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DISCLAIMER

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

About the Cover:  The map displays those counties within the contiguous U.S. ihat contain areas not
meeting ozone, carbon monoxide and/or particulate matter National Ambient Air
Quality Standards (NAAQS). See Section 4 for information on these areas.
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PREFACE

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

iii






LISTOFFIGURES . ........ciittiuitiinenrerecsernnonsotssarsansssaane vii
LIST OF TABLES .......tiiiiititiiierentonsaesonsesasasanasssosans xi
1. EXECUTIVESUMMARY .......ciiiiiinncennannnanns P 1 |
11 INTRODUCTION ..., .ot verrrerennansossonsasssononanns 1-1
1.2 MAJORFINDINGS ......iiiiiteerenenenrsaneanssanss cons 122
Particulate Matter ............ciiiiiiiiiennanns R [
Sulfur Dioxide ...... C e e ea e ekttt 1-4
Carbon Momoxide . ......ciiviiernnnvinrocsossesnennasnaas 1-6
Nitrogen Dioxide ...........iiiiiiiiiiiiiiiiiiinnnennns 1-8
Ozone ................ ceeaas e renseanraeaees e isasans 1-10
Lead .. ...ttt ittt iiitentenaenneasennsnnansnsonns 1-12
1.3 SOMEPERSPECTIVE................. Ceeiae e 1-14
1.4 REFERENCES ..... Cressusssesussarsesansun s ausnuneonns 1-16°
2. INTRODUCTION ......iiiiiiinnenans Cetereestsensaseennnnnan 2-1
21 DATABASE .....ciiiiiiiiinitiiineenontensennnns veesens 2-3
22 TREND STATISTICS ...t iiiiintiieterensassenssannnas 2-4
23 REFERENCES .........itiitiieerennenoncseasosonaansnans 2-7
3. NATIONAL AND REGIONAL TRENDS IN NAAQS POLLUTANTS .... 3-1
3.1 TRENDS IN PARTICULATE MATTER ..........ciiiinueennn. 3-2
3.1.1 Long-term TSP Trends: 1980-89 ..... Ceereannenna Ceesnans 3-2.
3.1.2 TSP Emission Trends ..........c0iviiinniiinninneneens 3-4
3.1.3 Recent TSP Trends: 1987-8% .......ciiiiveertnnnnnnnonns 3-5
314 Recent PMj AirQuality .. ....... ittt iirnenanannn. 3-5
3.1.5 PM,; Emission Trends ....... 0o eriirinenereerneannas 3-8
32 TRENDSINSULFURDIOXIDE ..........ciiiiiinnnnannss . 3-10
3.2.1 Long-term SO, Trends: 1980-89 .. .........ccocviivinnnnn 3-10
3.2.2 Recent SO, Trends: 1987-89 ..... S edeearesseenese e 3-14
3.3 TRENDSIN CARBONMONOXIDE ......coivieenncennnacas 3-15
3.3.1 Long-term CO Trends: 1980-89 ............... ceaans ve-s 3-15
332 Recent COChanges ........ccvviviiinnnnacsnnannnnnans 3-19
3.4 TRENDS IN NITROGEN DIOXIDE ....... Ceh et 3-20
3.4.1 Long-term NO, Trends: 1980-89 ..... Ce ittt 3-20
342 Recent NO, Changes .........coveveeenenrneneenanenns 3-23
35 TRENDSINOZONE .......ciiiinnnrnnnannnanssnassnanns 3-24
3.5.1 Long-term O; Trends: 1980-89 .. ..........ccvvviivnnnnn 3-25
3.52 Recent O, Changes ................. Ceerserr e 3-28
3.5.3 Preview of 1990 Ozone Trends .......ccvvvienrnenenanan 3-29



36 TRENDSIN LEAD ......0vitiiinnonnnnnaconsnsnnsnssnnes
+ 3.6.1 Long-term Pb Trends: 1980-89 ..........vvvvivrernnnne.
3.6.2 Recent Pb Trends: 1987-89 .. ...vvvvvvnnnnnnennennnanss

3.7 REFERENCES .......i¢vtttitiiinnnenenseonannnensonnens

AIR QUALITY STATUS OF METROPOLITAN AREAS, 1989 ..........
41 AREAS NOT MEETING OZONE, CARBON MONOXIDE AND

PARTICULATE MATTER NAAQS ......ciiiiiiinrnnnennnnns
4.2 POPULATION ESTIMATES FOR COUNTIES NOT MEETING

NAAQS, 1989 . ... tiiiiiiiiiitinnnsenocncansaraneanennnn :

4.3 AIR QUALITY LEVELS IN METROPOLITAN STATISTICAL
AREAS ... i i it i ittt et
4.3.1 Metropolitan Statistical Area Air Quality Maps, 1989 ........
4.3.2 Metropolitan Statistical Area Air Quality Summary, 1989 ....

44 REFERENCES . ... ... iiiiiiiiiiiiiiitianenneanennnnns

53 DESCRIPTION OF GRAPHICS ...... ittt ietineennnennennnns
TRENDS IN METROPOLITAN STATISTICAL AREAS

Atlanta, GA ... i ittt i i i ittt ettt
Boston, MA . ... .. .. iiiiiiiiiiitirireersnnnnenens e
Chicago, IL .. ..iiiriiiiiintiittetennneineasonceeenannns
Dallas, TX . .vtiiiiiiiiiieenerennnnnnns eaeeaeean e
Denver, CO . .ottt ittt et i n v s e esennsaasnnsnn
Houston, TX ... iititiiirnnnrennennesosoncosanannannns
Kansas City, MO-KS ... ... ... ittt iiiiriiiinnnannnn.
Los Angeles, CA ... ... iuiiireinieiieiinnnennnnennnns
New York, NY . ..ottt ittt it e s tnenneneonnannas
Philadelphia, PA .......c ittt rennnennnnneen
Pittsburgh, PA ... ... .. i it it ittt ittt
San Francisco, CA ... ..ttt ittt ittt etannnnnanenes
Seattle, WA . .. . ittt ittt ittt ettt

vi



2-1.
2-2,
2-3.

3-1.
3-2,

3-4,
3-5.

3-6.

3-7.

3-10.

3-11.

3-12.

3-13.

3-14.

3-15.
3-16.

3-17.

3-18.

LIST OF FIGURES

Sample illustration of use of confidence intervals to determine statistically

significantchange. ............ciiiiiiiirttrierenntesnanns veveses 2-5
Illustration of plotting convention of boxplots. .. .................... 2-5
Ten Regions of the U.S. Environmental Protection Agency. ............ 2-6
Comparison of 1970 and 1989 emissions. . .......... Ceeaasenaeens el 341

National trend in the composite average of the geometric mean total
suspended particulate at both NAMS and all sites with 95 percent

confidence intervals, 1980-1989. ... ... . ¢ .t iteretenenrsossnsoansnos 3-3
Boxplot comparisons of trends in annual geometric mean total suspended
particulate concentrations at 1648 sites, 1980-1989. ...... et sreaccanna 3-3
National trend in particulate emissions, 1980-1989. ................... 3-4
Regional comparisons of the 1987, 1988 and 1989 composite averages of the
geometric mean total suspended particulate concentrations. ............ 3-5
Boxplot comparisons of the 2-year change in PM,, concentrations (1988-

1989} at 357 sites with 1989 PM,, air quality at 763 sites. ...... vevsaees 36
Boxplot comparisons of 24-hour PM,, peak value statistics for 1989 at 763
sites. .......... certeraesennna e steesarstearereenrrare e nanne 3-6
Regional comparisons of annual mean and 90th percentile of 24-hour

PM,, concentrations for 1989. .. ....... .t iiiiennanens . 24
Regional changes in annual average and 90th percentile of 24-hour PM,,
concentrations, T988-1989. . .......cvitivrntintencsassasensnaneas 3-7
National trend in annual average sulfur dioxide concentration at both

NAMS and all sites with 95 percent confidence intervals, 1980-1989. . ... 3-10

National trend in the second-highest 24-hour sulfur dioxide concentration
at both NAMS and all sites with 95 percent confidence intervals,
T1980-1989. . v v v it ittt ieiiiitctetaaraat et ecartasastennnans 3-11

National trend in the estimated number of exceedances of the 24-hour

sulfur dioxide NAAQS at both NAMS and all sites with 95 percent
confidence intervals, 1980-1989. . ..... ...ttt iniennarenensans 3-11
Boxplot comparisons of trends in annual mean sulfur dioxide

concentrations at 409 sites, 1980-1989. .. .... ..ttt tttcetarenanenn 3-12
Boxplot comparisons of trends in second highest 24-hour average sulfur
dioxide concentrations at 405 sites, 1980-1989. .. ... ..ottt i nennn 3-12
National trend in sulfur oxides emissions, 1980-1989. ......cvcvvvn v .. 3-13
Regional comparisons of the 1987, 1988, 1989 composite averages of the
annual average sulfur dioxide concentration. ..............c. ..., 3-14

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, 1980-1989. .... 3-16
Boxplot comparisons of trends in second highest nonoverlapping 8-hour
average carbon monoxide concentrations at 280 sites, 1980-1989. ....... 3-16

vii



3-19.

3-20.

3-21.

3-22.

3-23.

3-24.

3-25.

3-26.

3-27.

3-28.
3-29.

3-30.

3-31.

3-32.

3-33.

3-34.
3-35.

3-36.

3-37.

3-38.

3-39.

National trend in the composite average of the estimated number of
exceedances of the 8-hour carbon monoxide NAAQS, at both NAMS and

all sites with 95 percent confidence intervals, 1980-1989. ............. 3-16
National trend in emissions of carbon monoxide, 1980-1989. .......... 3-17
Comparison of trends in total national vehicle miles traveled and national
highway vehicle emissions, 1980-1989. ........c.v0vvvviuveeeeass.. 3-18
Decrease in carbon monoxide exceedances in Denver, Colorado. ....... 3-18
Metropolitan area trends in the composite average of the second highest
non-overlapping 8-hour average carbon monoxide concentration, 1980-

L 3-19
Regional comparisons of the 1987, 1988 and 1989 composite averages of

the second highest non-overlapping 8-hour average carbon monoxide
concenbration. . .. ...ttt it i i i ittt e et et 3-19

National trend in the composite annual average nitrogen dioxide
concentration at both NAMS and all sites with 95 percent confidence
intervals, 1980-1989. . ........iiviviirriiirrnrtanvennransasnans 3-20
Boxplot comparisons of trends in annual mean nitrogen dioxide
concentrations at 148 sites, 1980-1989. ... ... vev i v eennanaornoneas 3-21
Metropolitan area trends in the composite annual average nitrogen

dioxide concentration, 1980-1989. . ... ..o it tuvesvrrccancnonnnnnes 3-21
National trend in nitrogen oxides emissions, 1980-1989 .............. 3-22
Regional comparisons of 1987, 1988, 1989 composite averages of the

annual mean nitrogen dioxide concentration. ...................... 3-23
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, 1980-1989. ... ... ..ot v v rerererereesannenss 3-24
Boxplot comparisons of trends in annual second highest daily maximum
1-hour ozone concentration at 431 sites, 1980-1989. ....... Cerereeaens 3-25
National trend in the estimated number of daily exceedances of the ozone
NAAQS in the ozone season at both NAMS and all sites with 95 percent
confidence intervals, 1980-1989. ... ...t v vt tieerecnsennsessannanons 3-25
Metropolitan area trends in the composite average of the second highest
maximum 1-hour ozone concentration, 1980-1989. . ...........cc0v... 3-26
National trend in emissions of volatile organic compounds, 1980-1989. .. 3-27

Boxplot comparison of recent changes in ozone second daily maximum
1-hour concentrations in metropolitan areas, 1988-1989. ..... ‘oo .. 3-28

Regional comparisons of the 1987, 1988, 1989 composite averages of the

second-highest daily 1-hour ozone concentrations. .................. 3-28

Regional comparisons of the number of days greater than 90°F in 1987,

1988, 1989 for selected cities. ..... fereterreararreer s sassesannnas 3-29

Regional comparisons of the number of days with precipitation in 1987,

1988, 1989 for selected cities. .......... ... ceveunnnnnn Cevasaeeen 3-29

Preliminary estimate of the national trend in the composite average of the

second highest daily maximum 1-hour ozone concentration, 1980-90. . . .. 3-30

viii



3-40.

Regional comparisons of the 1987, 1988, 1989 and preliminary 1990
composite averages of the second-highest daily 1-hour ozone :
concentrations. .......... .. i et Cereeraesar e 3-30

3-41. National trend in the composite average of the maximum quarterly
average lead concentration at both NAMS and all sites with 95 percent
confidence intervals, 1980-1989. ... ... ...t ittt errrreronnnnensenns 3-32
3-42. Comparison of national trend in the composite average of the maximum
quarterly average lead concentrations at urban and point-source oriented
sites, 1980-1989. ............ C et reeraetaee ettt ee s 3-32
3-43. Boxplot comparisons of trends in maximum quarterly average lead
concentrations at 189 sites, 1980-1989. .. ... ..ot e iveenneesonenenn 3-33
3-44. National trend in lead emissions, 1980-1989. .. .. ..o vttt nnrvnneenns 3-34
3-45. Regional comparison of the 1987, 1988, 1989 composite average of the
maximum quarterly average lead concentration. .......... Cerasaeaas 3-35
4-1. Areas failing to meet the ozone NAAQS,1987-1989. .. ..........cc..... 4-2
4-2. Areas failing to meet the carbon monoxide NAAQS, 1988-1989. . ........ 4-3
4-3. Areas not meeting the NAAQS for particulate matter through 1988. ..... 4-4
4-4. Number of persons living in counties with air quality levels above the
primary national ambient air quality standards in 1989 (based on 1987
population data). ......... it i i e i ittt e 4-5
4-5. United States map of the highest annual arithmetic mean PM,,
concentration by MSA, 1989, ...... ... it iiiiinennrnnnnnnennn. 4-8
4-6. United States map of the highest annual arithmetic mean sulfur dioxide
concentration by MSA, 1989, ...... ... ittt ittt 4-9
4-7. United States map of the highest second maximum 24-hour average sulfur
dioxide concentration by MSA,1989. ................. Ceveseesuus 4-10
4-8. United States map of the highest second maximum nonoverlapping
8-hour average carbon monoxide concentration by MSA, 1989. ........ 4-11
4-9. United States map of the highest annual arithmetic mean nitrogen dioxide
concentration by MSA, 1989, .. ......iiutriiinrnrreenanrnnnnenns 4-12
4-10. United States map of the highest second daily maximum 1-hour average
' ozone concentration by MSA, 1989. .. ... ... ... ittt 4-13
4-11. United States map of the highest maximum quarterly average lead
concenfration by MSA, 1989, . ... ... .. .. ittt i it 4-14
5-1. Shaded wedges identifying pollutants monitored shown on metropolitan
ATCA MAPS. .ttt ettt tannrstoneeennsososontosssaannnonesennss 5-5

ix






2-2.
3-1.
3-2.
3-3.
3-4.
3-5.
3-6.
3-7.
3-8.
4-1.

" LIST OF TABLES

National Ambient Air Quality Standards (NAAQS) in Effect in 1989. .... 2-2
Number of Air Quality Trend Sites, 1980-89 and 1987-89. . . ............ 24
National Total Suspended Particulate Emission Estimates, 1980-1989 , . ... 3-4
National PM,, Emission Estimates, 1985-1989 ............ e enaen 3-8
1989 Fugitive Emissions For PM;, .......... Cereetretaen e 3-9
National Sulfur Oxides Emission Estimates, 1980-1989 ............... 3-13
National Carbon Monoxide Emission Estimates, 1980-1989 . ........... 3-17
National Nitrogen Oxides Emission Estimates, 1980-1989 . ............ 3-22
National Volatile Organic Compound Emission Estimates, 1980-1989 ... 3-27
National Lead Emission Estimates, 1980-1989 . ... ...vv0vverreennnnn. 3-34
Selected Air Quality Summary Statistics and Their Associated National
Ambient Air Quality Standards (NAAQS) ......... Ce e eieiaaeeaa 1-6
Population Distribution of Metropolitan Statistical Areas Based on 1987
Population Estimates . ...........cciiinniitiiiinineennnnnnnss 4-7
1989 Metropolitan Statistical Area (MSA) Air Quality Factbook Peak

Statistics for Selected Pollutants by MSA . .............civirnvnnn. 4-16
PSI Categories and Health Effect Descriptor Words . ................. 5-1
Number of PSI Days Greater than 100 at Trend Sites, 1980-89, and all Sites

1 L 5-3
Number of Trend Momtormg Sites for the 14 Urban Area Analyses ..... 5-4

xi






NATIONAL AIR QUALITY AND EMISSIONS TRENDS REPORT, 1989

1. EXECUTIVE SUMMARY

1.1  INTRODUCTION

This is the seventeenth annual report’'® documenting air pollution trends in the
United States for those pollutants that have National Ambient Air Quality Standards
(NAAQS). These standards 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 1989 to examine changes in air pollution ievels 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 (SO,), carbon monoxide
(CO), nitrogen dioxide (NO,), ozone (O,) 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, is a beneficial
screen from the sun’s ultraviolet rays. Ozone at ground level, in the air we breathe, is a
health and environmental concern.

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 +———————"90th PERCENTILE
the data, as well as the composite average. 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 25 PERCENTILE
equal to that value, and only 10 percent of the sites L[L:”“’ PERCENTILE
had concentrations that were higher. Boxplots o PERCENTILE
simultaneously illustrate 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 with trends for
nationwide emissions, which are based upon the best available engineering
calculations. Chapter 4 of this report includes a detailed listing of selected 1989 air
quality summary statistics for every metropolitan statistical area (MSA) in the nation and
maps highlighting the largest MSAs. Chapter 5 presents 1980-89 trends for 14 cities.

95th PERCENTILE

- 75th PERCENTILE

¥+1— COMPOSITE AVERAGE
- MEDIAN
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1.2 MAJOR FINDING

AIR QUALITY

Total Suspended Particulates (TSP)

1982-89*: geometric mean: 1 percent decrease (1648 sites)

1988-89: geometric mean: 5 percent decrease (1014 sites)
* 8-year period (see comments)

PM,,
1988-89: arithmetic mean: 3 percent decrease (357 sites)

EMISSIONS

1982-89: 1 percent increase (TSP)
{Note: 10-year 1980-89 change was 15 percent decrease)
1988-89: 4 percent decrease (TSP); 3 percent decrease (PM,;)

COMMENTS

The 1980-81 TSP data were affected by a change in sampling filters, therefore,
these years are shaded to indicate the uncertainty in the TSP measurements.
The highest average and peak 24-hour PM,, concentrations are seen in Regions
IX and X. The 1988 TSP and PM,, air quality levels were affected by generally
drier conditions and higher than normal forest fire activity.

