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Executive Summary

Every day, parents watch the trusted yellow bus pull away, taking their children to 
school. There’s no sign on the rear of these buses warning that the exhaust from the 
tailpipe may be harmful to children’s health. But there should be. The exhaust from 
diesel fuel—which powers nearly 90 percent of the 454,000 school buses on the road 
today—has been shown to cause or exacerbate a host of health problems, including 
asthma and other respiratory ailments, and has been linked to cancer and premature 
death. Children may be particularly vulnerable to the harmful impacts of air pollution 
because they are outdoors for longer periods and breathe at higher rates than adults 
(Wiley, 1993). As they wait on the curb, play near idling buses, or even ride safely inside 
the bus, children may be exposed to this noxious substance every school day.

Health Risks
All of today’s school buses, whether powered by diesel, gasoline, natural gas, or 

other alternative fuels, release pollution from the tailpipe. But conventional diesel 
school buses, particularly older models, release more smog-forming 
pollutants and toxic soot than cleaner alternative technologies, and 
may pose greater risks to children’s health.

Numerous scientific studies have linked exposure to diesel 
exhaust with cancer. A study by air pollution control officials 
and administrators estimates that diesel may be responsible for 

over 125,000 additional cancers in the United States over a lifetime of exposure 
(STAPPA/ALAPCO, 2000). In California, the Air Resources Board estimates that 
diesel pollution is responsible for 70 percent of the state’s cancer risk due to airborne 
pollution (CARB, 2000a).

Air pollution can cause or exacerbate a variety of respiratory ailments, including 
asthma. The most common chronic disease of childhood, asthma is also a leading 
cause of disability among children. In 1998, over 3.7 million children—about one in 
20—had asthma (Federal Interagency Forum on Child and Family Statistics, 2001). A 
study of the economic costs of asthma estimated that children with this disease incurred 
nearly three times more health care expenses per year than did children without asthma 
(Lozano et al., 1999). This translates to $2.4 billion in additional health costs in the 
United States for children with asthma.

School Bus Pollution
School buses routinely expose children and communities to soot (particulate 

matter) and smog-forming pollution (nitrogen oxides and nonmethane hydrocarbons), 
and also add to the global burden of greenhouse gas emissions. Every year, the nation’s 

School buses routinely 
expose children to soot and 
smog-forming pollution.
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fl eet of school buses releases 3 thousand tons of soot, 95 thousand tons of smog-forming 
pollutants, and 11 million tons of greenhouse gas emissions. 

Over the last three decades, school bus engine manufacturers have had to meet 
progressively stronger pollution standards for buses, providing better protection for 
children’s maturing lungs. But older school buses are exempt from today’s stronger 
standards and expose children to greater levels of air pollution. Buses built before 1990 
and 1991, which constitute around a third of buses currently in operation, are allowed 
to release at least six times more toxic soot and nearly three times more smog-forming 
nitrogen oxides than today’s models. 

Cleaner Alternatives
There are cleaner alternatives to standard diesel buses. School buses powered by 

natural gas and other alternative fuels offer the cleanest option commercially available 
across the country. Natural gas school buses emit 90 percent less toxic soot than 
conventional new diesel-powered buses, and are over 98 percent cleaner than older 
diesel buses. Natural gas school buses also reduce smog-forming pollution by more 
than 30 percent relative to today’s diesel, and by over 45 percent relative to diesel 
buses built in 1990.  

Over the last decade, natural gas buses and trucks have moved into the mainstream, 
with one in fi ve new transit buses on order powered by natural gas (DOE, 2000). These 

buses have a proven track record of success. School districts in at 
least 19 states including Indiana (Evansville-Vanderburgh School 
Corporation), Oklahoma (Tulsa Public Schools), and Texas (Northside 
Independent School District) currently use natural gas buses. School 
districts and transit bus operators have turned to alternative fuel buses 
because of their clean air benefi ts and lower operating costs. Though 
the capital cost of a natural gas school bus is about $35,000 greater than 
that of a diesel school bus, some school districts and transit agencies 

report that lower operating costs enabled them to quickly recoup the initial investment 
(SRTD and STA, 1999).

Diesel emission control technologies are evolving and improving, and new low-
emission diesel buses are starting to enter the market. Emissions from diesel buses can 
be reduced through a combination of engine improvements, changes to fuel and oil 
formulation, and exhaust control equipment. If these clean-up technologies live up to 
their theoretical potential, they can reduce smog-forming pollutants and toxic soot by 
90 percent or more. While clean-up technologies offer hope for a cleaner future for 
diesel, they have yet to prove effective under a range of real-world conditions. Without 
government oversight and stricter regulations, diesel clean-up technologies may not 
be adequate to keep school buses clean over the 20, 30, and even 40 years that they 
remain on the road. 

Grading State Fleets
While school bus fl eets across the country differ signifi cantly in terms of age, fuel 

type, and pollution performance, all states rely to some extent upon high-polluting 
school buses, primarily those powered by diesel, to transport children. Every year, 
the average school bus releases twice the amount of smog-forming pollution, 27 times 
as much soot, and 6,000 pounds more global-warming pollution than a natural gas 
school bus.

Natural gas school buses 
emit 90 percent less toxic 
soot than conventional 
new diesel-powered buses.
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We gave each state fleet grades based on the emissions of particulates, smog-
forming pollution, and greenhouse gases from the average state school bus. The 
level of emissions from a natural gas school bus set the bar for the highest grade, an 
“A.” No state even came close to receiving this highest grade for superior pollution 
performance. The large gap in environmental performance between today’s fl eet of 
school buses and the standard set by natural gas buses shows that even the “cleanest” 
state fl eet has room for improvement.  

We allotted grades “B” through “D” based upon relative performance in each 
pollution category and gave each state an overall grade average. Only six states and 
the District of Columbia were ranked “ahead of the curve.” Twenty-three states 
received a “middle of the road” ranking, while the remaining 21 states did poorly 
or fl unked out.

Policy Recommendations
School districts need help—technical, regulatory, and fi nancial—to fund cleaner 

school buses and to ensure that the buses remain clean over their lifetime on the 
road. Many school districts do not have the resources to replace older school buses 
with newer, cleaner models. Some states make school districts choose between new 
buses and other educational expenses. As long as there remains a trade-off between 
books and buses, children’s health may be compromised. Government action is 
needed to sponsor and conduct research, set standards and policies to ensure real 
world emissions reductions, and provide funding to replace and clean up older diesel 
school buses. 

Research and Development
Critical gaps remain in our understanding of school bus clean-up technologies 

and in the health impacts of air pollution, particularly the role of very small 
particles. As school buses become cleaner, the average particle size from exhaust 

Figure ES-1. School Bus Annual Emissions: 

National Average Versus Natural Gas
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may become smaller. Research and development can play a critical role in improving 
our understanding of the health impacts of pollution from low-emission diesel and 
alternative fuel school buses, getting cleaner buses on the road today, and putting even 
cleaner technologies—like fuel cells—on the road in the future. 

Standards and Policies
Government policies can help narrow the gap between emissions measured in a 

laboratory setting and real-world emissions. To help keep diesel clean-up equipment 
effective over the life of the vehicle, the US government needs to develop an inspection 
and maintenance program. Ultimately, new standards for engines based on in-use 
performance should replace today’s inadequate certifi cation process. 

Funding for Cleaner Buses
Children’s vulnerability to the harmful impacts of pollution underscores the need 

for a national school bus replacement program with strict pollution limits. Federal 
and state funding for cleaner school buses can help meet the dual needs of promoting 
energy security and protecting children’s health and is key to ensuring that children 
across the country are able to ride in clean and safe school buses.

Figure ES-2. State Grade Averages



School buses are considered the safest means for children to get to and from school, 
at least as far as accidents are concerned (NHTSA, 1998). However, the pollution from 
older school buses may pose risks to public health that tarnish the reputation of the 
familiar yellow school bus. Dozens of studies have documented that exposure to air 
pollution may cause or exacerbate a host of health problems, including cancer and 
asthma, and may even be linked to premature death. Studies have also indicated that 
children may be particularly susceptible to the harmful impacts of air pollution.

 

Today’s School Buses 
 America’s school buses transported 25 million children to school last year and 

logged about 4.5 billion miles (Bobit, 2001). School buses range in size, weight,1 
and passenger occupancy, accommodating as few as 10 to more than 
80 children. While school buses were fueled by gasoline2 in the 1970s, 
the higher effi ciency of diesel engines has made them the popular choice 
today. Nearly all of the larger, more powerful school buses sold in the United 
States are powered by diesel. Of the fl eet of school buses on the road, about 
86 percent use diesel and 13 percent still rely upon gasoline. Less than one 

percent of school buses are powered by natural gas, propane, and other alternative 
fuels, but their share is growing. 

Although school buses are responsible for a small share of vehicle emissions, 
they routinely expose children and communities to smog-forming pollutants, carbon 
monoxide, and particulate matter, and also add to the global burden of greenhouse 
gas emissions (Table 1). 

Older Buses Pose Higher Risks
Over the last three decades, engine manufacturers have had to meet progressively 

stronger pollution standards for school buses, providing better protection for children’s 
maturing lungs. Table 2 provides a history of federal emissions standards for heavy-
duty diesel vehicles, which include school buses. Older school buses expose children, 
whether they are waiting at the bus stop or riding the bus, to greater levels of air 
pollution. Buses built before 1990 and 1991 are allowed to emit at least six times 

C H A P T E R   1

School Buses And Public Health

1  Over 95 percent of school buses have a gross vehicle weight between 19,501 and 33,000 pounds and are 
considered “medium heavy-duty vehicles” under EPA’s weight classifi cation (R.L. Polk, 2001).

2  Many of these older gasoline-powered heavy-duty vehicles did not use the most basic emission control 
technology, the catalytic converter, to reduce emissions of hydrocarbons, carbon monoxide, and nitrogen 
oxides.

About 86 percent of 
the school buses on the 
road use diesel.



2 UNION OF CONCERNED SCIENTISTS

more toxic soot and nearly three times more smog-forming nitrogen oxides than 
today’s models. 

Recognizing the dangers of diesel pollution, the Environmental Protection Agency 
(EPA) passed new emissions standards for diesel trucks and buses. Disappointingly, the 
new regulations do not recognize that there are inherently cleaner fuels than standard 
diesel that are available today. Starting in 2007, these standards require that new buses 
release 90 percent less particulate matter than today’s buses. New standards to reduce 
smog-causing pollution will be phased in starting in 2007. When these standards are 
fully implemented in 2010, new buses will emit 95 percent less smog-forming pollutants 
than today’s buses. Unfortunately, the new cleaner buses will be sharing the roads 
with diesel buses built before 2007, which can continue to release high levels of soot 
and smog-causing pollution. 

Pollution from School Buses
All of today’s school buses—whether powered by diesel, gasoline, natural gas, or 

other alternative fuels—release air pollution and greenhouse gases. However, diesel 
school buses, particularly older models, release higher levels of pollution than the 
cleanest commercially available technology, natural gas school buses (Figure 1). 

Table 1. National School Bus Fleet
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a. Smog-forming pollutants include nitrogen oxides (NOx) and non-methane hydrocarbons 
(NMHC). 

b. Greenhouse gases include tailpipe releases of carbon dioxide and methane (from natural 
gas vehicles only), as well as upstream emissions of greenhouse gases from fuel delivery 
and processing.

Sources: Data on number of buses, age distribution and fuel choice from R.L. Polk (2001) and 
interviews with state offi cials. Average miles traveled per year from EPA (1998). Number of 
children transported from Bobit (2001). Tailpipe emissions of NMHC, carbon monoxide (CO), and 
NOx calculated by UCS using modifi ed emission factors from EPA Mobile 6. Particulate matter 
(PM) emissions from diesel and natural gas based upon in-use data from the DOE’s Alternative 
Fuels Data Center (CTTS, 2001). PM emissions from gasoline based upon California Air Resources 
Board EMFAC2000 model (CARB, 2001). Greenhouse gas emissions calculated by UCS using 
GREET Version 1.6 (Wang, 2001). See Appendix A for more detailed explanation.
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Air Pollution. A new standard diesel school bus releases 11 times more toxic soot 
and about 50 percent more smog-forming pollutants than a natural gas bus. Older 
models, which do not have to meet today’s stricter emissions standards, produce even 
more pollution. Replacing a diesel bus built in 1990 with a natural gas bus would 
reduce soot emissions by over 98 percent and smog-forming pollutants would be 
nearly halved. Replacing a 25-year-old diesel bus with a natural gas bus would have 
an even greater effect—a 99 percent reduction in soot and a 75 percent reduction in 
smog-forming pollutants. 

Global Warming Pollution. Global warming pollutants (also 
called greenhouse gases or heat-trapping gases) are released both at 
the vehicle tailpipe through fuel combustion and “upstream” of the 
vehicle, through fuel production and delivery. Tailpipe emissions 
of greenhouse gases are a direct function of fuel economy, the fuel’s 
carbon content, and the amount of other greenhouse gases—like 
methane or nitrous oxide—that are liberated when the fuel is 
combusted. While carbon dioxide is the largest contributor to 
global warming, other gases, like methane, have higher global 
warming potential. 

Each gallon of diesel that is combusted releases 27 pounds of carbon dioxide 
equivalent emissions, while a gallon (in diesel equivalents) of natural gas releases 
21 pounds (Figure 2). Although natural gas has a lower carbon level than diesel, the 
advantage is tempered by the lower fuel economy of natural gas vehicles and by their 
emissions of methane. Taking those factors into account, a natural gas school bus 
emits slightly less global warming pollution per mile traveled than a new diesel vehicle 
(Figure 1). A diesel school bus built in 1990 releases 16 percent more global warming 

A new standard diesel bus 
releases 11 times more 
toxic soot and 50 percent 
more smog-forming pollution 
than a natural gas bus. 
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Table 2. Certifi cation Standards for School Buses

a. Grams per brake-horsepower-hour is a measure of the mass of pollution released per unit 
energy produced by the engine. This value can be converted into pounds per year through 
a conversion factor that takes into account fuel density, fuel economy, the amount of fuel 
required for a specifi c energy output, and annual miles traveled.

b. Most heavy-duty engine manufacturers are required to meet the 2004 NOx + NMHC standard 
in October 2002 as a result of a Settlement Agreement with EPA and the California Air 
Resources Board.

c. Standards for NOx and NMHC will be phased in between 2007 and 2010.
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Figure 1. Average Annual School Bus Emissions 

Comparing Model Years and Fuel Types

Tailpipe emissions of NMHC and NOx calculated by UCS using modifi ed emission factors from 
EPA Mobile 6. PM emissions from diesel and natural gas based upon in-use data from the DOE’s 
Alternative Fuels Data Center (CTTS, 2001). PM emissions from gasoline based upon California Air 
Resources Board EMFAC2000 model (CARB, 2001). Greenhouse gas emissions calculated by UCS 
using GREET Version 1.6 (Wang, 2001). See Appendix A for more detailed explanation.
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3  Carbon monoxide can also lead to the formation of smog, though at a slower rate than most hydrocar-
bons or oxides of nitrogen (EPA, 2000a).

pollution than a new natural gas school bus, while a 25-year-old school bus releases 
37 percent more global warming pollution.

Public Health Threats
Exhaust from school buses can be inhaled deep into the lungs, where it may cause 

or exacerbate a wide variety of public health problems. There is overwhelming evidence 
that air pollution, and particularly diesel exhaust, is potentially harmful to human 
health in general and may pose even higher risks for children.

Smog-Forming Pollutants
In the presence of sunlight, nitrogen oxides and hydrocarbons can react to form 

urban ozone, or smog.3 Smog can irritate the respiratory system, reduce lung function, 
exacerbate asthma, damage the lining of the lung, and aggravate chronic lung diseases 
(EPA, 2000a). 

Approximately 105 million Americans—37 percent of the nation’s population—
currently live in areas that exceed the federal ozone standard (EPA, 2001a). Urban 

Figure 2. Global Warming Pollution from Fuels

UCS calculation based upon GREET 1.6 model (Wang, 2001)

Ethanol(85) is 85 percent ethanol derived from corn feedstock and 15 percent gasoline-based. CNG 
is compressed natural gas.
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including nitrous oxide, methane and carbon dioxide.

