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A Workshop on Lessons Learned

October 16-19,1991
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G.E. Streit

ABSTRACT

As described in greater depth by Francisco Guzman in the first
paper in this volume, the Mexico City Air Quality Research
Initiative is an international collaboration using a
multidisciplinary approach to develop analysis and decision tools to
assist in solving the air pollution problem in Mexico City. Air
pollution did not originate in Mexico City, nor will it go away when
that city's problem has been solved. A problem addressed by
governmental authorities, its roots go back hundreds of years and to
many lands. Many mitigation measures, which were based on flat,
trial and error, or research, have been implemented over the years.
It is fundamental to successful research to build upon the research of
the past; similarly, it would be foolish for new efforts in air quality
management research to ignore the practical lessons, both good and
bad, to be learned from the history of attempts to improve urban air
quality.

With that in mind, the coordinators of this project at Los Alamos
National Laboratory and the Institute Mexicano del Petroleo
proposed a workshop to bring together an international group of
experts to present both the lessons of history and the current practices
in air quality management around the world. The workshop would
also serve as a forum for presenting the accomplishments and plans
of this project and for receiving comments from the assembled
group. If held at a location of charming ambiance and at a
moderately paced schedule, the opportunities for conversation and
interaction would be enhanced. The notice that appears on the
following page was distributed to announce the dates, location, and
objective of the workshop. The workshop was favored with an
outstanding set of speakers who represented a broad spectrum of
experience. Their papers are presented in this volume. The total
attendance was forty-four (see List of Participants) with
representation from numerous interested Mexican institutions.
The invited speakers declared the workshop to be a success and
expressed a desire to reassemble at the close of the Mexico City Air
Quality Research Initiative to hear of the progress and successes of
the project.
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Air Quality Management Programs: A Workshop on Lessons
Learned

Oct. 16 • 19, 1991, Hotel Hacienda Cocoyoc,
Morelos, Mexico

Objective: Examine air quality management practices and
philosophies, both proposed and implemented, for lessons on
success, failure and the unexpected.

Atmospheric pollution control strategies have been applied around the world with different
degrees of success. In many cases, the implementation and enforcement of the strategies
have been preceded by intensive studies and planning. However, this advance research has
not always ensured that the follow-on strategies are effective and accepted. Many lessons
have been learned around the globe regarding the successes and pitfalls of atmospheric
pollution control strategies; however, these experiences have not always been shared among
the global community. Clearly, the benefits of prior experience could help other countries to
avoid costly mistakes and to minimize time spent in examining some of the options. In
order to share experiences and to promote communications between interested groups, the
Instituto Mexicano del Petroleo (IMP, Mexico, DF) and Los Alamos National Laboratory
(LANL, Los Alamos, NM) are sponsoring an international workshop to examine various
approaches to the design, application and control of mitigation strategies for urban
atmospheric contamination.

The workshop will be centered on keynote presentations by experts who are familiar with
other contaminated urban areas and will include specialized presentations on tools used to
design environmental strategies, such as modeling, monitoring and socioeconomic impact
assessment.

The two and a half day workshop will be held near Mexico City, at a conference center,
providing ample time for discussions in an informal environment.
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Mexico City Air Quality Research Initiative

Francisco Guzmdn
Institute- Mexicano del Petrdleo

Mexico City, D. F., Mexico

INTRODUCTION

Urban air pollution is a growing environmental problem in many countries; this
problem has serious immediate and long-term implications for the health of the population
and for the physical environment. It is essential to the future health of the global
community that the increasingly urgent issue of air pollution be addressed. The Mexico
City Air Quality Research Initiative is one project that is examining the complex
relationship between air pollution, economic growth, societal values, and air quality
policies.

