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C-R Functions Linking Air
Pollution and Adverse Health
Effects
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Table D-15
Summary of C-R Functions for Carbon Monoxide

Health C-R Function Source of C-R Function
Endpoint

hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada

asthma where: Other pollutants in model:
y  = daily hospital admission rate for asthma per person = 4.75 E-6 PM , O0

ù = CO coefficient = 0.0332
ôCO = change in daily average CO concentration (ppm)
pop = population of all ages
) = standard error of ù =  0.00861ù

2.5-10 3

hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada
obstructive where: Other pollutants in model:

lung disease y  = daily hospital admission rate for obstructive lung disease per PM , O0

person = 5.76 E-6
ù = CO coefficient = 0.0250
ôCO = change in daily average CO concentration (ppm)
pop = population of all ages
) = standard error of ù = 0.0165ù

2.5-10 3

hospital Study: Moolgavkar (1997)
admissions – Location: Minneapolis-St. Paul

COPD where: Other pollutants in model: O ,
y  = daily hospital admission rate for COPD per person = 3.75 E-5 PM0

ù = CO coefficient = 0.0573
ô CO = change in daily average CO concentration (ppm)
pop = population age 65 and older
) = standard error of ù = 0.0329ù

3

10

hospital Study: Sheppard (1999)
admissions – Location: Seattle, WA

asthma where: Other pollutants in model:
y  = daily hospital admission rate for asthma per person = 4.52 E-6 PM0

ù = CO coefficient = 0.0528
ô CO = change in daily average CO concentration (ppm)
pop = population of ages < 65
) = standard error of ù = 0.0185ù

2.5

hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada
dysrhythmias Other pollutants in model:

where: PM , O
y  = daily hospital admission rate for dysrhythmias per person = 6.460

E-6
ù = CO coefficient = 0.0573
ôCO = change in daily average CO concentration (ppm)
pop = population of all ages
) = standard error of ù = 0.0229ù

2.5 3
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hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada
congestive where: Other pollutants in model: NO
heart failure y  = daily hospital admission rate for congestive heart failure per0

person = 9.33 E-6
ù = CO coefficient = 0.0340
ôCO = change in daily average CO concentration (ppm)
pop = population of all ages
) = standard error of ù = 0.0163ù

2

hospital Study: Schwartz and Morris
admissions – (1995)

ischemic heart where: Location: Detroit, MI
disease y  = daily hospital admission rate for ischemic heart disease per Other pollutants in model:0

person 65 and older = 9.96 E-5 PM
ù = CO coefficient= 0.000467
ôCO = change in daily one-hour maximum CO concentration (ppm)
pop = population age 65 and older
) = standard error of ù = 0.000435ù

10

hospital Study: Schwartz and Morris
admissions – (1995)
congestive where: Location: Detroit, MI
heart failure y  = daily hospital admission rate for congestive heart failure per Other pollutants in model:0

person 65 and older = 5.82 E-5 PM
ù = CO coefficient = 0.0170
ôCO = change in daily one-hour maximum CO concentration (ppm)
pop = population age 65 and older
) = standard error of ù = 0.00468ù

10

hospital Study: Schwartz (1999)
admissions – Location: eight U.S. counties

cardiovascular where: Other pollutants in model:
y  = daily hospital admission rate for cardiovascular disease per PM0

person 65 and older = 2.23 E-4
ù = CO coefficient = 0.0127
ôCO = change in daily one-hour maximum CO concentration
pop = population age 65 and older
) = standard error of ù = 0.00255ù

10

hospital Study: Schwartz (1997)
admissions – Location: Tucson, AZ

cardiovascular where: Other pollutants in model:
y  = daily hospital admission rate for cardiovascular disease per PM0

person 65 and older = 2.23 E-4
ù = CO coefficient = 0.0139
ôCO = change in daily one-hour maximum CO concentration
pop = population age 65 and older
) = standard error of ù = 0.00715ù

10
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Nitrogen Dioxide
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Table D-16
Summary of C-R Functions for Nitrogen Dioxide

Health Endpoint C-R Function Source of C-R Function

hospital admissions – Study: Burnett et al. (1997b)
all respiratory Location: Toronto, Canada

where: Other pollutants in model: PM , O , SO
y  = daily hospital admission rate for all respiratory per person = 2.58  E-50

ù = NO  coefficient = 0.003782

ôNO = change in daily 12-hour average NO  concentration (ppb)2 2

pop = population of all ages
) = standard error of ù = 0.00221ù

2.5-10 3 2

hospital admissions – Study: Burnett et al. (1999)
respiratory infection Location: Toronto, Canada

where: Other pollutants in model: PM , O
y  = daily hospital admission rate for respiratory infection per person = 1.56 E-50

ù = NO  coefficient = 0.001722

ôNO = change in daily average NO  concentration (ppb)2 2

pop = population of all ages
) = standard error of ù = 0.000521ù

2.5 3

hospital admissions – Study: Moolgavkar et al. (1997)
pneumonia Location: Minneapolis, MN

where: Other pollutants in model: O , SO , PM
y  = daily hospital admission rate for pneumonia per person = 5.30 E-50

ù = NO  coefficient = 0.001692

ô NO = change in daily average NO  concentration (ppb)2 2

pop = population age 65 and older
) = standard error of ù = 0.00125ù

3 2 10

hospital admissions – Study: Burnett et al. (1999)
congestive heart failure Location: Toronto, Canada

where: Other pollutants in model: CO
y  = daily hospital admission rate for congestive heart failure per person = 9.33 E-60

ù = NO  coefficient = 0.002642

ôNO = change in daily average NO  concentration (ppb)2 2

pop = population of all ages
) = standard error of ù = 0.000769ù
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hospital admissions – Study: Burnett et al. (1999)
ischemic heart disease Location: Toronto, Canada

where: Other pollutants in model: SO  
y  = daily hospital admission rate for ischemic heart disease per person = 2.23 E-50

ù = NO  coefficient = 0.003182

ôNO = change in daily average NO  concentration (ppb)2 2

pop = population of all ages
) = standard error of ù = 0.000521ù

2

respiratory symptoms Study: Hasselblad et al. (1992)

where: by Hasselblad et al.  The constant and the
û = constant = -0.536 gender coefficient were obtained via personal
ù = NO  coefficient = 0.0275 communication with V.  Hasselblad 2/28/95 by2

õ = gender coefficient (used for males only) = -0.0295 Abt Associates.  The equation is based on
ôNO  = change in annual NO  concentration (ppb) study results by Melia et al. (1980).2 2

pop = children ages 6-7
) = standard error of ù = 0.0132ù

Location: Middlesborough, England
Other pollutants in model: none
Comments: The NO  coefficient was reported2
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Ozone
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Table D-17
Summary of C-R Functions for Ozone

Health C-R Function Source of C-R Function
Endpoint

mortality Study: Ito and Thurston (1996)

where: Other pollutants in model: PM
y  = non-accidental deaths per person of any age0

ù = ozone coefficient = 0.000634
ôO  = change in daily one-hour maximum ozone concentration (ppb)3

pop = population all ages
) = standard error of ù = 0.000251ù

Location: Chicago, IL
10

mortality Study: Kinney et al. (1995)

where: Other pollutants in model: PM
y  = non-accidental deaths per person of any age0

ù = ozone coefficient =  0 
ôO  = change in daily 1-hour maximum ozone concentration (ppb)3

pop = population all ages
) = standard error of ù =  0.000214ù

Location: Los Angeles, CA
10

mortality Study: Moolgavkar et al. (1995)

where: Other pollutants in model: SO ,
y  = non-accidental deaths per person of any age TSP0

ù = ozone coefficient = 0.000611 
ôO  = change in daily average ozone concentration (ppb)3

pop = population all ages
) = standard error of ù = 0.000216ù

Location: Philadelphia, PA
2

mortality Study: Samet et al. (1997)

where: Other pollutants in model: CO,
y  = non-accidental deaths per person of any age NO , SO , TSP0

ù = ozone coefficient = 0.000936 
ôO  = change in daily average ozone concentration (ppb)3

pop = population all ages
) = standard error of ù =  0.000312ù

Location: Philadelphia, PA

2 2

adult onset Study: McDonnell et al. (1999)
asthma Location: California

where:
y  = annual asthma incidence rate per person = 0.002190

ù = estimated O  coefficient = 0.02773

ôO  = change in annual average 8-hour O  concentration3 3

pop = population of non-asthmatic males ages 27 and  older
)  = standard error of ù = 0.0135ù

Other pollutants in model: none

hospital Study: Burnett et al. (1997b)
admissions – Location: Toronto, Canada
all respiratory where: Other pollutants in model:

y  = daily hospital admission rate for all respiratory per person = 2.58 PM , NO , SO0

E-5
ù = O  coefficient = 0.004983

ôO = change in daily 12-hour average O  concentration (ppb)3 3

pop = population of all ages
) = standard error of ù = 0.00106ù

2.5-10 2 2
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hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada

asthma where: Other pollutants in model: CO,
y  = daily hospital admission rate for asthma per person = 4.75 E-6 PM0

ù = ozone coefficient = 0.00250
ôO = change in daily average ozone concentration (ppb)3

pop = population of all ages
) = standard error of ù =  0.000718ù

2.5-10

hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada
obstructive where: Other pollutants in model: CO,

lung disease y  = daily hospital admission rate for obstructive lung disease per PM0

person = 5.76 E-6
ù = ozone coefficient = 0.00303
ôO  = change in daily average ozone concentration (ppb)3

pop = population of all ages
) = standard error of ù = 0.00110ù

2.5-10

hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada

respiratory where: Other pollutants in model:
infection y  = daily hospital admission rate for respiratory infection per person = PM , NO0