0

5

10

15

20

25

30

35

40

D
ie

s
e

l

G
a

s
o

li
n

e

M
e

th
a

n
o

l

P
ro

p
a

n
e

C
N

G

E
th

a
n

o
l 

(8
5

)

lb
s
.C

O
2

/g
a

ll
o

n
 d

ie
s
e

l 
e

q
u

iv
.

Tailpipe emissions of carbon dioxide (CO2)

Emissions from fuel production & delivery



6 UNION OF CONCERNED SCIENTISTS

ozone pollution is linked to increased hospital admissions for respiratory problems 
such as asthma (Koren, 1995; White, 1994), and to higher death rates on smoggy days, 
even at levels below the current federal standard (ATS, 1996). Ozone air pollution 
has been associated with as much as 10 to 20 percent of all summertime respiratory 
hospital visits and admissions (EPA, 2000a). Ozone is also attributed with causing 
over 1.5 million cases per year of signifi cant respiratory problems in children and 
adults (EPA, 2000a). 

Particulate Matter (Soot)
School buses release soot, technically known as particulate matter, directly from 

their tailpipes. Nitrogen oxides and hydrocarbons released from the tailpipe can also 
react in the atmosphere to form secondary particulates.4 Diesel particulate pollution 
is a complex mix of carbon, sulfate particles, ash, and hydrocarbons. The exact 
composition of diesel particulate matter varies depending on the engine technology, 
test conditions, and the sulfur content in the fuel. Figure 3 presents an example of 
the mix of particulate pollutants emitted from a standard heavy-duty diesel engine 
built after 1994. 

Inhaling particulate matter can cause or exacerbate a wide variety of respiratory 
conditions and can even lead to premature death. Sensitive populations, including 

Figure 3. Composition of Diesel Particulate Matter 

Notes: Represents diesel exhaust from a heavy-duty diesel vehicle manufactured after 1994, using 
the federal test procedure transient cycle. 

Carbon that is not bound with other elements is responsible for the black smoke in diesel 
exhaust. Hydrocarbons are released from lubricating oil and unburned fuel adsorbed onto the 
surface of carbon particles or present in the form of fi ne droplets. Sulfate particles are derived 
from sulfur in diesel fuel and formed when sulfuric acid and water react. Ash compounds are 
composed of metals formed from lubricating oil and engine wear.

Source: Kittelson, 1998
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4  EPA has not attempted to quantify the contribution of nitrogen oxides and hydrocarbons released from 
heavy-duty vehicles to the formation of secondary particles (EPA, 2000a). However, EPA believes the 
contribution from oxides of nitrogen is “substantial,” particularly in areas with high ammonia levels 
(oxides of nitrogen react with ammonia to form ammonium nitrate particles).
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children, the elderly, people with asthma, and people with pre-existing respiratory 
or cardiovascular diseases, are at greatest risk from exposure to particulates (EPA, 
2000a).

Respiratory Impacts. Particulate matter is associated with adverse respiratory 
effects, such as asthma, reduced lung function, reduced respiratory defense mechanisms, 
and acute respiratory illness (EPA, 2000a). Numerous studies have reported an 
association between short-term exposures to particulates and hospital admissions for 
respiratory-related and cardiac diseases.5

Premature Death. Particulate matter has also been directly linked with premature 
death. A study of more than 1 million adults in 151 US cities found that higher 
concentrations of fi ne particles 2.5 micrometers or less, called PM2.5, were associated 
with a 17 percent increase in total mortality between cities with the least and most 
polluted air (Pope et al., 1995). In another study of more than 8,000 people living in 
six cities in the eastern United States, PM2.5 was associated with even higher rates of 
mortality (Dockery et al., 1993). This study found a 26 percent increase in mortality 
between the cities with the highest and lowest levels of air pollution. Based on these 
studies and other research, the EPA estimates that new standards regulating emissions 
of PM2.5 will save 15,000 lives per year (EPA, 1997).

Particle Size and Regulatory Gaps. Historically, EPA only regulated particles that 
were 10 microns in diameter and smaller, known as PM10.6 EPA’s particulate emissions 
standards for heavy-duty vehicles are based 
on the weight of the PM10 released directly 
from the tailpipe. EPA’s recent rulemaking 
establishing National Ambient Air Quality 
Standards for PM2.5 has not yet resulted in 
changes to vehicle emissions standards. 

 There is increasing evidence that par-
ticle size plays a key role in potential 
health effects. Fine particles may contain 
more of the reactive substances linked to 
health impacts than coarse particles (EPA, 
2000a). These particles are small enough 
to bypass respiratory defenses and lodge deep in the lungs. From 80 percent to 
95 percent of diesel particle mass is in the ultrafi ne size range from .05–1.0 microns 
(EPA, 2000a).

The current regulations for particulates do not address growing concerns about 
the health effects of ultrafi ne particles and nanoparticles, which are diffi cult to measure 
with today’s technology. These smaller particles may penetrate more deeply into the 
respiratory tract, and their large surface-to-volume ratio could allow for more biological 
interaction. There is no accepted testing method to ensure that these particles are 
measured accurately and consistently, confounding comparisons between different 
studies (Andersson, 2001). In addition, different transient cycles, operating conditions, 
and exhaust temperatures may affect generation of these very small particles. 

5  For a list of these studies and a table of results, see EPA (1997) p. V20-a.
6  For comparison, a human hair is about 70 microns in diameter.

Table 3. Size Categories for 

Particulate Matter 

a. Size range is based on the aerodynamic 
diameter of the particle in microns, equal to 
one millionth of a meter.

snorcimniretemaiD a

MP 01
01nahtsseL

MP(eniF 5.2 ) 5.2nahtsseL

enifartlU 1.0nahtsseL

selcitraponaN 50.0nahtsseL



8 UNION OF CONCERNED SCIENTISTS

As diesel engines become cleaner and more natural gas vehicles penetrate the 
market, these smaller particles may comprise a larger share of emissions from 
vehicles. More research is needed into the health impacts and emissions of ultrafi ne and 
nanoparticles from light- and heavy-duty vehicles powered by gasoline, diesel, natural 
gas, and other alternative fuels. Since EPA’s current regulations governing particulates 
from heavy-duty vehicles are based on particle mass and not size distribution, stricter 
regulations may not proportionally reduce public health risks.

Air Toxics
The health impacts of air toxics vary from pollutant to pollutant, but all are serious, 

including cancer risk, immune system disorders, and reproductive problems. The 
California Air Resources Board has listed diesel exhaust, and its 41 constituent 
chemicals, as “toxic air contaminants” that may cause or contribute to serious illness 
and even to death (CARB, 1998). Of the many potential health risks from exposure to 
air toxics, cancer risks are the most studied and best understood. 

Cancer Risks. According to over 30 epidemiologic studies, people who are routinely 
exposed to diesel exhaust through their work on railroads, docks, trucks, or buses 
have a greater risk of lung cancer (CARB, 1998). On average, these studies found that 
long-term occupational exposure to diesel exhaust was associated with a 40 percent 
increase in the relative risk of lung cancer. 

Numerous scientifi c bodies and agencies have linked exposure to diesel exhaust 
with potential cancer risk (Table 4). The California Air Resources Board (2000) 
estimates that diesel exhaust causes 70 percent of the state’s airborne cancer risk. This 
translates to 540 additional cancers per million people exposed to current outdoor levels 
of diesel pollution over a 70-year lifetime. The results in California raised concerns 
about the risks from diesel pollution to the entire nation. The State and Territorial Air 
Pollution Program Administrators (STAPPA) and the Association of Local Air 
Pollution Control Offi cials (ALAPCO) conducted an analysis of the national risks from 
diesel, applying similar methodology and risk factors as California. The study found 

Table 4. Cancer Risk Assessments of Diesel Exhaust
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that diesel may be responsible for over 
125,000 additional cancers in the United 
States over a 70-year lifetime of exposure 
(STAPPA/ALAPCO, 2000). 

Greater Risks for Children
Children may be particularly sus-

ceptible to the harmful impacts of air 
pollution. Because they spend more time 
outdoors and breathe at higher rates than 
adults, children may experience greater 
exposure to harmful air pollutants (Wiley, 
1993). Even riding inside of a school 
bus poses potential risks. A recent study 
indicates that a child riding a diesel school 
bus built in 1988 may be exposed to four 
times the level of toxic diesel exhaust as 
a person in a car directly in front of it 
(NRDC and CCA, 2001).7

Researchers at the University of 
Southern California (Gauderman, 2000) 
found that children exposed to ambient 
levels of particulates, nitrogen dioxide, 
and other pollutants in Los Angeles air 
experienced over four times more lung 
damage than children who were exposed 
to second-hand cigarette smoke. That 
study also found that children who spent 
more time outdoors had greater lung 
damage than other children.

Studies suggest that children, espe-
cially those with asthma, may be more 
susceptible to the harmful respiratory 
impacts of particulate pollution than 
adults (Pope et al., 1991; Ostro, 1995). 
The link between particles and asthma is 
of particular concern because  asthma is 

the most common chronic disease of childhood and a leading cause of disability among 
children. Approximately 3.7 million children, or about one child in 20, had asthma in 
1998, according to the National Health Interview Survey (Federal Interagency Forum on 
Child and Family Statistics, 2001). A study on the economic costs of asthma estimated 
that children with asthma incurred nearly three times more health care expenses per 
year than did children without asthma (Lozano et al., 1999). In the United States, this 
translates to $2.4 billion in additional health costs for children with asthma.

Table 5. Estimated Excess Cancers 

from Diesel 

Note: Based on 70-year lifetime of exposure

Source: STAPPA/ALAPCO, 2000.
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7  About one in four school buses on the road today were built in 1988 or earlier. 
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Global Warming Impacts
School bus pollution not only harms public health directly, it also contributes to 

global warming, which carries longer-term public health and social consequences. All 
fossil fuels, including diesel, gasoline, natural gas and propane, contribute global-
warming pollution to the earth’s atmosphere.

Since the Industrial Revolution, levels of atmospheric carbon dioxide—a primary 
global warming gas—have increased by more than 30 percent, reaching concentrations 
higher than any observed in the last 420,000 years (Petit, 1999). The global average 
surface temperature has increased by 1°F since 1860, and scientifi c evidence suggests 
that the rapid fl ux in global temperature is largely due to human activities (IPCC, 

2001). Greenhouse gases and other heat-trapping gases that are 
released into the air from factories, power plants, and automobiles 
are primarily responsible for the recent increase in the Earth’s surface 
temperature. Diesel exhaust in the form of carbon soot may also be 
contributing to global warming. One study estimates that black carbon 
may be responsible for 15 to 30 percent of global warming, second 
only to carbon dioxide (Jacobson, 2001). Unless emissions of global 
warming pollution are drastically reduced, the average temperature 
could rise 2.5 to 10.4°F by the end of the 21st Century (IPCC, 2001).

Some of the projected consequences of global warming would have drastic effects 
on the global ecosystem. Rising sea levels, an increase in frequency and intensity of 
extreme weather conditions, vegetation shifts and altered ranges of both plant and 
animal species across the world are some of the broader implications associated with 
global climate change (Field, 1997; Twilley, 2001). The large-scale effects set the stage 
for more localized hazards, such as increased chances of fl oods along coast lines and 
fl ood plains, wild fi res in forest regions and grasslands, and landslides and avalanches 
in mountainous regions. 

School bus pollution also 
contributes to global 
warming, which carries 
long-term public health 
and social consequences. 



Nearly all states have directors of pupil transportation who are responsible for 
ensuring the smooth operation of student transportation services. State school bus 
programs strive to provide effi cient, safe, economical, and high quality transport for 
children. However, no state programs monitor the amount of pollution released from 
the tailpipe of school buses, or require that school districts purchase low-emission 
school buses. The age distribution and fuel choice of school bus fl eets varies across the 
country, and as a result, pollution performance also varies. 

This report analyzes the amount of pollution released annually from the “average” 
state school bus. Each state received grades, from outstanding to failure, for smog-
forming emissions, particulates and greenhouse gases, as well as an overall grade 
average.
  

Calculating Grades
We contacted the State Directors of Pupil Transportation from every state to collect 

information on state school bus fl eets. With the exception of Connecticut, every state 
responded to our survey. Twenty-six states and the District of Columbia provided 
general information on the share of buses in the state fleet that were built within 
the last ten years, and a few states could provide an annual breakdown of their fl eet 

by model year and fuel. Information provided by the states 
was supplemented and integrated with data from R.L. Polk 
& Company, which collects and summarizes annual data on 
school buses from each state’s Department of Motor Vehicles.8

Calculating Emissions
The emissions analysis includes only tailpipe emissions of 

smog-forming pollutants, particulates, and greenhouse gases, 
as well as “upstream” emissions of greenhouse gases from fuel 

production and delivery. Appendix A describes in greater detail how emissions for 
each state were calculated. This analysis does not account for upstream emissions 
of smog-forming pollutants and soot, which account for only a small fraction of the 
tailpipe releases. In addition, emissions of toxic pollutants either from the tailpipe or 
through fuel production were not evaluated. Ideally, these pollutants would be included 
in the analysis, but there is not enough information available to develop a common 
metric to evaluate toxic emissions. Emissions from vehicle manufacturing were also 

No state programs monitor 
the amount of pollution released 
from school bus tailpipes or 
require school districts to 
purchase low-emission buses.

C H A P T E R   2

Grading State Fleets

8  The data quality varied for different states, since state Departments of Motor Vehicles do not consistently 
track school bus populations, age distribution and fuel choice.
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ignored, assuming that each school bus would be penalized similarly for vehicle 
manufacturing.

Tailpipe emissions of smog-forming nitrogen oxides and non-methane hydrocar-
bons were calculated by applying EPA’s highway emission factor model, MOBILE6. The 
model provides emission factors at the beginning of the vehicle’s life, as well as 
deterioration factors to account for vehicle aging and degradation. Emissions are 
expressed in grams of pollutant released per mile traveled. Combining emission factors 
with annual vehicle miles traveled provides the amount of air pollution released by 
school buses over a given year.9 Tailpipe emissions of particulates from natural gas and 
diesel school buses were estimated using in-use data on heavy-duty vehicles (CTTS, 
2001). For gasoline school buses, particulate emissions were based upon analysis by 
the California Air Resources Board (CARB, 2000b)

Emissions of greenhouse gases were calculated using the Department of Energy’s 
Greenhouse Gases, Regulated Emissions and Energy Use in Transportation (GREET) 
model. The model evaluates carbon dioxide releases from the vehicle tailpipe, as 
well as greenhouse gas emissions from processing and distributing fuels. Integrating 
these data with vehicle fuel economy and with annual miles traveled provides the 
amount of greenhouse gases released over a given year. In general, tailpipe emissions 
of greenhouse gases are dominated by carbon dioxide, with one notable exception: 
methane, a potent greenhouse gas, has 21 times more global warming potential 
than carbon dioxide. Recent studies indicate that natural gas transit buses release 
10 to 15 grams of methane per mile (NAVC, 2000; Clark et al., 2000). Methane was 
thus included in the analysis of tailpipe greenhouse gas emissions from natural gas 
engines. 

Distributing Grades
States received individual grades for each of the three pollutant categories. Table 6 

presents the criteria we applied for grading state fl eets. The highest grade, an “A,” was 
reserved for fl eets meeting the emissions of a natural gas school bus. The remaining 
grades were distributed on a “curve,” with approximately 30 percent of the states 
receiving an above average grade (“B”), 40 percent receiving an average grade (“C”), and 
the remaining states falling below average (“D”). Generally, the top 15 states received 

Table 6. Grading Criteria

A
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C
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D
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setalucitraP
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sesaGesuohneerG
)sub/raey/snot( 48.04 45.64ot64.44 08.74ot45.64> 08.74>

9  According to EPA’s model, the average school bus travels 9,939 miles per year (EPA, 1999a).
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Figure 4. Emissions Range Per Grade

Note: The black region represents the range of values for each grade category.
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above average grades, while the bottom 15 were scored below average. However, grade 
categories were also determined by natural breaks in the emissions data, to ensure that 
two states with very similar emissions profi les received the same grade. Each state 
then received an overall grade average, equal to the average of the individual grades for 
smog-forming emissions, particulates, and greenhouse gases. 

All pollutant categories were weighted equally in the overall grade average, although 
their impacts on human health and the environment might differ. Ideally, grades would 
be weighted to account for the relative social impacts of different pollutants. Even 
within the same pollutant category, there should be a difference in weighting based on 
the type of fuel used and any emission control technologies employed. For example, the 
level and type of toxics adsorbed onto particulate pollution will vary depending upon 

whether the pollution is emitted by a standard diesel engine, a diesel 
engine with a particulate trap, or a natural gas engine. Theoretically, 
each of these particulate categories should carry different weighting 
factors.