The serious air pollution problems of the Mexico City area have attracted worldwide
attention because of their impact on the quality of life for the inhabitants of this beautiful
basin. The beauty of the geographic location unfortunately contributes to the problems.
Mexico City, at 2,200 meters (7,300 feet) above sea level, is surrounded by mountains rising
to 3,000 meters (10,000 feet) and higher. This creates a "giant bowl" that is open only to the
north, the direction from which prevailing w'nds come. Thus, the basin becomes a
collector of air pollutants. Mexican government statistics say that over 4.35 million tons of
pollutants are released into the city's atmosphere every year. Polluting automobile
emissions are greater at the city's high elevation as a result of reduced oxygen; oxygen is
needed for effective combustion. Automobiles in the high-altitude basin produce twice as
much carbon monoxide (CO) and 80% more hydrocarbon emissions than they would at sea
level. The basin is subject to a high frequency of thermal inversions during the fall and
winter. The inversion trapping of emissions plus abundant sunshine to generate
photochemical smog results in a pollution problem that affects some 19 million people
living in Mexico City. This population is equivalent to that of Australia or Canada or all of
Central America. In addition to being home for so many people, or perhaps because it is the
center of population, more than one-half of the nation's industrial capacity is located in the
basin, contributing to the congestion and pollution problems. The Mexican Institute
Nadonal de Estadfstica, Geografia e Informatica, examining data from 1981 to 1986, states
that the Metropolitan Zone of Mexico City is the center of Mexico's most important
economic, political, and cultural activities. The city contains almost 25% of the national
population, provides 42% of all jobs, generates 53% of wages and salaries in the country,
includes 38% of the total value of industrial plants, accounts for 49% of sales of durable
goods, and receives 55% of public investment in social welfare. The city and the
metropolitan area consume 40% of the total food production, buy 90% of all electrical
appliances, use 66% of the country's energy and telephones, and purchase 58% of the
country's automobiles. Clearly, the 19 million inhabitants of the basin, an area of
approximately 2,000 square kilometers (780 square miles), must cooperate with the
country's leaders to resolve the critical problem of air pollution, which affects the
inhabitants' lifestyles and their lives.

The Mexican government has declared the cleaning up of Mexico City's air to be one of
its principal objectives and has followed through with a wide variety of actions. These
actions have included several major regulatory overhauls designed to control toxic
emissions. Among other efforts, the government is demanding that industries install
antipollution systems and switch from diesel and fuel oil to less-polluting natural gas; old
public transportation vehicles are being replaced with new models that run on lead-free
gas and are equipped with antipollution devices; and Mexico's Petroleos Mexicanos
(PEMEX), the national oil company, is producing higher-quality gasoline that is on a par
with international standards. Despite these and other measures, the pollution problem
continues to be critical. In 1990 Mexico City exceeded ambient ozone standards four out of
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every five days, more than twice the frequency recorded in Los Angeles, according to the
New York Times International. Started in April 1991 by the Mexico City Government
Coordination General for Environmental Projects, the Comprehensive Pollution Control
Program for the Mexico City Metropolitan Zone states that 20 million liters of gasoline and
diesel fuel are used daily for transportation and that 1.8 million liters of fuel oil and 340
million cubic feet of gas are used daily in industry and commerce. Nearly 12 thousand
tons of air pollutants are produced daily. The report notes that a problem as complex as
reducing air pollution, which results from the transportation, supply, work, and recreation
needs of the area inhabitants, cannot have magical or immediate solutions. On the
contrary, the problem requires a permanent and growing effort to implement concrete
actions in the technical, legal, economic, and social fields.

The Mexico City Air Quality Research Initiative recognizes the needs of the policy
makers to ensure that society's resources are used effectively and efficiently, as stated by
the report mentioned above; the report concludes that a solution will impact technical,
legal, economic, and social fields. It is recognized that environmental regulation, while
important to the health and well-being of the citizens of a country, is also quite expensive.
Estimates of the benefits and costs of further improvements in air quality are crucial in
order to ensure the best use of society's resources. In July 1991 the US Department of Energy
(DOE) and PEMEX agreed to provide funds to allow institutions in the US and Mexico to
collaborate in the Mexico City Air Quality Research Initiative, which would address the
above concerns. The Mexican Petroleum Institute (IMP) and Los Alamos National
Laboratory (LAND were designated as the lead institutions for this project, supported by
expertise from other organizations. The project is a comprehensive study of Mexico City's
air pollutants, environmental chemical reaction studies, data analysis, and computer
modeling. It will provide a three-dimensional, real-time picture of the atmosphere over
Mexico City, including wind flow and turbulence as well as the concentrations of all the
environmentally important chemical species. The project will not make or recommend a
given policy but will provide both a socioeconomic evaluation of proposed mitigation
strategies and an evaluation of their environmental impact; these evaluations will help
the decision-making process. The system will incorporate factors beyond the routine core
of technical and financial feasibility, giving valuable di/erse background data to the
Mexican policy makers who must select from a vast array of options and determine the
optimum strategy to defeat the air pollution problems.

The Mexico City Air Quality Research Initiative is a three-year effort and is divided
into two phases. Phase One, which was just completed, encompassed most of the data
collection, the initial definition and testing of the atmospheric and chemical reaction
computer models, and the evaluation of two mitigation options for their socioeconomic
impact. Phase Two will be a completion of the modeling capabilities, gathering of any
necessary additional data, and a comprehensive analysis of various mitigation options to
identify thfi most economic, effective, and efficient strategies for addressing air pollution
in the Mexico City Basin.