PM EFFECTS

Based on studies of human populations exposed to high concentrations of
particles (often in the presence of sulfur dioxide), and laboratory studies of
animals and humans, the major effects of concern for human health include
effects on breathing and respiratory symptoms, aggravation of existing respiratory
and cardiovascular disease, alterations in the body’s defense systems against
foreign materials, damage to lung tissues, carcinogenesis, and premature
mortality. The major subgroups of the population that appear likely to be most
sensitive to the effects of particulate matter include individuals with chronic
obstructive pulmonary or cardiovascular disease, individuals with influenza,
asthmatics, the elderly, and children. Particulate matter causes material soiling
and is responsible for substantial visibility impairment in many parts of the U.S.

1-2



TSP AIR QUALITY

CONCENTRATION UG/M? ANNUAL GEOMETRIC MEAN
1648 SITES

1110




AIR QUALITY

1980-89: arithmetic mean: 24 percent decrease (409 sites)
24-hour second high: 26 percent decrease (405 sites)
24-hour exceedances: 95 percent decrease (405 sites)

1988-89: arithmetic mean: 3 percent decrease (513 sites)

EMISSIONS (SOx)

1980-89: 10 percent decrease
1988-89: 1 percent increase

COMMENTS

The vast majority of SO, monitoring sites do not show any exceedances of the
24-hour NAAQS and the exceedance trend is dominated by source oriented
sites. The decrease in sulfur oxides emissions from 1980 to 1989 reflects
reductions at coal-fired power plants. The increase in sulfur oxides emissions
between 1988 and 1989 is due to increased emissions from fuel combustion.
The difference between the air quality trends and the emission trends resuit
from the historical ambient monitoring networks being population-oriented while
the major emission sources tend to be in less populated areas.

SO, EFFECTS

The major health effects of concern associated with high exposures to SO,
include effects on breathing, respiratory illness and symptoms, alterations in the
lung’s defenses, aggravation of existing respiratory and cardiovascular disease,
and mortality. The major subgroups of the population most sensitive to SO,
include asthmatics and individuals with chronic lung disease (such as bronchitis
or emphysema) or cardiovascular disease. Children and the elderly may also
be sensitive. Sulfur dioxide produces foliar damage on trees and agriculture
crops and acts as a precursor to acidic precipitation.
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AIR QUALITY

1980-89: 8-hour second high: 25 percent decrease (280 sites)
8-hour exceedances: 80 percent decrease (280 sites)

1988-89: 8-hour second high: 1 percent decrease (355 sites)

EMISSIONS
1980-89: 23 percent decrease

1988-89: 6 percent decrease
COMMENTS

While there is general agreement between the air quality 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.

CO EFFECTS

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

1980-89: annual mean: 5 percent decrease (148 sites)
1988-89: annual mean: 2 percent decrease {200 sites)
EMISSIONS (NOx)

1980-89: 5 percent decrease

1988-89: 1 percent decrease

COMMENTS

The national trend in annual mean NO, concentrations in the late 1980's
continues to be flat. The two primary source categories of nitrogen oxide
emissions, and their contribution in 1989, are fuel combustion (56 percent) and
transportation (40 percent).

NO, EFFECTS

Nitrogen oxides can irritate the lungs and lower resistance to respiratory
infections such as influenza. The effects of short-term exposures are stiil under
study, but continued or frequent exposure to concentrations higher than those
normally found in the ambient air can cause pulmonary edema. Nitrogen
dioxide acts as a precursor to acidic precipitation and plays a key role in
nitrogen loading of forests and ecosystems.

1-8



NO2 AIR QUALITY

0,07 -CONCENTRATION, PPM ANNUAL MEAN

148 SITES

1-9



AIR QUALITY

1980-89: second highest daily max 1-hour: 14 percent decrease (431 sites)
exceedance days: 53 percent decrease
1988-89: second highest daily max 1-hour: 15 percent decrease (581 sites)

EMISSIONS (VOC)

1980-88: 19 percent decrease
1988-89: 5 percent decrease

COMMENTS

The volatile organic compound-(VOC) emission estimates represent annual
totals. While these are the best national numbers now available, ozone is
predominantly a warm weather problem and seasonal emission trends would be
preferable. Previously, VOC emissions from highway vehicles were estimated
using nationwide annual temperatures and nationwide average Reid Vapor
Pressure (RVP). This year's estimates are based on statewide average
monthly temperatures and statewide RVP. NO, emissions, another factor in
ozone formation, decreased 5 percent between 1980 and 1989.

O, EFFECTS

The reactivity of ozone causes health problems because it tends to break down
biological tissues and cells. Recent scientific evidence indicates that high levels
of ozone not only affect people with impaired respiratory systems, such as
asthmatics, but healthy adults and children, as well. Exposure to ozone for only
several hours at relatively low concentrations has been found to significantly
reduce lung function in normal, healthy people during periods of exercise. This
decrease in lung function generally is accompanied by symptoms including chest
pain, coughing, sneezing and pulmonary congestion. Though less well
established in humans, animal studies have demonstrated that repeated
exposure to ozone for months to years can produce permanent structural
damage in the lungs and accelerate the rate of lung function loss. Ozone is
responsible each year for agricultural crop yield loss in the U.S. of several billion
dollars and causes noticeable foliar damage in many crops and species of trees.
Forest and ecosystem damage may result from high ambient ozone levels.
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AIR QUALITY

1880-89: maximum quarterly average: 87 percent decrease (189 sites)
1988-89: maximum quarterly average: 14 percent decrease (245 sites)

EMISSIONS

1980-89: 90 percent decrease in total lead emissions
(96 percent decrease in lead emissions from transportation sources)

1988-89: 5 percent decrease in total iead emissions
(15 percent decrease in lead emissions from transportation sources)

COMMENTS

The ambient lead trends presented here primarily represent general urban
conditions predominantly reflecting automotive sources. Ambient trends are
also presented for a small number of lead monitoring sites (19) in the vicinity of
point sources of lead such as primary and secondary lead smelters.

LEAD EFFECTS

Exposure to lead can occur through multiple pathways, including air, diet and
ingestion of lead in soil and dust. Lead accumulates in the body in blood, bone,
and soft tissue. Because it is not readily excreted, lead also affects the
kidneys, nervous system, and blood-forming organs. Excessive exposure to
lead may cause neurological impairments such as seizures, mental retardation,
and/or behavioral disorders. Even at low doses, lead exposure is associated
with changes in fundamental enzymatic, energy transfer and homeostatic
mechanisms in the body. Infants and children are especially susceptible to low
doses of lead, often suffering central nervous system damage. Recent studies
have also shown that lead may be a factor in high blood pressure and
subsequent heart disease.
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1.3 SOME PERSPECTIVE

A 10-year time period is convenient for considering ambient air pollution trends
because monitoring networks underwent many changes around 1980. However, it is
important not to overlook some of the earlier control efforts in the air pollution field.
Emission estimates are useful in examining longer term trends. Between 1970 and
1989, lead clearly shows the most impressive decrease (-96 percent) but
improvements are also seen for total suspended particulate {(-61 percent), sulfur
oxides (-26 percent), carbon monoxide {-40 percent), and volatile organic compounds
(-31 percent). Only nitrogen oxides did not show improvement with emissions
estimated to have increased 8 percent, due primatrily to increased fuel combustion by
stationary sources and motor vehicles. [t is also important to realize that many of
these reductions occurred even in the face of growth of emissions sources. More
detailed information is contained in a companion report."”

COMPARISON OF 1970 AND 1989 EMISSIONS
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While it is important to recognize that progress has been made, it is also
important not to lose sight of the magnitude of the air pollution problem that still
remains. About 84 million people in the U.S. reside in counties which did not meet at
least one air quality standard during 1989. The 67 million people living in counties
that exceeded the ozone standard in 1989 is 45 million fewer than in 1988.
Meteorological conditions in 1988 were more conducive to ozone formation than
conditions in 1989. Also, beginning in summer 1989, gasoline evaporative emissions
were reduced as a result of fuel volatility regulations which lowered the Reid vapor
pressure in gasoline. These statistics, and associated qualifiers and limitations, are
discussed in Chapter 4.

People in counties with meésured 1989 air quality above
primary National Ambient Air Quality Standards

pollutant

PMi0
soz 0
co |
NO2 i

Ozone
Lead g,

Any NAAQS 8

| l L i 1

: . i :
0 20 40 . 60 80 100

millions of people
Note: Basad on 1987 county population data and only 1389 air quality data.

Finally, it should be recognized that this report focuses on those pollutants that
have National Ambient Air Quality Standards. With the passage of the Clean Air Act
Amendments of 1980, additional control programs are being put in place to solve the
remaining nonattainment problems for these pollutants.
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2. INTRODUCTION

This report focuses on 10-year (1980-89)
national air quality irends for each of the major
pollutants for which National Ambient Air Quality
Standards (NAAQS) have been established. This
Section presents many of the technical details
involved in these analyses; readers familiar with
previous reports may prefer initially to proceed
directly to the remaining Sections. The national
analyses are complemented in Section 5 with air
quality trends in 14 metropolitan areas for the
period 1880 through 1989, The areas examined
are Atlanta, GA; Boston, MA; Chicago, IL; Dallas,
TX; Denver, CO; Houston, TX; Kansas City, MO-
KS; Los Angeles, CA; New York, NY; Philadelphia,
PA; Pittsburgh, PA; San Francisco, CA; Seattle,
WA; and Washington, DC-MD-VA.

The national air quality trends are based on the
results of direct air pollution measurements at air
monitoring sites located throughout the 1).S. The
National Air Monitoring Station (NAMS) sites were
established through monitoring regulations
promulgated in May 1979" 1o provide accurate and
timely data to the U.S. Environmental Protection
Agency (EPA) from a national air monitoring
network. The NAMS are located in areas with
higher pollutant concentrations and high population
exposure. These stations meet uniform criteria for
siting, quality 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 Air Monitoring Stations
(SLAMS) and Special Purpose Monitors (SPM), in
general, also meet the same rigid criteria, except
that in addition to being located in the area of
highest concentration and high population
exposure, they are located in other areas as well.

Air quality status may be determined 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
ot pollution on vegetation, materials, and visibility.
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The standards are further categorized for different
averaging times. Long-term standards specify an
annual or quarteriy 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 year. The ozone standard requires
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 24-hour PM,, standard also
allows one expected exceedance per year.

Trends are also presented for annual
nationwide emissions. These are estimates of the
amount and kinds of pollution being emitted by
automobiles, factories, and other sources, based
upon the best available engineering calcuiations for
a given time periopd. The emission trends are
taken from the EPA publication, National Air
Pollutant Emission Estimates, 1940-1989° and the
reader is referred to this publication for more
detailed information. For particulates, emission
estimates are presented for both total particulate
emissions, without any distinction of particle sizes,
as well as for PM,,, which refers to "inhalable"
particles with aerodynamic diameter less that 10
microns. Area source fugitive dust emissions
(unpaved roads, construction activities, etc.) for
PM,, are included for the year 1985. Similarly,
natural sources of PM,,, such as wind erosion or
dust, are also shown. (Forest fires, some of which
resuft from natural causes are included, however,
for both total particulates and PM,,). As shown,
these fugitive emissions are estimated to amount
to a considerable portion of particulate emissions.
For CO, VOC and NO,, emission estimates for
gasoline-and diesel-powered motor vehicles were
based upon vehicle-mile tabulations and emission
factors from the MOBILE 4.0 model.

Section 4 of this report, "Air Quality Levels in
Metropolitan Statistical Areas™ provides greatly
simplified air pollution information.  Air quality
statistics are presented for each of the pollutants
for all MSAs reporting monitoring data to EPA for
1989.



TABLE 2-1. National Ambient Air Quality Standards (NAAQS) in Effect in 1989.

POLLUTANT PRIMARY (HEALTH RELATED) SECONDARY (WELFARE RELATED)

Standard Level " Standard Level

Averaging Time Concentration®

Averaging Time Concentration

PM,, Annual 50 pg/m® Same as Primary
Arithmetic
Mean®
24-hour” 150 pg/m* Same as Primary
SO, Annual (0.03 ppm}) 3-hour” 1300 pg/m®
Arithmetic 80 pg/m* (0.50 ppm}
Mean
24-hour® (0.14 ppm)
365 pg/m®
CO 8-hour” 9 ppm No Secondary Standard
(10 mg/m®
1-hour” 35 ppm No Secondary Standard
(40 mg/m®)
NO, Annual 0.053 ppm Same as Primary
Arithmetic {100 pg/m?)
Mean
0o, Maximum Daily 0.12 ppm Same as Primary
1-hour {235 ug/m®)
Average®
Pb Maximum 1.5 pg/m* Same as Primary
Quarterly
Average

Parenthetical value is an approximately equivalent concentration.

TSP was the indicator pollutant for the originat particulate matter (PM) standards. This
standard has been replaced with the new PM,, standard and it is no longer in effect. New PM
standards were promulgated in 1987, using PM,, (particles less than 10u in diameter) as the
new indicator pollutant. The annual standard is attained when the expected annual arithmetic
mean concentration is less than or equal to 50 ug/m®; the 24-hour standard is attained when
the expected number of days per calendar year above 150 ug/m? is equal to or less than 1; as
determined in accordance with Appendix K of the PM NAAQS.

Not to be exceeded more.than once per year.
The standard is attained when the expected number of days per calendar year with maximum

hourly average concentrations above 0.12 ppm is equal o or less than 1, as determined in
accordance with Appendix H of the Ozone NAAQS.




2.1 DATA BASE

The ambient air quality data used in this report
were oblained 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. Atthe
present time, there are about 500 million air
poliution measuremenis on AIRS, the vast
majority of which represent the more heavily
populated urban areas of the nation.

In order for a monitering site to have been
included in the national 10-year trend analysis, the
site had to contain complete data for at least 8 of
the 10 years 1980 to 1983. For the regional
comparisons, the site had to report data in each
of the last three years to be included in the
analysis. Table 2-2 displays the number of sites
meeting the completeness criteria for both data
bases. For PM,,, whose monitoring network has
just been initiated over the last few years,
analyses are based on 357 sites with datain 1988
and 1989. Data for each year had fo satisfy
annual data completeness criteria appropriate to
poliutant and measurement methodology. The air
quality data are divided into two major groupings -
- 24-hour measurements and continuous 1-hour
measurements. The 24-hour measurements are
obtained from monitoring instruments that produce
one measurement per 24-hour period and are
typically operaled on a systematic sampling
schedule of once every 6 days, or 61 samples per
year. Such instruments are used to measure
TSP, PM,,, SO,, NO, and Pb. For PM,, more
frequent sampling of every other day or everyday
is now also common. Data collected only as 24-

hour measurements were notusedinthe SO, and

NO, trends analyses because these methods
have essentially been phased out of the
monitoring network. Total suspended particulate
and PM,, data were judged adequate for trends if
there were at least 48 samples for the year. Both
24-hour and composile 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 quarters. Monthly composite Pb
data were used if at least two monthly samples
were available for at least 3 of the 4 calendar
quariers.

The 1-hour data are oblained from monitoring
instruments that operate continuously, producing
a measurement every hour for a possible total of
8760 hourly measurements in a year. For
continuous hourly data, a valid annual mean for
SO, 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 8-hour
average and the estimated number of
exceedances of the 8-hour average CO standard.
A slightly different criterion was used for the SO,
standard related daily statistics - the second daily
maximum_24-hour average and the estimaled
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. This produces a slightly
different data base of sites used in the national
analysis for the daily SO, statistics.

Finally, because of the seasonal nature of
ozone, both the second daily maximum 1-hour
value and the estimated number of exceedances
of the O; NAAQS were calculated for the ozone
season, which typically 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 Octlober. In order for a site
to be included, at least 50 percent of its daily data
had to be available for the ozone season.

The use of a moving 10-year window for
trends yields a data base that is more consistent
with the current monitoring network and reflects
the period following promulgation of uniform
monitoring requirements.  In addition, this
procedure increased the total number of trend
sites by 3 percent for the 10-year period relative
to the data bases used in the last annual report.*
However, the reader should note that the size of
the TSP monitoring network has been declining,
especially since promulgation of the PM,,
standard.



TABLE 2-2. Number of Air Quality Trend Sites, 1980-89 and 1987-89.

NUMBER OF SITES
POLLUTANT 1980-89 1987-89
Total Suspended_
Particulate (TSP) 1648 1014
Suliur Dioxide (SO,) 409 513
Carbon Monoxide {CO) 280 355
Nitrogen Dioxide (NO,} 178 200
Ozone (O,) 431 581
Lead {Ph) 189 245
TOTAL 3105 2908

" Changes in PM,, air quality are based on 357 sites with data in 1988 and 1989.

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 Indicators.®
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 SO, average, the
second maximum nonoverapping 8-hour CO
average, and the second daily maximum 1-hour O,
average) and long-term averages ({(the annual
geometric mean for TSP, the annual arithmetic
means for PM,,, SO, and NO,, and the quarerly
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 nol met an air quality slandard in a
particular year. For PM,;, with its variable sampling
frequency, the 90th percentile of 24-hour
concentrations is used to examine changes in peak
values. A composite average of each of these
statistics is used in the graphical presentations

24

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

This report presents statistical confidence
intervals to facilitate a better understanding 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 2-1).



Ninety-five percent confidence intervals for
composite averages of annual means (arithmetic
and geometric) and second maxima were
calculated from a two-way analysis of variance
followed by an application of the Tukey Studentized
Range.® The confidence intervals for composite
averages of estimated exceedances were
calculated by fitling Poisson distributions’ to the
exceedances each year and then applying the
Bonferroni multiple comparisons procedure.® The
utilization of these procedures is explained in
publications by Pollack, Hunt and Cumran® and
Pollack and Hunt."

Boxplots'' are used to present air quality trends
because they have the advantage of displaying,
simultaneously, several features of the data.
Figure 2-2 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

95th PERGENTILE

80th PERCENTILE

+——— = 75th PERCENTILE

* COMPOSITE AVERAGE
- MEDIAN

+——————————— 25th PERCENTILE

101h PERCENTILE
- 5th PERGENTILE

Figure 2-2. Tlustration of plotting
convention of boxplots.

COMPOSITE MEAN

'RELATIONSHIPS (MUETIPLE COf

» YEARS 1 AND 2 ARE HOT SRRDACANTLY
CXFFERENT.