Recent studies have attempted to quantify the costs to human 
health and the environment from different pollutants released by motor 
vehicles  (DeCicco and Kliesch, 2001; Delucchi, 1996–1998). While 

such studies have given policymakers better tools for evaluating the true costs imposed 
on society by motor vehicles, there is currently no widely accepted methodology 
for calculating these costs. There is little agreement about the human health and 
environmental impacts of vehicle use, the relative impact of different types of vehicles 
and different fuels, and the proper methodology for cost accounting. Nor is there a 
consensus on how to account for the future, possibly catastrophic, impacts of global 
warming. Given the uncertainties, this analysis gives each pollutant category the 
same weight.

Results
This study revealed that state school bus fleets differ significantly in age, fuel 

type, and pollution performance. Despite these differences, there is one fundamental 
similarity between all of the states: they continue to rely upon high-polluting school 
buses—primarily powered by diesel—to transport children. Key fi ndings from this 
study are: 

• The amount of pollution the average school bus releases varies greatly from 
state to state. 

• No state received an “A,” or even came close to a superior grade.

• Only six states and the District of Columbia, most of which have policies to fund 
the replacement of older school buses, were “ahead of the curve.” 

• The 23 states that were ranked in the “middle of the road,” with “B-,” “C+,” or “C” 
grade averages, maintain older, polluting school buses in their fleet.

• 19 states were “behind the curve,” with “C-” to “D+” averages, and two states, 
California and Washington, flunked out.

• 19 states maintain buses built before 1977, which are not required to meet more 
protective federal safety and pollution standards.

Only six states and the 
District of Columbia were 
“ahead of the curve.” 
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Table 7. School Bus Report Card

* States with strong and effective bus replacement policies
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State Fleets Vary
Across the country, emissions from the average state bus vary considerably.10 The 

diversity of grades received by states refl ects the diversity of our nation’s school bus 
fl eets. For example, the amount of smog-forming pollutants from the average school 
bus varied from a low of 358 pounds per year (Tennessee) to a high of 498 pounds 
per year (South Carolina). Particulate releases varied from a low of 7 pounds per year 
(North Dakota) to a high of 22 pounds per year (South Carolina). For greenhouse 
gases, there was a 6,000 pounds per year difference between the state with the lowest 
emissions (Delaware) and the state with the highest emissions (Oklahoma).

No Superior Achievers
No states received an “A” grade, or even came close to it. Average school bus 

emissions in states with a “B” average were still far higher than the average emissions 

Table 7. School Bus Report Card (continued)
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10 For a complete list of results for each state, see Appendix B.
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from a natural gas bus. For example, the “cleanest” state bus releases 14 times more soot 
than a natural gas school bus. The large gap in environmental performance between 
today’s fl eet of school buses and natural gas buses shows that no state deserves to receive 
highest marks for pollution performance.

Ahead of the Curve
Seven states received above average grades in all three pollutant categories. 

Ranking “ahead of the curve,” these states all have relatively new fl eets of buses, with 80 
to 100 percent built within the last 10 years.

Three of these top seven, Delaware, Maryland, and District of Columbia, have 
policies to ensure that older buses are removed from the road. Delaware and Maryland 
require that school buses be retired in the twelfth or fourteenth year of operation and 
provide state funds for bus replacement. Washington, D.C., which hires contractors 
to supply its school bus services, will only contract for buses that are 1997 models or 
newer. Missouri, another of the top seven, does not have an offi cial state bus retirement 
policy, but it does provide fi nancial incentives to retire older buses. Missouri will 
refund school districts the full costs of a new replacement school bus, but only if the 
bus to be replaced is 10 years old or newer. 

These policies stand in stark contrast to those of the majority of states, which have 
no bus retirement policies and require school districts to contribute to bus replacement 
out of local funds. By providing funds to replace older school buses, these states help 
ensure children are traveling in cleaner buses.

Middle of the Road 
Twenty-three states scored an overall grade average of “B-” to “C,” and ranked in 

the “middle of the road” relative to the other states. These states maintain signifi cant 
numbers of older school buses in their fl eets. From 17 to 40 percent of school buses 
in these states are more than 10 years old. In addition, school buses in these “middle 
of the road” states expose children to much higher levels of pollution than do buses 
employing natural gas—the cleanest available technology. Compared with a natural gas 
bus, the average school bus releases 27 times more soot, two times more smog-forming 
pollutants, and more than three tons more greenhouse gases. 

Behind the Curve and Flunking Out
Nineteen states had a grade average of “C-,” or “D+,” and two states 

“fl unked out.” States that ranked “behind the curve” have some of the 
oldest fl eets in the nation, with 30 to 60 percent built before 1991. 

California and Washington, both of which received all “D”s 
for pollution performance, had the lowest grade averages in the 
country. California, with the nation’s third largest fleet, maintains 
some of the dirtiest school buses on the road. Part of the reason for 

California’s poor pollution scores is that school districts must choose between funding 
for new school buses and other educational expenses. California school districts must 
contribute part of the cost of replacement buses, and many maintain older buses due 
to fiscal constraints. Washington has better school bus replacement policies than 
California, but it still received lowest marks in all three pollutant categories. One of 
the few states that reimburses school districts for replacement buses, Washington’s 

The 19 states that ranked 
“behind the curve” have 
some of the oldest fl eets in 
the nation, with 30 to 60 
percent built before 1991.
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Director of Pupil Transportation actively 
tracks the age and type of school buses in the 
state fl eet. Unfortunately, school bus funding 
competes with other budget priorities in the 
legislature, often unsuccessfully. 

Special Demotion: Pre-1977 Buses 
 There are nearly 2,900 buses built before 

1977 that are still part of the nation’s fleet 
(Table 8). These buses do not have to meet 
federal safety standards for crash and rollover 
protection, nor do they have to meet today’s 
stricter emissions standards for soot and 
smog-forming pollutants. Of the 19 states 
reporting that they maintain these older buses 
in their fleets, California has the dubious 
distinction of having the highest percent-
age—about one in 20 of its buses was built 
before 1977. Louisiana and Washington 
trail closely, with over 3 percent of their 
fleets composed of old, potentially unsafe 
buses. The good news is that 31 states and 
the District of Columbia report that they have 
no pre-1977 buses in their fl eets. Removing 
school buses built before 1977 from the roads 
should be a national priority.

Making the Grade
The State Directors of Pupil Transporta-

tion are not to blame for their states’ aging 
school buses. Many do not have the resources or legislative authority to replace older 
school buses with newer, cleaner models. School districts across the country must 
often choose between new buses and other educational expenses. Funds for a newer, 
cleaner fl eet of buses are directly deducted from the school districts’ general funds, 
potentially reducing the amount of monies available for other educational expenses. As 
long as there remains a trade-off between books and buses, children’s health may 
be compromised. School districts need fi nancial help to achieve both educational 
and public health goals. 

Table 8. Pre-1977 School Buses
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Cleaner School Buses

Fortunately, there are cleaner alternatives to the standard diesel bus, which allow 
school districts to provide transportation that is both safe and clean for our nation’s 
children. Evolving diesel emission reduction technologies hold the promise to reduce 
pollution significantly. To reach their full potential, these control technologies 
must prove effective over the two-, three-, or even four-decade lifetime of school 
buses. School buses powered by natural gas and other alternative fuels, which are 
the cleanest option commercially available today, could become even cleaner. Engine 
modifications to improve fuel economy and the application of emission-control 
technologies originally developed for diesel engines could further reduce emissions 
from alternative fuel vehicles. In the near future, hybrid electric school buses may 
offer fuel-effi cient emissions reductions. In the longer term, fuel cell buses powered by 
hydrogen can provide pollution free transport for children. 

Cleaning Up Diesel
Diesel engines employ compression ignition in which diesel fuel and oxygen are 

compressed by the engine’s cylinders until they spontaneously ignite. Compared to 
spark-ignited gasoline and natural gas engines, diesel engines typically operate more 
efficiently over a wider range of conditions, particularly at lower speeds. Instead 
of using a throttle and suffering effi ciency losses as a result, a diesel engine reduces 
its energy output by reducing fuel input, resulting in less heat loss than gasoline 

engines. Diesel engines operate at higher pressures and have more 
horsepower output than spark-ignited engines. As a result, diesel 
vehicles can haul heavier loads than those powered by gasoline.

Diesel’s enhanced efficiencies come at the cost of toxic soot 
and smog-forming pollutants. The fuel and air mixture in diesel 
combustion chambers does not simultaneously ignite, and pockets 
of excess fuel cause soot to form. Soot formation is enhanced by the 
presence of sulfur in diesel fuel and certain additives in lubricating 
oil. Compression ignition also produces high engine temperatures, 

which promote the formation of smog-forming nitrogen oxides. Engineers are forced 
to make a trade-off between toxic soot and smog-forming pollutants. Lowering the 
engine temperature decreases emissions of nitrogen oxides, but increases the amount of 
fuel that is not combusted and is instead released in the form of soot particulates.

Emissions from diesel buses can be reduced through a combination of changes in 
fuel and oil formulations, engine improvements, and the addition of exhaust control 
equipment. These rapidly evolving technologies have the potential to dramatically 
reduce pollution from diesel vehicles. To realize this potential, the technologies need 
to prove effective under a range of real-world conditions. 

Diesel bus emissions can 
be reduced by reformulating 
the fuel and oil, improving 
the engine, and adding 
exhaust control equipment. 
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Low-Sulfur Fuel
Low-sulfur diesel fuel offers two key advantages over today’s higher-sulfur diesel 

fuel. First, it will benefi t air quality directly by reducing sulfate emissions. Second, it 
will provide signifi cant indirect benefi ts by allowing emission control technologies that 
are sensitive to sulfur contamination to function.

Reducing the amount of sulfur from the current standard of 500 parts per million 
to 15 parts per million will reduce sulfate particulates and sulfur oxide emissions 
by 97 percent (EPA, 1995). In December 2000, President Clinton signed a rule that 
required most retail stations and wholesalers to sell only low-sulfur diesel fuel starting 
in September 2006.

Many emission control systems require low-sulfur fuel to function. Control 
technologies like oxidation catalysts, particulate traps, nitrogen oxide catalysts and 
exhaust gas recirculation are intolerant to sulfur. Their performance is either impaired 
or totally compromised by the presence of sulfur. Until required by federal law, low-
sulfur fuel may be available only in limited locations and quantities, restricting the usage 
of sulfur-sensitive emission control technologies until the fall of 2006.

Lubricating Oils
Lubricating oils, which can contribute to emissions of particulates, are not regulated 

under federal law. Lubricating oils can generate soot emissions in two ways. First, ash 
is generated through the metallic portion of the oils that cannot be combusted. Second, 
lubricating oils may evaporate in the crankcase and diffuse into the combustion 
chamber, causing particulate emissions (DieselNet, 1998). Replacing the metal additives 

Table 9. Diesel Emission Control Opportunities
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with nonmetallic compounds should thus reduce the amount of ash generated. The 
use of synthetic oils, which can be formulated to evaporate only over a narrow, 
high-temperature range, also may reduce soot emissions.

Engine Design and Exhaust Gas Recirculation
Engine design improvements can help reduce emissions and can enhance 

performance of exhaust emission controls. One of the most effective engine design 
improvements for reducing nitrogen oxides is exhaust gas recirculation (EGR). By 
returning a portion of the engine’s exhaust to the combustion chamber, inert gases 
displace some of the oxygen that would otherwise be entering the engine, reducing 
the amount of nitrogen oxides formed. In addition, the system can be designed 
to absorb heat from the combustion process, lowering exhaust temperature and 
reducing the amount of nitrogen oxides formed. Cooling the exhaust gas before it 
enters the combustion chambers could provide greater benefi ts. However, exhaust 
gas recirculation also leads to an increase in particulates, to lower fuel economy, and 
possibly to premature engine wear (DieselNet, 2000a). In addition, sulfur from the 
diesel fuel poses a corrosive threat to the system. Exhaust gas recirculation is a key 
strategy that manufacturers are relying upon to meet EPA’s stricter standards, which 
come into effect in 2004. However, additional nitrogen oxide control technologies are 
needed to meet EPA’s 2007 standards. Other possible engine improvements include 
advanced fuel injection, improved fuel ignition, combustion chamber redesign, 
turbocharging during acceleration, and charge air cooling.

Table 10. Pollution-Reduction Potential from Exhaust Control Technologies

Note: All of these technologies require low sulfur fuel at or below 15 ppm for optimal performance.

Sources:
a. Based on certifi cation data from the California Air Resources Board for the Johnson Matthey and 

Engelhard continuously regenerating, passive systems

b. Based on EPA certifi cation data (EPA, 2001b)

c. From DieselNet (2000)

d. From Miller (2000) and MECA (2000)

e. From Majewski (2001)

f. From Brogan (1998)
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Exhaust Control Technologies
Exhaust control technologies, which are also called “aftertreatment” devices, can 

potentially cut tailpipe emissions of particulate soot and nitrogen oxides by 90 percent 
or more.  But these technologies are either new or under development, and have not yet 
proven effective under real-world conditions. Technologies to reduce particulates, like 
oxidation catalysts and particulate traps, are commercially available today, but there is 
little information about their long-term performance. Technologies to reduce oxides of 
nitrogen, such as selective catalytic reduction and nitrogen oxide adsorbers, are still in 
the development phase and far from realizing their pollution-reduction potential.

Oxidation Catalysts. As exhaust passes through an oxidation catalyst, the precious-
metal catalyst transforms pollutants into carbon dioxide. The catalyst oxidizes carbon 
monoxide, gaseous hydrocarbons, and liquid hydrocarbons adsorbed on carbon 
particles. According to EPA tests, oxidation catalysts can reduce particulates 20 to 
50 percent on older engines (EPA, 2001b). Oxidation catalysts may be most appropriate 
for older engines that cannot be retrofi tted with particulate traps.

Particulate Traps. Particulate traps, which fi lter particles from diesel exhaust, can 
reduce soot emissions by 85 percent or more. Recent tests indicate that traps may 
reduce particulate levels to the point where they are below detectable limits (LeTavec, 

2000). In 2001, two particulate traps were certifi ed for use on engines 
built in 1994 and after.11 These traps have a certified durability of 
150,000 miles. Since school bus engines may run for 300,000 miles or 
more, these traps would need to be replaced at least once in the vehicle’s 
life. One manufacturer, International, has installed soot traps and is 
marketing a cleaner diesel school bus. This bus is certifi ed to emit very 

low particulate levels, though emissions of nitrogen oxides and carbon monoxide 
remain higher than those of natural gas buses. 12

In order to regenerate or clean the fi lter, the particles must periodically ignite and 
burn (oxidize) off of the fi lter. Particles will normally burn at around 500°C—far higher 
than the typical temperature range of diesel exhaust. To clean the fi lter, manufacturers 
may adopt either active or passive systems. An active system uses a heating device like 
a microwave to heat the particles to the temperature needed for ignition and will 
thus require energy to fuel the heating device. A passive system uses catalysts or 
additives to lower the temperatures required for oxidation. Passive regeneration is 
often preferred because it is less complex, less fuel-intensive, and less costly than 
active regeneration. 

In a passive system, metals may be added to the fuel, the fi lter itself may be coated 
in a catalyst, or a catalyst may be used upstream of the fi lter. The only system currently 
on the market is a continuously regenerating trap, in which exhaust gases flow 
through the catalyst, to convert nitric oxide and other nitrogen oxides into nitrogen 

11The two traps are Johnson-Matthey Continuously Regenerating Trap (CRT) and Engelhard DPX.
12According to certifi cation data from the California Air Resources Board, International’s low emission 

school bus releases three times more carbon monoxide and 35 percent more smog-forming pollutants 
than the average natural gas school bus. For particulates, International certifi es to 0.01 grams of particu-
lates per brake-horsepower-hour (g/bhp-hr), or one-tenth the current standard. Today’s natural gas 
school buses certify to 0.02 g/bhp-hr for particulates. As discussed later in the chapter, diesel buses have 
traditionally released more particulates under real world conditions than certifi cation values indicate, 
while natural gas buses have retained their emissions performance over time. 

