are listed to
provide more extensive spatial coverage for large metropolitan
complexes.

The reader is cautioned that this summary is not adequate in
itself to rank or to compare the MSAs according to their air

quality. To rank properly the air pollution severity in different
MSAs, data on population characteristics, daily populatlon
mobility, transportation patterns, industrial comp051t10n enission
inventories, meteorological factors and, most important, the
spatial representativeness of the monltorlng 51tes would also be
heeded.

The same annual data completeness criteria used in the air
quality trends data base was used here for the calculation of
annual means. (i.e., 50 percent of the required samples). If some
data have been collected at one or more sites, but none of these
sites meet the annual data completeness criteria, then the reader
will be advised that there are insufficient data to calculate the
annual mean.

In contrast to the trends analyses in Sections 3 and 5 which
used a more relaxed indicator, only maximum quarterly average Ph
concentrations meeting the AIRS valldlty criteria of 12
observations per quarter are dlsplayed in Table 4-3. With respect
to the summary statistics on air quality levels with averaging
times less than or equal to 24-hours, all sites are included, even
if they do not meet the annual data completeness requlrement

91



TABLE 4-1. Population Distribution of Hetropolitan Statistical Areas Based on
1986 Population Estimates

Population Range Number of MSAs : Total Population
< 100,000 27 2,269,000
100,000 < population < 250,000 146 23,142,000
250,000 < population < 500,000 75 25,914,000
500,000 < population < 1,000,000 46 32,972,000
1,000,000 < population < 2,000,000 26 38,164,000
population > 2,000,000 18 64,838,000

Total 338 187,299,000

METROPOLITAN STATISTICAL AREAS (MSA)

PERCENT OF U.S. LAND AREA PERCENT OF U.S, POPULATION

Figure 4-1. Percent of U.S. population and land area within
MSAs, 1986.
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Table 4-2. Selected Air Quality Summary Statistics and Their Associated National Ambient Air
Quality Standards (HAAQS)*

POLLUTANT STATISTICS PRINARY NARQS
Particulate Matter (PM,,) annual aritheetic mean 50 ug/w’
Sulfur Dioxide (50,) anmual aritheetic mean 0.03 ppn

second highest 24-hour
average 0.14 ppm
Carbon Nonoxide (C0) second highest nonover-
lapping 8-hour average 9 ppr
Nitrogen Dioxide (N0,) annual aritheetic mean 0.053 ppn
Ozone (0,) second highest daily
» raximp 1-hour average 0.12 ppa
Lead {Pb) maximm quarterly average 1.5 ug/m’ .
ig/m’ = micrograes per cubic meter ppa = parts per million

Single year interpretation. For a detailed listing of the NAAQS see Table 2-1.

polutant

101.8

I T T T T ]
0 20 40 60 80 100 120

millions of persons

Figure 4-2. Number of persons living in counties with air quality
levels above the primary national ambient air quality
standards in 1987 (based on 1980 population data).
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4.1 SUMMARY STATISTICS

In Table 4-3, the air quality levels reported for each
metropolitan area are the highest 1levels measured from all
available sites within the MSA. 1In the case of 0,, the problem is
pervasive, and the high values asscociated with the pollutant can
reflect a large part of the MSA. However in many cases, peak ozone
concentrations occur downwind of major urban areas, e.g., peak
ozone levels attributed to the Chicago metropolitan area are
recorded in and near Racine, Wisconsin. In contrast, high cO
values generally are highly localized and reflect areas with heavy
traffic. The scale of measurement for the pollutants - PM,, SO,
and NO, -~ falls somewhere in between. Finally, while Pb
measurements generally reflect Pb concentrations near roadways in
the MSA, if a monitor is located near a point source of 1lead
enissions it can produce readings substantially higher. Such is
the case in several MSAs. Pb monitors located near a point source
are footnoted accordingly in Table 4-3.

The pollutant-specific statistics reported in this Section are
summarized in Table 4-2, with their associated primary NAAQS
concentrations for a single year of data. For example, if an MSA
has three ozone monitors in 1987 with second highest daily hourly
maxima of .15 ppm, .14 ppm and .12 ppm, the highest of these, .15
ppm, would be reported for that MSA for 1987.