1.56 E-5
ù = ozone coefficient = 0.00198
ôO = change in daily average ozone concentration (ppb)3

pop = population of all ages
) = standard error of ù = 0.000520ù

2.5 2

hospital Study: Thurston et al. (1994)
admissions – Location: Toronto, Canada
all respiratory where: Other pollutants in model: PM

ù = ozone coefficient = 1.68 E-8
ôO  = change in daily one-hour maximum ozone concentration (ppb)3

pop = population all ages
) = standard error of ù = 9.71 E-9 .ù

2.5

hospital Study: Moolgavkar et al. (1997)
admissions – Location: Minneapolis, MN
pneumonia where: Other pollutants in model: SO ,

y  = daily hospital admission rate for pneumonia per person = 5.30 E-5 NO , PM0

ù = O  coefficient = 0.003703

ôO = change in daily average O  concentration (ppb)3 3

pop = population age 65 and older
) = standard error of ù = 0.00103ù

2

2 10

hospital Study: Moolgavkar et al. (1997)
admissions – Location: Minneapolis, MN

COPD where: Other pollutants in model: CO,
y  = daily hospital admission rate for COPD per person = 3.75 E-5 PM0

ù = O  coefficient = 0.002743

ôO = change in daily average O  concentration (ppb)3 3

pop = population age 65 and older
) = standard error of ù = 0.00170ù

10
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hospital Study: Schwartz (1994c)
admissions – Location: Minneapolis, MN
pneumonia where: Other pollutants in model: PM

y  = daily hospital admission rate for pneumonia per person = 5.30 E-50

ù = O  coefficient = 0.002803

ôO = change in daily average O  concentration (ppb)3 3

pop = population age 65 and older
) = standard error of ù = 0.00172ù

10

hospital Study: Schwartz (1994b)
admissions – Location: Detroit, MI
pneumonia where: Other pollutants in model: PM

y  = daily hospital admission rate for pneumonia per person = 5.18 E-50

ù = O  coefficient = 0.005213

ôO = change in daily average O  concentration (ppb)3 3

pop = population age 65 and older
) = standard error of ù = 0.0013ù

10

hospital Study: Schwartz (1994b)
admissions – Location: Detroit, MI

COPD where: Other pollutants in model: PM
y  = daily hospital admission rate for COPD per person = 3.05 E-50

ù = O  coefficient = 0.005493

ôO = change in daily average O  concentration3 3

pop = population age 65 and older
) = standard error of ù = 0.00205ù

10

hospital Study: Schwartz (1995)
admissions – Location: New Haven, CT
all respiratory where: Other pollutants in model: PM

y  = daily hospital admissions for all respiratory per person 65 and0

older = 1.187 E-4
ù = ozone coefficient = 0.00265
ôO  = change in daily average ozone concentration (ppb)3

pop = population age 65 and older
) = standard error of ù = 0.00140ù

10

hospital Study: Schwartz (1995)
admissions – Location: Tacoma, WA
all respiratory where: Other pollutants in model: PM

y  = daily hospital admissions for all respiratory conditions per person0

65 and older = 1.187 E-4
ù = ozone coefficient = 0.00715
ôO  = change in daily average ozone concentration (ppb)3

pop = population age 65 and older
) = standard error of ù = 0.00257ù

10

hospital Study: Burnett et al. (1997b)
admissions – Location: Toronto, Canada

cardiac where: Other pollutants in model:
y  = daily hospital admission rate for cardiac per person = 3.81 E-5 PM0

ù = O  coefficient = 0.005313

ôO = change in daily 12-hour average O  concentration (ppb)3 3

pop = population of all ages
) = standard error of ù = 0.00142ù

2.5-10
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hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada
dysrhythmias where: Other pollutants in model:

y  = daily hospital admission rate for dysrhythmias per person = 6.46 PM , CO0

E-6
ù = ozone coefficient = 0.00168
ôO = change in daily average ozone concentration (ppb)3

pop = population of all ages
) = standard error of ù = 0.00103ù

2.5

emergency Study: Cody et al. (1992)
room visits - Location: Northern NJ

asthma Other pollutants in model: none
where: Comment:  63 % of estimate
ù = ozone coefficient = 0.0203 used to avoid double-counting
BasePop = baseline population in northern New Jersey = 4,436,976 hospital admissions for
ôO  = change in daily five-hour average ozone concentration (ppb) asthma. 3

pop = population all ages
) = standard error of ù = 0.00717ù

emergency Study: Weisel et al. (1995)
room visits - Location: Northern, NJ

asthma Other pollutants in model: none
where: Comment:  63 % of estimate
ù = ozone coefficient = 0.0443 used to avoid double-counting
BasePop = baseline population in northern New Jersey = 4,436,976 hospital admissions for
ôO  = change in daily five-hour average ozone concentration (ppb) asthma. 3

pop = population all ages
) = standard error of ù = 0.00723ù

emergency Study: Stieb et al. (1996)
room visits - Location: New Brunswick,

asthma Canada
where: Other pollutants in model: none
ù = ozone coefficient = 0.0035 Comment:  63 % of estimate
BasePop = baseline population in Saint John, New Brunswick  = 125,000 used to avoid double-counting
ôO  = change in the daily one-hour maximum ozone concentration hospital admissions for3

(ppb) asthma. 
pop = population all ages
) = standard error of ù = 0.0018ù

presence of Study: Krupnick et al. (1990)
any of 19 Location: Glendora-Covina-

acute where: Azusa, CA
respiratory ù = first derivative of the stationary probability = 0.000137 Other pollutants in model: SO ,
symptoms ôO  = change in daily one-hour maximum ozone concentration (ppb) COH

*

3

pop = population aged 18-65 years old
) = standard error of ù  = 0.0000697ù

*

2

self-reported Study: Whittemore and Korn
asthma (1980)
attacks Location: Los Angeles, CA

where: Other pollutants in model: TSP
y  = daily incidence of asthma attacks = 0.027 0

ù = ozone coefficient = 0.00184
ôO  = change in daily one-hour maximum ozone concentration (ppb)3

pop  = population of asthmatics of all ages = 5.61% of the population
of all ages

) = standard error of ù = 0.000714ù
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respiratory Study: Ostro and Rothschild
and (1989b)

nonrespiratory where: Location: U.S.
conditions y  = daily MRAD incidence per person = 0.02137 Other pollutants in model: PM

resulting in a ù = inverse-variance weighted PM  coefficient = 0.00220 Comments: An inverse-
minor ôO = change in two-week average of the daily one-hour maximum variance weighting used to

restricted ozone concentrations (ppb) estimate the coefficient, based
activity day pop = adult population aged 18 to 65 on Ostro and Rothschild.

(MRAD) )  = standard error of ù = 0.000658

0

2.5

3

ù

2.5
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Particulate Matter
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Table D-18
Summary of C-R Functions for Particulate Matter

Health C-R Function Source of C-R Function
Endpoint

mortality Study: Pope et al. (1995)

where: Other pollutants in model: none
y  = county-level annual non-accidental deaths of persons ages 30+ per person0

ù = PM  coefficient = 0.0064082.5

ôPM  = change in annual median PM  concentration2.5 2.5

pop = population ages 30 and older
) = standard error of ù = 0.001509ù

Location: 50 U.S. cities

mortality Study: Dockery et al. (1993)

where: Other pollutants in model: none
y  = county-level annual non-accidental deaths of persons ages 25+ per person0

ù = PM  coefficient  = 0.01242.5

ôPM = change in annual mean PM  concentration2.5 2.5

pop = population ages 25 and older
) = standard error of ù = 0.00423ù

Location: six U.S. cities

neonatal Study: Woodruff et al. (1997)
mortality Location: 86 U.S. metropolitan areas

where:
y  = county annual postneonatal infant deaths per infant 0-1 years old0

ù = PM  coefficient = 0.0039210

ôPM  = change in annual average PM  concentration10 10

pop = population infants ages 0-1
) = standard error of ù = 0.00122ù

Other pollutants in model: none

chronic Study: Abbey et al. (1993)
bronchitis Location: California

where: Other pollutants in model: none
y  = annual bronchitis incidence rate per person = 0.00378 Comments: Abbey et al. used TSP to measure0

ù = estimated PM  logistic regression coefficient = 0.00932 PM.  The TSP coefficient is applied to changes10

ôPM  = change in annual average PM  concentration in PM .10 10

pop = population ages 27 and older "without chronic bronchitis"
)  = standard error of ù = 0.00475ù

10
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chronic Study: Abbey et al. (1995)
bronchitis Location: California

where: Other pollutants in model: none
y  = annual bronchitis incidence rate per person = 0.003780

ù = estimated PM  logistic regression coefficient = 0.091322.5

ôPM = change in annual average PM  concentration2.5 2.5

pop = population ages 27 and older "without chronic bronchitis"
)  = standard error of ù = 0.00680ù

chronic Study: Schwartz (1993)
bronchitis Location: 53 U.S. urban areas

where:
y  = national chronic bronchitis prevalence rate for individuals 18 and older= 0.05350

z  = annual bronchitis incidence rate per person = 0.003780

ù = estimated PM  logistic regression coefficient = 0.012310

ôPM  = change in annual average PM  concentration10 10

pop = population ages 30 and older "without chronic bronchitis"
)  = standard error of ù = 0.00434ù

Other pollutants in model: none

hospital Study: Burnett et al.  (1997b)
admissions – all Location: Toronto, Canada

respiratory where: Other pollutants in model: O , NO , SO
y  = daily hospital admission rate for all respiratory per person = 2.58  E-50