Particle traps may reduce 
particulate levels to below 
detectable limits.
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dioxide. The catalyst also oxidizes carbon monoxide and hydrocarbons to form carbon 
dioxide and water. The gases then pass through the fi lter, where the soot particles are 
trapped. Through a chemical reaction between the soot and the nitrogen dioxide, 
the combustion temperature is lowered to 250°C, which is well within the normal 
temperature range of diesel exhaust. Thus, the trap continuously self-regenerates 
during the vehicle’s normal operation.

Early data from the California Air Resources Board indicate that the use of traps 
could lead to greater smog formation (McNerny, 2001). While the current-generation 
traps do not change the total mass of nitrogen oxides from diesel engines, they do 
appear to increase the relative share of nitrogen dioxide, which is more reactive in 

the formation of smog (ozone), nitric acid, and nitric-acid-derived 
particulates than the other oxides of nitrogen.

Passively regenerating traps will not function properly if high-
sulfur fuel is used. Sulfur in the exhaust can impair trap performance 
in two ways. First, sulfur oxides compete for catalyst sites required for 
the critical conversion of nitrogen oxide to nitrogen dioxide, increasing 
the temperature required for successful regeneration and making 
regeneration less effective. Second, sulfur can be oxidized over the 

particulate fi lter itself, clogging the fi lter. The Department of Energy found that sulfur 
in diesel fuel signifi cantly harmed particulate trap performance and could even cause 
emissions to increase (DOE, 2001b).13

Lean Nitrogen Oxide (NOx) Catalyst. Lean nitrogen oxide catalysts, which are still 
in the developmental phase, show the potential to reduce nitrogen oxide emissions by 
as much as 30 percent, though 10 to 20 percent is a more realistic target. Such systems 
reduce nitrogen oxide emissions in the presence of diesel engines’ typically oxygen-rich 
exhaust streams. Lean nitrogen oxide catalysts use hydrocarbons to convert nitrogen 
oxides into nitrogen gas, carbon dioxide, and water. Because there is not a suffi cient 
concentration of hydrocarbons in the exhaust stream, hydrocarbons or diesel fuel 
are injected directly into the exhaust to provide a hydrocarbon rich environment 
necessary for greater nitrogen oxide reduction. However, doing so exacts a penalty 
in fuel-economy. Current-generation lean nitrogen oxide catalysts only perform 
effectively in a narrow temperature window and are intolerant to high sulfur levels 
(Majewski, 2001). 

Nitrogen Oxide Adsorber or “Trap.” Nitrogen oxide adsorbers show the potential to 
reduce nitrogen oxides 80 percent or more. These traps, which capture nitrogen oxides 
in a catalyst washcoat during oxygen-rich driving conditions, require the periodic 
injection of a reducing agent like hydrocarbons to regenerate. Signifi cant technical 
hurdles still need to be overcome to make this technology available. So far, the 
systems developed are not durable over the exhaust-temperature profi le typical of 
diesel engines (Duo and Bailey, 1998). In addition, these “traps” are very intolerant 
to sulfur contamination. 

13At a sulfur level of 350 parts per million, which is signifi cantly below today’s current standard of 500 
parts per million, passive particulate traps actually led to an increase in particulates. When the sulfur 
level dropped to 150 parts per million, particulate reductions were near zero. At 30 parts per million, 
particulate reductions dropped between 72 and 74 percent over the baseline, and at 3 parts per million, 
passive catalyst fi lters reduced particulate emissions 95 percent. This highlights the importance of using 
ultralow sulfur fuel to assure that particulate traps live up to their potential emissions reductions. 

Nitrogen oxide adsorbers 
show the potential to 
reduce nitrogen oxides 
80 percent or more.
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Selective Catalytic Reduction. Selective catalytic reduction has been used for years 
in stationary engines and some marine applications, but its use in vehicles is still in the 
development phase. This process, which theoretically could reduce nitrogen oxides 
over 90 percent, uses a reductant like urea or ammonia to convert oxides of nitrogen 
to gaseous nitrogen and water vapor. Hydrocarbons and particulate matter are also 
reduced from this process. Selective catalytic reduction is sensitive to the timing 
and amount of reductant, variations in exhaust temperature, exhaust gas fl ow, and 
concentration of nitrogen oxides in the exhaust. Toxic pollution in the form of 
ammonium nitrate particulates and ammonia can result if the reductant is injected at 
the wrong time or in the wrong amount (DieselNet, 2000b).

Much work is focusing on the development of selective catalytic reduction, which 
may offer the highest level of control of nitrogen oxides. However, modifying the 
technology from the steady-state conditions of stationary sources to the transient cycles 
of heavy-duty vehicles poses signifi cant technical challenges. In addition, selective 
catalytic reduction is more complex, larger in size, and more costly than other catalyst 
systems. Finally, for selective catalytic reduction to function, users must periodically 
replenish the reductant. Currently, there is neither an incentive for the vehicle operator 
to invest in the additional cost of the reductant, nor an established distribution network 
for the reductant.

Ensuring Long-Term Pollution Reduction
The real-world performance of selective catalytic reduction, particulate traps, and 

other exhaust-control technologies—which are new and relatively untried—remains to 
be seen. Our experience with automotive-emission controls indicates that it may take 
decades for the technology to realize its potential. The eventual success of automotive-
emission controls was predicated on two key factors. First, emission control equipment 

must be effective over the vehicle’s lifetime. Second, vehicle emissions 
must be monitored periodically through an inspection and maintenance 
program. 

Unlike those in passenger cars and trucks, heavy-duty engines 
are not tested for real-world emissions. To comply with emissions 
standards, engine manufacturers are required to use a dynamometer 
to test their engines in operation. The test measures the total mass 
of particles emitted per unit energy (grams of pollutant per brake 
horsepower-hour). The dynamometer test does not measure the actual 

“in-use” emissions, which will vary based on actual driving conditions, engine 
deterioration, and vehicle maintenance. In-use tests more closely approximate 
the actual levels of air pollution released from school buses and other heavy-duty 
vehicles and provide a more accurate picture of human exposures to pollution from 
heavy-duty vehicles. 

The limited data available from real-world tests suggest that standard diesel buses 
may release more pollutants—especially particulates—than certifi cation standards 
indicate. Studies have indicated that diesel trucks and buses released two to six times 
more particulate pollution than indicated by the certifi cation standards, while natural 
gas vehicles have maintained their emissions performance (Turner, 2000; West Virginia 
University, 1997). If experience is a guide, the real-world emissions from diesel 
aftertreatment technologies also may be higher than certifi cation tests indicate. Some of 

Unlike the engines in 
passenger cars and 
trucks, heavy-duty 
engines are not tested for 
real-world emissions. 
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the more complicated systems that need more maintenance, like active particulate traps 
or selective catalytic reduction, may have higher rates of degradation and failure.

In addition, aftertreatment technologies, particularly those that require maintenance 
and upkeep or that reduce a vehicle’s fuel economy, may be vulnerable to tampering 
or misuse. In the 1990s, diesel engine manufacturers responsible for the majority of 
heavy-duty engine sales were allegedly using defeat devices to bypass air-pollution 
regulations for control of nitrogen oxides. Trucks and buses using these defeat devices 
released up to 70 percent more pollution than “legal” vehicles (Mark and Morey, 
2000). In a 1998 legal settlement with the US Environmental Protection Agency and 

the California Air Resources Board, the manufacturers agreed to 
stop using defeat devices.

Diesel clean-up technologies may struggle to stay clean over 
the 20, 30, and even 40 years that school buses remain on the 
road. Certifi cation alone is not suffi cient to ensure that new diesel 
aftertreatment technology will be effective over the useful life of a 
truck. The effi cacy of exhaust control technologies depends upon 
a variety of factors, including engine design, fuel sulfur content, 
and vehicle maintenance. An in-use inspection and maintenance 

program is needed to ensure that exhaust control technologies deliver on their 
environmental promise. Such a program could include on-board diagnostic systems 
designed to detect malfunctions in the exhaust control technologies, chassis-based 
testing, and fuel auditing and special nozzle applicators to prevent misfueling. In 
addition, the aftertreatment devices must last the useful life of the vehicles. Without 
such safeguards in place, there is no guarantee that emission-control technologies will 
continue to provide emissions benefi ts over the lifetime of the vehicles.

Cleaner Alternative Fuels
Alternative fuel buses can be powered by natural gas, liquefi ed petroleum gas 

(propane), ethanol, methanol, electricity, liquids from natural gas, and hydrogen. Cur-
rently, the cleanest alternative fuel used in the United States is natural gas, most often 
in compressed form.14 Natural gas is a fossil fuel like gasoline or diesel, but because 
it is inherently cleaner than oil, it does not require significant refining to remove 
contaminants. Natural gas engines do have toxic emissions, but the trace amount of 
toxic particulates is generally attributed to crankcase lubricating oil and not the fuel 
itself (DOE, 2000). Reducing the metallic portion of lubricating oils, using synthetic 
oils that offer improved performance, and ensuring that the engine is properly sealed to 
prevent leaks could reduce toxic emissions from natural gas engines. 

Like gasoline engines, natural gas engines are generally spark-ignited and use a 
throttle to control fuel input, resulting in a lower fuel economy relative to diesel.15  
New generation natural gas engines using high-pressure direct-injection can take 

14Compared to a conventional diesel fuel tank, the compressed natural gas storage system uses three to 
four times the space and weighs two to three times more (INFORM, 2000). Fuel tanks carry the gas at 
pressures of 3,000 to 3,600 pounds per square inch. These tanks take up between three and four times the 
space of a gasoline fuel tank and weigh two or three times more.

15Natural gas engines can achieve ten percent or higher fuel economy compared with gasoline engines 
because their compression ratios are adjusted to take advantage of the higher octane rating of natural 
gas. Regular unleaded gasoline has an octane rating of 87, while the octane rating of natural gas is 130.

An inspection and mainte-
nance program is needed to 
ensure that exhaust control 
technologies deliver on their 
environmental promise. 
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advantage of diesel’s attributes—high effi ciency, relatively low heat loss, and high energy 
output. However, the fuel-effi ciency gains for natural gas engines that employ high-
pressure, direct-injection may come at the cost of increased particulate emissions.16

Until recently, studies comparing emissions of soot and smog-forming pollutants 
from natural gas and diesel engines have consistently found natural gas to be the 
significantly cleaner fuel. The advent of emission control technologies, especially 
particulate traps, has rendered diesel more competitive with natural gas for lower 
emissions, in terms of both mass and toxicity (Ahlvik, 2000; LeTavec, 2000).

Despite substantial concern about the long-term performance of diesel-
exhaust controls, these technologies can make engines powered by alternative 
fuels even cleaner. Particulate traps, oxidation catalysts, and nitrogen oxide 
catalysts can be modifi ed for use on alternative fuel vehicles to further reduce 
their emissions. Because natural gas is inherently cleaner than diesel and 
is not contaminated by sulfur, exhaust-emission controls could prove more 
effective. If similar technologies are applied to natural gas and diesel engines, 

natural gas engines should retain their emissions advantages and remain cleaner 
over the vehicles’ lifetime. 

Natural gas provides a stepping stone to another gaseous fuel—hydrogen—and 
the eventual penetration of hydrogen-powered fuel cell vehicles. Most of today’s 
commercial hydrogen is reformed from natural gas, which is currently the lowest-cost 
source of hydrogen fuel. Building an infrastructure for natural gas should support 
longer-term development of zero-emission fuel cell vehicles.

Hybrids
Hybrid school buses, which combine the advantages of internal combustion 

and electricity, can run on either diesel or alternative fuels. A conventional internal-
combustion engine is mechanically attached to the drive wheels through the 
transmission and driveshaft in conventional cars and buses, while hybrid vehicles 
rely on electric motors to turn the wheels. Hybrid vehicles recover part of the energy 
otherwise lost as heat through “regenerative” braking, which entails storing that energy 
for later use during rapid acceleration. In addition, the engine turns off while at rest, 
eliminating both tailpipe emissions and noise.

This drive system offers several advantages over a standard internal combustion 
engine. The increased effi ciency of the engine can translate into higher fuel economy 
(as long as the increased power is used to improve fuel economy rather than supplement 
vehicle amenities). Vehicle emissions can also be reduced, since the electric energy 
adds no tailpipe emissions. Finally like natural gas vehicles, hybrids move us closer to 
another electricity-based technology—fuel cells.

 Fuel Cells
Fuel cells produce electricity through a chemical reaction between hydrogen and 

oxygen rather than through combustion. They can convert fuel into electricity more 
effi ciently than internal combustion engines, without producing tailpipe emissions. The 

16While natural gas engines that are spark-ignited can reduce toxic soot by 90 percent relative to conven-
tional diesel engines, natural gas engines using high-pressure, direct-injection reduce soot emissions by 
only 70 percent (Ouliette, 2000). 

Natural gas provides 
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hydrogen needed to power fuel cells can be derived from renewable sources, such as 
solar energy, or from traditional energy feedstocks like gasoline, methanol, and natural 
gas. For now, natural gas is the least expensive source of hydrogen. 

The promise of pollution-free, cost-effective transportation is driving research 
into fuel cell vehicles, which may ultimately replace internal combustion engines 
and revolutionize vehicle technology. Fuel cell vehicles are in the prototype phase of 
development, and it may be several years before they become reliable and cost-effective 
commercial products. However, every auto maker is deeply engaged in fuel cell research 
and development, and several transit agencies in the United States are experimenting 
with fuel cell buses. 
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Clean Fleet Successes

School districts across the country have turned to alternative fuels and low-
emission diesel to solve problems ranging from air quality to tight budgets. At least 
130 school districts in 19 states transport children to and from school in buses powered 
by alternative fuels and low-sulfur diesel. Of the nearly 4,000 alternative fuel school 
buses on the road today, about half are powered 
by natural gas, and the other half are fueled by 
propane (liquefi ed petroleum gas).

Natural Gas Buses
Natural gas buses have been on the road 

for over a decade and have a long track record 
of success. Approximately one in five transit 
buses currently on order in the United States is 
powered by natural gas (DOE, 2000). Natural 
gas transit buses are used in cities throughout 
the country, including Los Angeles, New York, 
Tacoma, Phoenix, State College of Pennsylvania, 
Cleveland, Dallas, and Atlanta. School districts 
across America are also turning to the low 
emissions, high-quality performance, and cost 
competitiveness of natural gas school buses. 

Fleet managers report that natural gas buses 
can be cheaper to operate and maintain than 
diesel buses. The Sacramento Regional Transit 
Agency achieved a 38 percent cost reduction, 
while Sunline Transit reported 27 percent lower 
costs (SRTD and STA, 1999). Lower fueling 
costs and reduced maintenance costs—both 
for parts and labor—contributed to the savings 
from natural gas. While the capital cost of a 
natural gas school bus is approximately $35,000 
higher than that of a diesel bus, fl eet managers 
can recoup the difference through reduced 
operating expenses and maintenance costs. 

Replacing diesel with natural gas also helps 
promote energy security. Ninety percent of the 
natural gas consumed in the United States is 
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produced domestically (DOE, 2001a). The price of natural gas has historically been 
lower than the price of diesel, although prices in 2000 and 2001 were higher than 
usual. Today’s prices are back down to the level in 1999. The US Energy Information 
Agency reports that drilling for gas is at an all-time high, which will lead to greater 
supplies and lower prices of natural gas in the near term (DOE, 2001b). 

The US Department of Energy (DOE, 2001a) considers natural gas buses to be 
as safe on the road as their diesel and possibly even safer during maintenance and 
refueling. Although both natural gas and diesel fuels are fl ammable and require special 
precautions and fi re protection equipment, there are fewer risks associated with natural 
gas. DOE reports that natural gas fuel tanks are much stronger and safer than either 
diesel or gasoline fuel tanks. 

Propane Buses
Propane powers nearly half of the alternative fuel school buses in the United States 

today. A by-product of natural gas processing and crude oil refi ning, propane offers 
somewhat lower smog-forming and toxics emissions than diesel. It also produces less 
carbon build-up than gasoline or diesel vehicles, allowing for reduced maintenance 
costs. Unlike natural gas, propane requires neither cryogenic or compression storage, 
and it is thus easier to store and distribute. However, octane ratings and fuel prices 
for propane vary widely. Propane school buses are most common in Texas, which 
has up to 2,000 on the road.