= YEARS 2 AHD 1 ARE HOT SIKONIFRCANTLY
DXFFERENT.

AIR POLLUTION CONCENTRATION

» YEARS 1 AHD 2 ARE SIGHIRCANTLY
DIFFERENT.

» YEAR & |3 BGHIRCANTLY DIFFERENT FROM
ALL OTHERL

INTERVAL ABOUT
COMPOSITE MEAH

=

Figure 2-1. Sample illustration of use of confidence intervals to
determine statistically significant change.
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advantage of not being affected by a few extremely
high observations. The use of the boxplots allows
us simulaneously to compare trends in the
"cleaner”, "typical" and "higher” sites.

Bar graphs are introduced for the Regional
comparisons with the 3-year trend dala base.
These comparisons are based on the ten EPA
Regions (Figure 2-3). The composite averages of
the appropriate air quality statistic of the years
1987, 1988 and 1989 are presented. The
approach is simple, and it allows the reader at a
glance fo compare the short-term changes in all ten
EPA Regions.

In addition to concentration related statistics,
other statistics are used, when appropriate, to
clarify further the observed air quality trends.
Particular attention is given to the estimated
number of exceedances of the short-term NAAQSs.
The estimated number of exceedances is the
measured number of exceedances adjusted to
accound for incomplete sampling. Trends in

exceedances 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 percenl decrease in annual exceedances,
from 2 to 1 per year, and yet record less than a 5
percent decrease in average concentration levels.
The change in concentration levels is likely to be
more indicative of changes in emission levels.

Trends are also presented for annual
nationwide emissions. These emissions data are
estimated using the best available engineering
calculations. The emissions data are reported as
teragrams (one million metric tons) emitted to the
atmosphere per year, with the exception of lead
emissions, which are reported as gigagrams (one
thousand metric tons).? These are estimates of the
amount and kinds ot pollution being generated by
automobiles, factories and other sources.
Estimates for earlier years are recomputed using
current methodelogy so that these estimates are
comparable over time.

»

D,

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

EPA has set National Ambient Air Quality
Standards (NAAQS) for six pollutants considered
hamiul to public health: particulate matter [formerly
as total suspended particulates (TSP), now as
particulates less than 10 microns in diameter
(PM,o)], sulfur dioxide {SC,), carbon monoxide
(CO), nitrogen dioxide (NO,), ozone {O,) and lead
(Pb). This chapter focuses on both 10-year (1980-
89) trends and recent changes in air quality and
emissions for these six pollutants. Changes since
1987, and comparisons between all the trend sites
and the subset of National Air Monitoring Stations
{NAMS) are highlighted. Trends are examined for
both the nation and the ten EPA Regions.

As in previous reports, the air quality irends are
presented using trend lines, confidence intervals,
boxplots and bar graphs. The reader is referred to
Section 2.2 for a detailed description of the
confidence interval and boxplot procedures. The
plotting conventions for the confidence intervals
and boxplots are shown in Figures 2-1 and 2-2
respectively. Boxplots of all trend sites are
presented for each year in the 10-year trend.
Recent changes are presented using the 3-year
data base, 1987 through 1989, and using a 1988-
89 data base for PM,,. The recent 3-year period is
presented to take advartage of the larger number
of sites for all but particulates, and of sites that
have operated continuously during the last three
years.

particulate matter irends relating 1o PM,, air quality
and emissions data.

While the ambient data trends and the emission
trends can be viewed as independent assessments
that lend added credence to the results, the
emission estimates can be used to provide
information on trends over longer time periods.
Because of changes that have occurred in ambient
monitoring measurement methodology and the
change over time in the geographical distribution of
monitors, it is difficult to provide ambient trends
going back to 1970, other than for TSP, and yet it
is important not {o lose sight of some of the earlier
progress that was made in air pollution control.
Emission estimates can provide some insight in this
area. Figure 3-1 depicts long-term change In
emission estimates. Lead clearly shows the most
impressive decrease of 96 percent but
improvements are also seen for TSP (-61 percent),
SOx (-26 percent), CO {-40 percent), and VOC (-31
percent). Cnly NOx has not shown improvement
with emissions estimated to have increased 8
percent, due primarily to increased fuel combustion
by stationary sources. Because all areas except
Los Angeles, CA meet the current NAAQS for NOQ,,
it is probably not surprising that the other pollutants
are where the emission reductions have occurred.

MILLION METRIG TONS/YEAR e e
Trends are also presented for annual 120 =0
nationwide emissions of particulate
matter, sulfur oxides (SOx), carbon 100
monoxide (CO), nitrogen oxides (NOx),
volatile organic compounds (VOC) and 80
lead (Pb). These emissions data are
estimated using best available 50

engineering calculations. The reader is
referred to a companion report for a

detailed description of emission trends, 20 |-

source calegories and estimation
procedures.! For particulates, emission
estimates are presented both in terms of
lotal particulate matter, which includes all
particles regardless of size, and for PM,,.
This report introduces short-term
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Figure 3-1. Comparison of 1970 and 1989 emissions.



3.1 TRENDS IN PARTICULATE MATTER

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 condensation or
transformation of emitted gases such as sulfur
dioxide and volatile organic compounds.

Annual and 24-hour National Ambient Air
Quality Standards {(NAAQS) for particulate matter
were first set in 1971. Total suspended particulate
(TSP) was the indicator used to represent
suspended particles in the ambient air. TSP is
measured using a high volume sampler (Hi-Vol)
which collects suspended particles ranging up to
approximately 45 micrometers in diameter.

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 {o exceed one.

Now that the standards have been revised, PM,,
monitoring networks are being deployed nationally.
There are basically two types of reference
instruments currently used to sample PM,,. The
first is essentially a Hi-Vol, like the one used for
TSP, but with a different size selective inlet (SSI).
This sampler uses an inert quartz filter. The other
type of instrument is a "dichotomous” sampler. It
uses a different PM,, inlet, operates at a slower flow
rate, and produces two separate samples: 2.5 to 10
-microns and less than 2.5 microns, each collected
on a teflon filter.

With the new PM,, standards, more emphasis is
being placed on detection of peak 24-hour

concentrations. Unlike monitoring regulations for
TSP which only required once in 6 day sampling,
new specifications for PM,, now dictate more.
frequent sampling. Approximately 15 percent of all
PM,, sampling sites operate either every other day
or everyday. In contrast, only 5 percent of TSP Hi-
Vols operate more frequently than once in 6 days.

Aithough some monitoring for PM,, was initiated
prior to promulgation of the new standards, most
networks did not produce data with approved
reference samplers until mid-1987 or 1988. Thus,
only a limited data base is currently available to
examine frends in PM,, air quality. Accordingly,
longer-term trends in particulate matter are based
primarily on TSP. Both 10-year trends and recent
3-year changes in TSP are presented in terms of
average air quality (annual geometric mean). In
addition, available information on PM,, air quality
will be used to report the 1988-1989 change in PM,,
concentration levels. Two PM,, statistics are
presented. The annual arithmetic mean
concentration is used to reflect average air quality,
and the 90th percentile of 24-hour concentrations is
used to represent the behavior of peak
concentrations. Because PM,, sampling frequency
varies among sites and may have changed during
the 2-year period, the 90th percentile is used. This
statistic is less sensitive to changes in sampling
frequency than the peak values. Finally, cross
sectional PM,, data are included for the more
comprehensive data available for calendar year
1989.

3.1.1 Long-term TSP Trends: 1980-89

The 10-year trend in average TSP levels, 1980
through 1988, is shown in Figure 3-2 for 1648 sites
geographically distributed throughout the Nation.
Trends are also shown for the subset of 219
National Air Monitoring Stations (NAMS) which are
located in areas of greater than 50,000 in
poputation. The TSP levels are expressed in terms
of the composite average annual geometric mean.

The curves in Figure 3-2 show very similar
trends for both the NAMS and the larger group of
sites, although composite particulate concentrations
are higher for the NAMS. For both curves,



measured TSP concentrations appear to
have declined during the first 2 years of
the 10-year period and are relatively
stable in the later years. However, the
data collected during 1979 to 1981 may
have been affected by the type of filters
used to collect the TSP** For this
reason, the portion of Figure 3-2
corresponding fo the years 1980-1981
are shaded, to indicate the uncertainty in
the TSP measurements collected during
this period. Nevertheless, a 20 percent
decrease between 1978 and 1982 has
been well documented. Since the exact
year-to-year changes during the 1980 to
1982 pericd are uncertain, the longer-
term change in total particulate
concentrations is described in terms of
the 8-year period 1982-1989.

Figure 3-2 also includes 95 percent
confidence intervals developed for the
composite annual estimates. It can be
seen that the estimates for 1982 - 1989
are relatively stable and are all
significantly lower than those of 1980 -
1981. Nationally, the composite average
TSP levels declined 1 percent from 1982
to 1989. Upon close inspection, some
slight changes since 1982 are evident.
First, the minimum composite TSP levels
occurred during the years 1985 and
1886. Second, statistically significant
changes were detected during the last 4
years, with the 1989 concentration levels
returning to the lower concentrations
observed in the mid-1980's. No
statistically significant differences are
noted for the smaller group of TSP NAMS
trend sites. These recent changes in
total suspended particulate matter will be
discussed in more detail in Section 3.1.3.

The long-term trends in TSP are also
illustrated in Figure 3-3. Using the same
national data base of 1648 TSP sites,
Figure 3-3 shows the yearly change in
the entire national concentration
distribution using boxplot displays. The
large difference between 1980-1981 and
the subsequent years is evident for the
entire concentration distribution. During
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Figure 3-2. National trend in the composite average
of the geometric mean total suspended particulate at
both NAMS and all sites with 95 percent confidence

intervals, 1980-1989, '

CONGENTRATION, UG/M®

110

100
90
80

1648 SITES

FORMER
\NAAGS

70 -
80 -
50 -]
40
30
20 -
10 -

0

! i | I T I 1 ] I |
1980 1881 1982 1983 1984 1985 1986 1987 1988 1989

Figure 3-3. Boxplot comparisons of trends in annual
geometric mean total suspended particulate
concentrations at 1648 sites, 1980-1989,
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the last 8 years, the national TSP

TSP EMISSIONS, 10° METRIC TONS/YEAR

distribution shows little change, although 5

more improvement is apparent among the
cleanest 10 percent of the sites.

3.1.2 TSP Emission Trends

Nationwide TSP emission trends
show an overall decrease of 15 percent
from 1980 to 1989. Over the 8 years,
1982-1989, these total particulate
emissions remained relatively constant.
(See Table 3-1 and Figure 3-4). The
trend in PM emissions is normally not
expected to agree precisely with the
trend in ambient TSP levels, however,
due to unaccounted for natural PM
background and uninventoried emission
sources such as, unpaved roads and
construction activity.  Such fugitive
emissions are not considered in estimates of the
annual nationwide total and could be significant in
populated areas. Information on these sources is
presented in terms of the PM,, portion of particulate
matter in Section 3.1.5. The 10-year reductions in
inventoried particulate emissions occurred primarily
in the fuel combustion and industrial processes
categories. ’
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SOURCE CATEGCRY
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Figure 3-4. National trend in particulate emissions,

1980-1989.

This is attributed to installation of control equipment
by electric utilities, despite an increase in fuel
comsumed and also to reduced activity in some
industries, such as iron and steel.' A large increase
in the miscellaneous category for 1988 is attributed
to the forest fires which occurred that year. Total
particulate emissions are estimated to have
decreased 4 percent from 1988 to 1989.

TABLE 3-1. NATIONAL TOTAL SUSPENDED PARTICULATE EMISSION ESTIMATES, 1980-1989

{million metric tons/year)

SOURCE .
CATEGORY 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989
Transportation | 1.3 1.3 1.3 1.3 1.3 1.4 1.4 1.4 1.5 15
Fuel
Combustion 24 23 22 20 |21 1.8 1.8 1.8 17 1.8
Industrial
Processes a3 3.0 2.6 2.4 28 28 25 25 27 27
Solid Waste 0.4 04 0.3 0.3 0.3 0.3 0.3 03 0.3 03
Miscellaneous | 11 7| 0.9°° |07 "{11 [o9 -J11 |09 |10 |13 |10

TOTAL | 85 8.0 7.1 7.1 74 |73 6.8 70 75 7.2

3-4



3.1.3 Recent TSP Trends: 1987-89

80

CONCENTRATION, UG/M®

The TSP trends for the 3-year period
1987-1989 are presented in terms of
1014 sites which produced data in each
of the last 3 years. The group of siles
qualifying for this analysis is smaller than
the group used to analyze long-term .
trends, reflecting the revisions to TSP
SLAMS networks and the shift of
particulate monitoring to PM,,.
Nationally, little change occurred
‘between 1987 and 1989, although 1988
produced statistically higher
concentrations. On the basis of the 1014
sites with dala in 1987, 1988 and 1989,
average TSP concentrations were
highest in 1988 and were lowest in 1989.
Nationally, average concentrations
decreased 5 percent between these 2
years. This 3-year pattern was not
consistent, however, among geographic
Regions of the country.

40
30
20

10

Figure 3-5 focuses on the last 3 years with a
bar chart of Regional average TSP. Overall there
were relatively small changes in most Regions.
The most notable difference occurred in the
western most Regions. For Region iX (AZ, CA, HI,
NV}, total particulate concentrations showed a
slight but steady increase. This is attributed to the
extended drought in this Region. In Region X (AK,
ID, OR, WA), total particulate levels sharply
declined, and then showed no change between the
last 2 years: This change is due to abnormally
high 1987 particulate levels associated with an
unusual number of wildfires in the Pacific
Northwest.®

The observed vyear-lo-year variations in
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.
Generally drier conditions are also associated with
an increase in foresi fires.

During 1988, most of the nation experienced an
exireme drought. Nationally, this year was the
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Figure 3-5. Regional comparisons of the 1987, 1988
and 1989 composite averages of the geometric mean
fotal suspended particulate concentrations.

driest since 1956 and the second driest in the last
50 years. Most of the Nation returned to more
normal annual rainfall in 1989. The drought
worsened, however, in EPA Region iX where
annual rainfall declined 18 percent.”

3.1.4 Recent PM,, Air Quality

The 1988-1989 change in the PM,, porticn of
total particulate concentrations is examined at 357
monitoring locations which produced data in both
years. A more comprehensive national sample of
763 sites is also presented fo provide a more
representative indication of PM,, air quality
produced by reference PM,, samplers.

The sample of 357 "trend" sites reveals a small
but statistically significant 3 percent decrease in
average PM,, concentrations. This is consistent
with the 5 percent decrease in total pariculates
described earlier. Peak 24-hour PM,,
concentrations decreased 3 percent. This was
examined in terms of the average of the 90th
percentiles of 24-hour concentrations among
sampling locations.
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Figure 3-6. Boxplot comparisons of the 2-year change in PM,,
concentrations (1988-1989) at 357 sites with 1989 PM,, air quality at 763
sites.

Figure 3-6 displays boxplots of the concentration
distribution for the two PM,, trend statistics - annual
arithmetic mean and 90th percentife of 24-hour
concentrations. The 1988 and 1982 national
distributions are very similar for both annual average
and 90th percentile of 24-hour PM,, concentrations. GONGENTRATION, UGIM®
Figure 3-6 also displays the concentration 210
distributions for the larger sample of 763 sites. 180
While the larger group of sites is 2 percent lower in
the composite average annual arithmetic mean, it 150 |
also has a slightly higher percentage of high
concentrations sites. 120 -

NAAQS

The more representative 1989 concentration %0 1

distribution of annual arithmetic means also provides 60

a basis for direct comparison to the annual standard

of 50 pg/m’. Approximately 7 percent of monitoring 30

stations reported averages above the annual

standard. 0 90TH  2ND MAX

%-TILE MAX
Although the 90th percentile is a reasonable
peak concentration indicator for temporal
comparisons, it does not directly relate to the 150 Figure 3-7. Boxplot comparisons of 24-

ug/m’ level of the 24-hour PM,, standard. Since this hour PM,, peak value statistics for 1989
standard permits one expected exceedance per at 763 sitle?s
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year, the maximum and second maximum
24-hour concentrations provide a more
direct indication of attainment status. A
comparison of the 90th percentile of 24-
hour concentrations to these other
indicators of peak concentrations is
presented in Figure 3-7 using boxplots of
the 1989 national concentration
distribution. Although the 90th percentile
concentrations are well below 150 pg/m®,

maximum concentrations exceed the

standard at 11 percent of the reporting
locations while the second maximum
concentrations exceed at 7 percent.

Figure 3-8 presents the Regional
distribution of PM, , concentrations for both
average and 90th percentile
concentrations among the 763 stations
producing reference measurements in
1989. The highest average and peak 24-
hour concentrations are seen in Regions
IX and X.

The 90th percentile of 24-hour
concentrations has been used as the
indicator of peak concentrations because
of differences in sampling frequency
among PM,, sampling locations. Note that
average sampling frequency varies among
Regions, with samplers in Regions VIl
and X operating at more than twice the
frequency of samples in Region Il and
Region IX. The monitoring regulations
permit such differences in sampling
frequency. The regulations specify that
only areas that are close to the 24-hour
standard must sample more frequently.

Figure 3-8 presents the 2-year change
in annual average and 90th percentile
PM,, concentrations by EPA Region. The
slight national decrease is evident in most
Regions. The PM,, increase seen in
Region IX is consistent with the change in
total particulates reported earlier, but is
not statistically significant. Due to the
drought in the Socuthwestern United
States, particulate levels may be higher
than normal. Region IX's 1989 rainfall
was 31 percent below normal.
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Figure 3-8. Regional comparisons of annual mean
and 90th percentile of 24-hour PM,, concentrations
for 1989.
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3.1.5 PM,, Emission Trends

Trends in the PM,, portion of particulate matter
emissions are presented for the five-year period,
1985-1989 in Table 3-2. These estimates indicate
that virtually no change had occurred in the
"traditional” source categories during this five year
period. Furthermore, PM,, appears to represent
gssentially all of the particulate emissions from
transportation sources and most of the emissions
in the other {raditional source categories. As was
the case for TSP, higher emissions occurred in
1988 due to forest tires. National estimates are
also provided for PM,, fugitive emissions for the

single year, 1985, in Table 3-3. The 1985 data was
selected because it represents the best available
inventory of fugitive emissions. In iotal, these
fugitive emissions are 8 times more than the
traditional particulate matter sources categories.
Regional breakdowns reveal that pariculates
atiributed to wind erosion are highest in the
Southwest (Region Vi) and the Rocky Mountain
States (Region VIil), while emissions from unpaved
roads are high in all Regions covering large
geographic areas.'