ù = PM  coefficient = 0.001472.5-10

ôPM = change in daily average PM  concentration2.5-10 2.5-10

pop = population of all ages
) = standard error of ù = 0.00179ù

3 2 2

hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada

asthma where: Other pollutants in model:  CO, O
y  = daily hospital admission rate for asthma per person = 4.75 E-60

ù = PM  coefficient = 0.003212.5-10

ôPM = change in daily average PM  concentration2.5-10 2.5-10

pop = population of all ages
) = standard error of ù =  0.00106ù

3
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hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada

obstructive lung where: Other pollutants in model: CO, O
disease y  = daily hospital admission rate for obstructive lung disease per person = 5.76 E-60

ù = PM  coefficient = 0.003102.5-10

ô PM = change in daily average PM  concentration2.5-10 2.5-10

pop = population of all ages
) = standard error of ù =  0.00163ù

3

hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada

respiratory where: Other pollutants in model: NO , O
infection y  = daily hospital admission rate for respiratory infection per person = 1.56 E-50

ù = PM  coefficient = 0.003282.5

ôPM = change in daily average PM  concentration2.5 2.5

pop = population of all ages
) = standard error of ù = 0.000735ù

2 3

hospital Study: Thurston et al. (1994)
admissions – all Location: Toronto, Canada

respiratory where: Other pollutants in model: O
ù = ozone coefficient = 1.81 E-8
ôPM = change in daily average PM2.5 2.5

pop = population all ages
) = standard error of ù = 1.79 E-8 .ù

3

hospital Study: Moolgavkar et al.  (1997)
admissions – Location: Minneapolis, MN
pneumonia where: Other pollutants in model: O , SO , NO

y  = daily hospital admission rate for pneumonia per person = 5.30 E-50

ù = PM  coefficient = 0.00049810

ô PM = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.000505ù

3 2 2

hospital Study: Moolgavkar et al.  (1997)
admissions – Location: Minneapolis, MN

COPD where: Other pollutants in model: CO, O
y  = daily hospital admission rate for COPD per person = 3.75 E-50

ù = PM  coefficient = 0.00087710

ô PM = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.000777ù

3
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hospital Study: Schwartz (1994c)
admissions – Location: Minneapolis, MN
pneumonia where: Other pollutants in model: O

y  = daily hospital admission rate for pneumonia per person = 5.18 E-50

ù = PM  coefficient = 0.0015710

ô PM = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.000677ù

3

hospital Study: Schwartz (1994c)
admissions – Location: Minneapolis, MN

COPD where: Other pollutants in model: none
y  = daily hospital admission rate for COPD per person = 3.75 E-50

ù = PM  coefficient = 0.0045110

ô PM = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.00138ù

hospital Study: Schwartz (1994a)
admissions – Location: Birmingham, AL
pneumonia where: Other pollutants in model: none

y  = daily hospital admission rate for pneumonia per person = 5.30 E-50

ù = PM  coefficient = 0.0017410

ô PM = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.000536ù

hospital Study: Schwartz (1994a)
admissions – Location: Birmingham, AL

COPD where: Other pollutants in model: none
y  = daily hospital admission rate for COPD per person = 3.75 E-50

ù = PM  coefficient = 0.0023910

ô PM = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.000838ù

hospital Study: Schwartz (1994b)
admissions – Location: Detroit, MI
pneumonia where: Other pollutants in model: O

y  = daily hospital admission rate for pneumonia per person = 5.18 E-50

ù = PM  coefficient = 0.0011510

ô PM = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.00039ù

3
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hospital Study: Schwartz (1994b)
admissions – Location: Detroit, MI

COPD where: Other pollutants in model: O
y  = daily hospital admission rate for COPD per person = 3.05 E-50

ù = PM  coefficient  = 0.0020210

ô PM = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.00059ù

3

hospital Study: Schwartz (1996)
admissions – all Location: Spokane, WA

respiratory where: Other pollutants in model: none
y  = daily hospital admission rate for all respiratory per person 65 or older = 1.187 E-40

ù = PM  coefficient = 0.0016310

ô PM = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.000470ù

hospital Study: Schwartz (1995)
admissions – all Location: New Haven, CT

respiratory where: Other pollutants in model: O
y  = daily hospital admissions for all respiratory per person 65 and older = 1.187 E-40

ù = PM  coefficient = 0.0017210

ô PM = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.000930ù

3

hospital Study: Schwartz (1995)
admissions – all Location: Tacoma, WA

respiratory where: Other pollutants in model: O
y  = daily hospital admissions for all respiratory conditions per person 65 and older = 1.187 E-40

ù = PM  coefficient = 0.0022710

ô PM = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.00145ù

3

hospital Study: Sheppard et al. (1999)
admissions – Location: Seattle, WA

asthma where: Other pollutants in model: CO
y  = daily hospital admission rate for asthma per person = 4.52 E-60

ù = PM  coefficient = 0.00272.5

ôPM = change in daily average PM  concentration2.5 2.5

pop = population of ages < 65
) = standard error of ù = 0.000948ù
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hospital Study: Burnett et al. (1997b)
admissions – Location: Toronto, Canada

cardiac where: Other pollutants in model: O
y  = daily hospital admission rate for cardiac per person = 3.81 E-50

ù = PM  coefficient = 0.007042.5-10

ôPM = change in daily average PM  concentration2.5-10 2.5-10

pop = population of all ages
) = standard error of ù = 0.00215ù

3

hospital Study: Burnett et al. (1999)
admissions – Location: Toronto, Canada
dysrhythmias where: Other pollutants in model: CO, O

y  = daily hospital admission rate for dysrhythmias per person = 6.46 E-60

ù = PM  coefficient = 0.001362.5

ôPM = change in daily average PM  concentration2.5 2.5

pop = population of all ages
) = standard error of ù = 0.000910ù

3

hospital Study: Schwartz and Morris (1995)
admissions – Location: Detroit, MI

ischemic heart where: Other pollutants in model: CO
disease y  = daily hospital admission rate for ischemic heart disease per person 65 and older = 9.96 E-50

ù = PM  coefficient= 0.00049610

ôPM  = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.000220ù

hospital Study: Schwartz and Morris (1995)
admissions – Location: Detroit, MI

congestive heart where: Other pollutants in model: CO
failure y  = daily hospital admission rate for congestive heart failure per person 65 and older = 5.82 E-50

ù = PM  coefficient = 0.00074110

ôPM  = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.000311ù

hospital Study: Schwartz (1999)
admissions – Location: eight U.S. counties

cardiovascular where: Other pollutants in model: CO
y  = daily hospital admission rate for cardiovascular disease per person 65 and older = 2.23 E-40

ù = PM  coefficient = 0.00073710

ôPM  = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.000170ù
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hospital Study: Schwartz (1997)
admissions – Location: Tucson, AZ

cardiovascular where: Other pollutants in model: CO
y  = daily hospital admission rate for cardiovascular disease per person 65 and older = 2.23 E-40

ù = PM  coefficient = 0.0010210

ôPM  = change in daily average PM  concentration10 10

pop = population age 65 and older
) = standard error of ù = 0.000423ù

emergency room Study: Schwartz (1993)
visits Location: Seattle, WA

where: Other pollutants in model: none
y  = daily ER visits for asthma per person under 65 years old  = 7.69 E-60

ù = PM  coefficient (Schwartz et al., 1993, p. 829) = 0.0036710

ôPM  = change in daily average PM  concentration10 10

pop = population ages 0-64
) = standard error of ù (Schwartz et al., 1993, p. 829) = 0.00126ù

acute bronchitis Study: Dockery et al. (1996)

where:
y  = annual bronchitis incidence rate per person  = 0.0440

ù = estimated PM  logistic regression coefficient = 0.02722.5

ôPM  = change in annual average PM  concentration2.5 2.5

pop = population ages 8-12
) = standard error of ù = 0.0171ù

Location: 24 U.S. and Canadian cities
Other pollutants in model: none

lower respiratory Study: Schwartz, et al. (1994)
symptoms (LRS) Location: six U.S. cities

defined as Other pollutants in model: none
cough, chest where:
pain, phlegm, y  = daily lower respiratory symptom incidence rate per person = 0.0012
and wheeze ù = estimated PM  logistic regression coefficient = 0.01823

0

2.5

ôPM  = change in daily average PM  concentration2.5 2.5

pop = population ages 7-14
)  = standard error of ù = 0.00586ù
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Shortness of Study: Ostro et al. (1995)
breath, days Location: Los Angeles, CA

where:
y  = daily shortness of breath incidence rate per person = 0.0560

ù = estimated PM  logistic regression coefficient = 0.0084110

ôPM  = change in daily average PM  concentration10 10

pop = asthmatic African-American population ages 7 to 12
)  = standard error of ù = 0.00363ù

Other pollutants in model: none

URS, defined as Study: Pope et al. (1991)
runny or stuffy Location: Utah Valley

nose, wet Other pollutants in model: none
cough, burning, where:
aching, or red y  = daily upper respiratory symptom incidence rate per person = 0.3419

eyes ù = estimated PM  logistic regression coefficient  = 0.0036
0

10

ôPM  = change in daily average PM  concentration10 10

pop = asthmatic population ages 9 to 11 = 6.91% of population ages 9 to 11
)  = standard error of ù = 0.0015ù

presence of any Study: Krupnick et al. (1990)
of 19 acute Location: Glendora-Covina-Azusa, CA
respiratory where: Other pollutants in model: SO , O
symptoms ù  = first derivative of the stationary probability = 0.000461 Comments: COH used in estimation of model. *