In the case of Pb, the quarterly average is based on either
up to 90 24-hour measurements or one or more chemical composite
measurements.” Most of the maximum quarterly Pb averages are based
on multiple 24-hour measurements.

4.2 MSA AIR QUALITY SUMMARY

In the air guality summary, Table 4~3, the MSAs are listed
alphabetically, with the 1986 population estimate and alr quality
statistics for each pollutant. The New York, NY MSA is the
nation’s largest metropolitan area with a 1986 population in excess
of 8 million, The smallest MSA is Enid, OK with a population of
63,000. The population groupings and the number of MSAs contained
within each range are listed in Table 4-1. The MSA population
statistics are based on the 1986 Metropolitan Statistical Area
estimates.®

Air gquality maps of the United States are introduced to show-
at a glance how air quality varies among the largest MSAs within
the contiguous United States. To enable the reader to distinguish
individual urban areas, only the 88 MSAs within the continentatl

'A chemical composite measurement can be either a
measurement for an entire month or an entire quarter.
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U.S. having populations greater than 500,000 are shown. Two large
MSAs, Honolulu, HI and San Juan, PR are not shown. Figures 4-3
through 4-9 appear just before the table summarizing the air
pollution statistics. In each map, a spike is plotted at the city
location on the map surface. This represents the highest
- pollutant concentration recorded in 1987, corresponding to the
appropriate air quality standard. Each spike is projected onto a
back-drop for comparison with the level of the standard. The
backdrop also provides an east-west profile of concentration
variability throughout the country.
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The map for PM,, shows the 1987 maximum annual arithmetic means
in metropolitan areas greater than 500,000 population.
Concentrations above the level of the PM,, standard of 50 ug/m’ are
found in eleven of these metropolitan areas (Figure 4-3).

ANNUAL ARITHMETIC MEAN

Figure 4-3. United States map of the highest annual arithmetic
mean PM,, concentration by MSA, 1987.
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The map for sulfur dioxide shows maximum annual mean
concentrations in 1987. Among these large metropolitan areas, the
higher concentrations are found in the heavily populated Midwest
and Northeast. All these large urban areas have ambient air
quality concentrations lower than the current annual standard of
80 ug/m3 (.03 ppm). Because this map only represents areas with
population greater than one half million, it does not reflect air

quality in the vicinity of smelters or large power plants in rural
areas (Figure 4-4).

SULFUR DIOXIDE
ANNUAL ARITHMETIC MEAN

Figure 4-4. United States map of the highest annual arithmetic
mean sulfur dioxide concentration by MSA, 1987.
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The map for sulfur dioxide shows the highest second highest
maximum 24-hour average sulfur dioxide concentration by MSA in
1987. The highest concentration in a large urban area is found
at a site in Pittsburgh, PA which is impacted by major SO, sources.
All other major urban areas have ambient concentrations below the
24-hour NAAQS of 0.14 parts per million (Figure 4-5).

I 'T ‘i; ]

I
N

SULFUR DIOXIDE
2ND MAX 24—HR AVG

Figure 4-5. United States map of the highest second maximum
24-hour average sulfur dioxide concentration by MSA,
1987.
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The map for carbon monoxide shows peak metropolitan are
concentrations in terms of the second highest annual 8-hour value
recorded in 1987. The east-west profile indicates that about a
third of these urban areas in all geographic regions have air
quality at or exceeding the 9 ppm level of the standard. While
highest concentration recorded in 1987 is found in New York, NY,
twenty-one of these large metropolitan areas exceeded the 8-hour
CO NAAQS in 1987 (Figure 4-6).

CARBON MONOXIDE
‘2ND MAX 8—HR AVG

Figure 4-6. United States map of the highest second maximum
nonoverlapping 8-hour average carbon monoxide
concentration by MSA, 1987.
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The map for nitrogen dioxide displays the maximum annual mean
measured in the nation’s largest metropolitan areas during 1987.
Los Angeles, California, with an annual NO, mean of 0.055 ppm is
the only area in the country exceeding the NO, air quality
standard of .053 ppm (Figure 4-7).