The Mexico City Air Quality Research Initiative provides a unique opportunity for
Mexico and the United States to address an environmental issue of immediate concern to
their citizens and of long-range concern to the global community. The results of this
research initiative will be relevant to urban pollution problems in many regions of the
world.

PROJECT TASKS

The project has been divided into three task areas: (1) modeling and simulation,
(2) characterization and measurements, and (3) strategic evaluation. In addition, there
are management efforts that will include communication, reporting, organizing and
conducting necessary meetings, training, and technology transfer; establishing
cooperative efforts with other interested parties or institutions; and the formal presentation
or publication of project results.
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Modeling and Simulation

In the first task, modeling and simulation, the LANL mesoscale meteorological model
was adapted to simulate the Valley of Mexico in a nested-grid simulation with a six-
kilometer by six-kilometer outer grid encompassing the mountains around the valley and
a two-kilometer by two-kilometer inner grid showing greater detail in the urban area of
the city. The model was tested by simulating the meteorology of Mexico City; the model
simulated a day when the city had poor air quality conditions. In combination with a
transport and dispersion model, the winds, emission, and dispersion of CO were simulated
for the same day; the simulation showed reasonable agreement to the actual measured CO
levels in Mexico City. The adaptation of these models to the Valley of Mexico will continue
as improved information, such as the results of the February 1991 joint field exercise held
in Mexico City, becomes available. The chemistry of air pollution in Mexico City has been
examined using the Environmental Protection Agency EKMA model, the Carnegie-
Mellon airshed model, and a basic chemical kinetics code. Another essential component
is an emissions data base that will specify the types and quantities of emissions. This data
is crucial to the design and validation of control measures for improving the air quality.
MARI has been working with the Japan International Cooperation Agency's report of 1988
to produce a digitized, spatially-resolved, annual emissions data base for the major
inorganic air pollutants. Emissions data for the transportation, commercial and
industrial sectors are being collected by a project of the Mexican Department of the Federal
District (DDF)-World Bank and will also be added to the project data base.

Characterization and Measurement

In the second task, measurement and characterization, involves two activities: routine
monitoring, including long-term measurements, and short-term, intensive field
expeditions. The routine monitoring and long-term measurements being conducted
primarily by Mexican institutions include an air quality ground station to measure
pollutant concentrations and gather meteorological data, the high-volume accumulation of
particles to measure airborne metals, and equipment to monitor airborne bacterial
contamination. The Secretariat of Urban Development and Ecology (SEDUE) monitoring
network provides data for trend and pattern analysis. SEDUE and IMP are also
collaborating on source characterization.

From September 8 to September 23, 1990, a meteorological field expedition was carried
out at two sites in Mexico City by LANL and IMP. The purpose of the trip was to conduct
meteorological field experiments to begin characterizing the atmospheric boundary layer
in Mexico City. An instrumented, tethered balloon was used to measure over 70 vertical
profiles of wind, temperature, humidity, and ozone concentration up to 350 to 1000 meters
aboveground at two locations in Mexico City. Surface meteorological data and continuous,
surface ozone measurements were also collected at each site. The sites were located at the
Xochimilco Sports Complex (19°15'15"N, 99°05'25"W, 2350 m MSL) in the southern part of
tiie city and at the Los Galeana Sports Complex (19°28'30"N, 99°04'40"W, 2234 m MSL)
north of the Mexico City International Airport. These sites were chosen for technical and
logistical reasons. The times and maximum altitudes of the tethered balloon operations
were constrained by aviation restrictions. In addition to collaborating on these
measurements, IMP arranged for the collection of additional rawinsonde data at the
airport, synoptic weather data, solar radiation data from the university, and data from a
number of meteorological and air quality monitoring stations operated by SEDUE.

Examination of the data indicates that there can be very complicated vertical structures
in the boundary layer in Mexico City; these structures are associated with subtle
temperature profile perturbations. The vertical profile of ozone shows similar structuring.
Cases were observed in which there was essentially no ozone in the layer near the ground
but with significant concentrations aloft. During this experimental period, there was
considerable moisture in the area, and numerous precipitation events occurred (September
is the rainy season) that reduced the precursors for ozone production and, hence, many of
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our measurements were low compared to other times of the year. However, high ozone
concentrations to significant altitudes at the Xochimiico site were observed on at least one
occasion. To our knowledge this is the first time vertical profiles of ozone have been
measured in the city.