ôPM  = change in daily average PM  concentration The estimated COH coefficient is used with10 10

pop = population ages 18-65 PM  data.
)  = standard error of ù  = 0.000239ù

*

2 3

10

moderate or Study: Ostro et al. (1991)
worse asthma Location: Denver

status Other pollutants in model: none
where: Comments: The estimated coefficient is applied
ù = estimated PM  coefficient for year i = 0.0006 to populations of all ages.2.5

PM  = change in daily average PM  concentration2.5 2.5

pop = asthmatic population of all ages = 5.61% of the population of all ages
)  = standard error of ù = 0.0003ù
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asthma attacks Study: Whittemore and Korn (1980)

where:
y  = daily incidence of asthma attacks = 0.0270

ù = PM  coefficient = 0.0014410

ôPM  = change in daily PM  concentration10 10

pop  = population of asthmatics of all ages = 5.61% of the population of all ages 
) = standard error of ù = 0.000556ù

Location: Los Angeles, CA
Other pollutants in model: O3

Restricted Study: Ostro (1987)
Activity Days Location: U.S. metropolitan areas

(RADs) where: Other pollutants in model: none
y  = daily RAD incidence rate per person = 0.0177 Comments: An inverse-variance weighting used0

ù = inverse-variance weighted PM  coefficient = 0.00475 to estimate the coefficient, based on Ostro2.5

ôPM = change in daily average PM  concentration (1987, Table III)].2.5 2.5

pop = adult population ages 18 to 65 
)  = standard error of ù = 0.00029ù

respiratory and Study: Ostro and Rothschild (1989b)
nonrespiratory Location: U.S.

conditions where: Other pollutants in model: O
resulting in a y  = daily MRAD daily incidence rate per person = 0.02137 Comments: An inverse-variance weighting used

minor restricted ù = inverse-variance weighted PM  coefficient = 0.00741 to estimate the coefficient, based on Ostro and
activity day ôPM = change in daily average PM  concentration Rothschild (1989b, Table 4)

(MRAD) pop = adult population ages 18 to 65 

0

2.5

2.5 2.5

)  = standard error of ù = 0.0007ù

3

work loss days Study: Ostro (1987)
(WLDs) Location: U.S. metropolitan areas

where: Other pollutants in model: none
y  = daily work-loss-day incidence rate per person = 0.00648 Comments: An inverse-variance weighting used0

ù = inverse-variance weighted PM  coefficient = 0.0046 to estimate the coefficient, based on Ostro2.5

ôPM = change in daily average PM  concentration (1987, Table III).2.5 2.5

pop = population ages 18 to 65 
) = standard error of ù = 0.00036ù
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Sulfur Dioxide
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Table D-19
Summary of C-R Functions for Sulfur Dioxide

Health Endpoint Concentration-Response Function Source of C-R Function

hospital admissions Study: Burnett et al. (1997b)
– all respiratory Location: Toronto, Canada

where: Other pollutants in model: PM , NO , O
y  = daily hospital admission rate for all respiratory per person = 2.58  E-50

ù = SO  coefficient = 0.004462

ôSO = change in daily one-hour maximum SO  concentration (ppb)2 2

pop = population of all ages
) = standard error of ù = 0.00293ù

2.5-10 2 3

hospital admissions Study: Moolgavkar et al. (1997)
– pneumonia Location: Minneapolis, MN

where: Other pollutants in model: O , NO  PM
y  = daily hospital admission rate for pneumonia per person = 5.30 E-50

ù = SO  coefficient = 0.001432

ô SO = change in daily average SO  concentration (ppb)2 2

pop = population age 65 and older
) = standard error of ù = 0.00290ù

3 2 10

hospital admissions Study: Burnett et al. (1999)
– ischemic heart Location: Toronto, Canada

disease where: Other pollutants in model: NO
y  = daily hospital admission rate for ischemic heart disease per person = 2.23 E-50

ù = SO  coefficient = 0.001772

ôSO = change in daily average SO  concentration2 2

pop = population of all ages
) = standard error of ù = 0.000854ù

2

chest tightness, Study: Linn et al. (1987; 1988; 1990) and Roger et al. (1985)
shortness of breath, Location: Chamber study

or wheeze Other pollutants in model: none
.where: Comments: The results of four chamber studies were
û = constant = -5.65 combined to develop this C-R function.  Moderate asthmatics
ù = SO  coefficient = 0.00589 compose one third of exercising asthmatics; mild asthmatics2

õ = status coefficient (used for moderate asthmatics only) = 1.10 compose the other two thirds.
SO  = peak five minute SO  concentration (ppb) in an hour = hourly SO2 2 2

concentration (ppb) multiplied by 2.5 peak to mean ratio of 2.5
pop = exercising asthmatics = population of asthmatics of all ages (5.61% of the

population of all ages (Adams et al., 1995 Table 57)) of whom 1.7% are
exercising.  Moderate asthmatics compose one third of exercising asthmatics;
mild asthmatics compose the other two thirds (U.S. EPA, 1997, p.  D-39).

) = standard error of ù = 0.00247ù
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Modeling Results

7KLV#VHFWLRQ#SUHVHQWV#WKH#UHVXOWV#RI#WKH#KHDOWK
HIIHFWV#PRGHOLQJ#UHVXOWLQJ#IURP#LPSURYHPHQWV#LQ#DLU
TXDOLW\# EHWZHHQ# WKH# 3UH0&$$$# DQG# 3RVW0&$$$
VFHQDULRV#IRU#WKH#\HDUV#5333#DQG#53431##7DEOHV#'053
DQG#'054#VXPPDUL]H#WKH#KHDOWK#HIIHFWV#IRU#HDFK#VWXG\
LQFOXGHG#LQ#WKH#DQDO\VLV/#SUHVHQWLQJ#WKH#PHDQ/#DV#ZHOO
DV# WKH# HVWLPDWHG# FUHGLEOH# LQWHUYDO# +8 # DQG# <8WK WK

SHUFHQWLOHV,#RI#WKH#QXPEHU#RI#DYRLGHG#FDVHV#RI#HDFK
HQGSRLQW1###7DEOH#'053#SUHVHQWV#WKHVH#UHVXOWV#IRU#WKH
VXESRSXODWLRQ# OLYLQJ#ZLWKLQ# 83#NLORPHWHUV#RI#DQ#DLU
TXDOLW\#PRQLWRU1##7DEOH#'054#SUHVHQWV#UHVXOWV#IRU#WKH
HQWLUH#SRSXODWLRQ#RI#WKH#7;#FRQWLJXRXV#VWDWHV1##7DEOH
'055# VXPPDUL]HV# WKH# OLIH0\HDUV# ORVW# E\# DJH# JURXS>
7DEOHV#'056#DQG#'057#SUHVHQW#LOOXVWUDWLYH#FDOFXODWLRQV
RI#WKH#LPSDFW#RI#DLU#SROOXWLRQ#RQ#PRUWDOLW\>#DQG#)LJXUH
'05# SUHVHQWV# WKH# UHVXOWV#RI# XVLQJ# DOWHUQDWLYH# HIIHFW
WKUHVKROGV#LQ#WKH#FDOFXODWLRQ#RI#PRUWDOLW\1

#7KH#UDQJHV#RI#HVWLPDWHV#SUHVHQWHG#LQ#7DEOHV#'0
53#DQG#'054#UHIOHFW#WKH#PHDVXUHG#XQFHUWDLQW\#LQKHUHQW
LQ#WKH#HVWLPDWHG#&05#FRHIILFLHQWV#XVHG#LQ#FDOFXODWLQJ
WKH# DYRLGHG# LQFLGHQFH# IRU# HDFK# HQGSRLQW1# # 7KHVH
UDQJHV# DUH# RQO\# D# SDUWLDO# PHDVXUH# RI# WKH# WRWDO
XQFHUWDLQW\# DVVRFLDWHG# ZLWK# WKH# HVWLPDWLRQ# RI# WKH
DYRLGHG# LQFLGHQFH#RI#HDFK#KHDOWK#HIIHFW1# #7KHUH#DUH
RWKHU#SRWHQWLDOO\#LPSRUWDQW#VRXUFHV#RI#XQFHUWDLQW\#LQ
WKLV#EHQHILWV#DQDO\VLV#WKDW#ZRXOG#OLNHO\#OHDG#WR#D#ZLGHU
XQFHUWDLQW\#UDQJH1##)RU#H[DPSOH/#VRPH#RI#WKH#DQDO\WLFDO
FRPSRQHQWV# DUH# SRLQW# HVWLPDWHV# WKDW# GR# QRW
LQFRUSRUDWH# LQIRUPDWLRQ# DERXW# WKH# XQFHUWDLQW\
LQKHUHQW#LQ#WKH#HVWLPDWHV/#VXFK#DV#WKH#HPLVVLRQV#DQG#DLU
TXDOLW\# HVWLPDWHV1# # $# FRPSOHWH# GHSLFWLRQ# RI# WKH
XQFHUWDLQW\# RI# WKH# HVWLPDWHV# ZRXOG# LQFOXGH# WKH
XQFHUWDLQW\#LQ#WKHVH#LPSRUWDQW#DQDO\WLFDO#FRPSRQHQWV1
,QFRUSRUDWLQJ#TXDQWLWDWLYH#XQFHUWDLQW\#HVWLPDWHV#LQWR
HDFK# RI# WKHVH# FRPSRQHQWV# LV# QRW# IHDVLEOH# IRU# WKLV
FXUUHQW# DQDO\VLV1#7KHUHIRUH/# WKH# UDQJH# RI# HVWLPDWHV
SUHVHQWHG#KHUHLQ#LV#RQO\#D#SDUWLDO#UHIOHFWLRQ#RI#WKH#WRWDO
XQFHUWDLQW\#UDQJH1

