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Particulate-Related Health mpacts of Emissionsin 2001
From 41 Major US Power Plants

Executive Summary

Extensve studies worldwide, including important studies by the Harvard School of Public
Hedth and the American Cancer Society, link exposure to fine particle air pollution to heart disease,
lung cancer, respiratory allments, and premature desth. Most fine particles are formed when emissions
of sulfur dioxide (SO,) and nitrogen oxides (NO,) react with ammoniato form particles lessthan 2.5
microns in diameter, which interfere with the ability of the lungs to absorb oxygen. Power plantsare
responsible for about two thirds of the SO, and one quarter of the NO, emitted in 2001. While some
progress has been made in gradudly reducing these pollutants since the passage of the 1990
Amendments to the Clean Air Act, it has been unevenly distributed.

Title IV of the 1990 Amendmentsto the Clean Air Act (the “acid rain” provisions) and other
programs have helped reduce SO, emissons from power plants by 32% from 1990 levels through a
“cap and trade” program. Because companies can avoid pollution controls under Title IV by
purchasing emission “credits’ from plants that have cleaned up, SO, emissons have actudly increased
in some dates, and declined by significantly less than the 32% nationd average in other dates. Table
A presents the state-wide totals for the 1990 and 2001 SO, emissions from power plants, and identifies
whether each state increased or decreased its emissions over that period. Texas, North Carolina, and
Virginiahad the largest increases in total tons of SO, emitted. Other states, like Pennsylvania, reduced
their emissons subgtantialy less than the nationd average.

Progressin decreasing SO, at individua power plants dso was uneven over this period. Of the
nearly 600 sulfur-emitting plants operating in both 1990 and 2001, 42% (252 plants) increased their
sulfur emissions by 2001, and another 10% (62) decreased by less than haf the national average. Of
particular concern are the mgjor plants that increased their sulfur emissions or declined by lessthan
15%. Table B provides datafor 41 large power plants that meet two criteria

1 Emitted at least 40,000 tons of SO, emissionsin 2001, and

1 Had SO, emissions either increase or decline by less than hdf the nationd average
between 1990 and 2001

For example, SO, emissonsfrom threelarge power plants in western Pennsylvania— Hatfidd' s Ferry,
Keystone, and Homer City —jumped from 408,000 tonsin 1990 to 483,000 tonsin 2001. In 2001,
the 41 plants evauated by this study accounted for one quarter of the SO, emissons from the 1,110
power plants covered by Title 1V. Of the 41 plants, 31 increased their emissions, and 10 decreased
their emissions by less than 15%.
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Sulfur and nitrogen emissions from power plants sgnificantly increase the amount of fine
particlesin the air. These emissons are associated with awide range of adverse hedth effects,
including premature mortdity, hospita admissons, and work lossdays. The Environmentd Integrity
Project (EIP) asked Abt Associates to estimate the hedlth effects associated with the emissions from 41
of the power plants covered by Title V.

Abt Associates used EPA’ s Source Receptor (S-R) Matrix to forecast the amount of fine
particles formed from power plant emissionsin each county within the continenta U.S. The S-R Matrix
is not as sophisticated as other models EPA usesto estimate fine particles.  However, the S-R Matrix
is not nearly as resource-intensive as these more complex models, and is readily able to estimate the
impact of individua power plants. EPA has used the SR Matrix for numerous policy analyses,
including EPA’ s Regulatory Impact Andyses of the 1997 revisons to the Particulate Matter (PM)
National Ambient Air Quadity Standards (NAAQS), the 1998 State Implementation Plan (SIP) NO,
Cadl, the 1999 Regiond Haze Rule, and the 1990 Tier 11 automobile exhaust standards. Although more
complex PM modes exist and are being improved congtantly, the S-R Matrix gives areasonably good
first gpproximation of the likely PM impacts of the power plant emissons.

Abt Associates estimates that between 4,800 and 5,600 premature deaths in 2001 are associated with
the emissions from these 41 plants. The dternative estimates are based on two well known recent
studies of the relationships between air pollution and premature mortaity; the analysis by the Hedlth
Effect Ingtitute (Krewski et d., 2000), and a newer analyss that examined the same people over a
longer period of time (Pope et d., 2002). In addition to the premature mortdity, Abt Associates also
estimated over 3,000 hospital admissions or emergency room visits, 930,000 work loss days, 111,000
asthma attacks, and other hedlth effects are associated with the emissons from the 41 plants. TableC
shows some of the hedlth effect estimates linked to the SO, and NOx emissions from each of the 41
power plants. Additiona hedlth results are provided in the report in Exhibits 3.7 through 3.9.

Power plant pollution spreads over awide area, with most of the fine particle pollution
occurring within a 500-mile radius of the plant. Accordingly, the premature mortdity and other
diseases that result from the specific power plants identified in Table C include estimated impacts both
ingde and outside the particular state.
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TableA State SO, and NOx Emission Data. 1990 and 2001

SO, NOXx
State 1990 2001 Change Ratio 2001
(Tons) (Tons) ‘01 to ‘90 (Tons)

Oregon 4,936 17,837 12,901 361.4% 11,150
Nebraska 50,378 70,251 19,873 139.4% 47,909
Kansas 87,676 120,307 32,631 137.2% 84,705
Virginia 158,626 217,435 58,809 137.1% 80,529
Montana 17,922 24,403 6,481 136.2% T 39,435
North Carolina 336,451 450,486 114,035 133.9% " 144,336
North Dakota 123,464 154,934 31,470 125.5% S 79,114
South Carolina 167,414 202,501 35,087 121.0% | ‘5 81,692
Texas 462,345 541,263 78,918 117.1% | .2 310,871
Mississippi 119,071 138,358 19,287 116.2% LIEJ 57,811
Washington 58,434 66,912 8,478 114.5% = 18,333
Louisiana 98,703 112,804 14,101 1143% | © 81,289
Arkansas 69,160 78,705 9,545 113.8% % 47,558
Minnesota 81,166 91,768 10,602 113.1% | & 81,083
Colorado 83,186 90,388 7,202 108.7% 8 71,728
Wyoming 80.877 84,471 3.594 104.4% | — 84.321
Oklahoma 101,852 101,447 -405 99.6% 84,320
Nevada 55,780 54,703 -1,077 98.1% 44,262
New Mexico 63,839 62,198 -1,641 97.4% 83,340
Michigan 369,845 347,070 -22,775 93.8% 140,951
Maryland 282,453 254,482 -27,971 90.1% 72,935
Utah 32,051 28,321 -3,730 88.4% w 71,517
Florida 645,131 569,153 -75,978 88.2% S 290,843
Alabama 528,627 466,113 -62,514 88.2% | @ 167,497
Pennsylvania 1,213,385 944,877 -268,508 77.9% E 220,048
lowa 173,033 133,562 -39,471 77.2% | © 78,478
Delaware 46,918 35,411 -11,507 75.5% % 13,938
New Hampshire 67,863 48,124 -19,739 70.9% g 6,836
Wisconsin 282,243 189,374 -92,869 67.1% | & 101,169
New Jersey 74,979 50,270 -24,709 67.0% d 35,320
Connecticut 52,408 34,117 -18,291 65.1% 13,060
Arizona 119,898 73,329 -46,569 61.2% 93,097
New York 414,789 250,715 -164,074 60.4% 93,181
Maine 11,330 6,817 -4,513 60.2% 2,085
Kentucky 905,084 535,445 -369,639 59.2% 231,822
Georgia 874,630 489,626 -385,004 56.0% 162,379
Indiana 1,499,176 795,506 -703,670 53.1% 306,531
West Virginia 968,611 498,056 -470,555 51.4% 204,304
Ohio 2,211,628 1,125,475 -1,086,153 50.9% 332,903
South Dakota 28,906 13,619 -15,287 47.1% 16,539
Tennessee 796,528 356,608 -439,920 44.8% 154,962
Massachusetts 232,012 102,934 -129,078 44.4% 33,519
Illinois 893,793 368,218 -525,575 41.2% 199,860
Missouri 775,726 231,562 -544,164 29.9% 144,742
Washington, DC 2,523 754 -1,769 29.9% 429
California 7,365 1,886 -5,479 25.6% 18,837
Rhode Island 1,090 9 -1,081 0.8% 752
Idaho 0 4 4 198
Vermont 0 5 5 229
Total 15,733,305 10,632,613 -5,100,692 67.6% 4.742.747
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TableB

SO, and NOx Emission Data for 41 Power Plants

NOx
SO2 Emissions (tons) Emissions
(Tons)
Ratio,
1990 2001 2001/1990 2001

Emissions for Individual Major Power Plants

Jeffrey EC KS 16,528 60,924 368.6% 14,722
Brandon Shores MD 22,077 46,766 211.8% 13,746
ED Edwards IL 24,082 50,126 208.1% 9,612
Leland Olds ND 27,364 51,456 188.0% 14,780
Greene County AL 23,390 43,115 184.3% 11,536
Scherer GA 41,417 75,423 182.1% 31,274
Harding St. Station IN 32,735 43,053 131.5% 6,724
Big Brown TX 55,278 70,594 127.7% 12,520
Homer City PA 109,449 137,573 125.7% 24,991
Barry AL 53,378 65,902 123.5% 23,026
Monticello TX 71,056 87,263 122.8% T 19,106
Chesterfield VA 53,920 65,995 122.4% " 16,418
Big Cajun LA 41,930 50,217 119.8% c 21,158
Cheswick PA 41,279 49,002 118.7% -% 6,749
Keystone PA 134,848 159,725 118.4% B 19,239
FJ Gannon FL 47,803 55,036 115.1% L% 25,332
Centralia WA 58,434 66,906 114.5% 18,244
Hatfields Ferry PA 163,432 185,496 113.5% 8 27,402
Roxboro NC 83,332 94,206 113.0% % 25,448
Marshall NC 68,628 77,291 112.6% o 20,124
Widows Creek AL 38,291 42,788 111.7% E 26,242
Crystal River FL 86,824 94,851 109.2% 34,712
Big Sandy KY 51,157 55,846 109.2% 19,899
Belews Creek NC 76,251 83,077 109.0% 34,203
Johnsonville TN 86,688 94,199 108.7% 20,394
Rockport IN 53,755 57,365 106.7% 34,997
Pleasants wv 42,066 44,815 106.5% 14,562
JH Campbell M 41,002 43,513 106.1% 30,887
Martin Lake TX 62,392 66,134 106.0% 22,080
JH Miller AL 46,323 47,615 102.8% 29,944
R Gallagher IN 46,458 47,511 102.3% 6,663
Kingston TN 92,821 90,291 97.3% 26,166
WA Parish TX 54,528 52,534 96.3% @ 14,079
Fort Martin WV 83,534 79,661 95.4% -8 12,334
Mohave NV 44,372 41,299 93.1% é’ 19,430
John E Amos WV 84,943 78,851 92.8% % 36,368
Bull Run TN 47,146 43,049 91.3% @ 17,319
EW Brown KY 55,104 49,106 89.1% g 7,800
Warrick IN 59,697 52,777 88.4% 3 17,228
Morgantown MD 85,290 75,335 88.3% o 16,760
Conesville OH 113,635 96,738 85.1% i 22,092
Total 2,522,637 | 2,873,423 114.9% 826,308

Abt Associates Inc.
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TableC

Health Effectsfrom SO, and NOx Emissionsfrom 41 Power Plants

Mortality Chronic Hospital ER Daily
Disease Admission Visits lliness

Pope 3 Different Asthma

etal. Krewski | Chronic Types, (ages Work Loss |Asthma

‘02 etal. ‘00 |Bronchitis |Combined < 65) Day Attack
Health Effects for Individual Major Power Plants
Barry AL 60 69 40 21 15 11,066 1,340
Belews Creek NC 149 171 107 55 40 29,503 3,458
Big Brown TX 71 82 52 27 21 14,604 1,761
Big Cajun 2 LA 43 50 29 15 11 8,317 979
Big Sandy KY 102 118 70 37 26 19,528 2,260
Brandon Shores MD 86 99 62 33 23 16,893 2,001
Bull_Run TN 73 85 51 27 19 14,144 1,643
Centralia WA 29 34 26 13 10 6,930 855
Chesterfield VA 132 152 97 50 36 26,827 3,136
Cheswick PA 99 114 67 37 25 18,524 2,149
Conesville OH 201 232 138 74 51 37,868 4,424
Crystal River FL 107 123 69 39 24 17,500 2,282
ED Edwards IL 103 118 70 37 27 19,661 2,325
EW Brown KY 90 103 60 32 23 17,127 1,951
FJ Gannon FL 95 110 62 34 21 15,416 2,019
Fort Martin WV 155 179 106 57 39 29,558 3,395
Greene County AL 52 60 34 18 13 9,659 1,140
Harding St Station IN 101 116 70 36 27 19,331 2,292
Hatfields Ferry PA 360 415 246 132 90 68,601 7,856
Homer City PA 269 310 187 100 68 51,337 5,962
Jeffrey EC KS 41 47 28 15 11 7,868 931
JH Miller AL 68 79 48 25 18 12,997 1,581
JH Campbell MI 91 105 63 33 24 17,415 2,054
John E Amos WV 146 168 103 54 38 28,089 3,295
Johnsonville TN 155 179 110 57 42 29,315 3,613
Keystone PA 302 348 208 112 76 57,634 6,663
Kingston TN 149 171 127 63 48 28,727 4,128
Leland Olds ND 101 116 69 37 26 19,405 2,301
Marshall NC 139 161 118 59 44 27,734 3,852
Martin Lake TX 68 79 49 26 19 13,042 1,634
Mohave NV 41 47 35 18 14 9,264 1,214
Monticello TX 84 96 58 31 23 16,033 1,959
Morgantown MD 130 149 91 48 34 25,269 2,938
Pleasants WV 85 98 59 32 22 16,194 1,897
R Gallagher IN 101 116 68 36 26 19,166 2,222
Rockport IN 112 129 75 39 28 21,083 2,450
Roxboro NC 153 176 115 59 43 30,462 3,737
Scherer GA 107 123 73 38 28 20,924 2,414
WA Parish TX 56 65 42 21 18 12,783 1,474
Warrick IN 155 179 103 54 39 29,242 3,374
Widows Creek AL 79 91 56 29 21 15,123 1,818
Total 4,740 5,457 3,341 1,758 1,250 910,165 | 108,774

Additiond hedlth results are provided in the report in Exhibits 3.7 through 3.9.
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Particulate-Related Health mpacts of Emissionsin 2001
From 41 Major US Power Plants

Introduction

Power plants are large emitters of sulfur dioxide (SO,) and nitrogen oxides (NO,), particularly in
the Midwest, where power plants dominate emissons. Perhaps the most hazardous contribution of
these gaseous emissions is through the formation of secondary fine particulate metter. Over the past
decade, numerous studies have linked particulate matter (PM) to awide range of adverse human hedlth
effects, ranging from premature desth, hospita admissions and asthma attacks to chronic bronchitis. A
subgtantia portions of the ambient levels of secondarily formed fine PM isformed from SO, and NO,
emissions from foss| fud powered eectricity generation, especidly coa-fired power plants. The other
major emission source that leads to the formation of ambient fine PM are mobile sources (cars and
trucks), with other emission sources accounting for asmaler share of the totd fine PM leves.

