
Chapter 4 

Safer Food and Public Health 

The Clinton Administration brought great change to the regulation of pesticides and toxic 

chemicals, which resulted in stronger protections of public health, especially for children. 

Essential to that change was a new law, a scientific review of the older pesticides, cancellations of 

products deemed unsafe and a process that involved everyone: consumers, health experts, farmers 

and chemical producers. 

In the opening months of the Clinton Administration, the National Academy of Sciences 

(NAS) issued a report, which concluded that the scientific and regulatory approaches to pesticide 

regulation and food safety did not adequately protect infants and children. In response, EPA, the 

Department of Agriculture and the Food and Drug Administration •• in cooperation with the 

White House·· developed a set of comprehensive legislative principles to strengthen the Nation's 

pesticide and food safety laws, which had not been updated in more than a generation and spoke 

only to cancer risks in processed foods. This set of principles called for a new system of 

standards for all health risks and all foods and specifically a requirement that infants and children 

be fully protected. 

These legislative principles were sent to Congress on September 1993, and proposed 

legislative language was sent to Congress on April 1994. For the next two years, Congressmen 

Henry Waxman, D·Ca., and Tom Bliley, R·Va., worked with Administration representatives from 

the White House, EPA, the Department of Agriculture and the Food and Drug Administration, to 

produce a bipartisan package that would receive broad support and become the Food Quality 

Protection Act of 1996 (FQPA). 
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Congress took up the Food Quality Protection Act in July 1996. The Senate debate lasted 

28 seconds -- the House debated just a little bit longer. The bill passed unanimously passed within 

days and was signed into law by President Clinton on August 3,1996. 

This landmark environmental law established stronger safety standards for an pesticides 

used on food. And for the first time in history, the special vulnerabilities of children would have 

to be explicitly considered when setting pesticide safety standards. 

'-'This legislation is long overdue," President Clinton said in his radio address that day as he 

prepared to sign the bill. "The old safeguards that protected our foods from pesticides were 

written with the best intentions, but they're simply no longer up to the job. Bad peslicides have 

stayed on the market too long, good alternatives have been kept out. There are strong 

protections against cancer, but not against other health dangers. Those weaknesses in the present 

law put us all at risk, but especially our children," 

The new act also directed EPA to revisit all existing tolerance limits for pesticide residues 

on food to ensure they met these tougher standards. At the same time, EPA was implementing its 

ongoing re-registration program to ensure that all peslicides were evaluated based on the most 

current scientific information, 

On August 2. 1999, using the new tougher slandards, EPA announced cancellation 

agreements and IJse reduction ofmethyl parathion and azinphos methyl -- two of the oldest, most 

wldely used pesticides then in use. These pesticides, known as organophospnates. can affect the 

nervous system. On December 5, 2000. EPA announced an agreement to phase~out diazinon, one 

of the most widely used pesticides in the United States. By December 2000, ofthe 45 

organophosphates 43 had been subjected to • final risk assessment. 
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By the end of the Administration, of the 612 pesticides subject to re-registration review, 

only 167 had yet to be reviewed. EPA also completed one-third of the required pesticide residue 

limit reviews under the tougher standard. 

Congrf'ssional Threats to FQPA 

In the 106111 Congress, Representative Richard W. Pombo (R-CA) and Senator Charles 

Hagel (R-NE) introduced legislation to roll back the health protections included in FQPA. A 

majority of members in both the House and Senate cosponsored the legislation that would have 

imposed new procedures on EPA when assessing risk and evaluating data in reassessing existing 

pesticide tolerances or residues. The proposed bills would have effectively constructed two 

unequal sequences of science and information requirements: One for new registrations and 

unaltered tolerances; and another more laborious process to change or cancel a tolerance. 

These bills would have defeated FQPA's primary goal of ensuring the uniform application 

of new safety standard for all pesticides used on foods. A number of members had threatened to 

attach the FQPA roll back bill on the V A-HUD Appropriations Bill or the Omnibus 

Appropriations Bill. They were unsuccessful. 

Safer Pesticides 

EPA also streamlined the registration process for reduced-risk pesticides, giving their 

applications priority treatment for review. In fact, in the final four years of the Clinton 

Administration, EPA had registered more than 100 safer pesticides and reduced-risk conventional 

chemicals. By the year 2001, over half of all new pesticide approvals were for reduced-risk, safer 

pesticides. 
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In December 1994, EPA cstablished the Pesticide Environmental Stewardship Program 

(PESP) to teach and promote safer pest control techniques with farmers, environmental groups, 

all levels of government and community groups. More than 130 partnerships were formed and 

resulted in the reduced use of chemical pesticides. For example, through the PESP program, the 

Department of Defcnse reduced their overall pesticide use by 50 percent, which meant a reduction 

of 442,000 pounds over the course of the Clinton Administration. 

Endocrine Disruptors 

As part of the growing concern that pesticides and chemicals were adversely affecting the 

endocrine (hormone) system of humans and animals, EPA went to Congress with a plan to 

research and evaluate ~his potential threat. These endocrine disrupters can damage a woman's 

reproductive system and lead to birth defects and other congenital problems in children. 

As part ofFQPA,.Congress adopted EPA's proposal to establish a screening and testing 

program to deH:rmine if pesticides and other chemicals affect the endocrine system. The screening 

and testing program established by EPA involved cutting edge science -- both by EPA and outside 

scientists. The work reflected the Clinton Administration's commitment to promoting public 

health and environmental protection using the best available science. 

Expanding Chemical Information and Public's Right to Know 

On Earth Day 1998, the Vice President launched the Chemical RighHo-Know Initiative to 

respond to studies that determined that very little basic toxicity information is publicly available 

on toxic 'chemicals, and that the traditional approaches to implementation of the Toxic Substances 

Control Act were not effective. This voluntary program linked two major themes driving EPA's 

efforts: identification of and protection from chemical hazards; and a commitment to increase the 
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public's nght-to-know. The goals of this initiative were to acquire absent chemical data and make 

basic information available to the public on chemicals routinely used in the U.S. The program 

incorporated a combination ofvoluntary and regulatory approaches to encourage industry to 

voluntarily sponsor chemicals to fill the gaps in missing test data. EPA proposed test rules that 

sought basic screening-level data on chemicals not captured in the voluntary program, At the end 

of2000, more than 469 companies, either individually or as part of] 61 consortia, had agreed to 

test over 2,155 high volume chemicals. The goal is to have all the information available by 2004. 

Consumer Labeling Initiative (eLi) 

To further increase information available to the public. the Consumer Labeling Initiative 

(ell) was introduced in March 1996 to foster pollution prevention, empower consumer choice 

and improve consumer understanding of safe use, environmental, and health information on 

household consumer product labels. The initiative was a voluntary partnership involving EPA, 

other government agencies, companies that make and distribute 11Ousehoid cleaners and 

pesticides, and vanous stakeholders. In 2000 the first redesigned labels hit product shelves and 

EPA launched the "READ tne Label First" campaign, a public outreach effort to assist consumers 

in choosing the right product for their needs -- keeping 1hemselves. their children and their pets 

safe, while also saving money and helping the environment 

Proteding Pesticide Worker~ 

While regulations protecting farm worker from pesticide exposure had been in 

development since the J970s, the Clinton Administration successfully finalized and implemented 

the program, providing enhanced protection to thousands orfarm workers. In 1994, EPA fought 

off Congressional attempts to weaken and delay the program. EPA required updated pesticide 
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labels with new worker protection information and also produced and distributing bilingual or 

multi-lingual educational materials about pesticide safety. These efforts include the publication of 

more than j one million grower compliance manuals, 2.7 million safety training manuals, 680,000 

safety posters and more than 11,000 safety training videos and training sessions to learn or review 

the appropriate methods for applying pesticides, 
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Chapler 5 

Enfor(,;ement and Compliance Assistance 

One ofthe earliest actions oftbe Clinton Administration was a reorganization of EPA's 

enforcement efforts, Vice President Gore. in a personal visit with EPA senior career managers, 

announced a consolidated and strengthened Office ofEnforccment complemented by compliance 

incentives and compliance assistance -~ an approach designed to allow EPA to heJp businesses 

understand and meet their obligations) and to provide strong federal enforcement to ensure that 

no unfair competitive advantages were obtained by those not meeting their environmental 

protection requirements. 

The result was a new Office of Enforcement and Compliance Assurance (OECA), which 

enjoyed unprecedented success. By the end of the Administration, EPA was collecting the largest 

penalties ever paid under each environmental statute it enforced. It was also securing more 

injunctive relief than ever, achieving the greatest emissions and discharge reductions, obtainlng 

longer jail sentences. entering into more Hldlily·wide consent decrees that addressed all pollution 

sources at a facility, and providing new levels of compliance assistance and incentives. 

From 198.1 to 1993, the organi7.ation of EPA's enforcement program was largely 

decentralized, Attorneys and media~specific (i.e., air, water, toxies) technical compliance staff 

were divided among the individual media program offices and regional media offices. Only cross~ 

cutting policy and judicial cases were coordinated through the Office of Enforcement. 

While this method oforganization and strategic approach was generally successful in 

resolving specific violations and providing a general enforcement "presence,'.' it had several major 

limitations, First, it was difficult to prioritize or effectively address violations based on 
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considerations of environmental "risk" or significant impact on public health and the environment. 

Second. it was difficult to analyze regulated sectors as a whole in order to develop integrated 

strategies to promote overall compliance. Third. it was difficult to measure or assess overall 

improvements in environmental quality and compliance rates. 

The Oflice of Enforcement and Compliance Assurance was reorganized to consolidate all 

its activities to a single headquarters organization. The reorganization provided the opportunity 

to improve the effectiveness of traditional enforcement activities and develop new approaches to 

compliance incentives and compliance assistance. 

From 1996 through 1999, EPA actions resulted in emission reductions of 5.8 billion 

pounds of nitrogen oxide, more than 409 million pounds of carbon monoxide and the elimination 

of more than 700 million pounds of PCB-contaminated material. 

In the same four-year period, EPA actions also resulted in the collection of$849 million in 

penalties, almost $500 million in supplemental environmental improvement projects beyond what 

the law mandated, and $8.7 billion to correct violations. 

Targeted Enforcement 

With the reorganization, OECA undertook a new enforcement strategy. It shifted its 

focus from pursuing individual cases, hoping to achieve a general deterrent effect, to one that 

looked at combined media (air, water, waste and toxic) problems across sectors, geographic 

areas, and communities. OECA dramatically enhanced its ability to target its work to the most 

significant environmental problems and areas of high rates of noncompliance. Over time, EPA 

had increasingly come to recognize that if one or two companies in a particular sector were 

engaged in particular behaviors, than many others in that sector were likely doing the same things. 
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Similarly, certam types of violations tended to occur in particular places or regions of the country. 

This was not only bad for public health and environmental protections., but it created a fairness 

issue for those who had made the investments to comply with environmental laws 

Using advanced data techniques and analyzing factors such as risk, environmental harm. 

and length and rates of noncompliance, OECA developed compliance priorities, As part ofthi. 

strategy, OECA targeted specific geographic areas or select industry sectors where 

noncompliance patterns posed significant risks. This allowed EPA to pursue actions that would 

yield the greatest environmental benefits, including the most significant Clean Air Act 

enforcement initiatives in the history of the Agency. The actions resulted in consent decrees 

across a number of sectors, including coal·ured electric utilities. petroleum refineries, and the pulp 

and paper indu:my. 

One of the best examples of the effect of this enforcement strategy was EPA's work on 

the "'grandfathered" power plants. On ;.Jovember 3, 1999, Administrator Brovv.ner and Attorney 

General Janet Reno announced the result of the largest investigation in the history of EPA - a 

two~year operation inVOlving nearly 100 people: complaints against seven utility companies and 

17 of the coal~fired p!ants under their control who had for years been illegaUy releasing massive 

amounts ofair pollutants. Another eight coaJ~fired plants were also issued notices of violation, 

including administrative orders against the Tennessee Valley Authority. Ultimately, the number of 

actions grew to eight lawsuits and 42 plants. 

Under the 1990 amendments to the Clean Air Act, the electric utility companies were 

allowed to perfonn routine maintenance, but they were not allowed to make significant changes to 

the plant - such as increased generating capacity. increased burning of coal, or modifications that 
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prolonged the life of the plant - without seeking permits and adding state-of4the~art pollution 

control devices. When Congress amended 'he Clean Air Act in 1977, it believed the old plants 

would be replaced by newer, cleaner technologies. So it largely "grandfathered" these plants from 

meeting the tougher standards applied to new facilities, unless the facilities engaged in major 

modifications. In 1998, coal-fired plants dumped 12.4 million tons of acid rain..producing sulfur 

dioxide and 5.4 million tons ofsmog-producing nitrogen oxide into the air" 

EPA investigators found evidence that these utilities spent hundreds of millions of dollars 

mooii)'ing their plants - increasing their life and increasing their pollution without applying for 

permil£, without public notice and without installing pollution control techno!ogy required by law. 

One plant spent $60 million on five new furnaces. Another spent $10 million on 10 new burners. 

In 2000. EPA reached landmark agreements with three power companies - Tampa 

Electric Company. Virginia Power. and Cinergy Corporation - system wide agreements which 

together could yield hundreds of1housands of tons ofreductions in sulfur dioxide and nitrogen 

oxide emissions annually. The other suits were still ongoing. 

Throughout th~ Administration, severallarge~scale cases produced unprecedented results, 

In July 1997, a judge ordered Smithfield Foods to pay $12.6 million for over 6,900 violations of 

the Clean Water Act at its hog slaughterhouse operations in Smithfield. Virginia. At the time of 

the violations, the facilities were illegally discharging over 1 million gaJlons of wastewater per day 

into the Pagan River, a tributary of the James River which flowed into the Chesapeake Bay. The 

State of Virginia had declined to act so EPA stepped in, 

In October 1998, EPA reached a settlement with seven major diesel engine manufacturers 

that had illegally installed defeat devices to disable emission ~ontrol systems" The settlement 

71 




would ultimately prevent 75 million tons of nitrogen oxide emissions from entering the 

atmosphere by the year 2025 and included $83.4 million in penalties. 

In January 2000, Koch Industries agreed to pay $30 million - the largest civil fine ever 

imposed under a federal environmental law ~~ to settle claims related to more than 300 oil spills. 

Koch was also required to spend $5 million on environmental projects. 

In July 2000, EPA settled with Willamette Industries for failing to obtain Clean Air Act 

permits at J3 facilities in four states. The company agreed to pay $11 ,2 million, the largest Clean 


Atr Act civil penalty ever assessed for factory emissions ofair pollution. The penalty was shared 


, with the three states that joined EPA in the suit. The new pollution control equipment required by 


the seUlement would prevent the release of approximately 27,000 tons ofpollutants. 

Compliance Assistance and Incentives 

As EPA reorganiz.ed its enforcement programs, it recognized that enforcement actions 

alone could not assure compliance across the regulated community. Thus. as part oflbe 

reorganization, EPA also created an extensive sector-based approach to compliance assistance, 

This approach focused Agency efforts on developing industry~based strategies to improve 

compliance in ways that were cheaper, cleaner and smarter, EPA created 10 Compliance 

Assistance Centers, Each Center was targeted to a specific industry or local government sector 

and worked to explain, in plain language, 1he federal environmental regulations that applied to 

that sector, During the Administration, those centers were visited on average more than 700 

times a day by small and large businesses, farmers:. local governments, technical assistance 

providers and the public, resulting in positive change, Based on an on.:.line Centers survey, more 

than 70 percent of the respondents said they took one or more of actions as a result of visiting a 
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Compliance Center. These actions included changing a production process; changing how they 
, 

handled waste; obtaining a required permit; and/or contacting a regulatory agency for more 

information or requested technical assistance from EPA. Vice President Gore's National 

Performance Review recognized the Compliance Assistance Centers in 1996 with a Hammer 

Award. 

Audit I)olicy 

Recognizing that many companies were prepared to "get right," EPA developed the Self-

Disclosure (or Audit) Policy, which provided incentives for self-disclosure and correction of 

environmental violations. Companies that self-policed and discovered environmental violations 

and promptly disclosed their violations to EPA could receive a partial or complete waiver of 

penalties. By 2000, more than 670 companies had disclosed violations at more than 2700 

facilities. American Airlines alone eliminated nearly 700 tons of air pollutants annually. 

Several states sought to develop their own audit programs. While EPA consistently 

supported state policies that provided incentives for self-disclosure of environmental violations, it 

did not approv(~ of audit laws which undermined a state's enforcement authority by providing 

loopholes that allowed polluters to hide important information from the state and its citizens, or 

limit the state's ability to respond to serious threats to public health and the environment. Over 

the years, a number of states had enacted self-audit laws with positive results. Regrettably, some 

of these laws had provisions that allowed companies to keep information on harmful pollution and 

public health effects secret, or provided broad immunity for environmental crimes. EPA's 

position was that these provisions were not in the best interests of the public, and oftentimes were 

in potential violation offederal environmental programs for which the states had accepted 
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responsibility to manage. Of particular concern to EPA were laws and programs developed in 

Texas, Michigan, Ohio and Colorado. EPA worked to close the loopholes in those laws to ensure 

.that businesses could operate in an atmosphere that encouraged. voluntary self-po1idng, assured 

citizens that they would have access to important information., and ensure serious violations 

would be dealt with appropriately, 

Policing Polluters 

During the Clinton Administration, EPA doubled the number ofcriminal investigators and 

completed many high-impact prosecutions, including a record 208 years ofjail time imposed on 

criminal defendants in 1999. EPA's criminal enforcement program investigated and prosecuted 

environmental (:rimes that seriously threatened or harmed public health and the environment. 

Successful investigations encompassed a wide range of criminal activities, induding toxic waste 

dumping that resulted in serious injuries and death; industry-wide ocean dumping by cruise ships; 

oil spills that caused significant damage to waterways. wetlands, and beaches; international 

smuggling of chlorofluorocarbon (CFC) refrigerants that damaged the ozone layer and increased 

skin cancer risk~ and illegal handling of hazardous substances, such as pesticides and asbestos. that 

exposed children and other vulnerable groups to potentially serious illness. 

Successful prosecutions included Alan Elias, the owner and operator ofEvergreen 

Resources, who was sentenced by a federal district court in April 2000 to serve 17 years in prison 

for environmental violations that left one of his employees with permanent and severe brain 

damage. Royal Caribbean Cruise Lines pled guilty to illegally dumping oil and hazardous 

chemicals into 1he ocean and was ordered to pay fines totaling $27 million. [n some cases, Royal 
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Caribbean was discharging chemicals from their on-board dry cleaning and photoprocessing 

facilities into coastal waters. 
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Chapter 6 

Scienee, Research and Development 

Recognizing that good science was critical to EPA's work, EPA took: a number ofactions 

to improve the quality and management ofits science. The C1inton Administration~s work in this 

area was recognized and lauded by the Agency's Sdence Advisory Board and the Office of 

Research and Development (ORD) Board of Scientific Counselors -- an independent advisory 

group. EPA's grouodbreaking work 00 the health hazards of fine particle matter in the air also 

received growing recognition. Numerous external scientific revic\\'s of EPA's work and other 

scientific studies also confirmed EPA's original work in that area. Changes within ORD also 

helped set a new standard for the other scientific work conducted throughout the EPA's. program 

offices and res(:arch facilities. 

Since EPA's creation in 1970, its scientific practices and results received constant 

attention -- and often criticism, Congressional oversight committees and the judiciary expressed 

concern over the Agency's ability to base its regulatory and enforcement actions on defensible, 

reliab1e, credible science. EPA's science had been reviewed critically in reports from the National 

Research Council, the Agency's Science Advisory Board and the General Accounting Office. 

The year before the Administration came to office, a panel was convened to report on the 

role of science at EPA. That report. Safeguarding lIre Pillure: Credible Science, Credihle 

Decisions, concluded that "EPA science is ofuneven quality, and the Agency's policies and 

regulations are frequen1ly perceived as lacking a strong scientific foundation," . 
Paramount among the improvements undertaken by the Administration was the adoption 

of Agency-wide peer review requirements and the increased outreach to the scientific community, 
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including the Administration's "Science to Achieve Results" (STAR) program. In January 2001, 

the EPA's independent Board of Scientific Counselors approved the second edition of the EPA 

Peer Review Handbook. 

As EPA's work became even more complex, the importance of good science only 

increased. For EPA's 'research to have credibility within the scientific community, the Agency 

recognized that its work had to withstand the rigors of scientific scrutiny. But it also knew that in 

addition to comprehensive scientific peer review, the Agency's science also had to withstand 

review by Congress, the regulated industry and the public, some of whom did not always 

understand the appropriate role of science in guiding the work of a regulatory agency or even the 

nature of scientific study, analysis and review itself. 

The work of EPA in making important public health decisions -- and yet simultaneously 

continuing to ask more scientific questions -- would only continue to grow. Opponents of EPA 

argued that as long as there was yet another study that could be done, then no decisions could be 

made. This argument ignored the fact that the very nature of science itself is to ask another 

question. 

E~A, along with other science agencies, needed to educate the public and Congress on the 

appropriate role of science - both its opportunities and its limitations. EPA's work to provide the 

protections Congress promised the American people was based on the best available science at 

that point in time, subject to a comprehensive peer review. Allowing those who would misuse the 

scientific process of asking that next question to delay action would be unfair to the public. 
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Science Management Improvements 
, 

Early in the Administration and continuing throughout, EPA commissioned a number of 

different studies and reviews of the Office of Research and Development In response to the 

recommendations received, EPA undertook a functional reorganization of its Office ofResearch 

and Developlm:nt (ORD) in 1995, This reorganization consolidated l2laboratories, three field 

stations and four assessment centers into three national research laboratories and a national 

assessment center, 

This reorganization reduced Washington, D,C" headquarters staffby half.nd established 

a National Center for Environmenta1 Research to manage a $100 million competitive research 

grants program and a $10 million competitive graduate fellowship program. 

The reorganization strengthened and e}Cpanded ORO peer-review practices for proposals, 

publications, risk assessments and laboratory programs. It also improved science quality through 

regular strategic planning based on risk assessment and risk management criteria. This allowed 

more rational and consistent prioritization of EPA's research activities and facilitated EPA's 

ability to focus on longer-term high payoffscientific issues and problems. 

In 1995, EPA established an inter-office Science Policy Council to provide a more 

integrated approach to science and technology issues and a more effective means to use science 

information in its decision~making process. The Council made notable contributions toward 

improving agency peer review, children's health assessment, risk characterization, cumulative risk 

assessment, and human health and ecologIcal risk assessment guidance. 
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Risk Analysis 

An important principle in establishing the new ORO organization was improved risk 

modeling, which consisted of two related phases -- risk assessment and risk management. Under 

the Clinton Administration, EPA adopted the risk assessment process proposed by the National 

Academy of Sciences in 1983. The new process took into account exposure assessment, hazard 

identification, dose-response assessment, and risk characterization. Risk management entails 

determining whether and how risks should be managed, reduced or prevented. 

Peer R(~view 

The central role of peer-review to excellent and relevant science was affirmed in a 

memorandum dated June 7, 1994, from Administrator Browner. The Administrator implemented 

an Agency-wide peer-review program which called for office and region-specific standard 

operating procedures. In 1995, ORO was assigned responsibility to coordinate the all of the 

Agency's scientific planning and peer-review activities. 

In 1997, the EPA Science Policy Council decided that a single, Agency-wide document 

was needed to guide Agency staff in the appropriate review of scientific and technical information. 

In response, the Science Policy Council published the first edition of its Peer Review Handbook in 

1998. The Handbook recognized that Agency peer review should not be restricted to the final 

draft of work products. It said that such reviews undertaken at the planning stage of work could 

often be extremely beneficial. 

Before the end. of the Clinton Administration, peer review of final EPA research was 

tracked closely, detailed procedures had been developed for peer review and response to 

comments, and candidate documents for peer review were evaluated annually for consistency with 
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Agency policy and record keeping, The second edition ofthe EPA Peer Review Handbook was 

approved by the Council in January 2001. 

E(:onomi(: Analysis 

At the beginning of the Clinton Administration, EPA was still using the same economic 

guidelines that had been issued ten years earlier. Recognizing the need to modernize these 

guidelines. EPA issued a new set of economic guidelines to improve the quality and consistency 

of economic analyses that support EPA's decision-making. Like any science, economics 

constantly evolved in response to new know!edge and technical innovations. 

The new economic guidelines were a critical tool for the Agency's work. They specified 

the economic principles and procedures used by EPA to evaluate the costs and benefits 

associated with environmental policies and regulations. They also specified how to analyze the 

economic impacts of decisions and assess the distribution ofcosts and benefits among various 

segments of the populations, with a special emphasis on disadvantaged and vulnerable groups. 

EPA was recognized as being a leader in this area by the Science Advisory Board. 

Advancing Science and Technology 

During the Clinton Administration, EPA researchers made significant advances in science 

and tech.nology, Examples include the areas of drinking water. clean air. ecosystem protection. 

children's health and pollution prevention. In support of the Safe Drinking Water Act, EPA 

Research improved the understanding of the risks posed by microbial pathogens and chemical 

contaminants. ORD research demonstrated potential adverse health effects of arsenic and 

chlorination by~products. EPA research also identified potentially hannful chemicals created when 

ozone is used to disinfect water, 
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EPA made advances in science for clean air. Particulate matter from power plants and 

motor vehicles posed a significant air pollution problem to the nation. EPA played a major role in 

assessing the health risks of airborne particles and understanding their sources. In 1996. EPA 

completed a comprehensive Air Quality Criteria Document that served as the scientific foundation 

for EPA's standards to control particulate matter. 

Protecting children's health by taking into account their particular sensitivities was one of 

EPA's highest prioriti~s. During the Clinton Administration. EPA made important strides in its 

research programs to better understand and respond to risks to children. In 1997, EPA revised its 

Exposure Factors Handbook to take in10 account children's unique patterns of activity. In 1998, 

EPA joined with the HHS to establish "Centers of Excellence in Children's Environmental Health 

Research" at eight leading research institutions. 

In December of 1997, EPA released its eight~volume Mercury SlIIdy Hepar/lo Congress 

that evaluated the human health and environmental impacts of mercury emissions to air resulting 

from human activity. This work became the basis for EPA's finding under the Clean Air Act that 

mercury should be regulated. 

Advancing technology to protect the environment was an important goal of EPA 

Through the Environmental Technology Verification Program, EPA was ahle to develop Iwelve 

public-private partnerships and verity sil{ty~six technologies for the marketplace. 

Oulreach 

Through creation of program. such as Ihe "Science To Achieve Results" (STAR) grants 

and graduate fellowship programs, the Agency engaged- the nation's best academic scientists in 

research to provide the basis for sound environmental decisiollS and policies. 

81 




The STAR pro'gram was one of EPA's tools for focusing on science and for improving the 

scientific basis for decisions on national environmental issues. The program worked through a 

competitive, merit-based process that encouraged the participation of the nation's best scientists. 

STAR was structured to bring new ideas and solutions to deal with current environmental 

problems, and to identify and help resolve issues likely to become environmental problems in the 

future. 

In 1998, ORO initiated a post-doctoral program designed to employ scientists and 

engineers at th{: beginning stages of their car~ers. The program provided a fresh stream of highly 

trained and motivated professionals who could apply state-of-the-science solutions to 

environmental proble~s. 
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Chapler7 

EPA and tbe Court. 

Dring the Clinton Administration, EPA and other regulatory agencies found themselves 

facing an increasingly conservative federal judiciary that was willing to revive constitutional 

theorie, briefly held .. and quickly di,carded •• during the early years of Franklin Roosevelt'. first 

term, 

For example, before Franklin Roosevelt's time, the Supreme Court had never found an act 

of Congress to be unconstitutional because Congress had given away, or "delegated," many ofits 

powers to the Executive Branch, But in 1935, the Court made such a finding. Around that time. 

the Court also restrjct~d the power ofCongress to enact Jaws ~~ and the President to enforce them 

~~ under the Int(lfstate Commerce Clause of the Constitution. That period lasted from just 1935 

to 1937, when the Coun retreated from these positions, 

But during the Clinlon Administration, both these restrictive legal theories gained currency 

again. By the end oflhe Administration, EPA and other agencies watched as legal theories, long 

thought dormant. either become precedent or awaited Supreme Court deliberation. Other legal 

theories, previously robust. changed shape significantly during this time, 

Legal Challenge. Expected 

Since EPA was founded, between 50 to 80 percent of its major regulations in any given 

year have been challenged in cOurt. Certain lawsuits filed by regulated industries or their 

representatives have aimed to reduce or delay environmental requirements. But in other cases, 

environmental groups have used (he legal system to attempt to strengthen environmental 
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protections or increase the speed at which such requirements are carried out Often EPA has been 

sued by both industry and environmental groups on the same matter" 

The 19801
5 saw the development of the "Chevron Doctrine," under which the Supreme 

Court said that lower courts should give deference to a reasonable agency interpretation of 

ambiguities in a statute as long as there waS a plausible basis for Agency's approach. Chevron 

U.S,A" Inc. v. Natural Resources Defense Council, 467 U.S. 831 (1984). 

The 1990's witnessed an erosion of this doctrine. At the same time as the Clinton 

Administration sought to apply the environmental laws to a new range of problems, and as 

Congress !argely disengaged from the task of refreshing the environmental laws to meet emerging 

challenges, courts became increasingly unwilling to acknowledge that environmental statutes may 

harbor ambiguities - and EPA received less deference as a result. Following are some of the most 

important cases the Administration faced. 