Success Stories
School districts nationwide have found that alternative fuel school buses can 

provide transportation for children that is safe, reliable, and clean. The following 
are a few examples of the positive experiences that school districts have had with 
alternative fuel buses.

Lower Merion School District (Pa.)
In response to community concerns about diesel engine noise and air pollution, 

the Lower Merion School District began purchasing natural gas buses in the mid-
1990s. The district currently operates a fl eet of 68 natural gas buses, 
for which it recently received the National Clean Cities Award. The 
reliability and durability of the fleet, which has logged 3.3 million 
miles, has reinforced the district’s commitment to purchasing natural 
gas buses exclusively. 

The school district has received funding and technical support from 
the DOE, the Pennsylvania Department of Environmental Protection, 
and the local natural gas supplier, PECO Energy Company. Mike Andre, 
Supervisor of Transportation for the district, is a strong advocate for the 

switch: “We really need…to change our perspectives about fuel. The US government 
needs to start supporting alternative fuel,” he says. 

 
Tulsa Public Schools (Okla.)

Tulsa Public School District, the largest in Oklahoma, began investing in natural gas 
school buses over 10 years ago, well before natural gas vehicles had hit prime time. Of 
the district’s 850 buses,  202 have been converted to natural gas. To raise funds for 

The reliability of Lower 
Merion’s school bus fl eet 
has reinforced the district’s 
commitment to purchase 
only natural gas buses.



31Pollution Report Card

the higher costs of these buses, Tulsa Public Schools partnered with the Oklahoma 
Department of Commerce and the US Department of Energy. Despite increases in 
natural gas prices during 2000 and 2001, fuel savings for each bus averaged around 
$1,000 per year.

According to Larry Rodriguez, Alternative Fuel Technician at the Tulsa Public 
School District, “the switch has probably saved the district around $1.6 million over the 
last 10 years if one considers the fuel differential, engine longevity, and other matters. It 
has defi nitely been worth it.”

Northside Independent School District (Tex.)
Northside Independent School District has the second-largest fl eet of propane 

school buses in the country and is committed to maintaining its alternative fuel 
fl eet. Northside employs about 472 propane buses to transport 33,000 students to 
and from school every day, and the district plans to increase the fl eet to 550 buses 
by 2005. 

Motivated by the cheaper price of propane, Northside made the switch from 
gasoline and diesel 20 years ago. Since propane comes from local sources, it is not 
subject to the price fl uctuations of other fuels. Northside has found that maintenance 
costs are low, gas mileage is good, and drivers are happy with the buses’ performance.

Evansville-Vanderburgh School Corporation (Ind.)
The Evansville-Vanderburgh School Corporation has one of the largest natural 

gas school bus fl eets in the nation, with 120 natural gas buses on the road. In response 
to the instability of gasoline and diesel prices, the district started 
converting its gasoline buses to natural gas in 1986. Savings from 
reduced fuel and maintenance expenses enabled the district to 
recover the costs of converting the buses within the fi rst year of 
operation. 

The chief garage group leader, Curtis Fritz, is very pleased with 
his natural gas fl eet, reporting that drivers like the way the buses 
handle. Maintenance and fuel costs are lower, and the distance 
between oil changes has doubled. “The drivers who were initially 
hesitant about switching to natural gas now love these buses. When 
they have to drive other [gasoline or diesel] buses, they scream that 
they want their natural gas buses back,” Fritz reports.

The Safe School Bus Demonstration Program (Calif.)
The California Energy Commission’s “Safe School Bus Demonstration Program” is 

responsible for increasing the percentage of alternative fuel vehicles in the state’s school 
bus fl eet. As a result of the program, 826 school buses built before 1977 have been 
replaced with cleaner buses, more than half of which are alternatively fueled. Nearly 
270 are powered by natural gas and 150 are fueled by methanol. Moreover, all are 
equipped with advanced safety features. The final phase of this program ended 
December 2001.

Savings from reduced fuel 
and maintenance expenses 
enabled the Evansville-
Vanderburgh district to 
recover the costs of convert-
ing to natural gas within the 
fi rst year of operation.
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Government Policies

Children’s heightened sensitivity to the harmful impacts of diesel pollution—includ-
ing an increased risk of premature death, cancer, and respiratory ailments, such as 
asthma—argues for strong policies to ensure cleaner school buses on the road. By 
employing technologies and fuels that will eventually be used to clean up all heavy-duty 
trucks and buses, school buses can help lead the nation to a clean transportation 
future. In addition, cleaner buses powered by alternative fuels can help to improve the 
nation’s energy security. By displacing petroleum fuels, alternative fuels can reduce our 
dependence on petroleum imports and promote stability in our energy markets. 

But school districts need help—technical, regulatory, and fi nan-
cial—to fund cleaner school buses and to ensure that the buses remain 
clean over their lifetime on the road. Government action is needed 
to sponsor and conduct research and development programs, set 
standards and policies to ensure real-world emissions reductions, and 
provide funding to replace and retrofi t older diesel school buses. Strong 
government policies and programs can help assure that toxic pollution 
from older, dirty school buses no longer puts children’s health at risk.

Research and Development
Critical gaps remain in our understanding of school bus clean-up technologies. 

There are insuffi cient data on the health impacts of air pollution, and particularly of 
very fi ne particles. Research and development can play a critical role in furthering 
our understanding of the health impacts of pollution from heavy duty vehicles, in 
getting cleaner school buses on the road today, and in putting even cleaner technologies 
on the road in the future. 

Health-Based Emissions Research 
As engine technologies reduce the total mass of pollution released from school 

buses, ultrafi ne particles and nanoparticles may fi gure more prominently as health 
risks. For example, a recent study found that both natural gas engines and diesel 
engines with particulate traps released a greater number of nanoparticles than standard 
diesel vehicles (Andersson, 2001). However, measurement techniques for these very 
small particles are still being developed, and there are no standards to assure these 
particles are consistently and accurately measured. We also need additional research 
into how emissions of nanoparticles vary with operating conditions, transient cycles, 
and the age and condition of both engines and emission control equipment.

In addition, we need to better understand how particle size impacts human health: 
whether small particles are more respirable and travel deeper into the lungs, and 

Strong government policies 
can help assure that 
pollution from dirty school 
buses no longer puts 
children’s health at risk.
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whether the greater surface-to-volume ratio of smaller particles impacts toxicity. If 
ultrafi ne or nanoparticles carry greater health risks than larger particles, standards 
and regulations should be revised from strictly a mass basis to one that considers size 
distributions or concentrations. 

Particulates are composed of both solids and liquid droplets. Thus far, studies 
on the impact of particles on human health have focused on the solid fraction. More 
research needs to be conducted into the toxicity of liquids and vapors, particularly 
since their share in exhaust may be higher for natural gas engines and diesel engines 
with particulate traps than for conventional diesel engines. One study found that diesel 
particulate traps changed the percent of volatiles in exhaust from 20 percent by mass to 
nearly 100 percent (Andersson, 2001). 

Technology R&D
While technologies to clean up diesel are evolving and improving, research and 

development is key to getting these technologies off the shelf and on the road. Particulate 
traps need to be tested over the lifetime of vehicles and over a wide variety of transient 

cycles and operating conditions. New technologies like selective 
catalytic reduction and lean nitrogen oxide catalysts need further 
development before they can be taken out of the laboratory and 
placed onto vehicles. And alternative fuel school buses need to be 
made even cleaner by taking advantage of clean up technologies 
developed for control of diesel emissions. Particulate traps and 
other aftertreatment technologies that were developed for diesel 
may pose fewer contamination risks and perform even better with 

alternative fuels. Research into the role that lubricating oils play in creating particulates, 
especially for natural gas engines, is also needed. In addition, government research 
into next generation fuel cell school buses can help pave the way for the zero-pollution 
school buses of the future. 

Standards and Policies
Government policies can help narrow the gap between emissions as measured in a 

laboratory setting versus real world conditions. To keep exhaust control technologies 
effective over the life of the vehicle, an inspection and maintenance program is 
critical. Key components of such a program would include:

• On-board diagnostic systems designed to detect malfunctions in the exhaust 
control technologies

• Periodic chassis-based testing

• Fuel auditing and special nozzle applicators to ensure no misfueling occurs 

• Requirement that aftertreatment devices last the useful life of the vehicles

Ultimately, new standards for engines based on in-use performance should replace 
today’s certifi cation process. In addition, new standards for lubricating oil, particle 
size, or particle toxicity can help keep school buses cleaner and reduce the public health 
risks from exposure to exhaust. 

States can also play a role in protecting children’s developing lungs from the 
harmful impacts of diesel pollution. Policies adopted by states like Delaware and 

Research remains to be done 
before technologies to clean 
up diesel can be considered 
reliable and cost-effective.
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Maryland, which require buses to be retired after a certain age, can ensure that the oldest 
and dirtiest buses are removed from the road. State and local air pollution control 
districts could also require that new school buses meet specifi c pollution criteria. For 
example, in California, the South Coast Air Quality Management District has required 
that school districts purchase only cleaner alternative fuel buses. 

Funding for Cleaner Buses
School districts that are strapped for funds should not have to make a trade-off 

between books and cleaner buses. Both the federal government and states can play 
key roles in funding cleaner school buses by providing grants for cleaner school 
buses, offering incentives for replacing or retrofi tting older buses, and conducting 
demonstration programs for advanced technologies like fuel cell buses.

Federal Funding
Federal funds for cleaner school buses can meet the dual goals of protecting 

children’s health and promoting energy security. Alternative fuels like natural gas help 
diversify America’s energy sources and enhance national security. US reliance on oil 
products and on imported oil, which now accounts for over half of all oil products, has 
steadily increased over the last several decades. Approximately one-quarter of these 
imports are supplied by politically unstable countries in the Middle East (Friedman, 
2001), leaving the country vulnerable to price shocks. US natural gas supplies, which 

come from North American sources, can help diversify our energy 
supplies and protect the economy. 

Children’s vulnerability to the harmful impacts of pollution 
highlights the need for a national school bus replacement program 
with strict pollution limits. The Clean Cities Program, sponsored 
by the US Department of Energy, provides funds through the State 
Energy Program (SEP) for alternative fuel vehicles, including school 
buses. However, the program is not targeted specifically to school 
districts, and it only provides for the incremental cost difference 

between a conventional diesel vehicle and an alternative fuel vehicle, including fueling 
infrastructure. School districts that cannot afford the capital costs of a standard school 
bus are excluded from the program. Nevertheless, the program drew interest from 
school districts across the country, which were awarded nearly $490,000 for alternative 
fuel school bus projects in 2001 (DOE, 2001c).

Recognizing the need for targeted legislation specifi c to cleaner school buses, both 
the House and the Senate sponsored draft legislation in 2001. The legislation passed 
the House as part of the House Energy Bill, and was still pending in the Senate at the 
end of 2001. The legislation earmarked $300 million for a fi ve-year grant program 
that would replace older school buses with new low-emission models. Seventy-fi ve to 
80 percent of the funds would be used for alternative fuel buses, while the remaining 
funds would go to low-emission diesel buses. This program could fund the replacement 
of over 2,000 school buses across the country. In addition, the legislation earmarked 
$25 million for demonstration projects of fuel cell school buses. Federal funding is 
key to ensuring that children across the country are able to ride in clean and safe 
school buses.

Children’s vulnerability to 
pollution highlights the 
need for a national school 
bus replacement program 
with strict pollution limits.
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State Funding
While several states offer incentive programs to encourage the use of alternative 

fuel vehicles, most are not targeted specifi cally to school bus replacement. California 
is an exception, with a grant program specifically designed to put cleaner school 
buses on the road.

The California Governor’s budget provided $66 million over the last two years to 
replace or retrofi t older school buses. Though far short of the roughly $200 million 
needed to replace every California bus built before 1977 with a clean, natural gas 
vehicle, this investment was an important fi rst step in cleaning up that state’s oldest 
and dirtiest buses. Of the total funding available, half was reserved for alternative fuel 
vehicles and infrastructure, 25 percent for low-emission diesel buses, and the remaining 
25 percent for retrofi tting diesel buses with particulate traps. By the end of 2001, 
nearly 400 older school buses had been replaced with new, clean buses powered by 
alternative fuels or low-sulfur fuel. 



C H A P T E R   6

cONCLUSIONS

Children, whose lungs are still developing, deserve the highest level of protection 
from harmful diesel exhaust. Although numerous studies have linked diesel pollution 
with asthma and other respiratory illnesses, cancer, and premature death, all states 
still rely heavily upon diesel to power their fleet of school buses. The accelerated 
replacement of older and high-polluting diesel school buses with new, cleaner models 
should be a top public policy priority. 

Today’s natural gas school buses provide the cleanest commercially available 
alternative, offering reductions in toxic soot by 90 percent and in smog-forming 
emissions by 30 percent compared to conventional new diesel buses. Cleaner fuels like 
natural gas and stricter emissions regulations have spurred diesel-bus manufacturers to 
reduce tailpipe pollution. Diesel clean-up technologies are rapidly evolving and show 
the potential to dramatically reduce harmful pollution. Low-emission diesel school 
buses that rely upon particulate traps promise to reduce toxic soot emissions to the level 
of emissions from natural gas engines. However, diesel clean-up technologies, which 
are just beginning to penetrate the market, have not yet proven to be effective under 
real-world driving conditions. To assure these technologies remain effective over 
the lifetime of school buses, an inspection and maintenance program that evaluates 
in-use performance is critical. Without such safeguards, diesel engines may continue to 
pollute at higher levels than certifi cation standards indicate.

Research on the health effects of air pollution from school buses is largely based 
upon data on older diesel engines. However, as school bus technologies evolve and 
become cleaner, the “average” emissions from the tailpipe will change. Vapors and 
smaller particles—like ultrafine and nanoparticles—may play a larger role in the 
emissions profi le. Additional research is needed into the emissions and health effects of 
pollution released by low-emission diesel engines, natural gas engines, and natural gas 
engines with pollution aftertreatment technologies, like particulate traps.

The use of cleaner school buses today can help pave the way for the adoption of 
cleaner technologies tomorrow. Natural gas provides a stepping stone to hydrogen-
powered fuel cells, which hold the potential for pollution-free transportation for 
children. In the nearer term, hybrid-electric drivetrains can improve engine effi ciency 
and reduce emissions, particularly for the stop-and-go applications characteristic 
of school buses. 

Our nation’s most precious resource deserves the highest level of protection. 
America’s children should be riding on the buses of the future, powered by the cleanest 
fuels and technologies available.
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APPENDIX A

Methodology

State School Bus Fleets
We contacted the State Directors of Pupil Transportation and other school bus 

offi cials from every state to collect information on the model years and fuel choices for 
school buses. All of the states except Connecticut responded to the survey. Twenty-six 
states and the District of Columbia were able to provide the percentage of buses that 
had been built within the last decade in each state fl eet. Only a few states could provide 
a year-by-year breakdown of their fl eet by model age and fuel.

We supplemented state-reported information with data from R.L. Polk & 
Company, the only centralized source of school bus registration data from each state’s 
Department of Motor Vehicles (R.L. Polk, 2001). Polk provided information on model 
year, fuel type, and gross vehicle weight for each state school bus. Where Polk data 
confl icted with information provided by the State Directors of Pupil Transportation, we 
revised the Polk data to refl ect the state-reported statistics. We also used the School Bus 
Fleet “Fact Book Issue” (Bobit, 2001) for general statistics on state school bus fl eets. For 
a list of the sources of school bus data for each state, see Appendix B.

Our review of the Polk data indicated that there were apparent errors in some 
of the vehicle registration data for state school bus fl eets. The Polk data indicated 
that there were signifi cant numbers of medium heavy-duty gasoline-powered school 
buses that were manufactured from 1990 through 2001. In discussions with school 
bus distributors and manufacturers, it appears that nearly all of the heavy-duty school 
buses manufactured in the last decade were fueled by diesel or natural gas. Since less 
than one percent of the nation’s school buses are fueled by natural gas, we assumed that 
all post-1990 gasoline buses should have been apportioned to diesel. 

Calculating NOx, HC, and CO Emissions
We used factors developed for US EPA’s highway emissions factor model, 

MOBILE6—the fi rst EPA emissions model to incorporate emission factors specifi c to 
school buses—to estimate emissions of NOx, HC, and CO. For a list of the emission 
factors for diesel, gasoline and natural gas school buses, see Appendix B. The fi nal 
version of MOBILE6 has not yet been released by EPA, but EPA staff provided the 
most recent emission factors for use in our model. MOBILE6 includes data on vehicle 
population and applies emission factors specifi c to vehicle type, model year, and on-
road operating characteristics. EPA assumes that the average school bus is a medium 
heavy-duty vehicle with a gross vehicle weight of 19,501 to 33,000 pounds. 