Since passage of the Clean Air Act Amendments of 1990, the amount of SO, emitted by power
plants covered by Title 1V (the“Acid Rain Bill”) of the Clean Air Act has gone down by 32 percent (5.1
million tons). Although tota US SO, emissions have gone nearly one third, not al individua power
plants decreased their emissons by that much. Of the 608 power plants operating in both 1990 and
2001, 285 facilitiesincreased their emissions, and 54 decreased their SO, emissons by lessthan 15
percent.

In aprevious andysis for the Environmentd Integrity Project, Abt Associates estimated the
quantity of hedth effects attributable to fine PM formed from emissons from the mgor generating
facilities of eight dectricity generating companies® That andysis examined the hedlth effects attributable
to expected future levels of emissons from 83 power plantsin the central and eastern United States.
This previous sudy examined the emissions estimated to be released in 2007, after full implementation of
al currently mandated mgjor federd regulatory programs affecting eectricity generation emissons.
Another study Abt Associates prepared for the Clean Air Task Force? aso looked at 2007, examining
the hedlth impacts associated with al mgor power plants throughout the US.

Instead of andyzing the hedlth impactsin afuture year (2007), this current report estimates
these adverse hedlth effects of the 2001 SO, and NO, emissons from 41 mgjor power plants. The 41
power plants meet two criteria

! Emitted at least 40,000 Tons of SO, in 2001, and

!Particulate-Related Health Impacts of Eight Electric Utility Systems, Abt Associates Inc.,
April, 2002.

The Particul ate-Related Health Benefits of Reducing Power Plant Emissions, Abt
Associates Inc., October 2000
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! Decreased their SO, emissons by 15 % or less since 1990

These 41 plants emitted over 2.9 million tons of SO, in 2001, accounting for 28 % of al US SO,
emissions from power plants. The plants aso emitted 840,000 tons of NO, , or 18 % of total NO,
power plant emissons.

Using EPA data on actual SO, and NO, emissonsin 2001 from 41 mgor dectricity generating
plants, in this study Abt Associates uses the Source-Receptor (S-R) Matrix (the same simple reduced-
form ar qudity modd previoudy used to estimate impacts in the 83 facility study) to estimate the amount
of ambient PM in each county in the US resulting from the emissions from each of the 41 mgor
electricity generating plants. Asin the previous andyses, well-established relationships between PM
levels and adverse hedlth effects were used to estimate the numbers of excess cases of hedth effects,
ranging from asthma attacks to premature mortality, that are attributable to the increased PM levels from
the power plants emissons.

Section 1 describes the 2001 SO, and NO, emisson inventory for the 41 power plants, and the
methods used to estimate the ambient PM levels associated with those emissons. Section 2 includesa
brief review of the studies that we used to estimate each hedlth effect. In Section 3, we present the
results of our andyss. In addition, this study hasfive gppendices. Appendix A ligts the nine eectric
utility systems and the individua plants comprising each sysem. Appendices B, C and D present a
detailed examination of how we derived our pollution emission estimates and trandated emissions into
forecasts of ambient PM levels. Appendix E presents a derivation of the PM concentration-response
(C-R) functions used in the andysis.

1. Particulate Matter Modeling and Emissions

We used aversion of the Phase Il Source Receptor (S-R) Matrix to forecast PM formation in
each county within the continental US. The SR Maitrix is a reduced-form mode that consists of fixed
coefficients that reflect the relationship between annud average PM concentration vaues at asingle
receptor in the center of each county, and the contribution by PM species to this concentration from
each emisson source in dl countiesin the 48 contiguous Sates.

The S-R Matrix is not as sophisticated as other models such as the Regulatory Modeing System
for Aerosols and Acid Deposition (REMSAD), Cdifornia Puff Mode (CAL-PUFF) and Community
Multi-Scale Air Qudity (CMAQ). However, the SR Matrix is not nearly as resource-intensive as these
more complex modds, and is readily able to estimate the impact of individua power plants, aswdl as
groups of power plants. EPA has used the S-R Matrix for numerous policy analyses, including EPA’s
Regulatory Impact Analyses of the 1997 revisons to the PM NAAQS, the 1998 SIP NO, Cdl, the
1999 Regiond Haze Rule, and the 1990 Tier 11 automobile exhaust stlandards.  Although more complex
PM models exist and are being improved congtantly, it is not unreasonable to say that the S-R Matrix
gives areasonably good first gpproximetion of the likely PM impacts of the emissons from the power
plantsin this sudy.
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For this andysis we estimated the portion of PM formed from the power plants emissons using
the mgjor power plant component of the S-R Matrix, which Pechan devel oped with the Climatologica
Regiona Digperson Mode (CRDM) (Pechan, 1997 and 2000). For inputs, the S-R Matrix uses
emission sources throughout the 48 states and border areas and produces county-level annua average
concentrations of various PM-related species, including primary PM less than 10 microns, or PM,,, and
PM lessthan 2.5 microns, or PM, 5, nitrate, sulfate and ammonia.

The CRDM estimates county-level annual-average PM and PM precursor concentrations from
county-level source areas across the United States, by explicitly quantifying the relationships describing
the dispersion, chemistry, and deposition processes. It includes wet and dry deposition of gases and PM
aswell aslinear chemica oxidation of SO, to sulfate and NO, to nitrate. Asin SLIM3 and ISC2LT,
the model is based upon a sector-average approach for transport and dispersion (Turner, 1979) that is
recommended for ca culating long-term average concentrations.

Using results from CRDM, Pechan developed four matrixes of SR transfer coefficients that link
emissions from every county and mgor elevated point source in the US and border areasto air qudity
within every US county. Each coefficient in ameatrix represents the incrementd ambient air qudity
impact of agiven species or emission at a given receptor from a particular area or point source.

Rather than develop afull 2001 emissons inventory for al source categories, this andys's used
one portion of the S-R Matrix: the source-receptor coefficients for 468 magor power plants operating in
2001. These 468 plants account for the vast mgjority of the 2001 SO, and NO, emissons from power
plants. Of the 1,110 facilities included in EPA’s online database® of fadilities affected by Title 1V, the
468 power plantsincluded in the 2001 S-R Matrix account for 97.2% of the total SO, emissonsin
2001, and 94.8% of the total NO, emissions, from dl Title IV facilities

The SR Matrix results of the contribution of ammonium sulfate and nitrate in every county
coming from each modeled power plant developed for the previous Abt Associates analyses based on
2007 emissions projections were adjusted for use in this 2001 current analysis by scaling the power
plant contributions to reflect the differences in the emissons in each of the two years. The tota 2001
emissions for the 468 modeled power plants are relaively close to the 2007 emissons. the actud SO,
emissions in 2001 were 1.53% higher than the SO, emissions estimated for 2007 from the same 468
plants, while the NO, emissons were 9.87% higher. Given the linear nature of the SR Matrix transfer
coefficients, it is possible to scale the S-R Matrix estimated concentrations by the 2001/2007 retio of the
emissons of each emisson species.

To give an example of how the scaling was conducted, in 2001 the Barry Steam Plant in Mobile
County, Alabama, emitted 65,902 tons of SO,. The 2007 andysis estimated the Barry

3Data Source: EPA’s Clean Air Markets Division - Data and Maps "Create Queries - Queries
with Emissons Data" at http://cfpub.epa.gov/gdm/ (data obtained Sept. 30, 2002)
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Plant SO, emissions at 62,536 tons. Hence the 2001/2007 ratio of SO, emissionsis 1.0538.
Therefore, to adjust the S-R Matrix results from 2007 to 2001, the estimated ambient concentration of
ammonium sulfate in each county estimated to originate from the Barry Plant’s 2007 SO, emissonsis
multiplied by 1.0538 to estimate the amount of sulfate from the Barry Plant in 2001. This Barry Plant
SO, adjustment factor is applied to every county that isimpacted by sulfur from the Barry Plant.
Similarly, we adjusted the amount of nitrate in each county from the Barry Plant by the 2001/2007 ratio
of NO, emissons from the Barry Plant (ratio = 1.367). We made asmilar set of adjustments for each
of the 468 power plants modeled in the SR Matrix.

The 2001 emissions data for Title IV-affected power plantsis available online through EPA’s
Clean Air Markets Divison webste. Using information from the Clean Air Markets website, we
aggregated the totd annua emissions of SO, and NO, from each operating unit within each facility to the
fecility level. Appendix A presents the Sate level emission totalsfor dl power plants, and Appendix B
presents the emission totas for each of the 41 modded facilities.
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2. Adverse Health Effects

This section describes the individua effects and the methods used to quantify changesin the
expected number of incidences of various hedth effects. Exhibit 2-1 presents the PM-related health
endpointsincluded in thisandyss. Appendix C presents a detailed description of each of the
concentration-response (C-R) functions used in thisandysis.

Exhibit 2-1 PM-Related Health Endpoints

Health Effect Population PM Study
Measure

Mortality

Associated with long-term exposure Ages 30+ PM ¢ Pope et a. (2002)

Krewski et al. (2000)

Chronic lliness

Chronic Bronchitis Ages 30+ PM 1 Schwartz (1993)

Hospital Admissions

COPD (ICD-9 codes 4490-492, 494- Age 65+ PM,,  Sametetal. (2000)*
496)

Pneumonia (ICD-9 codes 480-487) Age 65+ PM 5 Samet et al. (2000)*
Cardiovascular (ICD-9 codes 390-429) Age 65+ PM 5 Samet et al. (2000)*
Asthma (ICD code 493) <65 PM 5 Sheppard et a. (1999)
Asthma-related ER visits <65 PM 4 Schwartz et al. (1993)

Respiratory Symptoms/IlInesses Not Requiring Hospitalization

Acute bronchitis Ages8-12 PM, ¢ Dockery et al. (1989)
Lower respiratory symptoms (LRS) Ages7-14 PM,g Schwartz et a. (1994)
Upper respiratory symptoms (URS) Asthmatics, ages 9- PM 1 Pope et al. (1991)
11
Minor restricted activity day (MRAD) Ages 18-65 PM Ostro and Rothschild (1989) ®
(adjusted for asthma attacks) (estimated)
Work loss days (WLDs) Ages 18-65 PM Ostro (1987)
Asthma Attacks Asthmatics, all ages PM 1o Whittemore and Korn (1980)

& The pooled estimate, based on distributed lag models in each of 14 cities, is used because the estimated
coefficients based on pooling are substantially more stable than the individual city-specific estimates.

b We subtract asthma attacks from our MRAD estimate to avoid the possibility of double-counting effects.
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Premature Mortality

Effects of changesin PM concentrations on mortaity are estimated as a count of the expected
number of premature deaths attributable to a given reduction in PM concentrations. There are two types
of exposure to elevated levels of ar pollution that may result in premature mortdity: acute and chronic.
Acute (short-term) exposure (e.g., exposure on agiven day) to peak pollutant concentrations may result
in excess mortdity on the same day or within afew days of the devated exposure. Chronic (long-term)
exposure (e.g., exposure over aperiod of ayear or more) to higher levels of pollution may result in
mortdity in excess of what it would be if pollution levels were lower. The excess mortdity that occurs
will not necessarily be associated with any particular episode of eevated air pollution levels. The
estimates of premature mortality presented in this report are based on long-term studies.