NITROGEN DIOXIDE
ANNUAL ARITHMETIC MEAN

Figure 4-7. United States map of the highest annual arithmetic
mean nitrogen dioxide concentration by MSA, 1987.
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The ozone map shows the second highest daily maximum l-hour
concentration in the 88 largest metropolitan areas 1in the
Continental U.S. As shown, about 60 percent of these areas {52
MSAs) did not meet the 0.12 ppm standard in 1987. The highest
concentrations are observed in Southern California, but high
levels also persist in the Texas Gulf Coast, Northeast Corridor,
and other heavily populated regions (Figure 4-8).

OZONE
2ND DAILY MAX 1-HR AVG

Figure 4-8. United States map of the highest second daily
maximum 1-hour average ozone concentration by MSA,
josg7.
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The map for Pb displays maximunm guarterly average
concentrations in the nation’s 1largest metropeclitan areas.
Exceedances of the Pb NAAQS are found in the vicinity of nonferrous
smelters or other point sources of lead in three large cities.
Because of the switch to unleaded gasoline, other areas, primarily
affected by automotive lead emissions, show levels below the
current standard of 1.5 ug/m, (Figure 4-9).

LEAD
MAX QUARTERLY MEAN

Figure 4-9. United States map of the highest maximum quarterly
‘ average lead concentration by MSA, 1987.
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5. TRENDS ANALYSES FOR FOURTEEN METROPOLITAN STATISTICAL AREAS

This chapter presents trends and analyses in ambient air
quality for the period 1983 through 1987 in 14 consolidated
metropolitan statistical areas (CMSA) or metropolitan statistical
areas (MsSa). Consolidated metropolitan statistical areas are
metropolitan complexes of one million or more population which have
separate component areas designated primary metropolitan
statistical areas. For example, the New York-Northern New Jersey-
Long Island, NY-NJ-CT CMSA contains 12 MSAs which are 1listed
separately in Section 4. There are 21 metropolitan complexes
designated as CMSAs, 9 of which have been selected for trends
analysis. The areas included in these analyses are Atlanta, GA
MSA; Baltimore, MD MSA; Boston-Lawrence-Salem, MA-NH CMSA; Chicago-
Gary-Lake County, IL-IN-WI CMSA; Denver, CO MSA; Detroit-Ann Arbor,
MI CMSA; Houston-Galveston-Brazoria, TX CMSA; Los Angeles-Anaheim-
Riverside, CA CMSA; New York-Northern New Jersey-Long Island, NY-
NJ-CT CMSA; Philadelphia-Wilmington-Trenton, PA-DE-MD-NJ CMSa;
Phoenix, AZ MSA; Portland-Vancouver, OR-WA CMSA; Seattle-~Tacoma,
WA CMSA; and St. Louis, MO-IL MSA. These areas have been selected
because they are among the largest cities in each of the EPA
Regions. '

Where sufficient data were available, trends in these areas
are presented for the NAAQS pollutants TSP, S0,, CO, NO,, 0,, and
Pb. Also, the CMSA/MSA areas are grouped into five broad
geographic areas: East, Midwest, South, Southwest, and Northwest,
and composite averages calculated for each pollutant are presented
and are compared to the national averages.

The air quality data used for the trend statistics in this
chapter have been obtained from the EPA Aercmetric Information
Retrieval System (AIRS), with additional limited data taken from
State annual reports. . This section employs the same data
completeness and historical continuity criteria as the 5-year
trends analyses in Section 3. That is, only those monitoring sites
meeting the historical continuity criterion of 4 out of 5 years of
"complete" data for the years 1983 through 1987 were selected for
the trends analyses. Each year with data had to satisfy an annual
data completeness criterion, also. For carbon monoxide, nitrogen
dioxide and sulfur dioxide continuous instruments, data containing
at least 4380 hourly observations from each year were used.
Bubbler data were not used in these analyses. In the case of
ozone, the second daily maximum l1-hour concentration was selected
only from those sites with at least 50 percent of the daily data
for the ozone season. Total suspended particulate data met the
completeness criterion if there were at least 30 samples for the
year. Finally, in the case of the pollutant lead, both 24-hour and
composite data were used in the trends analyses. For the 24-hour
data, the annual maximum quarterly mean had to satisfy the
criterion of at least six samples per guarter in at least 3 of the
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4 calendar quarters. Composite data were judged valld if at least
two monthly samples were available for at least 3 of the 4 possible
quarters,.