In February 1991 a much larger field campaign was carried out in Mexico City. A list
of the experiments and a brief commentary on each is given below. Some of the
experiments are ongoing measurements or projects involving the air quality in Mexico
City. However, the data obtained from those experiments during the field campaign period
comprise an important portion of the total data base for analysis and understanding of the
contributing factors to the air quality problem in Mexico City. This campaign involved as
many as 70 Mexican scientists from numerous participating institutions, such as the
National University (UNAM), the Electric Research Institute (IEE), the Polytechnic
Institute (IPN), the Nuclear Institute (ININ) and IMP. Los Alamos had up to 20 staff
members involved; in addition, scientists from the University of Denver and the National
Center for Atmospheric Research were involved. There were two experimental sites at
which the tethersonde and elastic lidar as well as other instruments were located. These
sites were the Valley of Mexico thermoelectric power plant to the northeast of the city
(February 15-18) and the National Polytechnic Institute in the northern part of the city
(February 18-23). From February 25 to March 1, tethersonde experiments were conducted
at the Xochimiico sports complex, and elastic lidar measurements were made from the
UNAM campus; both sites are in the southern part of the city.

A wide variety of experiments were conducted and are grouped into three categories:
airborne, remote sensing, and traditional.

Airborne Experiments

• Tethersonde~& tethered balloon to obtain vertical profiles of temperature, humidity,
wind speed, wind direction and pressure up to one kilometer above the surface. This
data has been compiled and plotted. An analysis of diurnal mixing heights and
atmospheric structure evolution is underway in conjunction with lidar, rawinsonde
and aircraft data.

• Ozonesonde-flown with the tethered balloon to obtain vertical profiles of ozone
concentration.

• NCAR King Air instrumented aircraft-aircraft platform measurements of
meteorological parameters; concentrations of CO, sulfur dioxide (SO2), ozone (O3)
and nitrogen oxides (NOX); aerosol concentrations and size distribution; surface
temperature; and ultraviolet radiometer. The research aircraft from the National
Center for Atmospheric Research in Boulder, Colorado, was available for 40 hours of
flight time spread over fifteen flights. Data were obtained in a relatively vertical
profile during ascent and descent legs of the flights, and the majority of the flight
time was used for horizontal legs at different altitudes following an E-pattern over
the city. Data from these measurements are being used to analyze the temporal
evolution of atmospheric layers and to analyze the correlation and patterns in
contaminant concentrations aloft with surface measurements below the flight paths.

• Rawinsondes-fre&-f\ying balloons launched from the airport at a schedule of seven
per day by the National Meteorologic Service. Atmospheric meteorological
parameters are returned via telemetry. The data are used for calculating inversion
levels. The data are being used in conjunction with tethersonde and lidar data to
analyze atmospheric layers and in conjunction with SEDUE data to examine
correlations of pollutant concentrations with mixing height.
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Remote-Sensing Experiments

• Elastic scatter /icfor-range-resolved, two-dimensional and three-dimensional
atmospheric structure, plume dynamics, and source analysis. Several hundred
lidar scans were obtained. The emphasis was on vertical atmospheric structure, but
horizontal structure and source characterization were included. Sources noted or
examined included a glass factory, highways and a barbecue restaurant. The data
have all been processed to obtain plots of return signal as a function of altitude and to
obtain color plot representations of return signal versus height and distance. The
return signal is related to aerosol density, but it must be further processed for the
effects of atmospheric dispersion along the beam path to obtain quantitative aerosol
densities and extinction coefficients. The data are being analyzed in conjunction
with data from other experiments for temporal evolution of atmospheric structures.

• Auto ernissions-Temote, real-time detection of CO, carbon dioxide (CO2) and
hydrocarbon content of automobile exhausts. Approximately 30,000 vehicles were
measured. These measurements were carried out by the University of Denver at
four separate city locations, and differences could be noted in average fleet age and
emissions. In general, though, emissions are very high and higher even than pre-
1974 vehicles measured in Los Angeles. This indicates that inspection and
maintenance could be significant options for improvement in Mexico City.
Videotape recording of license plates provides a record from which emissions as a
function of vehicle model and year can be derived for those vehicles registered in the
DDF.

• SO2 D/AL-remote-sensing lidar for range-resolved measurements of atmospheric
SO2 concentrations. This lidar was deployed by fie Mexican IEE. The elastic scatter
lidar was deployed at the Valley of Mexico power plouit and at the 18 de Marzo
refinery when the other instruments were moved to the IPN.

• Laser cet/ometer-range-resolved, one-dimensional, atmospheric aerosol profiles to
investigate the mixing height and structure of atmospheric layers. The ceilometer
was deployed at the tethersonde sites.

• Time-lapse photography-visibihty and near-surface visual layers. Two cameras
were deployed on the 14th floor of the IMP tower; they were approximately 180" apart
facing north and south. Images were taken every one-half hour from February 19,
starting at 1930 hours, to March 1, ending at 1200 hours.