The model assumes that

E = CF * SCF * [ZML + DF * (VMT / 10,000 miles)]
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where 
E = emissions in grams per mile (g/m)
CF = conversion factor in brakehorsepower-hour per mile (bhp-hr)/m
SCF = speed correction factor (unitless)
ZML = zero mile level in g/bhp-hr
DF = deterioration factor in g/bhp-hr per 10,000 miles
VMT = vehicle miles traveled 

The model also assumes that:

CF = FD / (BSFC*FE)

where
FD = fuel density in lb/gal
BSFC = brake specifi c fuel consumption in lb/bhp-hr
FE = fuel economy in m/gal

Diesel NOx, HC, and CO Emissions
Our analysis of EPA’s emission factors for diesel school buses detected some 

inconsistencies in the emission factors. We revised the diesel school bus emission 
factors to address the apparent discrepancies. Specifi cally:

• EPA assumes that the conversion factor for 1986 diesel school buses and older 
are 40 percent below the 1987 level, even though the conversion factors for other 
medium heavy-duty vehicles did not change as noticeably (Figure A-1). We would 
expect school buses to have a conversion factor higher than other Class 7 vehicles, 
since their stop-and-go drive cycle may result in lower fuel economy. There was 
no apparent reason for the school bus conversion factors for pre-1987 model years 
to deviate so significantly from other Class 7 vehicles. We thus modified the school 

Figure A-1. Diesel Conversion Factors
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bus conversion factors to reflect the average of Class 7 and Class 8a vehicles for 
all model years before 1987. 

• According to EPA, the ZML and DF for school buses and other medium heavy-duty 
diesel vehicles should be the same. However, a few of the values for school buses 
deviated from the values for other medium heavy-duty vehicles. In those instances, 
we applied the ZML and DF for medium heavy-duty vehicles rather than the 
values specific to school buses.

Gasoline NOx, HC, and CO Emissions
MOBILE6 did not provide basic emission factors for school buses powered by 

gasoline. The basic emission factors for gasoline-powered school buses should be 
higher than the factors for Class 7 vehicles. EPA’s basic emission factors for Class 7 and 
Class 8a heavy-duty gasoline engines were similar (Figure A-2), and we applied the 
Class 8a basic emission factors for gasoline-powered school buses. 

Figure A-2. Comparing Basic Emission Factors 

for Class 7 and 8a Gasoline Vehicles
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Natural Gas NOx, HC, and CO Emissions
For natural gas school buses, we integrated school bus certifi cation data from the 

California Air Resources Board with EPA deterioration factors for medium heavy-duty 
natural gas engines (EPA, 2001c). EPA assumes that the conversion factors for diesel 
school buses also apply to natural gas school buses. Ideally, the conversion factors 
for natural gas vehicles would be based upon their brake-specifi c fuel economy, fuel 
density, and fuel economy. The California Air Resources Board has calculated the 
conversion factors for diesel and natural gas transit buses to be 4.3 and 4.1 bhp-hr/mile 
respectively (CARB, 1996). Thus, EPA’s assumption that natural gas and diesel school 
buses would have similar conversion factors is compatible with the California Air 
Resources Board’s analysis of transit buses. We thus followed EPA’s guidance and used 
the diesel school bus conversion factors for natural gas vehicles. 

Figure A-2. Comparing Basic Emission Factors 

for Class 7 and 8a Gasoline Vehicles (continued)
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Drive Cycle
We assumed that school buses would operate on the central business district 

drive cycle. For NOx, HC, and CO calculations from diesel and gasoline school buses, 
we applied EPA’s speed correction factors specifi c to those fuels (EPA, 2000b). EPA 
assumes that same speed correction factor for diesel would also apply to natural 
gas engines. 

Calculating PM Emissions

PM from Natural Gas and Diesel School Buses
The limited data available from in-use testing indicates that real world emissions 

may be much higher than certification values indicate, particularly for diesel 
vehicles. To estimate PM emissions from natural gas and diesel school buses, we relied 
upon in-use data from the DOE’s Alternative Fuels Data Center (CTTS, 2001). We 
focused only on emissions data for the central business district. Our statistical 
analysis of emissions data from in-use tests for different model years showed no clear 
deterioration factor. As such, we are assuming no deterioration over time in emissions 
performance for natural gas or diesel vehicles. 

Because there were not suffi cient data to enable us to develop emission factors for 
every model year, we developed emission factors only for the following model year 
ranges: pre-1988 models, 1988–1990, 1991–1993, and 1994 and newer. We selected 
these age ranges because models manufactured in these years were subject to specifi c 
PM10 certifi cation standards. The fi rst soot regulations were established in 1988, and 
the standards were strengthened in 1991 and 1994.

Most of the data on in-use emissions for model years 1988 through today were for 
transit buses or refuse vehicles. These Class 8a and 8b vehicles are heavier and more 
powerful than school buses and would likely have higher particulate emissions. We 
assumed that PM emissions from different types of heavy-duty vehicles would be scaled 
to their conversion factors. For example:

ESB = ETB * [CFSB / CFTB]

where 
ESB = Emissions from school buses in g/m
ETB = Emissions from transit buses in g/m 
CFSB = Conversion factor for school buses
CFTB = Conversion factor for transit buses

There were no in-use data available on diesel school buses built before 1988, 
which did not have to meet any particulate standards for soot. To estimate emissions 
from these older vehicles, we assumed that PM emissions from different types of 
heavy-duty vehicles would be scaled to their certifi cation values1 according to the 
following formula: 

1  Pre-1988 school buses certify at 1.0 g/bhp-hr (Patten, 1997), while buses built from 1988 through 1990 
certify at 0.6 g/bhp-hr. 
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ESB(Pre1988) = ETB(1988–1990) * [CERTSB(Pre1988)  / CERTTB(1988–1990) ]

where 
ESB(Pre1988) = Emissions from pre-1988 school buses in g/m
ETB(1988–1990) = Emissions from transit buses built 1988 through 1990  in g/m
CERTSB(Pre1988)  = Certifi cation for school buses in g/bhp-hr
CERTTB(1988–1990)  = Certifi cation for school buses in g/bhp-hr

PM from Gasoline School Buses
Unfortunately, there is scant information available on in-use emissions of 

particulates from gasoline engines, particularly in the heavy-duty sector. US EPA has 
never imposed standards on PM from heavy-duty gasoline engines, since emissions 
have been presumed to be low enough to render standards unnecessary. Recently, 
there have been mounting concerns that gasoline engines release particulates that 
could be harmful to human health. Measuring soot emissions from gasoline engines 
raises technical challenges because the particles are so small that accuracy may be 
compromised. Because there are relatively few medium heavy-duty gasoline engines 
on today’s market, emissions testing for these vehicles is a lower priority than for 
the light-duty sector. 

To estimate particulate emissions from gasoline school buses, we used data from 
California’s EMFAC 2000 model (CARB, 2000b). EMFAC relied upon emissions testing 
from light-duty trucks to extrapolate potential emissions from heavy-duty vehicles. The 
EMFAC model assumes that gasoline-powered medium heavy-duty trucks of all model 
years will emit 0.054 grams per mile, with no deterioration over time. It is possible 
that EMFAC underestimates particulate releases from gasoline-powered school buses 
for two reasons. First, newer gasoline heavy-duty vehicles may have a lower ZML than 
older models, refl ecting engineering improvements over time. Most gasoline school 
buses were built over ten years ago, and some are two, three and even four decades 
old. Second, the EMFAC data for particulate emissions were based upon in-use data for 
a limited sample of light-duty trucks. It is not clear how closely the emissions profi le 
from the heavy-duty sector would mirror the light duty sector. Lacking real world data 
on emissions from gasoline-powered medium heavy-duty vehicles, however, we relied 
upon the particulates emission factor from EMFAC.

Calculating Global Warming Emissions
Per Gallon Emissions 

We applied a model developed by Argonne National Laboratory, which estimates 
per gallon emissions of greenhouse gases from fuel combustion and from the production 
and distribution of fuels (so called “upstream” emissions). The model, Greenhouse 

raeYledoM leseiD GNC enilosaG

88-erP 939.1 A/N 450.0

0991-8891 112.1 A/N 450.0

3991-1991 760.1 A/N A/N

rewendna4991 652.0 220.0 A/N

Table A-1. Particulate Emissions from School Buses



51Pollution Report Card

Gases, Regulated Emissions, and Energy Use in Transportation (GREET) Version 1.6 
(Wang, 2001), is periodically revised to refl ect the author’s best estimate of upstream 
and downstream pollution from the use of a gallon of fuel.2 Linking per-gallon 
emission rates from GREET with vehicle fuel economy provides an estimate of average 
greenhouse gas emissions per mile traveled. 

The model accounts for upstream emissions of methane, nitrous oxide, and carbon 
dioxide, as well as tailpipe releases of carbon dioxide. It does not account for tailpipe 
releases of methane from heavy-duty engines. Today’s natural gas transit buses and 
other heavy-duty engines emit 10 to 15 grams of methane per mile (NAVC, 2000; 
Clark et al., 2000). We assumed the average transit bus would release 12.5 grams 
of methane per mile, and that releases are scaled to vehicle fuel economy. School 
buses emissions are thus estimated to be 7.7 grams of methane per mile according 
to the following formula: 

MethaneSB = MethaneTB* FETB / FESB

where 
MethaneTB = Methane releases from transit buses (estimated at 12.5 grams/mile)
FETB / FESB = Ratio of the fuel economy of transit to school buses (estimated 
to be 0.6)

Vehicle Fuel Economy

Diesel Fuel Economy. In MOBILE6, EPA assumes that fuel economy for diesel 
school buses declines over time, while transit buses become more fuel effi cient (EPA, 
1998). We assume that diesel school buses would improve in fuel effi ciency over time at 
the same rate as transit buses (a linear rate of .065 miles per gallon per year). 

 2 The version of the model that we used is still in the beta testing phase.

Figure A-3. Fuel Economy of Diesel-Powered Transit Bus and School Bus
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Figure A-4. Fuel Economy of Gasoline and Diesel Heavy-Duty Vehicles

Natural Gas Fuel Economy. We would expect the fuel economy of school buses 
powered by natural gas to be lower than their diesel counterparts due to the inherent 
effi ciency gains of compression ignition. There have been several studies comparing 
the fuel economy of natural gas and diesel engines, with varying results. The California 
Energy Commission conducted a school bus demonstration program and found that 
the newest alternative fuel school buses approached the fuel economy (6 miles per 
gallon), on an energy-equivalent basis, of the newest diesel engines (CEC, 1999). A 
recent evaluation of transit buses reported that natural gas averaged 17 percent lower 
fuel economy than diesel (Frailey et al., 2000). A DOE study on refuse haulers found 
that the fuel economy of natural gas vehicles was 5 to 20 percent lower than comparable 
diesel vehicles, with a median of 12.5 percent (DOE, 1997). We applied the results of 
the DOE refuse study, which represented the mid-range estimate of natural gas fuel 
economy relative to diesel, and assumed that the fuel economy of natural gas vehicles 
would be 12.5 percent lower than diesel school buses. 

Gasoline Fuel Economy. In MOBILE6, EPA assumes that gasoline school buses 
would have about the same fuel economy as diesel vehicles (EPA, 1998). However, 
diesel engines should have higher fuel economy for two reasons. First, diesel 
compression ignition engines are inherently more fuel effi cient than spark-ignited 
gasoline engines, and second, diesel has a higher energy content per gallon. We 
assume that EPA’s fuel economy data for the lightest heavy-duty vehicles, Class 2b 
vehicles (which include pick-ups), is more reliable than the data for other heavy-duty 
vehicles. We compared the difference in fuel economy between Class 2b gasoline 
and diesel vehicles, and assumed that their relative difference would also be refl ected 
in the fuel economy of school buses (Figure A-4). Using this formula, gasoline 
engines have about 21 percent lower fuel economy than diesel engines on a miles 
per gallon basis.
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APPENDIX B

Results, Emission Factors, and Data Sources

etatS loohcS#
sesuB

1002nidesaeleRsnoT

CHMN xON gomS OC MP GHG

amabalA 369,6 581 621,1 113,1 770,2 13 582,751

aksalA 250,1 17 371 442 031,1 7 749,52

anozirA 676,6 923 541,1 374,1 996,4 94 904,951

sasnakrA 833,6 864 269 034,1 099,7 62 540,951

ainrofilaC 091,42 261,1 796,4 958,5 681,41 522 918,485

odaroloC 897,5 073 289 253,1 427,5 14 633,341

tucitcennoC 232,5 231 398 520,1 363,1 83 513,421

erawaleD 955,1 22 952 182 28 8 656,43

aibmuloCfotcirtsiD 256 9 311 221 43 4 607,41

adirolF 292,02 815 605,3 420,4 061,5 431 781,364

aigroeG 978,41 415 316,2 721,3 241,6 411 150,843

iiawaH 497 41 241 751 16 8 523,81

ohadI 837,2 511 064 575 295,1 81 787,46

sionillI 100,81 416 849,2 265,3 696,7 601 464,424

anaidnI 461,31 162 152,2 215,2 087,1 09 342,203

awoI 138,5 542 169 602,1 753,3 93 388,041

sasnaK 074,6 072 220,1 292,1 249,3 03 086,351

ykcutneK 964,9 185 674,1 750,2 984,9 84 665,922

anaisiuoL 015,7 045 012,1 057,1 429,8 64 049,581

eniaM 246,2 901 744 655 284,1 81 430,36

dnalyraM 971,7 701 591,1 203,1 124 04 494,061

sttesuhcassaM 794,8 471 734,1 116,1 303,1 74 067,191

nagihciM 787,51 415 447,2 952,3 699,5 901 974,663

atosenniM 806,01 324 578,1 892,2 844,5 28 970,152

ippississiM 435,5 281 578 650,1 453,2 92 929,921

iruossiM 280,21 782 300,2 092,2 978,2 66 199,572

Table B-1. Annual Pollution from State School Bus Fleets
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Table B-1. Annual Pollution from State School Bus Fleets (continued)

etatS loohcS#
sesuB

1002nidesaeleRsnoT

CHMN xON gomS OC MP GHG

anatnoM 661,2 731 863 505 841,2 51 141,35

aksarbeN 455,2 841 114 955 843,2 51 049,16

adaveN 238,1 58 723 214 651,1 51 854,34

erihspmaHweN 344,2 08 524 605 349 71 818,65

yesreJweN 182,91 407 603,3 010,4 708,8 831 134,554

ocixeMweN 930,3 031 715 746 587,1 12 080,27

kroYweN 594,54 971,1 123,8 005,9 291,01 573 960,940,1

aniloraChtroN 021,31 242 204,2 446,2 270,1 59 152,792

atokaDhtroN 458,1 77 672 353 251,1 7 518,44

oihO 240,81 588 961,3 450,4 295,21 031 798,924

amohalkO 064,7 305 231,1 636,1 223,8 24 437,781

nogerO 640,6 162 089 142,1 266,3 63 111,141

ainavlysnneP 472,91 415 612,3 927,3 224,5 211 685,934

dnalsIedohR 836,1 14 092 133 373 21 515,73

aniloraChtuoS 985,5 491 791,1 193,1 808,1 26 775,331

atokaDhtuoS 026,1 601 862 373 686,1 01 257,93

eessenneT 763,7 731 281,1 913,1 379 54 654,171

saxeT 533,33 763,1 614,5 387,6 557,81 802 469,787

hatU 150,2 27 163 334 048 61 750,84

tnomreV 643,1 64 232 872 935 01 596,13

anigriV 908,11 524 860,2 394,2 941,5 29 606,872

notgnihsaW 619,8 845 045,1 880,2 635,8 66 488,512

ainigriVtseW 206,3 631 826 467 247,1 62 377,48

nisnocsiW 185,21 374 711,2 195,2 161,6 28 576,492

gnimoyW 757,1 811 792 414 278,1 21 382,34

latoTSU 451,454 528,61 959,77 487,49 243,312 211,3 579,276,01
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Table B-2. Annual Pollution from Average School Bus 