Short-Term Versus Long-Term Sudies

There are two types of epidemiologica studies that examine the relationship between mortdity
and exposure. Long-term studies (e.g., Pope et a., 2002) estimate the association between long-term
exposure to ar pollution and the surviva of members of alarge study population over an extended
period of time. Such studies examine the hedth endpoint of concern in relation to the generd long-term
levd of the pollutant of concern, for example, relating annua mortdity to some measure of annud
pollutant level. Daily pesk concentrations would impact the results only insofar as they affect the
measure of long-term pollutant concentration.

By contradt, short-term sudies relae dally levels of the pollutant to daily mortaity. By their
basic design, daily studies can detect acute effects but cannot detect the effects of long-term exposures.
A chronic exposure study design (a prospective cohort study, such as the Pope and Krewski tudies) is
best able to identify the long-term exposure effects, and may detect some of the short-term exposure
effectsaswel. Because along-term exposure study may detect some of the same short-term exposure
effects detected by short-term studies, including both types of study in a benefit anaysiswould likely
result in some degree of double counting of benefits. While the long-term study design is preferred,
these types of studies are expengve to conduct and consequently there are relatively few well-designed
long-term studies. Because long-term studies are considered to be the better method, they are used to
estimate the premature mortality associated with the 41 power plantsin this report.

Issues Concerning Degree of Prematurity of Mortality

It is possible that the short-term studies are detecting an association between PM and mortdity
that is primarily occurring among termindly ill people. Critics of the use of short-term studies for policy
andysis purposes correctly point out that an added risk factor that resultsin termindly ill people dying a
few days or weeks earlier than they otherwise would have (referred to as “ short-term harvesting”) is
potentialy included in the measured PM mortdity “signd” detected in such astudy. While some of the
detected excess deaths may have resulted in a substantia reduction in lifespan, others may have resulted
inareatively small decrease in lifespan. Studies by Spix et d. (1993) and Pope et d. (1992) yied
conflicting evidence, suggesting that harvesting may represent anywhere from zero to 50 percent of the
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deaths estimated in short-term studies, while Zeger et d. (1999) and Schwartz (2000; 2001) report that
short-term harvesting does not appear to represent alarge fraction of mortdity.*

Estimating PM-Related Premature Mortality

We estimate PM,, 5 -related mortaity using C-R functions estimated from two long-term studies.
by Pope et d. (2002) and Krewski et a. (2000). The Pope et d. (2002) study is a continuation of the
study by Pope et d. (1995), which estimated the association between long-term (chronic) exposure to
PM, s and the survivd of members of alarge study population. The Pope et d. (2002) study produces
modestly (i.e., 13%) smaller estimates of attributable premature mortality than a study by Krewski et d.
(2000). The Krewski et d. (2000) study isareandysis of the origind Pope et d. (1995) data. The
Krewski reanalyss was conducted for Health Effects Indtitute (HEI), a research organization jointly
sponsored by industry and the EPA. The HEI-sponsored reanaysis provided an opportunity for in-
depth peer review, replication of the origina results, and additiona research exploring dternative
methods.

The Pope et d. (2002) study reported separate results for not only al-cause deaths, but also
separate results for lung cancer (1CD-9 code: 162), cardiopulmonary deaths (1CD-9 codes. 401-440
and 460-519), and “al other” deaths.> Like the earlier studies, Pope et a. (2002) found that mean
PM, 5 issgnificantly related to dl-cause and cardiopulmonary mortaity. In addition, Pope et d. (2002)
identified a sgnificant relationship between PM, s and lung cancer mortdity, aresult not found in the
earlier dudies. We present separate estimates of the incidence of lung cancer and cardiopulmonary
mortality based on Pope et d. (2002), in addition to the al-cause estimates from both the Pope and
Krewski studies.

Pope et d. (2002) used three alternative measures of PM, 5 exposure — metropolitan area-wide
annua mean PM levels from the beginning of the tracking period (' 79-' 83 PM data, conducted for 61
metropolitan areas with 359,000 individuas), annual mean PM from the end of the tracking period (' 99-
'00 PM data, conducted for 116 areas with 500,000 individuas), and the average annual mean PM
levels of the two periods (for 51 metropolitan areas, with 319,000 individuas). All are sgnificantly
linked to premature mortality, with the exposure estimate based on data from 1979-1983 showing the
smallest impact. Following previous work performed for EPA, we use the al-cause mortality coefficient
to estimate the impact of PM,, 5 on premature mortdity. In deciding between the three exposure
measures, we chose the more conservative estimate based on data from 1979-1983.

“Zeger et d. (1999, p. 171) reported that: “The TSP-mortality association in Philadelphiais
incong stent with the harvesting-only hypothesis, and the harvesting-resistant estimates of the TSP
relaiverisk are actudly larger —not smadler —than the ordinary estimates.”

°All-cause mortdity includes accidents, suicides, homicides and legd interventions. The
category “dl other” deathsis al-cause mortdity less lung cancer and cardiopulmonary deaths.
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Chronic Bronchitis

Onset of bronchitis has been associated with exposure to air pollutants. Three studies have
linked the onset of chronic bronchitisin adultsto PM. These results are consistent with research that has
found that chronic exposure to pollutants leads to declining pulmonary functioning (Detels et d., 1991;
Ackermann-Liebrich et d., 1997; Abbey et d., 1998).

We egtimate the changes in the number of new cases of PM-related chronic bronchitis using the
study by Schwartz (1993) listed in Exhibit 2-2. The Schwartz study is somewhat older than other
available sudies (e.g., aseries of studies by Abbey et d.), and uses a cross-sectiona design. However,
the Schwartz study is based on a national sample, unlike the Abbey et d. study which isredtricted to a
sample of Cdiforniaresidents.

Exhibit 2-2 Chronic Bronchitis Studies

L ocation Study Pollutants Used in Final Model Population Age

United States Schwartz (1993) PM ;o 30+

Schwartz (1993) examined survey data collected from 3,874 adults ranging in age from 30 to
74, and living in 53 urban areas in the US. The survey was conducted between 1971 and 1975, as part
of the Nationd Hedlth and Nutrition Examination Survey, and is representative of the non-
ingtitutionalized US population. Schwartz (1993, Table 3) reported chronic bronchitis prevalence rates
in the study population by age, race, and gender. Non-white maes under 52 years old had the lowest
rate (1.7%) and white males 52 years and older had the highest rate (9.3%). The study examined the
relationship between the prevaence of reported chronic bronchitis and annud leves of tota suspended
particulates (TSP) collected in the year prior to the survey.

Hospital Admissions
We estimate the impact of PM on both respiratory and cardiovascular hospitd admissions, as

well as emergency room vidtsfor agthma. Exhibit 2-3 ligts the respiratory and cardiovascular hospita
admissions studies that we use to develop C-R functions.
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Exhibit 2-3 Hospital Admissions Studies

L ocation Study Health Effects Estimated Pollutants Used in Age of Study
(ICD code) Final Model Population

Fourteen U.S. Samet et a. (2000) pneumonia (480-487); COPD PM ;4 >64

Cities® (490-492, 494-6)

Sesttle, WA Sheppard et al. asthma (493) PM ¢ <65
(1999)

Fourteen U.S. Samet et al. (2000) cardiovascular illness (390 - PM 5, >64

Cities? 429)

& Birmingham, Alabama; Boulder, Colorado; Canton, Ohio; Chicago, Illinois; Colorado Springs, Colorado; Detrait,
Michigan; Minneapolis/St. Paul, Minnesota; Nashville, Tennessee; New Haven, Connecticut; Pittsburgh,
Pennsylvania; Provo/Orem, Utah; Seattle, Washington; Spokane, Washington; and Y oungstown, Ohio.

PM-Related Respiratory and Cardiovascular Hospital Admissions

Respiratory and cardiovascular hospitd admissions are the two broad categories of hospital
admissions that have been related to exposure to both PM and ozone. Severa epidemiological studies
have estimated C-R functions that included both PM and ozone. However, a study by the Hedlth
Effects Indtitute (HEI) (Samet et d., 2000) estimated separate models for PM;, and pneumonia,
Chronic Obstructive Pulmonary Disease (COPD) and cardiovascular diseases in each of fourteen cities
in the United States, as well as pooled estimates across these cities. The fourteen citiesincluded in the
HEI hospital admissions study are Birmingham, Alabama; Boulder, Colorado; Canton, Ohio; Chicago,
[llinois, Colorado Springs, Colorado; Detroit, Michigan; Minnegpolis/St. Paul, Minnesota; Nashville,
Tennessee; New Haven, Connecticut; Pittsburgh, Pennsylvania; Provo/Orem, Utah; Sedttle,
Washington; Spokane, Washington; and Y oungstown, Ohio.

The Samet et d. (2000) pooled estimates are preferable to previoudy estimated models for
severd reasons. Firg, they used distributed lag models that they designed to capture not only same-day
effects of PM but the effects of PM on a series of days subsequent to exposure. This captures the full
impact of PM on hospital admissions. Samet et a. noted that because of serid correlaion, the
coefficients of the PM lags tend to be ungtable (i.e., have large variances) in single-city models, however,
the pooled estimates, based on al fourteen cities, are more stable because they are based on much
larger sample sizes. A second advantage of the pooled estimates is that they represent the PM effect
across arange of citiesin the US. Although other studies have estimated C-R functionsin various cities
in the US, many of these cities (e.g., MinnegpoligSt. Paul, Birmingham, Detroit, Spokane, New Haven,
and Seettle) are included in Samet et d., which is amore recent analyss of the PM-hospital admissons
rel ationships includes these cities.

Although the Samet et d. (2000) models do not include other pollutants, they do investigate the

impact of omitting other pollutants on the estimated PM effects on hospital admissions (see Figures 33
and 34, Samet et d. (2000)). The study authors conclude that the omission of SO, and ozone from the
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modds had virtudly no effect on the estimated PM effect in any of the three pooled estimates (for
cardiovascular diseases, COPD, and pneumonia). While Figure 34 suggedts that thisis the case for
cardiovascular diseases and pneumonia, the omission of ozone from the mode appears to have resulted
in a downward-biased estimate of the PM effect on hospital admissions for COPD. This suggests that
using the pooled estimate for COPD will tend to understate the PM effect.

We use Samet et d. (2000) to estimate separate C-R functions for pneumonia and COPD
hospita admissions for people 65 years and older. In addition, we use another study by Sheppard et d.
(1999) to estimate a C-R function for asthma hospital admissions for people under 65.

Asthma-Related Emergency Room (ER) Visits

We use one C-R function to estimate the effects of PM exposure to asthma-rdated ER vidits. In
astudy of Sedttle resdents, Schwartz et d. (1993) found PM , to be sgnificantly related to asthma-
related ER vigts.

Because we are estimating ER vidts as wdl as hospital admissons for asthma, we mugt avoid
counting twice the ER vidts for asthmathat are subsequently admitted to the hospita. To avoid double-
counting, the basdline incidence rate for emergency room visitsis adjusted by subtracting the percentage
of patientsthat are admitted into the hospitd. Three studies provide some information to do this:
Richards et d. (1981, p. 350) reported that 13% of children's ER visits ended up as hospital admissions;
Lipfert (1993, p. 230) reported that ER vidts (for dl causes) are two to five times more frequent than
hospital admissions; and Smith et a. (1997, p. 789) reported 445,000 asthma-rel ated hospital
admissonsin 1987 and 1.2 million asshma ER vidits. The study by Smith et a. gppears to be the most
relevant asit isanaiond study and looks at dl age groups. Assuming that air-pollution related hospital
admissions firg pass through the ER, the reported incidence rates suggest that 37% ( or
445,000/1,200,000) of ER vidts are subsequently admitted to the hospital, or that ER vidits for asthma
occur 2.7 times as frequently as hospital admissons for asthma. The basdine incidence of ashma ER
vigtsistherefore taken to be 2.7 times the basdine incidence of hospita admissons for ashma. To
avoid double-counting, however, only 63% of the resulting change in asthma ER vidts associated with a
given change in pollutant concentrationsis counted in the ER vigt incidence change.

Acute IlInesses and Symptoms Not Requiring Hospitalization
We congder in this section a number of acute symptoms that do not require hospitalization, such

as acute bronchitis, and upper and lower respiratory symptoms. Exhibit 2-4 lists the studies that we use
to develop C-R functions.
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Exhibit 2-4 Studies of Symptoms/IlInesses Not Requiring Hospitalization

Health Effect Study Pollutants Study Population

Acute bronchitis Dockery et al. (1996) PM 5 Ages8-12

Upper respiratory symptoms (URS) Popeet al. (1991) PM ;4 Asthmatics, ages 9-11

Lower respiratory symptoms (LRS) Schwartz et al. (1994) PM ¢ Ages7-14

Minor restricted activity day Ostro and Rothschild PM ¢ Ages 18-65

(MRAD) (1989)

Asthma Attacks Whittemore and Korn PM 10 Asthmatics, &l ages
(1980)

Work loss days (WLDs) Ostro (1987) PM 5 Ages 18-65

Acute Bronchitis

Dockery et d. (1996) examined the relationship between PM and other pollutants on the
reported rates of asthma, persistent wheeze, chronic cough, and bronchitis, in a study of 13,369 children
ages 8-12 living in 24 communitiesin the US and Canada. Hedlth data were collected between 1988
and 1991, and single-pollutant models were used in the analysis to test a number of measures of
particulate air pollution. Dockery et d. found that annud levels of sulfates and particle acidity were
ggnificantly related to bronchitis, and PM, s and PM ;o were margindly significantly rdaed to bronchitis.