Traditional (in situ) Experiments

• Automated, surface air-quality-monitoring network-cityv/ide measurements of
meteorological parameters and concentrations of O3, CO, SO2, NO2 and NOX. The
SEDUE air-quality-monitoring network provided this data, which are being used to
examine the various correlations between surface pollutant concentrations, mixing
height and the atmospheric quantities measured by the aircraft.

• Solar radiation - instrumentation deployed by the UNAM Institute of Geophysics at
the same location as the tethersonde and at the UNAM campus. Campus
measurements included direct, diffuse, and global solar radiation as well as
measurements of ultraviolet, long-wave and wide-band solar radiation.
Measurements at the experimental sites included direct and wide-band solar
radiation.

• Suspended particulates-measurements also made by the UNAM Institute of
Geophysics at the tethersonde sites. Measurements included atmospheric turbidity;
particle-size fraction by electrical mobility; high-volume, total particulate
sampling; and high-volume, particle-size fractionation in five size bands.
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• Total Suspended Particulates (TSP) and PM-10 (paniculate matter of 10 micrometers
in diameter or /essj-measurement of particulate concentrations and collection of
particulate samples followed by proton-induced x-ray emission (PIXE) analysis for
airborne metals. These samples were obtained at IMP in northern Mexico City; the
PIXE analysis was performed by the National Institute of Nuclear Research.

• Viable pariictes-measurement of airborne bacteria by the UNAM Center of
Atmospheric Sciences.

• Biomonitoring--\ong-teTm sampling of atmospheric metals through uptake by
lichens.

• Vm6#i£y-measurements of visibility by observation of objects or lights in different
directions from the Tacubaya Central Observatory of the National Meteorological
Service in the southwest area of Mexico City. The data will be analyzed for
correlation with particulate measurements and with mixing height variation.

• Air sampling-adsorption-tixbe sampling for hydrocarbon and aldehyde analyses. A
total of 18 samples (12 for hydrocarbons and 6 for aldehydes) were obtained at
different times and locations throughout the city. Sample recovery and analysis of
the hydrocarbon samples were substantially poorer than anticipated, and only
qualitative hydrocarbon data was obtained. The aldehyde data are still being
interpreted but show promise of providing quantitative concentrations.

The field campaign was highly successful; an immense amount of useful data
characterizing many different aspects of the atmosphere and the air quality was obtained.
The diversity and complementarity of the data sources increase their usefulness for this
project and for future research efforts. The availability of accurate and adequate data on
the existing air pollution situation is essential to the accurate simulation of the technical
impact of potential mitigation strategies. Numerous types of analyses directed toward
insight into the nature and causes of the problem in Mexico City and toward providing test
cases for modal verification are underway. Most of the data has undergone preliminary
analysis directed toward printing, plotting, and distribution.

In the third task, strategic evaluation, the framework to evaluate pollution mitigation
measures utilizing a decision analysis process is being developed. Personnel from IMP,
PEMEX, SEDUE, DDF, the National Commission of Ecology, and LANL participated in a
series of meetings to develop a decision analysis network with general and specific
criteria. The criteria are weighted as to their importance to Mexican society. The decision
analysis network provides a tool for evaluating pollution control measures from cost,
technical, social, and political viewpoints as well as the fundamental concern of air
quality impact. Two mitigation strategies are being evaluated as the initial test of the
viability of the new decision analysis framework. It is still too early for the data and
models to provide precise simulations; however, the goal of all the project activities is to
provide adequate information to ensure the accurate and reliable simulation of the impact
of any proposed mitigation strategies. The two measures chosen for this initial evaluation
are the installation of catalytic converters on new vehicles sold in Mexico City from 1991
onward and the substitution of natural gas for fuel oil in the two major electric power plants
in the Valley of Mexico.

CONCLUSION

This Mexico City Air Quality Research Initiative is being cited as a model for
international cooperative projects. Key elements of the initiative include researchers from
both nations working side by side as peers; both nations investing resources and having
an interest in the outcome of the project; and the objective being the application of science to
problem solving rather than advocacy. The initiative provides a unique opportunity for the
US and Mexico to address an environmental issue of immediate concern to their citizens
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and of long-range concern to the global community. The efforts of all US and Mexican
participants in this project are focused on providing better tools to effectively address the
air pollution problem in Mexico City. The results of this research initiative will be
relevant to urban pollution problems emerging around the world.



A Retrospective Look at Air Quality Management in Los Angeles

Gary Honcoop
California Air Resources Board

Sacramento, California

INTRODUCTION

I have been asked to provide a retrospective look at the air quality management effort
in California, specifically in the Los Angeles area. In doing so, I will briefly describe
where we started, how we decided what to do, what we did and how successful that effort has
been so far, and then conclude with a few thoughts about measuring success.