etatS
1002nidesaeleRsdnuoP

CHMN xON gomS OC MP GHG

amabalA 35 323 773 695 9 771,54

aksalA 431 033 464 841,2 21 923,94

anozirA 89 343 144 804,1 51 657,74

sasnakrA 841 403 154 125,2 8 881,05

ainrofilaC 69 883 484 371,1 91 253,84

odaroloC 821 933 664 579,1 41 344,94

tucitcennoC 15 143 293 125 41 125,74

erawaleD 92 333 163 501 11 064,44

aibmuloCfotcirtsiD 82 643 473 301 11 011,54

adirolF 15 643 793 905 31 256,54

aigroeG 96 153 024 628 51 487,64

iiawaH 63 953 593 451 91 851,64

ohadI 48 633 024 361,1 31 423,74

sionillI 86 823 693 558 21 061,74

anaidnI 04 243 283 072 41 029,54

awoI 48 033 414 151,1 31 223,84

sasnaK 38 613 993 912,1 9 505,74

ykcutneK 321 213 434 400,2 01 884,84

anaisiuoL 441 223 664 773,2 21 815,94

eniaM 38 833 124 221,1 31 717,74

dnalyraM 03 333 363 711 11 217,44

sttesuhcassaM 14 833 973 703 11 631,54

nagihciM 56 843 314 067 41 824,64

atosenniM 08 353 334 720,1 61 833,74

ippississiM 66 613 283 158 01 759,64

iruossiM 84 233 973 774 11 686,54
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Table B-2. Annual Pollution from Average School Bus (continued)

etatS
1002nidesaeleRsdnuoP

CHMN xON gomS OC MP GHG

anatnoM 621 043 664 389,1 41 860,94

aksarbeN 611 223 834 838,1 21 405,84

adaveN 29 753 944 262,1 61 344,74

erihspmaHweN 66 843 414 277 41 515,64

yesreJweN 37 343 614 419 41 142,74

ocixeMweN 68 043 624 571,1 41 734,74

kroYweN 25 663 814 844 61 811,64

aniloraChtroN 73 663 304 361 41 313,54

atokaDhtroN 38 792 183 342,1 7 443,84

oihO 89 153 944 693,1 41 556,74

amohalkO 531 403 834 132,2 11 133,05

nogerO 68 423 114 112,1 21 976,64

ainavlysnneP 35 433 783 365 21 416,54

dnalsIedohR 05 453 504 554 41 508,54

aniloraChtuoS 07 824 894 746 22 008,74

atokaDhtuoS 031 133 164 280,2 31 670,94

eessenneT 73 023 853 362 21 655,64

saxeT 28 523 704 521,1 21 572,74

hatU 07 253 224 918 61 268,64

tnomreV 86 543 314 108 51 590,74

anigriV 27 053 224 278 61 581,74

notgnihsaW 321 543 864 519,1 51 624,84

ainigriVtseW 57 943 424 769 41 070,74

nisnocsiW 57 733 214 979 31 448,64

gnimoyW 431 833 274 131,2 41 962,94

latoTSU 47 343 714 939 41 200,74
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Table B-3. State School Bus Fuel Choice and Age Distribution

etatS
noitubirtsiDegAsuB eciohCleuF

erofeB
7791

ot7791
0991

retfA
0991 leseiD enilosaG rehtO

amabalA %0.0 %1.51 %9.48 %29 %8 %0.0

aksalA %0.0 %5.74 %5.25 %17 %92 %0.0

anozirA %9.0 %5.04 %5.85 %08 %71 %43.3

sasnakrA %0.0 %9.64 %1.35 %06 %04 %0.0

ainrofilaC %5.5 %7.24 %8.15 %58 %21 %85.2

odaroloC %0.0 %9.25 %1.74 %27 %82 %71.0

tucitcennoC %0.1 %7.22 %3.67 %39 %6 %71.0

erawaleD %0.0 %6.0 %4.99 %001 %0 %0.0

aibmuloCfotcirtsiD %0.0 %0.0 %0.001 %001 %0 %0.0

adirolF %0.0 %3.71 %7.28 %59 %5 %20.0

aigroeG %0.0 %1.63 %9.36 %98 %11 %10.0

iiawaH %0.0 %2.03 %8.96 %89 %2 %0.0

ohadI %40.0 %2.33 %8.66 %48 %61 %0.0

sionillI %7.0 %5.33 %8.56 %28 %81 %0.0

anaidnI %0.0 %3.71 %7.28 %39 %6 %70.1

awoI %0.0 %6.34 %4.65 %67 %42 %0.0

sasnaK %0.0 %5.23 %5.76 %87 %22 %0.0

ykcutneK %0.0 %9.03 %1.96 %37 %72 %0.0

anaisiuoL %0.4 %9.34 %1.25 %07 %03 %0.0

eniaM %0.0 %4.14 %6.85 %18 %91 %0.0

dnalyraM %0.0 %9.01 %1.98 %89 %2 %0.0

sttesuhcassaM %0.0 %8.81 %2.18 %59 %5 %50.0

nagihciM %0.0 %7.03 %3.96 %09 %01 %0.0

atosenniM %0.0 %8.93 %2.06 %78 %31 %0.0

ippississiM %0.0 %6.42 %4.57 %18 %91 %0.0

iruossiM %1.0 %9.31 %0.68 %29 %8 %0.0
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Table B-3. State School Bus Fuel Choice and Age Distribution (continued)

etatS
noitubirtsiDegAsuB eciohCleuF

erofeB
7791

ot7791
0991

retfA
0991 leseiD enilosaG rehtO

anatnoM %5.2 %2.24 %3.55 %57 %52 %0.0

aksarbeN %3.1 %1.04 %7.85 %57 %52 %0.0

adaveN %9.1 %4.14 %8.65 %88 %11 %83.0

erihspmaHweN %0.0 %8.03 %2.96 %09 %01 %0.0

yesreJweN %0.0 %9.83 %1.16 %58 %51 %0.0

ocixeMweN %0.0 %4.04 %6.95 %48 %61 %0.0

kroYweN %0..0 %2.33 %8.66 %59 %5 %90.0

aniloraChtroN %0.0 %9.03 %1.96 %99 %1 %11.0

atokaDhtroN %5.0 %9.13 %6.76 %96 %13 %23.0

oihO %0.1 %4.54 %6.35 %38 %71 %0.0

amohalkO %2.0 %0.45 %8.54 %85 %93 %22.3

nogerO %8.1 %9.22 %3.57 %18 %31 %99.5

ainavlysnneP %0.0 %9.91 %1.08 %29 %7 %76.0

dnalsIedohR %0.0 %3.82 %7.17 %59 %5 %0.0

aniloraChtuoS %0.0 %9.95 %1.04 %59 %5 %0.0

atokaDhtuoS %5.1 %2.34 %2.55 %37 %72 %0.0

eessenneT %0.0 %1.03 %9.96 %58 %51 %0.0

saxeT %7.0 %5.43 %8.46 %77 %71 %00.6

hatU %5.0 %4.73 %1.26 %98 %01 %89.0

tnomreV %0.0 %2.93 %8.06 %68 %41 %0.0

anigriV %0.0 %8.24 %2.75 %68 %41 %0.0

notgnihsaW %1.3 %9.73 %0.95 %18 %91 %90.0

ainigriVtseW %0.0 %7.83 %3.16 %78 %31 %52.0

nisnocsiW %0.0 %0.33 %0.76 %68 %41 %05.0

gnimoyW %0.0 %1.05 %9.94 %37 %72 %0.0

latoTSU %6.0 %1.33 %3.66 %68 %31 %0.1
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Table B-4. Emission Factors (in grams per mile released during 2001)

raeYledoM
sesuBloohcSleseiD

CHMN xON gomS OC MP GHG

5791 40.7 01.43 31.14 05.22 49.1 595,2

6791 00.7 11.43 01.14 24.22 49.1 165,2

7791 39.6 99.33 39.04 62.22 49.1 725,2

8791 36.6 96.23 23.93 33.12 49.1 494,2

9791 42.4 83.62 26.03 30.42 49.1 264,2

0891 01.4 15.52 16.92 31.32 49.1 034,2

1891 11.4 06.52 17.92 71.32 49.1 004,2

2891 01.4 43.52 44.92 65.22 49.1 073,2

3891 60.4 21.52 81.92 53.22 49.1 143,2

4891 30.4 29.42 59.82 79.12 49.1 313,2

5891 00.4 37.42 27.82 26.12 49.1 582,2

6891 84.3 45.42 20.82 43.12 49.1 852,2

7891 04.3 10.42 04.72 78.02 49.1 232,2

8891 93.2 12.12 06.32 51.8 12.1 602,2

9891 04.2 72.12 76.32 11.8 12.1 181,2

0991 78.1 70.61 39.71 89.7 12.1 751,2

1991 54.1 01.51 55.61 08.5 70.1 331,2

2991 84.1 34.51 09.61 98.5 70.1 901,2

3991 05.1 96.51 91.71 59.5 70.1 680,2

4991 91.1 80.61 72.71 41.4 62.0 460,2

5991 12.1 83.61 95.71 81.4 62.0 240,2

6991 32.1 07.61 39.71 22.4 62.0 020,2

7991 32.1 07.61 29.71 81.4 62.0 999,1

8991 22.1 63.31 95.41 41.4 62.0 879,1

9991 22.1 63.31 85.41 01.4 62.0 859,1

0002 12.1 63.31 75.41 50.4 62.0 839,1

1002 12.1 53.31 65.41 10.4 62.0 919,1
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Table B-4. Emission Factors (continued)

raeYledoM
sesuBloohcSsaGlarutaN

CHMN xON gomS OC MP GHG

6991 35.1 31.8 66.9 47.8 220.0 359,1

7991 25.1 31.8 56.9 27.8 220.0 539,1

8991 15.1 21.8 46.9 07.8 220.0 619,1

9991 15.1 21.8 26.9 86.8 220.0 898,1

0002 05.1 21.8 16.9 66.8 220.0 188,1

1002 94.1 11.8 06.9 46.8 220.0 468,1

raeYledoM
sesuBloohcSenilosaG

CHMN xON gomS OC MP GHG

5791 40.83 20.21 60.05 56.247 50.0 149,2

6791 26.73 19.11 35.94 93.147 50.0 209,2

7791 55.43 00.11 55.54 14.776 50.0 368,2

8791 39.23 17.01 46.34 37.546 50.0 628,2

9791 22.22 08.11 10.43 86.254 50.0 097,2

0891 19.12 43.11 52.33 15.834 50.0 457,2

1891 98.02 99.01 88.13 47.514 50.0 027,2

2891 71.02 08.01 79.03 40.993 50.0 686,2

3891 25.91 36.01 51.03 67.383 50.0 356,2

4891 61.81 53.01 15.82 38.843 50.0 126,2

5891 84.9 17.9 02.91 29.541 50.0 095,2

6891 15.8 86.9 91.81 93.121 50.0 955,2

7891 20.3 18.8 38.11 00.55 50.0 925,2

8891 23.2 38.7 61.01 42.14 50.0 305,2

9891 72.2 97.7 60.01 47.04 50.0 774,2

0991 25.1 35.5 50.7 26.22 50.0 254,2
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Table B-5. Sources of State Data

etatS sesub#latoT
teelfetatsni

egA
ybnoitubirtsid

raeyledom
egnar

-1991tliub%(
)1002

egA
ybnoitubirtsid

raeyledom
eciohcleuF sesub77-erP

rofseiciloP
sub

tnemecalper

amabalA

yesthgiLeoJ
lipuPfonimdA

noitatropsnarT
dEfotpeDLA

yesthgiLeoJ
lipuPfonimdA

noitatropsnarT
dEfotpeDLA

kloP.L.R kloP.L.R

yesthgiLeoJ
lipuPfonimdA

noitatropsnarT
dEfotpeDLA

yesthgiLeoJ
lipuPfonimdA

noitatropsnarT
dEfotpeDLA

aksalA

truocerPeoJ
lipuPfonimdA

noitatropsnarT
dEfotpeDKA

A/N kloP.L.R kloP.L.R

truocerPeoJ
lipuPfonimdA

noitatropsnarT
dEfotpeDKA

truocerPeoJ
lipuPfonimdA

noitatropsnarT
dEfotpeDKA

anozirA

ttenraBeikciV
loohcS

noitatropsnarT
fotpeDZA
ytefaScilbuP

A/N kloP.L.R kloP.L.R

ttenraBeikciV
loohcS

noitatropsnarT
fotpeDZA
ytefaScilbuP

ttenraBeikciV
loohcS

noitatropsnarT
fotpeDZA
ytefaScilbuP

sasnakrA

snommiSekiM
loohcS.drooC
noitatropsnarT
dEfotpeDRA

A/N kloP.L.R kloP.L.R

snommiSekiM
loohcS.drooC
noitatropsnarT
dEfotpeDRA

snommiSekiM
loohcS.drooC
noitatropsnarT
dEfotpeDRA

ainrofilaC

8ehtfohcaE
ehtfosnoisivid

yawhgiHAC
:lortaP

,nrehtroN
nedloG,yellaV
,lartneC,etaG

,nrehtuoS
,latsaoC,redroB

dnalnI

anahcrA
-ffO,lawargA
gniledoMdaoR
,tnemssessA&

riAAC
secruoseR

draoB

anahcrA
-ffO,lawargA
gniledoMdaoR
,tnemssessA&

riAAC
secruoseR

draoB

anahcrA
-ffO,lawargA
gniledoMdaoR
,tnemssessA&

riAAC
secruoseR

draoB

8ehtfohcaE
ehtfosnoisivid

yawhgiHAC
:lortaP

,nrehtroN
nedloG,yellaV
,lartneC,etaG

,nrehtuoS
,latsaoC,redroB

dnalnI

,neerGnhoJ
rosivrepuS

loohcSfoeciffO
noitatropsnarT
dEfotpeDAC

odaroloC

.rS,elttiLecurB
noitatropsnarT

tnatlusnoC
dEfotpeDOC

A/N kloP.L.R kloP.L.R

.rS,elttiLecurB
noitatropsnarT

tnatlusnoC
dEfotpeDOC

.rS,elttiLecurB
noitatropsnarT

tnatlusnoC
dEfotpeDOC

tucitcennoC loohcs.www
moc.teelfsub A/N kloP.L.R kloP.L.R loohcs.www

moc.teelfsub

loohcS.A/N
lipuP

noitatropsnarT
tondidrotceriD

otdnopser
royevrus

sllacdetaeper

erawaleD

,evoL.HdlanoR
rosivrepuS

lipuP
noitatropsnarT
dEfotpeDED

,evoL.HdlanoR
rosivrepuS

lipuP
noitatropsnarT
dEfotpeDED

kloP.L.R kloP.L.R

,evoL.HdlanoR
rosivrepuS

lipuP
noitatropsnarT
dEfotpeDED

,evoL.HdlanoR
rosivrepuS

lipuP
noitatropsnarT
dEfotpeDED

fotcirtsiD
aibmuloC

redniWderflA
forgMlareneG

noitatropsnarT
cilbuPCD

sloohcS

redniWderflA
forgMlareneG

noitatropsnarT
cilbuPCD

sloohcS

kloP.L.R

redniWderflA
forgMlareneG

noitatropsnarT
cilbuPCD

sloohcS

redniWderflA
forgMlareneG

noitatropsnarT
cilbuPCD

sloohcS

redniWderflA
forgMlareneG

noitatropsnarT
cilbuPCD

sloohcS
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 Table B-5. Sources of State Data (continued)