Upper Respiratory Symptoms (URS)

Using logigtic regression, Pope et a. (1991) estimated the impact of PM;, on the incidence of a
variety of minor symptoms in 55 subjects (34 “ school-based” and 21 “ patient-based”) living in the Utah
Valley from December 1989 through March 1990. The children in the Pope et d. study were asked to
record respiratory symptomsin adaily diary. Pope et d. then related the daily occurrences of URS and
LRS, as defined above, to daily PM,, concentrations. Pope et a. describe URS as consisting of one or
more of the following symptoms. runny or stuffy nose; wet cough; and burning, aching, or red eyes.
Levels of ozone, NO,, and SO, were reportedly low during this period, and were not included in the
andyds.

The sampleinthe Pope et d. isrdatively smal and is most representative of the asthmatic
population, rather than the genera population. The school-based subjects (ranging in age from 9 to 11)
were chosen based on “a positive response to one or more of three questions: ever wheezed without a
cold, wheezed for 3 days or more out of the week for amonth or longer, and/or had a doctor say the
‘child hasasthma.”” (Popeet d., 1991, p. 669) The patient-based subjects (ranging in age from 8 to
72) were recelving trestment for asthmaand were referred by loca physicians. Regression results for
the school-based sample (Pope et d., 1991, Table 5) show that PM,, was sgnificantly associated with
both upper and lower respiratory symptoms. The patient-based sample did not find a significant PM
effect. The results from the school-based sample are used here.
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Lower Respiratory Symptoms (LRS)

Schwartz et d. (1994) used logigtic regression to link lower respiratory symptomsin children
with SO,, NO,, ozone, PM,,, PM,, 5, sulfate and H" (hydrogen ion). Children were sdected for the
sudy if they were exposed to indoor sources of air pollution, including gas stoves and parenta smoking.
The study enrolled 1,844 children into year-long studies that were conducted in different years (1984 to
1988) in 9x cities. The students were in grades two through five at the time of enrollment in 1984. By
the completion of the fina study, the cohort would have been in the eighth grade (ages 13-14),
suggesting an age range of 7 to 14 years.

In Sngle pollutant models, SO,, NO,, PM,, 5, and PM,, were sgnificantly linked to cough. In
two-pollutant modes, PM;, had the most consistent relationship with cough; ozone was marginaly
ggnificant, controlling for PM,,. In models for upper respiratory symptoms, Schwartz et d. reported a
margindly sgnificant associaion for PM,,. In models for lower respiratory symptoms, they reported
sgnificant sngle-pallutant modds, usng SO,, ozone, PM, 5, PM ,,, sulfate (SO,) , and acidity (H* ions).

Minor Restricted Activity Days (MRADS)

Ostro and Rothschild (1989) estimated the impact of PM,, 5 on the incidence of minor restricted
activity days (MRAD) in anationa sample of the adult working population, ages 18 to 65, living in
metropolitan areas. We developed separate coefficients for each year in the andysis (1976-1981),
which were then combined for use in thisanalyss. For the coefficient in the C-R function, we use an
inverse-variance weighted average of the coefficientsin Ostro (1987, Table 1V).

Asthma Attacks

Whittemore and Korn (1980) examined the relationship between air pollution and asthma
atacksin asurvey of 443 children and adults, living in Sx communities in southern Cdifornia during three
34-week periods from 1972 t01975. The analysis focused on Totd Suspended Particles (TSP, roughly
equivaent to PM5) and ozone. Respirable PM, NO,, and SO, were highly corrdated with TSP and
excluded from the analysis. In atwo-pollutant modd, daily levels of both TSP and ozone were
sgnificantly related to reported asthma attacks.

Work-Loss Days (WLD)

Ostro (1987) estimated the impact of PM,, 5 on the incidence of work-loss days (WLDs),
restricted activity days (RADs), and respiratory-related RADs (RRADS) in anationd sample of the
adult working population, ages 18 to 65, living in metropolitan areas. The annud nationd survey results
used in this analysis were conducted in 1976 to 1981. Ostro reported that two-week average PM, 5
levels were sgnificantly linked to WLDs, RADs, and RRADs,; however, some year-to-year variagbility
occurred in the results. Separate coefficients were developed for each year in the andlysis (1976-1981);
these coefficients were then pooled. For the coefficient in the C-R function, we use an inverse-variance
weighted average of the coefficientsin Ogtro (1987, Table V).

Abt Associates Inc. p. 17 November, 2002



3. Results

This analyss estimates the hedlth effects attributable to the SO, and NO, emissonsfrom 41
magor power plantsin 2001. The estimated hedth effects from these 41 power plants include;

! Premature Mortality (2 estimates, and 2 cause-specific estimates)

1 Chronic Bronchitis
1 Hospitdl Admissions for COPD, Pneumoniaand Asthma

1 Emergency Room Vidtsfor Ashma

1 Dally llinessfor Acute Bronchitis, Upper Respiratory Disease and Lower Respiratory

Discase

1 Dally Incidence of Work Loss Days, Minor Redtricted Activity Days and Ashma

Attacks

As described above, these 41 power plants were selected because they emitted at least 40,000 tons of
SO, emissonsin 2001, and had SO, emissons ether increase or decline by less than half the nationa

average between 1990 and 2001. The 41 mgjor power plants include:

I Bary AL

1 Belews Creek NC
1 Big Brown TX

1 BigCqun2LA

1 Big Sandy KY

1 Brandon Shores MD
1 Bul RunTN

1 CentrdiaWA

1 Chesterfidd VA

1 Cheswick PA

1 Conesville OH

1 Crystd River FL

1 ED Edwards IL

I EW Brown KY

1 FJ Gannon FL

! Fort Martin WV

! Greene County AL
! Harding St Station IN
1 Hatfields Ferry PA
! Homer City PA

1 Jeffrey ECKS

1 H Miller AL

1 JH Campbdl MI

1 John E Amos WV

1 Johnsonville TN

1 Keystone PA

! Kingson TN

! Leland OldsND

1 Marshdl NC

I Martin Lake TX
1 Mohave NV

1 Monticdlo TX

! Morgantown MD
1 Pleasants WV

' R Gdlagher IN
1 Rockport IN

1 Roxboro NC

1 Scherer GA

1 WA Parish TX

1 Warrick IN

1 Widows Creek AL

Exhibit 3.1 shows the sate level SO, emissionsin 1990 and 2001from dl Title IV-affected
power plants. The SO, emissions decreased in some states during thistime, such as Ohio, while they
increased in other Sateslike Texas. Exhibit 3.2 provides a different perspective on the 1990/2001 SO,
emissions data, giving 2001 emissons as a percentage of 1990 emissions. The percentage is greater
than 100% for states in which emissonsincreased (such as Virginia, with 2001 SO, emissions 137% of
1990 emissions), while states that decreased have a percentage less than 100%. Tota national SO,
emissions decreased over this period, with 2001 nationa SO, emissions equa to 67.6% of 1990

nationd SO, emissons.
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The combination of Exhibits 3.1 and 3.2 offers amore complete picture of the change in SO,
emissions between 1990 and 2001. For example, while Ohio has the highest amount of SO, emissons
of any state in both 1990 and 2001, it aso had one of the largest percentage decreases over that time
period, with 2001 emissions only 51% of Ohio’s 1990 emissions. Other states, such as Texas,
increased their SO, emissions over that period. For instance, Texas' SO, emissons increased by 17%,
and Texas went from the twefth largest SO, emitting State in 1990 to thefifth largest in 2001. Exhibit
3.3 provides the state emissions data.
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Exhibit 3.1. State Level SO, Emissonsin 1990 and 2001 from all Title 1V Affected Facilities

SO2 Emissions in 1990 and 2001
By State, All Title IV Affected Facilities
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Exhibit 3.2 Relative Change Between 1990 and 2001 In State SO, Emissions From All TitlelV Facilities

2001 SO2 Emissions as a Per Cent of 1990 Emissions
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Exhibit 3.3  State SO, and NOx Emissions Data 1990 and 2001

SO, NOXx
State 1990 2001 Change Ratio 2001
(Tons) (Tons) ‘01 to ‘90 (Tons)

Oregon 4,936 17,837 12,901 361.4% 11,150
Nebraska 50,378 70,251 19,873 139.4% 47,909
Kansas 87,676 120,307 32,631 137.2% 84,705
Virginia 158,626 217,435 58,809 137.1% 80,529
Montana 17,922 24,403 6,481 136.2% T 39,435
North Carolina 336,451 450,486 114,035 133.9% " 144,336
North Dakota 123,464 154,934 31,470 125.5% S 79,114
South Carolina 167,414 202,501 35,087 121.0% | ‘5 81,692
Texas 462,345 541,263 78,918 117.1% | .2 310,871
Mississippi 119,071 138,358 19,287 116.2% LIEJ 57,811
Washington 58,434 66,912 8,478 114.5% = 18,333
Louisiana 98,703 112,804 14,101 1143% | © 81,289
Arkansas 69,160 78,705 9,545 113.8% % 47,558
Minnesota 81,166 91,768 10,602 113.1% | & 81,083
Colorado 83,186 90,388 7,202 108.7% 8 71,728
Wyoming 80.877 84,471 3.594 104.4% | — 84.321
Oklahoma 101,852 101,447 -405 99.6% 84,320
Nevada 55,780 54,703 -1,077 98.1% 44,262
New Mexico 63,839 62,198 -1,641 97.4% 83,340
Michigan 369,845 347,070 -22,775 93.8% 140,951
Maryland 282,453 254,482 -27,971 90.1% 72,935
Utah 32,051 28,321 -3,730 88.4% w 71,517
Florida 645,131 569,153 -75,978 88.2% S 290,843
Alabama 528,627 466,113 -62,514 88.2% | @ 167,497
Pennsylvania 1,213,385 944,877 -268,508 77.9% E 220,048
lowa 173,033 133,562 -39,471 77.2% | © 78,478
Delaware 46,918 35,411 -11,507 75.5% % 13,938
New Hampshire 67,863 48,124 -19,739 70.9% g 6,836
Wisconsin 282,243 189,374 -92,869 67.1% | & 101,169
New Jersey 74,979 50,270 -24,709 67.0% d 35,320
Connecticut 52,408 34,117 -18,291 65.1% 13,060
Arizona 119,898 73,329 -46,569 61.2% 93,097
New York 414,789 250,715 -164,074 60.4% 93,181
Maine 11,330 6,817 -4,513 60.2% 2,085
Kentucky 905,084 535,445 -369,639 59.2% 231,822
Georgia 874,630 489,626 -385,004 56.0% 162,379
Indiana 1,499,176 795,506 -703,670 53.1% 306,531
West Virginia 968,611 498,056 -470,555 51.4% 204,304
Ohio 2,211,628 1,125,475 -1,086,153 50.9% 332,903
South Dakota 28,906 13,619 -15,287 47.1% 16,539
Tennessee 796,528 356,608 -439,920 44.8% 154,962
Massachusetts 232,012 102,934 -129,078 44.4% 33,519
Illinois 893,793 368,218 -525,575 41.2% 199,860
Missouri 775,726 231,562 -544,164 29.9% 144,742
Washington, DC 2,523 754 -1,769 29.9% 429
California 7,365 1,886 -5,479 25.6% 18,837
Rhode Island 1,090 9 -1,081 0.8% 752
Idaho 0 4 4 198
Vermont 0 5 5 229
Total 15,733,305 10,632,613 -5,100,692 67.6% 4.742.747
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Emission Data and Results for 41 Modeled Plants

The 2001 SO, and NO, emissions data for all 41 modeled power plants are presented in
Exhibits 3.4 through 3.6.