TABLE 3-2. NATIONAL PM,, EMISSION ESTIMATES, 1985-1989

(million metric tons/year)

SOURCE
CATEGORY 1985 | 1986 | 1987 | 1988 | 1989
Transportation | 1.3 1.3 1.3 1.4 1.5
Fuel
Combustion 1.2 1.2 1.2 1.2 1.3
Industrial
Processes 24 2.1 2.1 23 23
Solid Waste 0.2 0.2 0.2 0.2 0.2
Miscellaneous | 0.8 0.6 0.7 1.0 0.7

TOTAL 59 55 5.6 6.1 5.9
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TABLE 3-3. 1985 FUGITIVE EMISSIONS FOR PM,,

SOURCE CATEGORY

MILLION METRIC TONS/YR

Agricultural Tilling 7.4
Burning 0.7
Construction 12.2
Mining and Quarrying 04
Paved Roads 59
Unpaved Roads 17.3
Wind Erosion 38

TOTAL 47.7




3.2 TRENDS IN SULFUR DIOXIDE

Ambient sulfur dioxide (SO,} results largely
from stationary source coal and oil combustion,
refineries, pulp and paper mills and from
nonferrous smelters. There are three NAAQS for
S0,: an annual arithmetic mean of 0.03 ppm (80
pg/m?), a 24-hour level of 0.14 ppm (365 pg/m?)
and a 3-hour level of 0.50 ppm (1300 pg/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. it should be
noted that EPA is currently evaluating the need
for a new shorter-term 1-hour standard.®

Although this report does not directly address
trends in acid deposition, ot which SO, is a major
contributor, it does include information on total
nationwide emissions which is a measure relating
to total almospheric loadings.

The trends in ambient concentrations are
derived from conlinuous monitoring instruments

CONCENTRATION, PPM
0.035

which can measure as many as 8760 hourly
values peryear. The SO, measurements reported
in this section are summarized into a variety of
summary statislics 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.

3.21 Long-term SO, Trends: 1980-89

The long-term trend in ambient SO,, 1980
through 1989, is graphically presented in Figures
3-10 through 3-12. In each figure, the trend at the
NAMS is contrasted with the trend at all sites. For
each of the statistics presented, a 10-year
downward trend is evident, although the rate of
decline has slowed over the last 3 years.
Nationally, the annual mean SO,, examined at 409
sites, decreased at a median rate of approximately
3 percent per year; this resulted in an overall
change -of about 24 percent (Figure 3-10). The
subset of 133 NAMS recorded higher average
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Figure 3-10. National trend in annual average sulfur dioxide
concentration at both NAMS and all sites with 95 percent confidence

intervals, 1980-1989.

3-10



concenirations and also declined at the
same median rate, with a net change of
28 percent for the 10-year period.

The annual second highest 24-hour
values displayed a similar improvement
between 1980 and 1889. Nationally,
among 405 stations with adequate trend
data, the median rate of change was 3
percent per year, with an overall decline
of 26 percent (Figure 3-11). The 135
NAMS exhibited an overall decrease of
30 percent. The estimated number of
exceedances also showed declines for
the NAMS as well as for the composite
of all sites (Figure 3-12). The national
composite estimated number of
exceedances decreased 95 percent
frorm 1980 to 1989. However, the vast
majority of SO, sites 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 statistical significance of these
long-term trends is graphically illustrated
in Figures 3-10 to 3-12 with the 95
percent confidence intervals. These
figures show that the SO, levels are
statistically indistinguishable among the
last 3 years. For both annual averages
and peak 24-hour values, the 1989
composile average is significantly lower
than levels recorded before 1986. For
expected exceedances of the 24-hour
standard, which experienced a more
rapid decline, the 1989 values are only
statistically different than the levels for
1984 and 1980 to 1982.
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Figure 3-11. National trend in the second-highest
24-hour sulfur dioxide concentration at both NAMS
and all sites with 95 percent confidence intervals,
1980-1989.
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Figure 3-12. National trend in the estimated
number of exceedances of the 24-hour sulfur
dioxide NAAQS at both NAMS and all sites with 95
percent confidence intervals, 1980-1989.
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The inler-site variability for annual
mean and annual second highest
24-hour SO, concentrations is
graphically displayed in Figures 3-13
and 3-14. These figures show that
higher concentrations decreased more
rapidly and that the concentration range
among sites has also diminished during
the 1980's.

Nationally, sulfur oxides (SOx}
emissions decreased 10 percent from
1980 to 1989 (Figure 3-15 and Table
3-4). This decrease is atiributable to
three general changes.' First, the
decrease is aitribulable to the
installation of flue gas desulfurization
controls at new coal-fired electric
generating stations. and a reduction in
the average sulfur content of fuels
consumed over the 10-year period.
Second, emissions from industrial
processes have declined, primarily as
the resuilt of confrols implemented to
reduce emissions from nonferrous
smellers and sulfuric acid manufacturing
plants, as well as shutdowns of some
large smelters. Finally, emissions from
other stationary source fuel combustion
seclors also declined, mainly due to
decreased combustion of coal by these
consumers.

A small {1 percent) increase in
sulfur oxides emissions between 1988
and 1989 can be attributed to increased
electric generation.

The disparity between the 24
percent improvement in SO, air quality
and the 10 percent decrease in SOx
emissions can be attributed to several
factors. SO, monitors with sufficient
historical data for trends are mostly
urban population-oriented. They do not
monitor many of the major emitiers
which tend to be located in more rural
areas (e.g. large power plants).
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Figure 3-13. Boxplot comparisons of trends in
annual mean sulfur dioxide concentrations at 409
sites, 1980-1989.
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Figure 3-14. Boxplot comparisons of trends in
second highest 24-hour average sulfur dioxide
concentrations at 405 sites, 1980-1989.
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Although mos! of the trend sites are
categorized as population-oriented, the
majority of SOx emissions are
dominated by large point sources.
Two-thirds of ail national SOx
emissions are generaled by electric
utilities {95 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-halt of all power plant emissions.
In addition, the 200 highest SOx
emitters account for more than 85
percent of all SOx power plant
emissions. These 200 plants account
for 59 percent of all SOx emissions
nationally.’

Another factor which may account
for differences in SOx emissions and
ambient air quality is stack height. At
large ulilities and smelters, SO, is
generally released into the atmosphere
through tall stacks. Although sources
are not permitted to increase emissions
through increased dispersion from tall
stacks, measured ground level

30, EMISSIONS, 10° METRIC TONS/YEAR
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Figure 3-15. National trend in sulfur oxides
emissions, 1980-1989.

TABLE 3-4. NATIONAL SULFUR OXIDES EMISSION ESTIMATES, 1980-1989

(million metric tons/year)

SOURCE
CATEGORY 1980 | 1981 | 1982

1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989

Transportation 0.9 09 0.8

08 08 09 09 09 09 1.0

Fuel

Combustion 187 | 178 (173 | 167 | 174 | 170 | 169 | 166 | 166 | 168
Industrial

Processes 38 39 3.3 33 33 32 32 | 32 34 33

Solid Waste 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

Miscellaneous 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL 234 | 226 | 214

20.7 | 215 | 211 | 209 | 207 | 209 | 211
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concentratiens in the vicinity of these
exixting sources may not reflect local
emissions. Total atmospheric loading
impacts also arise, in part, as a
consequence of tall slacks.

3.22 Recent SO, Trends: 1987-89

Nationally, SO, showed minor
changes over the last three years.
Composile average concentrations
increased 3 percent between 1987 and
1988 and then decreased a litlle over 3
percent between 1988 and 1989.
Regional changes in composite annual
average SO, concentrations for the fast
3 years, 1987-1989, are shown in
Figure 3-16. Most Regions show littie
change among the last 3 years, with the
exception of Region X, which shows a
large decrease since 1987. This was
the result of lower monitored
concentrations in the vicinity of State of
Washington puip mills.
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Figure 3-16. Regional comparisons of the 1987, 1988,
1989 composite averages of the annual average
sulfur dioxide concentration.

3-14



3.3 TRENDS IN CARBON MONOXIDE

Carbon monoxide (CO) is a colorless,
odorless and poisonous gas produced by
incomplete burning of carbon in {uels.
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
1-hour level is 35 ppm, and the 8-hour level is 9
ppm. This trends analysis focuses on the 8-hour
average results because the 8-hour standard is
generally the more restrictive limit. Nationally,
during 1989, only three exceedances of the CO
1-hour NAAQS were recorded at two sites which
are impacted by localized, non-mobile sources,
and in each case the 8-hour NAAQS was still the
controlling standard.

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

Trends sites were selected using the
procedures presented in Section 2.1 which
yielded a data base of 280 sites for the 10-year
period 1980-89 and a data base of 355 sites for
the 3-year 1987-89 period. There were 87
NAMS sites included in the 10-year data base
and 103 NAMS sites in the 3-year data base.

3.31 Long-term CO Trends: 1980-89

The 1980-83 composite national average
trend is shown in Figure 3-17 for the second
highest non-overlapping 8-hour CC concentration

for the 280 long-term trend sites and the subset
of 87 NAMS sites. During this 10-year period,
the national composite average decreased by 25
percent and the subset of NAMS decreased by
28 percent. The median rate of improvement for
this time period is slightly more than 3 percent
per year. After leveling off to no significant
change from 1985 to 1986, the trend resumed
downward in 1987 and fater years. Long-term
improvement was seen in each EPA Region with
median rates of improvement varying from 2 to 5
percent per year. The 1389 composite average
is significantly lower than the composite means
for 1986 and earlier years. This same trend is
shown in Figure 3-18 by a boxplot presentation
which provides more information on the year-to-
year distribution of ambient CO levels at the 280
long-term trend sites. While there is some year
to year fluctuation in certain percentiles, the
general long-term improvement in ambient CO
levels is clear.

Figure 3-19 displays the 10-year trend in the
composite average of the estimated number of
exceedances of the 8-hour CO NAAQS. This
exceedance rate was adjusted to account for
incomplete sampling. The trend in exceedances
shows long-term improvernent but the rates are
much higher than those for the second
maximums. The composite average of estimated
exceedances decreased 80 percent between
1980 and 1989 for the 280 long-term trend sites,
while the subset of 87 NAMS showed a 77
percent decrease. These percentage changes
for exceedances are typically much larger than
those found for peak concentrations, such as the
annual second maximum 8-hour value, which is
more likely to reflect the change in emission
levels. The upturns in the composite average of
the estimated exceedances between 1987 and
1988, and between 1988 and 1989 are not
statistically significant, and are not evident in the
larger 3-year data base. '
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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, 1980-1989,

Figure 3-18. Boxplot comparisons
of trends in second highest
nonoverlapping 8-hour average
carbon monoxide concentrations
at 280 sites, 1980-1989.

Figure 3-19. National trend in the
composite ~average of the
estimated number of exceedances
of the 8-hour carbon monoxide
NAAQS, at both NAMS and all
sites with 95 percent confidence
intervals, 1980-1989.
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The 10-year 1980-83 ftrend in
national carbon monoxide emission
estimates is shown in Figure 3-20 and
in Table 3-5. These estimates show a
23 percent decrease between 1980
and 1989. Transportation sources
accounted for approximately 70 percent
of the total in 1980 and decreased to
66 percent of total emissions in 1989.
Emissions from highway vehicles
'decreased 33 percent during the
1980-89 period, despite a 39 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

CO EMISSIONS, 10° METRIC TONS/YEAR
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Figure 3-20. National trend in emissions of carbon
monoxide, 1980-1989,

TABLE 3-5. NATIONAL CARBON MONOXIDE EMISSION ESTIMATES, 1980-1989

{million metric tons/year)
SOURCE
CATEGORY 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989
Transportation | 56.1 554 | 529 |524 1506 (479 |446 |433 |[41.2 | 400
Fuel
Combustion 74 7.7 82 8.2 8.3 75 75 7.6 7.6 7.8
Industrial
Processes 6.3 59 4.3 4.3 4.7 4.4 42 4.3 4.6 4.6
Solid Waste 2.2 2.4 2.0 1.9 19 1.9 18 1.8 17 17
7

Miscellaneous 7.6 6.4 49 7.7 6.3 ;.9 59 7.2 9.9 6.7

TOTAL 796 |774 |724 |745 (718 | 698 | 640 [642 |650 | 609
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national fotals, 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 ihe
CO problem is complicated because of
the growth and possible changes in
traffic pattems that have occurred in
many major urban areas. There are a
variety of possible factors to consider,
such as fopography, 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. Figure 3-22
demonstrales the progress that has been
made in reducing carbon monoxide
levels in Denver following implementation
of local and Federal control measures.

Figure 3-23 displays the 10-year
trend among MSAs of varying population
size. Only those sites meeting the ten-
year trends data completeness and
continuity criteria were included in the
analysis. Three size categories are
shown: 27 moderate-sized MSAs with
populations of 250 1o 500 thousand; 35
large MSAs with populations between
500 thousand and one million; and 43
very-large MSAs with populations greater
than one million. The composite means
are generally higher in the very-large
MSAs, although the patterns are mixed
for some years. The moderate and large
MSAs had 1983 composite average
second highest nonoverlapping 8-hour
concentrations 22 percent lower than
1980 levels. The 43 MSAs wilh
populations greater than one million
recorded a 25 percent decrease during

% of 1980 level
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Figure 3-21. Comparison of trends in fotal national
vehicle miles traveled and national highway vehicle
emissions, 1980-1989.
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Figure 3-22, Decrease in carbon monoxide
exceedances in Denver, Colorado.
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this 10-year period. Between 1988 and
1989, the composite average decreased
3 percent for the moderate-sized MSAs,
2 percent for the large MSAs and less
than 1 percent for the very large
metropolitan complexes.

3.32 Recent CO Changes

This section examines ambient
CO changes during the last 3 years,
1987-89. As discussed in Section 2.1,
this allows the use of a larger data
base, 355 versus 280 sites. Between
1988 and 1989, the composite average
of the second highest non-overlapping
8-hour average concentration at 355
sites decreased by 1 percent and by
less than 1 percent at the 103 NAMS
sites. The composite average of the
estimated number of exceedances of
the 8-hour CO NAAQS at the 355 sites
decreased by less than 1 percent
between 1988 and 1989. Estimated
nationwide CO emissions decreased 6
percent between 1988 and 1989. Part
of this decrease is attributed to a 4
percent reduction in CO emissions

from highway vehicles. A larger part, -

however, is due to higher than normal
forest fire activity in 1988.

Figure 3-24 shows the composite
Regional averages for the 1987-89 time
period. Five of the 10 Regions have
1989 composite mean levels lower
than their 1988 values and five are
higher in 1989. Every Region, except
Region IX, have 1989 composite mean
levels less than the corresponding
1987 value. 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.

10
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Figure 3-23. Metropolitan area trends in the
composite average of the second highest non-
overlapping 8-hour average carbon monoxide
concentration, 1980-1989.
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Figure 3-24. Regional comparisons of the 1987, 1988
and 1989 composite averages of the second highest non-
overlapping 8-hour average carbon monoxide
concentration. '
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3.4 TRENDS IN NITROGEN DIOXIDE

Nitrogen dioxide (NQ,) is a yellowish brown,
highly reactive gas which is present in urban
atmospheres. The major mechanism for the
formation of NO, in the atmosphere is the oxidation
of the primary air pollutant, nitric -oxide (NO).
Nitrogen oxides play a major role, 1ogether with
volatile organic compounds, in the atmospheric
reactions that produce ozone. Nitrogen oxides
form when fuel is burned at high temperatures.
The two major emissions sources are transportation
and stationary fuel combustion sources such as
electric utility and industrial boilers.

Nitrogen oxides can irritate the lungs, cause
bronchitis and pneumonia, and lower resistance to
respiralory infections. LLos Angeles, CA is the only
urban area that has recorded violations of the
annual NO, standard of 0.053 ppm during the past
10 years.

NO, is measured using a continuous monitoring
instrument which can collect as many as 8760
hourly observations per year. Only annual means
based on at least 4380 hourly observations were

CONCENTRATION, PPM
0.06

considered in the trends analyses which follow. A
total of 148 sites were selected for the 10-year
period and 200 sites were selected for the 3-year
data base.

3.4.1 Long-term NO, Trends: 1980-89

The composite average long-term trend for the
nitrogen dioxide mean concentrations at the 148
trend sites and the 36 NAMS sites, is shown in
Figure 3-25. The 95 percent confidence intervals
about the composite means allow for comparisons
among the years. Nationally, composite annual
average NQ, levels decreased from 1980 to 1983,
and remained essentially constant since 1984. The
1989 composite average NO, level is 5 percent
jower than the 1980 level, indicating an overall
downward trend during this period. 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. As expected, the composite
averages of the NAMS are higher than those of all
sites, however, they also recorded a 5 percent
decrease in composite mean levels during this

NAAQS
0.05 -

0.04

0.03

0.02

001 - |- NAMS SITES (36)
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| | 1 |
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Figure 3-25. National trend in the composite annual average nitrogen
dioxide concentration at both NAMS and all sites with 95 percent

confidence intervals, 1980-1989,
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period. Although the 1983 composite
mean levels are 5 percent lower than the
1980 means, an examination of the
confidence intervals reveals that there
are no significant differences among all
years, for all sites and for the subset of
NAMS.

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 1980 and
1989 can generally be seen in the upper
percentiles until 1984, with mixed results
in the following years. The lower
percentiles show little change, however.

Figure 3-27 displays the 10-year
trend among MSAs of varying population
size. Only those sites meeting the ten-
year trends data completeness and
continuity criteria were included in the
analysis. As expected, there are fewer
MSAs for NO, in each size category than
for carbon monoxide, because NO,
monitoring is only required in large cities.
Three size categories are shown: 16
moderate-sized MSAs with populations of
250 to 500 thousand; 14 large MSAs
with popuiations between 500 thousand
and one million; and 30 very-large MSAs
with populations greater than one million.
Unlike carbon monoxide, the level of the
NO, composite means varies directly with
MSA size, the larger the population the
higher the concentration level. Although
the pattern of the year-to-year changes
differs somewhat among MSA size, the
long-term trend is congistent across MSA
size category with 1389 composite mean
levels 6 percent lower than 1980 levels.
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Figure 3-26. Boxplot comparisons of trends in
annual mean nitrogen dioxide concentrations at 148
sites, 1980-1989. '
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Figure 3-27, Metropolitan area trends in the
composite annual average nitrogen dioxide
concentration, 1980-1989.
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Table 3-6 presents the frend in
estimated nationwide emissions of
nitrogen oxides (NOx). The decreasing
trend in NOx emissions from 1980
through 1983 was reversed in 1984. The
decline in NOx nationwide emissions
between 1985 and 1986 has been
followed by increased NOx emissions in
1987 and 1988. However, total 1989
nitrogen oxides emissions are 5 percent
less than 1880 emissions. Highway
vehicle emissions decreased by 25
percent during this period, while fuel
combustion emissions have increased
during the last 3 years. Figure 3-28
shows that the iwo primary source
categories of nitrogen oxides emissions
are fuel combustion and transportation,
composing 56 percent and 40 percent,
respectively, of total 1983 nitrogen
oxides emissions.