Reducing Smog and Soot 

By far the most significant legal malter faced by EPA during the Clinton Administration 

was litigation cnncerning its revised National Ambient Air Quality Standards specifYing 

permissible levols of air pollution from ozone (smog) and particulate matter (soot). These rules 

were designed to protect millions of Americans from the harmful effects of soot and smog,. such 

as lung injury. asthma problems, and premature death. The Clinton Administration had found in 

1994 that it was not credible to defend, in litigation, the Bush Administration's decision to ignore 

3,000 relevant new scientific studles. particularly those demonstrating the effects of exposure to 

ozone over a longer period of time and at lower levels. 
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A large industry coalition and severa) states sued EPA on nearly every conceivable ground 

in the U.S. Coun of Appeal. ror the D.C. Circuit to set aside EPA's revised standards. In May 

J999, a split three-judge panel of the court held that the revised air quality standards could not be 

implemented by EPA (American Trucking Associations v. Browner, 175 F, 3d 1027,) The coun 

sent the standards back to EPA with instructions to develop an Dintelligible principleD for 

determining what level of risk to public health should guide the setting of air quality standards, 

The major holding by the court surprised all the parties and observers -~ reviving a tong.. 

dormant constitutional doctrine from the New Deal known as "nondelegat1on," The court ruled 

that the Clean Air Act, as interpreted by EPA, violated the Constitution's separation ofpowers 

clause, because the Act gave the agency too much freedom to choose among alternative levels of 

clean air protection -~ Congress had thus given away, or [JdelegatecU1 too much ofits legis1ative 

authority to EPA. 

While the court recognized, under its long-standing decisions. thaI EPA's decision could 

not be based upon the consideration of costs and benefits, it implied that the Agency would be 

unable to satisfy the remand's call for an "intelligible principle" without considering cost, and 

ultimately would have to go back to Congress to have the law fixed. The court also found that 

while EPA had IIuthority to revise the ozone standards, Congress had taken away, in 1990, EPA's 

authority to enforce those revised standards. 

EPA asked the full Court of Appeals to review the decision, Even though five judge, 

agreed it shoutd he reconsidered and only four disagreed, rehearing was denied hecause this did 

not represent a majority ofthe eleven judges of the court. Two judges had removed themselves 

from the case, 
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EPA asked Ihe Supreme Court to overturn Ihe D,C, CircuitDs ruling in the Ameri,an 

Trucking case, The Court accepted the case for review, In a re1ated petition, the American 

Trucking Association and other industry parties asked the Supreme Court to reverse the D.C. 

Circuit's established position that EPA shouM not consider cOsts to industry when setting the 

national ambient air quality standards -- suggesting that costs could provide the missing 

"intelligible principle" that could avoid the constitutional problem, The Supreme Court granted 

the industry petilion as well, and heard oral argument in the two cases on Election Day 2000, 

EPA's position was presented by Solicitor General Seth Waxman. 

As the Administration prepared to leave office. many observers thought American 

Tnlcking could become the most significant environmental law case ofa generation. It raised 

fundamental questions about the appropriate role of expert administrative agencies and about how 

much,authority Congress may delegate under. the Constitution. Because the Clean Air Act placed 

many constraints on EPA -- including t~at the standards be set at levels "requisite to protect 

public health with an adequate margin of safety," in consultation with an expert scientific advisory 

committee - a finding ofunconstitutionality could caU tnto question a wide range of public health, 

safety, and consumer protections. 

Reducing Inle"'lale Transport of SmOIl 

EPA collaborated with states and industry groups to study how best to reduce the longk 

range transpol1 ofnitrogen oxides (Ur-;:OxU), a key precursor to ozone pollution -- across the 

entire eastern U.S. This resulted in EPADs decision to address the interstate movement ofair 

pollutanls through the DNOx SIP Call,D a rule requiring 22 stales and the District of Columbia to 

limit NO. emissions to specified numerical levels (DbudgetsD) in order to help downv.;nd urban 

86 




areas meet the ozone standards. The NOx SIP CalI offered the affected states the flexibility to 

choose their own mix ofpollution controls, so long as they met the NO" budgets. 

Various upwind states and industry groups sued EPA in the D.C. Circuit. The Court 

largely upheld EPM, approach. Michigan v. EPA, 213 FJd 663 (2000). It found that EPA 

reasonably interpreted the statute to seek cost-effective pollution reductions in defining the scope 

ofan upwind Slate's obligations. States are now in the process of complying with the SIP Call, 

which should lead to large reductions to transported NOx emissions by the start of the summer 

ozone season in 2Q04, likely through significant pollution controls placed on old Midwestern coal­

fired power plants. 

Protecting Isolated Waters 

On January 9, 2001, the Supreme Court issued'an opinion with significant implications for 

the scope of waters regulated under the Clean Water Act Solid Waste Authority QfNorthem 

Cook County v. United Slates Army Corp. QfEngiolWfS ("SWANCC"). 

For twenty-five years, the government had interpreted the Clean Water Act as regulating 

discharges into most waters in the United States, including isolated, non· navigable intrastate 

waters where the use, destruction or degradation ofsuch isolated waters could affect interstate or 

foreign commerce. Since the 1980's, the government had specifically recognized isolated 

wetlands used as habitat by migralory birds as falting within the protection ofthe Clean Water 

Act. 

In a series of cases in the late 1990's, the Supreme COlirt had constricted the scope of 

Commerce Clause federal jurisdiction, recognizing a greater role for states under the Constitution. 

The Court agreed to hear a challenge to the Solid Waste Authority's permit on Commerce Clause 
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grounds. as wen as on the narrower issue ofwhether Congress intended the Clean Water Act to 

cover such waters. 

While the Court did not address the constitutional question ~~ avoidlng a potentially 

dangerous limit on the constitutional basis for federal environmental actions -~ the Court did 

decide that Congress had not clearly indicated an intent to regulate such waters, In the Court's 

view, in enacting the Clean Water Act, Congress had exercised its authority to regulate 

navigation. and the only waters it had clearly expressed an intent to regulate were navigable 

waters. their tributaries, and adjacent wetlands, What remains unclear from the Court's decision is 

whether it also established a further limitation of the "Chevron Doctrine" -- requiring a clear 

Congressional :.tatement of intent -- any time state concerns are implicated. 

Excavation in Wetlands 

In a case that significantly limited protection of wetlands and other waters covered by the 

Clean Water Act, the court in National Mining Association v. CQrps, 145 F.3d 1399 (D.C. Cir. 

1998), held th.t the Act did not prevent dredging that had the effect of draining wetlands, EPA 

and the Army Corps of Engineers had promulgated a rule in 1993 (known as the "Tulloch rule") 

that required Ii permit under the Act when excavation activities cause redeposits ofeven small 

amounts ofmaterial. where the activity would destroy Of' degrade a pmtected water. According 

to the court in National Mining Association. 1he fallback ofsma1l volumes ofmaterial during 

excavation was not an "addition" ofa pollutant. and the Agencies therefore lacked statutory 

authority to regulate the material. In 1999. EPA and the Corps modified their rule to implement 

the court's decision and. in 2000. promulgated a new rule clarifying the scope oftheir authority 
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under the Act The Administration repeatedly called upon Congress to fix this significant 

1imitation ~n wetlands protections, 

Protect ing Polluted Watersheds 

During the Clinton Administration. there were several citizen suits addressing EPAl]s 

obligations to develop total maximum daily loads (DTMDLsD), which are maximum allowable 

amounts of polluta~ts for rivers, lakes, and other water bodies that do not meet water quality 

standards. S"",ion 303(d) of'he Clean Water Act directs states to identify their impaired waters 

and develop th" necessary TMDLs. Many courts have held that EPA has a duty to step in and 

develop TMDLs in those 3iateS that are not carrying ou1 the ActOs requirement While courts 

have dismissed a number of these cases, EPA was under court.order in 18 states to develop 

TMDLs if the states failed to do so. 

EPA's development ofTMDLs subsequently resulted in litigation challenging these EPA 

actions. In two leading cases, the courts have upheld EPADs development ofTMDLs where 

states have defaulted. Dioxin/Organochlorine Center v, Clarke, 57 F.ld 1517, 9ili Cir. 1995) 

(upholding EPA IS authority to issue a TMDL for dioxin in the Columbia River); Pronsolino "'" 

Marcus, 91 F. Supp. 1337, N.D. Calif 2000 (upholdin!! EPADs authority to develop TMDLs for 

waters impaired solely by ncopo]nt sources ofpolllltion, such as agricultural runoff). The extent 

of the obUgations posed by consent decrees led EPA to develop a comprehensive approach to 

TMDLs through new regulation. 

Empowering Indian Tribes to Carry out Environmental Programs 

Under several of its statutes, EPA can authorize Indian tribes to administer environmental 

programs in their territories similar to the way in which EPA authorizes states to administer 
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environmental programs in their states. A 1998 case, Montana v' EPA. concerned EPA's 

decision to treat the Confederated Salish and Kootenai Tribes ofthe Flathead Reservation in 

:Montana in the same manner as a state under Clean Water Act section 518(e) for purposes of 

setting water quality standards for all surface waters within the exterior boundaries ofthe 

Reservation. Montana challenged the legal test u,ed by EPA in determining that the Tribes have 

adequate authority to set for surface waters on or adjacent to lands within the Reservation that are 

owned by nonmembers of the Tribes, so-called ofe. lands.o In a significant victory for EPA's 

approach to tribal delegation issues, the Ninth Circuit Court of Appeals upheld tribal regulation of 

non~Indian activities on fee lands under an EPA~authorized program, This was a significant 

victory for EPA's work to support tribal environmental capacity, 

Addressing HazardQus Wastes 

Regulations identifYing waste as hazardous are a pivotal element of EPAiJs hazardous 

waste management program, since only wastes that are identified as: hazardous are subject to 

EPA[]s stringenl hazardous waste management regulations. Accordingly, EPA ensures that these 

regulations capture wastes that pose a hazard to human health or the environment, but do not 

capture, and impose unnecessary C{)sts on, wastes that do not pose a hazard. EPA has had 

signHicant victories in CaSes challenging EPA decisions regarding the identification of hazardous 

waste American Petroleum Inst. \/. EPA, 216 F.3d 50 (D.C eif. 20(0)~ Environmental Defense 

Fund v, EPA, 210 F.3d 396 (D.C. CiT. 2000); AssQciation orB.ttery Recyclers v. EPA, 208 F,3d 

1047 (D.C. Cir. 2000) (hazardous wastes can be regulated even where a only small number of 

people are exposed to the potential hazard), 
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EPA has had significant litigation success in defending industry challenges to important 

regulatory controls on the burning and treatment of hazardous wastes. Horsehead Resource 

Development rgrp v, Browner, 16 F,ld 1246 (D,C, Cir 1994) (controls on emissions from 

burning ofhazardous waste); Steet Mfr" Ass'n, v, Browner, 27 f.3d 642 (D,C, Cir, 1994) 

(treatment of hazardous waste prior to disposal); EDison Electric InS!, v, EPA, 996 F,2d 326 

(D,C, Cif, 1993) (same): Loyisiana Environmental Action Network v, EPA, 172 F,3d 65 (D,C, 

Cir, 1999); Association of Balte!), R~ID'Clers v, EPA, 218 F.3d 1047, 1058-59 (D,C, Cif, 2000). 

EPA also prevailed in litigation chaUenging the expansion of its toxic waste reporting 

requirements on the To,ics Release Inventory (TRI), Troy v. Browner, 120 F,ld 277 (D,c. CiT. 

1997), 

Advancing Hazardous Waste Cleanups 

EPA identi'fies the most hazardous toxic waste sites and lists them on the National 

Priorities List for cleanup, EPA has successfully defended challenges to these listing decisions, 

thus aHowing EPA to focus its cleanup efforts on the worst sites. See, e.g., RSR Corn, v. EPA. 

102 F.3d )266 (D,C. CiT. )997), 

During the Clinton Administralion, EPA was successful in preventing polluters or other 

parties from haIling EPA cleanup activities through Court injunctions and also ensuring that 

polluters pay for the cleanups, EPA's approach ensured that litigation would not interfere with 

prompt cleanup of hazardous sites. and that cleanups fully protect public health and the 

environment. comply with Federal and State environmental requirements, and are undertaken in 

consultation with all interested parties, including citizens, governments, and businesses. EPA has 

won virtually all of the lawsuits in which polluters challenged EPADs cleanup decisions, See 
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United States v, Vertac, 33 P, Supp, 2d 769 (E,D, Ark, 1998); United States v, Burlington 

Northern R. Co" 200 F,3d 679 (10· Cir, 1999), 

EPA ai!iO ensured that cleanups were performed or financed by the persons responsible for 

the contamination, rather than by public funds, EPA won numerous cases where polluters have 

disputed their liability for costs, ~, JW!.. United State, y, Occidental Chemical CQrp" 200 P, 3d 

143 (3d CiL 1999); A&W Smelter and Refiners, Inc, v, CliPlQn, 146 F, 3d 1107 (9" Cir, 1998); 

United States y, Lowe, 118 F,3d 399 (5" CiL 1997); United States v, Keystone Sanitation Co" 

Inc" 867 F, Supp, 275 (M,D, Pa, 1994), EPA also has successfully opposed polluters' efforts to 

nave Superfund declared unconstitutional under the Commerce Clau5e_ United States v. Olln 

Corp"107 F,3d 1506 (II· Cir. 1997), 

Maintaining.a Role for Citizen Enforcemetlt 

Most of our environmental laws contain provisions that allow citizens to sue businesses 

they believe have violated the laws or regulations. These citizen suits are an important component 

ofan effective environmental enforcement program_ EPA has supported citizens' right to sue 

violators. In two important cases, the Supreme COUrt recently addressed the scope of these 

citizen suits, In Steel CQ v, Cilizens for a Better Environment (118 S, Cl, 1003, 1998), the Court 

held that although citizens cannot sue under the Emergency Planning and Community Right~t(}- ~, 

Know Act for violations that are wholly past at the time they file their suit, they may. bring suit 

when there is a continuing violation or a threat of a future Violation, (n Friends ofthe Earth v,, 

Laidlaw Environmental Services (120 S, Ct, 693,2000), the Court held that an industry that 

violates the Clean Water Act cannot defeat a citizen suit by coming into compliance with the Act 

92 




only after the citizen suit was filed. EPA supported the citizen groups in both these cases by filing 

briefs in the Supreme Court. 

Challenge. to EPA Guidance Documents 

Two emerging issues of law posed special chaUenges to EPA. These concerned the 

reviewability of guidance documents, and the review ofthe Agency's scientific decisions. 

EPA issues many policy and interpretive documents that are not legally binding but 

provide useful guidance to EPA staff and the public about EPADs programs. Different parties 

have challenged a number of EPAOs policy and interpretive documents, arguing that the 

documents should be subject to judidal review and. in some cases. that the documents should 

have been issued through notice and comment rulemaking procedures, In some cases, courts 

have agreed with EPA, finding 1hat these explanatory documents were not subject to judicial 

review and that notice and comment rulemaking was not required. Public Service Co. of 

Colomdo Y. EPA, 225 F.3d 1114 (l0· Cir. 2000) (EPA letter); Molycorp.lnc. Y. EPA,197 F.3d 

543 (D.C. Cir. 1999) (background document); Florida Power & Light Co. v. EPA, 145 F.3d 1414 

(D.C. Cir. 1998) (statement in preamble to proposed rule). However, in Appalachian Power CQ. 

Y. EPA, 208 F.3d lOIS (2000), the D.C. Circuit found that an EPA guidance document 

[lsignificantly broadened[] the rule it purported to interpret and in effect amended the underlying 

rule, an action fbr which notice and comment rulemaking would be required. In Barrick 

Goldstrike Mines Y, Browner, 215 F.ld 45 (D.C. CiL 2000), the Court found thatjudicial review 

was available for certain documents. including a letter and preamble statements, that 

OcommandedD certain actions. As the agency seeks to interact more openly and infonnaUy with 
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the public and provide helpful guidance to industry, these rulings could portend significant 

difficulties, 

Science-Based Decisions 

In several recent cases, the courts have engaged in a searching examination ofEPA's 

scientific analyses and conclusions, This is a highly technical area, where courts traditionally have 

been at their most deferential when reviewing agency dedsions. Chlorine Chemistry Council v. 

Browner, 206 E3d 1286 (D,C CiL 2000) involved regulation oflbe level ofchloroform in 

drinking water, EPA had developed and made available to the public scientific information 

indicating tha11he risk ofcancer posed hy chloroform is lower than for most olher carcinogens. 

i.e.• that there might be a level ofchl<:roform in drinking water below which there is !lQ risk of 

cancer. In establishing the final standard. EPA chose not to rely on that information because EPA 

had not yet fully evaluated the implications of such a scientific finding on its overall approach to 

regulating carcinogens. The court criticized EPA for not using the results ofits own scientific 

model and found that the Agency had ignored the Dbest avaiiableD science in establishing the 

chloroform standard, Aithough the coun acknowledged that using a new approach to estimating 

cancer risk might set a significant precedent, it determined that that was not a suffident reason to 

justifY establishing the standard on the basis. ofan older approach which was not the most 

scientifically accurate. See also Leather Industries AssOn v. Browner (40 F.3d 392, D,C. Cif. 

1994) (in challenge to EPA regulations establishing maximum concentrations of toxic pollutants 

that can be prescnt in sewage sludge intended for use as fertilizer, court determined that 

assumption tbat children would come into contact with fertilized land every day for the first five 

years of their lives was not rational). 

94 



Likewise, EPA's extensive 1993 risk assessment of the hazards posed by environmental 

tobacco smoke; and, in particular. its conclusions that second hand tobacco smoke is a human 

lung carcinogen. has been subject to extensive attack by the tobacco industry. EPA has appealed 

to the U.S. Court of Appeah fur the Fourth Circuit an adverse North Carolina District Court 

finding that the agency erred in failing to place industry representatives on its independent 

advisory panel. As part afthat appeal, EPA is \1gorously defending the scientific basis far its 

1993 study. Flue-CureQ Tobacco Cllop. Stabilization Corp. v. EPA, 4 F. Supp. 2d 435 

(M.D.N.C. 1998). 
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Appendix I 

CHRO~OLOGY 

199J~2{jOO 

01121 CaroJ M. Browucr Is sworn in as the 8'" EPA AdmInistrator. 

02/17 In his State oflhc Union:lddress. President Clinlon announces his budget economic stimu1ll$ 
package and specifically mentions Superfund reform. 

03104 Carol Browner, in her first press- conference as Administrator, annouru:cs a program to make 
$moko~bolehjng buscs a thing of the past by establishing nC\\' diesel exhaust limits for new buses 
and requiring oldc~ buses to be retrofitted with emission controls, 

03/11 Rot?crt M. Sussman is swom ill as the 8th EPA Deputy Administrator. 

Apr. CI)'P1osporldium otl1break in Milwaukee drinking water. 
become ill, 

Over 50 people dic, and 400,000 

04/21 President Clinton signs Executive Order 12843 on ProcurelllcllI Regulations and Policies for 
Federal Ageneies for OzollC~Deplcting-Subs!anccs. directing federal agencies to reduce the usc of 
ODS" 

05114 EPA launches Its web page, In the first month. the page gets 100,000 liils, Later, the number of 
bits per month grows to 100 million. 

June National Ac.1dcmy of Sciences (cpol1 concludes th.'il scientific aod regulatory approacbes do not 
adequately prolCd inf.<mls and children from pcslidde residues in food. The report calls on EPA 
to make significant changes in methods [or assessing exposures to pesticides, aoalyze the 
potcntial ror h.1nnrul or to:..:ic effects, and usc the <1<lla to citnraCleri7£ actm.;l risks to children. 

June EPA announces the firs! round ofSupcrfund reform, focusing on cxpediling site deanups and 
incrc<'lsing enfo(cclltcnt fairness. 

06114 EPA's nallonal refrigerant recycling program requirements become effcclive. These 
requirements \\111 protect the ozone layer and enable a smooth, cost-effective transition to non~ 
o;:onc-dcp!Cting substitutes. 

06117 EPA launches the e."\'ERGY STAR Computers program to helps consumerS idenlify moncy-sa\'illg. 
cucrg)' efficicitt computers. By dw end (lflhe ClifllQfI Adminislflllion, the ENERGY STAR 
progmm eXp;lnds dramatically and more tllao 350 million ENERGY STAR labeled products are 
sold, saving consumers ovcr Sf billion in enctSY bills each ~c.1r. 

Jut EPA publishes a rcpon that qtl<mtifies tbe risk to aduUs and children of cxposures to sccond-h..1nd 
10b.1CCO smoke iodoors. 

Jul. EPA launches Ihe Roouecd4 Risk Inilimh'e II) expeditc!l\C registration of rcduced4 risk pesticides 
to replace more toxic. older chemicals. 
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08103 President Clinton issues Executive Order 12856, Federal Compliance "'lth Right to Know Laws 
and Pollution Prevention Requirements, requiring all federal facilities to report their emissions 10 
tile TRt 

08/24 The Clmion~Gofc Administration unveils a \\'ctJands protcctkm initiative which includes more 
than 40 cMnges to current wetlands policy, including establishing a mOre c:ffOClive process so 
thai landowners and fanners can seek review of permit decisions without having 10 go to court. 

08/J 1 Bethlehem Sl001 pays $6 million penalty for ReM violations as part of the Agency's Great 
Lakes Initiative. 

09/22 EPA issues a final rule establishing lhe first air toxies ~1andard under lbe 1990 CAAA. Tbe rule 
will reduce toxic aircmissions from approximately 30.000 dry cleaners by about 7.300 tons per 
year, 

09128 EPA announces its first Ha7-2rdous Waste Combustion Initiative againsl38 violators of 
hazardous waste combuslion regulations, seeking OH;r $22 million in penalties. 

09129 President Clinton and Vice President Gore announce in n Rose Garden ceremony the Partnership 
tor a New Genemtion of Vehidcs. 

0')f3() EPA establishes the National En\'lronmemal Justice Advisory Commiltee. 

lO/2U President Clinlon SigllS E:';cclltivc Order 1287:;, on Acquisition. Recycling and Waste Prevention, 
directing federal agencies 10 usc recycled pliper lind otller recycled products. 

10/27 EPA issues a final rule thm will reduce toxic Jlir emissions at 29 coke ovens by approximately 
1.500 Ions pcrycar. 

Nov. Clinton Administration launches the Brownfield:; inilialive with a $200,000 grant to Clcvcland. 
Ohio. 

Dee, EPA adds hydrochlororfluorcmoons (HCFCs) and certain \vastc chemicals to tbe TRI. 

12103 EPA promulgates program-specific gmnt regulations for spedfie grants applied to Tribes under 
the Indian Envirolllllental Geneml Assistance Program Act of 1992. 

OlfO) EPA successfully phases out Ihe production ;!nd consumption of ozonc-dcplcting halons in the 
United Stales. while working closely WIth the DcplmnlCnl of Defense to ensure an adequate 
supply ofh.'lJons for mission-critic.11 uses. 

Feb TJm Cltnlon Administration submits to the Congrcss a "Safe Drinking Wafer Ac! 
RcnudtOrl7A'ltion Over\'iew.*' This docmncn! prescnts lhe background infonrultion and 
e:.:plnnation of the Administration's 10 recommcadlilions for re:mIJIDri'l.ation aftlle Safc 
Drinking Water Act 

02103 Administrator Browner introdnccs thc ClintOtl Administration's Superfund Refonn Bill. 

02/11 President Clinlon issucs Executive Order 128~R on elwironmCtlial justice, directing ail federal 
agencies to m;lke environmental justice an il\lcgral pari of Iheir policies, programs, and activities. 
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04106 EPA issues a final rule implementing lhe control of vehicle refueling emissions through tbe use 
ofvehicle.ooscd systems, II applies 10 light-duty vehicles and tight-<lUIy truCks. and will phase-in 
such that by 1998, 100% of Ifght-dulj' vchicles must meet the standards, 

04/19 EPA issues Ihe Combined Sewer Overflow Policy lhat will eventually help protect the health of 
·f(l million people. 

04/10 'l1\c Clinton Administration'$ Pesticide and Food Safety Refenn proposed legislation is submitted 
10 Congress. 

04122 EPA issues Ii final rule cs!abllshing new standards for chemical plants Ihat will take more than 
haIfa million tons of toxic pollution out of tho lIjr (a 90% reduction). 

04/29 Presidcn! Clinton issues a presidcntial memorandum dirccting federal agencies 10 build more 
effective dlly~lo-day worldng rchuionsliips with Tribal govemments by respecting lhe tribes' 
wvcrcign rights of self-government_ 

May MITRE corporation releascs its independent l:i.$$Cssment of EPA's laboratories, which becomes 
the basis for a series of science mfinllgem~nt improvements. 

June EPA scienlists, working u'ith the National Weather Service, establisll u UV·B Radialion Index, 
and a 50..station netu-'Ork provIdes daily predictions of population expOSUrC to UV-B radialion. 

06107 EPA implemenls lln agC:I\Cy~\\"ide peer review progrt'lm whkh W111s for office and rcgion·spccilic 
stand.lrd otx:Pt1ing prl)lXdures. 

07/14 Administrator Browner announces tlK: estnblislmlCnl of II 1iCW EPAfrribnl Operations 
Committee. composed or Tribal representalives and EPA senior ~nan.lgcrs. to f.'lCilitate 
communication and understanding between EPA and Tribes. 

07/20 Administrator Browner lInliounccs Ihe ngency's Common Sense Iniliative to develop "deaner. 
Chc.lpcr, and smarter'" ways of projecting the cmironment for six induslry sectors. 

IO!O? Second bugest RCRA scllicmeni ($;12 milhon) wllh KOO,ik for ha7....lrdoos waste violatkms, 

10114 Two men scillenccd 10 priso-n for 21 months under RCRA (()r illegal 1l.17.ardous waste disposal 
which resulled in the dc.'lths oftwo nine-year old boys. 

10118 Fred Hansen SW<lm in as 91t1 EPA Deputy Administrator. 

Nov. EPA adds 286 additional chemicals and chelllieni categories to the TRI inventory, 

11129 EPA provides funds loete;itc first N;lti(}llal Compliance Assislance Ccnler, which eventually 
kads to the Icn centers currently in operation. The first ccnter (mel:!1 finishing) goes on Utle in 
early 1995. 

11/29 Tenneco Pipeline pa~'S $6,2 mlllion TSCA pC:llalty and is required 10 clC.'lIlUp contaminalion lit 
over 4fl compressor stations. 

Ollot EPA'5 Acid Rain Program begins:. The innovative market·b:!scd trading progrnm cost-effectively 
CHIS emissions ofsulfuf dioxide (rom power ptants ill half{from 1980 levels), Within two years 
researchers report unprecedented redl1dions ia acid rain. 
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o I/O I EPA initiates the I'! phase of the clcancrwburning gasoline progrnm. With the 2M phase 
(introduced in June 2000), the cleaner-burning gas \\liIl reduce smog-forming air pollution by 
over 100,000 tons and toxic air pollution by about 24,000 lo.ns per year. 

01103 104\1\ Congress is sworn in. The House of Represcnlatives elects Nc,",'t Gingrich as Speaker, 
leading to the "Conlracl with. America." 

01125 EPA Administrator Carol Browner announces the Bro\Ynfields Action Agenda, outlining EPA's 
activities and future plans to help Stnfes, Tribes and communi(Jcs implement and reaH7-c the 
benefits of the Brownfields Initiath"C. 

02107 The D<:panment of Jusli~ unllQUm:cs ibnt Mjami~Dude CounlY wjJJ spend an estimated $500 
million to: repair its sclvage system. 

02117 EPA announces cnforccment-oricntoo Superfund Administrative RefQnns to promOie fairer, 
faster and more cffcctive scltlements. EPA issues the "Superfund Administrative Improvements 
Closeout Rcpon." 

03Jl6 President Clinton annmmces;ln initilHivc to reinvent environmental regtllatiQn, in part by 
consolidating all fcderal air rules for any single industry into one rule. III September :WOO. EPA 
ISSUes its pilot rule whieh consolidates thc requirements of 16 federal rules for the synthetic 
organic chemical manufacturing induSiry. 

03123 EPA sels 1m: first-ever w.ltcr quality standards for Io:<dc substalloCcs for all of the Grc.:lt Lakes, 
~l'hjcb pro\'idc drinking wnter for 23 million Amcric.lns. 

May EPA begins using sdf-ccrtificalion 10 StfC!lIulim: ttle pcs1icick registration process, 

05/16 The House of RepfCS(:nI3{i\'C$ passes H.R. %1. wliicli \\'oliid have \\'takcned significant 
provisions in the CICt1n Water Act- including EPA's basic autltorides 10 protect tbc nahon's 
"ctlnnds and to establish nalio!l.l!. minimum teclmofog}'-b.lscd standards to contfollo~dcs and 
other discharges to the Ilution's waters. 

05/17 EPA and Slate lc.ldcrs implement the N:l1ioJlnl Em'ironmenlal Pcrform.lnce Partnership System 
(NEPPS) to impro\'e how EPA ,and the Stuies wOrk togcthcr to protect Ihe environment. 

05/18 Working willi ECOS, EPA sets up the Olone Transport Assessment Group to develop 
recommendations Oil tmnsOOlllu.!.,"Uj' smog problems in the eastern U,S. The 2·ycar consultative 
process involves 37 states. the District of Columbia. EPA, industry and environmental groups, 

05123 EPA announces Proj.cd XL (cXccUcncc and Lc.1dership), a national pilot program tll.l! allo,",'S 
state ;md local governments, ousincs<;cs and federal faCilities to develop innovative strategies with 
EPA to test bener or more COSHrrcctivc ways of achieving environmental and public hcaltb 
proteclion 

junc~ 

Ocl. 
PIi.csteria outbreak in Nonh Cilrotinn kills 2 mitlio[J fish. 

07/26 Clinton Administmtion announces selection of 15 cities as Brownficlds Redevelopment Projoos. 

081(;8 President Clinton issues E~CCUli\"c Order 12969, requiring [hose who w()\lld do business with Ihe 
federJI government to report on over 650 toxic -chemicals thaI arc emitted, 
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Oct. EPA announces a third round of Superfund rcroons 10 promote cosH:ffective cleanup choices, to 
reduce litigmi()llllnd IranS<l(:tioll costs, alld 10 ensure thai slales and communities are infonned 
and involved in cleanup decisions. 

Oct. EPA CTC.1ICS the Environmental Technology Verification Program 10 accelerate the 
commcrcialil,alion (If new technologies. 

J0123 EPA announces n ptJIicy to explicitly lak(! children into account when assessing environmental 
risks. 

Nm'. EPA and other fcderalag<:ncies experience first shutdo\\n due to lack of appropriations. 