The attributable hedlth effects of emissons from the 41 individud facilities are presented in

Exhibit 3.7 (Premature Mortdity and Chronic Bronchitis), Exhibit 3.8 (Hospitd Admissions) and Exhibit
3.9 (Dally lllness).
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Exhibit 3.4 SO, Emissonsfor 41 Modeled Power Plants

SO2 Emissions in 1990 and 2001
For 41 Modeled Power Plants
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Ratio in SO2 Emissions Between
1990 and 2001 for 41 Modeled Power Plants

Percent Changein SO, Emissionsfor 41 Modeled Power Plants
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Exhibit 3.6 Emissions From 41 Modéded Facilities

NO, Emissions
SO, Emissions (Tons) (Tons)
Ratio,
1990 2001 2001/1990 2001

Emissions from 41 Modeled Facilities

Barry AL 53,378 65,902 123.5% 23,026
Belews Creek NC 76,251 83,077 109.0% 34,203
Big Brown TX 55,278 70,594 127.7% 12,520
Big Cajun 2 LA 41,930 50,217 119.8% 21,158
Big Sandy KY 51,157 55,846 109.2% 19,899
Brandon Shores MD 22,077 46,766 211.8% 13,746
Bull_Run TN 47,146 43,049 91.3% 17,319
Centralia WA 58,434 66,906 114.5% 18,244
Chesterfield VA 53,920 65,995 122.4% 16,418
Cheswick PA 41,279 49,002 118.7% 6,749
Conesville OH 113,635 96,738 85.1% 22,092
Crystal River FL 86,824 94,851 109.2% 34,712
ED Edwards IL 24,082 50,126 208.1% 9,612
EW Brown KY 55,104 49,106 89.1% 7,800
FJ Gannon FL 47,803 55,036 115.1% 25,332
Fort Martin WV 83,534 79,661 95.4% 12,334
Greene County AL 23,390 43,115 184.3% 11,536
Harding St Station IN 32,735 43,053 131.5% 6,724
Hatfields Ferry PA 163,432 185,496 113.5% 27,402
Homer City PA 109,449 137,573 125.7% 24,991
Jeffrey EC KS 16,528 60,924 368.6% 14,722
JH Miller AL 46,323 47,615 102.8% 29,944
JH Campbell Ml 41,002 43,513 106.1% 30,887
John E Amos WV 84,943 78,851 92.8% 36,368
Johnsonville TN 86,688 94,199 108.7% 20,394
Keystone PA 134,848 159,725 118.4% 19,239
Kingston TN 92,821 90,291 97.3% 26,166
Leland Olds ND 27,364 51,456 188.0% 14,780
Marshall NC 68,628 77,291 112.6% 20,124
Martin Lake TX 62,392 66,134 106.0% 22,080
Mohave NV 44,372 41,299 93.1% 19,430
Monticello TX 71,056 87,263 122.8% 19,106
Morgantown MD 85,290 75,335 88.3% 16,760
Pleasants WV 42,066 44,815 106.5% 14,562
R Gallagher IN 46,458 47,511 102.3% 6.663
Rockport IN 53,755 57,365 106.7% 34,997
Roxboro NC 83,332 94,206 113.0% 25,448
Scherer GA 41,417 75,423 182.1% 31,274
WA Parish TX 54,528 52,534 96.3% 14,079
Watrrick IN 59,697 52,777 88.4% 17,228
Widows Creek AL 38.291 42,788 111.7% 26,242
Total 113.2% 842,672
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Exhibit 3.7

Premature Mortality and Chronic Bronchitis

Cause-Specific Chronic
Mortality Mortality (Pope 02) Disease
Pope Krewski Cardio- Chronic
etal. ‘02 et. al. ‘00 Cancer Pulmonary Bronchitis
Health Effects for 41 Individual Major Power Plants
Barry AL 60 69 9 43 40
Belews Creek NC 149 171 21 106 107
Big Brown TX 71 82 10 51 52
Big Cajun 2 LA 43 50 6 31 29
Big Sandy KY 102 118 14 74 70
Brandon Shores MD 86 99 12 62 62
Bull Run TN 73 85 10 53 51
Centralia WA 29 34 4 20 26
Chesterfield VA 132 152 18 93 97
Cheswick PA 99 114 13 2 67
Conesville OH 201 232 27 145 138
Crystal River FL 107 123 16 78 69
ED Edwards IL 103 118 14 73 70
EW Brown KY 90 103 13 65 60
EFJ Gannon FL 95 110 16 79 62
Fort Martin WV 155 179 21 112 106
Greene County AL 52 60 7 37 34
Harding St Station IN 101 116 14 72 70
Hatfields Ferry PA 360 415 48 259 246
Homer City PA 269 310 36 195 187
Jeffrey EC KS 41 47 5 29 28
JH Miller AL 68 79 10 49 48
JH Campbell Ml 91 105 12 66 63
John E Amos WV 146 168 20 105 103
Johnsonville TN 155 179 22 112 110
Keystone PA 302 348 40 218 208
Kingston TN 149 171 21 107 127
Leland Olds ND 101 116 14 73 69
Marshall NC 139 161 19 100 118
Martin | ake TX 68 79 9 49 49
Mohave NV 41 47 5 29 35
Monticello TX 84 96 11 60 58
Morgantown MD 130 149 18 93 91
Pleasants WV 85 98 11 61 59
R Gallagher IN 101 116 14 73 68
Rockport IN 112 129 15 80 75
Roxboro NC 153 176 21 110 115
Scherer GA 107 123 15 76 73
WA Parish TX 56 65 8 40 42
Watrrick IN 155 179 21 112 103
Widows Creok Al Z9 (k| 11 w4 NS
Total 4,844 5,576 666 3,496 3,412
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Exhibit 3.8

Hospital Admissionsand Emergency Room Visits

Hospital Admissions ER Visits
COPD Pneumonia I Asthma Asthma

Health Effects for 41 Individual Major Power Plants

Barry AL 7 8 5 15
Belews Creek NC 19 23 14 40
Big Brown TX 9 11 7 21
Big Cajun 2 LA 5 6 4 11
Big Sandy KY 13 15 9 26
Brandon Shores MD 11 14 8 23
Bull Run TN 9 11 7 19
Centralia WA 4 5 3 10
Chesterfield VA 17 20 13 36
Cheswick PA 12 15 9 25
Conesville OH 25 31 18 51
Crystal River FL 14 17 8 24
ED Edwards IL 12 15 10 27
EW Brown KY 11 13 8 23
EJ Gannon Fl 12 14 Z 21
Fort Martin WV 19 24 14 39
Greene County AL 6 7 5 13
Harding St Station IN 12 15 9 27
Hatfields Ferry PA 45 55 33 90
Homer City PA 34 42 24 68
Jeffrey EC KS 5 6 4 11
JH Miller AL 8 10 6 18
JH Campbell Ml 11 14 8 24
John E Amos WV 18 22 13 38
lohnsonville TN 19 24 14 42
Keystone PA 38 46 27 76
Kingston TN 22 27 14 48
Leland Olds ND 12 15 9 26
Marshall NC 21 25 13 44
Martin | ake TX 9 11 6 19
Mohave NV 6 7 5 14
Monticello TX 10 13 8 23
Morgantown MD 16 20 12 34
Pleasants WV 11 13 8 22
R Gallagher IN 12 15 9 26
Rockport IN 13 16 10 28
Roxboro NC 20 25 14 43
Scherer GA 13 15 10 28
WA Parish TX 7 8 6 18
Warrick IN 18 22 14 39
Widows Creek Al 10 12 Z 21
Total 743 1,276
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Exhibit 3.9  Daily IlIness

Lower Upper Minor Work
Acute Resp. Resp. Restricted Loss Asthma
Bronchitis Disease Disease Activity Days Attack

Health Effects for Individual Major Power Plants

Barry AL 137 1,532 1,518 58,783 11,066 1,340
Belews Creek NC 348 3,877 3,846 156,721 29,503 3,458
Big Brown TX 183 2,043 2,064 77,576 14,604 1,761
Big Cajun 2 LA 105 1,175 1,151 44,183 8,317 979
Big Sandy KY 229 2.555 2.509 103,735 19,528 2.260
Brandon Shores MD 201 2,243 2,244 89,737 16,893 2,001
Bull_Run TN 165 1,845 1,819 75,138 14,144 1,643
Centralia WA 81 906 968 36,808 6,930 855
Chesterfield VA 319 3,557 3,544 142,498 26,827 3,136
Cheswick PA 219 2447 2.388 98.403 18,524 2.149
Conesville OH 452 5,039 4,953 201,150 37,868 4,424
Crystal River FL 208 2,317 2,291 92,956 17,500 2,282
ED Edwards IL 240 2,678 2,621 104,445 19,661 2,325
EW Brown KY 200 2,235 2,166 90,984 17,127 1,951
FJ Gannon FL 180 2.008 1,969 81.859 15,416 2.019
Fort Martin WV 350 3,900 3,783 157,013 29,558 3,395
Greene County AL 117 1,302 1,271 51,309 9,659 1,140
Harding St Station IN 233 2,600 2,587 102,686 19,331 2,292
Hatfields Ferry PA 811 9,053 8,758 364,371 68,601 7,856
Homer City PA 609 6,792 6,656 272,682 51,337 5,962
Jeffrey EC KS 98 1,098 1,078 41,798 7,868 931
JH Miller AL 156 1,741 1,771 69,042 12,997 1,581
JH Campbell MI 213 2,373 2,341 92,513 17,415 2,054
John E Amos WV 331 3,688 3,671 149,211 28,089 3,295
Johnsonville TN 351 3913 4,049 155,725 29,315 3,613
Keystone PA 684 7,632 7,446 306,131 57,634 6,663
Kingston TN 337 3,757 4,568 152,599 28,727 4,128
Leland Olds ND 240 2,678 2,622 103,083 19,405 2,301
Marshall NC 325 3,626 4,266 147,318 27,734 3,852
Martin Lake TX 10 1,815 1,893 69,281 13,042 1,634
Mohave NV 123 1,376 1,502 49,214 9,264 1,214
Monticello TX 200 2,236 2,273 85,172 16,033 1,959
Morgantown MD 301 3,360 3,301 134,227 25,269 2,938
Pleasants WV 191 2,131 2,113 86,024 16,194 1,897
R Gallagher IN 230 2.563 2.492 101.814 19,166 2.222
Rockport IN 255 2,849 2,766 111,995 21,083 2,450
Roxboro NC 360 4,011 4,167 161,809 30,462 3,737
Scherer GA 252 2,809 2,750 111,153 20,924 2,414
WA Parish TX 164 1,830 1,782 67,905 12,783 1,474
Warrick IN 355 3,956 3,808 155,336 29,242 3,374
Widows Creek AL 179 1,992 2,023 80,335 15,123 1818
Total 10,979 124,198 124,375 4,940,516 | 930,081 111,071
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Appendix A: Particulate Matter C-R Functions

Appendix A describes the concentration-response functions that we usein thisanalyss. Note
that for dl of the concentration-response functions we define APM as PM .ggiine = PM controt, @0d We
define the change in incidence as. - (inCideNCe, o - INCIAENCE, ,wine)- AlSO Note that we base dl of our
edimates on annud PM levels. When estimating effects with C-R functions origindly designed for daily
changesin PM, we use the annud data with the assumption that dl daysin the year have the same
concentration. Because the C-R functions are reasonably linear, whether one uses the mean annua
change or the daily changes occurring through out the year, the results are essentidly the same.

Mortality

There are two types of exposure to PM that may result in premature mortaity. Short-term
exposure may result in excess mortdity on the same day or within afew days of exposure. Long-term
exposure over, say, ayear or more, may result in mortdity in excess of what it would be if PM levels
were generdly lower, dthough the excess mortdity that occurs will not necessarily be associated with
any particular episode of dlevated ar pollution levels. In other words, long-term exposure may capture
afacet of the association between PM and mortality that is not captured by short-term exposure.

Mortality (Pope et al., 2002) Based on ACS Cohort: Mean PM , 5

The Pope et d. (2002) andyssisalongitudind cohort tracking study that uses the same
American Cancer Society (ACS) cohort asthe origind Pope et d. (1995) study, and the Krewski et d.
(2000) reandysis. Pope et d. (2002) andlyzed surviva data for the cohort from 1982 through 1998, 9
years longer than the origina Pope study. Pope et d. (2002) aso obtained PM, ; datain 116
metropolitan areas collected in 1999, and the firgt three quarters of 2000. This is more metropolitan
areas with PM,, ; data than was available in the Krewski reanalysis (61 areas), or the original Pope study
(50 areas), providing alarger size cohort.

They used a Cox proportiona hazard model to estimate the impact of long-term PM exposure
using three dternative measures of PM, 5 exposure; metropolitan areaswide annua mean PM levels from
the beginning of tracking period (' 79-'83 PM data, conducted for 61 metropolitan areas with 359,000
individuas), annua mean PM from the end of the tracking period (' 99-' 00, for 116 areas with 500,000
individuas), and the average annual mean PM levels of the two periods (for 51 metropolitan areas, with
319,000 individuas). PM levels werelower in’99-00 thanin’79 - "83 in mogt cities, with the largest
improvements occurring in cities with the highest origind levels.

Pope et d. (2002) followed Krewski et a. (2000) and Pope et d. (1995, Table 2) and
reported results for al-cause deaths, lung cancer (ICD-9 code: 162), cardiopulmonary deaths (ICD-9
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codes. 401-440 and 460-519), and “all other” deaths® Like the earlier sudies, Pope et a. (2002)
found that mean PM, 5 is Significantly related to al-cause and cardiopulmonary mortaity. In addition,
Pope et d. (2002) found asignificant relaionship with lung cancer mortdity, which was not found in the
earlier gudies. None of the three sudies found a significant relationship with “dl other” degths.

Pope et d. (2002) obtained ambient data on gaseous pollutants routingly monitored by EPA
during the 1982-1998 observation period, including SO,, NO,, CO, and ozone. They did not find
sgnificant relationships between NO,, CO, and ozone and premature mortdity, but there were
sgnificant relationships between SO,, and dl-cause, cardiopulmonary, lung cancer and “dl other”
mortdlity.

The C-R function to estimate the change in long-term mortdity is:

DNonaccidental Mortality = - [yO x(e PPMzs 1)] X pop,

where:
Yo = county-level annua non-accidental desth rate per person
B = PM, 5 coefficient = 0.0040182 (al cause mortdity, ' 79-'83 PM data)

APM, 5 = changein annud mean PM, 5 concentration
pop = population of ages 30 and older
oy = gtandard error of f = 0.0024338 (al cause mortality, ' 79-*83 PM data)

Incidence Rate. To esimate county-specific basdine mortdity incidence among individuals ages 30
and over, this andys's used the average annud al-cause county mortdity rate from 1996 through 1998
(U.S. Centersfor Disease Control, 1999).