NO, EMISSIONS, 10° METRIC TONS/YEAR

SOURCE CATEGORY

25 - TRANSPORTATION 5 INDUSTRIAL PROCESSES
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Figure 3-28. National trend in nitrogen oxides
emissions, 1980-1989,

TABLE 3-6. NATIONAL NITROGEN OXIDES EMISSION ESTIMATES, 1980-1989

(million metric tons/year)

SOURCE

CATEGORY 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989
Transportation 98 10.0 9.4 8.9 8.8 8.9 8.3 8.1 8.1 79
Fuel

Combustion 10.1 10.0 9.8 9.6 102 | 10.2 {100 | 105 | 109 111
Industrial :

Processes 0.7 0.6 ‘0.5 0.5 0.6 06 0.6 0.6 0.6 06

Solid Waste 0.1 0.1 0.1

0.1 0.1 0.1 01 0.1 0.1 041

Miscellaneous 0.2 0.2 0.1

02 0.2 0.2 0.2 0.2 03 0.2

TOTAL 209 | 209 | 2.0

193 | 198 | 199 | 19.1 | 19.4 | 200 | 199
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3.42 Recent NO, Changes

Between 1988 and 1989, the
composite annual mean NO,
concentration at 200 sites, with complete
data during the last three years,
decreased by 2 percent. At the subset
of 47 NAMS, the composite mean
concentration decreased 1 percent
between 1988 and 1989. Nationwide
emissions of nitrogen oxides decreased
1 percent between 1988 and 1989.

Regional trends in the composite
average NO, concentrations for the years
1987-89 are displayed in Figure 3-29
with bar graphs. Region X, which did not
have any NO, sites which met the 3-year
data completeness and continuity criteria,
is not shown. Since the national trend
shows no significant change during this
period, the mixed pattern of the Regional
year-to-year changes is not surprising.
Between 1987 and 1988, three Regions
had increased levels, three decreased,
and three remained unchanged. The
downlum seen in the longterm data
base in also found in the larger 3-year
data base. Seven of the nine Regions
have 1889 composite mean
concentrations which are lower than the
corresponding 1988 levels. Region V
and Region Vi recorded increases of 2
percent and 1 percent, respectively.
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Figure 3-29. Regional comparisons of 1987, 1988,
1989 composite averages of the annual mean
nitrogen dioxide concentration.
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3.5 TRENDS IN OZONE

Ozone (O,) is a photochemical oxidant and the
major component of smog. While ozone in the
upper atmosphere is beneficial to life by shielding
the earth from harmful ultraviolet radiation tfrom the
sun, high concentrations of ozone at ground level
are a major health and environmental concem.
Ozone is not emitted directly into the air but is
formed through complex chemical reactions
between precursor emissions of volatile organic
compounds and nitrogen oxides in the presence of
sunlight. These reactions are stimulated by
sunlight and temperature so that peak ozone levels
occur typically during the warmer times of the year.
Both volatile organic compounds and nitrogen
oxides are emitted by transportation and industrial
sources. Volatile organic compounds are emitted
from sources as diverse as autos, chemical
manufacturing, and dry cleaners, paint shops and
other sources using solvents. Nitrogen oxides
emissions were discussed in Section 3.4.

The reactivity of ozone causes health problems
because it tends to break down biological tissues
and cells. Recent scientific evidence indicates that
high levels of ozone not only aftect people with
impaired respiratory systems, such as asthmatics,

CONCENTRATION, PPM

but healthy adulls and children, as well. Exposure
to ozone for only several hours at relatively low
concentrations has been found to significantly
reduce lung function in normal, healthy people
during exercise. This decrease in lung function
generally is accompanied by symptoms including
chest pain, coughing, sneezing and pulmonary
congestion.

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 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 Oclober 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
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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 ail
sites with 95 percent confidence intervals, 1980-1989.

3-24



North Dakota. This analysis uses these
ozone seasons o ensure that the data
completeness requirements apply to the
relevant portions of the year.

The trends sile selection process,
discussed in Section 2.1, resulted in 431
sites being selected for the 13980-89
period, an increase of 43 sites (or 11%)
from the 1979-88 trends data base. A
total of 581 sites are included in the
1987-89 data base. The NAMS
compose 186 of the long-term trends
sites and 208 of the sites in the 3-year
data base.

3.5.1 Long-term ©O; Trends:
1980-89

Figure 3-30 displays the 10-year
compaosite average trend for the second
highest day during the ozone season for
the 431 trends sites and the subset of
186 NAMS siles. The 1989 composite
average for the 431 trend sites is 14
percent lower than the 1980 average,
yielding the lowest composite average of
the past ten years. The 1989 composite
average is significantly less than the
1988 composite mean, which is the
second highest average (1983 was the
highest) during this ten year period. The
relatively high ozone concentrations in
both 1983 and 1988 are likely atiributed
in part o hot, dry, stagnant conditions in
some areas of the country that were
more conducive to ozone formation than
other years. Meteorological conditions in
the summer of 1989 were less conducive
to ozone formation than 1983 and 1988.
In the East, the period from January
through July 1989 was among the
wettest on record in nine states.™

The inter-site variability of the annual
second highest daily maximum
concentrations for the 431 site data base
is displayed in Figure 3-31. The years
1980, 1983 and 1988 values are similarly
high, while the remaining years in the
1980-89 pericd are generaily lower, with

CONCENTRATION, PPM
0.30

431 SITES

0.25

0.20

0.15

0.05

0.00 T T T T T T T T
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Figure 3-31. Boxplot comparisons of trends in
annual second highest daily maximum 1-hour ozone
concenfration at 431 sites, 1980-1989.
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Figure 3-32. National trend in the estimated
number of daily exceedances of the ozone NAAQS
in the ozone season at both NAMS and all sites
with 95 percent confidence intervals, 1980-1989.
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1889 being the lowest, on average. The
distribution of second daily maximum 1-hour
concentrations in 1989 is similar to that recorded in
1986. The 1987 ozone concentration distribution is
comparable to 1984 and 1985 except for the peak
sites, which were considerably lower than these
earlier years. Figure 3-32 depicts the 1980-89
trend for the composite average number of ozone
exceedances. This statistic is adjusted for missing
data, and it reflects the number of days that the
ozone standard is exceeded during the ozone
season. Since 1980, the expected number of
exceedances decreased 53 percent for the 431
sites and 60 percent for the 186 NAMS. As with
the second maximum, the 1980, 1983 and 1988
values are higher than the other years in the
1980-89 period. The endpoints of this ten year
period represent the two extremes, with the 1980
composite average of the number of estimated
exceedances being the highest level during the last
ten years, and 1989 the lowest.

016 CONCENTRATION, PPM

Figure 3-33 displays the 10-year trend in the
composite average of the second daily maximum 1-
hour concentralions armong MSAs of varying
population size. Only those sites meeting the ten-
year trends data completeness and continuity
criteria were included in the analysis. Three size
categories are shown: 40 moderate-sized MSAs
with populations of 250 to 500 thousand; 34 large
MSAs with populations between 500 thousand and
one milion; and 37 very-large MSAs with
populations greater than one million. The
maghitude of the 0zone composite averages of the
second daily maximum 1-hour concentrations varies
directly with MSA size, the larger the population the
higher the concentration level. Although the pattern
of the year-to-year changes is similar among MSA
size, the long-term trend varies across MSA size
category. The 1989 composite mean in the very-
large MSAs is 16 percent lower than 1980 level, 13
percent lower for the large MSAs and 8 percent
lower for the medium-sized MSAs.
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Figure 3-33. Metropolitan area trends in the composite average of the
second highest maximum 1-hour ozone concentration, 1980-1989.
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Table 3-7 and Figure 3-34 display the
1980-89 emission trends for volatile
organic compouns (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 19 percent between
1980 and 1989. Between 1980 and
1989, VOC emissions from highway
vehicles are estimated to have
decreased 34 percent, despite a 39
percent increase in vehicle miles of travel
during this time period (see Figure 3-21).
Previously, VOC emissions from highway
vehicles were estimated using nationwide
annual temperatures and nationwide
average Reid Vapor Pressure (RVP).
The new estimates are based on
statewide average monthly temperatures
and statewide RVP. Emissions from
forest fires have also been revised. The
net result is that the new estimate for
1988 is 5 percent higher than the
estimate presented in last year's report.

VOC EMISSIONS, 10° METRIC TONS/YEAR
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Figure 3-34. National trend in emissions of volatile
organic compounds, 1980-1989.

TABLE 3-7. NATIONAL VOLATILE ORGANIC COMPOUND EMISSION ESTIMATES, 1960-1989

(million metric tons/year)

SOURCE
CATEGORY 1980 | 1981 | 1982

1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989

Transportation 8.0 89 8.3

82 8.1 7.6 7.2 7.1 69 6.4

Fue'l

Combustion 09 0.9 1.0 1.0 1.0 0.9 0.9 09 0.9 0.9
Industrial

Processes 92 | 83 7.5 79 8.8 8.5 8.1 8.3 8.1 8.1

Solid Waste 06 0.6 0.6

0.6 0.6 0.6 0.6 0.6 0.6 0.6

Miscellaneous 29 25 22

27 27 2.6 23 25 29 25

227 1213

TOTAL 19.5

203 | 211 202 |191 [19.4 |195 {185

NOTE: The ‘surr
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3.52 Recent O, Changes

This section discusses ambient O,
changes during the 3-year time period
1987-89. Using this 3-year period
permits the use of a larger data base of
581 sites, compared to 431 for the
10-year period. The composite average
at these 581 sites increased 8 percent
from 1987 to 1988, likely due to the hot,
dry meteorological conditions
experienced in much of the Eastern U.S.
during Summer 1988, Nationally, 1988
was the third hottest summer since
1931."" Between 1988 and 1989,
composite mean ozone concentrations
decreased 15 percent at the 581 sites
and 16 percent at the subset of 208
NAMS. The interpretation of recent
trends is difficult due to the confounding
factors of meteorology and emission
changes. Just as the increase in 1988 is
attributed in part to meteorological
conditions, the 1989 decrease is likely
due, in part, to metecrological conditions
being less favorable for ozone formation
in 1989 than in 1988. Also, new
regulations lowered national average
summertime RVP in regular unleaded
gasoline from 100 to 8.9 psi between
1988 and 1989.'*'*" Between 1988 and
1989, the composite average of the
number of estimated exceedances of the
ozone standard decreased by 49 percent
at the 581 sites, and 53 percent at the
208 NAMS. Nationwide VOC emissions
decreased 5 percent between 1988 and
1988.

Figure 3-35 uses boxplots to illustrate
that the decrease in second daily
maximum 1-hour ozone concentrations
¢an be found across metropolitan areas
of varying size. Between 1988 and 1989,
the composite average decreased by 12
percent at 62 sites in 40 moderate-sized
MSAs. A decrease of 16 percent in
composite mean concentrations was
recorded for both the large and very-large
MSAs.  Decreases in concentration
levels can be found across all percentiles
as well.
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Figure 3-35. Boxplot comparison of recent changes
in ozone second daily maximum 1-hour
concentrations in metropolitan areas, 1988-1989.
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Figure 3-36. Regional comparisons of the 1987, 1988,
1989 composite averages of the second-highest daily
1-hour ozone concentrations.
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The composite average of the
second daily maximum concentrations
increased in every region of the nation
belween 1987 and 1988. As Figure 3-36
indicates, the largest increases were
recorded in the noritheastern states,
composing EPA Regions | through Il
This pattern was reversed in 1989 with
every Region recording lower compaosite
average concentrations in 1989 than in
1988. The largest decreases are found
in the Northeast.

Peak ozone concentrations typically
occur during bhot, dry, stagnant
summertime conditions (high temperature
and strong solar insolation)." Thus,
studies have compared the variability in
meteorological parameters such as
maximum daily temperature, solar
radiation, average daily wind speed and
precipitation with the variability in peak
ozone concentrations.”® Figures 3-37
and 3-38, respectively, present summer
1987-89 data on the number of days
greater than 90° F (directly related) and
the number of days with precipitation
(inversely related) for selected cities in
each EPA Region.'” Although the year-
to-year changes in the meteorological
parameters are similar to the changes in
regional air quality (Figure 3-38), as
shown later in Section 5, these simple
indicators may not be " sufficient o
describe long-term trends in some cities.

3.5.3 Preview of 1990 Ozone
Trends

In response to public concern and
media attention during the summer of
1988, EPA initiated a cooperative
program with the state and local air
poliution control agencies for the early
reporting of ozone summary data."
Preliminary, unvalidated data were
reported to EPA approximately 3 to 4
months ahead of the schedule typically
required for quality assurance and data
submittal. Preliminary, unvalidated data
and normally reported 1990 data have
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Figure 3-37. Regional comparisons of the number of
days greater than 90°F in 1987, 1988, 1989 for
selected cities.
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Figure 3-38. Regional comparisons of the number of
days with precipitation in 1987, 1988, 1989 for
selected cities.
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been used here to provide a preliminary
estimate of future ozone trends.

Summer 1990 temperature averaged
across the nation was above the long-
term mean and ranks as the 15th
warmest summer on record since 1895."°
Areally averaged precipitation was below
the long-term mean and ranks as the 29th
driest summer. Regionally, the Central
and East North Central had average
temperatures, with warmer rankings
elsewhere. The South and Southeast
were unusually dry, the Northeast, East,
North Central and Northwest Regions
were in the dry third of the distribution,
and the rest of the nation was in the
middle third of the distribution of yearly
rankings.'®  Also, 1990 average RVP
decreased 3 percent from summer 1989
levels."

Figure 3-39 presents a preliminary
estimate of the trend in the composite
average of the annual daily maximum 1-
hour concentration for the period 1980
through 1890. The 1990 composite
average estimate is 1 percent lower than
the 1989 level and is 16 percent lower
than the 1988 level. This estimate is
based on a subset of 337 of the 431 long-
term trend sites and was adjusted for the
mix of sites in the trends database.
Although based on a larger number of
sites than last year's preliminary 1989
estimate, this 1980 estimate should be
viewed as preliminary, because summer
1930 data have not yet been subjected to
the complete quality assurance process.

A preliminary estimate of the year-to-
year changes among the Regions is
shown in Figure 3-40. The preliminary
19390 composite mean concentrations are
lower than the previous three years in 5 of
the 10 Regions. Regions tl through IV,
and VI (the East, Southeast and
Southwest) recorded similar, or slightly
higher, levels than 1989, while Region X
(the Northwest) recorded its highest
compaosite mean concentration during the
past 4 years.
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Figure 3-39. Preliminary estimate of the national
trend in the composite average of the second
highest daily maximum 1-hour azone concentration,
1980-90.
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Figure 3-40. Regional comparisons of the 1987, 1988,
1989 and preliminary 1990 composite averages of the
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3.6 TRENDS IN LEAD

Lead (Pb) gasoline additives, nonferrous
smellers and batlery plants are the most
significant contributors to atmospheric Pb
emissions.  Transportation sources in 1989
contributed 31 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 7.6 x 10° and 7.2 x
10* metric tons, respectively in 1988 and 1989.
The decrease in lead emissions from highway
vehicles accounts for essentially all of this drop.
The reasons for this drop are noted below.

Two air pollution control programs
implemented by EPA before promulgation of the
Pb standard in October 1978% have resulted in
lower ambient Pb levels. First, regulations issued
in the early 1970s required gradual reduction of
the Pb content of all gasoline over a period of
many years. More recently, the Fb conient 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 stil further to 0.1
grams/gallon on January 1, 1986. Second, as
part of EPA’s overall autlomotive 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 1989, unleaded gasoline
sales accounted for 89 percent of the total
gasoline market - up from 82% in 1988. These
programs have essentizlly eliminated violations of
the lead standard in urban areas, except in those
areas with lead point sources. Programs are also
in place to control Pb emissions from stationary
point sources. Pb emissions from stationary
sources have been substantially reduced by
control programs criented toward attainment of the
particulate matter and Pb ambient standards,
however, significant ambient problems still remain
around some lead point sources. Lead emissions
in 1989 from industrial sources, e.g. 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 43 percent since the late -‘70s. In 1989,
emissions from solid waste disposal and industrial

processes (2.3 x 10° metric tons) represent the
largest category of lead emissions just ahead of
the 2.2 x 10° metric tons from transportation. 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: 1980-89

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

As with the other pollutants, the sites selected
for the long-term trend analysis had to satisfy
annual data completeness criteria of at least 8 out
of 10 years of data in the 1980 to 1989 period. A
year was included as "valid" if at least 3 of the 4
quarterly averages were available. As in last
year’s report, composite lead data, i.e., individual
24-hour observations are composited together by
month or quarter and a single analysis made, are
being used in the trend analysis. Seventeen sites
qualified for the 10-year trend because of the
addition of composite data. A total of 189 urban-
oriented sites, from 41 States, met the data
completeness criteria. Forty-six of these sites
were NAMS, the largest number of lead NAMS
sites to qualify for the 10-year trends. Thirty-three
(17 percent) of the 189 trend sites were located in
the State of California, thus this State is over-
represented in the sample of sites satisfying the
long-term trend criteria. However, the lead trend
at the California sites was almost identical to the
trend at the non-California sites; so that these
sites did not distort the overall trends. Sites that
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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.
Trends at lead point source oriented
sites will be discussed separately in the
next section.