1112S The New fork Times publishes a front page story on EPA's enforcement actions and inspections 
forced to be cut due to budget cuts illiposcd by stop-gap funding bills. 

J1130 EPA reaches $45 million scnlcmcnt with OM, resulting til the first judicial recall aimed at 
curbing danlllge to lhe environment 

Dec. EPA llnd almost all other federal agencies sll.lIldown ag.ain due 10 lack of appropriations. All 
federal employccs n;lurn to work by Jan. 6,19%, following Ilcgolllliions between the White 
House and Congress, 

1212l US recOVC1"S $128 million from Occidcnlal Pclrofcum in final lilig.11ion surrounding Ihc cleanup 
of Love Canal. 

Jan. President Clinton and Congres.s. reach agreement on EPA's budget. The cuts are minimal 
oomparcd to initi.ll prcposnls, 

01101 EPA successrully phases out production and consumption of ozonc-dcplC1ing eFCs., methyl 
chlorofoon. and c.1roon tclr,1chloride, while assuring continued limited production for csS/,intial 
uses. including mcterodwdosc inhalers utlll:!cl by .asthma sufferers. 

(lIfO] EPA's first mle regulating polluli<lO from nOli-road engines takes cfTcx:t TIlls rule address non­
road dicscl engines used in eonstruction and agricultural equipment. Later rules address other 
C<!iegories sucb as lawn and gnrdcn equipment, looomotivcs and n:x:rcational boats. These rules 
provide nceded pollullon reductions in urban areas. 

Apr, EPA pubHsbes the Air QualJ(V Criteria Documentfi1r Parliculate Haller. whieh revicwslnc 
latest 111ta assocuncd will. riskS from both fine .md coarse particles in support of lhe national 
ambient air quality Sllllldllrdll­

OS/22 EPA reaches $140 million CAA settlement wilh Colorado Public Service Company Ihat reduces 
<lir polhtlion in Ute Mr. Zirkel Wildemcss Arc<l. 

05124 Iroquois Pipeline company is assessed a $22 million CWA criminal fine. for polluting streams 
aud wetlands while building a pipeline from Canada \0 Nc,'" York, 

07/04 Washington DC residents wake up onlhe 4'" or July to a "boil water" aiel'!. Lalcr investigations 
found th.1' District officials had diverted $41 million in water and scwer funds to the Dislrlct 
g(.'vernment's budge!. while lelling sew;lge and w,ller systems fall into disrepair. EPA stcpped in 
to rebuild ulld rcstnK":turc DC's wmer and sewer syslems and restore public confidence in the 
&.1fcty oftltciT drinking mUcr, 
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07/18 $35 million CAA settlement ""ilh Georgia~Pacifk. part ofUlc air pollution initiative on the 
\..oods products industry. 

07n4 The While House Agreement to dredge the New YorkINew Jersey Harbor is finaliz,e(:t This 
completes Vice President Gore's July 24, 1996 announcement ora brcak-through plan ''10 pro1ect 
and prescrve the cnvironment and promole economic gro\~111 in the Port .of New YQrk and New 
Jersey," 

08103 President Clinton signs tbe Food Quality Proteetion Act of 19%, establishing strong new 
standards for pesticide residues in food and requiring for the first time that Ihe standards take 
into ~t special risks to children. 

08106 Pl'CSident Clinton signs into law the 19% Amendments 10 the Safe Drinking Water Act. which 
include the cstnblishmenl erHlC ftrst ever drinking water Slfite Revolving Loan Fund. pJ'Qte{:tion 
of water SOUKC areas. and requirements that drinking water systems report to the pubbc 00 the 
quality oftheir drinking walcr, 

08128 President Clinton announces new initinlivcs to accelerate cleanup ofbrownfwlds and Superfund 
sitC$., strengtben environmenlal enforccment, and esp.and community righHo-know_ 

Sept. EPA unnounccs a scyen Stcp Nt'uionat Agend.1 to ProtCCt Children's Health from Environmental 
lllfCaiS. 

09125 Three cotpOraCions are fined $75 mUlion for a Puerto Rico oil spill, the largest Federal 
environmental crimiMI fine in US itjslory. 

09/30 The 400tlt Supcrrund COllSlrtlClion is completed allhe Lord-Shope landfill in Grand Township, 
PA. 

Oct. In Kalamazoo, Michigan. President Clinton proJX'SCS new initiatives to incrc..1SC the protection or 
communities from toxic pontltio", The main components of the proposal were to accclerale 
Superfund cle;mup, expand the Brownfields Redc\'clopmcnlluitialive, improve community 
access 10 inforlllation on to-<dc pollution, nnd strengthen criminal enforcement ofenvironmental 
laws. 

Nov. Ifltel commits 10 muking itsellYlronul(:ntal pcrfonnance rultn publicly available on lhe internet 
under l! Pmjcct XL agreement, the firS! company ever to do so. 

lUi9 EPA issues fin;d rules !O Implcme(\[ the 2nd phase of the Acid Rain program for NOx emissions. 
Too electric ulililY mduslry again sues EPA. but the U.S. Court of Appeals upholds the rules in 
their clltirety in August 1991. 

02102 EPA issues lhe ArsenIc Research Plan, as required by the 1996 Amendments to the SDWA. 
,,·hich will build a foundation lor the new arsenic 5t'lUd..rd proposed in June 2000. 

04[07 EPA and the Canadian MinisH)· oflhe Em·ironment sign llie Grc.1t L.akes BinatioR.11 Toxics 
Stralcgy to rcdtlCC pollulion in HIe Great Lakes. 

04/20 On Enrtlt Dar, EPA releascsSur!l'our WmersFted, a ncw internet 1001 lhal allows citizens to find 
tltdr watershed address nnd learn .IOOn1 Cn\,in:mmcnl.ll conditions in their community. 
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04121 President Clinh:.m issues an Exeeuti\'c Order on the Protection {)f Children From Eovironmental 
HC.1Ilh Risks, which requires aU federal agencies to assign a high priority to addressing health 
nnd safety risks 10 children, to coordinate research priorities on children's health, and to ensure 
lhat their standards take into account special risks to children. The Executive Order also creates 
II Task Force on Environmental Heallh Rlsks and Safety Risks to Cllildren. oo-chaircd by EPA 
Administrator Carol Browner and Dcpartmcm of Health aOO Hulllan Services $c(;rctary Donna 
Shalnlil, 

May EPA announces tile Beaches En\'ironmcrual Asoo~"lilCnt, Closure and Hcallh program to reduce 
the risk of disease to U1C nalion's users of fC\:rcalion.:l.1 water. 

May t;P A issues its IirsHver "plain language" compliance guide. This one is for dry cleaners. 

May f;PA adds seven new industrics required 10 report waste releases to the TRI. 

05/13 Vice President AI Gore announces (he Clinton Administmlion's Brownfields National 
P,utncrship, a new round of Brownfields project grants. and President Clinton's Brownfields 
legislative p.1ckngc. 

05/30 Smithfield Foods is fined $12.6 million {Ihe second largest CWA penalty ever) for polhning a 
river wilh slaughterhouse \\'l1Sle \\~lIcr. 

07116 President Clinton approves stronger, more protective air quality standards 10 further conlrol 
pollution from o/one nnd panlculnle matter (smog and soot) and Issues a memo to EPA on 
implementation of the Siandaros. 

07118 EPA publishes final rules announcing tougher heallh sC<lnd:uds for smog and soot pollution, A 
coalilion ofindnslry and Simes stle EPA, In May 1999, Ihe DC Circuit Court of Appcnls remands 
Ihe standmds. and raises fundamentallcgn! ISSucs rcgnrding Congress' deleg."'Ilion ofauthority. 
while upholding tlte scicnllfic basis of tile ocw standards. In May 2000, the Supreme Court 
fiI..-cepts an appeal from EPA and DOJ, and argumcnts were presented before the court on 
November 7, 2000. A ruling expected is 11\ Spring 2001. Inlhc meantime. EPA reinstates the 1~ 
hour ozooc standard on July 5, 2000, 

Aug, The Tilxpayer Relief ACI ren\Oves the lilX disincentive for clc,ming Itp brownficlds properties. 

08f06 Fish kill in the Pokomokc Rh'Cf on the Chcs...pcakc Bar in .Maryland is attributed 10 a toxic 
Pficsteria outbreak. 

ORIlS The Clinton Administmti()n f(lrms a Fcdemllntcragcncy Task Force, IClId by EPA and NOAA. to 
address Pfi(:sleria outbreaks. 

Sept. EPA completes the award orlbe first allolment of the Drinking Waler SL.1IC Revolving Fund to 
all 50 St;w;;s, 

09/10 Fish kill inlhe Maryland's King's Creek on the Chcsnpcakc Bay is ;Hlrlbuled 10 il toxic Pficsicria 
outbreak 

OW11 President Chillon signs E:'»cculivc Order 13061 establishing the Amcrican Heritage River 
iniiia!il:t> 

lOllS GTE. ilt Ill<! biggcst usc of Ute sclf-disclosure (audlt) polky, resalvcs 600 CWA and EPCRA 
violations al J J4 GTE r>ldlilics in 21 Si>lles, 

102 




10/18 Vicc President Gore directs federal departments and agencies 10 develop an action plan to clean 
up America's waterways. 

Nov. The Clinton Administration signs the Kyoto ProtOcol. the first-ever international agreement to 
ttddrcss the threat of global wunning. As of Dec. :&000, tlie protocol has not been ratified by the 
Senate. ' 

) tllO The interagency Task Force lead by EPA and NOAA publishes tbe NaHonal Harmfol Algal 
/JIoom Research and Monitoring Sfrategy' An Inilial Focus on Pjle.tferia, Fish u/rioflS and 
Public llt!tJllh. in response 10 toxic Pficsleria oulbreaks in tbe mid·Atlantic, 

J1/14 first guilty plea in u criminal enforcement initiative involving illegal dumping and discharges 
into occ.'lns by cruise lines, 

Dec. The metal finishing industry announces an ambilious set ofcnvironmcntnl pcrfonnali¢¢ goals 
developed through the Common Sense fnitiative. 

01107 EPA issues thc final ruie announcing the National Low Emissions Vehicle (NLEV) Program 
after 3nunprccedc:nted effon wilh slllles. auto and fuel companies, environmentalists, and others. 
Nortitcastern stales and enviromncntahsts s,p.1rkcd Ihe elTon by pnshing for adopHon or the 
California Low Emission Vehicle standards. By 200t, the NLEV program will provide 990/" 
reduction in VOCs and 94% reductions for NO;.: for light dUly vehicles. 

01/12 EPA's Science Polic:' Council publishes the firS( edition of the Pecr Review Handbook to provide 
detailed procedures to ensure effcctlve peer review. 

01/23 $56 miHi<m scttlemen{ "H-ilh ASARCO IS EPA's first lUulli~mcdi;) settlement involving different 
statutes at different facilities. 

Feb. President Clinton proposes a Global Climate CIL1ngc Technology initiative (eCTI) (0 promote 
rcduclions in greenhouse gnscs by sllpponing Advances in energy efficiency, renewable energy. 
and carbon-reduction Icclmologies. ' 

02106 EPA issues Ihe first Contaminant Candidate Lisl (eel), ITh1!ldalcd by the 19% SDWA 
Alucndmeots. which identifies known or amici paled priority eon1:lIninmlls Ihat mny require 
regulation. 

02112 EPA Issues Ihe linal Tribal Amhorily Rule. The TAR specifics, ror lhe first time. the provisions 
oCthe Clean Air Aet for which EPA ma)' treat Indian tribes like states to implement air programs 
in Indian COUIlIf)'. $c\'cml industry groups sue EPA. but in May 2000 tllC DC Cil'Cuit Coun of 
Appeals npholds the rule. 

02112 Vice President Gore announces 11'1.11 major auto manufnclnrcrs voluntarily agree to prodnce a 
cleaner car that emits 70 perrent less pollutioll" 

02/14 EPA issues the Cle.afi Water Action Plan. a Clinton Administration proposal to-ensure dean. 
healthy water for all Americans. The plan largets the Jargesl remaining threats 10 water qu.tlity 
to help clean up the ulrnos[40 percent of America's surveyed Willerways stilt too polluted for 
fishing and swimming. 

Mar. Vice President Gore announces the first round of sixtCCI\ communilies in the "Shon'case 
Cmmnullilics" initiativc in the Browilficlds National Partncrship agenda 
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04/15 EPA promulgates the Pulp & Paper Cluster Rule. which culs toxic air poUurnnt emissions by 60 
percent This: is the first integnllcO mulii~media re!,rulation, 

04122 Vice Presidenl Gore announces High Produclion Chemicalicsting Challenge, a program 
designed to ensure that the Amcric.1n public !las access. to basic public hcnlth and environmental 
effects data for those chemicals which are produced in the highest volumes in the U.S. 

04128 Administmlor Browner and Attorney General J,met Reno announce indictments agains1lbree 
individunls who transpol1ed 110IIlciess men acros.s stale lines 10 iJIi.'!gally remO\'"t .asbestos. wilhout 
providing them with the required {mining or safclY cquipment This is p.art oftlle agency's en­
going R.'ltional initiative against the improper handling of asbestos, 

May EPA and Slate Officials sign ajoint agrocmen1 to pursue regulatory innovations. 

05/0 1 EPA launches lhe Sector Facilily Indexing Project, mnking cnvironmcnlal compliance data from 
six sectors publicly available on Ihe internet 

05/08 CWA seltlcmenl with Hudson Foods, whl¢h will reduce agri<;u!tumlllivcstock runoff into the 
Chesapeake Bay. 

05/14 Presiden! Clinlon issucs E;.,;e<;utivc Order 1:;0&4, Consultation and Coordination with Indian 
Tribal Governments. Buch ag¢nc}' is dircc(oo lQ develop ;md utilize an effective process 10 
pennit elected officials and othcr representnti\'es of Indian iribaJ go\'Cmmcnts to provide 
meaningful and timely input III !he dcvelopmeut or pOlices (}Il malleI'S Ui.'lt significantly or 
uniquely ..trw their communilies, 

05120 New York City signs a consent dccn..'C requiring it to build l! filtration plans for its Croton 
Drinkiug Water Systcm. which provides drinking water to I million New York City citizens. 

OS/21 First Lady Hillary Clin10n anoonnccs EPA's Child Health Chmnpion Campaign in cleven pilot 
communities nationwide, 'The program is designcd !o empower local citizens and communities 
«I takc steps to protCCt their children from Crl\'jronmcl1IAI he.'llth threats like lead paint and 
astlllna~using pottlltanls" 

06/01 EPA initiates the SunWise School Program, which aims to reduce chHdhood incidence of 
morbidity and mortality from skin cancer and other ll.,'mnful effects of O\'CfC.'(posure to ultraviolet 
rnys, The program now reaches. orer 10,000 children in ~2 slnt~s. 

06108 CAA Scitlmncnr requires Honda 10 spend $2(,8 million to scUle allcg.'llions it sold cars witlt 
disabled emission control diagnostic systems. 

08106 EPA issll(:s guidclincs 10 states for water conservation plans for public \\-'<ller supply systems, 

08110 Vice President crore announces the establishment orthc first eight Ccntcrs ofExccllcllCC in 
Children's EU\'lronmenllil Hcahh RcseMch ­ research centers dedicated solely to the siudy or 
cllildrcn'$ erwironmcnI.'ll heallh lmzards. 

08111 President Clinton e;.;p.'\nds the public's right (0 know wilh Ihe announcement of 11 new proposed 
rule rtqliiring \\a~cr utilities to provide regular rcpot1s 10 tlleir customers. 

08/14 EPA announces 11 Job Tnllnlng ,IUd Dcvclopmi.'!llt DclUOI1Sitation Projects as part of the 
Browufields Program. 

104 



08118 EPA and NOAA issue <I Federal Event Responsc Plan for Hunnrul Algal Blooms., in response to 
previous pficstcria outbreaks. It will be expanded to include other hannful algae like red tide. 

08119 EPA promulgates the Consumer Confidence Reporting Rule, requiring drinking water systems to 
fCJXU1 to lheir \:uston:u;rS on dIe quality or the drinking watct they supply. 

08/20 I)ilot process initiated for risk assessment oforganophosphate pesticides. 

09102 Vice PreSldent Gore announces the Ciinton,.(Jore Livable Communities Initiative to coordinate 
and enhance federal programs that can help communities grow in W3}'S that ensure a higb quality 
of life and Sfrong, SUSlainablc economic grouth. 

09/03 EPA issues its first annual national assessment of drin.king \\astcr compliance. 

10/16 :FMC Corporation pays $170 million to scule hazardous waste charges at its phosphorus 
production facilily in Idaho. The sculemeni includes an Sl Lx million fine. the iar~ RCRA 
civil penally ever assessed. 

10122 The diesel engine manufacturers eases arc settled for $1 billion. The settlement is eXJlCCicd to 
remove over 7S million Ions of NOx from the air. The scUles siems from EPA rcsc.1rch 
determining Iha! some diesel irucks emit much more nitrogcn oxide under ccrtoin conditions 
dmn \l'Xpcctcd. These findings ICld to further EPA tesling tJwt indicates certain diesel 
manuf."KlurCrS used ~defca! de\'ices"' to cl'wble their cngiw ..'S to improperly pass federnl emissions 
tests, 

10127 Following the OTAG process. EPA issues a ptan to reduce NO% emissions across the Eastern 
U.S. Aner a eO;llition of industry and states suo EPA. the DC Cireuit Court upholds EPA's rule 
on March 3. 2000, Pollution CQlIlrols must be in place by Ma)' 2()()·t 

11/02 Thc 600ih Superfund construction is completed al Revere Chemical i.n Nockamixon. FA. 

11/25 EPA announces Ihe Compliance Incenll\'e lniliative wilh pork producers. \\-itb the goal of 
significantly reducing pollution mnofffrolU CAFOs. 

Dec, EPA opens Ihe Emiromucnwi Permitting CIC<lringhousc on Ihe intCmCllo prot'ide infQrmatioo 
aoon! pcnnilting procedures, rcrfJrms, and innovntions. 

Dec. President Clinton signs first C\"Cr requirement to protect against cryptosporidium in drinking 
wl1fec This is the first new standard set under the J996 Safe Drinking Water Act. 

12/16 EPA promulgalcs firsi rules addressing microbial conlaminalion of drinking \\Inler: tbe Slagc I 
DisinfcctanUDisinfcction By-Products mle and the fntcrim Enhanced Surface WatcrTrentmcnt 
mle. 

12122 The Federal Governmcnt rcactlcs settlement wilh envm:mmental piaintiffs in Bmgg v. Robertson 
r<:garding CWA regulations. Tllis: resolves claims againsl the Anny Corps ofEnginccrs 
concerning CWA pcrmiuing in mOllmaintop mhting and valley fills. Limits on penuits were 
imposed, and a comprehensive EIS was ordered. 

Ulna The Clinton Administration issues ·'Asthma and the Environment: A Stmtegy to Protect 
Children," a report th..t lays out II lO-yC<lr plan ofrcsc.1rch and public he-11th progrnms Rnd 
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survciUancc. with a special focus on eliminating llle disproportionate impact on the poor and 
minorities. 

Feb. President Clinlon proposes the Beller America Bonds program, as pan of 100 Adminislralion's 
Livability Initiative, to help stale and local govcrnmcnts inilinte land and water protections for 
future gcncr;Hions. 

Feb. President Clinton proposes a new Clean Air Partnership Fund 10 help local, state and tribal 
!\O\-crnmcnts form purtnerships to initiate local clean air projccts. 

03109 Vice Presidenf Gore. Scc:n::lary or AgricultufC Glickman, and Administrator Browner r¢lcasc the 
Unified National Strategy for Animal Feeding Operations to reduce potentially harmful runoff 
from animnl fceding operations. 

03!l5 TIro Federal Government issues tbe Federal Event Response Plan for Hannful Algal Blooms and 
PfieSlcria, in fCsponse to tbe toxic Pficstcria olubrcaks. 

Apr. Vice President Gore ehaUenges chemical industry to c"p.'Iud public access to data on the mos.t 
WIdely used chcmiQlls, 

a..122 On Em1h Day. Vice President Gore announces new SHmdaros to restore visibility in our National 
Parks and Wilderness: Areas 10 nnillml conditions. Scenic V1SI,IS in these areas will be improved 
by this rule as EPA requires. for the lirs! time, that Ul;lnY "grandf;lthered'" pG\l'Cf plants inst.111 
potlution conlrol devices. 

May Vice President Gore nnnounccs !he exp.1usion of Ihc Wlilct Alliances fOf Voluntary Efficiency 
Program at Ihe SU5tain.1ble American Conference in Dc1roit 

05/01 EPA launches the Tools for Schools Program to improve the health and performance ofschool 
children n,l:(ionwidc by improving dlc opcmtlon and 111.'1inlenancc pmcliccs in their scboot 
buildings. 

OSlO", EPA o"erhfluls the compliance assurance progmm for certifying Ihat new cars and light-duty 
trucks meet nationnl air pollution standards, Known as CAP 2000, the program will sa\'C vehicle 
manul1lclurers about $55 million iI year mId lead 10 illlproycd air quality. 

05114 EPA issues flew liM! rulcs to improvc the accuracy of emission measurement techniques thnl also 
lowcr opcmting costs for the Acid Rain Program. 

July EPA announces a set of priority actions 10 cll(."Ourage cnvlronmenlal stewardship and accclcmle 
environmcntal progress in the Aiming/or Excellence repot1. 

07119 Under fi sclf-disc1osure (illldiO policy scUlemcnt, American Airlines agrees to usc lower sulpllUf 
fuel, which is expectcd 10 eliminute .;lImoSt 100 lOllS or pollution from the air annually. 

07121 Royal Carribcnn Cruise Lines plcnds guitty lind pays $]8 million criminal fine for dumping Wflsle 
oil and ha..-.ardou$ chemicals inlo the ~1nS. Total crimim\l fiues against the company amounted 
10 over S27 million, 

08103 EPA meets and surpasses the firSt tolerance tC<lsscssmem deadline undcr the Food Quality 
Prol¢Clion Act. lIod cancels significallt food uses of IWO org.'1nophosplwlC pesticides - azinphos· 
methyl :lnd metlt~ I parathion, 
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0SI06 	 EPA establishes the National Contaminant Occurrence Database. as required by the 1996 SDWA 
Amendment&.. to provide Ii repository and access to d.1ta on the OCCUftCnce ofcontaminants in 
drinking "vater, which will suppan dc(:lsicn making for future drinking water contaminant 
regulations. 

08/14 	 President Clinton announces new Steps to r¢$1orc America's rivers, L'lkcs and coaswl waters, 
Under a proposed rule. EPA ~ill work \\ith Slates 10 better assess the hcallh ofU.$. walcrways 
and lo develop detailed plans to make tbem safe ror fishing and swimming . 

. 
09101 	 EPA issues Fcdcmt Guidunce on estimating cancer risks from radialion. The new cancer risk 

coefficients for OVCI 800 radionuc1idcs take into aecount age~spccific data thai includes risks to 
infants and children in calculating average population risks. 

09106 	 The 7SQlh Superfund construction is completed at Pepc Field in Boonton. NJ. 

09115 	 EPA's Blue Ribbon Pancl- fonned tQ investigale tbe healtb effects and emironmenlal benefits 
nnd challenges of MTBE - issues a p..'lckage of recommendali(lns. The Panel concludes Illat 
\\1iier conCernS are driven primarily by aesthetic issues (odor and taste) and that health concerns 
arise only rarely. The issue flares up in carl)' 2000 when 60 Minutes does a segment on the issue, 
The following March, the Clinton AdministratIOn announces lcgislalivc principles to address the 
MTBE issue. Sevcral Congressmen and Scnacors introduce bills to address the issue,. and several 
states request waivers from the RFG program. 

09116 	 W. Micbael McCabe is appointed Acting Deputy Administrator. 

Oct 	 Ovcr 50.000 comlllunity wfltcr systems issue their first ever consumer confidence reports, giving 
some 250 million Americans access to inform<lliotl abOllt the quality orthcir drinking water. 

10130 	 f'resident Clinton announC(:s a new EPA mle strengthening the public's right to know about 
highly [oxic cnemic;J1s releascd 10 the environment. The rule establishes or strengthens reporting 
requ!rements for 27 persistent biO;lCCUlnullltive toxics. including mereuI)'. dioxin. and PCBs, 

Nov, 	 EPA completes dll~ report RcologicaJ CO}fdili(1fts a/Estuaries in the Gulfof•..,fexico to pr¢SCnt an 
ecologic.1l teport card on conditions of cstunrics in tile Gulf. 

11/02 	 EPA proposes the Radon Rule, scuing oul a unique muhimcdia approach IQ allow local flexibility 
in addressing risks. 

11/03 	 Historic CAA luu'$Uit moo ag.1inSl 17 ctectric utility comp.1nics ch.1rgcd with c,'p.1nding 
operations at their coal-fired plants and increasing pollution \\ irlwut seeking required permits. 

12/01 	 EPA announces thai while the air qWllil)' plans for 10 mnjor urban ,lreas (including Atlanta, 
Houston, New York. Chic,lgo, and Washington, D.C.) show a strong commitment to reducing 
smog, most will ne<:d lO take additional steps. 

12117 	 EPA takes acticn on petitions filed by eight nortbeastern slales seeking 10 miligale what they 
dCS(;ribc as significant Imllsport or NOx, one of Ill(: main precursors of ground-level ozone. This 
action will reduce NO" emissions from 392 fncililics by 50%. Sc\-cmi slates and industries sue 
lhe Agency in 2000, and a court dcclsion is expected in 2001. 

12121 	 President Clinton announces new s!:mdards for passenger vehicles and gasoline. For the first 
linte, largcrvcliiclcs like SUVs "nd tmcks will h;!vc 10 nl!X:1 Ihe Somne standards as cars: The 
gasoline sulfur standards will ¢nsure the offectiveaess of low cmi.ssion-conlroi te<:bnologics in 
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..."Chicles and reduce ltarmfu~ air IXlllulion, These new standards require passenger vehicles (() be 
77 to 95 % cleaner than those on tile road today. 

Jan. The National Academy ofScienccs' Institute ofMcdicine releases a landmark study of indoor air 
and astluna, 

OllOI EPA is successful in convertitlg the agency's major sYStons to Year 2000 ","ithout problems. 

Olll2 EPA issues final revisions to the Lead and Copper rule wliich strengthen protection to 
,jlpproximalc1y 20 percent of humnrJ exposure to lead in drinking water. 

01/13 Koch Industries assCSS¢d larb'¢${ EPA civil pcmllty in history - $30 million. 

02/29 Pirst settlement '\\ith electrie utility (Tampa Electric Company) r¢SuIting from EPA's 
enforcement initiative against cooMlred power plants. 

Mar. EPA, along with HUD, HHS, and other federal agencies, releases an integrated stmtegy to 
climin.:1lcd childhood lead poisoning by 201{l 

EPA l<mnehes the "Read Ihe u'Ocl rirst" Bnd Ihe Consumer L'locUng Inilinlivc, which will make 
household product laocls casier to read and understand. 

03130 A Federal Court upholds. in Pronsulinu v. },jarcus, EPA's longstanding inlcrprct.'lIion and 
pmclice of identifying waters impaire~ by nonpoiDi sources of poilution nnd dcveloping TMDLs 
for such waters. 

May· 
July 

EPA performs extensive mdiation monitoring 10 ensure protection of public hcnlth as 
uncontrolled Orcs rage ncat the Los Almnos National Laboratol)' (May) and thc Hanford nuclear 
rcscn':l1ion (July). 

05101 EPA (cams up with USA Todny:md The Wealher Ch(lnnel to publish the Air Quality Index (a 
d.1ily indic.1h)r ofille healthfulness oflQC.'li air quality) on their <L1ily wea,1her pnge and wcbsiles, 
respectively, througliout Ihe ozone .season (May·Scplcmocr). 

05104 EPA promulgates a final public Ilotificati{)fl rule requiring public waler systems 10 alen 
consumers ,villiin 24 hours iftlicre is'l serious problem \\ilh Hieir drinking water that may pose a 
1)C.'llth risk, . 

OS/{)S Longest prison sentence for an cm'ironmenfal crime - 17 years - set following an individual's 
oonviction on RCRA \'iolations lilatleft an employce wilh permanent brain damage due to 
exposure to cyanide gas, 

05110 EPA proposes tile ground waler rule tIJ address lite Jlcaltil threals 10 consumers by microbial 
cIJl1tamrnntion in grourld wmcr. 

OS/25 President Clinlon issucs Executive Order 1315&. :,,'larine PmicC1ca Areas, to beller protect 
beaches, C()'o'lSls:. and ocean waters rrom pollution. 

June EPA launches the Nnriort..'ll Envi(onmenla! Performance Track program to provide rewards and 
incentives for strong environmental performance. 

June EPA proposes the arsenic mle 10 pTOyide adequ.'lle hmnan health protcction. 
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0610 I The premium for new c1eaner-burning: reformulated gasoline soars, eventually peaking at over 
S(}¢. Tho issue remains volatile all summer. However. after EPA and DOE request that the 
Federal Trude CJ)ll1mission investig.1te. tbe price increment seules down to levels predicted by 
EPA and other analysts (4-8¢). 

06102 EPA proposes rules to clean up pollution from hc<l'vy duty trucks and buses. EPA aunQUnces the 
I" phase in July and intends to i&>"""1lc the 2'1<1 phase by 1he end of 200fl When both of phases are 
(ully in effcC1. I1cav'Y duty trucks and buses ",ill be 9~% cleaner than today's models for smog.. 
causing emissions and 90"/0 cleaner for soot -alloosl as clean as aUerna\ivcly fueled vehicles 
lmeh as compressed natural gas vehicles. 

06/08 EPA reaehes agreement to phase out the residcntial uses of the commonly used pesticide 
Dursb.'In, or chlorpyrifos. 

06130 Congress passes the IT 2000 miHulry construction supplemental appropriations bHI. which 
L"Ontatns a rider -prohibiting EPA from implcmenting the TMDL rule in FY 2000 and 2001, 

0711 I Administrator Browner signs the fimd Totuil\fuxiIllum Daily Load Rule, strengthening: the 
frnmc\\'Ort for idcnlifying and cleaning up polluted water OOdies, two days prior 10 the 
Congressional rider becoming effcelivc. Tbe final rule is publisllcd 07113. 