Coefficient Estimate (3). The coefficient () for PM,, 5 dl-cause mortdity usng ' 79-'83 PM datais
estimated from the relative risk (1.041) associated with a change in mean exposure of 10.0 ug/ne.
Exhibit E-1 summarizes the cd culaions we made.

_ In(1041)
~ (100)

= 00040182.

Standard Error (o). The standard error (o) for al cause mortdity, ' 79-' 83, was calculated as the
average of the standard errors implied by the reported lower and upper bounds of the rlative risk.
Exhibit E-1 summarizes the ca culations we made.

®All-cause mortdl ity includes accidents, suicides, homicides and legal interventions. The category “all
other” deathsis all-cause mortality less lung cancer and cardiopulmonary deaths.
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Exhibit C-1 Estimated Coefficientsand Standards Errorsfor Mortality

Pollutant M easur e (years)
Mortality Measure Statistic PM,5 (79-83) PM 5 (99-00) PM, 5 (ave)
All Cause Relative Risk Mean 1.041 1.059 1.062
High (97.5%) 1.075 1.099 1.110
Low (2.5%) 1.008 1.020 1.016
Coefficient (B) 0.0040182 0.0057325 0.0060154
Standard Error (a,) Mean 0.0016416 0.0019030 0.0022573
High (97.5%) 0.0016397 0.0018916 0.0022554
Low (2.5%) 0.0016436 0.0019144 0.0022592
Cardiopulmonary Relative Risk Mean 1.059 1.079 1.093
(1CD-9 code 401-440, High (97.5%) 1.105 1.140 1.135
460-519) Low (2.5%) 1.015 1.023 1.005
Coefficient () 0.0057325 0.0076035 0.0088926
Standard Error (a,) Mean 0.0021673 0.0027625 0.0031032
High (97.5%) 0.0021694 0.0028058 0.0019238
Low (2.5%) 0.0021651 0.0027191 0.0042826
Lung Cancer Relative Risk Mean 1.082 1127 1.135
(ICD-9 code 162) High (97.5%) 1.158 1.219 1.234
Low (2.5%) 1.011 1.041 1.044
Coefficient (B) 0.0078811 0.0119559 0.0126633
Standard Error (o) Mean 0.0034631 0.0040268 0.0042653
High (97.5%) 0.0034634 0.0040037 0.0042667
Low (2.5%) 0.0034628 0.0040499 0.0042639
Source: Pope et al. (2002, Table 2). Note that we used an unpublished, final version of the paper that presents the
relative risks with one more significant digit than that found in the published version. We chose to use this extra
information to increase the precision of our estimates.
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Mortality (Krewski et al., 2000) Based on ACS Cohort: Mean PM , 5

The C-R function to estimate the change in long-term mortdity is:

DMortality = - [yO x(e PPPMas 1)] Xpop,

where:
Yo = county-leve dl-cause annua death rate per person ages 30 and older
B = PM, 5 coefficient = 0.0046257

APM,, 5 = changein annud mean PM, 5 concentration
pop = population of ages 30 and older
op = gtandard error of § = 0.0012046

Incidence Rate. To estimate county-specific basdine mortaity incidence among individuas ages 30
and over, thisanalyss used the average annua al-cause county mortality rate from 1994 through 1996
(U.S. Centersfor Disease Control, 1999). Note that the Krewski et a. (2000) replication of Pope et .
(1995) used the same dl-cause mortality when estimating the impact of PM.

Coefficient Estimate (B). The coefficient (B) is estimated from the relative risk (1.12) associated with
achange in mean exposure of 24.5 ug/m? (based on the range from the originad ACS study) (Krewski et
al., 2000, Part I - Table 31).

In(112)

b = ———— = 00046257 .
(245
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Standard Error (o). The standard error (o) was caculated as the average of the standard errors
implied by the reported lower and upper bounds of the relative risk (Krewski et a., 2000, Part 11 -
Table 31).

An(l19) In(L12)s
_Dbun-b & 245 245 5

Sy high = 19% = 196 = 0.0012625
gaeln(112)_ In(106)5
_b-b, & 245 245 8
Shiow = 1% 196 = 0.0011466
Stioh TS low
s, = % = 00012046
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Chronic Morbidity

Schwartz (1993) and Abbey et d. (1993; 1995b) provide evidence that PM exposure over a
number of years gives rise to the development of chronic bronchitisin the U.S., and arecent study by
McDonndl et d. (1999) provides evidence that ozone exposure is linked to the development of asthma
in adults. These results are consistent with research that has found chronic exposure to pollutants leads
to declining pulmonary functioning (Detels et d., 1991; Ackermann-Liebrich et d., 1997; Abbey et d.,
1998).’

We edimate the changes in the new cases of chronic bronchitis by pooling the estimates from the
studies by Schwartz (1993). The Schwartz study is somewhat older and uses a cross-sectional design,
however, it is based on anationa sample, unlike the Abbey et d. study which is based on asample of
Cdiforniaresdents.

Chronic Bronchitis (Schwartz, 1993)

Schwartz (1993) examined survey data collected from 3,874 adults ranging in age from 30 to
74, and living in 53 urban areasin the U.S. The survey was conducted between 1974 and 1975, as part
of the Nationa Health and Nutrition Examination Survey, and is representative of the non-
indtitutionadized U.S. population. Schwartz (1993, Table 3) reported chronic bronchitis prevalence rates
in the study population by age, race, and gender. Non-white maes under 52 years old had the lowest
rate (1.7%) and white males 52 years and older had the highest rate (9.3%). The study examined the
relationship between the prevalence of reported chronic bronchitis, asthma, shortness of breath
(dyspnea) and respiratory iliness®, and the annuad levels of TSP, collected in the year prior to the survey
(TSP was the only pollutant examined in this study). TSP was sgnificantly related to the prevaence of
chronic bronchitis, and margindly sgnificant for respiratory illness. No effect was found for asthmaor

dyspnea.

Schwartz (1993) examined the prevalence of chronic bronchitis, not itsincidence. To use
Schwartz' s study and till estimate the change in incidence, there are at least two possible agpproaches.
Thefirg isto smply assume that it is gppropriate to use the basdine incidence of chronic bronchitisina
C-R function with the estimated coefficient from Schwartz' s study, to directly estimate the change in
incidence. The second is to estimate the percentage change in the prevaence rate for chronic bronchitis
using the estimated coefficient from Schwartz' s sudy in a C-R function, and then to assume that this
percentage change gpplies to a basdine incidence rate obtained from another source. (That is, if the
prevaence declines by 25 percent with adrop in PM, then basdline incidence drops by 25 percent with

" There are alimited number of studies that have estimated the impact of air pollution on chronic
bronchitis. An important hindrance isthe lack of hedlth data and the associated air pollution levels over
anumber of years.

8 Respiratory illness defined as a significant condition, coded by an examining physician as
|CD-8 code 460-519.

Abt Associates Inc. p. 42 November, 2002



thesamedropin PM.) Thisandyssisusng the latter goproach, and estimates a percentage change in
prevalence which is then gpplied to a basdline incidence rate.

The C-R function to estimate the change in chronic bronchitisis:

\

DChronicBronchitis= - & Yo ugnl,
ronicBronchitis= - 8(1- Vo) e 5y yOH gyOH pop,
where:
Yo = nationa chronic bronchitis prevaence rate for individuals 18 and older (Adams and Marano,
1995, Table 62 and 78) = 0.0535
Z = annua bronchitis incidence rate per person (Abbey et d., 1993, Table 3) = 0.00378
B = estimated PM ,, logistic regression coefficient = 0.0123
APM = change in annua average PM, concentration

pop = population of ages 30 and older without chronic bronchitis = 0.9465* population 30+
oy = standard error of p = 0.00434 .

Prevalence Rate. Thenationd chronic bronchitis prevaence rate was not available for individuas 30
and older. Instead, we used the prevalence rate for individuds 18 and older (Adams and Marano,
1995, Table 62 and 78). The 1994 nationd figures are the latest available, and are suggested here.

Incidence Rate. The annud incidence rate is derived by taking the number of new cases (234),
dividing by the number of individudsin the sample (3,310), as reported by Abbey et d.(1993, Table 3),
dividing by the ten years covered in the sample, and then multiplying by one minusthe reversd rate (the
percentage of reversasis estimated to be 46.6% based on Abbey et d. (19953, Table 1)). Using the
same data base, Abbey et d. (1995a, Table 1) reported the incidences by three age groups (25-54, 55-
74, and 75+) for “cough type’ and “sputum type” bronchitis, but they did not report an overdl incidence
rate for bronchitis.

Coefficient Estimate (). The estimated logigtic coefficient () is based on the odds ratio (= 1.07)
associated with 10 ug/m? change in TSP (Schwartz, 1993, p. 9). Assuming that PM,q is 55 percent of
TSP° and that particul ates greater than ten micrometers are harmless, the coefficient is calculated as
follows
_ In(107)
Mo~ 055x10

= 0.0123.

9The conversion of TSP to PM,, is from ESEERCO (1994, p. VV-5), who cited studies by EPA
(1986) and the California Air Resources Board (1982).
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Standard Error (o). The standard error for the coefficient (o) is calculated from the reported lower
and upper bounds of the odds ratio (1.02 to 1.12) (Schwartz, 1993, p. 9):

#n(112)  In(107)¢

Dgn - D 8 10 0.55x109
S b, high — s = 055+10 05540 = 0.00424
g 196 196

an(107) In(102)¢
b-b,, &055x0 055x108
blow 196 196

= 000444

_ Shhigh t S low

S, = > = 000434.

Population. The study population in Schwartz (1993) includes 3,874 individuds over the age of 30,
living in 57 urban areas in the United States. To what extent the study should be gpplied to individuds
under the age of 30 isunclear, and no effect is assumed for these individuas.

Hospital Admissions

Thereisawedth of epidemiologica information on the reationship between air pollution and
hospital admissions for various respiratory and cardiovascular diseases; in addition, some studies have
examined the relaionship between air pollution and emergency room (ER) vists. Because most
emergency room vists do not result in an admission to the hospita -- the mgority of people going to the
ER are treated and return home -- we treat hospital admissions and ER visits separately, taking account
of the fraction of ER vidts that do get admitted to the hospital, as discussed below.

Hospital admissons require the patient to be examined by a physician, and on average may
represent more serious incidents than ER vigts (Lipfert, 1993, p. 230). The two main groups of hospita
admissons egtimated in this analyss are respiratory admissions and cardiovascular admissions. Thereis
not much evidence linking air pollution with other types of hospital admissons. The only types of ER
vidits that have been linked to air pollution in the U.S. or Canada are athma-related vists.

Abt Associates Inc. p. 44 November, 2002



Hospital Admissionsfor COPD (Samet et al., 2000, 14 Cities)

The C-R function to estimate the change in hospital admissions for COPD™ associated with
daly changesin PMy is

DCOPD Admissions =- [y0 x(e P PPMuwo 1)] X pop,

where:

Yo = daily hospital admission rate for COPD per person 65 and older = 3.12 E-5
B = PM,, coefficient = 0.00288

APM 4, = change in daily average PM,, concentration

pop = population age 65 and older

oy = gtandard error of p =0.00139

Incidence Rate. COPD hospital admissions (ICD-9 codes. 490-492, 494-496) are based on first-
listed discharge figures for the latest available year, 1994. The rate equds the annua number of firgt-
listed diagnoses for discharges (0.378 million) divided by the 1994 population of individuas 65 years
and older (33.162 million), and then divided by 365 daysin the year. The discharge figures are from
Graves and Gillum (Graves and Gillum, 1997, Table 1), and the population data are from U.S. Bureau
of the Census (1997, Table 14).

Coefficient Estimate (B). The estimated coefficient (B) is based on a 2.88 percent increase in
admissions due to a PM,, change of 10.0 pg/m?® (Samet et a., 2000, Part |1 - Table 14)'t. This
trandaesto ardative risk of 1.029. The coefficient is cdculated as follows:

In(1029)
= ——=" - 000288.
b = === 000288

Standard Error (o,). The standard error (o) was calculated as the average of the standard errors
implied by the reported lower and upper bounds of the percent increase (Samet et d., 2000, Part 11 -
Table 14):

200564 0.0288p

Dpigh - b % 10 10 @
S b nigh = i96 = 196 = 0.00141

101 cD-9 codes 490-492 and 494-496.

1 The random effects estimate of the unconstrained distributed lag model was chosen for COPD
admissions since the chi-square test of heterogeneity was significant (see Samet et al., 2000, Part |1 - Table 15).
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&00288  0.0019%

b-b, € 10 10 b _
Soiow = g5 106 = 000137

Si +Sow
s, = %: 0.00139.

Hospital Admissionsfor Pneumonia (Samet et al., 2000, 14 Cities)

The C-R function to estimate the change in hospital admissions for pneumonial? associated with
daly changesin PMy is

Dpneumoniaadmissions = - [y0 x(e" Mo 1)] Xpop,
where:
Yo = dally hospita admission rate for pneumonia per person 65 and older = 5.30 E-5
p = PM,, coefficient = 0.00207
APM = change in daily average PM,, concentration
pop = population age 65 and older
op = gtandard error of § = 0.00058

Incidence Rate. Congestive heart failure hospital admissions (ICD-9 codes. 480-487) are based on
firg-listed discharge figures for the latest available year, 1994. The rate equals the annua number of
firg-listed diagnoses for discharges (0.642 million) divided by the 1994 population of individuas 65
years and older (33.162 million), and then divided by 365 daysin the year. The discharge figures are
from Graves and Gillum (Graves and Gillum, 1997, Table 1), and the population data are from U.S.
Bureau of the Census (1997, Table 14).