WHERE WE STARTED

Let me begin by describing some of the early history of air pollution in California. A
1971 report by the air pollution control district in Los Angeles states that the people in the Los
Angeles area already suffered from intense air pollution in 1943—that's almost 50 years
ago.

To appreciate how bad air pollution used to be in Los Angeles, let me show you some
ozone data I found. I do not have data for the 1940s, but I have some for the late 1950s (Figure
1). I have no way to verify the accuracy of the data, but I believe the information in this
graph should give you some idea of the magnitude of the problem. As you can see, there
were a substantial number of days, up to 70 days one year, that had very high
concentrations. In fact, the highest concentrations on some days were above .50 ppm, more
than 5 times the level of the air quality standard. Also, note that for 2 of the 5 years shown
here, there were less than 25 days out of the entire year on which there was no health-
damaging smog. In other words, during these years, the people in Los Angeles were
exposed to smog nearly every day of the year. I have a photo of Los Angeles that was taken
during the approximate time period of the data that I just showed you. I am sure that, on
many of those days, there were also many other pollutants in the air at concentrations
damaging to human health.

Table 1. Chronology

* 1943 - First reports of air pollution
* 1947 - Los Angeles Air Pollution Control

District
* 1950 - Discovery of photochemical smog
* 1955 - State Bureau of Air Sanitation
* 1959 - First air quality standards
* 1960 - State Motor Vehicles Pollution Control

Board
* 1967 - California Air Resources Board

Although the people in California
documented air pollution as early as
1943, they were not the first to
experience air pollution. But they may
have been among the first to make a
concerted effort to address the problem
(Table 1). As more people realized what
air pollution was doing to their health,
they demanded that something be done.
Those early demands by the public
resulted in the California State
Legislature passing a law in 1947 that
created air pollution control districts at

the local government level. Later that same year, the air pollution control district for Los
Angeles County was established, the first of the many local and regional districts that exist
today. By 1950, Dr. Arie Haagen-Smit had discovered the nature and cause of a major part
of Los Angeles' air pollution problem—photochemical smog. That discovery made it
increasingly apparent to the early pioneers in air pollution control that the problem was
very complex.

In 1955, the California Legislature again addressed the air pollution problem, this
time establishing a state-level agency—the Bureau of Air Sanitation—to deal with air
pollution. The first statewide ambient air quality standards and motor vehicle emission
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standards were adopted in 1959. The Legislature acted again, in 1960, in response to
increased concerns about air pollution from motor vehicles by creating the State Motor
Vehicle Pollution Control Board. Then, in 1967, the Legislature created the existing Air
Resources Board by combining the Bureau of Air Sanitation and the State Motor Vehicle
Pollution Control Board.

What has evolved over the past 45 years, in response to the seemingly intractable air
pollution problem, is the current three-tiered government approach to managing air
pollution (Table 2) that currently exists in California. The three tiers, or levels, include the
US Environmental Protection Agency (EPA) at the federal level, the California Air
Resources Board at the state level, and air quality management districts at the local and
regional levels. While each agency has separate responsibilities, some air pollution
control requirements overlap and apply to the same sources of air pollution but in different
ways.

Table 2. Three Tiers of Air Quality Management

* Federal - Environmental Protection Agency
* State - California Air Resources Board
* Local - Air Quality Management District

I highlight this fact because, to
understand fully how the air
quality management program
operates in California, you have to
understand what the different
responsibilities are for the agenc3r

at each of the three levels of government. Let me summarize those different
responsibilities. At the federal level, the EPA has the primary responsibility for
implementing the federal clean air laws adopted by the US Congress (Table 3). The most
recent update of the federal clean air law was adopted in 1990. The federal clean air law
has several major parts, including the following three parts.

1. Air quality standards are the key to the entire effort for clean air because the
standards define what clean air is. The EPA sets the national ambient air quality
standards.

2. A second major part of the federal law is the requirement for State Implementation
Plans (SIPs). The SIPs are the primary means frT achieving clean air. The plans
must contain regulations that require sources of air pollution to reduce emissions.
These plans are adopted by the states and approved by the EPA, The EPA is
responsible for ensuring that SIPs meet all the federal requirements related to clean
air. Once an SIP is fully approved, it is legally binding under state and federal
law.

3. The third part is enforcement. Rules and regulations achieve their purpose only if
they are strictly enforced. Although the state and local air agencies have the
primary responsibility for enforcing the rules that they have adopted, the EPA can
also initiate enforcement actions to ensure federal laws are obeyed.