The means of the composite
maximum quarterly averages and their
respective 95 percent confidence
intervals are shown in Figure 3-41 for
both the 189 urban sites and 46 NAMS
sites (1980-1989). There was an 87
percent (1980-89) decrease in the
average for the 189 urban sites. Lead
emissions over this 10-year period also
decreased. There was a 90 percent
decrease in total lead emissions and a
96 percent decrease in lead emissions
from transportation sources. The
confidence intervals for these sites
indicaie that the 1985-89 averages are
significantly less than all averages from
preceding years. Because of the
smaller number (46) of NAMS sites with
at least 8 years of data, the confidence
intervals are wider. However, the 1985-
89 NAMS 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 1989 is essentially the same (0.073
po/m® as the "all sites” average;
whereas in the early 1980's the
averages of the NAMS sites were
significantly higher. Figure 3-42 shows
the trend in average lead concentrations
for the urban-oriented sites and for 19
point-source oriented sites which met
the 10-year data completeness criteria.
The improvement in average ambient
lead concentrations at the point-source
oriented sites, which are near industrial
sources of lead, e.q. smelters, battery
plants, is about the same on a
percentage basis as the urban oriented
sites. However, the average at the
point-source oriented sites dropped in
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Figure 3-41. National trend in the composite
average of the maximum quarterly average lead
concentration at both NAMS and all sites with 95
percent confidence intervals, 1980-1989.
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Figure 3-42. Comparison of national trend in the
composite average of the maximum quarterly
average lead concentrations at urban and point-
source oriented sites, 1980-1989.
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magnitude from 1.8 to 0.4 pgm®, a 1.4 pgm®
difference; whereas, the average at the urban site
dropped only from 0.6 to 0.1 pg/m®. A site in
Idaho, located near a shutdown smefter, with
extremely high 1980-81 lead concentrations did
not qualify for inclusion in this years 10-year data
base but was in last years report. The result is
that the 1980-89 change is now less pronounced
than that shown last year for the point-source
oriented sites. This improvement at the point-
source oriented sites reflects both industrial and
automotive lead emission controls, but in some
cases, the industrial source reductions are
because of plant shutdowns. The 4 MSA’s shown
in- Table 4-3 that are above the lead NAAQS in
1989 are all caused by lead point sources. These
MSA's are Birmingham Al, Dallas TX, Omaha NE-
IA, and St Louis MO-IL. Figure 3-43 shows
boxplot comparisons of the maximum quarterly
average Pb concentrations at the 189 urban-
oriented Pb trend sites (1980-89). This figure

CONCENTRATION, UG/M®

shows the dramatic improvement in ambient Pb
concenirations for the entire distribution of trend
sites. As with the composite average
conceniration since 1980, most of the percentiles
also show a monotonically decreasing pattern.
The 189 urban-oriented sites that qualified for the
1980-89 period, when compared 1o the 139 sites
for 1979-88 and the 97 sites for 1978-87 period,"
indicate a substantial expansion of the 10 year
trends data base.

The trend in total lead emissions is shown in
Figure 3-44. Table 3-8 summarizes the Pb
emissions data as well. The 1980-89 drop in total
Pb emissions was 90 percent. This compares
with the 87 percent decrease (1980-89) in ambient
lead concentrations. The drop in Pb consumption
and subsequent Pb emissions since 1980 was
brought about by the increased use of unleaded
gasoline in catalyst-equipped cars and the
reduced Pb content in leaded gasoline.

2.5
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Figure 3-43. Boxplot comparisons of trends in maximum quarterly
average lead concentrations at 189 sites, 1980-1989,
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The results of these actions in 1989
amounted to a 66 percent reduction
nationwide in total Pb emissions from
1985 levels. As noted reviously,
unleaded gasoline represented 89
percent of 1989 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. In Canada a very similar
frend in ambient lead concentrations
has been chserved. In a soon to be
released repont, declines in average
lead concentrations of 86 percent were
found for the 1980-89 time period #*
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Figure 3-44. National trend in lead emissions, 1980-

1989.

TABLE 3-8. NATIONAL LEAD EMISSION ESTIMATES, 1980-1989

{million metri¢c tons/year)
SOURCE
CATEGORY 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1988
Transportation | 59.4 | 469 |[469 |408 | 347 | 155 35 30 26 22
Fuel”
Combustion 39 28 1.7 0.6 0.5 05 0.5 0.5 05 0.5
Industrial
Processes 36 3.0 27 2.4 2.3 23 1.9 19 2.0 2.3
Solid Waste 37 37 31 26 26 25 26 26 25 2.3
Miscelianeous 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
F
1 TOTAL 706 | 564 | 544 |46.4 | 401 | 209 8.4 8.0 7.6 7.2
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3.6.2 Recent Pb Trends: 1987-89

Ambient Pb trends were also studied
over the shorter period 1987-89. A total
of 245 urban sites in 39 States met the

CONGENTRATION, ug/m®

data requirement that a site have al 3, [ i
years with data. In recent years, the

number of lead sites has dropped L . EOMPOSTI’E AVERAGE  [-+rmmmmmmrmeemreess
because of the elimination of some TSP W 1557 W 1988 (1989

monilors from Slate and lmal air 1_0 D E TPy ey P
monitoring programs. Some monitors 0.8 ererreen

were eliminated due to the change in

the particulate matter standard from 06 oottt s e e e
TSP to PM,, while others were P R
discontinued because of the very low

|ead éoncentrations measured in many 0.2 =

urban locations. Although some further } sk R e Bk
attrition may occur, the core network of REGON | I Il IV V VI VIl VIl IX X

NAMS lead sites together - with
supplementary State and local sites
should be sufficient to access national
ambient lead trends. This larger 3-year
data base showed an improvement of
29 percent in average urban Pb
concentrations. The 1987 and 1989 lead
averages respectively were 0.099 and
0.070 ug/m3, a difference of only 0.029
ug/m3. This corresponds to reductions
in total Pb emissions of 10 percent and a
reduction of 27 percent in lead emissions from
transportation sources. Most of this decrease in
total nationwide Pb emissions was due once again
to the decrease in automotive Pb emissions.
Even this larger group of sites was
disproportionately weighted by sites in California,
llinois, Kansas, Texas and West Virginia. These
States had about 37 percent of the 245 sites
represented. However, the percent changes in
1987-89 average Pb concentrations for these five
States were very similar to the percent change for
the remaining sites, thus the contributions of these
sites did not distort the national trends. Although
urban lead concentrations continue to decline
consistently, there are indications that the rate of
the decline has slowed down. Clearly in some
areas, urban lead levels are so low, that further
improvements have become difficult.

Indeed, as will be shown later, all sections of
the country are showing declines in average lead

#SITES 18 20 33 40 42 232 23 4 26 7

Figure 3-45. Regional comparison of the 1987,1988,
1989 composite average of the maximum quarterly
average lead concentration.

concentrations.  Sixty-two (62) point source
oriented sites showed an average drop of 37
percent over the 1987-89 time period. Thus, the
decrease in ambient lead concentrations near lead
point sources has been slightly more pronounced
than in urban areas. The average lead levels at

these sites are much higher here than at the
urban sites. The 1987 and 1989 lead averages
were 1.24 and 0.78 ug/m® respectively. It is worth
noting that the sites in the 10-year data base also
showed a 27 percent decrease during this 3-year
period, suggesting that, despite the geographical
imbalance, their patterns may adequately depict
national trends.

The larger sample of sites represented in the
3-year trends (1987-89) will be used 1o compare
the most recent individual yearly averages.
However, for the 10 year time period the largest
single year drop in average lead concentrations,
42 percent, occurs as expected belween 1985 and
1986, because of the shift of the lead content in
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leaded gasoline. The 1989 average lead
concenirations show the more modest decline of
14 percent from 1988 levels. The 10-year data
base showed a 11 percent decrease in average
lead concentrations from 1988 to 1989. Lead
emissions between 1988 and 1989 decreased
both for the total (5 percent) and from only
transportation sources (15 percent). 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 will find
it more difficult to purchase regular leaded
gasoline.

Figure 3-45 shows 1987, 1988 and 1989
composite average Pb concentrations, by EPA
Region. Once again the larger more
representative 3-year data base of 245 siles was
used for this comparison. The number of sites
varies dramatically by Region from 4 in Region
Vili to 42 in Region V. In all Regions, there is a
decrease in average Pb urban concentrations
between 1987 and 1989. These resufts 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 in place for Pb.
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4. AIR QUALITY STATUS OF METROPOLITAN AREAS, 1989

This chapter provides general information on the current air quality status of
metropolitan areas’ within the United States. Four different summaries are presented in
the following sections. First, maps depicting the areas failing to meet the National
Ambient Air Quality Standards (NAAQS) for ozone, carbon monoxide and particulate
matter are presented. Next, an estimate is provided of the number of people living in
counties which did not meet the NAAQS based on 1989 air quality data. Third, pollutant-
specific maps are presented to provide the reader with a geographical view of how peak
1989 air quality levels varied throughout the 90 largest Metropolitan Statistical Areas
(MSAs) in the continental United States. Finally, the peak pollutant-specific statistics are

listed for each MSA with 1989 air quality monitoring data.

41

On August 16, 1990 the U.S.
Environmental Protection Agency listed? those
metropolitant areas which failed to meet the
ozone and carbon monoxide NAAQS based on
ambient monitoring data for 1987 through 1988.
The areas include Consolidated Metropolitan
Statistical Areas (CMSA), which are composed of
groups of MSAs, and individual MSAs and non-
metropolitan counties.

Attainment of the ozone standard is
determined using the three most recent years of
air quality monitoring data. These data showed
that 96 areas, mostly major metropolitan areas,
failed to meet the ozone standard for the years
1987-89, a decrease of 5 areas as compared fo
the 1986-88 period. Figure 4-1, "Areas Failing to
Meet the Ozone NAAQS Based on 1987-89
Data,” displays the 96 areas failing to meet the
ozone standard based on 1987-89 monitoring
data. The areas on the map are shaded
according to the area classifications in the Clean
Air Act Amendments of 1990. These area
classes are based on the ozone design value for
that area. The ozone design value serves as an
indicator of the magnitude of the problem in
terms of peak concentrations. Typically, the
ozone design value would be the fourth highest
daily maximum value during the three year
period.

4-1

Areas Not Meeting Ozone, Carbon Monoxide and Particulate Matter NAAQS

For carbon monoxide, attainment of the
standard is determined using the two most recent
years of monitoring” data. The area
classifications are based on the CO design value
which is evaluated by computing the second
maximum 8-hour concentration for each year and
then using the higher of these two values.
Figure 4-2, "Areas Failing to Meet the Carbon
Monoxide NAAQS Based on 1988-89 Data,"
shows the 41 areas that failed to meet the
carbon monoxide standard for the years 1988-89.
Seven areas from last year's list now meet the
carbon monoxide NAAQS, while four new areas
failed to meet the standard in 1989.

With passage of the 1990 Amendments to
the Clean Air Act, 73 areas failed to meet the
NAAQS for particulate matter. Sixty of these
areas were previously classified as "Group 1,"
meaning that the area had a high probability of
not attaining the NAAQS and that State
Implementation Plans were required to attain the
NAAQS. An additional 13 areas with measured
violations of the PM,, NAAQS through. calendar
year 1988 have been identified, as specified by
the act. Figure 4-3 displays the counties within
the contiguous U.S. that contain these 73 areas.
The map displays counties which are completely
non-attainment or counties only parts of which
are non-attainment. A total of 81 separate
counties are involved for PM,,." -
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4.2 Population Estimates For Counties Not Meeting NAAQS, 1989

Figure 4-4 provides an estimate of the number of
people living in counties in which the levels of the
poliutant-specific primary health NAAQS were not
met by measured air quality in 1989. These
estimates use a single-year interpretation of the
NAAQS to indicate the current extent of the problem
for each poliutant. Table 4-1 lists the selected air
quality statistics and their associated NAAQS.
Figure 4-4 clearly demonstrates that O, was the
most pervasive air pollution problem in 1989 for the
United States with an estimated 66.7 million people
living in counties which did not meet the O,
standard. However, this estimate is substantially
lower than last year's 1988 estimate of 112 million
people. This large decrease is likely due in part to
meteorological conditions in 1989 being less
conducive to ozone formation than 1988 (recall the
hot, dry summer. in the eastern U.S.), and to new
and ongoing emission control programs. Between
1988 and 1989, implementation of gasoline volatility
regulations lowered the average Reid Vapor
Pressure {RVP) of regular unleaded gasoline from
10.0 to 8.9 pounds per square inch (psi). Carbon
monoxide follows, with 33.6 million people; PM,, with
27.4 million people; NO, with 8.5 million people; Pb
with 1.6 million people and SO, with 0.9 million
people. A total of 84 million persons resided in

pollutant

counties not meeting at least one air quality standard
during 1989 (out of a total 1987 population of 243
million). In contrast to the last annual report which
used 1986 county population data, these estimates
are based on more current 1987 estimates. Thus,
the 1 percent growth in total U.S. population since
1986 is reflected in these estimates. Also, the
estimate for PM,, is considered a lower bound
estimate, because the PM,, monitoring network is
still evolving.

These population estimates are intended to
provide a relative measure of the extent of the
problem for 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 violations were confined to a traffic-
congested center city location 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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Figu.re 4-4. Number of persons living in counties with air quality
levels above the primary national ambient air quality standards in
1989 (based on 1987 population data).
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Table 4-1.  Selected Air Quality Summary Statistics and Their Associated National
Ambient Air Quality Standards (NAAQS)*

POLLUTANT STATISTIC PRIMARY NAAQS
Particulate Matter (PM,,} annual arithmetic mean 50 pg/m®
Sulfur Dioxide (SO,) annual arithmetic mean 0.03 ppm

second highest 24-hour 0.14 ppm
average
Carbon Monoxide {CO) second highest 9 ppm
nonoverlapping
8-hour average
Nitrogen Dioxide (NO,) annual arithmetic mean 0.053 ppm
Ozone (O,) second highest daily 0.12 ppm
maximum 1-hour average
Lead (Pb) maximum quarterly 1.5 pg/m®
average ‘
pg/m® = micrograms per cubic meter ppm = pars per million

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




43  Air Quality Levels in Metropolitan Statistical Areas

This section provides information for general air
pollution audiences on 1989 air quality levels in
each Metropolitan Statistical Area (MSA) in the
United Slates. For those large MSAs with
populations greater than 500,000, the 1989 annual
air quality statistics are also displayed
geographically on three-dimensional maps.

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. Metropolilan Statistical Areas contain a
central county(ies), and any adjacent counties with
at least 50 percent of their population in the
urbanized area.! Although MSAs compose only 16
percent of the land area in the U.S., they account
for 77 percent of the population. Table 4-2
displays the population distribution of the 340
MSAs, based on 1987 population estimates.” The
New York, NY MSA is the nation's largest
metropolitan area with a 1987 population in excess
of 8 million. The smallest MSA is Enid, OK with a
population of 60,000.

4.3.1 Metropolitan Statistical Area Air
Quality Maps, 1989

Figures 4-4 through 4-10 introduce air quality
maps of the United States that show at a glance
how air quality varies among the largest MSAs
within the contiguous United States. To enable the
reader 1o distinguish individual urban areas, only
the 90 MSAs within the continental U.S. having
populations greater than 500,000 are shown. Two
large MSAs, Honolulu, HI and San Juan, PR are
not shown. However, neither area has exceeded
any of the NAAQS during 1989. In each map, a
spike is plotted at the city location on the map
surface. This represents the highest pollutant
concentration recorded in 1989, 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.

TABLE 4-2. Population Distribution of Metropolitan Statistical Areas Based on 1987

Population Estimates

POPULATION RANGE NUMBER OF TOTAL POPULATION
MSA'S

< 100,000 27 2,274,000
100,000 < population < 250,000 148 23,513,000
250,000 < population < 500,000 73 25,218,000
500,000 < population < 1,000,000 48 34,367,000
1,000,000 < population < 2,000,000 26 38,685,000
population > 2,000,000 18 ‘ 65,747,000

TOTAL 340 189,804,000
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ANNUAL ARITHMETIC MEAN

Figure 4-5.  United States map of the highest annual arithmetic mean PM,,

concentration by MSA, 1989.

The map for PM,, shows the 1989 maximum annual arithmetic means in

metropolitan areas greater than 500,000 population. Concentrations above the
level of the annual mean PM,, standard of 50 ug/m® are found in 13 of these

metropolitan areas.
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SULFUR DIOXIDE
ANNUAL ARITHMETIC MEAN

Figure 4-6.  United States map of the highest annual arithmetic mean sulfur
dioxide concentration by MSA, 1989.

The map for sulfur dioxide shows maximum annual mean concentrations in
1989. Among these large metropolitan areas, the higher concentrations are
found in the heavily populated Midwest and Northeast and near point sources
in the west. All these large urban areas have ambient air quality concentrations
Iower than the current annual standard of 80 ug/m® (0.03 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,
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SULFUR DIOXIDE
OND MAX 24—HR AVG

Figure 4-7. United States map of the highest second maximum 24-hour
average sulfur dioxide concentration by MSA, 1989.

The map for sulfur dioxide shows the highest second highest 24-hour average
sulfur dioxide concentration by MSA in 1989. All of these large urban areas
have ambient concentrations below the 24-hour NAAQS of 365 ug/m® (0.14

ppm). '
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CARBON MONOXIDE
Z2ND MAX 8—HR AVG

Figure 4-8.  United States map of the highest second maximum
nonoverlapping 8-hour average carbon monoxide concentration
by MSA, 1989.

The map for carbon monoxide shows the highest second highest 8-hour value
recorded in 1989. Twenty of these urban areas in all geographic regions have
air quality exceeding the 9 ppm level of the standard. The highest
concentration recorded in 1989 is found in Los Angeles, CA.
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NITROGEN DIOXIDE
ANNUAL ARITHMETIC MEAN

Figure 4-9. United States map of the highest annual arithmetic mean
nitrogen dioxide concentration by MSA, 1989.

The map for nitrogen dioxide displays the maximum annual mean measured
in the nation’s largest metropolitan areas during 1989. Los Angeles, California,
with an annual NO, mean of 0.057 ppm is the only area in the country
exceeding the NO, air quality standard of 0.053 ppm.
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ZND DAILY MAX 1—HR AVG

Figure 4-10. United States map of the highest second daily maximum 1-hour
average ozone concenfration by MSA, 1989.

The ozone map shows the second highest daily maximum 1-hour concentration
in the 90 largest metropolitan areas in the Continental U.S. As shown, 38 of

these areas did not meet the 0.12 ppm standard in 1989. 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.
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LEAD

MAX QUARTERLY MEAN

Figure 4-11. United States map of the highest maximum quarterly average
lead concentration by MSA, 1989.