etatS sesub#latoT
teelfetatsni

egA
ybnoitubirtsid

raeyledom
egnar

-1991tliub%(
)1002

egA
ybnoitubirtsid

raeyledom
eciohcleuF sesub77-erP

rofseiciloP
sub

tnemecalper

adirolF

relgEirreT
loohcS

noitatropsnarT
dEfotpeDLF

relgEirreT
loohcS

noitatropsnarT
dEfotpeDLF

kloP.L.R kloP.L.R

relgEirreT
loohcS

noitatropsnarT
dEfotpeDLF

dooHselrahC
,rotceriD
tnedutS

noitatropsnarT
dEfotpeDLF

aigroeG loohcs.www
moc.teelfsub A/N kloP.L.R kloP.L.R

ttennoBlliB
&hcraeseR
noitaulavE
tsilaicepS

lipuP
noitatropsnarT
dEfotpeDAG

ttennoBlliB
&hcraeseR
noitaulavE
tsilaicepS

lipuP
noitatropsnarT
dEfotpeDAG

iiawaH

,onakOegroeG
tnedutS,rgM
noitatropsnarT

secivreS
dEfotpeDIH

A/N kloP.L.R kloP.L.R

,onakOegroeG
tnedutS,rgM
noitatropsnarT

secivreS
dEfotpeDIH

,onakOegroeG
tnedutS,rgM
noitatropsnarT

secivreS
dEfotpeDIH

ohadI

waDettenyL
lipuP

noitatropsnarT
tsilaicepS

dEfotpeDDI

waDettenyL
lipuP

noitatropsnarT
tsilaicepS

dEfotpeDDI

kloP.L.R kloP.L.R

waDettenyL
lipuP

noitatropsnarT
tsilaicepS

dEfotpeDDI

waDettenyL
lipuP

noitatropsnarT
tsilaicepS

dEfotpeDDI

sionillI

,ortePadivlA
lacsiFnirP

viD,tnatlusnoC
&gnidnuF

scvSsrubsiD
draoBetatSLI

noitacudEfo

A/N kloP.L.R kloP.L.R

,ortePadivlA
lacsiFnirP

viD,tnatlusnoC
&gnidnuF

scvSsrubsiD
draoBetatSLI

noitacudEfo

,ortePadivlA
lacsiFnirP

viD,tnatlusnoC
&gnidnuF

scvSsrubsiD
draoBetatSLI

noitacudEfo

anaidnI
-.etats.eod.www

/ytefas/su.ni
lmth.tprlipup

-.etats.eod.www
/ytefas/su.ni
"lmth.tprlipup

kloP.L.R kloP.L.R

,retxaBeteP
rotceriD

loohcSfoviD
ytefaSciffarT
dEfotpeDNI

,retxaBeteP
rotceriD

loohcSfoviD
ytefaSciffarT
dEfotpeDNI

awoI

,yoVyrreT
tnatlusnoC

tnedutS
noitatropsnarT
dEfotpeDAI

,yoVyrreT
tnatlusnoC

tnedutS
noitatropsnarT
dEfotpeDAI

kloP.L.R kloP.L.R

,yoVyrreT
tnatlusnoC

tnedutS
noitatropsnarT
dEfotpeDAI

,yoVyrreT
tnatlusnoC

tnedutS
noitatropsnarT
dEfotpeDAI

sasnaK

,tdrahtulByrraL
rotceriD

suBloohcS
ytefaS

tinUnoitacudE
dEfotpeDSK

A/N kloP.L.R kloP.L.R

,tdrahtulByrraL
rotceriD

suBloohcS
ytefaS

tinUnoitacudE
dEfotpeDSK

,tdrahtulByrraL
rotceriD

suBloohcS
ytefaS

tinUnoitacudE
dEfotpeDSK

ykcutneK

eocsoRleahciM
lipuPforotceriD

noitatropsnarT
dEfotpeDYK

eocsoRleahciM
lipuPforotceriD

noitatropsnarT
dEfotpeDYK

kloP.L.R kloP.L.R

eocsoRleahciM
lipuPforotceriD

noitatropsnarT
dEfotpeDYK

mungaMevaD
dEfo.peDYK
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 Table B-5. Sources of State Data (continued)

etatS sesub#latoT
teelfetatsni

egA
ybnoitubirtsid

raeyledom
egnar

-1991tliub%(
)1002

egA
ybnoitubirtsid

raeyledom
eciohcleuF sesub77-erP

rofseiciloP
sub

tnemecalper

anaisiuoL

osruOyrraL
loohcS

noitatropsnarT
rosivrepuS
dEfotpeDAL

osruOyrraL
loohcS

noitatropsnarT
rosivrepuS
dEfotpeDAL

kloP.L.R kloP.L.R

osruOyrraL
loohcS

noitatropsnarT
rosivrepuS
dEfotpeDAL

xuaenoicShteB
dEfoviD

ecnaniF
dEfotpeDAL

eniaM

yevraH
namtaoB

forotceriD
noitatropsnarT
dEfotpeDEM

tcirtsidroF
:sesubdenwo

yevraH
namtaoB

forotceriD
noitatropsnarT
dEfotpeDEM

kloP.L.R kloP.L.R

yevraH
namtaoB

forotceriD
noitatropsnarT
dEfotpeDEM

yevraH
namtaoB

forotceriD
noitatropsnarT
dEfotpeDEM

dnalyraM

weksAaicirtaP
lipuP

noitatropsnarT
dEfotpeDDM

weksAaicirtaP
lipuP

noitatropsnarT
dEfotpeDDM

kloP.L.R kloP.L.R

weksAaicirtaP
lipuP

noitatropsnarT
dEfotpeDDM

weksAaicirtaP
lipuP

noitatropsnarT
dEfotpeDDM

-assaM
sttesuhc

leahciM
yenaveD

reganaMeciffO
elciheV

noitcepsnI
secivreS

foyrtsigeRAM
selciheVrotoM

A/N kloP.L.R kloP.L.R

leahciM
yenaveD

reganaMeciffO
elciheV

noitcepsnI
secivreS

foyrtsigeRAM
selciheVrotoM

navilluSyaJ
loohcS,rotceriD

ssenisuB
secivreS

dEfotpeDAM

nagihciM subloohcs.www
moc.teelf A/N kloP.L.R kloP.L.R subloohcs.www

moc.teelf

nasuS
,riD,nosrednA
troppuSloohcS

secivreS
dEfotpeDIM

atosenniM
rehcsiFboB
fotpeDNM
ytefaScilbuP

A/N kloP.L.R kloP.L.R
rehcsiFboB
fotpeDNM
ytefaScilbuP

rehcsiFboB
fotpeDNM
ytefaScilbuP

ippississiM

dranoeL
,yelliwS

lipuP,rotceriD
noitatropsnarT
dEfotpeDSM

dranoeL
,yelliwS

lipuP,rotceriD
noitatropsnarT
dEfotpeDSM

kloP.L.R kloP.L.R

dranoeL
,yelliwS

lipuP,rotceriD
noitatropsnarT
dEfotpeDSM

dranoeL
,yelliwS

lipuP,rotceriD
noitatropsnarT
dEfotpeDSM

iruossiM

knilCarbeD
secivreSloohcS

&melEfotpeD
noitacudEceS

knilCarbeD
secivreSloohcS

&melEfotpeD
noitacudEceS

kloP.L.R kloP.L.R

knilCarbeD
secivreSloohcS

&melEfotpeD
noitacudEceS

knilCarbeD
secivreSloohcS

&melEfotpeD
noitacudEceS

anatnoM

enixaM
tuoeguoM
foeciffOTM

cilbuP
noitcurtsnI

enixaM
tuoeguoM
foeciffOTM

cilbuP
noitcurtsnI

retfatliubsesuB
enixaM:9891
TM,tuoeguoM
cilbuPfoeciffO

.noitcurtsnI
0991-erproF

kloP.L.R,sesub

kloP.L.R

enixaM
tuoeguoM
foeciffOTM

cilbuP
noitcurtsnI

enixaM
tuoeguoM
foeciffOTM

cilbuP
noitcurtsnI

aksarbeN

,ydobnIssuR
lipuP,riD

noitatropsnarT
dEfotpeDEN

A/N kloP.L.R kloP.L.R

,ydobnIssuR
lipuP,riD

noitatropsnarT
dEfotpeDEN

,ydobnIssuR
lipuP,riD

noitatropsnarT
dEfotpeDEN
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 Table B-5. Sources of State Data (continued)

etatS sesub#latoT
teelfetatsni

egA
ybnoitubirtsid

raeyledom
egnar

-1991tliub%(
)1002

egA
ybnoitubirtsid

raeyledom
eciohcleuF sesub77-erP

rofseiciloP
sub

tnemecalper

adaveN

rednalloHanaiD
etatS,yraterceS
tnednetnirepuS

dEfotpeDVN

A/N kloP.L.R kloP.L.R

rednalloHanaiD
etatS,yraterceS
tnednetnirepuS

dEfotpeDVN

rednalloHanaiD
etatS,yraterceS
tnednetnirepuS

dEfotpeDVN

weN
erihspmaH

.RhteB
,acraMaL
rosivrepuS

lipuP
noitatropsnarT
rotoMviDHN

selciheV

A/N kloP.L.R kloP.L.R

miJrotcepsnI
narruC

ytefaSfotpeD
fonoisiviD
eciloPetatS

.RhteB
,acraMaL
rosivrepuS

lipuP
noitatropsnarT
rotoMviDHN

selciheV

yesreJweN

deeRmailliW
forosivrepuS

snoitarepO
fotpeDJN

selciheVrotoM

A/N kloP.L.R kloP.L.R subloohcs.www
moc.teelf

,riD,slleWadniL
tnedutSfocfO
noitatropsnarT
dEfotpeDJN

ocixeMweN
zitrOotiT

noitatropsnarT
dEfotpeDMN

A/N kloP.L.R kloP.L.R
zitrOotiT

noitatropsnarT
dEfotpeDMN

zitrOotiT
noitatropsnarT
dEfotpeDMN

kroYweN loohcs.www
moc.teelfsub

tcirtsidroF
:sesubdenwo

nibroCneraK
diAetatS

dEfotpeDYN

kloP.L.R kloP.L.R

:sesub#
subloohcs.www

moc.teelf
:sesub77-erP
,nibroCneraK

diAetatS
dEfotpeDYN

kcidEnoiraM
rotceriDetatS
dEfotpeDYN

htroN
aniloraC

maharGkereD
,feihCnoitceS
noitatropsnarT

fotpeDCN
cilbuP

noitcurtsnI

maharGkereD
,feihCnoitceS
noitatropsnarT

fotpeDCN
cilbuP

noitcurtsnI

maharGkereD
,feihCnoitceS
noitatropsnarT

fotpeDCN
cilbuP

noitcurtsnI

kloP.L.R

maharGkereD
,feihCnoitceS
noitatropsnarT

fotpeDCN
cilbuP

noitcurtsnI

maharGkereD
,feihCnoitceS
noitatropsnarT

fotpeDCN
cilbuP

noitcurtsnI

atokaDhtroN

,riD,rekceDmoT
suBloohcS

noitatropsnarT
fotpeDDN

cilbuP
noitcurtsnI

,riD,rekceDmoT
suBloohcS

noitatropsnarT
fotpeDDN

cilbuP
noitcurtsnI

launnaemoS
moTmorfatad
,riD,rekceD
suBloohcS

,noitatropsnarT
fotpeDDN

cilbuP
noitcurtsnI

foredniameR
.L.Rmorfatad

kloP

,riD,rekceDmoT
suBloohcS

noitatropsnarT
fotpeDDN

cilbuP
noitcurtsnI

,riD,rekceDmoT
suBloohcS

noitatropsnarT
fotpeDDN

cilbuP
noitcurtsnI

,riD,rekceDmoT
suBloohcS

noitatropsnarT
fotpeDDN

cilbuP
noitcurtsnI

oihO

lednarBloraC
tnedutS

noitatropsnarT
loohcSfoviD

ecnaniF
dEfotpeDHO

A/N kloP.L.R kloP.L.R

lednarBloraC
tnedutS

noitatropsnarT
loohcSfoviD

ecnaniF
dEfotpeDHO

lednarBloraC
tnedutS

noitatropsnarT
loohcSfoviD

ecnaniF
dEfotpeDHO
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 Table B-5. Sources of State Data (continued)

etatS sesub#latoT
teelfetatsni

egA
ybnoitubirtsid

raeyledom
egnar

-1991tliub%(
)1002

egA
ybnoitubirtsid

raeyledom
eciohcleuF sesub77-erP

rofseiciloP
sub

tnemecalper

amohalkO

narreLcMydnaR
noitatropsnarT

rotceriD
dEfotpeDKO

narreLcMydnaR
noitatropsnarT

rotceriD
dEfotpeDKO

ot0991morF
ydnaR:9991
,narreLcM

noitatropsnarT
KO,rotceriD

dEfotpeD
foredniameR
.L.Rmorfatad

kloP

kloP.L.R

narreLcMydnaR
noitatropsnarT

rotceriD
dEfotpeDKO

narreLcMydnaR
noitatropsnarT

rotceriD
dEfotpeDKO

nogerO

nlocniLharobeD
lipuPforotceriD

noitatropsnarT
dEfotpeDRO

nlocniLharobeD
lipuPforotceriD

noitatropsnarT
dEfotpeDRO

kloP.L.R kloP.L.R

nlocniLharobeD
lipuPforotceriD

noitatropsnarT
dEfotpeDRO

nlocniLharobeD
lipuPforotceriD

noitatropsnarT
dEfotpeDRO

ainavlysnneP

.PsemaJ
trawroD

lipuP,drooC
noitatropsnarT
dEfotpeDNP

rotcartnocroF
:ylnosesub

.PsemaJ
trawroD

lipuP,drooC
noitatropsnarT
dEfotpeDNP

kloP.L.R kloP.L.R loohcs.www
moc.teelfsub

.PsemaJ
trawroD

lipuP,drooC
noitatropsnarT
dEfotpeDNP

dnalsIedohR

naloDselrahC
rotartsinimdA
fonoisiviDIR
selciheVrotoM

naloDselrahC
rotartsinimdA
fonoisiviDIR
selciheVrotoM

kloP.L.R kloP.L.R

naloDselrahC
rotartsinimdA
fonoisiviDIR
selciheVrotoM

illedraNevetS
ottssAlaicepS
renoissimmoC
evitalsigeLrof

snoitaleR
dEfotpeDIR

htuoS
aniloraC

roduTdlanoD
forotceriD

noitatropsnarT
dEfotpeDCS

roduTdlanoD
forotceriD

noitatropsnarT
dEfotpeDCS

roduTdlanoD
forotceriD

noitatropsnarT
dEfotpeDCS

roduTdlanoD
forotceriD

noitatropsnarT
dEfotpeDCS

roduTdlanoD
forotceriD

noitatropsnarT
dEfotpeDCS

roduTdlanoD
forotceriD

noitatropsnarT
dEfotpeDCS

htuoS
atokaD

tdolGeinnoB
fo.tpeDDS

selciheVrotoM

tdolGeinnoB
fo.tpeDDS

selciheVrotoM
kloP.L.R

tdolGeinnoB
fo.tpeDDS

selciheVrotoM

tdolGeinnoB
fo.tpeDDS

selciheVrotoM

namoTellenaJ
lipuPforotceriD

noitatropsnarT
dEfoviDDS

eessenneT

nworBassileM
hcraeseRforiD

lipuP
noitatropsnarT
dEfotpeDNT

nworBassileM
hcraeseRforiD

lipuP
noitatropsnarT
dEfotpeDNT

nworBassileM
hcraeseRforiD

lipuP
noitatropsnarT
dEfotpeDNT

kloP.L.R

nworBassileM
hcraeseRforiD

lipuP
noitatropsnarT
dEfotpeDNT

nworBassileM
hcraeseRforiD

lipuP
noitatropsnarT
dEfotpeDNT

saxeT

noxiDmaS
loohcS

noitatropsnarT
tinU

noitacudEXT
ycnegA

noxiDmaS
loohcS

noitatropsnarT
tinU

noitacudEXT
ycnegA

kloP.L.R kloP.L.R

noxiDmaS
loohcS

noitatropsnarT
tinU

noitacudEXT
ycnegA

noxiDmaS
loohcS

noitatropsnarT
tinU

noitacudEXT
ycnegA
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 Table B-5. Sources of State Data (continued)

etatS sesub#latoT
teelfetatsni

egA
ybnoitubirtsid

raeyledom
egnar

-1991tliub%(
)1002

egA
ybnoitubirtsid

raeyledom
eciohcleuF sesub77-erP

rofseiciloP
sub

tnemecalper

hatU

namffuHtnerB
lipuP

noitatropsnarT
tsilaicepS

eciffOetatSTU
noitacudEfo

A/N kloP.L.R

namffuHtnerB
lipuP

noitatropsnarT
tsilaicepS

eciffOetatSTU
noitacudEfo

namffuHtnerB
lipuP

noitatropsnarT
tsilaicepS

eciffOetatSTU
noitacudEfo

namffuHtnerB
lipuP

noitatropsnarT
tsilaicepS

eciffOetatSTU
noitacudEfo

tnomreV
rehciRnoR
fotpeDTV

selciheVrotoM
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