Because this chapter only includes sites with sufficient data
for trends, it is possible that an area will be violating a NAAQS
but the trend graph will show the area as not violating. The air
quality trends for each of the pollutants show in most cases a
"highest air quality statistic among trend sites." For example,
the annual second maximum 8-hour average in parts per million is
used for CO. In St. Louis, the second maximums for 1986 and 1987
are below the NAAQS (9 ppm). However, a site which was not
included (because it did not meet the historical continuity
criterion of 4 out of 5 years) reported data not meeting the NAAQS.
In 1988, EPA proposed that the St. Louis area be designated
nonattainment. It is possible that areas may be violating the
NAAQS but the statistics on the graphs do not show a violation
because sites not meeting the completeness criteria were not
included.

The CMSA/MSA area air quality trends focus on the period 1983
through 1987, complementing the 5-year national trends analyses in
Chapter 3. The national trends analyses also produce a 10-year
trend (1978 to 1987). However, only the 5-year trend is presented
in this chapter.

The air quality trends in this chapter are based on
information from monitoring sites within the CMSA/MSA areas as
defined in the Statistical Abstract of the United States prepared
by the U. S. Bureau of Census.' Before this year, sites within the
urbanized areas of the 14 major cities were used to compile the
trends. Since a CMSA/MSA is larger than an urbanized area,
additional monitors from outlying areas are included in the trends
analyses. Because these additional monitors are located farther
from the core urbanized area, the overall effect for most cities
is a lowering of the average and the minimum concentrations. 1In
one case, expanding the area added point source oriented monitoring
sites which increased the average concentration. Accordingly,
comparisons to past reports should be avoided or done with caution
because of these changes in the types and number of sampling sites.

Figure 5-1 shows the plotting convention used in trends
analyses. For 1983 through 1987, maximum and minimum values are
shown as well as the composite average of the sites used. The
maximum and minimum values are measured concentrations. The values
for the average concentration may include interpolated values from
sites having incomplete data for a given year. In some years, the
average value includes interpolated values from one or more sites,
however in all years at least one measured value is included in the
average. When only one site is available, or when the average
concentration (which includes one or more interpolated values)
exceeds the measured maximum value or is less than the measured
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minimum value, a maximum or minimum value is not plotted.
Table 5-1 shows the air quality statistics used in the trends
analyses for the 14 cities.

The air quality data and trends presented in this chapter
should not be used to make direct city-to-city comparisons, since
the mix, configuration, and number of sites composing the area
networks are different. Furthermore, other parameters, such as
population density, transportation patterns, industrial
composition, emission sources, and meteorological characteristics,
also need to be taken into consideration.
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- <«

T ~<P‘ COMPOSITE AVERAGE OF ALL TREND SITES

HIGHEST AIR QUALITY STATISTIC AMONG TREND SITES

LOWEST AIR QUALITY STATISTIC AMONG TREND SITES

L «

Figure 5-1. Illustration Of Plotting Conventions For Ranges Used
In CMSA/MSA Area Trend Analysis.

TABLE 5-1. AIR QUALITY TREND STATISTICS AND THEIR
ASSOCTATED NATIONAL AMBIENT ATR QUALITY STANDARDS (NAAQS)=*

PRIMARY NAAQS

' POLLUTANT TREND STATISTICS CONCENTRATION
Total Suspended annual geometric mean 75 pg/m’
Particulate®*

Sulfur Dioxide annual arithmetic mean 0.03 ppnm
(80 pg/m’)

Carbon Monoxide second highest nonover- 9 ppn
lapping 8-hour average (10 ug/m’)
Nitrogen Dioxide annual arithmetic mean 0.053 ppm
(100 pg/m’)

Ozone second highest daily 0.12 ppn
maximum l-hour average (235 ug/m*)
Lead maximum guarterly average 1.5 pg/m’)

pg /m* micrograms per cubic meter

ppm = parts per million

* See Table 2-1 for a more detailed description of NAAQS
** Replaced by PM,, on July 1, 1987 (see Chapter 3.1)
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5.1 AIR QUALITY TRENDS FOR FIVE GEOGRAPHICAIL AREAS

Figures 5-2 through 5-15 show the CMSA/MSA area trends 1983
through 1987 for the six NAAQS pollutants. Table 5-2 presents a
pollutant-specific summary of the overall concentration changes
in each of the 14 areas. These areas are grouped into five
geographic areas: East, Midwest, South, Southwest, and
Northwest.