Table 3. US EPA Responsibilities

* Sets air quality standards
* Coordinates SIPs
* Enforces federal air requirements

At the state level, the California Air Resources
Board is responsible for the control of air pollution.
To make it easier, I will refer from now on to the
California Air Resources Board as the Board. The
Board is responsible for ensuring that all
requirements of the state and federal clean air

laws are met in California. In carrying out these responsibilities, the Board performs the
following duties (Table 4):

1. Sets air quality standards for California that may be more stringent than the
national air standards and sets standards for pollutants for which there are no
national standards;
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2. Establishes and enforces standards that limit emissions from motor vehicles and
the fuels that power those sources;

3. Sets control requirements for some sources, such as agricultural burning, pesticide
use, and consumer products (which include household cleaners and personal
hygiene products), that are found throughout the state; and

4. Oversees the operation of the 34 local and regional districts, including the review
and approval of the SIPs for each district. In its oversight role, the Board can take
over the responsibilities of a local or regional district if that district is not carrying
out the SIP for that area, according to state or federal law.

Table 4. Air Resources Board Responsibilities

* Sets state air standards
* Sets standards for motor vehicles and vehicle fuels
* Sets requirements for statewide sources
* Oversees local and regional districts

Lastly, at the local and regional
levels (Table 5), tie districts have
the primary responsibility for the
control of air pollution from all
sources except those controlled by the
Board. What this means is that each
district is responsible for

controlling all stationary and industrial sources within its boundaries. The local and
regional districts also have the primary responsibility for developing and implementing
the plans, which contain the control measures necessary for attaining the state and
national air standards. More recently, some districts have begun to develop and
implement programs to reduce motor vehicle use by regulating the driving habits of the
public.

Table 5. Local and Regional Responsibilities

* Control all stationary and industrial sources
* Develop and implement State Implementation Plans
* Develop and implement automobile trip reduction program

Although the local and
regional districts have the
primary responsibility for
controlling the pollution
from stationary sources, the
Board works closely with
these agencies to identify available control measures.

In summary, we have a comprehensive system of air pollution control in California
that regulates through a division of responsibility. Because there is a division of
responsibility, the air quality management program requires substantial coordination
among the three levels of government.

HOW WE DECIDED WHAT TO DO

I'd like now to move on to describe how we decided what to do. Our next speaker, who is
from the South Coast Air Quality Management District, will discuss, in greater detail, the
process that regional districts use to make decisions about which specific control measures
to implement. In general, the Board's approach has been that of the traditional air quality
management program. That program consists of the following elements:

1. Adopting air quality standards as goals;

2. Setting up air monitors to measure the amount of pollution in the air;

3. Identifying and quantifying all sources of air pollutant emissions;

4. Estimating the amount of emissions reduction needed to achieve clean air;

5. Adopting emissions control regulations needed to meet the goal;
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6. Enforcing the regulations to ensure the emissions control measures are effectively
applied; and

7. Evaluating the program to determine its success.

None of these program elements are easy to perform, but some are more difficult than
others. For example, identifying and quantifying all the possible pollution sources is an
enormously complex task, yet it is critical in order to determine which sources of pollution
need to be controlled. In addition, estimating the amount of emissions reduction needed to
attain clean air is still an inexact science. However, we are continually improving air
quality modeling and forecasting methods. Despite some technical limitations, we have
not slowed down our efforts to control pollution.

I would now like to describe the criteria we use to select the appropriate air management
practices. (Just a note for clarification—in California, we usually refer to air
management practices as emission control measures, therefore, I will be using these terms
interchangeably.) We generally rely on three factors when deciding which pollution
controls would be most effective in achieving clean air.

1. The relative amount of emissions from a source or type of sources compared to the
total emissions. We attempt to control, first, those emissions sources that have the
largest amount of emissions in the geographic area.

2. Cost effectiveness. The test for cost effectiveness is generally based on achieving the
greatest emissions reduction per ton of air pollution for the least cost using
affordable, available control technology. Considerations of cost also include the
financial impact that the control measure will have on the sources being controlled
or on the economy in general.

3. Available control technology. We decide whether a control technology is available by
continually reviewing what other agencies are requiring and by reviewing current
literature. We also sponsor research to develop control technology that we expect will
be needed. But we have, many times, "forced technology." Let me explain further
what I mean by the term "forced technology." There are occasions when the need for
emissions reduction to meet clean air goals is so great that we specify, for a source or
type of sources, an emission standard that must be met at some time in the future
even though the technology for achieving that level of emissions reduction is not yet
available. This is the case with many of the automotive emissions standards that we
adopt. We usually "force technology" only after we complete an assessment that
indicates a strong likelihood that the technology can be available by the established
deadline.