01/20 WlIIamctte Industries spends $90 million to scule CAA cnfon:cmcnl. part of the Agency's on­
going woOO produclS enforceIllcn! inilil1lh'c. This includes'ln $11.2 Inillion penalty. Ihc largest 
civil penalty assessed againsl a single $f3tionm)' source facUity under Ihe CAA. 

07/25 $600 l1lillion CAA settlement wilb BP~Amoco and Koch Refining will rCIIlovc 60,000 tons of air 
pollution annually. 

08103 W, Miclwel McCabe is sworn in as 101 
." EPA Deputy Adminis!mlor. 

08107 EPA llflllounccs thc summary results ofils annual rqx,rt on, and evaluation of. stalus and trends 
in OUf nation's air. TIle 1999 Tremls Ueport shows Ihat willIe lcvels of ,III six crileria air 
pollutants are down since 1990. wort muSI continue (0 ensure improvements in air quality­
especially as the economy, the number of vehicle miles traveled. and dte population continue to 
grow. 

08/17 EPA releases the results of lhe first pltase of ils nalional assessment of emissions of loxic air 
pollutants containing data on emissions and ambient oonccntrntiolls, 

Oct. EPA announces Commuter Choice ­ a nC\v voluntary progr.lm in which EPA partners wilb the 
private SOClor and slate and Joc.11 govcrnmcnls 10 implement new progmms designed 10 
encoumgc envitOnmcnt.111y friendly commnter choices for employees. 

10/12 The Clinton Administration and Canada finalize a draO agreement to reduce emissions of smog~ 
fanning chcmicals. Under thc agrcclllcnt. Cllnada·agrces to hm·c its powcr plants meet the 
standards of EPA's NOx SfP Call and \0 strengthen 10 U,S. levels ils fuel standards. its vehicle 
and non;road equipment emissions swndatds, and emissions from certain other industries. EPA 
hopes 10 lwvc the agreement signed by Ihe end of2()no. 

10/12 EPA's Bro\mfields Initjati\'l~ \ltins the Innovalions In Gm'Cmmcnl Award from the John F. 
Kenned~' School of Govcmmenl, Haf',llro Ullh'crsily and the COlineil fOf Excellence in 
GO\'CflImCllt 
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10/19 EPA tn:li<cs public. for the first time cvcr, data that list lailpipe pollution levcts for, and ranks 
lIcooroingly, <111 fic"~model cars., wagons, pickup {nicks, minivans, VIHIS and St:Vs on the basis 
"ftheir tailpipe emissions, The rankings are the pollution equivalent to the gas mileage ratings 
thaI EPA issues anfiUIlUy, 

11106 President Clinton signs Executive Order 131. 75 whiCh supcrccdes E.O. 13084 on Consultation 
lind eootdifia!ion wHh lndian Tribal G.wcrnmenls. TIle new E.O, now requires federal agencies 
to. develop and ulilizc a process for consulting Indian tribal governments on mattcrs dUlt 
significnntly affecl Shem, and to appoint a federal offici.d ia eac-h agency 10 ensure the process is 
implcmenl¢d. 

11116 I~PA announccs muljj~mjlJion dollar scillement in prindple with Virginia Power (VEPCO) as 
part of ils nalionnl iniliativc againSi CAA violatio.ns by electric utilities. 

Dec, EPA launchcs its interactive on-line compliance assistance clearinghouse that provides links to 
nil of tile agency's compliance assistance materials as well as matcrials from aU SO stat~ ~nd 
other public and private organizations. 

12/0& Administrator Browner joins 'rilll the St:lte of Illinois find Ihe City of Chicago-to. sign the 5fJ1ll XL 
project, 

12/13 EPA holds tbe National Achievement Track Charter Evem, n!cognil'jng the 250 facilities that are 
initial members Qf dliC program. 

12/14 EPA finds it is "appropriate and necessary" to develop regulations 10 1:Ontrol and reducc 
emissions of mcrcury and other toxic air pollutants from coni and oil fired power pllmls. 

12120 EPA pnblisbes Ihc linal rule on mercury determination whicb 

o I/0' EPA announces a new, enhanced internet site Wirrdow to My Environment 10 improve local and 
national ucccss 10 integrated and dynamic geographic inforn1iULOn, 

0l/12 EPA proposes the Concentrated Animal Feeding Operations rule '\.\'hkh addresses harmful runoff 
from animrll feedlots CQnlaining nutrients, pathogens. heal)' mctals, and antibiotics, 

OlliS EPA requires for the first time thaI all copy/printing paper used by EPA Hcadqunr1crs will be 
100% r«yclro. 
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Steven A. Herman memorandum: "Core 
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I. t:XECUTIVE SUMMARY 

Purpose of the- Tier 2 Study 

This Tier 2 Study examines whether it is approprimc to require more stringent emission 
standards for new prlsscngcr cars and light Juty trucks. which make up the majority of motor 
vehicles on the road today. As directed by Congress, the Environmental Protection Agency 
(EPA) in this examination assesses toe air quality need. techolenl fca"ibility. and cost 
erfectiveness of such technologies, This study is the first step in determining if more stringent 
vehicle standards a[c needed to meet the National Ambient Air Quality Standards. 

The Clean Air ACi (CAA) directs the EPA to identify and set national ambient <lir quality 
standards (NAAQS) for pollutants that cause advcrxc effects to puhlic health and the 
environment. EPA has set standards for six common air pollutants, known as "criteria 
pollutants." They arc ground-level ozone (an importam component of smog), carbon monoxide. 
!cud, nitrogen dioxide, sulfur dioxide. and particulate mUller (mcmmrcd m. PM,(j and PMv )' For 
each of these six pollutants, EPA set health~based or "prinmry" standards to protect public health 
and welfurc-hu:-:ed or "secondary" standards 10 protect the environment (crops, Ycget::ttion. 
wildlife, buildings and national monuments, visibility, ete). 

The CAA sets specific exhallst emission standards, beginning with the 1994 model year, 
for light~duty vehicles (LDV). or pns!'-enger cars. and Iight~duty trucks (LDT), including sport 
utility vehicles, minivans, and pick~up trucks. These are "Tier 1" em.ission standards. The Act 
requires the study or whether or nnt further reductions in emissions from these vehicles sho~tkl b~ 
required by setting more stringent "Tier 2" cmisl'ion stand~lrds. This assessmem must address the 
need for further reductions in motur vehicle emissions to :main and maintain the NAAQS, 
including, at a minimum. three factors: 

• 	 the air quality need for more stringent standards, 
• 	 the availability of technology to implement more stringcm smndards, and 
• 	 the cost effcctivencs~ of more stringent motor vehicle standards. liS well as 

nhernative means to attain and maintain the NAAQS. 

This ''Tier 2 Sludy" addresses these factors, as well as others relevant to the consideration 
of whether to cSlablish more siringcntlight-duty cal' and truck emis;;:ion ;;:tandan.b., For eX~lInplc, 
the sllldy illcorporates 1n its analysis the National Low Emission Vehicle (National LEV or 
NLEV) program, a vo!unt.:lry agreement among automakers and Nonhca.+{lcrn stales to produce 
deaner cars nationally. Tbe National LEV program ensurcs that, beginning in model year 1999 
nnd fully phased in by model year 200 I, vehicles will mect cmi;;:sion standards that are cleaner 



than Tiel' 1 t>tandards by harmonizing with the more stringent exhau~t cmi;;:;ion standards 
required hy California. 

The requirements for the Tier 2 Study and the manner by which the study was developed 
arc descrihed in Chapter 11. illlmduclirm, As required by Congress. this study was released to 
the public for comment on April 23, 1998. After the close of the public comment period, EPA 
summarized tlw comments rccCI\'cd, modified tbe draft sludy as. necessary. and created this fin~ll 
report for submission to Congress. The public comments and EPA's !'esponse, when 
appropriatc. arc summarized in Appendices E (lnd F. Ovcrtill. the comments rcsulted in minor 
changes to the study and did not change any of the findmgs of the :...tudy. 

This study docs not include proposed new emission standards. Inslc<'ld, it focu!'cl" on 
addressing the three factors identified in the statute and raiscs and discusses broadly other related 
issues" If it is detennined that more stringent emission standard;; are necessary and viable, the 
Agcncy will. through n rulcm~lk.ing process. promulgate such standards by th,,~ end of 1999. Thc 
bsues discussed in this study would be morc fully developcd and analyzed as p.lrt of this 
rulenmking" 

Status of Air Quality In the United States 

Air quality in the United States continues io improve, Nmionufly, the 1996 tlir quality 
levels arc the best on record for all six criteria pollut.ants. In facL the 1990s show a ste~ldy trend 
of improvement. 

Tbe improvements in air quality and economic pruspcrity lh:lt have occurred since EPA 
initiated air pollution control prognllll!' in the early 1970s illustrate thm economic growth and 
cl1vironl11lJntHi protection can he compatible. Since 1970, ntltional !oi.d emissions of the six 
criteria pollutants declined 32 percent. while U.S. popu1ution increascd 29 pcrcent tind gross 
domestic product increased W4 percen!. Motor vehicle emissions have decreascd 5&% for 
volmiJc organic compounds, 40% for carhon monoxide, and 3% for nitrogcn oxides while 
v<.!.hide milcs traveled have increased 121 perccnt 

Despile these continued improvements in air quality, however, approximately 46 million 
people Ii ve in countic." where air quality levels exceeded the level of !he natiolull <til' quulity 
stll.ndards foJ' at least one of the six criteria poliutants that were in effect in t996. 

Even taking into considcrmion the trend toward improving air quality. many mc:\s will 
nOI he in uU;linmcnt with the NAAQS In 20m, in spite of implementation of the National Low 
Emissioll Vehicle (National LEV) program, programs to rcducc rcgionallnlnspof{ of (}l,OJlC 

emissions, and other ~lir pollution controls, Furthermore. many areas. (hat arc in attainment will 
need ongoing programs to nHlintain their attainment, especially in light of continued cCOImmic 
growth. 
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Motor Vehicles' Contribution .0 Air Pollution 

While currcnt cars emit tlOOtit 97% fewer pollutants than 1970 moiJcls, cJni~sions from 
motor vehicles still contribute a htrge portion of Ollr air pollution. Nationwide, mobile source." 
arc estimated to contribute more than half of the nitrogen oxides (NOx) inventory; 42% of the 
volatile organic compounds (voe) inventory; one~quat'ter or the particulate mattcr-l () (PM- J0) 
invcntory; and 80% of the carbon monoxide (CO) emissions. 

In 1996, LOYs and LDTs contributed more chan 25% of national VOC cmls~jon$. LDV 
and LDTs contributed more tlum 53% of national CO and contributions to nalional NOx were 
(Ilmost 22%. 

Am...::rican motorists traveled 2.5 lriHion milcs in 1997, with a nearly constant growth of 
2% a year. In addition. sport utility vehicles, minivans and small pid:~up trucks compri~e almost 
half of the passenger vehicle." sold in the United States today, dramatically changing the overall 
compo!'ilion of motor vehicles on the rond, as well as the emissions inventory. 

O\'crvicw of the Tier 2 Study 

8ll1i~sions from motor vehicles includc volatile organic compounds, carbon monoxide, 
nitrogen oxides.. and particulate maltcr. voe and NOx emissions combine to produce Olone, or 
-"IUOg, in the atmosphe!'e. GtlSeuus VOC and NOx emissions also help form PM lJl the 
atmosphere. Elevated levels of ambient ozone, CO, m1(l P:vl tmve heen ussociutcd with increases 
in both human morbidity and mortality, In addition, VOC emissions from molor vehicles 
include known and prohable human carcinogens, NOx emissions contribute to imp~lircd 
visihility .mo crop damage. a" well as the acidificalion of lakes and estuaries, 

Chap1er Ill. A'isCSSmCnl a/Ail' QualilY Need describes and assesses the air qU;llity need 
for more ;;tringent control of LDV .md LDT cmi:.;sions. The available evidence, dl!ictt'lscd in thit' 
chapter, supports the need for emission reductions hcyond thal provided hy the Tier 1 standards, 
the NaUorml LEV pmgrtltn and other control progrtlms, 

LDV and LDT cmiss.ions primarily affect the: attainment of NAAQS for three pollutants: 
iYf)mC, pm1iculutc matter, and carbon monoxide. Motor vehicles' emission of these pollutants or 
their precursors and the effects on NAAQS attainment is discussed. The atlhosphcric pathways 
through which LDV and LDT emissions affect these NAAQS arc identified, as wen as health und 
wdfare impa.:ts thut arc not directly addressed by the NAAQS. 

!his nsscssmcnt finds thai, in the time frame contemplated for Tier 2 standards, therc will 
he an nir quality need for emission reduclions to aid in meeting and maintaining the NAAQS for 
hoth ozone :lnd PM. Air quality projcction;4 of both ozone and PM-IO in the years 2007 to 2010 
show continued nonattainment in a number of 10<:nl areas, even after the implementation of 
existing cmi!"sion controls. The contribution of illVs tllld LDTs to voe and NOx emissions 
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that n.rm ozone is projected to be substantial. Further VOC and/or NOx emission reductions 
beyond those provided by the Tier i light-duty molor vehicle standnrds. National LEV, 3nd other 
programs am still needed in order for ttl I al'ca>; ;)f(hc nll(ion to attain the Ni\AQS for ozone. 
Thc~e reductions would also provide needed assistance to mlditionul areas in maimaining their 
projected compliance with the ozonc NAAQS. 

Further reductions in emissions of PM and PM precursors beyond those provided by the 
Clean Air Al.:! are 'i1ill needed in order for all meas of the nmlon (0 attain the NAAQS for PM w ' 

Thc.lic reductions would also provide needed assiMance to addil10mtl areas in maintaining their 
projected compliance with the PM jo NAAQS. 

While emissions or PM from LDVs. arc relatively small, the trend toward heavier vehicles 
and the use or diesel fuel makes this an issue lhul must be analyzed. PM emissions from 
gasolinc~fue1cd vehicles are qllite low, while PM emissions from diesel vehicles meeting the 
Tier 1 PM standards are at lema an order of magnitude greater. Widespread use of the diesel 
engine in LDVs amI LDTs without more stringent Tier 2 :-.tandards 1'01' particulate emissions 
could significantly increase ambient levels or PM 1fi , worsening compliance further. 

In colltr,:lst with ozone and PM. EPA docs nnt pmjcct signilkant numbers of CO 
l1on:lttail1ment areas in {he future. Furthermore, any ruture exceedances. wiIJ occur during 
wintertime conditions, The air quality need for further CO emission reductions from motor 
vehicles is being evaluated separately, in the context of the requirement to evtlluate cold CO 
emission reductions, 

Chapfer IV. Asscs.I'I11cn! a/Tee/mical Fea.libilily examines the technological feasibility of 
controlling light-duty vehicle and light-duty truck emissions beyond the level of control provided 
for by Tier I emission l'tand'lrds. The technological feasibility of more stringent LDV anti LDT 
emisliiion standards is apparent. There is abundant evidence that technology exists to reduce 
LDV and LDT emissions below Tier I levels. 

The review of vehicle emission control technology begins with a discussion of the 
emission performance of current TicI' I, National LEV, and California LEV technology vehicles. 
The chapter then reviews the status and potential of a number of emission control technologics 
which could he used to get emission control beyond Tier 1, and even beyond National LEV, 
standards.. Vndous technologies th.t1 (;ould he used to reduce vehicle. emissions below levels 
currcntly incorporated in the National LEV and California LEV programs are described. ranging 
from improvenmnts In ba:;c engine dC1'igns [0 advancements in exhaus.t aftcr-Ireatmcnt systcms, 
The effect that gasoline sulfur may have on potential Tier 2 technologies is examined. as it has 
become apparent that (his is a critical factor to be considered. 

The teehnologics discussed in this chapter arc either currently ill production on one or 
more vehicle models or are in the final stages of development Given lhc rapid puce of 
technological advances made in the niotor vehicle m~mufacturing industry in recent year;;.;, ()DC 
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can aSSllme even greater opportunities available il1 2004 ~tI1d beyond. Automotive rnanuf<-lcturing 
comp~mies are already producing LDVs that meet National LEV standards. achieving much 
lower cmission levels tlmn currently required. Some manufactllrers have committed to market 
LOTs that meet National LEV standards as soon ;:IS the 1999 model year. 

An examination of the cost effcctivene.<;s of more stringent light~duty emissions standards 
is fOlll1,d in Chapter V, Asses.mumt ojeOS! and Cost I:jJecliFeness, including;:1 revicw of lhe cost 
effectiveness of both mobile and stationary source controls for the primary polllllants of concern. 
Information 011 cOSts and cost effectiveness for pOlential future emission control technologies is 
presented in this ch~iptcr. Tbi:; includes the cost effectiveness of LEV technologies. as well as 
technologies that acbieve emission reductions beyond LEV standards. The chapler estimalcs 
COS! cffectivCliGSS of cCl1uin emission reductions without making .1 determination of the specific 
numerical values of potentlui regulatory standards. 

Estim~ltcs of tbe cost of future technologic;.; are highly uncertain and oftcn innated. 
Frequently, e.ngineers from the ·auto industry, as well as government regulators '.lOd outside 
expcl'ls. predicl future costs that eventually prove to be roo high when the technology is actually 
manufactured ~lI)d installed on mass~produced vehicles. As stated prcvioui'ly, Tier 2 stamlllrds 
cannot be effective until the 2004 model year at the earliest. Therefore, although the cost 
estimates included in tbis study arc EPA' s best assessment of future tecbnology, they may b~ 
(';onscrvallvciy high. 

EPA evaluates specific motor vehicle emission conlrollechnologics, including lighter air­
fuel controb and improvcd catalyst deslgns. EPA csrimatcs that thcse technologies should be 
able to reduce NMHC (non-mcthane hydrocarbons) by as much as 77% and NOx emissions by 
gO%. relative 10 Tier I vehicles on a per mile hasi.s, at a cost well hclow $5000 per iOn on an 
annual ba'\is. Comparing these reductions relative to National LEV yields a 7% reduction in 
NMHC and 30% in NOx, at a cost also well below $5000 per ton. These emission reductions 
would also be mOJ'e thall sufficient to meet the default Tier 2 Si<lnd'lrds liswd in Table 3 of 
section 202(i) of .he CAA, 

EPA evaluates the cost crrcctivcncsi' of other currclU or potential control methods for 
controlling emissions, The techniques fo!' reducing LOV and LDT emissions appeal' In be 
comparahle to or more cost effective than many alternative methods of clnis.sioo reduction. In 
developing the National LEV rcgullllioo1', EPA found thai the National LEV standurds provided 
cost effective clnission reductions from the Tier I siandards relative to other emission control 
programs (roughly $2000 per ton of NMHC and NOx controlled), 

In addition [0 estimates of cost. this chapter also attempts to quantify the emission 
reduction capabilities of these future technologies. In this way, the cost cffcc;tivcnC5s, in units of 
dollars pCI' ton of emissions reduced. C'1I1 be calculated and compared. 
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Next Steps 

Pollowing submission of this Report to Congress, EPA will by rule. determine whether: 
J) there i!i an air quality need for further emission reductions: 2} the lechnology for meeting more 
stringent emissions standards will be available; .md 3) obtaining funhar reductJollS in cmis'iions 
from light-duty vehicles and certain light-duly {mcks will be needed and cost effective. If these 
conditions exist. EPA will promulgate emission standards for such vehicles by December 1999, 
providing si£nificam and frequent opportunities for the lovolvemcnt of interested parties 
ihroughoUi the rulcmnking process. 

In its rulcmaking, EPA will cxumine additional isslIes, as diseussed in Chapter VI: 
R{~f.iutatO!)l I.'{sues of this Tit.!f 2 study. They will include the rchltivc ~tringeney of LDY and 
LDT standards, the appropriateness of having separate standards for gasoline and diesel vehicles: 
versus having lhc same standards for ~uch vehicles, and effects of sulfur in gnsoline on calal),s! 
efficiency, 

All LDVs have historically been required to meet the same numerical emission standards. 
For eXilJ11p]C, large luxury cars and small sub-compacts both meet the same emission standards, 
because both type~ or vehicles are Uf;cO as personallransportalion. In contnwt, higher numerical 
emission standa.rds have historically been e.'';lablished for LDTs. As LDTs become a larger 
portion of the passenger fleet, they have a disproportionate impact 011 in-usc emissions. Options 
for setting LDT emission standards given a parlicular sct of LDV swndards include: requiring 
LDTs 10 meet the same numerical emission stanoards as LDVs; setting the LDT standards to 
require use of the sarnc emission conirol technology as the LDY sll.lIiduJ'd$; or setting different 
standards hased on vehicle Usc. 

Another consideration is whether the same emission standards should be applied to 
similar vehicles regardless of what fuel is utilized. Here, tbe primary fuel options for 
conventional vehicles arc g.asoline and diesel fuel. The pollutants of most intercst with regard to 
applYing the samc standards to gasoline and diesel vehiclc.,,<.; arc NOx and PM exhaust emissions, 
Both diesc:l find gasoline vehicles apllCar to be capable of meeting lhe range of possible Tier 2 
NMHC and CO cml1L,>ion sHmdards, so the issue of equivalenl standards docs not arise with 
respect to these pollutants, 

Sulfur in g~lsolirlc affects emissions of He. CO and NOx by inhihiting the performance of 
the cawlyst Recent information from test programs performed by the Coordinating Research 
Council (eRe) :lnd the auto industry sugges.ts thal not only do LEV and Tier I vehicles exhibit 
decreased emissions performance due (0 fuel sulfur, bm the more adVtulCed the techno!ogy, the 
more sensitive (on a percentage basis) the catalysts are 10 sulfur. The studies: indicate that 
increa~)ng sulfur content could more than double NOx emissions. and have .<1 less s.evere, though 
llmiceabic, effect on He emissions, EPA addressed this issue in <I recently rc1c;lsed Sl<ifJPaper 
on Ga.HJliuc Su/jur Issues (Muy 1998), EPA plum. to cOllsiJer issues related to sulfur levels in 
gasoline, including geographic applicability and costs of controls, as part of the Tier 2 
ruJcmuking. 
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II. 	 INTRODUCTION 

In drafting the Clean Air Act, as amended in 1990, Congress envisioned that it may be 
necessary to require additional emission reductions from new passenger vehicles in the beginning 
of the 21st Century to provide needed protection of public health. Section 202 (i) of the CAA 
outlines a proC(;SS for assessing whether more stringent exhaust emission reductions from light­
dUly vehicles and light-duty trucks should be required. Congress required the Environmental 
Protection Agency to report the results of this assessment 10 Congress. Congress identified 
specific standards I that EPA must consider in making this assessment, hut stated that the study 
should also consider other possible standards. These standards, referred to as the "Tier 2 
standards" in tltis study, would be more stringent than the standards required for LDYs and LDTs 
in the CAA heginning in model year 19941 

, but could not be implemented prior to the 2004 
model year. 

Specifi(:ally, Congress mandated that this study examine): 

I) 	 the need for further reductions in emissions in order to attain or maintain the National 
Ambient Air Quality Standards, taking into consideration the waiver provisions of section 
209(b), 

2) 	 the availability of technology (including the costs thereof) in the case of light~duty 
vehicles and light~dllty trucks with a loaded vehicle weight of 3750 Ibs or less, for 
meeting more stringent emission standards than those provided in subsections (g) and (h) 
for model years commencing not earlier than after January 1,2003, and not later than 
model year 2006, including the lead time and safety and energy impacts of meeting more 
stringent emission standards; and 

I Ctean Air Act: Section 202 (i): Table 3: Pending Emission Standards for Gasoline and Diesel Fueled 
Light-duty Vehicles and Light-duty Trucks 3,750 lbs LVW or Less. 

Pollutant Emission Level in 
grams per mile (g/mi) 

NMHC ............................. . ............... 0.125 g/mi 

NOx ..... ................... .............. .. ............. 0.2 g/mi 

CO ................................................................ 1.7 g/llli 


2 Section 202 (g) and (h), 

.1 Section 202 0), Congress specified that, "The Administrator, with the participation of the Office of 
Technology Asscs~ment, shall ... " However, the 104th Congress voted to cease funding the Office of Technology 
Assessment after September 30,1995, prior to the Agency developing plans for the Tier 2 study. 
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3) 	 the need for. and cost effectiveness of, obtaining further reductions in emissions from 
sucb ligbt~duty vebicles and light-duty lrucks, laking into consideration alternative means 
of al1nining or lll<lintaining the national primary ambient air quality slundW'dl\ pUf;.iu.mt to 
stalc implementutinn ptans and other requirement of {his Act, including their fcnsibility 
and cost effecliveness, 

As the first draft of this l\tudy was being complel{.:J, an historic agreement between 
auh)makers and the l\W1CS, coordinated by EPA, established a voluntary National Low Emission 
Vehicle program. This program requires that vehicles, sold in mode) year 1999 in the Northeast 
and sold nationwide in model ycar 2(0), meet more stringent emission stwHlanl1' th~\ll current 
federal Tier I stundards, The Natiomll LEV program also harmonizes, to the greatest practical 
extent. federal requirements with the more stringent exhaust emission standards established by 
the Hlatc of Californiu,4 'niis program was prompted by the e~tablished air quality need in the 
llonhcaSiel'n United States to assist stares in mceting lhe National Ambient Air Quality 
Standards, The, National LEV program provides an additional fcm;ibility and cost effectiveness 
baseline for morc stringent exhaust emission standards in the future compared to that identified 
by Congrcss for the TicI' 2 stalld~lrds, 

111 cunducting this study, EPA ensured that issues relevant to the study were explored 
using a public process, The Agency published a SlaffVv'hite Paper {See 62 FR 18346; Aprii 15, 
19)17) and ~onducted a puhlic workshop on April 23, 1997, (n mMition.thc Agency participated 
in numerou).; meetings with states, environmcntal organizations and industry represematives, 

As l'cquit'cd by Congress. this study was relcascd to the public for comment 011 April 23, 
t99fL After providing 45 days for public comment, EPA sumrn'arizcd the commems received 
(sec Appendice3 E and F), modified the draft study as necessary, and created this fin.al report for 
submission 10 Congrcs).;, 

B;:L<;cd on the conclusions of this study, EPA now plans to determine, by rule, whcther: 1) 
there is a need for further emission reductions; 2) the tecbnology fDr meeting more stringent 
emissions standard).; wm be availahlc: and, 3} further reductions in emissions from light~dU[y 
vehicles and cerlain lighHiuty lrucks will be needed and cost effective, taking into consideration 
other altcrnntiv(:s, If EPA determines that these conditions exis.t, then EPA shall promulgme 
emission standards for such vehicles. 

4 California has Ille aU1P0t1ty under J;cction 2{}9(b} of the CAA to e~!a,lh;h ;;;:ate ~pcciEc ~'ei1ic;e and 
engine enti.~,i(]n~ aud leMiug prugrams. 
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III. ASSESSING THE AIR QUALITY NEED 

TIle gonl of this ch:lpter is to nssess the air quality need for additional control of motor 
vehicle emissions thal hinder areas of the country from auaining andlor maintaining Nationul 
Ambient Air Quality Standards, in particular those for ownc. particulate matter and carbon 
mo!loxidc,~ To understand the impact of these pollutants, and ozone precursors. this chapter 
oULlines their threat to public health and wcll~lrc Hlld the: nl,lOner in which they arc formed and 
tri:ms.poftcd ill air, fn asseltsing tiir quality need, EPA eX~lmjned projections of future areas of 
NAAQS nonauainrncnt. as well u;; projections of areas needing 10 closely monitor maintenance 
plans in the fU1Ure, This ch<lpter then ;l.\SeS:-'Cs the contrihution of lighl-duty vehicles (LDV s) and 
light-duty trucks (LDTs) iO the overall inventory for each pollut.mi and briefly explains other 
benefits of LDV and LDT emission controls. Finally, this chapter reviews future projections of 
air qWljity given all known and projected control strategic." in the time fmme contemplated for 
potential TicI' 2 controls, Evidencc that additional motor vehicle controls should be considcred 
would include the facl th~lt motor vehicles sub:-tantially contribute to total emission inventories in 
nonattainment ilreas and in areas which affect nonauainmcnt through transport. us well as areas 
that may have difficulty maintaining their allninment status. 

The available <1 ..ta indic~ttc that in the time frame contemplated for Tier 2 standards there 
will be an air quality need for emission reductions to aid in meeting the NAAQS for both ozone 
and PM. EPA is continuing to evaluate the air quality need (or further CO emission reductions 
in the context of the requirement to cvaluutc cold CO cmi!'>sion reductions as discussed later in 
this chapter. The available evidence also illdicates that motor vehicle emissions willl'cmain a 

. significant conuibutor 10 air pollution in a significant number of areas of the country. 

A. Healtb :.IIld Welfare ElTect.~ of Ozone 

Ground-Icvel 01.onc is the prime ingredient of smog, the pollution that blankets many 
areas during the sumrncr/' Short-term exposures (1-3 hours) to high ambient ozone 
concentrations have been linked to increased ho .... pitaJ admissions and cmergency room visits for 
respiratory problems, Repeated exposures 10 ozone can exacerbate !->yniplom!-> and the frequency 
orcpisodcs for IlCoplc with re$piratory discasc!-> !-iuch as a!-ithmn. Othcf' health ciTeels ullrihutcd (0 
short lenn exposures include significtmt decrc<t!->cs in lung function and increased respiratory 
symptoms such as che~t pain llnd cough. These effect~ are generally <lssociatcd with moderate or 
heavy exercise or exertion. Those most at risk include children who are aClive outdoofN during 
the summer, outdoor workers, and people with prc~existing respiratory diseases like asthma. In 

~The Til!f 2. standards would have 0,) d:rect im;'lact on :he NAAQS for s;!lfl:t dioxide. ll,)wever, £J~nline 
slllfuf controls to euable lighter Tier 2 .~Iandanh, a" di'Jcu.Hed in Chapter Vl, would reduce nmbientlevels of ~ulfur 
dlllxide. 