East ~ Boston, New York, Baltimore, Philadelphia
Midwest - Chicago, Detroit, St. Louis

South - Atlanta, Houston

Southwest - Denver, Los Angeles, Phoenix
Northwest -~ Portland, Seattle

Composite geographic area averages of the 5-year change in
air quality concentrations were calculated. In the individual
geographic area averages, each city has equal weight, regardless
of the number of monitors operating. For comparison to the
national trends, however, each city’s input is weighted by the
number of monitors operating for a given pollutant. The
following discussion addresses the findings.

Table 5.2 Percent Change in Air Quality Trend Statistics 1983 Through 1987

B N O N Qg

National -1 -0 -9 16§ +2 -8
East Boston +9 =74 +0 =38 33 -8
New York +1 -61*  -10 =25 -3 -15
Philadelphia -3 -6 -9 -13 -3 -9
Baltimore -6 =81 -1 =33 413 -5
Midwest  Detroit -1 =713 -5 -6 - -9
Chicago -3 -0 -15 =37 +4 -3
5t. Louis 2 -3 -2 t2 -85 -7
South Atlanta +10 -85  -19 =27 +14 -2
Houston =21 -82 -2 -5 0 -5
Southwest Denver -1l -76 =30 =21 -9 -12
Phoenix 12 =75 - =13 - -16
Los Angeles 2 -59 -2 -17 -3  -19
Northwest Portland 19  -67 - =24 - +3
Seattle +24 -31 -14 -2 - +13
Heighted Average® 0 __-66  ~-16 -19 i =12

°Source oriented sites decreased 4 percent, and traffic oriented sites decreased 81 percent.
®Source oriented site decreased 67 percent, and traffic oriented sites decreased 59 percent.
“Source oriented sites decreased 31 percent, and traffic oriented sites decreased 44 percent.
“Weighted by number of monitors in each city for comparison to national average.
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5.1.1 TSP Trends

The 1l4-city weighted average shows no change over the S-year
period. Similarly, the national 5-year trend shows a slight
decrease of 1 percent in average concentrations. Among specific
geographic areas, the South exhibited the greatest decrease, 6
percent, and the East had no change. Reversing the national trend,
the Midwest had a 1 percent increase, the Southwest had a 4 percent
increase, and the Northwest showed a sizeable increase, 21 percent,
over the last 5 years. The Northwest, showed increases in 3 of the
last 5 years and are in the midst of a drier than normal period.
Although the 14 city weighted average was within 1 percent of the
national trend, the individual cities ranged from a 21 percent
decrease in Houston to a 24 percent increase in Seattle. The
decrease 1in Houston 1is attributed to their converting most
industrial boilers from o0il to gas in the early 1980s and to the
shutdown of a major TSP source. Also, the economic slowdown has
resulted in a decrease in construction projects. 1In the Northwest,
particularly in Seattle, the years 1985 and 1987 were drier than
normal and seem to be the prime contributor to the increasing
trend. Also, there has been an increase in forest fires over the
-past few years, especially in the West, which has contributed to
increased particulate concentrations.

5.1.2 Pb Trends

The national trend for lead shows a 70 percent decrease, while
the 1l4-city weighted average shows a 66 percent improvement. The
South has the largest decrease, an average of 83 percent, followed
by the East and Southwest with 70 percent each, the Midwest with
59 percent and the Northwest with a 49 percent decrease.
Individual cities with improvements substantially less than the
national average are St. Louis, with a 33 percent decrease and
Seattle with a 31 percent decrease. In St. Louis the lower drop
is attributed to the relatively high point source-oriented 1lead
sites which showed a smaller decrease than the automobile oriented
sites. When the trend was restricted to roadway oriented sites,
the decrease was 44 percent. 1In Seattle, only three sites met the
trends selection criteria, and one of them was source-oriented and
located near a toxic waste site which emitted lead.