The map for Pb displays maximum quarterly average concentrations in the
nation’s largest metropolitan areas. Exceedances of the Pb NAAQS are found
in four areas in the vicinity of nonferrous smelters or other point sources of
lead. The two highest concentrations are found at a site near a primary lead
smelter in Herculaneum, MO (St. Louis MSA) and at a site in Leeds, AL
(Birmingham MSA). Because of the switch to unleaded gasoline, areas
primarily affected by automotive lead emissions show levels below the current
standard of 1.5 ug/m’.
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432 Metropolitan Statistical Area Air Quality Summary, 1989

Table 4-3 presents a summary of 1989 air quality
for each Metropolitan Statistical Area (MSA) in the
United States. The air quality levels reported for
each mefropolitan area are the highest levels
measured from all available sites within the MSA.
The MSAs are listed alphabetically, with the 1987
population estimate and air quality statistics for each
pallutant. Concentrations above the level of the
respective NAAQS are shown in bold type.

In the case of O,, the problem is pervasive,
and the high values associated with the poliutant can
reflect a large part of the MSA. However in many
cases, peak ozone concentrations occur downwind
.of major urban areas, e.g., peak 0zone 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 lead
emissions 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 4-1, with their
associated primary NAAQS concentrations for a
single year of data. For example, if an MSA has
three ozone monitors in 1989 with second highest
daily hourly maxima of 0.15 ppm, 0.14 ppm and 0.12
ppm, the highest of these, 0.15 ppm, would be
reported for that MSA for 19889.

The same annual data completeness criteria
used in the air quality trends data base for
continuous data was used here for the calculation of
annual means. (i.e., 50 percent of the required
samples for SO, and NO,). 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. 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 requirement.

For PM,, and Pb, the arithmetic mean statistics
are based on 24-hour measurements, which are
typically obtained from a systematic sampling
schedule. In contrast to the trends analyses in
Section 3 which used a more relaxed indicator, only
maximum quarterly average Pb concentrations and
weighted PM,, annual means meeting the AIRS
validity criteria are displayed in Table 4-3.

This summary provides the reader with
information on how air quality varied among the
nation's metropolitan areas in 1289. The highest air
quality levels measured in each MSA are
summarized for each pollutant monitored in 1989,
Individual MSAs are listed to provide more exiensive
spatial coverage for large metropolitan complexes.
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5. SELECTED METROPOLITAN AREA TRENDS

This chapter discusses 1980-89 air quality
trends in major urban areas. The cities for which
Irends are presented include: the ten EPA Regional
Offices (Boston, New York, Philadelphia, Atlanta,
Chicago, Dallas, Kansas City, Denver, San
Francisco, and Seattle) plus four additional cities
(Houston, Los Angeles, Pittsburgh, and
Washinglon, DC.)

The presentation of urban area trends includes
maps of the urban area showing their major
roadways, rivers, etc. as well as the location of the
air quality monitoring networks. Various new
graphical displays are used to depict urban air
quality trends. These are primarily based on the
Pollutant Standards index (PSl) as the measure of
air quality.

The air quality data used for the trend statistics
were obtained from the EPA Aeromelric Information
and Retrieval System (AIRS). This year's report
analyzes trends using the PS1, which is used locally
in many areas to characterize and publicly report
air quality. The new PS! analyses will be based on
daily maximum statistics from selected monitoring
sites. The urban area trends for CO and O, use
the same annual validity and site selection criteria
that were used for the national trends. It should be
noted that no interpolation is used in this chapter;
this corresponds with typical PSI reporiing.

5.1 The Pollutant Standards Index

The PSi is used as an air qualily indicator for
describing urban area trends. Only CO and O,
monitoring sites with adequate historical data are
included in these PSI trend analyses. This criteria
was not applied to the other pollutants, except for
S0, in Pittsburgh, where this poliutant contributed
a significant number of days in the high PSI range.
Results for individual years could be somewhat
different if data from all monitoring sites and all
pollutants were considered in an area. This is
illustrated for 1989, for which the number of PSI
days from all monitoring sites are compared to the
results for the subset of trend sites.

The PSI has found wide spread use in the air
pollution field as a means of reporting daily air
quality to the general public. The index integrates
information from many pollutants across an entire
monitoring network into a single number which
represents the worst daily air quality experienced in
the urban area. The PSI is computed for PM,,,
S0O,, CO, Q,, and NO, based on their short-term
NAAQS, Federal Episode Criteria and Significant
Harm Levels. Lead is the only criteria pollutant
which is not part of the index since it does not have
either a short-term NAAQS, Federal Episode
Criteria or Significant Harm Level.

The PSI converts daily monitoring information
into a single measure of air quality by first
computing a separate sub-index for each poliutant

Table 5-1. PSI Categories and Health Effect Descriptor Words

INDEX RANGE DESCRIPTOR WORDS
0 to 50 Good
51 to 100 Moderate
101 to 199 Unhealthful
200 to 299 Very Unhealthful
300 and Above Hazardous

5-1



with data for the day. The PSI| index value used in
this analysis represents the highest of the pollutant
sub-index values for all sites selected for the MSA.
This approach is different from the way the index is
routinely used by most local agencies. Usually only
selected monitoring sites are used to determine the
PSI value.

The PSI simplifies the preszntation of air quality
data by producing a single dimensionless number
ranging from 0 to 500. The PSI ulilizes data from
all selected sites in the MSA and combines
different air pollutants with different averaging
times, different units of concentration, and more
importantly, with different NAAQS, Federal Episode
Criteria and Significant Harm Levels. Table 5-1
shows the 5 PSI categories and health etfect
descriptor words. The PSI is primarily used to
report the daily air quality of a large urban area as
a single number or descriptor word. Frequently,
the index is reported as a regular feature on local
TV or radio news programs or in newspapers.

Throughout this section, emphasis is placed on
CO and Q,, since they cause most of the NAAQS
violations in urban areas.

5.2 Swmumary of PSI Analyses

Table 5-2 shows the number of PSI days
greater than 100 (unhealthiul or worse days). The
impact of the very hot and dry summers in 1983
and 1988 in the eastern United States on O,
concentrations can clearly be seen. Only in the
case of Pittsburgh is there a significant number of
these days for poliutants other than CO or O,. For
Pittsburgh, SO, and PM,, account for the additional
days. The two right most columns show the total
number of currently active monitering sites and the
corresponding total number of PSI-days > 100,
using these sites. Note that for all urban areas
except Houston and New York there is close
agreement between both 1989 estimates. The
differences are attributed to currently active sites
not in the trends analysis.

For all practical purposes CO, O,, PM,, and
SO, are the only pollutants which contribute to the
PSI in these analyses. . NO, rarely is a factor
because it doesn't have a shori-term NAAQS and
it can only be included when concentrations exceed

5-2

one of the Federal Episode Criteria or Significant
Harm levels. TSP is not included in the index
because it no longer is a criteria pollutant. Lead is
the only criteria pollutant which is not considered in
the index, since it does not have neither a shornt-
term NAAQS nor Federal Criteria and Signiticant
Harm Levels,

The pollutant having .the highest sub-index
value, from all the monitering sites considered in an
MSA, becomes the PSI value used for that day.
Qur PSl estimates vary with the number of
pollutants monitored and with the number of
monitoring sites collecting data. Therefore, the
more pollutants and sites that are available in an
area, the better the estimate is of the maximum PSI
for that day. Qzone accounts for most of the days
with a PSI above 100, and O, air quality is
reasonably uniform over large areas. Thus, a small
number of sites can still estimate maximum
poliutant concentrations. All of the included cities
had at least one trend site for both CO and O,.
Table 5-3 separately shows the number of CO and
O, trend sites used in each of the MSA’s. The PSI
trend analyses are presented for the Primary MSA's
(PMSA) in all cities studied, not the larger
Consolidated Metropolitan Statistical Area (CMSA).
Looking at only the principal PMSA was done to
limit the geographical area studied and to
emphasize the area having the highest population
density. For the San Francisco area, some resulls
for the Oakland PMSA are also presented. The
PMSA monitors are in the core of the urban area;
there are typically additionai sites in surrounding
areas. For example, while there are 18 active
monitors in the Los Angeles PMSA in 1989, there
are more than 30 monitors for ozone alone in the
larger metropolitan area.

There are a number of assumptions that are
implicit in the PSI analysis. Probably the most
important is that the monitoring data available for a
given area provide a reasonable estimate of
maximum short-term concentration levels. The PSI

Note: Urban lead concenlrations have dropped precipitously
over the past 15 or so years (See Chapter 3). As a result, only
4 urban areas in 1989 violate the lead NAAQS. Dallas is the
only one of the 14 urban areas which has a 1989 lead violation.
In this case, the problem occurred near a smelter located outside

of Dallas Caounty, in adjoining Collin County.
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Table 5-3. Number of Trend Monitoring Sites for the 14 Urban Area Analyses

Primary Metropolitan
Statistical Area (PMSA)

CO Sites

O, Sites

Atlanta, GA

1

Boston, MA

Chicago, IL

Dallas, TX

Denver, CO

Houston, TX

Kansas City, MO-KS

W W W | =R ]WN
VT [N NN |-

Los Angeles, CA

-t

New York, NY

Philadelphia, PA

Pitisburgh, PA

San Francisco, CA

Seattle, WA

Washington, DC-MD-VA

| WIN]|®|W

procedure uses the maximum concentration even
though it does not represent the air poliution
exposure for the entire area. However, when the
downwind maximum concentration site is outside
the PMSA, these data are not used. Finally, the
PSt assumes that synergism does not exist
between pollutants. Each poliutant is examined
independently. Combining pollutant concentrations
together is not possible at this time because the
synergistic effects are not known.

5.3 Description of Graphics

Each of the fourleen cities have all of the
graphics and explanatory text presented on facing
pages. The first page will include a map of the
area highlighting the location of the current ambient
monitoring network as well as other important
features like rivers, lakes, and major highways. At

each site, the shaded pie wedges of a circle identify
the pollutants monitored in 1989. Circles with four
tick marks denole trend sites.

Figure 5-1 Iidentifies the shaded wedges
corresponding to particular poliutants.  The
pollutants generally associated with transportation
sources (CO, O, and Lead) are found on the upper
half of the circle, while the other pollutants (PM,,,
S0, and NO, are on the lower half. The
accompanying graphs are based on the PSI
methodology described earlier. The PSI graphs
feature a bar chart which shows the number of PSI
days in four PSI categories: 0-50, 51-100, 101-199
and >200. Table 5-1 shows the PS! descriptor
words associated with these categories. Since
there were so few days in the hazardous category,
the very unhealthful and hazardous categories were
combined. The total number of unhealthful, very



unhealthful and hazardous days will be used as a
parameter with which to track trends. It is
important to note that a PSI of 100 means that the
pollutant with the highest sub-index value is at the
level of its NAAQS.

Because of numerical rounding, the number of
days with PS! > 100 does not necessarily
correspond to the number of NAAQS exceedances.
A cumulative plot is shown for the trend in the
number of days with a PSI > 100 {(unhealthful days
or worse) associated with CO and O, As
mentioned earlier, other pollutants may conlribute
to additional PSI days > 100. In some areas, most
notably Pittsburgh, the total of the days shown for
CO and O, does not represent all of the PSI days
> 100 (see table §-2). SO, accounts for most of
these additional days in Pittsburgh. Cther areas
with PSi>100 days attributable to pollutants other
than CO or Q, are: Chicago, Kansas City, and
Seattle.

NO,

KEY DISPLAYING ALL
POLLUTANTS

Also shown are the trends in average daily
maximum 1-hr concentrations for O, and average
daily maximum 8-hour concentrations for CO, by
various temperatlure categories. Maximum daily
temperatures are used for O, and minimum daily
temperatures are used for CO. The Q,temperature
categories are: greater than or equal to 90, 80 to
89, 70 to 79 and less than 70, all in degrees
Fahrenheit. The CO temperature categories are:
greater than 40 and less than or equal to 40
degrees Fahrenheit. These plots are an attempt to
factor out the impact of temperature, an important
meteorological variable. Concentrations of both CO
and O, are related either directly or indirectly to
temperature. QOzone levels are highest in the
summer, especially on very hot stagnant days,
while CO is highest usually in the winter months.
The New York MSA is one exception; it appears
that higher temperatures are associated with higher
CO levels. To complement the ozone analyses, a
graph of the annuai number of days greater than
90°is also included. The foliowing sections present
the metropolitan areas analyses.

DISPLAYING MONITORING
SITE FOR CO AND O,

DISPLAYING MONITORING
SITE FOR PM,,

Figure 5-1. Shaded wedges identifying pollutants monitored shown on

metropolitan area maps.
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Atlanta, GA

The Atlanta PMSA consists of 18 counties,
with the majority of the people residing in
Fulton, Dekaib, and Cobb Counties. The
estimated 1988 population was 2.7 million.
Its size and summerlime meteorology
contribute to the area’s air pollution potential.
The Bermuda High has a dominant effect on
Atlanta’s air quality, especially during the
summer when the hot stagnant days are
conducive to O, formation. The map shows
14 currently active monitoring sites.

The PSI trend for Atlanta is based on 3
sites: 1 for CO and 2 for O,. The CO site is
a population exposure site located in Dekalb
County. - The O, sites are a maximum
concentration site in Rockdale County and a
population exposure site in Dekalb County.
Ozone is the pollutant in Atlanta which
causes most of the unhealthful days. The
number of days with an unhealthful or worse
rating ranges from 23 days in 1983 to a low
of 3 days in 1989. In the 10-year period
only 1 day (in 1987) had a value in the very
unhealthful range.

The average CO and O, concentrations by
temperature follow the expected pattern: O,
levels are highest on the hotter days and GO
levels are higher on colder days. Average
CO concentrations have dropped in both
temperature classes. The sudden upturn in
1989 in the highest temperature category
results from higher CO levels in the August-
December period. CO levels average 3
times higher in this period compared to the
other months in 1989. CO levels are very
low for Atlanta, because trend data were not
available from the maximum concentration
site. Sufficient CO and O, data were not
reported for 1980. Otherwise, the trend for
O, in the hottest temperature category
resembles the PSI| trends, with highest
average values in 1983 and 1987. The
trend in average O, concentrations in the
hottest category shows little change, while
the trend in the two intermediate temperature
categories show a small gradual increase
over the ten years.
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Boston, MA

The Boston PMSA consists of Suffolk County
and parts of 6 other counties. The estimated
1988 population was 2.8 million. its size and
location as a part of the eastern seaboard
megalopolis contribute to the area's air
pollution potential. There are 20 currently
active monitoring sites located on the map.

The PSI trend for Bosion is based on 3
sites: 2 for CO and 1 for O,. The CO sites
are a maximum concentration site located at
Kenmore Square and a NAMS neighborhood
scale site located in east Boston. The O,
site is a maximum concentration site in
Sudbury (Middlesex County). The trend in
the number of PSI days > 100 is similar to
the trend in the number of days above 90°,
shown in the temperature profile. This can
be seen in the PSI bar charts and also in the
breakouts for CO and O,. The impact of the
very hot summers of 1983 and 1988 on O,
levels is evident in both PSI displays. In

‘Boston, 77 percent of the unhealthful or very

unhealthful PSI days are due to O,. In 1989
there was one day with a PSI value above
100. There were 7 days above 90° for this
year as compared with 25 in 1988. In the
entire 10-year period, only 1 day (in 1983)
had a value in the very unhealthful range.

The average CO and O, concentrations by
temperature follow the expected pattern: O,
levels are highest on the hotter days and CO
levels are slightly higher on the colder days.
The O, trends in the two highest temperature
categories resemble the PSI frends with
concentrations generally highest in 1983 and
1988. The exception is for 90° days when
the third highest average occurred in 1985
The 1985 average was
inflated due to 1 very high O, day out of only
4 days reported for this year. In contrast
1983 had 30 90° days. The O, trend in the
two lowest temperature categories is very
flat for the decade. Average CO
concentrations declined in each temperature
category.
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Chicago, IL

The Chicago PMSA consists of Cook,
DuPage and McHenry Counties. The
estimated 1988 population was 6.2 million
with 85% residing in Cook County. Its size
and heavy industry contribute to the area’s
air pollution potential.  There are 44
currently active monitoring sites located on
the map.

The PSI trend for Chicago is based on 6
sites: 1 site for both CO and O,, plus 2
other CO and 3 other O, sites. The CO
siles include a maximum concentration
micro-scale site located in downtown
Chicago and 2 other population oriented

“sites in Cook County. The O, sites include

a maximum concentration site in northwest
McHenry County and 3 other population
exposure oriented sites. The trend in the
number of days with PSI > 100 is similar to
the trend in the number of days above 90°,
shown in the temperature profile. The
impact of the very hot summers of 1983 and
1988 on O, levels is evident in both PSI
displays. COQ accounts for most of the PSI
days > 100 in the first 5 years, while O, is
the main contributor in the latter 5 years.
By 1989, there were only two such days in
the area. In the entire 10-year period only
3 days {2 in 1988 and 1 in 1982) were in
the very unhealthful range.

O, levels are highest on the hotter days,
while CO levels differ from most cities with
lower average CO levels in the coldest
temperature category. The O, trend in the
highest temperature category resembles the
PSI trend. The O, trend in the 3 lowest
temperature categories is very flat over the
decade. Average CO concentrations
decline in ils two temperature categories.
However, the CO averages in 1988 and
1989 appear low, because the downtown
Chicago site was discontinued in 1987. The
percentage decline when all days are
considered between 1980 and 1987 was 33
percent.
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Dallas, TX

The Dallas PMSA consists of 6 counties with
75 percent of the population residing in Dallas
County. The estimated 1988 population was
25 milion. Its size and summertime
meteorology contribute to the area's air
pollution potential. The map shows 20
currently active monitoring sites for the area.

The PSl trend for Dallas is based on 3 sites:
1 for CO and 2 for O,. The CO site is a
maximum concentration site located in Dallas
County. The O, sites are a maximum
concentration site in Denton County and a
population exposure oriented site in Dallas
County. The trend in the number of days with
PSI>100 does not correlate with the number
of days above 90°, shown in the temperature
profile. The highest number of PSI>100 days
(17) occurs in 1983, while the number of days
above 90° dip for this year. In Dallas all but 1
of the PSI>100 days are due to O,. The
number and percent of PSI>100 days have
declined over the decade. This can be seen
in both of the PSI plots. In 1989 there were 3
days above a PSI of 100. In the entire 10-
year period only 1 day (in 1982) was in the
very unhealthful range.