~ Owne aIm occurx !HHurally ill :he qratftsphen,l aad proridcs a pro!eclire layer high above the c:trtlL 
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~ldditjon. long-term cxpo~ures to ozone may cause irreversible ch~mges in the lungs which can 
lead 10 chronic aging of the lungs or chronic rcspimtory disc'L<iC. 

Ambient ozone also affects crop yield, forest growth, and ihe durability of materials. 
Because ground~levcl ozone interfercs wilh the ability of a pluHI to produce and storc food, plants. 
become more susceplible to diseasc. insect attack, harsh weather ,md other environmental 
stresses, Ozone chemically aHach elastomets: (limural rubber and certain synthetic polymers), 
textile rlbcrs and dyes. and. to a ksscr extent, paints. For example. elastomers become brittle 
and crack, and dyes fade after exposure to ozonc. 

Ozone is not emitted directly into the atmosphere, but is formed hy a rcaction (If VOC 
and NOx in the prcsence of heat and l\unlight, Ground·lcvcl ozone forml' readily in the lower 
atmo~phcre. usmilly during hot :.:unUllcr weather. VOCs urc emitted from.a variety of sources, 
including motor vehicles, chemical plants. refineries. factories. consumer and cOllullercial 
products, and other industrial sources. VOCs are also emitted by natural sources sueh as 
vegetation. NOx is emitted from motor vehicles, power planls und other source of combustion, 
Changing weather p.ltterns contribute to yearly differences in ozone conccntratiollfi ,md 
diffcn;nccfi from city to city, Ozone can also bc transported into an area from pollution SQurcc." 
found hundrcds of miles upwind. 

voe emissions arc not only important for their contribution to mnbicnt ozone. Some 
fraction of the VOCs emitted from motor vehicle are toxic compounds, At elevalcd 
COIlCclltratlons :lm! exposurcs, human health effects fmlll air to;>;i.:s can range from rc:-.piralory 
effects to cancer, Other hcullh imp<lcts include neurological. dcvelopmcntal ;tnd reproductive 
effects, 

NOx emissic)J1s produce a wide variety of health and welfare effects. Nitrogen dioxide 
ean irritate the lung;.; and lower resistance to respiratory infection (such as influenza). NOx 
emissions arc an import<ln{ precursor to acid min and mny uffcct hoth terrestrial IInd ;lquatic 
ecosystems, Atmospheric deposition of nitrogen leads to excess nutrient enrichmcnt problems 
("eutrophication") in the Chc.."apeakc Bay and several other nationally important estuaries along 
111(: East and Gulf Coasts. Eutrophication can produce multiple: adverse cffccls on water quality 
.md the aquatic t:nvironmeot. including increased nuisance and toxic algal bl()om~, excessive 
phytoplalik'ton growth, low or no dissolved oxygen in bottom waters, and reduced sunlight 
causing losses ill submerged aquatic vegetation critical for henlthy ci-ituarinc ecosystems. 
Nitrogen dioxide and airborne nitrJte also contribute to pollutant haze, which imp~lirs vi~ibility 
and can reduce Icsidcntial property values and revenues from tourism, 

U. Role of VOC and NOx Emissions in Producing Atmospheric Ozone 
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The production of ozone from voe and NOx emissions' involves a complex !'ct of 
chemical reactions. llnd different mixtures of VOCs and NOx can result in different ozone levels. 
Por example, large amounts of VOC and small amounts of NOx make ozone rupidty, hut ozone 
production i:; quickly limited by removal of the NOx. VOC reductions under these 
circumstances lihow little effecl on ozone while NOx reductions reduce ozonc. (This condition is 
refcrred to as NOx limited.) 

Ltu"ge amounts of NOx zmd small amounts of voe rc:-.ult in the formation of inorg;.mic 
nitrates, but !iltlc ozone. In thcse cases, reduction of voe emis.sions reduccs: ozone. but the 
reduction of NOx emissions can actually increase ozonc. (This condition is referred to as voe 
limited,) The highesllevels of ozone arc prOduced when both VOC and NOx emissions arc 
pro.;:..cll! in :.ignil'icauc quantities. 

The formation of ozone is further complicated by biogenic (nalUml) emissions. 
meteorology and transport of ozone ;md ozone precursors. The contribution of voe emissions 
from hiogenic sources lo loc~11 ambient ozone concentra110ns ,an be significnnt and often 
produces conditions which arc NOx limited. Many of the above chemical reaclions are sens.itivc 
to temperature. When ambient temperatures remain high for several days and the air is rehltiveiy 
stagnant. oznnc and its precursors can actually build up and produce more OJ:one than lypicaJly 
would oceur nn a single high tempcn1lurc day. When air is moving. ozone :md its precurs.ors can 
be tnmsp.mcu downwind and contribute to elevated ozone levcls. outside of the area where the 
NOx is emitted, 

This study focuses on the res.ponse of umbicn! oZOne to the reduction in either VOC or 
NOx emissions, or both. In general. specific local areas are often described as beutS voe or 
NOx limited. Rural arca~ ilre almost aJways l'\Ox limited. due 10 the rehllivcly large umounts of 
hiogenic (from plants and trees) VOC emissions there. Urbanized areas can he either VOC or 
NOx~limilcd, or n mixture oCthe two (moderate sensitivity 10 ehher poHUitlnt, versus strong 
sensitivity to one and tittle sensitivity to the other). in projecting future aHainment of lhe revised 
ozone NAAQS, EPA found [hut significant reductions ia both VOC and NOx emissions would 
be necessary. 

C. Current Complianee with the Olone NAAQS 

As of October, 1997, EPA classified 59 ozone nonattainmcnt areas with respect \0 the I ~ 
hour ozone standard, cncompnssing all or part of 249 counties. The population of these 59 areas, 
based on the 1990 Census, is approximately 102 million. or 40 percent of the total U,S. 
population. These arcas arc located in the 37 easternmost states. Arizona, New Mexico. and 
California. 

7 CO also panicipate~ in the production of !}lon.e, milch Jil.:e a slowly reacting VQC" 
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In July 1997, EPA established a ncw 8·hour ozone NAAQS to better protect :lgain51 
longer exposure periods at lower conccntrations: than the CUffent I~hour ~tandanl The 1 ~hour 
NAAQS i5 ,'\till upplicablc in ccrtnin areas during the tntnsition to the eight·hour sHmdard (62 FR 
38856, July 17. 1997). EPA reviewed ambient ozone monitoring data for the period 1993 
through 1995 to determine which counties violated either thc I-hour or 8-hour NAAQS for ozone 
during this time period.g

·,) Eighty-four counties violated the I-hour NAAQS during this 3~year 
period. while 248 counties violated the 8~hour NAAQS. The 84 counties had ~I 1990 population 
of 47 million. while the 248 counties had a 1990 population of 83 million, EPA is reviewing 
more rccent '-til' quality data for 1996 and 1997. A preliminHry assessment of 1994 through 1996 
ozone monitoring dulu reveals only marginal changes in the number of counties experiencing a 
llollattainOlcnt problem with the 8·hour NAAQS, and essentially no change in the population 
levels impacted by nonattainmenL 

U.S Population (1990 Census) Living in Areas 
Violating the Ozone NAAQS in 1993·1995 

(Millions) 

I~ 

OAltainment Areas 


.Violatlng 1·Hour and 8· 

47 Hour Ozone NAAOS 

[3Violallng Only 8~HoUf 
Ozone NAAQS 

I). Future Amhient Ozone Levels 

The analysis of future omne atwinment provides a basis. fo), ass.essment of lhe need for 
additional cmis>;io!l reductions to achieve attainment and assure Imlintenancc of the NAAQS, 
EPA recently performed (wo projections of future ozone attainment status in the years 2007 to 
2010, The lirst was part of EPA's 1997 ozone NAAQS rulc:rnaking . 

• T':!b ll~C eflhc term "1'lllalt;J.inmcnl" in reference- 10 J ,pcclfic arc;; j~ rhlt meant a~ ~1Il1)f(icial ce:.:gaJfio(c 
\If fllttSe tirlrrminaliun;:s II) Ihe aHalnmenl status ni" the Ar"u, 

q U,S, Environmental Prolecliop Agency, Finding of Significant Cnnlribu!Jon and Rulemakmg fQr Certain 
Sta!e~ in the Ozone Traaspor! Assessment Group Resion for Purposes of Reducing Regional Transport {Of OlOne; 
Propo,>ed Rule. 62 fiR 60318 (November 7.1997) rOTAG SIP Call NPRM~}. 
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The second was conducted for the EPA's recent notice of propo:-lcd rulemaking regarding 
requirements for State Implementation Plans for 37 c~!slermnOSl states. Through a two-year 
effort known tiS the OZOM Transport Assessment Group (OTAG), EPA worked in partnership 
with st{itc and local government agenciesln the 37 easternmost states, industry and academia to 
address OY.one transport The work resulted in it proposed rule to reduce the regional transport of 
OUHle (OTAG SIP Call NPRM), The Olone projection... supporting thc OTAG SIP Call NPRM 
uscd more advanced regional ozone modeling tools than those mndc in support of the revised 
ozone NAAQS. However, the ozone NAAQS analysis c{)vcred the entire nation, while the 
OTAG SIPCaU NPRM only addressed owne levels in the eastern U.S. Therefore, both are 
discussed below. In developing a projection of future ozone nonattainmcnt lor the purpose of 
this study. EPA combined the projections from the OTAG SJP Call NPRM for the 37-;;latc 
O1'AG region with the f.1!'ojcctions from the Regulatory Impact Analysis (RIA) for the revised 
ozone NAAQS for the remaining II states in the continenHtl United States. 

As part I)f lbe RIA for the revised ozone NAAQS. EPA projected future ambicm OI..Qne 
leveL;; in 2010 using a Regional Oxidunt Model (ROM) eXlnlpolation methodology. One- of the 
scenarios cv,lluated W~IS a 2010 baseline, which included emission controls which have ,IJrcady 
been implemented or m:mdatcd by the Clean Air Act, regional KOx emissiou control in the 
eastern U.S. estimated to be associated with the then upcoming OTAG SIP Call NPRM, plus the 
National Low Emission Vehicle program. This set of emission control stmtegies generany 
represents all of the emissions reductions which may be expected from measures currcntly 
adopted or planned by thc state:'>. 

EPA used ROM air quality mOdeling. historical ozone air quality monitoring data and 
emission inventory c:'>timales to projecl baseline 2010' ozone levels for counties in Ihe 48 
contiguous Slates. For the pllrpose of this study. the standard :md consolidated metropolitan 
sUilisticat areas (MSAs alld CMSAs) cOnlaining these counties were identified. Nine arc~l.S with a 
1990 population of approximately 49 milllon people were projected to be in nonattaimncnl of the 
I-hour ozone standard~ 32 IniJlion people outside of California. Ninetecn arcas (with 
approximately 79 million peopJe a..'i of 1990) were projected to be in nonattalnment with the 8­
hour ozone :-.lAAQS, 51 million people outside of CaIiforni:L The 51 million people living in the 
projecled llonattainmelH areas outside of California represent morc than a fifth of the U,S, 
popUlation in 1990. 1fl 

The Tier 2 standards would primarily affecl ozone outside of California due to the 
applicability of California'$ traditionally more stringent motor vehicle !lwndards to vehicles sold 
in Califomia. However, the Tier 2 standards would also indirectly, but ~ignincantly improve 
ozone levels within California. Thi$ indirect benefit is dlle to the migrmion of non~California 
vehicles into Califomia when people move into that ~tate. Il is also due to the temporary 
business and lci:;ure tntvcl of non-Californians into California. The California Air Resources 

'I' pu?u!;cion\ b :'i9D ::p~ presenlCll ill this ~llldy bCCli\l~C (J{ their ready avanilbilil~ and act;lfacy. 
Population< in future NAAQS nDnattJ.ir.mer;l anJ m.;;lntenunce ur1eas will generally he much higher. 
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Board (ARB) n~cognized this benefit in the con!exl of the NLEV program. The California ARB 
used the benefits of the NLEV program to compensate for emission increase" ussocl<llcd wilh.a 
dcl.IY in the implementation .IIchedule for zero-emission vehicles. 

Once un area attains u NAAQS. the CAA requires that it establish a plun for maintaining 
this attuinmenL Otherwisc, future economic and population growth can incrcusc emissions to thc 
point where the area again violates the NAAQS, To estimate the number of areu~ that need to be 
concerned uhout ozone NAAQS compliance in lhe future, EPA (for the Tier 2 study) ,1!sO 
identified metropolitan arC.lS corllaining counties that were projected to. be below the ii·hour 
ozone ~AAQS, but with a relatively small margin of safety (i.e .. 15%). VOC and NOx emission 
reductions assodatcd with the Tier 2 standards would assist these arcHs in maintaining their 
compliance, 

In the Ol,one NAAQS RiA. EPA also projected that available local voe and NOx 
controis (at:l cost of up to $10,000 per ton of voe or NOx in 1990 dollars) could hring only two 
of these 19 arc..:;: into attainment with the new 8-hour NAAQS. Seventeen {17} of the 19 areas . 
remalned out of attainment after all available local controls. Ovemll, the available local controls 
in the 19 arc'ls {.nly achieved 38% and 23% of the ot."Ccssary voe .md NOx emission reductions 
I'cquircd. Clearly. these areas would oced additional cmi.;sion rcduction~ tn order to achieve the 
new ozone ~AAQS. As mentioned aoovc, both the OTAG S1P Call lind National LEV programs 
w~rc included in the baseline projections, Therefore, only motor vehicle controls {:\eyond those 
provided by Tier I and National LEV would qualify as additional conlroL 

In the OTAG SIP Call NPRM, EPA proposed that 22 states and the District of Columbia 
he required to submit reviscd SIPs demonstrating reductions in NOx emissions in order lo rcduce 
the transport of OZOIlC into Olone nonattainment arcus. EPA relicd upon the ambient ozone 
modeling conducted during the OTAG process in dcvelopin;; the propo:-.cd cmls:;ion reduclions. 
OTAG evaluated n wide variety or VOC and i\'Ox emission conrroh. for swtionary. area and 
mohile sources ()ver a two year period. EPA reviewed OTAG ozone modeling which included 
utility KOx Clliission reductions most closely resembling those bcilig proposed, <lod conll'ols for 
other sources (slationary, aretlS and mobile) required by the CAA or which had already been 
implemented. This modeHns, like that conducted during (he ozone NAAQS revisions Pl'OCCSS, 
also assumed the implementatiol1of n Nationnl LEV program, CDll1plcte details of the modeling 
proce...s can he found in the OTi\G SIP Call NPRM and associated documents, A 1is1 of the 
specific emissioo cOl1trol strategies ~I:ssumed in this modeling is presented in ApperulLt A. Future 
Ozone NmumaimnetU Pmjecli(UJs, 

For the purpose of the Tier 2 study, EPA reviewed tbe re!mlt~ of the OTAG SIP Call 
NPRM alialyses and found thut g areas with a populalion of approximutely 41 million people 
\verc projc(:i('d 10 he in nonattainmcnt of the I-hour ozone stnndard. Fifteen 1U'C;:I~ (with 
approximately 63 million people) were projected to be in nonauainmcnt Wilh the 8~hour ozone 
NAAQS. 
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Combining the OTAG SIP Call NPRM projections for the OTAG region with those of 
the ozone NAAQS RIA for the remainder of the country. EPA developed the following 
projections of ot,:One nonattainment :lnd maintenance areas in 2007 (OTAG region) and 2010 
(remaining II states). The metropolitan areas projected to be in nonatlainmcnt arc pl'c.s.cntcd in 
Appendix A. 

Table . . J J 200712010 Ozone Nonathinmcnt with CAA Controls• •OTcl.C• 511' Cull & NI EV.~• , 
OTAG 
Region 
£2:0:1"11 

X(in-CA. NOll" 
DTAG (10 Ill) 

Catifortl" !2ti I fI} 

Vioilling !-Hour NAAQS 

Number of Areas S 0 4 

1990 Population (mimon,~) 41 0 18 

Violating 3·HoUf NAAQS 

Number of Areas 15 1 6 
1990 Population (million ..) 63 2 28 

M ainlen.;;nce of tht S·HOUf NAAQS {within 15% of N AAQS) 

Number of Area~ 85 II 7 

19'}O P[)pulatiDIt (:'llillioll;;) 118 II 9 

For the purposes of this study, EPA also identified the Stand,an! MctropoJitnn Statistical 
Areas (SMSA) <.md CMSAs containing counties which were projected to be below the 8~hour 
ozonc NAAQS, but within 15% of thc NAAQS. EPA found 103 areas (96 non-Callfowi~1 areas) 
to have projected ozone levels withitl 15% of the NAAQS, with a 1990 popuhltion of 136 million 
(129 million outside of Cnlifornia), As nlrendy sUited. additional emission reductions would 
cenninly nssha .!:1Ich areas to maintain their 'Iuninmcnt status and may actually be required. gillen 
mcteorological '1arinbility and uncertainties in emissIOn and ozone modeling. 

These projectionx of future ozone n0I1.ltWin!110nt provide evidence for the need for 
additi\mal Vex:: and NOx emissjon reductions beyond those considered in thCfiC ~tudic~. The 
CAA provides states l1cxibility in selecting local emission control strategies: to achieve the 
NAAQS. EPA has nugmented th(.~sc local controls with cost effective national pl'ograms, some 
mandntcd by tll(·. CAA and others using EPA'!> discretionary authority under rhe CAl\.. The 
above <Imtlys("s indicate that both local and national measures appear to be necessary for the 
nation to achieve the ozone NAAQS. Tier 2 standards for LOVs and LDTs appear to be a 
reasonable nalion;]i control option for consideration. Because the above ozone projections of 
future nonmt,~inlllenl already assumed and incorporated the pennanenl implementation of the 
National LEV program, Ihe focus for Illotor vehicle control programs should be on VOC nnd 
NOx emission controls beyond the National LEV standards. 
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K 	 Contl'ibution of LL>V/LL>T Emissions to Total VOC and NOx Inventories 

Since niotor vehicles and their filCh; were fir};t rcgulated 25 to 30 years ago, their relalive 
contribution 10 ()zone nonattainmcnt problems has diminished. in !>pitc of explosive growth in the 
amount of travel, The relative cost of adopting further motor vehicle controls compared to other 
reduction strategies depends in pari on their future contribution to voe and NOx emissions in 
ozone nonattainment arcus und .areas contributing (0 ozone non(lthlinmcnt through pollutant 
transport. Auto industry comments received by EPA after puhlk.ltion of a preliminary white 
paper on Tier 2 standards issues indicated that an updated assessmcnt should be made of the 
importance of LOVs and LDTs to the ozone l10lluttainment problem. Specifically, commenlers 
suggested that new information <:Iboullne dumbility of emission control systems would alter the 
projections of nonanainmcnt made in the studies mentioned previously, perhaps to the extent that 
no additiolml Im:asurcs would he needed, In developing the study, EPA analYl.cd new monile 
source modeling data m;sociulet\ with a number of factors. 

Emissions from motor vehicles are usu<llly estimated by comhining estimates of 
emissions per mile (commonly called emission faclOrs:) with local estimate..;; of vehicle miles 
tn1vclcd. EPA developed a series of models to project in-use emission faciors from orH'oad 
nlOtor vehicles. EPA is currently revising the Iv10BILE5 model. MOBlLE6 will be is!mcd in 
1999. 

While the analytical efforts involved in dcveloping MOSU...E6 are still undcrw~\y. EPA 
performed preliminary aSSessment... of four key faclOrs which could affecllhe need for Tier 2 
standards. 11 These factors arc: 

1) 	 lll~use emission deterioration raies for Tier i vehicles, LEVs, and late model Tier 
n vchicles; 

2) 	 The effect of "off~cycle" driving patterns and conditions on LDY Hnd LDT 
emissions, as wcn as the effcct of off~cyc1c cmission standards on these 
emissions;12 

3) 	 The effect of fuel sulfur on emissions from low emitting vehicles, such as CA 
LEVsand NLEVs; and 

II MOBILE6 is beiflg developed through En c\tl!n,ivc and open procc~~ which l~ c01ltinuing ill p~r<ll1e1 
w:!h the Tier:: \laflIJ~rds proc-~~s. The cn.lf.ge, In MOBILESI'! descfihed herein ~hould not be CM,~trucJ :is prt­
jJdgillg Ihe out~omc {)ft~e MOBILE6 development process, but simply represent EPA's currenl bc\t es:i:nate of 
~(lIne of t:~e factors which are most relevant (0 the evaluation of the Tier 2 LDV/LDT standards. 

12 "Off.cy,:k" emissions arc Iho~e which occur dllring ddvir.g cnndi:iun, :lot l:)c!uoed in EPA'" hhlOf:cal 
ceroficati,)1\ Jming cycle, the LA·4 cycle. The "pecific off·cycle driving cOl\dilil)r.~ addre~3cd here lire aggressive 
Dnvlrlg (high .,p~~{h and high accelerations.) lBid drivi:lg with Ine air conditioner tm. 
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4) 	 The characterization of the LDT fleet (i.e., relative LDV and LDT sales, and LDT 
registrations and annual mileage versus age) 

Regarding the first ractor, recent tesling of in-u~ vehicles produced since the late 1980s 
shows much lower deterioration rates than WCIC projected in 1993. As most of the in~use 
emissions from LDVs and LDTs projected by MOBILE5 were due to deterioration in ell1ission 
cOlllrol after a vehicle wm> first sold, reducing this. deteriot.!tion decreases projected in-usc 
emissions dramatically. 

In COlHt41"I, u\xlatcd estimates of the other three factors all tend to increase in~us!.! 
emission projcc\ioJls. Emissions during driving conditions. not represented in EPA's ccrtilkation 
driving cycle tend to be higher than those included in the lcst. sillce prior 10 implementation of 
the Supplemental FTPthere is little incentive for manufacturers. tn reduce these "oft'~cyclc" 
emissions, Higher levels of fuel sulfur have heen shown to increase emissions by reducing 
Calalysl efficiency. In-usc emissions increase whenever vehicles opcmte on fuel containing more 
sulfur than certification fuel. Moreover, vehicles with vcry low emissions, sueh as LEVs. now 
appear to be much IlJUrc sen:-.ilivc to sulfur than Tier I vehicles. Finally, LDT;.; tend to emit more 
than LDVs as their cmissio!l 3Hmdards have traditionally becl1l1umcl'ically higher. 111e rct:cnl 
dnunatic treml tnward the purchase of LDTs (e.g., sport utility vehicles) over LOVs was not 
predicted in MOBlLE5b. lncrcasing the fraction of in-usc driving represented by LDTs increases 
fleet-wide emission projections. 

Overall, the fourchl1ngcs to MOB1LE5b increase projected in-usc cmission~ from LDVs 
and LDTs (relative to MOBJLE5b) in areas with enhanced Inspection l1nd Maintenance (11M) 
programs. CO and NOx cmissions ;:llso inCfCllSC in arcas without 11M. However, NMHC 
cmls'iion projections dccrcn<;c in urcas withOUllIM. A morc dctailed discussion or this anl1lysis 
and the modilkHtion:-: made to MOBILE5b cun be found in Appendix It 

EPA uscd the modified MOBILE5b modcl described above to estimate thc contrihution 
of LDV and LOT emissions in four urban ozone nonattainment arens. The fOllr areus were; New 
York City, Chicago, Atlanta, and Charlotte. The first three arcas represent the three greatest 
ozone air qu.ility challenges in the easlern US. according to the OTAG ozone modeling. 
Charlotte reprcscnls n .smaller, tlUt growing urCH with Hgrowing ozone problem. 

The LDV/LDT and total motor vehicle contributions to total VOC and NOx cmissions in 
the four 07.00C areas nre shown in the figures helm,," Light.duty vehicles and trucks contribute 
14-20% of total VOC emissions and 22·32% of total NOx emis~ion.s based on the modified 
MOBfLESb modeL All of these percentage contributions arc higher than would have beell 
predicted using MOBILESb. 
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2007 VOC Emissions ~ Contributions to Total Emissions 
Modified MOBILE5b Model 
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2007 NO. Emissions· Contributions to Tot.1 Emissions 
Modilled MOBILESb Model 

100% 

90% 
mOther

BO% 
SQl,:fCeS 

70% 


60"/0 
 oOthfH Metor 
Vehicles50% 

40% 
.Ughl·DJ!Y 


30% 
 Vehle les ann 
Trucks20% 


10% 


0% 

Atlanta Charlolle Chicago New York City 

Given that the modified MOB1LE5b model projects higher emissions than MOBILE5h. 
(he number (If ozone Ilonattuinmem arcus projected to c:xist in 2007 should be at least <1S high as 
was described ahove. Tbus, the new MOBILE6 model is unlikely to eliminate the need for 
further VOC and NOx emission reductions ill order for all.m~as to attain the OZolie NAAQS. 
The contribution of LDVs and LDTs to emission inventories in ozone rlonauuinmem arcas IS also 
suft1dcntly {urge to be considered a reasonable target for furthcrcmissioll control. 

F. lIealth and Welfare Effects of Porticulole MaUer 

Particulate matter is the general term for the mixture of solid particles and liquid droplets 
found ill the air. Particulate matter includes dust, din. soot, smoke. and liquid droplet;., that arc 
directly emitted into the air from natural and m!lnnHidc sources, such as windblown dust, motor 
vchidcs, construction sites, factories. and fire'\:, Partides arc also formed in the atmosphere by 
condensation or the transformation of emitted gases $uch as sulfur dioxide. nitrogen oXIde,,_ and 
volatile organic compounds. 

Scientific studies suggest a likely causal role of amhient particulate matter in contributing 
10 a series or hcallh effects. The key health efrects categorics ..,;sodated with particulate maHer 
iltdudc premmurc mortality, aggravation of rcspimtory and cardiovascular diseuse (as indic:'ltcd 
oy increased hospital ndmissions and emergency mom visits, school absences, work loss day;s, 
and fC;stricted activity days), changes in lung function and increased respiratory symptoms. 
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changes to hmg {isstle~ and structure. nnd altered respiratory defense mechanisms, PM also 
causes dmnagc 10 material:; and soiling. It is a major cnuse of i'ubstantial visibility impainnc:nl in 
many pans of the U,S, 

Motor vehicle pa!11c1c emissions and the particles formed by the transformation of motor 
vehicle gHseous emissions tend to he in the fine particle range, Fine particles (thosc less (han 2.5 
micrometers in ,jinniC(Cr) urc of he;IIth concern because they easily retlch the deepest recesses of 
the lung_". Scientific studies have linked fine panicles (alone or in combination with alher air 
polllllltnts), with a scries of significant health problems, including premature death; rcspirntory 
rcl'-lled hospital admissions :md cmergency room visits: aggravated asthma; aeute respiratory 
symptoms, incillding aggravated coughing and difficult or painful breathing; chfonic bronchitis; 
and decreased lung function that can be experienced as shortness of breath, 

G. Curren. and Future ~uualtainment Status 

The first NAAQS for particulate mutter regulated total suspended p'lrticululC in the 
atmosphere, (n 191'\7. EPA replaccd thaI standard with one for inh,alablc PM (PM:o ~ pHrticlcs 
lcs:-. than ten microns in size), hecause the smaller particle;.;, due to their ability 10 reach the lower 
regions of the respiratory Intet, arc more likely respomiblc for the adverse health effects: The 
major source of PM 1U i'i fugitive emissions from agriculturallilling, construction, fires, and 
unpaved roads. Some revisions to the PMw standards were made in 1997. EPA has also 
recently added new fine particle standards (PMu ). Most of the particulate duc- to motor vehide~ 
falls in the fine purticle category. These standards have bOlh an annual and 1.1 dui), componcnt 
The unnu~,1 componenl is set to protect against long-term exposures, while the daily componenl 
proleets against morc eXtreme shon-term evenls. 

EPA recently projected ambient PM!!} levels and the number of U,S. counties expected to 
bc in violation of the revised PM10 NAAQS in 20lO.n Forty-five CMSAs. SMSAs und 
eounticsl~ were projected to be in non3tlainmcnt of the original PMw standards in 2010: Bleven 
CMSAs. SMSA;; Hnd counties were projected to be in nonaltainmem of the revised PM IO 

standards. Using the sume methodology, 102 CMSAs, SMSA;; and counlic;; wcre projected to 
violate the new PMu NAAQS. MQre information about this analysis may be found in AP{JC1Ulix 
i\, 

it should be noted thal :In error was made in the figure in the Draft Tier 2 Stuuy which 
indic!\lCd tbe number of areas that would be in nonatwinment of the PM standards ("Counties 

o Rcglll11lllry 1m paet A n a lyses for Ihe PdnicululC M;lHer ",00 Ozone N J.til'r!'.ll AJ1) hien: ,\ it Qu,\!ity 
SI()ndar011 and Proposed R cg.i\H\al Haze Ru Ie, Inn(H allll\': S!ra!egic,~ acd Econo;n b Grn:p. OffH:e ,'f Air Quali:y 
Planuing and Slillluards, U.S. Environmenta! Protection Agency, Rese;:rch Triangle Park, N,C., July 16, 1997. 

14 C(J.rrcnl uelin;linns 0:· PM IQ Iwnattnlnmenl (Gunlles wefe Incu. These tlefill1!ions 'l.:lliellmcs h:c1l1ce Ihe 
entire eMSA or S:\1SA al'.tl !>n:ncljmc~ include Dn!y a cQunty, 

20 

http:J.til'r!'.ll


Projected to violate NAAQS for PM in 2010," pnge 23). Tbat figure showed 147 areas violating 
the new NAAQS for PM:.s' This error resulted from a double~counting or 45 of lhe counties 
which nre also projected to be ill violation of the PM l \: litandard. The correct number is 102 
counties, as shown in Table :t2, 

, ,Table3 2 Proie"'ed 20 to PM IO/PM2 5 l\onattainmenl 
Non-CA, Non­22·$late Caiifornia 

OTAG OTAG 
Region ~ 

Vlo:ating Original PM 10 N A AQS 
gNJrnher of Areas 25 12 

19~O Po,HlIa:iol1 (million$) g J 7 

V ioiating RcviAeo PM 10 NAAQS 

)N'Jmbcr Df Areol( 2 6 

1990 Population (millions) 4 I 5 

Violating, New ?M25 NAAQS 
,I(JNllmber nf Arcas lJ59 , ,

19~ID POI)ulution (million~) 34 S 13 , 
., Pill;; ME, VT, NH, and fUlure OZllne non,\!!a:nment artd), In TX and AZ 

Based on the J990 census, about 10 million people lived in the II counties projected 10 

be in nonaltainmenl or the revised P.\t1'o NAAQS, with aoout half living in the 22-statc OTAG 
region (plus area .." with future ozone problems) and about half living in California. Ambient PVI 
reductions from more stringent motor vehicle standards would primarily affect areas outside or 
California, because California h;JS its own motor vehicle emission control program. Californi<l 
arcus would also benefit, however, through the temporary travel and permanent migration of out­
state: vehicles into California. Of the nonattainmem cmmtie~ outside of California, (\VO are 
within urban afeas (Dallas, Phihldclphia). These urban aJ'eas contain the vast majority of the 
[lOn-California, nonattainment population. 