Uncertainty

7KH# VWDWHG# JRDO#RI# WKLV# VWXG\# LV# WR#SURYLGH# D
FRPSUHKHQVLYH#HVWLPDWH#RI#WKH#EHQHILWV#RI#WKH#&OHDQ

$LU#$FW#$PHQGPHQWV#RI#4<<31##7R#DFKLHYH#WKLV#JRDO/
LQIRUPDWLRQ#ZLWK#YHU\#GLIIHUHQW#OHYHOV#RI#FRQILGHQFH
PXVW#EH#XVHG1##7KH#DQDO\VLV#SUHVHQWV#LQIRUPDWLRQ#RQ
WKH#SODXVLEOH#UDQJH#RI#HVWLPDWHV# WKURXJK# WKH#XVH#RI
WZR#DSSURDFKHV1##7KH#ILUVW#DSSURDFK#LV#WR#UHIOHFW#WKH
PHDVXUHG# XQFHUWDLQW\# LQ# HVWLPDWLQJ# WKH# DYRLGHG
LQFLGHQFH# RI# KHDOWK# HIIHFWV# E\# XVLQJ# DQ# HVWLPDWHG
SUREDELOLW\#GLVWULEXWLRQ#IRU#HDFK#&05#FRHIILFLHQW#XVHG
LQ# WKH#DQDO\VLV1# #7KH#VHFRQG#DSSURDFK# LV# WR#SUHVHQW
DQDO\VLV# XVLQJ# GLIIHUHQW# NH\# DVVXPSWLRQV1# # 7KH
WKUHVKROG#FKRLFH/#WKH#WLPH#EHWZHHQ#30#H[SRVXUH#DQG
PRUWDOLW\/# WKH# FKRLFH# RI# VWXGLHV/# DQG# ZKHWKHU# WR
HVWLPDWH# PRUWDOLW\# XVLQJ# VWDWLVWLFDO# OLIH# \HDUV# RU
VWDWLVWLFDO#OLYHV#ORVW#DUH#LPSRUWDQW#DVVXPSWLRQV#WKDW#DUH
H[DPLQHG#LQ#WKLV#DQDO\VLV1#

7R# FDSWXUH# WKH#YDULDWLRQ# LQ# WKH#&05# IXQFWLRQ
FRHIILFLHQW# HVWLPDWHV# XVHG# WR# HVWLPDWH# WKH# DYRLGHG
LQFLGHQFH#RI#KHDOWK#HIIHFWV/#WKLV#DQDO\VLV#XVHV#D#0RQWH
&DUOR#SURFHGXUH#WR#JHQHUDWH#GLVWULEXWLRQV#RI#HVWLPDWHG
HIIHFWV# E\# UDQGRPO\# VDPSOLQJ# WKH# GLVWULEXWLRQ# RI
FRHIILFLHQWV# +JLYHQ# E\# WKH# PHDQ# FRHIILFLHQW# DQG
VWDQGDUG#GHYLDWLRQ#UHSRUWHG#LQ#WKH#OLWHUDWXUH,#DQG#WKHQ
HYDOXDWLQJ# WKH# &05# IXQFWLRQ# ZLWK# WKH# UDQGRPO\
VHOHFWHG# FRHIILFLHQW1# # 7KLV# \LHOGHG# DQ# HVWLPDWH# RI
DYRLGHG# LQFLGHQFH# IRU# WKH# JLYHQ# HIIHFW# DQG# ZDV
UHSHDWHG# PDQ\# WLPHV# WR# JHQHUDWH# GLVWULEXWLRQV# RI
DYRLGHG#LQFLGHQFH1##%RWK#WKH#PHDQ#HVWLPDWHV#DQG#WKH
8 # DQG# <8 # SHUFHQWLOH# HVWLPDWHV# RI# WKH# UHVXOWLQJWK WK

GLVWULEXWLRQV# RI# DYRLGHG# LQFLGHQFH# HVWLPDWHV# DUH
SUHVHQWHG#KHUH#IRU#HDFK#KHDOWK#HIIHFW1

#7KH#VHFRQG#W\SH#RI#XQFHUWDLQW\#FRQVLGHUHG#KHUH
DGGUHVVHV# WKH# IDFW# WKDW# GLIIHUHQW# SXEOLVKHG# UHVXOWV
UHSRUWHG# LQ# WKH# VFLHQWLILF# OLWHUDWXUH# W\SLFDOO\#GR#QRW
UHSRUW# LGHQWLFDO# ILQGLQJV># LQ# VRPH# LQVWDQFHV# WKH
GLIIHUHQFHV#DUH# VXEVWDQWLDO1# #)RU# WKLV#DQDO\VLV/# VRPH
KHDOWK#HQGSRLQWV#XVHG#PRUH#WKDQ#RQH#FRQFHQWUDWLRQ0
UHVSRQVH#IXQFWLRQ/#HDFK#UHSUHVHQWLQJ#D#GLIIHUHQW#VWXG\1
7KH# DOWHUQDWLYH# FRQFHQWUDWLRQ0UHVSRQVH# IXQFWLRQV
SURYLGH# GLIIHULQJ#PHDVXUHV#RI# WKH# HIIHFW# DLU#TXDOLW\
UHGXFWLRQV# KDYH# RQ# FKDQJHV# LQ# SDUWLFXODU# KHDOWK
HQGSRLQWV1#7KLV#EHWZHHQ0VWXG\#YDULDELOLW\#LV#FDSWXUHG
E\# FRQVLGHULQJ# WKH# UDQJH# RI# HVWLPDWHV# IRU# D# JLYHQ
HQGSRLQW/# DQG# FDQ# EH# XVHG# WR# GHULYH# D# UDQJH# RI
SRVVLEOH#UHVXOWV1##)RU#H[DPSOH/#FRQFHQWUDWLRQ0UHVSRQVH
IXQFWLRQV# IRU# GHYHORSLQJ# FKURQLF# EURQFKLWLV# IURP
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WKUHH#GLIIHUHQW#VWXGLHV#DUH#XVHG#WR#HVWLPDWH#WKH#UDQJH 7KH# TXDQWLWDWLYH# UHVXOWV# RI# VHYHUDO# RWKHU
RI#DYRLGHG#FDVHV#RI#FKURQLF#EURQFKLWLV1 VHQVLWLYLW\#DQDO\VHV#DUH#DOVR#SUHVHQWHG1##$V#GLVFXVVHG

$QRWKHU#LPSRUWDQW#VRXUFH#RI#XQFHUWDLQW\#WKDW#LV UHODWLRQVKLS#EHWZHHQ#R]RQH#DQG#SUHPDWXUH#PRUWDOLW\/
FRQVLGHUHG#DV#DQ#DOWHUQDWLYH#DQDO\VLV#LV#WKH#HVWLPDWLRQ DQG# EHWZHHQ# 30# DQG# LQIDQW#PRUWDOLW\1# #+RZHYHU/
RI#VWDWLVWLFDO#OLIH#\HDUV#ORVW1##7DEOH#'055#SUHVHQWV#WKH WKHUH# LV# FRQVLGHUDEOH# XQFHUWDLQW\# DERXW# WKHVH
SHUFHQWDJH#RI#OLYHV#ORVW#IRU#HDFK#DJH#JURXS#FRQVLGHUHG UHODWLRQVKLSV#DW#WKLV#WLPH/#VR#TXDQWLWDWLYH#HVWLPDWHV#RI
DQG# WKH# DYHUDJH# QXPEHU# RI# OLIH# \HDUV# ORVW1# # 7KH WKHVH#HIIHFWV#DUH#QRW#LQFOXGHG#LQ#WKH#DJJUHJDWHG#UHVXOWV1
PDMRULW\#RI#WKH#HVWLPDWHG#GHDWKV#RFFXU#LQ#SHRSOH#RYHU 7KH#SRVVLEOH#PDJQLWXGH#RI# WKHVH#KHDOWK# HIIHFWV# DUH
WKH#DJH#RI#98#+GXH#WR#WKHLU#KLJKHU#EDVHOLQH#PRUWDOLW\ H[SORUHG#DV#VHQVLWLYLW\#DQDO\VHV/#UHSRUWHG#LQ#7DEOHV#'0
UDWHV,/# DQG# WKLV# JURXS# KDV# D# VKRUW# OLIH# H[SHFWDQF\ 56# +IRU# WKH# SRSXODWLRQ# ZLWKLQ# 83# NLORPHWHUV# RI# D
UHODWLYH#WR#RWKHU#DJH#JURXSV1 PRQLWRU,#DQG#'057#+IRU#WKH#HQWLUH#SRSXODWLRQ#RI#WKH