Coefficient Estimate (B). The estimated coefficient (B) is based on a 2.07 percent increasein
admissions due to a PM,, change of 10.0 pg/m?® (Samet et a., 2000, Part |1 - Table 14)*3. This
trandaesto ardativerisk of 1.021. The coefficient is caculated as follows:

_In(1021)
= —iog = 000207.

12| cD-9 codes 480-487.

13 The random effects estimate of the unconstrained distributed lag model was chosen for pneumonia
admissions since the chi-square test of heterogeneity was significant (see Samet et al., 2000, Part |1 - Table 15).
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Standard Error (o,). The standard error (o) was caculated as the average of the standard errors
implied by the reported lower and upper bounds of the percent increase (Samet et d., 2000, Part 11 -
Table 14):

&00322  0.0207¢

bug- b & 10 10 &
S b high i% = % = 0.00059

&0.0207  0.0094¢

b-b,, & 10 10 6 _
S = —get = % = 000058

_ Shigh TS

S, = > = = 0.00058.

Hospital Admissionsfor Asthma (Sheppard et al., 1999, Seattle)

Sheppard et d. (1999) studied the relation between air pollution in Seattle and nonelderly
hospita admissions for asthma from 1987 to 1994. They used air quality datafor PM,o, PM,, 5, coarse
PM, 510, SO,, 0zone, and CO in a Poisson regression mode with control for time trends, seasona
variations, and temperature-related weather effects. They found asthma hospital admissions associated
with PM,o, PM, 5, coarse PM,, 5 45, CO, and ozone. They did not observe an association for SO,. They
found PM and CO to bejointly associated with asthma admissons. The bet fitting modd was found
using ozone. However, ozone datawas only available April through October, so they did not consider
ozone further. The C-R function in this analysis is based on a two-pollutant modd with CO and PM., s.

The C-R function to estimate the change in hospital admissions for asthma associated with daily
changesin PM, s is

DAsthma Admissions =- [y0 x(e P PPMzs 1)] Xpop,
where:
Yo = daily hospita admission rate for asthma per person = 4.52 E-6
§ = PM, 5 coefficient = 0.00227
APM, 5 = change in daily average PM, 5 concentration

pop = population of ageslessthan 65
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op = gtandard error of § = 0.000948

Incidence Rate. Hospita admissions for asthma (ICD-9 code: 493) are based on firg-listed discharge
figuresfor the latest available year, 1994. The rate equals the annua number of firgt-listed diagnoses for
discharges (0.375 million) divided by the 1994 population (227.210 million), and then divided by 365
daysintheyear. The discharge figures are from Graves and Gillum (1997, Table 1), and the population
dataare from U.S. Bureau of the Census (1997, Table 14).

Coefficient Estimate (). Based on amodd with CO, the daily average coefficient () is estimated
from the relaive risk (1.03) associated with a change in PM, 5 exposure over the interquartile range of 8
to 21 pg/m® (Sheppard et al., 1999, Table 3 and p. 28):

In(103)
= —— - 000227
5 = 000

Standard Error (o). The standard error (o) was caculated as the average of the standard errors
implied by the reported lower and upper bounds of the relative risk (Sheppard et d., 1999, p. 28):

b

aAn(L06)  In(103)g

Drgh - b 8 13 13 @
S, high = ]g_% = 196 = 0.00113

An(103  In(101)§

b- by - & 13 13 6 _
S b,low — 1.96 - 196 - 0000770
S i +tS ow
s, = %: 0.000948.

Emergency Room Visits

Thereisawedth of epidemiologica information on the reationship between air pollution and
hospitd admissions for various respiratory and cardiovascular diseases; in addition, some studies have
examined the relationship between air pollution and ER vidts. Because most ER vidts do not result in an
admission to the hospital -- the mgjority of people going to the ER are treated and return home -- we
treaet hospital admissons and ER vidits separatdly, taking account of the fraction of ER viditsthat do get
admitted to the hospital, as discussed below.

The only types of ER vidt that have been explicitly linked to ozone in U.S. and Canadian
epidemiologica dudies are athmavists. However, it seems likely that ozone may be linked to other
types of respiratory-related ER vigts.
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Emergency Room Visitsfor Asthma (Schwartz et al., 1993, Seattle)

Schwartz et d. (1993) examined the relationship between air quality and emergency room visits
for asthmain persons under 65 and 65 and over, living in Sesttle from September 1989 to September
1990. Using single-pollutant models they found daily levels of PM, linked to ER vidtsin individuds
ages under 65, and they found no effect in individuas ages 65 and over. They did not find asignificant
effect for SO, and ozone in ether age group. The results of the single pollutant model for PM,, are used
inthisandyss

The C-R function to estimate the change in daily emergency room visits for asthma associated
with daily changesin PMy, IS

D Asthma ERVvisits = - [y0 x(e PPPMuo 1)] X pop,

where:

Yo = daily ER vigtsfor asthma per person under 65 yearsold = 7.69 E-6
B = PM,, coefficient (Schwartz et al., 1993, p. 829) = 0.00367

APM 4 = changein daily average PM,, concentration

pop = population of ages 0-64

o = standard error of p (Schwartz et d., 1993, p. 829) = 0.00126

Incidence Rate. Smith et d. (1997, p. 789) reported that in 1987 there were 445,000 asthma
admissonsand 1.2 million asthma ER vists. Assuming that dl asthma hospitd admissions pass through
the ER room, then 37% of ER vists end up as hospital admissons. As described below, the 1994
asthma admission rate for people lessthan 65 is4.522 E-6. So one might assume, ER vists =
(1/0.37)* asthma admission rate = 2.7* asthma admission rate = 1.22 E-5. Now, ER vigts (subtracting
out those vigits that end up as admissions)= 1.7* asthma admission rate = 7.69 E-6.

Asthma hospital admissions (ICD-9 code: 493) are based on firdt-listed discharge figures for the
latest available year, 1994. The rate equds the annua number of firg-listed diagnoses for discharges
(0.375 miillion) divided by the 1994 population of individuals under 65 years old (227.21 million), and
then divided by 365 daysin the year. The discharge figures are from Graves and Gillum (Graves and
Gillum, 1997, Table 1), and the population data are from U.S. Bureau of the Census (1997, Table 14).

Acute Morbidity

In addition to chronic illnesses and hospital admissons, there is a considerable body of scientific
research that has estimated significant relationships between eevated ar pollution levels and other
morbidity hedth effects. Chamber study research has established rel ationships between specific air
pollution chemicals and symptoms such as coughing, pain on deep ingpiration, wheezing, eyeirritation
and headaches. In addition, epidemiological research has found air pollution relationships with acute
infectious diseases (e.g., bronchitis, Snudtis) and avariety of “symptom-day” categories. Some
“symptom-day” studies examine excess incidences of days with identified symptoms such as wheezing,
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coughing, or other specific upper or lower respiratory symptoms. Other studies estimate relationships
for days with a more genera description of days with adverse hedlth impacts, such as*“respiratory
restricted activity days’ or work loss days.

A chdlengein preparing an andlyss of the minor morbidity effectsisidentifying a st of effect
edimates that reflects the full range of identified adverse hedlth effects but avoids double counting. From
the definitions of the specific hedth effects examined in each research project, it is possible to identify a
st of effects that are non-overlgpping, and can be ultimately trested as additive in a benefits andysis.

Acute Bronchitis C-R Function (Dockery et al., 1996)

Dockery et d. (1996) examined the relationship between PM and other pollutants on the
reported rates of asthma, persistent wheeze, chronic cough, and bronchitis, in a study of 13,369 children
ages 8-12 living in 24 communitiesin U.S. and Canada. Health data were collected in 1988-1991, and
single-pollutant models were used in the andysis to test anumber of measures of particulate air pollution.
Dockery et d. found that annud level of sulfates and particle acidity were Sgnificantly related to
bronchitis, and PM, ; and PM,, were marginaly significantly related to bronchitis* They dso found
nitrates were linked to asthma, and sulfates linked to chronic phlegm. It isimportant to note that the
study examined annud pollution exposures, and the authors did not rule out that acute (daily) exposures
could be related to asthma attacks and other acute episodes.

Earlier work, by Dockery et d. (1989), based on six U.S. cities, found acute bronchitis and
chronic cough significantly related to PM 5. Because it is based on alarger sample, the Dockery et dl.
(1996) study is the better study to develop a C-R function linking PM,, s with bronchitis. The C-R
function to estimate the change in acute bronchitisis:

é Yo U

DAcute Bronchitis= - & VAL :
S(l yo) xgPPMzsb | Yo yoH pop
where:
Yo = annud bronchitis incidence rate per person = 0.044
B = estimated PM,, 5 logidtic regression coefficient = 0.0272

APM, 5 = change in annud average PM,, 5 concentration
pop = population of ages 8-12
o = standard error of p = 0.0171

Incidence Rate. Bronchitis was counted in the sudy only if there were “reports of symptomsin the
past 12 months’ (Dockery et d., 1996, p. 501). Itisunclear, however, if the cases of bronchitisare

14 The origind study measured PM,, ;, however when using the study's results we use PM., .
This makes only anegligible difference, assuming that the adverse effects of PM, ; and PM,, ; are
comparable.
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acute and temporary, or if the bronchitisis a chronic condition. Dockery et d. found no relaionship
between PM and chronic cough and chronic phlegm, which are important indicators of chronic
bronchitis. For thisandyss, we assumed that the C-R function based on Dockery et d. is measuring
acute bronchitis.

In 1994, 2,115,000 children ages 5-17 experienced acute conditions (Adams and Marano,
1995, Table 6) out of population of 48.110 million children ages 5-17 (U.S. Bureau of the Census,
1998, Table 14), or 4.4 percent of this population. Thisfigure is somewhat lower than the 5.34 percent
of children under the age of 18 reported to have chronic bronchitisin 1990-1992 (Collins, 1997, Table
8). Dockery et d. (1996, p. 503) reported that in the 24 study cities the bronchitis rate varied from
three to ten percent. Findly aweighted average of the incidence rates in the Six citiesin the Dockery et
a. (1989) study is 6.34 percent , where the sample size from each city is used to weight the respective
incidence rate (Dockery et d., 1989, Tables 1 and 4).2* This andys's assumes a 4.4 percent
prevalence rate is the most representative of the nationa population. Note that this measure reflects the
fraction of children that have a chest allment diagnosed as bronchitis in the past year, not the number of
daysthat children are adversdly affected by acute bronchitis.!®

Coefficient Estimate (). The estimated logigtic coefficient () is based on the odds ratio (= 1.50)
associated with being in the most polluted city (PM,, ; = 20.7 pg/m?) versus the least polluted city (PM,, ;
= 5.8 ug/n?) (Dockery et d., 1996, Tables 1 and 4). The origind study used PM, ;, however, we use
the PM,, ; coefficient and apply it to PM, 5 data.
In(150)

PM, = m = 00272.

Standard Error (o). The standard error of the coefficient (o) is calculated from the reported lower
and upper bounds of the odds ratio (Dockery et d., 1996, Table 4):
dn(247)  In(150)¢
Drig: - b 149 149 0

S, .. = = = 00171
b.figh 196 196

An(150)  In(091)

b- by, & 149 149 0
- o _ - 00171
Soiw = 106 196

+s
2

b,low

= 00171.

S b high

5The unweighted average of the six city ratesis 0.0647.

181n 1994, there were 13,707,000 restricted activity days associated with acute bronchitis, and
2,115,000 children (ages 5-17) experienced acute conditions (Adams and Marano, 1995, Tables 6
and 21). On average, then, each child with acute bronchitis suffered 6.48 days.
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Lower Respiratory Symptoms (Schwartz et al., 1994)

Schwartz et d. (1994) used logigtic regression to link lower respiratory symptomsin children
with SO,, NO,, ozone, PM,,, PM,, 5, sulfate and H" (hydrogen ion). Children were sdected for the
study if they were exposed to indoor sources of ar pollution: gas stoves and parentd smoking. The
study enrolled 1,844 children into a year-long study that was conducted in different years (1984 to
1988) in 9x cities. The students were in grades two through five at the time of enrollment in 1984. By
the completion of the find study, the cohort would then be in the eighth grade (ages 13-14); this suggests
an age range of 7 to 14.

In single pollutant modds SO, NO,, PM, 5, and PM ;o were Sgnificantly linked to cough. In
two-pollutant modes, PM;, had the most consistent relationship with cough; ozone was marginaly
ggnificant, controlling for PM,,. In models for upper respiratory symptoms, they reported a marginaly
sgnificant associaion for PMy,. In models for lower respiratory symptoms, they reported significant
single-pollutant models, using SO,, O;, PM, 5, PM 44, SO,, and H*.