In 1990, about 55 million people lived in the 102 counties projected to be in 
nonattainment with the new PM:5 NAAQS, with about 60% living in the 22~:.tate OTAG region 
(plus areas with future ozone problems) und about 25% living in California. 

Overall, a :-ignificant numher of arcas are projected to exceed the PM HI NAAQS in 2010 
with existing emission controls, indIcating that further parliculute emission reductions appear lO 

he needed, Tier 2 particulate standards would reduce ambient levels of PM; 5' a~ well as PM'(i (or 
at least prevent incrCilscs), since the majority of particulate emissions from both gasoline und 
diesel powered vehicles are smaller than 2.5 micrometers in diameter. As mentioned ~lbove, the 
number of counties projected to violate the new PMu NAAQS is much larger than that for the 
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rcvi;;ed PM w standards, Thus, Tier 2 pllrticulntc standards intended to assist <tu<tinmcnt of the 
PMw NAAQS could also bcoelil areas with elevated PMu levels. 

H. Particulate Emis:~inns fl'om Ligbl-[)uly VehideN and Trucks 

1. Direct Tailpipe Emissions 

Congress set Tier 1 PM emission standards for LDVs and LDTs in the 1990 amendments 
to the CAA. These standards nrc 0.10-0.12 glrni at 100,000 miles. Tier 1 and LEV gasoline 
LDVs and LDTs emit well bcJow these TiCI' J PM standards {k"s than 0.01 0 g/rni). Diesel 
vehicles mccllhc standard", but with very litlle compliance margin. 

EPA projects that PM emissions from Tier I and LEV LOVs and LDTs nveragc 0.01 
glmi al 20 mph and O.02-(W3 glmi al 35 mph (from PART5 model), In contrast. diesel vchicles 
are projected to emit D.IO.().! I gimi PM. Thus. diesel PM emissions arc 3.5-10 limes higher 
than those from gasoline vehicles, The greater P:Yl emission level of light-duty diesels currently 
has ;Ilimhcd ilnpact on ambient PM levels. duc to the :-;mall number oflighl-duty diesels hcing 
sold. However, diesel engines are becoming a more popular option for larger LDTs and lighter 
HDVs, parlicularly pickMups and sport utility vehicles. PM emissions from the light-duty Ileet 
could increilsc drammicully if diesel sales increased without a change in the Tier t diesel PM 
slnndaf(l, 

The following dl,lrl shows the relative contribution of vehicles versus otner fine particle 
emission sources (excluding fugitive dust emissions). 
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U.S.1990 PM-l0 and PM-2.5 Emissions 
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Secondary Formation of PM from Gaseous Emi.·i,>;ions 

In addition to their direct wilpipe PM emissions, gaseous cmi~sions from LDVs and 
LDTs can also affect ambient PM leveb. In particular. gaseolls emissions of SOx, NOx and 
VOC form aerosols in the atmosphere through chemical transformation. These acroso\s exi:;t ns 
PM in the atmospbere. 

The great majority of sulfur that enters the gasoline engine via Ihc fuel is emitted in the 
form of sulfur dioxide. A small frar:tiol1 (1-2%) of the sulfur is emitted directly as sulfuric :I.cld, 
Sulfur dioxide reacts in the atmosphere to produce sulfur trioxide, which quickly combines with 
wHtcr to form sulfuric ucid, Sulfuric acid exists as a particulate matter in the atmosphere. due to 
its low V.lpOf pre~sufe. Sulfuric acid can subsequently react with ammonia to fonn ammunium 
bi·sulfalC and ammoniulll sulfate, both of which abo cxist a~ PM in 1he atlllosphere, 

Most NOx emitted COIlVCrL'l to gaseous nitric acid in the atmosphere. Nitric acid can feact 

with ammonia Hi form ammonium nitrate, which becomes PM in the atmosphere, However, 
ammonia reacts preferentially with sulfuric acid over nitric add. As there is generally an excess 
of sulfuric acid in [he atmosphere relOltlvc to ammonia, the presence of sulfuric acid suppresses 
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the formation of ammoniul11 nitrate and therefore the conlribution of NOx emissions to fine 
ambient PM. Implementation of control programs required by the CAA is leading to significant 
reductions in sulfur dioxide emissions. which will reduce ambient levels of sulfuric ncid. 
Therefore, the conversion of NOx to nilrate PM could increase. 

Organic neros-ol can he fonned in lhe nlmospherc from gaseous VOC emissions. The 
reactions that [om) sccmithlry organic aerosol are gcncrnlly more complex than those forming 
sulfates and nitrates, prim.ui!}' because or the great variety of specific orgl.lnic molecules 
comprising VOCS.l~ Cyclic-olefins and aromatics produce the most secondary organic aerosol 
per mass of VOc. Coniferous trees arc the primary sourcc of cydjc~olcflns (pinene and 
tcrpincnc), \vhilc- gasoline-fueled vohklcs am a primary source of amhicOi uromutics, 

Health and 'Welfare Effecls of Carbon Monoxide 

Carbon monoxide (CO) is a tasteless. odorless, and colorless gas produced though the 
incomplete combustion of carbon-bused fuels. CO enters the bloodslrculI1lhrough the lungs ;.md 
reduce." the delivery of oxygen to lhe body's organ!'\. amI ti!\sucs. 'fbe health threat from CO is 
most serious for those who suffer from cardiovascular disease. particulurly those with angina or 
peripheral vascular disease. Healthy individuals also are affected. bUl only at higher levels. 
Exposure to elevated CO levels is associated with impairment of visual perception, work 
capacity, nml1ual dexterity, le'lming ability and performance of complex IUsks. 

1. Current and Future Nonattainment Status 

Since 1979, the number of arctls in the nation viohltiog the NAAQS for COU
• has 

decrcased by a factor of ,almost ten, from 48 area.;; in 1979 to five ~ire<,s in 1995 and 1996. For 
the 1997 calendar yeaf through the cnd Dr November 1997, only one an~.! of the country had 
experienced ;.lIl excccdancc of the sumd:.rd. 

In addition to the suh~tantial decrease in the numhcr of areas where the NAAQS is 
exceeded, the S(~vcrity of lhe cxceedaliccs has also decreased lIignifkantly. From 1979 to 1996, 
the measured atmospheric concentrations of CO during un cxcccdancc dccl'c<lsed from 20~25 
ppm at the beginning of the period to 1 O~ 12 ppm at the end of the period. Expressed as a 
multiple of the standard, atmospheric concentration of CO during an exceedance was two to 
almosllhree times the standard in 1979. By 1996, the CO levels present during an cxcccdancc 
decreased to 10-30% over the 9 ppm standard. 

15 A more detailed discu~sion of secondary organic aerosol can be found in Appendix I, 

I~ The NAAQS for CO as riefhied il'. 40 CFR Part 50,S is: "9 parts per million for an S-hol:.r Jve;r;\gc 
C('d~ccnlrali(ln nN 10 be; cxcct'oco 1ll\J~e th~n "nee pcr ~c"r.' 
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Unlike the cuse with ozone and PM, EPA has not made any recent comprehensive 
projections of future ambient CO levels and attainment and maintenance of the CO NAAQS. 
However, $imilar to the Congressional requiremeIlt for thi!« Tier 2 study. section 2020) of the 
CAA rcquirc~ a scpamte study of the need for more stringent Cold CO standards. EPA is 
currently conducting this study. 

2. Contribution of LDVslLDTs to Carbon l\tfonoxide Emissions 

At the nationallcvcl, motor vehicle cxhuust i5 estimated to contribute more than Ihrcc­
fourths of all CO emissions; In cities, 95 percent of aU CO cmis:.:ions al'c pl'Oduced hy 
automobilc;.;, Olher sources of CO include industrial pmcesscs within large factories, powel' 
ptnnts, and !lulural sCltU"CCS such as wild fire;.>. 

National Carbon Monoxide Emissions 
(million short Ions) 
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Excecdcnccs of Ihe CO NAAQS over the past three yc.ars tended (0 occur during wimer 
months of the year. This may indicate that further reductions in cmisF;ion standards should be 
dil'ccteu toward~ emission;.> during cold weather ("cold CO swndnrds." which appJy at 
lemperatures of 15 to 25 degrees Fahrenheit), rather th,an W';\I'111 weather (Tier I CO standards, 
which Hpply at hmlpcmturcs of 68-86 degrees Fahrenheit). However, as many of the CO 
nonalwinmcnt areas ~!re in the 'iOuthern part of the U.S., more stringent "warm weather CO·' 
standards "hould n01 he ruled out at this time. 
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J. Air Toxic Emissions from Motor Vehicles 

The Clean Air Act lists 188 hazardous air pollutants {HAPs) Of air taxies requiring EPA 
evaluntion nnd regulation (see CAA Section 112), The measurable health effects of exposure to 
oil' toXlcli include not only cancer, but also non·cancer effects, such ;IS immunological. 
neurologic;,J, reproductive, developmental, and respiratory effects. Usually cancer incidence is 
chosen to measure the problem since non~,ardnogcnic end points arc mueh more lIifficult to 
relate to specific toxie emissions. 

EPA is developing un Integrated Urban Air Toxics Strategy, to be lin<llized by the end .of 
1998. The strutcgy will lis! certain are~1 ~ourcc cntegoric~ of HAP emissions for later regulation 
under '\t!cLion 112(d) and will reduce the incidence or cancer attribulable lO exposure to HAPs 
emitted by stationary sources by not less than 75 percent. Another goal, per section 202(1) of the 
Clean Air Act. is to develop cosh!fTectjvc st:.mdards for molor vehicles and their fuels for at least 
benzene and formaldehyde. 

Mobile murees contribute significllnlly to only H smull subset of the 188 HAPs. In 1993. 
EPA published lhe Motor VchiclcMRelatcd Air Toxic,s. Study (MVRATS). This study 
comprehcnsively summarized what was known about motor vehicle-related air toxies, focusing 
on carcinogenic risk, Only qualitative di~ussion of non-cancer effecls was included due to lhe 
lack of sufficient health data to quantify these effects. The primary carcinogens examined were 
bet)zonc, formaldehyde, 1 ,3-butadiene, acetaldehyde und dicsc.J particulate matter. Roughly g­
9% or tocal VOC emissions rrom gllsolinc vehicles consj~t of benzene. formaldehyde, 1,3­
butadiene, or acetaldehyde. In generaL emissions of air Loxics from g~L.,oline vehicle exhaust arc 
expected to decrease proportionately with reductions in VOC emissions. The primary dicsel­
related air toxic addressed quantitatively by MVRATS is diesel particulate. TIle consideration of 
Tier 2 particulme emission slilnd3rd" is 41ddre~sed in more delail in ChaJ11er VI. 
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CHAPTER IV. ASSESSMENT OF TECHNICAL FEASIBILlTV 

The purpose of this chapter is to examine the technical feasibility of controlling light-duty 
vehicle emissions beyond the level of control provided for by Tier 1 emission standards. This 
chapter reviews and describes a variety of technologies capable of reducing emissions from Tier 
1 levels. This chapter also estimates the emission reductions of selected technologies. 
Automotive emission controllcchnology has made remarkable advances in the past several years 
and many of the technologies discussed in this chapter arc technically feasible. 

Some of the technologies discussed in this chapter, slIch as improvements to base engine 
designs (to reduce engine-out emissions) and advancements in exhaust aftertreatment systcms 
(improved catalyst designs), arc either in production on at least one or more vehicle models or 
are in the final stages of development and will likely be introduced in model year (MY) 1999 or 
MY2000 vehicles. Other technologies, such as fuel cells, are in earlier stages of development 
and are potentially feasible by MY2004. 

Thc next question to be addressed by this study is how cost effective these technologies 
arc. The cost-effectiveness discussion can be found in Chapter V. Assessmcnt oj Cost (lml Cost 
t.YJecti\lcllcss. For illustrative purposes, this chapter will provide a brief discussion of potential 
Tier 2 technologies. A more extensive discussion of the various technologies can be found in 
Appendix IJ. Vehicle Technology. 

In section 202(i), Table 3, of the CAA, Congress provided specific numerical values for 
Tier 2 standards for EPA to consider in this study. Congress also instructed EPA to consider 
standards that were differcnt (either more or less stringent) than those specified in the CAA, as 
long as such standards were more stringent than the Tier I standards. The emission reductions 
associated with the selected emission control technologies discussed in this study will be 
compared with those required to meet the standards shown in Table 3 of the CAA. 

The review of vehicle emission control technology hegins with a discussion of the 
emission performance of technology found on current Tier I, National LEV, and California Low 
Emission Vchicle (LEV) technology vchicles. The first section also reviews the status and 
potential of a number of emission control technologies which could hc used to get emission 
control beyond Tier 1 standards. The second section describes various technologies that could be 
used to reduce vehicle emissions below levels currently incorporated in the National LEV and 
California LEV programs. The third section provides a brief overview of the effect fuel sulfur 
may have on potential Tier 2 technologies. 
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A. Currently Feasible Vehicle Emis.".ion Control Technology 

There have been con~jdcrah!C advances in emission control technology on conventional 
vLihides over the past ~evcnll year!\, M,my of these advances occurred as a result of the standards 
incorporated in the California LEV program which ,He more o..tringcnt than Tier I levels, i.e., 
Tmnsitional Low Emission Vehicle (TLEV), LEV, and Ullra Low Emi~sion Vehicle (ULEV). 
These standard!\ arc included in the NLEV program, which will generally require the introduction 
()f vehicles meeting the LEV ~tandm1:ls nationwide in MY200L In fact, there arc alrcady many 
vehicles in production. including ~omc federal models, that meet TLEV and LEV standards, and 
in some cases, ULEV slandards, 

Table 4.1 Ti(~r I ~ Default Tier 2, and LJ<:V Emission Standards and Certification Levels 
for Light Duly Vehicles (LOV)· 

, ..• I)ilrt:cula:c :.Ia:lciards. T:cr 1 "'" 0,\18 g/01l (50,001, ollle$), 0.1\1" g/m1 (j{'(),()O(l mile);1 

51jJll)0 :\1 ilc {g/mil loo,oon Mile (gfm i) 

NM!lC CO NO, NMIlC CO NOx 

Slur.dard Tier I OZ; 3.4 VA lUI U O.6{) 

Tic( 2*- .. .. .. (1,125 L1 (i,20 

LEV 0015 3.4 0.2 0.09 4.2 0.)0 

Cen Lo:vel,. Tier 1 

~3 ~0.1)4·0.24 0.6·3.4 0.04·0.60 

LEV 0.06·0,)3 O.023·0J17S 0,2· 1.7 iL07-0.26 . 
, LEV =(l,Ot; gimi (Hl!J,mlD C'nksl 

... Def:lt11t Tier 2: K;anclarcls III Table 3 of Ihe CAA 

Certification data in Table 4, I derives from manufacturer certifications for 1998 LEV­
ceniHcd vehicles, As the data show, manufacturers ;m! certifying LEVs with NMHC emissions 
and NOx emissions ut less than one-tbird the level of the 100,000 mile standard:\, Certification 
to one-half or more of the Mam.hml is more typical. EPA recognizes tbat this additional margin 
gives manufacturers the ability to ensure their LEV s comply with the standards even with in-usc 
vaI'iability ami uncertainty ~)f vehicle performance of the newer LEV vehicles, bUI it al1'o 
dcm()nstratc~ that the technology is feasible to produce vehicles with emissions well below Tier I 
kvels, It is quite clear, given current federal and Callforniil ccrlificl.tlion information. that the 
technology exists for essentially all conventiona.l vehides I<J achieve lower emissions than arc 
required by Tier 1 stand~lrds, 11 

11 Thi~ stt:dy f()Cll~CS on fea~ible technology that can achieve He and NO:\ redlJeliOIl~. Even Iho>lgh 
techllo!ogy relating ,pec:fically to CO rcducti(\n~ is not discll~~cd ill uclnil, EPA lIoles th,\1 many of the lcchnnk'gi\;" 
!l~ed w tcJuc~ He ctl1i,~j!)I1S aL~() yield CO reductions as welL 

28 



EPA abo unaJy/£d various indiv1{.lllal technologies for their ahilily to provide further 
emissions reductions. Improvement in cml!>sion controls requires reducing emissions levels 
coming out of the engine e'enginc~out" emissions) or increasing the efficiency of exhaust 
uftcrtrCtllmcnl systems" Typically, manuraclUrcrs llSC both approaches when trying to lower 
emission levels. Emission reduction improvements for conventional vehicle [echnology (i.e., 
vehicles equipped with gaSOline-fueled enginc$) corne from fuur main technological areas. These 
arc improvements in base engine d0f'ign, more precise air-fuel ratio control, bclh.:r fuel delivery 
.lUd .!\omization, and continued advance.,,> in exhaust ~lftcrtrc.\tmcnL The table below summarizes 
technologies that can be used to reduce emissions from Ticr 1 vehicle". It is important to point 
oul that the m,e of all of (he following technologies is not reqllired to further re:uucc emissions. 
The choices and combinations of technologics will depend on several factors. such as cost, 
current engine-out emission levels. effecrivcnc"s of existing cmission control systcms and 
individual manufacturer preferences. A~ noted above. with the exception of a few technologies, 
many of these technologies are used on at le,lst a few Tier I. TL.EV. LEV and ULEV vehicles 
nlready in production. 

Table 42 Feasl Tec 1110 ogles or ... mlssmn R dUCllons (R d uc IOns ler 11..eve s 'ble r E .. e e l' f rom T' I ) 

TechnI11()Il-Y He NO, 

J\-l{}difiC:l1ion$lQ combust!;}n chamber HQ% 3"0% 

MuHiplc vJllve~ liil:' VJ.riahle nlye liming 30% 3~IO% 

!ncrea~ed EGR {including eleclronic <-'(lottol) 0% ~IO% 

Improved AlF wl1!(()j (I,c., improved HEGD, impwved powcr-:fJln cll):trol 10'1 211% 
module micmpmcc\sor, finler fuel iujrcIOf{, lrall'lclll JGapli'tc fucl cOlmol 

algochhms, dual HEGO. and improved ClIlibral1on) 


5% 2:\·35%~ 
AirUuel cunlm] in individual cylillder~ 22% )% 

Illcre(j~ed EGR fi1duding electronic EGR) ::: IOf;{,0% 

Air·aHi~lcd fuel injectors 3·10% 0% 

I [lIJ;Cil\aly\! :mp(;)vclJ)cn:~ (~"hGflJ)~~ \la~iII!Y, washeo'lL cell densilicR) !O% 

In(fea~ed calalYSlloading and volume 10% 211% 

Ad\'~i;lCC;j c\llalY~l uc~igns (lri-metal. multi-layered) ::;O~57,*,20·37~::. 

CIQse-·coupled catalYSIS 5{}·704 Q.10% 

~ lilt;),Ejectrkal1)"·he~ted cat;llysts 5-10% 

He ad~orbers ?:JO% 0% 
,NOTE: In general. these perccnlagc~ cannol be (1mp!}, samlt'.cd W achIeve a f,'>fal DIll1\\!On reductIon when more 

thaI) one c1l1i.~~ion contrd :ec!Jnu!ugy i>. heing apphed. 
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Most of these technologie!> are either conventional technologies or extensions of 
convcntionnl tcchnologic;» that have been in existence for some lime now .md have been proven 
commercially, and arc currently used on at least a few Tier I. TLEV, LEV, or ULEV vehicles. 
EPA is not aware of :my potcntial safety concerns or energy impacts u!>sociated with their usc. 
Again, hccausc Ihesc technologies are cstnblishcd technologies, EPA does not feel that any of 
these technologies require unique lead lime considerations. The primary lead lime L... stlc is 
development of spedJie t'cts of controlteehnology and cngine calibrations for individual engine 
families an.d vehicle models. Thi~ aspect of lead time will be considered during the Tier 2 
rulemaking process. 

The fo1Jowing discussion, focusin.g on technology needed fur HC and r-.;Ox rcJuc1ion~, is 
based ull "Low·Emission Vehicle and Zero-Emission Vchicle Progn:lIll Review", a staff rcpm1 
published it} November, 19% by the California Air Resources Board (CARS) as part of its 
biannual review of the California LEV program, information from the Manufacturers of 
Emission COlllrols Association (MECA) and numerous vehicle manufacturers. EPA also 
contracted Energy and Environmental Analysis, Inc. (EEA) to conduct H study evaluating the 
potential avall<tbility of emissioa control technology to meet more stringent emission standards 
for lighl~duty vehicles ..tntl light-duty truch. The report is titled "Benefits and Cost of Potential 
Tier 2 Emission Reduction Technologics:' A detailed discussion of these technologies is 
provided in Appendix B, Vehicle Technology. 

1. Base Engine Improvements 

There nrc several design technique;.; that can be used to reduce engine-out emissions. 
especially for He ilnd NOx. The main causes of excessive cngincwout emissions arc unburned 
fuel rOf He lind high combustion tempcratures for NOx. Methods for reducing enginc.mll He 
emissions include the reducing of crevice- volumes in the combustion chamber, reducing the 
combustion of lubricating oil in the combustion chamber and developing !eak~frec exhaust 
systems, Lcak~free exhaust systems are listed under base engine improvements because <.lny 
111Qdificaiions Of changes Inadc to (he exhausl manifold can directly affect the design of the base 
engine. Base engine conirol strategies for reducing NOx include the use of "fast hum" 
combustion chamber designs with increused exhaust gas recirculation (EGR) and multiple valves 
(intake and CXh~IUS1) with vari~tble-vulve timing. 

2. Improvements: in Air,.Fuel Ratio Control 

Modern Ihrcc-way cata)y;.;ts require the air-fuel milO (AIF) 10 be as close to swkhiometric 
opcI'atioll (lhe amount nf air and fuel jusl sufficient for nearly complete combustion I a;.; possible. 
This is because three~way catalysts simultaneously oxidize HC and CO, Hnd reduce NOx. Since 
1·le and CO are oxidized during A1F opemtioo slightly lean of sroichiol11Clry. while NOx LI; 
reow;ed during operation slightly rich of stoichiomctry, there eXists il very small AlP window of 
operation around stoichiometry where cataly!\l conversion efficiency is maximized fOl' all three 
pollutants (less than 1% deviation in AlP or roughly ± 0.15). Thus, it is imperative to uwinlain 
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the A/F mtio within this tight window of stoichiometric operation if emissions are to be furthcr 
reduced. In fact, the tighter the A/F ratio can be maintained, the higher the overall threc~way 
catalyst conversion cfl1cicncy that can generally be achieved, rcsulling in furthcr rcdllction:> 10 
emissions. Therefore, technologies. that enhance tightcr AlP control can realize significant 
reductions in HC, CO, and NOx emissions. 

Contcmrlornry vehicles have been able to maintain stoichiometric operation, or vcry closc 
to it. by using closed-loop feedback fuel control systcms. AI the heart of these systems is a single 
heated cxh:lUst gas oxygen (HEGO) sensor. The HEGO sensor continuously switches between 
rich and lcan readings, By ttucmpting to maintain an equal number of rich readings with lean 
readings over a given period, the fuel control system is able to maintain stoichiometric operation. 
While this fuel {'ontrol system is capHble of maintaining the AlF ratio with the required accuracy 
under steady-state operating cflnditions, the sy.;Jem accuracy is challengcd during transient 
operation where rapidly changing throttle conditions OCCUI'. 

In addition to improved BEGO sensor designs. an additional post-catalyst BEGO sensor 
can be used for additional fuel control refinementti, re.sulting in a mme rohu};t and predsc fllel 
control system and reductions in He and NOx. Another tt'chno1{)gy that can improve NF control 
is the usc of an univ.erstll exhaust gas oxygen (UEGO) sensor, also known as a "linear oxygen 
sensor," in lieu of a conventional HEGO sensor. UEGO sensors are capable of recognizing both 
the direction and magnitude of AlP transients since the vohage OUlput is: "proportional" with 
changing NF ratio (each voltnge value corresponds [0 a certain AIF), facilitating faster rcspo!l!ie 
of the fuel feedbnck control system and tighter cOlltrol of the NF ratio. 

Rich and ieun AlP spikes that occur during transient operution can resull in high 
emissions. Therefore. any technologics thjJt ctm help the ruel comrol systcm bettel' anticipate 
these NF spikes can result in towel' emissions, There nrc several technologies tum cun help 
achieve this. such as conlrolling the AlP in each individuul cylinder, rather than for thc entire 
engine. nnd the incorporation of transient adaptive fuel control nlgorithms that compensate for 
eOlnponcnt tolerances. component wear, varying environmental conditions, varying fuel 
composilion conditions, etc., th~lt occur during transient operation. Finally, the US\! of electronic 
throttle conlIollll lieu of conventional mechanical systems, faster response fuel injectors. and II 
quicker power-twin control module microprocessor can help further tighten AIF control. 

3. Improvements in Fucl Atomization 

In addition to maintaining H stoichiometric AJF ratio, it is nlso important that a 
hOlllogeneous air-ruel mixture be dclivered at the proper lime and that the mixture is finely 
atomized (0 provide the best combustion characteristics and lowest emission:':. Poorly prepared 
air-fucl mixtures, especially after a cold start and during the warm~up phase of the engine, result 
in significantly higher emissions of unburned He. since combustion of the mixture is less 
complete. By providing betlCf fuel atomization, more efficient combustion can be mtained, 
which should aid in improving fuel economy and reducing pollutants. Sequentj~tl mu1ti~f'oint 
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fuel injection and air~assisted fuel injectors arc examples of technologies available for improving 
fuel momizattoll. 

Typically, conventional multi~point fuel injection systems inject fuel into the intake 
manifold hy injcx:tor pairs. This means that rather than injecting fuel into ca<:h individual 
cylinder, a 1mir of injectors (or even a whole bank of injectors) fires simultaneously into several 
cylinders. Sinc!! only one of the cylinders is actually ready for fuel at the moment of injection, 
lhe other cylindcr(s) gets fuel at inappropriate times. With this less than optimum fuel injection 
timing. fue! puddflng and intake manifold wall wetting Can occur. both or which can hinder 
complete combustion, Sequential injection, on the other Ilnnd, delivers a more precise mnomH or 
fuel tl> each cylinder at the appropriate time. Because oflhe emission redu{:tions and other 
performance hendith "timed" fuel injection offers, sequential fuel injection systems arc very 
common on lOday's vehicles and are expected Hl be incorporuted in most, if not all, vehicle. .. 
soon. 

Another method to further homogenize the air~fuel mixture is through the usc of .tir­
assistcd fuel injection. By injecting high pressure air into the fuel injector, and subsequently, the 
fuel spmy, greatcr atomization of the fuel droplcb can occur. Since achieving good fuel 
iltomization i~ difficult when the air flow into the engine is low, air-assisted fuel injection can bc 
particulHrly beneficial in reducing emissions at low engine speeds, 1n addition. indll~Hry :studies 
show lhat the short burst of additiona1 fuel needed for responsive, smooth tran~ienr maneuvers 
C'1n be reduced ;;;ignificantly with air~assisted fuel injection due to a decrease in wall wetting in 
the inwkc m~mifold, 

4. Improvements to Exhaust Aftertl'eatment Systems 

Tremendous advancements in exhaust aflcrtrealmcnt systems have emerged in the la~t 
fcw years, The advancements in exhaust ancrtrcatmcnt systems 'Ire probably the single most 
illlPOl'tH!1! area of emission control development. Sueh advancements allow manufacturers to 
morc effectively reduce exhaust emissions. bOlh during warmed-up operation us well as right 
i.lfter a cold start. when the majority of emissions occur. Calalysl manufacturers are progressively 
moving to palladium as the main precious metal in automotive catalyst applicalions, 
Improvements to catalyst thermaJ stability • .md washcollt technologies allow manuf'lcfUfcrs to 
place Calalys1s closer to the engine, thereby increasing the cHtalysl's light-off time and thus 
increasing its emission reduction capability. The design of higher cell densities and the use of 
two-layer washcoat uppliealions increases catalyst efficiency. There has also been much 
deVelopment in He and NOx absorber technology, which act to trap pollutant.;:, during cold starts 
and release them after the catalyst is operating cffcclively. The usc of secondary air injection 
systems .mti insulated or dual waH exhausl pipes also contrihute to the improvements in exbaust 
aftenn::;I!mCnl and reduction in He emi<;.'.ions. A detailed discussion of these technologies is 
pruvidcd in Appendix R Vt!lide TedmoJogy. 

S. Jmprovements in Engine Calibration Techniques 
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One of the most important emission control strategies is not hardware-related. Ruther, it 
is the software and, mom specifically, the ~tlgorithms and calibrations cOllwimxi within the 
software thut am used in the: power~train control module (PCM) which control how the various 
engine and cmitision control components and systems opemte. Adv<Ulccments in software along 
with refinements: to cxisting algorithms and calibrations can have a major impact in rcducing 
emissions. As the PGM becomes more powerful with greater memory captibility and speed, 
algorithms can become more sophisticated. Advancements in computer processors. engine 
control sensors and actuators and computer software, in conjunction with experience in 
developing calibratiolls, allows manufacturers: to improve and refine their calibration skills, 
r~"ulting in even lower emissiolls. 