Sensitivity Analyses

2QH# SDUWLFXODUO\# LPSRUWDQW# XQFHUWDLQW\# LV# WKH
LPSDFW#WKDW#DOWHUQDWLYH#WKUHVKROG#DVVXPSWLRQV#KDYH#RQ
ERWK# WKH# HVWLPDWHV# RI# VSHFLILF# KHDOWK# HIIHFWV# DQG
XOWLPDWHO\# RQ# PRQHWDU\# EHQHILWV1# # 7KH# DYDLODEOH
HYLGHQFH#KDV# IDLOHG# WR# LGHQWLI\# WKUHVKROGV#²#RU# VDIH
OHYHOV# RI# DLU# SROOXWLRQ# ²# IRU# DQ\# RI# WKH# HIIHFWV
DVVRFLDWHG# ZLWK# FULWHULD# SROOXWDQWV/# VR# WKLV# DQDO\VLV
DVVXPHV#WKDW#WKHUH#DUH#QR#HIIHFWLYH#WKUHVKROGV#DQG#WKDW
DLU#SROOXWLRQ#KDV#HIIHFWV#GRZQ#WR#]HUR#DPELHQW#OHYHOV1
1HYHUWKHOHVV/#WKUHVKROGV#PD\#H[LVW#DQG#WKHLU#SRWHQWLDO
LPSDFW# RQ# WKH# RYHUDOO# EHQHILWV# DQDO\VLV# FRXOG# EH
VXEVWDQWLDO1##$Q\#RI#WKH#KHDOWK#HIIHFWV#HVWLPDWHG#LQ#WKLV
DQDO\VLV#FRXOG#KDYH#D#WKUHVKROG>#KRZHYHU#D#WKUHVKROG
IRU# 300UHODWHG# PRUWDOLW\# ZRXOG# KDYH# WKH# JUHDWHVW
LPSDFW#RQ#WKH#RYHUDOO#EHQHILWV#DQDO\VLV1# #)LJXUH#'05
VKRZV#WKH#HIIHFW#RI#LQFRUSRUDWLQJ#D#UDQJH#RI#SRVVLEOH
WKUHVKROGV/#XVLQJ#5343#30#OHYHOV#DQG#WKH#3RSH#HW#DO1
+4<<8,#VWXG\1

3RSH#HW#DO1# +4<<8,#GLG#QRW#H[SOLFLWO\# LQFOXGH#D
WKUHVKROG# LQ# WKHLU# DQDO\VLV1# # +RZHYHU/# LI# WKH# WUXH
PRUWDOLW\#&05#UHODWLRQVKLS#KDV#D#WKUHVKROG/#WKHQ#3RSH
HW# DO1*V# VORSH# FRHIILFLHQW# ZRXOG# OLNHO\# KDYH# EHHQ
XQGHUHVWLPDWHG# IRU# WKDW# SRUWLRQ# RI# WKH# &05
UHODWLRQVKLS#DERYH#WKH#WKUHVKROG1# #7KLV#ZRXOG# OLNHO\
OHDG#WR#DQ#XQGHUHVWLPDWH#RI#WKH#LQFLGHQFHV#RI#DYRLGHG
FDVHV#DERYH#DQ\#DVVXPHG#WKUHVKROG#OHYHO1##,W#LV#GLIILFXOW
WR#GHWHUPLQH# WKH# VL]H#RI# WKH#XQGHUHVWLPDWH#ZLWKRXW
GDWD#RQ#D#OLNHO\#WKUHVKROG#DQG#ZLWKRXW#UH0DQDO\]LQJ#WKH
3RSH#HW#DO1#GDWD1

DERYH/# WKHUH# LV# LQIRUPDWLRQ# VXJJHVWLQJ# D# SRVVLEOH

7;#FRQWLJXRXV#VWDWHV,1##,Q#DGGLWLRQ/#WKH#UHVXOWV#RI#DQ
DOWHUQDWLYH#HVWLPDWH#RI#WKH#SUHPDWXUH#DGXOW#PRUWDOLW\
DVVRFLDWHG# ZLWK# ORQJ0WHUP# 30# H[SRVXUH# EDVHG# RQ
'RFNHU\#HW#DO1#+4<<6,#DUH#DOVR#SUHVHQWHG#LQ#7DEOHV#'0
56#DQG#'0571##7KH#'RFNHU\#HW#DO1#VWXG\#XVHG#D#VPDOOHU
VDPSOH#RI#LQGLYLGXDOV#IURP#IHZHU#FLWLHV#WKDQ#WKH#VWXG\
E\#3RSH#HW#DO1/#DOWKRXJK#LW#IHDWXUHV#LPSURYHG#H[SRVXUH
HVWLPDWHV/#D#VOLJKWO\#EURDGHU#VWXG\#SRSXODWLRQ/#DQG#D
IROORZ0XS#SHULRG#QHDUO\#WZLFH#DV#ORQJ#DV#WKDW#RI#3RSH
HW#DO1# #7KH# UHVXOWV#EDVHG#RQ#'RFNHU\#DUH#SUHVHQWHG
RQO\#DV#VHQVLWLYLW\#FDOFXODWLRQ#IRU#WKLV#LPSRUWDQW#KHDOWK
HIIHFW>#WKH#3RSH#HW#DO1#+4<<8,#HVWLPDWH#LV#XVHG#LQ#WKH
SULPDU\#DQDO\VLV1

)LQDOO\/#WKLV#VWXG\#LQFOXGHV#D#VHQVLWLYLW\#DQDO\VLV
LOOXVWUDWLQJ#WKH#HIIHFW#RI#DOWHUQDWLYH#DVVXPSWLRQV#DERXW
D#SRWHQWLDO#ODJ#EHWZHHQ#30#H[SRVXUH#DQG#SUHPDWXUH
PRUWDOLW\# RQ# PRQHWL]HG# EHQHILW# HVWLPDWHV1# # $V
GLVFXVVHG#HDUOLHU/#D#FKDQJH#LQ#WKH#DVVXPHG#ODJ#SHULRG
ZLOO#KDYH#QR#HIIHFW#RQ#WKH#WRWDO#HVWLPDWH#RI#DYRLGHG
PRUWDOLW\#SUHVHQWHG#LQ#7DEOH#'054>#LW#ZLOO#RQO\#DIIHFW
WKH#GLVWULEXWLRQ#RI#WKRVH#DYRLGHG#GHDWKV#WKURXJK#WLPH1
&KDQJHV# WR# WKLV# GLVWULEXWLRQ# ZLOO/# KRZHYHU/# DIIHFW
PRQHWL]HG# EHQHILW# HVWLPDWHV# LI# WKH# YDOXHV# RI# WKH
DYRLGHG# IXWXUH# GHDWKV# DUH# GLVFRXQWHG1# # 7KHUHIRUH/
DOWKRXJK#ZH##GLVFXVV#WKH#YDULRXV#ODJ#VFHQDULRV#KHUH/
WKH#UHVXOWV#RI#WKLV#VHQVLWLYLW\#DQDO\VLV#DUH#SUHVHQWHG#LQ
WKH#YDOXDWLRQ#DSSHQGL[/#$SSHQGL[#+1

%HIRUH# GHVFULELQJ# WKH# ODJ# VFHQDULRV/# ZH
HPSKDVL]H#WKDW#QR#VFLHQWLILF#HYLGHQFH#FXUUHQWO\#H[LVWV
WR# VXSSRUW# WKH#DVVXPSWLRQ#RI#D# VLJQLILFDQW# ODJ# +L1H1/
VHYHUDO# \HDUV# RU#PRUH,# EHWZHHQ# 30# H[SRVXUH# DQG
SUHPDWXUH#PRUWDOLW\1# #7KH#SURVSHFWLYH#FRKRUW#VWXG\
GHVLJQ#RI# ORQJ0WHUP# HSLGHPLRORJLFDO# VWXGLHV#RI#30
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H[SRVXUH# +LQFOXGLQJ#3RSH# HW# DO1/# 4<<8,#SURYLGHV#QR UHPDLQGHU#RI#DYRLGHG#GHDWKV#GLVWULEXWHG#HYHQO\#DFURVV
LQIRUPDWLRQ#DERXW#ZKHWKHU#D#ODJ#H[LVWV#RU#ZKHWKHU#D WKH# ODVW#WKUHH#\HDUV# +DSSUR[LPDWHO\#491:#SHUFHQW#SHU
SDUWLFXODU##OHQJWK#RI#H[SRVXUH#LV#UHTXLUHG#WR#HOLFLW#DQ \HDU,1##$V#PHQWLRQHG#DERYH/#WKH#DSSURSULDWH#OHQJWK#RI
HIIHFW1# # )XUWKHU/# ZH# KDYH# LGHQWLILHG# QR# VWXGLHV WKH# ODJ# SHULRG# LV# KLJKO\# XQFHUWDLQ/# DQG# VR# LV# WKH
VSHFLILFDOO\#GHVLJQHG#WR#WHVW#IRU#VXFK#D#302PRUWDOLW\ GLVWULEXWLRQ# RI# GHDWKV# RYHU# WKDW# SHULRG/# DOWKRXJK
ODJ1##+RZHYHU/#ZH#KDYH#LQFRUSRUDWHG#D##ODJ#LQWR#RXU HYLGHQFH#IURP#VKRUW0WHUP#VWXGLHV#VXJJHVWV#ZHLJKWLQJ
SULPDU\#DQDO\VLV#DQG#FRQGXFWHG#WKLV#VHQVLWLYLW\#DQDO\VLV WKH# GLVWULEXWLRQ# WRZDUG# WKH# ILUVW# FRXSOH# RI# \HDUV
IRU# WZR# UHDVRQV1# # )LUVW/# RWKHU# VLPLODU# W\SHV# RI IROORZLQJ#H[SRVXUH1##7KH#DVVXPSWLRQV#RI#WKH#7LHU#5
H[SRVXUHV/# VXFK# DV# FLJDUHWWH# VPRNLQJ/# GR# VKRZ ODJ#VWUXFWXUH#UHIOHFW#WKH#EHVW#MXGJPHQW#RI#WKH#$JHQF\
HYLGHQFH#RI#D#ODJ1##6WXGLHV#RI#UHGXFWLRQV#LQ#FLJDUHWWH RQ# WKLV# LVVXH># KRZHYHU/# WKH\# GR# QRW# UHSUHVHQW# DQ\
VPRNLQJ# VXJJHVW# WKDW# WKH# EHQHILWV# RI# VPRNLQJ NQRZQ#ODJ#VWUXFWXUH#IRU#30#PRUWDOLW\1
FHVVDWLRQ#RFFXU#RYHU#D#VHYHUDO#\HDU#SHULRG1# #6HFRQG/
GLIIHUHQFHV# EHWZHHQ# WKH# UHODWLYH# ULVN# HVWLPDWHV# RI :H# HYDOXDWH# WKUHH# ODJ# VFHQDULRV# IRU# WKH
VKRUW0WHUP#VWXGLHV#RI#30#H[SRVXUH#DQG#WKRVH#RI#ORQJ0 VHQVLWLYLW\#DQDO\VLV1##7KH#ILUVW#VFHQDULR#DVVXPHV#QR#ODJ>
WHUP#+L1H1/#FRKRUW,#VWXGLHV#PD\#VXJJHVW#WKH#SUHVHQFH#RI WKDW#LV/#DOO#DYRLGHG#PRUWDOLW\#RFFXUV#LQ#WKH#VDPH#\HDU#DV
D#ODJ#IRU#VRPH#SRUWLRQ#RI#WKH#RYHUDOO#PRUWDOLW\#HIIHFW H[SRVXUH# +<HDU# 4# LQ# 7DEOH# '058,1# # 7KH# VHFRQG
RI#30#H[SRVXUH1 GLVWULEXWHV#DYRLGHG#PRUWDOLW\#HYHQO\#DFURVV#HLJKW#\HDUV>