The average CO and O, concentrations by
temperature follow the expected pattern, i.e.
O, levels are highest on the hotter days and
conversely CO levels are slightly higher on the
colder days. Average O, concentrations show
little net change over the ten years for all
temperature categories. The O, annual
average (0.057 ppm) for all days was exactly
the same for 1980 and 1989. The peak in
1983 for PSI>100 days can also be seen in
the average O, concentration plots; however,
average O, concentrations level off over the
remainder of the decade while, as mentioned
earlier, the PSI>100 days drop. Average CO
concentrations decline in the two temperature
categories. Note that CO data is not available
for 1980. For the 1981-89 period, there was
a 56 and 40 percent decline in average CO
concentrations. There was a 51 percent
reduction in annual average CO
concentrations when all days are considered.
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Denver, CO

H Profil
emperature Profile The Denver PMSA consists of 5 counties, the

most populated of which is Denver which has
30 percent of the area's 1.6 million residents

- estimated for 1988. The area’s size and
W altitude contribute to its air pollution potential.
Seventeen monitoring sites are currently

active and are shown on the area map.

The PSlI trend for Denver is based on 3 sites:

2 where both CO and O, are monitored plus

1 other CO site. The CO sites are a

maximum concentration site located in
downtown Denver and 2 other population
oriented sites in Arapahoe and Jefferson

1980 1085 1962 1883 1984 1865 (688 1987 1906 1909 Counties. The O, sites are maximum
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concentration sites in Arapahoe Co. and a
population exposure site in Jefferson Co.
The trend in the number of PSI days > 100
does not fluctuate with either the number of
days above 90° or below 30°, as shown in
= the temperature profile. The figures reveal a
- reduction in these unhealthful and very
= unhealthfut days. Overall, the lowest number
= of unhealthful days (10) occurred in 1989.
: o The peak (64) occurs in 1983. For the first
i ,d.ara time in 1989, there were no very unhealthful
505 deye days reported at these sites. Three days in
L A L Y A N 0 822 days the 10-year period were judged to be
SRS Tt AL hazardous, the last occurring in 1985.
[ Tmer ¢ 70F g T8%F € Toax < 80°F Accordingly, the number of days classified as
W O°F € Tmox < B0°F @ Tmax : goef [ TMax = Maximum good more than doubled from 7¢ in 1980 to
Daily Temperature 174 in 1989. In Denver, 92 percent of the

Avg Daily Mox 1-hr Ozone by Temperature

A2

co pri

Avg Daily Max 8-hr CO by Temperature PS! days >100 were due to CO. Clearly, the
improverment in these days is attributable to
CO reductions. These CO days declined
from a peak of 53 in 1983 io 9 in 1989.

12

- L~ Q, levels are highest on the hotter days and
- CO levels are higher on the colder days. The
= O, trend in all temperature categories peak in
- 1982 or 1983 and again in 1987 or 1988.

Overall, average O, levels have not changed

2028 doys much over the 10 years. On the other hand,

o CO concentrations declined 41 percent

- 1820 daya overall and declined in each temperature

AR A - category. The percent change over the

Tty 2 40°F Tale < 0'F [ Tmin = mini decade were, respectively, 47 and 38 percent

= . - | aily Temperature for the > 40° and < 40° temperature
categories.
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Houston, TX

The Houston PMSA consists of the principal
county of Harris and 4 other counties. The
estimated 1988 population was 3.2 million
with 86 percent residing in Harris county. Its
size and industry, mainly petroleum
refineries, contribute to the area's air
pollution potential. its high temperatures and
proximity to the Texas City-Galveston area
are also factors which contribute to it's air
poliution potential. There are 19 currently
active monitoring sites located on the map.

The PS! trend for Houston is based on 4
sites: 1 site where both CO and O, are
monitored, 2 additional sites for CO and 1
additional site for O,. All of these sites are
located in Harris county and include a
maximum concentration site for each of
these pollutants. The other sites are
population exposure oriented. The number
of PSI days > 100 varies from year to year
and does not show a clear trend. When
additional sites are considered, however, the
number of PSI days > 100 shows a steady
decline over the last 3 years. During the
eighties, 21 (10%) out of 216 such days
were very unhealthful. The highest number
of very unhealthful days {seven) occurs in
1981, while 1989 only recorded two. In
Houston, 96 percent of the PSI days > 100
are due to Q,.

The average CO and O, concentrations by
temperature follow the expected pattern, with
O, levels highest on the hotter days and CO
levels slightly higher on the colder days. In
general, average ozone levels are highest in
1983 and lowest in 1987 across all
temperature categories. Average O, levels
show a slight decline over the decade with a
large reduction in 1989. Average CO levels
peak in 1983 or 1984 for both temperature
categories, then drop 25 and 21 percent for
the warmer and colder days. When ali days
are considered, annual average daily max 8-
hour CO was essentially the same in 1980
and 1989. Note that average CO levels are
very low in Houston.
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Kansas City, MO-KS

The Kansas City PMSA consists of 6 counties
in Missouri and 4 counties in Kansas. The
estimated 1988 population was 1.6 million.
Its size and summertime meteorology
contribute to the area's air poliution potential.
Its chief air quality problems occur during the
summer when the hot, stagnant days are
conducive to O, formation. The map shows
21 currently active monitoring sites in this
PMSA,

The PSI trend for Kansas City is based on 7
monitoring sites: 1 site where both CO and O,
are monitored plus 2 other CO and 4 other O,
sites. The CO sites are all population
exposure oriented, while the O, sites include
1 maximum concentration site and 4
population exposure sites. The trend in the
number of days with PSI > 100 does not
relate well with the pattern of the number of
days above 90°. This is especially true for
1983, 1984 and 1988. The absence of
stronger 1983 and 1988 peaks in the number
of PS| > 100 days is surprising, since in both
of these years the summers were very hot.
There were 18 and 16 days in 1983 and 1988
respectively when a temperature of 100 or
above was recorded. Even though in 1984
there were only 4 days with temperatures in
the 100 range; this year had the second
highest number of sites (3) exceeding the
NAAQS. However, 1984 had several muiti-
day episodes of exceedances. The number
of days with an unhealthful or worse rating
varies from a low of 0 days in 1982 to 13
days in 1980. In 1989, 1 day was judged to
be unhealthful. In the 10-year period there
were no days in the very unhealthful or worse
ranges.

Average CO and O, concentrations by
temperature category follow the expected
pattern: O, levels are highest on the hotter
days and CO levels are generally higher on
colder days. Average CO concentrations
have dropped in both temperature classes.
The trend in average O, levels is fairly stable,
excluding the 1980 and 1984 peaks for all
temperature categories.
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Los Angeles, CA

The LA PMSA consists of Los Angeles
County, where an estimated 8.5 million
people resided in 1988. The LA "basin” is
bounded by the Pacific ocean on the west
and south and several mountain ranges on
the north and east. Its complex
meteorology is characterized by a land-sea-
breeze circulation, frequent inversions, and
a high incidence of sunlight. There are 18
currently active monitoring sites located on
the map.

The PS8! trend for LA is based on 11 sites:
10 where both CO and O, are monitored
plus 1 other O, site. For each pollutant,
there is a NAMS maximum concentration
site; the others are all population oriented
SLAMS sites. LA has the largest number of
PSI days > 100 of any urban area -
averaging 204 per year for the decade. The
trend in these days is essentially flat,
however, there has been a 48 percent
reduction in the very unhealthful days as
shown in the PSI bar charis. Conversely,
the number of days in the unhealthful
category increased 41 percent because of
the shift from very unhealthful to unhealthful
days. The number of good days has
remained fairly constant during the 1980’s.
In LA, 72 percent of the PSI days > 100 are
due to O,. In 1988, there were 206 days in
the unhealthful or worse categories. In the
10-year period, only 4 days (3 in 1980 and
1.in 1982) were in the hazardous category.

The average CO and O, concentrations by
temperature did not follow the expected
pattern because there are so few days in
some of the temperature categories. For
example, for O, there were only 57 days for
the 10-year period with corresponding air
quality data in the highest temperature
category using LAX airport data. When all
days were considered, the annual CO and
O, daily maximum averages dropped, 15
and 25 percent, respectively, over the 10
years.



AeN

ISLAND

DAYS P51 > 100 fer €O and 03 TREKD SITES

- Il Ozone
B co

bAYS
60 [}

49

10

IS

Y980 1981 1082 1983 1984 1085 1986 1987 1988 1989

Humber of Days in PSI Colegories

109 200 300
Days
[ Good B Woderate M Ushealthful

B Very UnhealthfulfHozardous

5-22




Days

Over S0°F
40 80

20

Temperature

Profile

NIANG 2

LT

Under 3O'F
!

50

W

1980 1981 1982 1083 1084 1985 1988 1967 1988 1989

0} PP

03 .08

15 .18

A2,

08

Avg Doity Max 1-hr Qzone by Temperature

.

281 days

886 dayw
§$84 days

621 daye

0
|

Twox < 70°F - TO'F £ Tmax < MO°F

BO'F & Tmax < 90°F . Tmax * BO'F

81 8 B3 B4 B85 88 BT N6 89
YEAR

Tmax = Maxlmum

Dally Temperature

c0 PPN

12

10

Avg Daily B-hr €O by Temperature

B1 B2 83 B84 85 85 BV 8%
YEAR

. Tmla 2 40'F . Tmia ¢ 40°'F

1425 daya

2220 days
1]

Tmin = Minimum
Dally Temperature

5-23

New York, NY

The New York PMSA consists of 8 counties
with 81 percent of the population residing in
Bronx, Kings, New York, and Queens
Counties. The estimated 1988 population
was 8.6 million. Its size and location as a
part of the eastern seaboard megalopolis
contribute to the area’s air pollution potential.
Twenty-four currently active monitoring sites
are shown on the map.

The PSI trend for New York is based on
data from 8 sites: 3 for CO and 5 for O,.
The CO sites are 2 maximum concentration
sites located in Manhattan (New York
County) and a population exposure site in
Kings County. The O, sites include a
maximum concentration site in Westchester
County. PSI days > 100 are dominated by
CO and do not fluctuate with the number of
days above 90°. However, in 1983 and
1988 the impact of the very hot summers is
seen with the increase in the days due to O,.
The total number of these days declined
from 119 in 1980 to @ days in 1989. The
most dramatic improvement has been in CO
where the number of these days declined
from 94 in 1980 to 4 in 1989. There was a
total of 11 very unhealthful days reported,
including 1 each in 1987 and 1988 and none
in 1989. Also, there was an improvement in
the number of good days - from 11 in 1980
to 128 days in 1989.

O, levels are highest on the hotter days.
Ozone averages in most of the temperature
categories show the impact of the 1983 and
1988 summers. Average O, levels for all
days during the O, season have dropped 23
percent over the decade with most of this
drop occurring from 1988 to 1989. The 1989
O, average was the lowest for the entire
period. New York City CO levels do not
show the usual seasonal pattern of low
summertime values. Average CO levels in
the >40° category are higher than in the
<40° category. The annual CO average,
when all days are considered, decreased 40
percent over the period.
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Philadelphia, PA

The Philadelphia PMSA consists of 8
counties, 5 in PA and 3 in NJ. The most
populated County is Philadelphia which
accounts for 33 percent of the ftotal
population. The estimated 1988 population
was 4.9 million. its size and location as a
part of the eastern megalopolis contribute to
the area’s air pollution potential. There are
27 currently active air monitoring sites shown
on the map.

The PSI trend for Philadelphia is based on
data from 13 sites: 4 sites where both CO
and O, are monitored, 4 CO sites, and 5 O,
sites. The CO sites include a maximum
conceniration site located in downtown
Philadelphia. The O, sites also include a
maximum concentration site in Gloucester
County, NJ. The trerd in the PSi days > 100
varies with the number of days ahove 90°,
shown in the temperature profile. The impact
of the hot 1983 and 1988 summers on O,
levels is observed in the PSI displays. In
1987, the number of high PSI days and days
above 90° also coincide. Ninety-four percent
of the PSI days > 100 are due to O,. In
19882, there were 18 days in this range. In
the 10 years, 14 days were in the very
unhealthful range. No days in the hazardous
range were reported.

O, levels are highest on the hotter days,
while CO levels are higher on the colder
days. The Q, trend in the 2 highest
temperature categories resemble the PSI
trends since levels are generally highest in
1983 and 1988. The principle exception is
the 1984 peak in the >90° category. This
peak is inflated because there were only 7
days represented, one of which was the
highest measured O, value for the 10-year
pericd. Considering all days, average daily
maximum O, levels decreased 21 percent
between 1980 and 1989. Annual average
daily max 8-hour CO levels declined in both
temperature categories. This 10-year decline
was 19 percent when all days were
considered.
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Pittsburgh, PA

The Pittsburgh PMSA consists of 4
counties, with 65 percent of the population
residing in Allegheny County. The
eslimated 1988 population for the entire
area was 2.1 million. Its size and heavy
industry contribute to the area’s air pollution
potential. There are 32 currently active
monitoring sites shown on the map.

The PSI trend is principally based on data
from 7 sites: 2 CO, and 5 O,. Each of
these pollutants had a NAMS maximum
concentration site in Allegheny County. The
other sites were all population exposure
oriented. SO, and PM,, data are included
in the PSI bar charts only, based on 8 and
20 sites respectively. The trend in the
number of O, days with PSI > 100 varies
with the number of 90° days. The impact of
the very hot 1983 and 1988 summers on O,
is evident in both PSI displays. Forty-four
percent of all PSI days > 100 are due to O,.
In fact, SO, accounts for 33 percent. The
remainder of high PS! days come from CO
(15 percent} and PM,, (8 percent). In 1989,
there were 4 days due to O,, 1 day for SO,
and 6 days attributable 1o PM,,. In the 10-
year period, 3 days {the last in 1985) fell in
the very unhealthful category.

The temperature profile shows that O, levels
are highest on the hotter days. However,
for most years the number of 90° days is
small, so that the O, averages are variable.
The principal exception is 1988, when 38
90° days were recorded. When all days are
considered, the O, average is down 13
percent from 1980 and COQO average
concentrations dropped 40 percent from
1983 to 1989. Low CQ in 1980 and 1981
are caused by missing data from the max
concentration site. Annual average SO,
levels, not shown here, dropped 24 percent
over the 10-year period.
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San Francisco, CA

The San Francisco PMSA consists of Marin,
San Francisco and San Mateo Counties.
The estimated 1988 population was 1.6
million. Its urban area size contributes to the
area’s air poliution potential. There are 5
currently active monitoring sites located on
the map.

The PSI frend for San Francisco is based on
5 monitors (3 for CO and 2 for O,) at 3
distinct monitoring sites. The CO sites are a
NAMS maximum concentration site located in
San Francisco Counly and 2 population
exposure sites in Marin and San Mateo
Counties. The O, data comes from 2
population exposure sites in Marin and San
Mateo Counties. The number of PSI days >
100 and unhealthful days average slightly
more than 2 days per year. The largest
number of these days (5) occurred in 1985.
In 1989, for the first time, there were no PSI
days > 100 recorded. Over the bay in the
Oakland PMSA, the number of PSI days >
100 averages about 7. The largest number
of these days (14) occurred in 1983, and like
San Francisco, 1989 had the smallest
number (2). In Oakland, ozone accounted
for all of these days. In San Francisco, 73%
of the PSI days > 100 days are due to CO.
In the entire 10-year period, only 1 day (in
1985) was in the very unhealthful range.

O, levels are highest on the hotter days,
while CO levels are slightly higher on the
coider days. However, the number of high
pollution days are small. The average O,
levels are low in San Francisco when
compared with other urban areas. The
number of days are low in the < 40°
temperature category. The CO annual
averages for aii days and those days with
minimum temperalures > 40° are highest in
1984 and 1985, falling off before and after.
This pattern is also observed in Oakland;
although the average CO levels there are
lower than in San Francisco. When all days
are considered, there is essentially no
difference in the 1980 and 1989 O, annual
averages. This is also the case in Oakland.
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Seattle, WA

The Seattle PMSA consists of King and
Snohomish Counties.  Seventy-seven
percent of it's population reside in King
County. The estimated 1988 population
was 1.9 million. Twenty-six currently active
monitoring sites are shown on the map.

The PSI trend for Seattle is based on 7
sites: 6 CO and 1 for O,, all located in King
County. All six of the CO sites can be
classified as maximum concentration
sites.There are 2 maximum concentration
CO sites and 4 population exposure sites.
The Q, site is a population exposure site.
The number of PS|I days > 100 are
dominated by CO, where CO accounts for
175 (94%) of these days. There has been
improvement in these days. Two of the 3
years with the smallest number occurred in
1988 and 1988. The percent of these days
dropped from 9@ percent in 1980 to 1
percent in 1989. The 2 very unhealthful
days occurred in 1982. CO was
responsible for both of these days.

The average CO and O, concentrations by
temperature follow the expected pattern,
i.e. O, levels are highest on the hotter days
and conversely CO levels are higher on the
colder days. The number of 90° days with
O, data is very small. Over the 10-year
period, there doesn't appear to be much
change in average O, levels for any
temperature category. Average O,, levels
when all days are considered are
essentially stable over the period only
increasing slightly. On the other hand,
average CO levels have declined. There
were 35 and 32 percent reductions,
respectively, in the >40° and <40°
categories. There was a 34 percent
improvement when all days were
considered.
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Washington, DC-MD-VA

The Washington PMSA consists of 10
counties, the District of Columbia (DC), and
5 independent cities. The principal
population centers are DC, Fairfax County in
Virginia, and Montgomery and Prince
Georges Counties in Maryland. The
estimated 1988 population was 3.7 million.
Its size and location as a part of the eastem
seaboard megalopolis contribute to the area’s
air poliution potential. The map shows 24
currently active monitoring sites.

The Washington PSI trend is based on data
from 12 sites: 1 CO, 4 O, and 7 where both
poliutants are monitored. All of the CO and
all but one ot the O, sites are population
exposure oriented. The maximum
concentration O, site is located in Prince
Georges County. The trend of days with PSI
> 100 varies partly with the days above 90°,
shown in the temperature profile. This is
seen both in the PSI bar chart and in the PSI
> 100 plot. The effect of the very hot 1983
and 1988 summers is seen on O levels.
Seventy-seven percent of the PSI days > 100
are due to O, In 1989, there were 7
unheaithful days. In the 10-year period, 6
days fell in the very unheaithful category; the
last occurred in 1987.

The temperature profiles show that O, levels
are higher on hotter days while CO levels are
higher on colder days. Average O, levels
within a temperature category do not vary
much. The 2 hottest categories show the
impact of the 1983 and 1988 summers.
When data from all days are used, 1989 daily
maximum average O, is the lowest in 10
years; it is 12 percent lower than 1988 and
13 percent lower than 1980. Average CO
levels declined in both temperature
categories. The reason for the 1984 peak in
days less than 40° is unclear, although a
peak is observed at most sites for this year.
High CO levels in 1984 also produced the
largest number of NAAQS exceedances.
Considering all days, daily maximum 8-hour
average CO declined 22 percent.
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