Mnnufnctun.::rs have suggesled to EPA that perhaps the single most effective method for 
controlling NOx emissions will be tighter A/F control which could be <lccomplishcd with 
advancements in calibrmion techniques withollt necessarily having to usc advanced technologics, 
sllch as UEGO scnsors. Manufacturers have found ways to improve calibration strategies such 
that meeting federal cold CO requirements, as well as complying with LEV standards, h.we not 
required the usc of additional hardware, such as electrically heated catalysts (EHC) or adsorbcrs, 

Since emission control calibrations arc typically confldenlial, it is difficult to predict wh~lt 
advancements \\'ill occur in the future, It is. clear. however, that improved calibration t.:!chniquc. ... 
and strategies arc II vcry important and viable method for further reducing emissions, 

6. Technology for Reduction of Particulate Emissions 

Particulate emissions from gasolincAuclcd vehicles consist of both carbon~ and sulfur­
containing compounds, The caroonaceous particulate is produced rrom both the gasoline fuel and 
engine lubricating oiL A vai1ablc data indicate Ihat particulate emissions are highest during cold 
starts and lower during bot start') and warmed up opcnHion. Technology aimed at reducing 
gaseous NMHC emissions, such as improved air-fuel ratio control, tends to reduce curbonnccou:;. 
particulate emissions ••IS well. Carbonaceous pHrticulate emission control from gu!>olinc vchidcs 
will likely accompuny required NMHC emission control. The prcdonlimmt fOfm of sulfur~ 
conlaining partirulfltc from motor vehicles is sulfuric acid (commonly fefcl'fed w as sulfme). This 
sulfate is produced in both the engine and the exhaust syslem by the uxidmion of su!fur dioxide. 
However, the current approach of operating engines ;:L'i close 10 stoichiometric as possible 
couplr..d with advanced lhn.!c~way catalysts appears to keep s.ulfate cmi:-sions at vcry low levds. 
Therefore, the primary lcchnique avnil<1blc ror reducing sulfate emissions is. to reduce ga!-ioHn~ 
sulfur levels, 

Diesel parliculnte emissions also consil"( of both carbonaceous and sulfate particulate, 
Unlike gasoline Clllissions. carbonaceous particulate and NMHC emissions from a diesel engine 
me not us dircc!ly related. Engine~rclatcd lcchniqucs for reducing particu!;:!lc emission}; il1c1ude 
highcr fuel injection pressures. electronic cngine control of injection timing, rale and duration 
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and turbo chafgil)g/aftcrcooling. Exhau);t aftcrm:::atmcnt techniques include the usc of::m 
oxidatioll cataly~t Of a trup. The oxidation catalyst primarily reduces the heavy organic portion of 
the carbonaceous particulate, which usually rcprcsents 30.50% oftot.tI e.trbonaceous p'lrticula!e 
emissions. Trap, can reduce both organic and solid ;;:arbon p;tfticulatc and arc capablc of 
controlling 70-90% of carbomlccous particulate cmi.s:-.ions. 

Diesel-powered LDV... and LDTs produced in !he lare 1930s were capable of mccting 
pmticulate emission standl.lrJs in Ihe range of n.l-O.2 glmi without the usc of exhaust 
aftcl1reatment, One manufaciurcr also produced some vehicles equipped with traps. A few light. 
duty diesel models are being certified to the current Tier 1 stnndnrds of 0.1-0.12 glmi without the 
need for aftertrcatmenL 

Sulfate emissIOns from a diesel engine form primarily in the engine and generally 
represent 2% of the tot3l sulfur in the fuel. The primary method to reduce sulfate emissions is to 
reduce the sulfur content of diesel fueL Under some conditions, the use of an oxidation catalyst 
or a catalyst-containing trap can increase tailpipe out sui fate emissions. 

In additinn to the lechnologics described <Ihove to reduce emissions from conventional 
vehicles, technologies providing even greater reductions are being analyzed and developed. 
These techliologics ate Ifi various stages of development and some of them could be introduced 
on ULEVs ~Ifld 'Zero emission vehicles {ZEV) to meet state and federal programs. Manufacturers 
are also developing non-conventional vehicle technologies, in purl as <I response to the desire for 
vehicles with lower emissions thal1those vehicles currently available or expected in the next few 
model yca~. Many of thcse tcchnologies could he utilized in the next generation of vehicles solJ 
nationwidc. 

California's emission conlrol progrum has served as the impetus for devdopmcnl of 
advanced emissions control technology, and technologics u!\cd to meet current stringent 
sUlnd~lrd~ 1n California could al~o be feasible for introduction nalionwidc.u The California LEV 
emission <:ontrol program requires manufacturers to produce ULEV vehicles in order to meet the 

18 C,1\if<mlla proposed tnIJre !I.trinscnl emiqinu cnmrnl qalldarG~ ill Decemher. 1997 The California LEV 
2 program w(lklld reuuce by 75% the (UrrClll !,>-'O\ s:ancard fnr LEV~ and ULEV~ Jnd introduce a new talcgHfY uf 
standard::;, Ihl! super ULEV (SVLEV'. NMOG "" 0.01 gfr:li, CO::. to g/mi. anu NOx "" 1l.02 g!mi). The SULEV 
sialldards are J211,(H)O mile standard,. Califc.rni .. i, expected to maKe a final decision regarding tile LEV 2 program 
ill November, 1998, EPA "nu California are trying to harmonize thek programs when possillie (e.g., Nalional 
LEV). EPA is. dostly mMitorillg California's aCliuns regarding its. LEV 2 propnsal ;Hld will determwe which pam 
of (he program.): ally, are appropriate to address in tllc federal rulemaking. 
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fleel a\f~rage NMOG rcquirClllcnts. 19 In many instances, manuf:lcturers will use a combination of 
the technologies described nbovc 10 dcsign and produce vehicles which eomply with ULEV 
standard!'. As Californiu nOled in its November, 1996 s!<lff report. manufacturers may also need 
to introduce EHCs on some vehicles whcre emissions control is more difficult, such as vehicles 
with limited underhooo i'pace or Jar£cr displaccment engines. Elcclric,IHy-heated catalysts U\;c an 
auxiliary beating device to hring Ihe catalyst up to its operating temperature more quickly than 
typical beating by engine cxhausi. One manufacturer announced il has developed n galmlinc­
powered vehicle that utilizes advanccd engine designs and cnt..!lysu; 10 I'educe em.issions levels to 
s.ignificantly below ULEV sumdaros. Some manufacturers also chose to produce ULEVs using 
cngincs that burn compressed natuml gas. These engines givc manufacturers additional 
ncxibility in designing <lnd producing vehicles that meet the tighter ULEV standards. In general, 
these engines arc similar to gasoline~powcred engines, but have modified fuel delivery and 
storage systems. Compressed n<llUral gas (eNG) powered vehicles also have lower evaporative 
emissions thnll gasollnc-powered vehicles. 

California also requires manufacturers lO develop ZEV technology, with widespread 
introduction targeted for MY2003. Much of the development effort to dalc has. focused on 
electric vc.hicles, and many manufacturers have already omdc ZEVs available to consumers and 
nect purchasers. These vehicles lise many newer technologies, sllch as advanced charging ond 
regenerating sY!items and vehicle ::;tructuraJ design. Battery technology, whieh has been the 
major technical limitation to dale, has been and will be the focus of much developmentai work, 
Improved nickel~metal hydride, sodium nickel-chloride. lithium polymer. and lithium ion 
batteries arc some of lhe batlcry lyres being developed for use in electric vehicles produced in 
the no.\1' future. 

Manufacturers nrc also actively developing other non-conventional vehicle propulsion 
systems which could emit pollutal11s at lowcr mtcs, possibly even significantly lower, than 
current Tier J vehicles, While none of these systems arc currently available in the United States. 
Ihey could be !echnologically feasible early in the next century_ One system utilizes a hybrid 
propUlsion system, which comhines: a g~isoline or diesel-powered engine with an electric motor 
and is optimized to operate «t maximum efficiency over ch;:mging driving conditions, These 
designs can !'eStill in very high fuel efficiency and also very low emission levels (a manufacturer 
estimates up to one tcmh the current levels of He, co, and NOX).20 

" The Nntwnnl LEV program doc~ not require ULEVs to he producet! for a munufanure, 10 lIleel :he Heel 
.aveNge NMOG n:g uirem en IS. Howe vcr, III anu filetu ren are likely to prod u~e anI! !-ell vet: :cle~ mccling UU!V 
st,IllJ;:nh under tht National LEV prognll\l, (!~pccially if a manufacturer need~ I;) off,;:: T1Cf f orTLEV" In hs fleel 
.tfier MY2000 or if a mallufacturer prl\dl!ee~ SO·,late CLEV engine :amilin and wanl\:o generate fleet aveniRe 
NMOG credit,. 

200 nc manufactllrer has ialrodllced in Japan a hybrid vehicle which incorporales a gasoline engine and aa 
electric motor. Emissions arc reduced in part by operating the engine under a constant load and dws mlnimhing 
air-fud rutio changes, 
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This type of propulsion is ,Ibo being developed as part of a joint venture between the 
federal government and the domestic auto manufacturers, The Partnership for a New Generation 
Vehiele (PNOV) hHs a design goal of producing production prototypes by 2004 that would 
achieve up to SO miles per gaHon with very low emissions. DeSign work is focusing on hybrid 
electric drives.. powered by dircct~injection drives or fuel cells, advanced h;merles, advanced 
combustIon engines using renewable fuels and petroleum fuds. and increu~cd use of lightweight 
materials in vehicle construction. Tcchnologics developed from this process, in addition 10 bcillg 
integrated into tI PNOV vehicle. could be used to reduce emissions from vehicles meeting more 
stringent standards, 

Fuel c:clls lue a promising propulsion system that is being developed for pos~iblc 
introduction to consumers early in the next century. A fucl cell is an electrochemical device that 
generales electricity from a cbemical reaction between hydrogen and oxygen, The necessary 
hydrogen can either be: carried as .\ cOInprcssed gas or extracted from .1 fuel c<llTicd on the 
vehicle, such as gasoline or methanol. The electricity produced from .1 rucl cell drives a traction 
motor that in turn drives the wheels. Puel cell use gives .L vehicle long range. ,good performance, 
rapid refueling and low or even zero emission levels. 

C. Sulfur's Effect on Tier 2 Technology 

The sull"ur found in g;L~ollnc docs not affeCt engine-out emissions of He, co, and NOx, 
but it increases exhaust emisSions of the.'\e pollutants hy inhibiting the performance of the 
three-way cntnlYlit (TWC), The degrec of sulfur inhihition to tbc catal)'!'\l has hew ;;;hown to be 
variable and depends upon both catalyst formulation and operating conditions, (Sulfur inhibition 
is very sensitive to A!F ratio.) Sulfur slrongly compete.·,; with pollutants for "space" on the active 
catalyst surnlcc. Thili limil/" the efficiency of catalyst systems 10 convert pollutants, Current 
evidence, however, indicates th,H sulfur is not a permanent catalyst poison like leud (Pb). Thit' 

. means that incrC.L,\CS in emissions caused by high sulfur fuels may be at least partintly reversed 
once the high sulfur fucl is no longer used. Studies are underway to determine how quickly, 
completely. and ca...;ily the slIlf1-lr will CQme off the calalyst when the vehicle is refueled with a 
low sulfur fuel. 

Recent information from the sulfur tesl programs performed by the Coordinating 
Research Council (eRe) and the auto industry. suggesl" that not only do LEV and Ttcr I 
vehicles exhibit decreased emisl>!ons performance due to fuel sulfur, but the more advanced the 
technology, the more sensitive (on a percentage basis) the catalysts are to sulfur" The studies 
indicate that inc-reasing sulfur contcn( could more than double NOx emissions and have a less 
severe, though nmiceable, effeci on He emiSSions. In addition, vehicle manufacturers claim that 
elevated fuel sulfur levels can interfere with the runelioning of vehicle onho~u'd diagnostic 
systcm~ by triggering the illumination of the vehicle's malfunction liglH. Any development of 
Tier 2 standards will review the effect of sulfur on poo.;l>ihle Tier 2 technologies, and possihlc 
ways to reduce such effect. Por cx~,mple. some catalyst formulations show less sulfur sensitivity 
than others: EPA will pursue this issue further in un effort to better understand why some 
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catalysts respond differently to sulfur. EPA is aware that the American Petroleum Institute 
(API)~ as well as some catalyst manufacturers, nre further analyzing this issue. The Agency will 
assess appropriate sulfur control programs foJ' commercial fuel and appropriate certification fuel 
specifications that are mOre rcprescrltative of sulfur levels in commerce, as discusscd in Chapter 
VI. 
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CHAPTER V. ASSESSMENT OF COST AND COST EFFECTIVENESS 

The Clean Air Act requires EPA to examine "the need for, and cost effectiveness of, 
obtaining further reductions in emissions from light-duty vehicles and light-duty trucks, taking 
into consideration alternative means of attaining or maintaining the national primary ambient air 
quality standards .. ," (emphasis added). As disclIssed in the previous chapter, technology is 
available today to reduce emissions from light duty vehicles well below Tier I levels. The 
National LEV program assures that passenger cars and light trucks will be produced beginning in 
the 1999 model year to LEV levels. The purpose of this chapter is to present information on 
costs and cost effectiveness for potential emission control technologies beyond Tier 1 
technologies. This includes the cost crfectiveness of LEV technologies, as well as technologies 
that achieve emission reductions beyond LEV standards. The chapter estimates cost 
effectiveness of certain emission reductions without making a determination of the specific 
numerical values of potential regulatory standards. 

One lesson to be learned from the past 30 years of controlling motor vehicle pollution is 
that the costs of future technologies arc usually less than originally estimated. The auto industry, 
as well as government regulators and outside experts, tend to over-predict future costs. The 
actual costs arc usually lower than predicted when the technology is manufactured and installed 
011 mass-produc!!d vehicles. As stated previollsly, Tier 2 standards cannot be cllective until the 
2004 model year at the earliest. That is over five model years from the present. Therefore, 
although the following cost estimates arc EPA's best assessment of the technology discussed in 
C/Ulpla IV. Assessment of Tecllllical Feasihility, they may prove to be over-predictions when 
viewed several years into the future. 

In addition to estimations of cost, this chapter also attempts to quantify the emission 
reduction capabilities of these technologies. In this way, the cost effectiveness, in units of dollars 
per ton of emissions reduced, can be calculated and compared. 

The sources for the emissions reductions and costs of the various emission control 
technologies were the EEA report, the CARS report, MECA, API, confidential information from 
vehicle manufacturers and EPA technical assessments. Of these sources, only EEA, CARB and 
several vehicle manufacturers supplied information on costs. Consequently, these arc the sources 
that are primarily used for establishing cost effectiveness. 

A. Cost Effectiveness of Low Emission Vehicle Technologies 

It is not necessary to incorporate all of the technologies discussed in the previous chapter 
in order to produce vehicles capable of emitting below Tier 1 levels. The choices and 
combinations of technologies will depend on several factors, such as current engine-out emission 
levels, effectiveness of current emission control technologies, and individual manufacturer 
preferences. 
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As dis.cllssed in Chapter iV. Assessment a/Teclmica! Feasibility. two of the most 
promising emisslon control strategies for reducing emissions below Tier I levels are more 
precise air/fuel (A/F) control and improved cataly::.l designs, One or the other Qr a combination 
of thc.<;e technologic::. arc, in fact. what manufacturers have lndkated they wm ulilize to achieve 
LEV standards under the Calil()!'l11<1 OJ' national LEV programs. 

A vehicle- designed to meet LEV standard;; will ~tchicvc the following emission 
reductions relative to Tier I vehicle},; 

, E ' Tahle S.I Percent R d uchon In I EV V h' I C e ompared T',cr Ie ..mISSions 0 f a ,e e to" 

PolluHint Percent Emissions Reduction 

NMHC 70% 
, 

NOx 50% 

In the Regulatory lmp,lct Analysis (RIA) prepared in support of the National LEV 
mlemaking, EPA estimated the emission reduction benefits of National LEV vchicles in 49 SfaleS 

(other than California). The costs in the RIA were based on California Air Re50urcc~ Board 
(CARB) estimates of California LEV (CALEV) program vehicle costs, revised in 1996. As 
summarized inlhe table below, Ihe lOla] net present value He emission reductions were 
estimated to be 28.0 kilograms (kg), while the NOx cmi~si(}!1 reductions were cstimalcd to he 
25.3 kg. The net pre~ent value co~t wa~ estimated to be $115 per vehicle. 

, , , , ,'I"iblc 5 2 Emissions Reduction Cost and Cost Fffcctivencss of a LEV Vehicle • 
Cost/vehicle Cost Effectiveness Emissions Reduction 

(kg/vehicle)PolluUmt ($) (S/.oo) 

NMHC 28.0 2054.575' 

NO, 253 2273,575' 

NMHC+NOx 115,++ 2158,533 
,, ,. , 

~ Co~t per vehicle ~'!llg.nct.; 50:(1 e~ch 10 i-iMHC Jnd NOx, 
++ A fief full ph~:.e :n 200 I LEV COS! jy C:.tlffiJICd to be $95 per vehicl.." 

As can be seen, Ihe overall COSt effectiveness of National LEV vehicles, based on a 1996 
estimate, is 52158 per ton. Note ihat the above analysts use~ gnsoline~powered passcngcr cars 
certified on California low sulfur gasoline and operatcd 011 highcr~l'mlfur Federal gasoline, based 
nn information av.ailabJe.at the ttrue the program was developed and considers yeal' round 
emission reduclions. EPA expects similar COSI effcdivcl1c."s n.~~ults had the calculations becn 
performed for 11gh! trucks. In addihon, EPA expect;.; that these cosl-effectiveness results ~Ire 
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similar to (hose for the standards listed in Table 3 of section 202(i), The standards listed in that 
table (and consequent emission reductions) are similar to LEV standards. The Table 3 NOx 
sUlnt.lard is 5;omewhal more stringent, the Table 3 NMHC standard is somewhat less stringent. In 
addition, the technologies expected to be w~ed to meet the Table 3 levels (and consequent costs) 
urc simJhlr to the technologies expected to meet the LEV standards.. 

The autcmlakers re.:enlly voluntarily agreed to produce LEV vehicles under the National 
LEV regulatory framework. Some auto companie.<.; have also announced they would produce 
certain lighHluty trucks to meet LEV standards sooner than they would be required under the 
National LEV program. In addition. some companies stated they will voluntarily reduce 
emissions from light-duty trucks not included in the National LEV program, EPA's ~malysis of 
the cost effectiveness of future light-duty vehicle emiSSion standards focuses on standards more 
stringent than LEV levels. 

II. Co.<t Effectiveness of Technologies Beyond LEVs 

The previous chapter presents infonnation on the technic.!1 feasibility of achieving 
clnission levels beyond the LEV standards. A number of these technologies, such <Ii' ultra­
precise air-fuel ratio control, increases in catalyst loading or cell density, closer cawlyst 
proximity to the exh~mst manifold. and variable valve timing, are available today. Olhers are 
expected to be avaHable to vehicle manufaclurers before 2004, Although there docs nm exist a 
large amount of specific data on the costs of such technologies. this section of the study will 
smmnarizc Ihe Hvailublc information. All of the following percentage emission reductions and 
coslS arc incremental to Tier 1 technologies. 

Estimat(':s of emission reductions resulting from im:re;:Lses in catalyst loading and volume 
were consistent among the various sources. EEA estimates a benefil of 10% for He and 20% for 
NOx. MECA and several vehicle manufacturers concurred with lhe:<e e:;timates. For 
improvements t!) catalyst formulalions and substrate designs, the estimates were again a 
consensus of 10% for He and J\Ox. The benefit of using a close~eoupled catalyst were estimated 
by various vehicle manufacturers to range up to 70% for He and 10% for NOx, Information 
from the American Petroleum Inslitute ~uggen!> thm for cat.1Jysts utilizing {ri-metal and multi­
layer designs, cmi;;sion reductions ranging up to 37% c.m be achieved for He ~md up to 57% for 
NOx. 

Ebtimutes of emission reductions associated with ultra-precise NF control vary. 
Information from MECA and two vehicle manufacturers suggest that NOx emission benefits can 
range up to 70%, while EEA estimated emission reductions of greater than 10% (no upper limit 
was provided) for He and NOx. For the purposes of this study, EPA estimates that the 
combination of faster response fuel injectors, a f,u>ter PCM microprocessor, improved HEGO 
sensor design (j,e., planar design) and the usc of dual HEGO sensors and adaptive transient fuel 
contl'ol Vvould result in emission reductions at least up to 10% for NMHC un.d 20% for NOx. The 
upper range of the eSlimates from MECA and the two manufacturers arc actually higher than this 
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estimate. because they believed that an impon::ml pan of achieving tighter AIF control is the 
cOIl1inued development of more sophisticated ca1ibmtion strategies used in conjunction with the 
above mcntione.d technology, 

Combining the emi),stom; reduction potential of catalyst improvemcnts and more precise 
A/F control cited above. EPA estimate;, that NMHC tailpipe emis:iions of light. duty vcbicles and 
truck:-> produced in the 2004 model year time fmmc would be 77% less than Tier I vehicles. This 
would equafe to a NMHC emission standard of approximntcly 0,06 gimi for LDV/LDTI (LDT 
below 3.450 pounds curb weight), As discussed below, EPA does not believe this is an upper 
limit of the capability of future technology to reduce NMHC emissions. 

In the case of NOx emissions, the above catalyst improvements and more precise A/F 
control were comhined with EPA '$ technical assessment of the potential for improvemcnts in 
EGR systems, such as electronically controlled EGR, This analysif' shows ttWI NO.:.; emissions 
from light-duty vehicles and trucks produced in the 2004 model year would be KO% less than 
Tier I vehicles. Thi" would equate to a NOx standard of approximately 0.08 g/mi for 
LDVlLDTI. 

Although the purpose of this study is nOI lO propose Tier 2 emission stand,wds. thc.;.;c 
emissiDn reductions can also bc compared to lhose needed to achieve Ihe default Tier 2 
standards. listed above in Table 4.1. Applying the 77% and 80% NMHC and NOx reductions, 
respectively, to the IOn.nOO-mile Tier 1 standards (also listed in Table 4.1) yields IOO,OOO-mile 
emission levels of approximately 0.07 gfmi NMHC and 0,12 g/mi KOx. These levds arc below 
the default Tier 2 standards, suggesting that the default Tier 2 !)wndards arc technically fensible. 

Emissions tcsts used to estimate the pOlentinl for calalyst~relaled technologic.... were 
primarily performed at low sulfur levels (e,g,. 30-100 ppm). Because the effectiveness of some 
of the above catalysr.related technologies mny be adversely affected by fuel sulfur content, the 
Hbovc emission reductions potentials could be Jess if vehicles nre operated on higher sulfur fuels. 

Using these: emission reduction factors. EPA eSlimnwd in~use emissions performance on 
a pcr vehicle basis to represent a 77% and 80% reduction Hl NMHC and NOx emissions, 
respectively. EPA performed a preliminary cost analysis of these technologies using the l'oun:cs 
cited above as well a ..'i EPA's own as~cssmenr. The results showed that the c<)st of "Idditional 
technology to achieve the emission reductions above for NMHC and NOx comhined i:-; $136 for 
LOY/LOTI. and $161 for LDT2ILDT3ILDT4. (SeeAppt~!ldix C. Emission Her/ltciiom. COSi and 
COS! Effecti\leness for detuils of this analysis.) 

With this information it was possible to calculate the cost effectiveness of the selected 
technologies 1hal achieve emission reductions beyond LEV levels. This W~iS done using the 
above cost factors and emission !'eduction effectiveness for LDVs and LDTll ~cr<lrU!eJy, The 
re..'{ull'{ arc shown below: 
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TableS.3 	 Emis-,;:ions Reductions, Costs and Cost t:ffectil'cness of Technologies Reyond 
r EV and Incremental to Tier 1~ . 

V chicle Clas~t 
J'olluia!l! 

Nominal Bmis.~ion 
Le\'eJ (g/mi) 

Emissions 
Reduction (g/mi) Cost per Vehicle 

($) 

Annual 
CO~l Effectiveness 
($ilan) 

LOVJLDTI 

~'iHC 0.06 0.1 X! 57.33" 3151. 

;;0.\ (l,{}8 0.422 71L75~ 1858. 

,~MlIC+NO)l n.oo) l3t. 2245. 

LDT2.3.4 

NMHC 0,07'" OJ 99 69,93* 3211. 

NO, 0,14'" 0.456 91.35* 1&42. 

NM UC+NOx 0.653 It>!. 2256 . 

• Cost per \Chlcle amgned 50% each 10 :-; MHC and NOli. afler aSSlgnmg EGR east (SI7) to NOx control. 
". Standard~ shown repre,enl lDT2!LDT3. Nominal ,,:andards for LDT4 could be 0.09 g/mi for NM He and 0.22 
for NOL 

EPA hw; also calculaled the cost effectiveness of the package of technologies which 
would achieve Icductions bcyond LEV levels as an incremental comparison to the Natiolwl LEV 
progmm. An "in-effect" finding for this volunulry progntm W~\S published earlier this year, ant!. 
National LEV vehicles will he available nationwide beginning in the 200 I model year. While 
EPA bclievc~ that tne proper cost effectiveness analysis compare;.; control measures against a 
Tier I baseline, an analysi& using a National LEV baseline is illustrative for the purposes of this 
study, Using the same methodology .IS was presented above, the above package of technologics 
reduce NMHC plus NOx emissions beyond those levels achieved by the NLEV standards at a 
cost of $2400 ~r ton. This is only Ulargin~illy higher than the cost effectiveness of these 
technologies rc1ntivc to the Tier J standards. 

Thesc escimates of the cost effectiveness of Tier 2 technologies do not include .my co!H 
for reducing the sulfur level of commercial gasoline, Since thc emission tests used to cSlimJtc 
lhe potential forcntalysl improvemcnts were primarily performed at low sulfur levels (e.g., <100 
ppm and nominally 4D ppm), these co:-;t per ton c,,'itimatcs nrc most directly applicable when low 
sulfur fuel is assumed to be used in both the Tier I and Tier 2 cases. The technologies descrihcd 
ahove also reduce emissions when higher sulfur fuels arc u:lcd. However, ihc potenliul for 
c.lwlysl-relau:d Icchnologies, inclUding improved .lir-fucl mtio control, can be adversely affc<.;tcd 
by fud sulfur cIJlltenL This is mitigated by the f.lC{ that the baseline Tier 1 emission levels would 
be higher with iugh sulfur fueinnd the overall emission reduction is a combination of lhe 
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percentage emission reduction times the baseline emission level. Still, similar cost pCI' ton 
estimates assuming the use of high sulfur gasoline may be slightly higher. In the case where the 
cost effectiveness of Tier 2 technologies is compared to the NLEV standards, the cost per ton 
estimates should be approximately the same at either low or high sulfur fuels, since the effect of 
high sulfur levels is affecting both NLEV and Tier 2 technology. 

It is important to note that the presentation of these estimates does not imply that EPA 
bcJieves these kvels of emission reductions are upper limits of future technology. As discussed 
in the previous chapter, there arc a number of emission control technologies that either have been 
demonstrated to date or arc expected to be available for use on production vehicles by 2004 that 
can achieve emission reductions beyond those discussed above. For purposes of this study, EPA 
selected cerwin technologies for which estimates of emissions performance and costs were 
available. EPA expects that other, more effective, technology will be available prior to 2004. 
Nonetheless, it appears the cost effectiveness of technology that exists today to reduce emissions 
of light-duty vehicles and trucks beyond LEV levels is within the range of other available control 
strategies. 

C. Comparison to Other Control Strategies 

This section discusses the cost effectiveness of other emission control strategies that may 
provide alternative means of attaining or maintaining the NAAQS. EPA estimates the cost and 
cost effectiveness of specific control measures as part of individual rulemaking. The estimates 
are macle available for public review and comment before final regulations arc promulgated. 
Numerous control measures have been put in place since the 1990 Clean Air Act amendments. 

A review of national vehicle control measures mentioned in this report showed a range of 
cost effectiveness estimates. Regarding motor vehicle controls, EPA estimates of the cost 
effectiveness of recently promulgated programs are: 

• 	 Tier I standards for LOVs and LOTs: $6000 per ton of HC and $1380-1800 per ton of 
NOx 

• 	 Supplemental ITP (SFT'P) standards for aggressive driving: $457-$552 per ton of HC and 
$150-$172 per ton of NOx 

• 	 SITP standards for emissions with the air conditioning on: $2,050-$2,574 per ton of NOx 

• 	 On-board diagnostics (aBO) requirements: $1,974 per ton of HC, $1,974 per ton of 
NOx, and $124 per Ion of CO 

Recent controls required on stationary point sources have been in the same general range. 
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The question relevant to this study is, how do the cost effectiveness estimatcs for 
technologies bcyond Tier I compare with ulternative control measures that have not yet been put 
in plllt'c? The Regulatory Impact Analyses prepared for the recently revised NAAQS contains 
the most comprehensive set of cost effectivencss estimates for potentiul emission control 
measures. The RIA included mea~mres for ozone precursors and particulate mattcr control 
ranging from strategies that produce ~I cost savings up to and morc than $10,000 per ton of 
pollutant rcduc(:d. 

The NAAQS analysis indicates that even after known and avaHable control mC;JSlIl'CS are 
Implemented, there will remain a slIbstuntial number of areas that arc in need of addilional 
pollutant reduction:. in or'der to attain the new air quality standards. For these emission 
reductions, whkh will need to come from a combination of mobile and stationmy sources, tbe 
NAAQS RIA incorporales a cosr effectiveness threshold of $10.000 per ton of pollutant reduced. 
The analysis do~uments many current technologies with comrol costs. less. than SI 0,000 per Ion 
and expects future and emerging tcchnologic~ to produce s.imilar cost effective controlstralcgies. 
The average control cost for measures included in the NAAQS ozone analysis is approximately 
$2.600 per IOn for NO, and $3.700 per ton for He reductions. 

The foilowing ~Irc cX~implc." of potential control !>trtt{cgies and the cost per ton estimates 
from the NAAQS RIA (incrementul co!>! in 1990$): 

• 	 Industrial boilers conversion to n::ttuFJI gas: approximately $2,000 per [on of NOx 
removed. 