The trend graphs for New York show that the lead standard was
exceeded for a source oriented site. The site is in Orange County,
New York which is outside of the New York MSA, but was included in
the New York CMSA. Because of less stringent criteria for the
trends graphs than for the Section 4 MSA air quality levels, which
are based on the AIRS data completeness criteria of 12 observations
per quarter, the maximum quarterly average plotted for 1987 in
Figure 5-3 is from a different guarter than that shown in Section
4.0.
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5.1.3 S0, Trends

The weighted average of the 12 cities with data yielded a 16
percent reduction in SO, levels compared to the 9 percent national
average improvement. The cities displayed air quality results
ranging from 30 percent improvement in Denver to no change in
Boston. The average concentrations for Boston correlate very
closely with the emission trends for the area. The East had the
smallest decrease, 8 percent, and the Northwest, Midwest and South
had respective decreases of 14, 17, and 20 percent. The Southwest
had the largest decrease of all, at 28 percent.

In general, the areas which show a greater decrease than the
national average are in the Sun Belt and energy producing areas of
the country rather than in the industrialized northeastern portion
of the country. The recent downturn in the oil producing/refining
industry and the reduction in the primary and secondary metal
smelting processes could account for these areas all having a
greater than the national average decrease for S0, levels.

5.1.4 CO Trends

The national downward CO trend of 16 percent was closely
reflected by the 14-city weighted average downward trend of 19
percent. Almost all of the 14 cities had a decreasing trend with
St. Louis as the lone exception, showing an increase of 2 percent.
The slight increase in St. Louis is a result of two sites which
showed an increase in the 1983 through 1987 period which
overshadowed the decrease over the 1983 through 1987 time period
of the other 4 sites used in the trend analysis. The bulk of the
change came from a rural site located next to the parking area for
a community college. The CO levels recorded at this site are all
well below the standard and the 1986 through 1987 increase is
probably attributable to a change in parking patterns at the
community college. It should be noted that none of these St. Louis
trend sites exceeded the CO standard, although a new site did
exceed the NAAQS. The improvement in the CO air quality ranged
from 2 percent for Seattle to 38 percent for Boston. Regionally,
the East exhibited the greatest downward trend of 27 percent, while
the rest of the geographical regions all had trends similar to the
national average.

5.1.5 NO,

The national trend for NO, was a 2 percent air guality
degradation over the last 5 years. The l4-cities weilghted average
showed no change over the last 5 years. The individual cities were
mixed with four showing an increasing trend, five showing a
decreasing trend, one showing no change and four cities failed to
have an NO, monitor meet the selection criteria for the calculation
of a 5-year trend. On a regional basis, the East had the greatest
deterioration of NO, levels, with a 10 percent increase, followed
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by the South, with a 7 percent increase. The Midwest had a less
than 1 percent improvement, and the Southwest showed the greatest
improvement, with a 6 percent decrease in NO, concentrations. The
Northwest was not included in the trend analysis because none of
the NO, monitors met the selection criteria.

The degradation in the East 1s primariiy driven by a 33
percent increase in Boston and, to a lesser extent, by a 13 percent
increase in Baltimore. Both these trends are primarily caused by
one site in each city in 1983 which records a lower than typical
value. The increase in the trend at that particular site in Boston
is by itself, 46 percent. If 1984 is used as the base year and the
most recent 4 year trend is calculated, the trend in Boston changes
from +33 percent to -3 percent. Similarly, the Baltimore trend
changes from +13 percent to +4 percent. The only other city with
a Jlarge increase is Atlanta, which appears to be a steady
incremental increase over the last 5 years. The trend is based
upon only two monitors, each one well below the standard and among
the lowest in the 14-city trend section.

5.1.6 O,

The national trend for 1983 through 1987 showed an improvement
of 8 percent, while the l4-city weighted average showed an
improvement of 12 percent from 1983 through 1987. This compares
with a 7 percent improvement reported in last year’s trends report,?’
based on the 1982 through 1986 period. This apparent improvement
in the consecutive 5-year trends is explained by the fact that the
base year of the most recent trend, 1983, was by far the worst year
for ozone levels during the trend periods. Based upon preliminary
1988 ozone data, a S5-year comparison between 1984 and 1988 could
show a reversal in some areas. = For the 1983-87 periocd, the
Southwest region had a 16 percent improvement in ozone levels, the
South improved 14 percent, the East 9 percent, and the Midwest 8
percent. The Northwest region was the only area in which 1983 (the
base year for the 5-year trend) was not the highest year. In
fact, the West in 1983 had lower concentrations than in 1982.
Consequently, the Northwest showed an 8 percent increasing trend
over the past 5 years.
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