6KRUW0WHUP#HSLGHPLRORJLFDO#VWXGLHV#OLQNLQJ#GDLO\ XS#SHULRG#RI#WKH#3RSH#HW#DO1/#4<<8#VWXG\1##7KH#WKLUG
PHDVXUHV#RI#30#H[SRVXUHV#ZLWK#GDLO\#PRUWDOLW\#UDWHV VFHQDULR#LV#EDVHG#RQ#WKH#'RFNHU\#HW#DO1/#4<<6#IROORZ0
VKRZ# VWDWLVWLFDOO\# VLJQLILFDQW# LQFUHDVHV# LQ# PRUWDOLW\ XS# SHULRG# RI# 48# \HDUV/# ZLWK# DYRLGHG# PRUWDOLW\
ZLWKLQ#GD\V#RI#LQFUHDVHG#30#H[SRVXUH1##+RZHYHU/#WKH GLVWULEXWHG#HYHQO\#DFURVV#WKDW#SHULRG1# #$V#GLVFXVVHG
DSSURSULDWH#ODJ#SHULRG#IRU#WKH#SRUWLRQ#RI#GHDWKV#WKDW HDUOLHU/#ZH# ILQG# WKH# 480\HDU# ODJ# WR#EH# DQ# H[WUHPHO\
GR#QRW#RFFXU#LPPHGLDWHO\#LV#XQFOHDU1##6RPH#LQWHUSUHW FRQVHUYDWLYH#DVVXPSWLRQ1
WKH#DQDO\VLV#E\#%UXQHNUHHI# +4<<:,#DV# LQGLFDWLYH#RI#D
PXFK# ORQJHU#PRUWDOLW\# ODJ#RI# 48# \HDUV>#KRZHYHU/# LW 7KH#HIIHFW#RI#WKHVH#GLIIHUHQW#ODJ#DVVXPSWLRQV#RQ
DSSHDUV#WKDW#%UXQHNUHHI#VLPSO\#HPSOR\HG#DVVXPSWLRQV RXU# HVWLPDWH#RI#PRQHWDU\#EHQHILWV# GHSHQGV#RQ# WKH
FRQVLVWHQW#ZLWK#WKH#FRKRUW#GHVLJQ#RI#WKH#'RFNHU\#HW GLVFRXQW#UDWH#XVHG1##*LYHQ#WKH#GLVFRXQW#UDWH#XVHG#LQ
DO1/#4<<6#VWXG\/#ZKLFK#H[DPLQHG#WKH#UHODWLYH#ULVN#IRU#D WKH#SULPDU\#DQDO\VLV/#ILYH#SHUFHQW/#WKH#QR#ODJ#VFHQDULR
FRKRUW# DJHG# 58# WR# :7#RYHU# D# 480\HDU# #SHULRG1# #7KH ZRXOG# LQFUHDVH# WKH# SULPDU\# PRUWDOLW\# UHGXFWLRQ
VHOHFWLRQ#RI#VXFK#D#IROORZ0XS#SHULRG#E\#'RFNHU\#HW#DO1 EHQHILWV#HVWLPDWH#E\#QLQH#SHUFHQW>#WKH#3RSH0EDVHG#ODJ
ZDV# QRW# EDVHG# RQ# ELRORJLFDO# RU# HSLGHPLRORJLFDO HVWLPDWH#ZRXOG#GHFUHDVH#WKH#HVWLPDWH#E\#HLJKW#SHUFHQW>
HYLGHQFH#RI# D# 480\HDU# ODJ/# DQG#%UXQHNUHHI# FLWHV#QR DQG#WKH#'RFNHU\0EDVHG# ODJ#HVWLPDWH#ZRXOG#GHFUHDVH
HYLGHQFH#VXSSRUWLQJ#D#ODJ#RI#WKLV#OHQJWK1##7KHUHIRUH/ WKH# HVWLPDWH# E\# 54# SHUFHQW1# #7KH# DFWXDO#PRQHWDU\
ZH# GR#QRW# ILQG# WKH#%UXQHNUHHI# +4<<:,# VWXG\# WR#EH EHQHILW#HVWLPDWHV#JHQHUDWHG#E\#WKLV#VHQVLWLYLW\#DQDO\VLV
FRQYLQFLQJ#HYLGHQFH#RI#D#ILIWHHQ0\HDU#ODJ1 DUH#SUHVHQWHG#LQ#$SSHQGL[#+1

7DEOH# '058# FRPSDUHV# WKH# GLVWULEXWLRQ# RI
DYRLGHG#PRUWDOLW\# EHQHILWV# DVVXPHG# LQ# WKH# SULPDU\
DQDO\VLV#ZLWK#HDFK#RI#WKH#VHQVLWLYLW\#DQDO\VLV#VFHQDULRV1
,Q# WKH# SULPDU\# DQDO\VLV/# ZH# DSSO\# WKH# VDPH# ODJ
VWUXFWXUH#XVHG#DV#D#VHQVLWLYLW\#DQDO\VLV#LQ#WKH#GUDIW#5,$
IRU# WKH# SURSRVHG# 7LHU# 5# PRWRU# YHKLFOH# HPLVVLRQ
VWDQGDUGV#+8161#(3$/#4<<<,1##8QGHU#WKLV#VFHQDULR/#WKH
DYRLGHG#PRUWDOLW\#RFFXUV#RYHU#D#ILYH#\HDU#SHULRG/#ZLWK
ILIW\#SHUFHQW#RI#WKH#DYRLGHG#PRUWDOLW\#RFFXUULQJ#ZLWKLQ
WKH#ILUVW#WZR#\HDUV#+L1H1#58#SHUFHQW#SHU#\HDU,/#DQG#WKH

WKLV#VFHQDULR#LV#EDVHG#RQ#WKH#HLJKW0\HDU#FRKRUW#IROORZ0
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Table D-20
Change in Incidence of Adverse Health Effects Associated with Criteria Pollutants (Pre-C AAA m inus Post-C AAA) – 48 State U.S.
Population within 50 km of a Monitor (avoided cases per year)

2000 2010 % of Baseline Incidences for the
mean estimates a

Endpoint Pollutant 5  % mean 95  % 5  % mean 95  % 2000 2010th th th th

Mortality

ages 30 and older PM 7,900 13,000 18,000 13,000 20,000 28,000 0.67% 0.95%b b

Chronic Illness

chronic bronchitis PM 2,300 11,000 20,000 4,300 18,000 30,000 2.05% 3.09%

chronic asthma O 910 4,900 8,300 1,100 5,500 8,700 3.46% 3.59%3

Hospitalization

respiratory PM, CO, NO , 7,300 12,000 17,000 12,000 19,000 29,000 0.52% 0.76%
admissions SO , O

2

2 3

cardiovascular PM, CO, NO , 5,400 19,000 41,000 9,400 38,000 90,000 0.59% 1.10%
admissions SO , O

2

2 3

emergency room PM, O 200 1,300 6,600 310 2,000 10,000 0.19% 0.27%
visits for asthma

3

Minor Illness

acute bronchitis PM 0 25,000 49,000 0 40,000 79,000 3.19% 4.71%c c

upper respiratory PM 170,000 570,000 970,000 260,000 870,000 1,500,000 0.61% 0.86%
symptoms

lower respiratory PM 130,000 270,000 420,000 210,000 440,000 670,000 2.19% 3.30%
symptoms

respiratory illness NO 24,000 110,000 180,000 63,000 270,000 450,000 7.62% 17.29%2

moderate or PM 32,000 210,000 370,000 48,000 310,000 570,000 0.15% 0.21%
worse asthmad

asthma attacks O , PM 520,000 960,000 1,400,000 800,000 1,500,000 2,100,000 0.74% 1.06%d
3



2000 2010 % of Baseline Incidences for the
mean estimates a

Endpoint Pollutant 5  % mean 95  % 5  % mean 95  % 2000 2010th th th th
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chest tightness, SO 200 80,000 370,000 270 100,000 470,000 0.003% 0.004%
shortness of
breath, or wheeze

2

shortness of PM 16,000 57,000 95,000 25,000 88,000 150,000 1.25% 1.79%
breath

work loss days PM 1,900,000 2,200,000 2,500,000 3,100,000 3,500,000 4,000,000 0.60% 0.87%

minor restricted O , PM 14,000,000 17,000,000 20,000,000 22,000,000 27,000,000 32,000,000 1.47% 2.16%
activity days / any
of 19 respiratory
symptomse

3

restricted activity PM 5,500,000 6,200,000 6,800,000 9,000,000 10,000,000 11,000,000 0.61% 0.91%
daysd

The baseline incidence generally is the same as that used in the C-R function for a particular health effect.  However, there are a few exceptions.  To calculate the baseline incidencea 

rate for respiratory-related hospital admissions, we used admissions for persons of all ages for ICD codes 460-519; for cardiovascular admissions, we used admissions for persons of
all ages for ICD codes 390-429; for emergency room visits for asthma, we used the estimated ER visit rate for persons of all ages; for chronic bronchitis we used the incidence rate for
individuals 27 and older;  for the pooled estimate of minor restricted activity days and any-of-19 respiratory symptoms, we used the incidence rate for minor restricted activity days.