The C-R function used to estimate the change in lower respiratory symptoms is:

é u
DLower Respiratory Symptoms = - & ﬁM - - yoUxpop.
B(L- o)™ +y, T
where:
Yo = daily lower respiratory symptom incidence rate per person = 0.0012
B = estimated PM,, 5 logidtic regression coefficient = 0.01823

APM, 5 = changein dally average PM, 5 concentration
pop = population of ages 7-14
op = gtandard error of § = 0.00586

Incidence Rate. The proposed incidence rate, 0.12 percent, is based on the percentiles in Schwartz et
a. (Schwartz et d., 1994, Table 2). They did not report the mean incidence rate, but rather reported
various percentiles from the incidence rate distribution. The percentiles and associated vaues are 10 =
0 percent, 25" = 0 percent, 50 = 0 percent, 75" = 0.29 percent, and 90" = 0.34 percent. The most
conservative estimate consistent with the data are to assume the incidence is zero up to the 75"
percentile, a constant 0.29 percent between the 75" and 90™ percentiles, and a constant 0.34 percent
between the 90" and 100" percentiles. Alternatively, assuming alinear dope between the 50" and 75™,
75" and 90™, and 90" to 100" percentiles, the estimated mean incidence rate is 0.12 percent,’” which is
used in thisandyss.

For example, the 62.5" percentile would have an estimated incidence rate of 0.145 percent.
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Coefficient Estimate (p). The coefficient f is calculated from the reported odds ratio (= 1.44) ina
single-pollutant mode associated with a 20 pg/m?® changein PM, 5 (Schwartz et a., 1994, Table 5):

L EED)

= 0.01823.

Standard Error (o). The standard error for the coefficient (o) is calculated from the reported lower
and upper bounds of the oddsratio (Schwartz et d., 1994, Table 5):

an(182) In(144)6

Drigh - D % 20 20 O
Sborigh = i% = 56 = 000597

adn(L44)  In(L15)6

b-b, & 20 20 b
Spiow = 196 196 = 000574

_ Suhigh T S low

S, = > = 0.00586.

Population. Schwartz et d. (1994, Table 5 and p. 1235) enrolled 1,844 children into a year-long study
that was conducted in different yearsin different cities; the sudents were in grades two through five and
livedin 9x U.S. cities. All sudy participants were enrolled in September 1984; the actud study was
conducted in Watertown, MA in 1984/85; Kingston-Harriman, TN, and . Louis, MO in 1985/86;
Steubenville, OH, and Portage, WI in 1986/87; and Topeka, KSin 1987/88. The study does not
publish the age range of the children when they participated. Asaresult, the study is somewhat unclear
about the gppropriate age range for the resulting C-R function. If dl the children were in second grade
in 1984 (ages 7-8) then the Topeka cohort would be in fifth grade (ages 10-11) when they participated
inthe study. It appears from the published description, however, that the students were in grades two
through five in 1984.28 By the completion of the study, some students in the Topeka cohort would then
be in the eighth grade (ages 13-14); this suggests an age range of 7 to 14.

Upper Respiratory Symptoms (Pope et al., 1991)
Using logigtic regression, Pope et d. (1991) estimated the impact of PM,, on the incidence of a

variety of minor symptomsin 55 subjects (34 “ school-based” and 21 “ patient-based”) living in the Utah
Valley from December 1989 through March 1990. The children in the Pope et d. study were asked to

BNeas et d. (1994, p. 1091) used the same data set; their description suggests that grades two
to five were represented initidly.
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record respiratory symptomsin adaily diary. With thisinformation, the daily occurrences of upper
respiratory symptoms (URS) and lower respiratory symptoms (LRS) were related to daily PM
concentrations. Pope et d. describe URS as congsting of one or more of the following symptoms:
runny or stuffy nose; wet cough; and burning, aching, or red eyes. Levels of ozone, NO,, and SO, were
reported low during this period, and were not included in the andlyss. The samplein thisstudy is
relatively smal and is most representative of the asthmeatic population, rather than the genera population.
The school-based subjects (ranging in age from 9 to 11) were chosen based on “a positive response to
one or more of three questions: ever wheezed without a cold, wheezed for 3 days or more out of the
week for amonth or longer, and/or had a doctor say the * child has asthma (Pope et d., 1991, p. 669).”
The patient-based subjects (ranging in age from 8 to 72) were receiving trestment for asthmaand were
referred by local physicians. Regression results for the school-based sample (Pope et d., 1991, Table
5) show PM, sgnificantly associated with both upper and lower respiratory symptoms. The patient-
based sample did not find asgnificant PM,, effect. The results from the school-based sample are used
here.

The C-R function used to estimate the change in upper respiratory symptomsis.

: ¢ Yo u
DUpper Respiratory Symptoms= - L vy e™id 4y, Yo H xpop,

where:
Yo = daily upper respiratory symptom incidence rate per person = 0.3419
B = estimated PM ,, logistic regression coefficient (Pope et d., 1991, Table 5) = 0.0036
APM 4 = changein daily average PM,, concentration
pop = asthmatic populaion'® ages9to 11 = 6.91% of population ages 9 to 11
o = standard error of p (Popeet d., 1991, Table 5) = 0.0015

Incidence Rate. Theincidence rateis published in Pope et d. (Popeet d., 1991, Table 2). Taking a
sample-size-weighted average, one gets an incidence rate of 0.3419.

Minor Restricted Activity Days (Ostro and Rothschild, 1989)

Ostro and Rothschild (1989) estimated the impact of PM,, 5 on the incidence of minor restricted
activity days (MRADSs) and respiratory-related restricted activity days (RRADS) in anationa sample of
the adult working population, ages 18 to 65, living in metropolitan areas. The annua nationd survey
results used in this andlysis were conducted in 1976-1981. Controlling for PM,, 5, two-week average
O3 has highly variable association with RRADs and MRADs. Contralling for O,, two-week average
PM,, s was sgnificantly linked to both hedth endpointsin most years.

YA dams (1995, Table 57) reported that in 1994, 6.91% of individuas under the age of 18
have asthma
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The study is based on a“convenience’ sample of individuas ages 18-65. Applying the C-R
function to this age group is likely adight underestimate, as it seemslikely that elderly are at leest as
susceptible to PM asindividuals 65 and younger. The ederly appear more likely to die due to PM
exposure than other age groups (e.g., Schwartz, 1994c, p. 30) and a number of studies have found that
hospitd admissions for the elderly are related to PM exposures (e.g., Schwartz, 1994a; Schwartz,
1994b).

Using the results of the two-pollutant model, we devel oped separate coefficients for each year in
the andlys's, which were then combined for use in thisanayss. The coefficient used inthisandyssisa
weighted average of the coefficients (Ostro, 1987, Table IV) using the inverse of the variance as the
weight. The C-R function to estimate the change in the number of minor restricted activity days
(MRAD) is

DMRAD = Dy Xpop = - [yo X(e‘bDPMzS - 1)]xp0p’

where:

Yo = dailly MRAD daily incidence rate per person = 0.02137
B = inverse-variance weighted PM,, 5 coeffcient = 0.00741
APM, ¢ = change in daily average PM,, - concentration’
pop = adult population ages 18 to 65

oy = standard error of p = 0.0007

Incidence Rate. The annua incidence rate (7.8) provided by Ostro and Rothschild (1989, p. 243)
was divided by 365 to get adaily rate of 0.02137.

Coefficient Estimate (B). The coefficient is aweighted average of the coefficientsin Ostro and
Rothschild (1989, Table 4) usng the inverse of the variance as the weight:
e b 0
_ gigﬂesé T

= - = 000741.
o]
¢ca =+

>
€i=197%6S 1, @

2The study used atwo-week average pollution concentration; the daily rate used hereis
assumed to be a reasonabl e approximation.
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Standard Error (o). The standard error of the coefficient (o) is caculated as follows, assuming that
the estimated year-specific coefficients are independent:

2% b 6 @5 b 0
¢cd 7+ ¢ad o+

) Ciz1976S b, + _ i=1976Sp + gsl & p 0
Sy = var e i=a va 3
° 81581 17 g g [ iz Sy 9
— .
@iz197%6ShH @ € g
This reduces down to:

, 1 1
s, =—b s, =.[—=000070.
g g

Work Loss Days (Ostro, 1987)

Ostro (1987) estimated the impact of PM,, 5 on the incidence of work-loss days (WLDs),
restricted activity days (RADs), and respiratory-related RADs (RRADS) in anationa sample of the
adult working population, ages 18 to 65, living in metropolitan areas. The annua nationd survey results
used in this analysis were conducted in 1976-1981. Ostro reported that two-week average PM., 5 levels
were significantly linked to work-loss days, RADs, and RRADs, however there was some year-to-year
variability in the results. Separate coefficients were developed for each year in the analysis (1976-
1981); these coefficients were pooled. The coefficient used in the concentration-response function used
here is aweighted average of the coefficientsin Ostro (1987, Table [11) using the inverse of the variance
asthe weight.

The study is based on a“convenience’ sample of individuas ages 18-65. Applying the C-R
function to this age group is likdly adight underestimate, as it seemslikely that elderly are at leest as
susceptible to PM asindividuals 65 and younger. The ederly appear more likely to die due to PM
exposure than other age groups (e.g., Schwartz, 1994c, p. 30) and a number of studies have found that
hospitd admissionsfor the elderly are related to PM exposures (e.g., Schwartz, 1994a; Schwartz,
1994b). On the other hand, the number of workers over the age of 65 isrdatively small; it was under
3% of the total workforce in 1996 (U.S. Bureau of the Census, 1997, Table 633).

The C-R function to estimate the change in the number of work-loss daysis:

D\NLD = Dy xpop =- [yo x(e-bDPMz.s - 1)] xpop,

where:
Yo = daily work-loss-day incidence rate per person = 0.00648
B = inverse-variance weighted PM,, 5 coefficient = 0.0046
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APM, ¢ = changein daily average PM, 5 concentration’
pop = population of ages 18to 65
op = gtandard error of § = 0.00036

Incidence Rate. The estimated 1994 annud incidence rate is the annua number (376,844,000) of
WLD per person in the age 18-64 population divided by the number of people in 18-64 population
(159,361,000). The 1994 daily incidence rate is calculated as the annua rate divided by 365.2 Data
arefrom U.S. Bureau of the Census (1997, Table 14) and Adams (1995, Table 41).

Coefficient Estimate (). The coefficient used in the C-R function is aweighted average of the
coefficients in Ogtro (1987, Table 111) usng the inverse of the variance as the weight:

& b, 0

- (;; 1381 1 -

(A

—+
i=1976 S b, 0

= 00046 .

Standard Error (o). The standard error of the coefficient (o) is caculated as follows, assuming that
the estimated year-specific coefficients are independent:

2 b 6 aeél 0
¢ —2 - ¢ 2" :
_ gi=19765 by + _ (;,i=19768 b+ _ 1981 & bi 9
Sb_var(!‘l%l 1+°¢ LT a VA
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This eventudly reduces down to:

, 1 1
s, =—b s, =.[—=000036.
g g

Asthma Attacks. Whittemore and Korn (1980)

Whittemore and Korn (1980) examined the relationship between air pollution and asthma
atacksin asurvey of 443 children and adults, living in Sx communities in southern Cdifornia during three

21The study used atwo-week average pollution concentration; the daily rate used hereis
assumed to be a reasonabl e approximation.

220stro (1987) andyzed asample aged 18 to 65. It is assumed that the age 18-64 rateis a
reasonably good approximation to the rate for individuals 18-65. Data are from U.S. Bureau of the
Census (1997, Table 14) and Adams (1995, Table 41).
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34-week periodsin 1972-1975. The andysisfocused on TSP and ozone. Respirable PM, NO,, SO,
were highly corrdated with TSP and excluded from the andysis. In atwo pollutant modd, daily levels of
both TSP and O, were sgnificantly related to reported asthma attacks.

The C-R function to estimate the change in the number of asthma attacksis:

é Yo u
Dasthmaattacks = - YA
maattacks 3(1- yo) XM 4y YOHXDOD,
where:
Yo =dally incidence of asthma attacks = 0.027 (Krupnick, 1988, p. 4-6)
B = PM,, coefficient = 0.00144
APM 4 = changein dally PM,, concentration

pop = population of asthmatics of al ages = 5.61% of the population of al ages (Adams and
Marano, 1995 Table 57).
Op = gtandard error of § = 0.000556

Incidence Rate. The annual rate of 9.9 asthma attacks per asthmatic is divided by 365 to get adaily
rate. A figure of 9.9 isroughly consstent with the recent statement that “People with asthma have more
than 100 million days of redtricted activity” each year (National Heart, 1997, p. 1). This 100 million
incidence figure coupled with the 1996 population of 265,557,000 (U.S. Bureau of the Census, 1997,
Table 2) and the latest asthmatic prevaence rate of 5.61% (Adams and Marano, 1995, Table 57),
suggest an annud asthma attach rate per asthmatic of 6.7.

Coefficient Estimate (). Based on amodd with ozone, the coefficient is based on a TSP coefficient
(0.00079) (Whittemore and Korn, 1980, Table 5). Assuming that PM,, is 55 percent of TSP* and that
particulates grester than ten micrometers are harmless, the coefficient is caculated as follows.

b= 0.00079
055

Standard Error (o). The standard error (o) is caculated from the two-tailed p-vaue (<0.01)

reported by Whittemore and Korn (1980, Table 5), which implies at-value of at least 2.576 (assuming a

large number of degrees of freedom).

= 0.00144.

b 0144
Sy = T = ﬁ = 0.000556.

2The conversion of TSP to PM,, is from ESEERCO (1994, p. V-5), who cited studies by
EPA (1986) and the Cdifornia Air Resources Board (1982).
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