• 	 Marine commercial engine>;; approximately $6.503 per ton of NOx removed, 

• 	 New heavy-duty vehicles powered by natural gas: approximately $2.400 per ton of 
NOx avoided, 

Based on this review of the NAAQS RIA, which is the best and most recent analyse..'i of 
cost effcnivcnc-.;s for a wide range of control measures, it appears that light-duty vehicle 
emission stand ..wJs thaI are more stringent than Tier 1 would be cost erfective relative to the 
control meusures included in the NAAQS RIA. Further. it appears that technology is known 
today Ihat could reduce emission leveLs of He und NO" from IighHJuty vchicles beyond LEV 
levels in a cost {Jfcctivc manner. As shown ubovc, it appe:tr.... to EPA that technology is known 
thai has the potential to reduce He emil'sions to levels at least 77% below Tier I levels at a cost 
effectiveness of about $3300 per ton. Likewise. it appears thai technology is known that has fhe 
potentialLO reduce NOx emissions to levels alleast 80% below Tier I levels at about $1 gOO per 
ton, with a combined He + NOx cost effectiveness of about $2.300 per lon, These cost 
effectiveness estimates arc well within {he runge of cost effectiveness of other, alternative conll'ol 
measure." that could be applied to bOlh stationary and mobile SOUl'ces in the future in order to 
attain or maintain the NAAQS. In the above analysis the cost c.tTectiv0:J1CSS on a per ton busis 
examines both national control progr:lms and local, regional or sca!lonal measures. 
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As mentioned previously. the above estnnates of potential emission reductions from Ticr 
I levels (77% He and 80% NOx) ure not meant to imply limits of any future emission standards. 
They were selected for analyses in this rcport to illustrate point estimates Qr emission reductions 
I.hal appear technically feasible and cost effective. EPA expects there are additional control 
technologies that arc or will soon be available that huve potential to result in reductions that go 
beyond the cstim'ltes analyzed here. 

The discussion abo\>'e addresse;>; tosts tmd cost effectiveness of HC and NOx reductions. 
It does not include information on carbon monoxide or partieuhlte matter reduclions. As 
mentioned earlier III tbis report, EPA is working on a study of the need for more "lrin£cnt light­
duty vehicle CO 5-tandanls that would apply at cold temperatures. That study is Ihe appropriate 
forum to addrcss issues related to future CO emission requirements. It should be ooted, bowever, 
that most of the technology discussed in this repon as reducing He will also cause significant 
reductions in CO emissions. The C05-t estimates presented above for He-reducing technoiogy 
were calculated by assigning the costs to He or He + NOx coniroL ]f a portion of the costs had 
been assigned to account for the expected CO reductions, the HC ~tnd NOx cost effectiveness 
would appeal' more favorable. 

No cost or cosl effectiveness calculations were performed for additional future PM 
controls, allhough Chapter IV. As,\es.wnent ofTechnical Feasibility discussed PM control 
technology. Tht~ contribution of lighl-duty vehides to the overall PM emissions inventory is 
small. II muy glOw in the future, however. A numOcr of auto and engine manufactufCrs recently 
,lllllounced their intcntions 10 consider the m.e of small diesel engines foJ' Ihe light-duty segment, 
particularly light tnlets and sport utility vehicles. Fm this rcuson 1t is appropriate fm EPA to 
con;;.ider the levels of future prvl emission standards for light-duty vehicles m; pan of the 
rulcmaking that will be initiatcd. following this study, If EPA decides to propose more stringent 
PM standards for future vehicles, a full cost aIld cost crfectiveness analysis will be performed as 
part of proposed rulcmaking. . 
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In determining whether TicI' 2 standards for LDVs and LDTs are appropriate. there are a 
number of Important is~tles that EPA wiH need to resolve that relate to the broader issues of air 
quulity. technlc'll fea"ibility. and cost effectiveness. Seven issues nrc presenlcd in this chapter: 

A) Relative siringency of the Tier 2 LDV and LDT slandurds 
S) Uniform versus separate standards for gasoline and dicsel vehicles 
C) Evaporative He emission standards 
D) Corporute avcnlgc emission standards 
E) Extended useful life and other ways to improve in~usc emission performancc 
F) Test fuel specifications 
G) Fuel sulfur and dislillatioll properties 

A. 	 Relative Stringency of LOV and LDT Standards 

All U)Vs arc required to meet the same numerical emission smndards .:lccording to Clean 
,A.ir Act requirements. For example, large luxury cars and small sub~cmnpucts. both used a~ for 
persunal transportation, meet the same emission standards. (n contrast, EPA :.lnd CARS hnve 
historically set higher numerical emission standards for LOTs than LOVs" While this was done in 
part due [0 the lurger size and mass of many LDT:;, it Vi'I.S ulso due to their ability to haul cargo. 
Higher loatl~ pmduee higher exhaust temperatures, whieh require that catalysti'< be placed further 
back from the engine, dehlying Iight-ofr. Higher loads can also limit usc of EOR for KOx 
eOlltrol. Today, mini-van"", small pick-ups, and spon-utility vehicles domimltc LDT sale.". Full 
si/,c rick~ups and vans (those vehicle.. ... mosllikcly to bc used ill commercial applications) 
Tcprcscn11css thull 30% of towl LDT sales. Also, OVer the pUSt few years, improvements in the 
temperature limits of mllomotivc c.ltalYSL~ appear to have reduced the need to set Ie,ss stringent 
LDT emission standards as may have been true in the past 

In addition to the trend of designing LDTs explicitly for pas~cnger tnmsport<Jtioll, (otal 
LDT sales increased drmnatically ~md now approach totul car sales. Becaus.e of their mllncrkaHy 
higher emission S!andurd~, LDTs. have a disproportionate impact on in-usc cmisl>ions, Using the 
modified MOBILE5b model descrihcd in Chapter Ill. Assessmew (tf Air Quality Need, n!llionai 
LDT emi:-.siolls ()f He and l\'Ox wi!! exceed LDV emissions by 83% ,lOd 66% respectively. in the 
year 2007. 

Thl.':fC an; many oplions avnilable for setting LDT emission s!amlanls given a particular 
set of LOV standards. Thre-e possible options are: 

J) 	 Require LDTs Lo meet the same oumerical emission standards as LOVs, which 
would mean setting st~ndards regardless of vehicle usc; 



2) Sct the LDT performance standard, based on "se of the same emission control 
h~chnology most likely to be used to meet the LDV standards; or 

3) Sci different standard .. based on vehicle usc. 

Option I provides the greatest environmental benefit and could be justified based on the 
belief that the gre<ll majority of LDT use is the same as: that of LDVs, Under the current 
California LEV standards, requiring LDTs to meet the Sllme emission standards as LDVs w.ould 
provide the same emission benefits as reducing the LDY and LDT standards by 50%. (The 
details oflh!s analysis arc presented in Appendix D,) This option would also most cluscly lead 10 
a tlctcrmination of clnission sl;J.ndanl..; hascd on the expected usc of lhe vehicle. It could, 
however, resull ill higher emission control co:;ts for ~On1C LDTs. This option might be 
appropriate for those LOTs that wcre not used primarily for personal lrtlllSportution. 

The second option seeks to impo:;c roughly equivalcnt emission control technology for 
both LDTs and LDVs. LOVs and LDTs would still have marginally different emission standards 
10 account for the different vehicle Wetghl~ and payloads, bUllhc types of emission control 
technologies found on each vehicle type would not differ as much us current LDY.:. and LDTs. 

The third option may provide manul~iClurers with an incentive to produce LDTs in lieu of 
LDVs if there is a significant difference in standards. though this choice is limited to an extent by 
consumer demand. For example. more slringclU LDV vehicle standards could be applied 
proportionately to LDTs. 

Anotber issue involved in seuing LDT emission standards i" the dnssifictltioll or LDTs 
into weight categorics, each potentially with its own set of emission standards. The current LDT 
c1assification~ arc basl,.>tl on both curb weight and gros .. vehicle weight rating (OYWR) (see Table 
6.1). The higher the curb weight or GVWR, the numerically higher the applicable emission 
stnndtlrds. While recognizing the increasingly more difficult task of meeting a given set of 
emission standards with a heavier vehicle. this system also provides an incelllive for 
manufacturers to add weight to their vehicles in order to bump them up into a heavier 
clw'sifieatioll. There can also he 11 fuel cons:umption penalty ~l:;1'oci~tcd witb thi!' l.lctiol1. 

Table 6.1 Fcdentl Light Truck Classifications 

-

Classification Grm~ \'ehide Wtight 
Rating (G \,W R), p{llJnd.~· 

Curb Weight, 
pounds· 

Adjusted tOllded Vrhirlc 
\\' ei~ht. I~ounds* 

tDT) 0-6000 0-3450 

LUT2 fl·6flOO >3450 

1.0T3 6001·850(J <SHit 

LOT4 6001·8500 >5756 

47 




* Clirh weight i~ the weight (lfthe vehicle sitting empty. GVWR is the measure (lfhuw much cargo a vehicle can 
carry. Literally, GVWR i, (he maximum ,Il[owed weight of 1he vehicle when it i~ f\llly loaded. Adjusted luaded 
vehicle weigh! is the nomerical average of the curb weight and the GVWR. 

CARB recently propused a second phase of LEV clllis:-:.ion ::.tandards for LDV;; and LOTs. 
As pan of this proposal, CARB proposed to rt."quire LDVs und LDTs to meet essentially the same 
emission standurds and to redefine LOTs to include any truck at or below 7000 pounds curh 
weight. If this approach were to be used by EPA for nationwide standards. it would move a 
significant number of (;Ui'l'Cllt HDV;., into the LDT dass, EPA's rulemuking will examine whether 
the current divisions of LDTs: based on curb weight and GVWR should be changed to use more 
appropriate criteria, 

B. Uniform Applic;l(ion of Emission Standards 

, 
1)111fo1'n I standards refers to the ~\pplicatjon of the same emission standards In similar 

vehicles regardless of what fuel is utiti7.cd, Here, the primary fuel options for conventional 
engines are gasoline and diesel fuel. The pollutallts of most interest in this section arc NO,. and 
PM exhaust emissions. Both diesel and gasoline vehicles appear to be capable of meeling the 
range of possihle Tier 2 He and CO emission l'tandards, so the is~uc of c{luivnlcnt 1'Iundards docs 
not arise with rl~specl to the~ pollutants, Therefore, NOx emission standards arc discussed first 
helow, followed by PM emission standards, 

1. NOx Standards 

Section 202(g) of the CAA provides thai light-duty diesels arc required to meet less 
stringent Tier 1 LDV/LDT NOx standards through model year 2003 !h.m light-duty gasoHne 
vehicles. For example, diesel LDV;.; and LOT Is arc only required to meet a 1.0 glllli NOx 
standard at 50.000 mHes instead of the 0.4 g/mi NOx standard applicable to gasnline~fueled 
vchicles. 111is docs not apply in California or to National LEV vehicles certified to TLEV, LEV. 
and ULEV standards, Should EPA decide not to promulgate Tier 2 standards, this difference in 
sianuards wotdd expire and hoth ga.o.;olinc and diesel vehicles would be required to meet lhe S,ltllC 

Tier I emission standards, The CAA docs not mention any continuation of this relaxation in the 
contexl of the TicI' 2 standards;, FUI'thcr, the dcr~llllt Tier 2 emission standurdsll apply to both 
gllsoiine and diesel vehicles. While it is clear lhul Congress intended to ensc the NOx slandards 

21 The dcfa;!l1 Tier:?' Clti"ion "lr;1jdard~ wo,!Id apply whcrc EPA fmd, thJ.t IlIere:s a need for :hc TlCr 4 
Jlaadards and th~t meh emlSSlOn controls are feasible and COS1 effective, h!:( does not promulgate lin)" altcrnatlvc 
Tier 2 standard (see "ection 202(1}(J.)(B) of Ibe CA A). These default standards for LDVs are OJ25 gtmi NM He. 
L7 g/m! CO and 0.20 g/mi NO;:, ill lOO.noo mile~. 
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of diesel Tier 1 vehicles lhrough 2003, il also appears that Congress intcndcd this to be a 
temporary measure. 

Diesel engines are cun'cntly u~cd in a smull portion of the LOV and LOT fleets. 
Therefore, they have Utile impact on ncet~wide emissions or fuel consumption, Die!-icls could, 
howevcr, comprise a grcntcr fracrion of sales in years to come, For example, Ihe diesel engine 
has been idcntilicd by the Partnership for a Kew Generation of Vehicles l)S Ihc most promising 
near (cnn technology for high fuel efficiency vehiclc.li. The li.S. government recently committed 
signifIcant research funds to promote the development ofhigh~cfficiency.low-cmissions dic..<;els 
for future vehicles sold in the U.s. The larget for the NOx emiSSions of Ihc PNGV vehicle is 0.20 
glmi. or the CUTrent California LEV standard, for LOVs and LDTls, However, EPA has 
projected in this study (sec Chapter V) that emission levels for NOx below 0.20 glmi arc reasible 
for gasoline engines, (n order to meet such NOx levcts, significant development work to diesel 
engine and aftcrtreatment performance would be required, 

The selection of the diesel as the near-term PNGV technology is due to its high fuel 
efficiency, ~L'\ compared to gasoline vehicles. When used in the same vehicle, the diesel engine is 
more efficient than today's gasoline engine. There is a trend in [he automotive marketplace, 
however. toward larger. heavier vehicles that also sit higher off the road and are equipped with 
4~whccl or all-\vhccl dl'ivc_ The,,,e features decrease ruel economy. Thus, the diesel engine (';f1uld 
be used to increase the avcnlgc size and weight of the vehicle fleet while still complying with the 
Corponlte Average Fue! Economy (CAFE} standard:;, [n this case, neet nvemgc fue1 economy 
would not increase. Another advantage of the diesel engine is that it:; fuel produces essenlially no 
evaporative emissions. 

2. Tier 2 Particulate Standards 

The CAA set Tier I particulate standards of O.IO~O.12 g/mi for LDVs and LDTs at 
100,000 miles. These standards were based on the capabilities of diesel engine technology. 
Gnsoline vehich!s cun meet much more stringenl PM standards (c.g., less than 0,01 g/mi), The 
CAA docs not include default Tier 2 PM !ltandards. as it docs for NMHC. CO and NOx 
sf<lndards. It directs EPA to cunsider standards more stringent than the Tier 1 standards to meet 
.tll NAAQS, which include thc particulate NAAQS. It is appropriilte to consider Tier 2 PM 
sHmdards along with those for the three gaseous pollutants. 

Diesel LOVs and LOTs emit more PM emissions thim gm;:oline~fuclcd vehicles, <Inti the 
small number of light-duty diesels currently sold makes their overall air qu:.llity impact small. 
Diesels could become more prevalent in the future, hnwcvcr, and the puhlic health impact of 
lh..:.ir particulate emissions could be quite suh&tuminl. The primary technical isslle is whether 10 
set Tier 2 particulate standard~ based on the capahility of the gH.soline engine and require diesels 
to meet this standard in order to be sold or to set a more relaxed standard based on current uod 
projected diesellcchnology. 
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EPA hu~ not performed a detailed an ..l.Iysis of the capability of diesel engines to meel 
stringent PM stantlttrds. Ca!ifomiH recently proposed a 0.01 glmi PM ~tandard fOf all LDVs and 
1...D'[s, which would begin phasing in with the 2004 model year. The goals of the Partnership for 
a New Gcneration of Vehicles include a 0.01 glmi PM targeL 

In developing (he pl'Oposed Tier 2 standards, EPA will perform assessmen~s of the 
environmental impact~ of diesel PM emissions to facilitalc resolution of this issue. One 
assessment will estimate the ambient levels of PM In and PM!}; which would likely occur in urb'Ln 
arcas should substantial numbcr~ of light-duty diesels be sold, This <lS:SCSSltlcnt will he 
pcrfomled for possible Tier 2 PM standards ranging between 0.01 and 0.10 glmt EPA will also 
ussc.'iS the personal exposure to dies.cl PM emissions and project the resuhmH cancer impact of 
thi!" exposure. 

(n addition, EPA will assess the eapnhility of future diesel engine designs to meet these 
standards <md whether the environmental impacts are severe enough to require PM standards 
below Ihe Current capabihty of diesel engines. The diesel engine is not ihe only technology that 
provides higher fuel effIciency th:m the current gasoline engIne. Direct lnjcction gasoline (GO)) 
engine~ arc bellig developed hy a large number of uutomakcrs. These engines appear to provide 
much of the fuel efficiency improvcment available from'l diesel engine. EPA will include these 
engines in this ussessment. 

One las1 issue regarding Tier 2 PM cmission slandards is whether lo establish such 
swndards only for operation over the traditional FrP driving cycle, or to also establish standards 
for emissions during aggressive driving and air conditioner operation. EPA did not cSHlblish any 
Tier I SFTPstandards for PM emissions, EPA has not performed any assessments of the costs or 
benefils of such stundards, bm will consider them in developing the proposed Tier 2 standards. 

C. Evapofntive He Emis."ion Standard" 

Evaporative He emissions from Ticr I Hnd LEV vehicles exceed cxhallsl NMHC 
emissions in-use. (Evaporative He emissions as used herein include l'Unning losses, hot soak 
emi~sions, diurn;JI emissions and resting losses,) it may be appropriate to consider tightening the 
current cvaporalivc He emission sianciards in the process of considering tighter Tier 2 exhaust 
emissi,l1l standards. 

CARB recently proposed a "zero evaporative emission" requirement which would 
ess.cnti'illy require that evaporative He emissions be- below measurable levels. One manufacturer 
rccently announced the ability to produce n vehicle with "zero evaponllivc cmi~sion)O" in~use. 
CARB pOinted to this vehicle. a)O well as to .,-;cvcral other emission c0l1lrollcehno1ogics, tiS U 
hasis for the recently proposed zero-evap stundards. Thc~e tcchnologies included a second 
charcoal canister to trap He emissions not nbsorbed by the standard canister, bladder fuel tank 
systems, pressurized fuel tanks, pressurized vapor reservoir systems. inl\ulatcd fuel tanks and 
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improved seals for the onboard V~lpor recovery sy.slcms (refueling emission controls). CARB ..1so 
pointed out lhnt a number of curt'ent vehicles huve certification levels of evaporative emissions 
that equal less than one~finh of the current eillissiotl standard~. 

EPA ha!i not a!isesscd Ihe feasibility of tighter evaporative He standards, nor their cost 
and air quality benefit. These assessments will be perforrned prior 10 the proposal of the Tier 2 
emission stnlldnrds and win be uscu to determine wheiher more stringenl evaporative He 
standards should be proposed along with more stringent exh'lUst emission standards. Should EPA 
decide to include evapomtive He st.mdards in its TicI' 2 standards proposal, EPA will also 
evaluate several new regulatory opUons for their control to provide the manufacturers gre~lter 
compliance flexibility. 

[). Corponte Average Tier 2 Standards 

The current Tier 1 emission standards apply to each LDV or LDT separately. There is no 
Oexibi1ilY to have some vehicles meet a more stringent and some vehicles meet ales!'> !'>tringent 
standard and aliow manufacturers to comply with standards based on a fleet average. EPA has, 
however, c!-iwhlishcd corporate Hverage emissions standards in other contexts (e,g., hcavy~duty 
engine standards). The voluntary National LEV program use~ a fleet average sli.lndard to help 
determine manufacturer compliance with the requirements. Also, compliance with CARB's LEV 
and proposed LEV-II standards is accomplished on a corporate average basis, CARB and the 
National LEV program limit this flexibility somewhat. however. hy specifying a limited number 
of ~~10G emission standards to which individual vehicle models may be certified, NOx 
cmis~ion :-landard:.. are directly ticd to the !,-pccifie NMOG emission standard selcclcd for each 
vchicle model (i.e.. TLEY. LEY. ULEY). 

The flexibility of H eorpomte Hveragc standard can encoumgc the design and production 
of vehidc~ with advanced cmbsion controls, as mHnufactufers can receive credit for the 
additio!1nl emission reductions provided by vehicles cenified to more stl'ingent emis.sion levell'. 
Such cOIurols cnuld include slIch vehicular cOHCept" as gasoline-electric or djcscl~elcctric hybrid 
vehicles, electric vchiclc.s and fllel~cen powered vehicles. as well as more optimal combinations 
of emission control technologies. It can ~tlso facilitate the application of more stringent 
standards, bec.:msc the flexibility of averaging across a product linc would allow mmHlI~lcturers to 

meet an overall corpof(ne swndard even when their highest emiuing vehicles are less able to meet 
11 .stringent standard (e.g., uniform standards for gasoline and diesel powered vehicles). 

An additional advantage of averaging and lr<lding systems g~nerally is that they nchieve 
the target emission reductions at the lowest cost withollt EPA having to consider the incremental 
cost-effectivcness of controls on n vehklc model bas.is. Without some form of averaging and 
tfHding. it is. possible that none of the three options for dealing with LDTs discussed above would 
minimize the cost of the emission reductions thai could be achievcd. 
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E. Extended Useful Life and Other Options to (mprove In~Use Performance 

Section 202(i) of the CAA, in directing EPA to perform this Tier 2 study, also directed 
EPA to consider extending the useful lives of the LDV and LDT emission standards. EPA 
helieves that the pUipQ'iC or this direction wus 10 emphasize Congress' focus on the reduction of 
emissions in·use and not simply hy vehicle prototypes or by vehicles at low.milcagc. Congress 
extended the useful life of the LDV standards from 50,000 miles to 100,000 miles in the 1990 
amendments to the CAA, but clearly believed that more might be needed to ensure appropri<liC 
Ill*USC emislilons performance. 

This rocus on in*usc emissions is consistent with EPA's focus on ensuring Ihat its 
emi:-:sion st.andards produce emission reductions in the real worJd. Examples of this includc {he 
onhnard diagnostic (aBO) system requirements, the cold !Cmperalure CO standards and the 
supplemental Federal Test Procedure (FTP) standards addressing on'~cyc1c vehicle operation. 
Extending the useful life of the emission s;tandards is; one possible approach to improving in*use 
emissions performance. Such an extension would be COl1sisicnr with marketplace trends toward 
longer actual vehicle lives, as was mentioned in Chapta Ill, Asscssmcm ofAir Quality Need. 
California hus <llw proposed to extend the useful life of its Phase 2 LEV emission standards for 
LDVs and LDTs to 120,000 mites from their current 100,000 miles. (EPA's uscfullife 
rcquircrncnls for its LDT standards is already 120.000~ 130,000 miles,) 

EPA h'L~ not performed asscssments of either the cost or in-use cmission benefits of this 
oplion, The in-use emission benefits will clearly depend on the bascllne level of in-usc emission 
delcrioration, which is being updated in MOBILE6. EPA plans to pcrflxIU these economic and 
cnvironmental assessmcnts to determine if this (or any related} options should he included in the 
proposed Tier 2 standards. 

F. Test Fud Specifications 

In order for EPA cmis~ion standards to produce emission reductions in the rcul world, lhe 
lest procedUl'cs used to dc/ermine compliance with these swndards must be representative of rcal 
world conditions. if test procedure.~ are not representative, increases in emissions in use may not 
be discovered in testing and tbus ma.<.;k SUbstantially higher in·use clnissions. That was EPA's 
mtionule behind the reccnl developmcnt of emission standmds and tcsl procedures for: 

l) J\ggressivc driving pattcllls and air conditioning usc; 
2) Evaporative, running toss and resting loss emissions 31 high ambicnt temperatures 

and during extended, multi.day s-()aks~ and 
3) CO emissions at low 'Ullbient temperatures. 
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Regarding test flJcls, while the current specific<ltions for the cenifie-mion g<lsoline arc 
sufficiently broad (0 include a wide. range of gasoline, including avcrag~ or typical gasolincs, in 
practice the compnsillOll of the fuel used for emission testing (commonly referred to as. 
Imlolcnc) has not been I'cprc:.cnlalive of commercial gasoline. [n partrcuhlr, hoth the olctlrl and 
sulfur contents of lndoh.:ne tend t<J be quite low rclutive to average commcrciul gasoline;.;. For 
cx,unpl(~, rndoknc lends to have a sulfur content of 100 ppm or less, while commercial gasoline 
avcrages fnme than 300 ppm sulfur. with some commercial fuels containing 1000 ppm sulfur. 

As mentioned above in Chapter III. Assessmem ofAir Qualif), t..reed Jild CJwp/er IV 
ASNessmem ofTec/mic(I/ Feasihility, sulfur reduces c:ualyst efficiency significantly, particularly 
for LEVs. Differences hetween sulfur level!" in test and in-usc fuels could have a significant 
imp~lct on the ill-U'iC omissions performance or motor vehicles. EPA hc1ieves that it is very 
imporlmlt that the fucluscd for emission testing of Tier 2 vehicles be as representative <l.'i 

possible of commercial gawline, EPA will review its test procedures to consider more 
representative fuel in tesling. An issue with respect to sulfur would be whether the emission test 
fuel sulfur level should be mmched to that of the avcfU£C commercial gasoline, the worst 

'commercial gasoline, OJ' lhe avernge or worst gasoline sold in a smaller geographic area, such as 
the worst ozone nonau:Iinmcnt arcas, 

G. Gasoline Sulfur 

As discussed hriefly in Chapter IV, Axses.rmeltt ofTechnical Feasibility. the presence of 
sulfur in gasoline has on impact on the performance of catalysIs and thus on tailpipe emissions. 
As catulyst technology hm; progre.;;sed. the sensitivity of cUl<tlyst efficiency to sulfur has appeared 
10 incren.sc. Bccau~ the impact of gasoline ;;ulfur on emissions is significant. EPA has started to 
analyze the issues associated Wilh a gosoline sulfur control program. This: section discusses the 
issues that must he considered when evaluating the cost and cost-effectiveness of reducing 
gasoline sulfur. A more complete evaluation of these issues, including <lmdyscs of the data 
availahle to date, is pn::scnlcd in a recently released Staff Paper on gasoline sulfur.n This Staff 
Paper is part of EPA's commitment to undertukc 11 parallel process. involving all interested 
stakeholders, to determine appropriaIe measures to address the impact of sulfur on vehicle 
performance, 

11 ~EPA Staff Paper on Gasoline Sulfur Issues." EPA-420-R -9&-005, Ma>' t998, 
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Sulfur occurs naluruHy in crude oil and ends up in gasoline as a result of the refining 
prm:css. Currently, the sulfur content of both conventional tlnd rcformuhited gm;ollnc:; (RFG) 
sold nationally average over 300 ppm. Maximum levels mny get as high us 1000 ppm in 
couvcntional gasoline and 500 ppm in refonnulatcd gasolinc (RFG), C~llifomia g~lsolinc 
avcmgcs around 30 ppm, and is capped at a maximum gO ppm, The oil indu:-;try estimate .. th.lt 
beginning in the year 200G. Federal Phase II RFG will uvcr;lgc around 150 ppm sulfur. due to the 
NOx reduction requirements for summertime RFO, 

The amount of sulrur in the gasoline from any refinery depend" nn 11 numher of factors, 
including the mnount or sulfur in tbe crude oil used und tbe cx1enl and. typc of processing within 
the refinery. Typically, sulfur in gasoline is reduced by hydrotreating ccnain hydroL'~lrbon 
strcnlUs. Hydrotreating requires hydrogen. which must be produced in the refinery or purchased 
tit til.thstantial C(lst. The cost to the refining industry of reducing gasoline sulfur levels is 
impacted by a number of variabJcs and assumptions made when analyzing a control strategy, 
including: 

• 	 Where would low sulfur gasoline be required? The size of the program (national. 
regional, local) will have an impact on the: nct co~ls to the refining industry. This is due 
to many factors, induding the varied capabilities of refineries located in different pans of 
the country to produce low sulfur gasoline. 

• 	 What level of sulfur reduction would be required? Rcdw.:tion of sulfur in gasoline 
requirc."> the installation of capital equipment as well as increased operating expense<.;, Thc 
greater the level of reduction, the greater cost per gallon. 

• 	 Is the inhihiting effect of sulfur on motor vehicle cat;lly:-:ts reversihle? An irreversible 
emissions impact could mean that motor vehicles that are fueled with a high sulfur 
ga'>oilnc may have permanent catalyst damage, and thus higher cflllssions, even when 
rcfuck:d on vcry low sulfur gasoline. 111is woutt.1 be a reason for t:onsidering '-1 mltlon,JI 
sulfur reduction program. In contrast. if the effect were largely or whoily reversible upon 
the use of low sulfur gasoline, sulfur reductions could be targeted to those ~1I'Cas most in 
nced of emission reductions. 

• 	 Docs sulfur affect motor vehicle onboard diagnostic systems? (f high :sulfur levels urc 
found to cause substantial interference with aBD systems, causing illumination of tllC 
malfunction indicator lights, it may be more appropriate to estahlish a national sulfur 
progf<.Ull to avoid slich illumination. However, if such illuminations arc not substantial or 
can be remedied through other means, than a national npproach lo sulfur control may not 
be needed 10 appropriately address the problem. 

There is great interest in determining whethcrc:hangcs can be made to catalyst designs 
and fuel control strategies of those vehicles that prove to be highly scnsilivc to sulfur inhibition. 
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Presently. there are no catalyst designs that are fully sulfur toleranl. Data from laboratory, engine 
dynamometer testing and vehicle neet studies show that all automotive catalyst designs have 
some inhihition in performance resulting froll1 sulfur. EPA will investigate the latest work heing 
done on the developing of sulfur resistant catalyst technology and attcmpt to determine the 
feasibility, cost, and effectiveness of such technology. 

Thcre arc many other factors that impact the final costs to the refining industry and 
additional issues to be considered. For example, the availability of ncw technologies to reduce 
gasoline sulfur at less cosllhan current technologies will make it more attractive and less 
hurdensolllc to the industry to reduce sulfur levels. Howcver, somc rcfiners, particularly small 
refiners, may have difficulty in raising the capital necessary to invest in new equipmenl. All of 
these issues and concerns will be addressed during the processes of evaluating Tier 2 standnrds 
and sulfur control programs. 
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