 Calculated as the ratio of avoided mortality to the projected baseline annual non-accidental mortality for adults aged 30 and over.  Non-accidental mortality was approximately 95% ofb

total mortality for this subpopulation in 2010.

 Monte Carlo modeling returned a negative value for the fifth percentile estimate of this endpoint.  However, we believe the negative result represents an artifact of the statistical methodsc

employed in the uncertainty analysis, since none of the studies used in the health benefits analysis suggest a negative correlation between criteria air pollutant exposure and this health
endpoint.  We therefore truncate this value at zero for presentation.  The full distribution of estimates, including negative values, is used in all aggregations of benefits estimates presented
in this document. 

 These health endpoints overlap with the "any-of-19 respiratory symptoms" category.  As a result, although we present estimates for each endpoint individually, these results are notd

aggregated into the total benefits estimates.  

 Minor restricted activity days and any-of-19 respiratory symptoms have overlapping definitions and are pooled.e
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Table D-21
Change in Incidence of Adverse Health Effects Associated with Criteria Pollutants (Pre-C AAA m inus Post-C AAA) – 48 State U.S.
Population (avoided cases per year)

2000 2010 % of Baseline Incidences for
the mean estimates a

Endpoint Pollutant 5  % mean 95  % 5  % mean 95  % 2000 2010th th th th

Mortality

ages 30 and older PM 8,800 14,000 19,000 14,000 23,000 32,000 0.66% 1.00%b b

Chronic Illness

chronic bronchitis PM 3,100 13,000 22,000 5,000 20,000 34,000 2.21% 3.14%

chronic asthma O 1,300 5,600 9,600 1,800 7,200 12,000 3.22% 3.83%3

Hospitalization

respiratory PM, CO, NO , 8,100 13,000 20,000 13,000 22,000 34,000 0.40% 0.62%
admissions SO , O

2

2 3

cardiovascular PM, CO, NO , 5,800 22,000 48,000 10,000 42,000 100,000 0.49% 0.86%
admissions SO , O

2

2 3

emergency room PM, O 260 3,100 8,900 430 4,800 14,000 0.39% 0.55%
visits for asthma

3

Minor Illness

acute bronchitis PM 0 29,000 59,000 0 47,000 94,000 3.39% 5.06%c c

upper respiratory PM 180,000 620,000 1,000,000 280,000 950,000 1,600,000 0.61% 0.86%
symptoms

lower respiratory PM 150,000 320,000 480,000 240,000 520,000 770,000 2.38% 3.57%
symptoms

respiratory illness NO 31,000 130,000 220,000 76,000 330,000 550,000 4.46% 10.44%2

moderate or PM 52,000 260,000 460,000 80,000 400,000 720,000 0.17% 0.24%
worse asthmad

asthma attacks O , PM 590,000 1,100,000 1,600,000 920,000 1,700,000 2,500,000 0.73% 1.04%d
3



2000 2010 % of Baseline Incidences for
the mean estimates a

Endpoint Pollutant 5  % mean 95  % 5  % mean 95  % 2000 2010th th th th
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chest tightness, SO 220 88,000 410,000 290 110,000 520,000 0.002% 0.003%
shortness of
breath, or wheeze 

2

shortness of PM 16,000 59,000 98,000 26,000 91,000 150,000 1.19% 1.69%
breath

work loss days PM 2,200,000 2,500,000 2,900,000 3,600,000 4,100,000 4,600,000 0.62% 0.94%

minor restricted O , PM 16,000,000 19,000,000 23,000,000 25,000,000 31,000,000 37,000,000 1.43% 2.15%
activity days / any
of 19 respiratory
symptomse

3

restricted activity PM 6,400,000 7,200,000 7,900,000 10,000,000 12,000,000 13,000,000 0.65% 1.00%
daysd

The baseline incidence generally is the same as that used in the C-R function for a particular health effect.  However, there are a few exceptions.  To calculate the baseline incidencea 

rate for respiratory-related hospital admissions, we used admissions for persons of all ages for ICD codes 460-519; for cardiovascular admissions, we used admissions for persons of
all ages for ICD codes 390-429; for emergency room visits for asthma, we used the estimated ER visit rate for persons of all ages; for chronic bronchitis we used the incidence rate for
individuals 27 and older;  for the pooled estimate of minor restricted activity days and any-of-19 respiratory symptoms, we used the incidence rate for minor restricted activity days.

 Calculated as the ratio of avoided mortality to the projected baseline annual non-accidental mortality for adults aged 30 and over.  Non-accidental mortality was approximately 95% ofb

total mortality for this subpopulation in 2010.

 Monte Carlo modeling returned a negative value for the fifth percentile estimate of this endpoint.  However, we believe the negative result represents an artifact of the statistical methodsc

employed in the uncertainty analysis, since none of the studies used in the health benefits analysis suggest a negative correlation between criteria air pollutant exposure and this health
endpoint.  We therefore truncate this value at zero for presentation.  The full distribution of estimates, including negative values, is used in all aggregations of benefits estimates presented
in this document.

 These health endpoints overlap with the "any-of-19 respiratory symptoms" category.  As a result, although we present estimates for each endpoint individually, these results are notd

aggregated into the total benefits estimates.  

 Minor restricted activity days and any-of-19 respiratory symptoms have overlapping definitions and are pooled.e
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Table D-22
Mortality Distribution by Age in Primary Analysis, Based on Pope et al. (1995)

Age Group Proportion of Premature Mortality by Age Life Expectancy (years)a

Infants not estimated --

1-29 not estimated --

30-34 1% 48

35-44 4% 38

45-54 6% 29

55-64 12% 21

65-74 24% 14

75-84 30% 9

85+ 24% 6

 Percentages sum to 101 percent due to rounding.a
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Table D-23
Illustrative Estimates of the Impact of Criteria Pollutants on Mortality – 48 State U.S. Population within 50 km of a Monitor ( cases per
year)

2000 2010 % of Baseline Incidences for
the mean estimates

Endpoint Pollutant 5  % mean 95  % 5  % mean 95  % 2000 2010th th th th

ages 30 and older PM 7,900 13,000 18,000 13,000 20,000 28,000 0.67% 0.95%
(Pope et al., 1995)

ages 25 and older PM 12,000 29,000 46,000 20,000 47,000 73,000 1.35% 2.19%
(Dockery et al., 1993)*

all ages * O 81 1,100 2,200 130 1,600 3,400 0.06% 0.08%3

post-neonatal * PM 39 81 120 59 120 180 0.93% 1.39%

*The Dockery et al. (1993), ozone mortality, and post-neonatal mortality estimates are not aggregated into total benefits estimates.

Table D-24
Illustrative Estimates of the Impact of Criteria Pollutants on Mortality – 48 State U.S. Population (cases per year)

2000 2010 % of Baseline Incidences for
the mean estimates

Endpoint Pollutant 5  % mean 95  % 5  % mean 95  % 2000 2010th th th th

ages 30 and older PM 8,800 14,000 19,000 14,000 23,000 32,000 0.66% 1.00%
(Pope et al., 1995)

ages 25 and older PM 15,987 34,860 54,677 26,000 56,000 88,000 1.60% 2.39%
(Dockery et al., 1993)*

all ages * O 0 1,400 2,800 0 2,200 4,600 0.07% 0.09%3
† †

post-neonatal * PM 45 88 130 69 130 200 1.02% 1.38%

*The Dockery et al. (1993), ozone mortality, and post-neonatal mortality estimates are not aggregated into total benefits estimates.

†Monte Carlo modeling returned a negative value for the fifth percentile estimate of this endpoint.  However, we believe the negative result represents an artifact of the statistical methods
employed in the uncertainty analysis, since none of the studies used in the health benefits analysis suggest a negative correlation between criteria air pollutant exposure and this health
endpoint.  We therefore truncate this value at zero for presentation.  The full distribution of estimates, including negative values, is used in all aggregations of benefits estimates presented
in this document.
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Table D-25
Comparison of Alternative Lag Assumptions for Premature Mortality Associated with PM Exposure

Year
Percent of Avoided Mortality By Year

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Tier II SA Lag 25 25 16.67 16.67 16.67 0 0 0 0 0 0 0 0 0 0
(Primary Estimate)

No Lag 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lag Distributed 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 0 0 0 0 0 0 0
Evenly Over the
Period Covered by
Pope et al., 1995

Lag Distributed 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67 6.67
Evenly Over the
Period Covered by
Dockery et al., 1993

Totals may not sum to 100 percent due to rounding.
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Figure D-2  
Long-Term Mortality Based on Pope (1995):  National Avoided Incidence Estimates (2010)
at Different Assumed Effect Thresholds, Based on a 50 Km Maximum Distance
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