WHAT WE DID

I have just described the governmental structure for air pollution control and the
processes for taking action. But just having governmental agencies and legislative
requirements does not guarantee that we will achieve clean air. However, I believe we
have accomplished a great deal thus far in California. Therefore, I would now like to
review the air quality management practices or emission control measures that we have
used. I have organized the review by pollutant. As I summarize the control measures, I will
show you how much they have reduced emissions between 1975 and 1990.1 will also show
how air quality changed during that same time period in response to the changes in
emissions. I will also describe some control measures that did not work well.

Sulfur Dioxide

The first pollutant that I would like to discuss is sulfur dioxide. We have been very
successful in reducing sulfur oxide emissions despite the substantial growth in population
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and economic activity during the 15 years between 1975 and 1990. I will discuss the issue of
growth later in my presentation. One reason for the big reduction in emissions (Table 6)
was economics—in the early 1980s, natural gas became less expensive than fuel oil. As a
result, a significant number of industries switched from using fuel oils that contain sulfur
to natural gas that is nearly sulfur-free.

Table 6. Examples of Sulfur Dioxide Control Measures

* Switched from fuel oil to natural gas
* Reduced sulfur in fuels
* Implemented process modifications
* Installed exhaust gas scrubbers
* Installed sulfur recovery units

The most successful
measure for controlling
sulfur oxide emissions
was reducing the sulfur
content in fuels.
Currently, the regulations
state that the sulfur content
of the fuel oil used at power
plants and petroleum
refineries cannot exceed 0.25%. Fuel oil used by other stationary sources is limited to
0.50% sulfur. This 0.50% limit has been in effect since the late 1960s and has resulted in
significant reductions in sulfur oxide emissions. To meet the regulations, petroleum
refineries have either switched to refining crude oil with a low sulfur content or installed
sulfur reduction equipment.

The sulfur content in fuels for motor vehicles is even more severely limited: 0.03% for
gasoline and 0.05% for diesel oil. Since 1975, much of the significant emission reduction
achieved through control measures has been the result of the lower sulfur content of fuels
used in motor vehicles.

Other highly effective measures for controlling sulfur oxide emissions were
implemented at petroleum refining processes. Refinery operators were required to modify
the process for producing petroleum coke and to install scrubbers to remove sulfur oxides
from the exhaust gases in these processes. In addition, new catalysts and modifications in
the processes used to produce gasoline from crude petroleum also were required. Before
1975, a major sulfur oxide emissions reduction was also achieved at petroleum refineries,
where sulfur recovery units were installed in response to emission reduction
requirements.

In evaluating the program for controlling sulfur oxide emissions, we did not find any
measures that did not work well.

I have discussed how much emissions were reduced by the control measures that were
implemented. But I believe it is more important to see what happened to ambient air quality
during this period. In Figure 2, you can see a comparison of the trends of ambient sulfur
dioxide air quality and sulfur oxide emissions for the period of 1975 to 1990. Both trends
show steady decreases and verify that the control program has been successful. In fact, t>e
Los Angeles area now meets both the state and national ambient air quality standards for
sulfur dioxide.

Lead

The next pollutant that I would like to review is lead. This has been one of the most
successful air quality management programs.

There has been only one control measure, but it has been responsible for a dramatic
decrease in lead emissions. That control measure was removing the lead in gasoline. We
estimate that lead emissions in 1990 were only about one percent of what they were in 1975.
Furthermore, recently adopted regulations by the Board will eliminate by January 1994
virtually all the lead in all the gasoline sold in California.

12



Air Quality Management in Los Angeles

The ambient air quality trends for lead are equally impressive. As shown in Figure 3,
the lead concentrations dropped as dramatically as the level of emissions. The Los
Angeles area now meets both the state and national ambient air quality standards for lead.

Carbon Monoxide

The next pollutant is carbon monoxide. Although the carbon monoxide emissions
reduction is not as dramatic as for lead, we estimate that, by 1990, emissions had been
reduced by one-third from the 1975 emissions level. Virtually all of the reduction in
emissions is from motor vehicles. This reduction is particularly remarkable when we
find that, between 1975 and 1990, the number of automobiles in the Los Angeles area
increased from approximately 4.5 million to nearly 6 million, and the total kilometers
driven per day increased from approximately 190 million to 300 million. Because motor
vehicles contribute nearly all of the carbon monoxide emissions, we focused our control
program on reducing these emissions from motor vehicles (Table 7).

The primary
method used to

is to specify the

Table 7, Examples of Carbon Monoxide Control Measures

control emissions * U g e o f c a t a l y t i c c o n v er ters
trom motor venicies * U g e of p r e c j s e fuej delivery systems with oxygen sensor feedoack

* Implementation of manufacturer recall requirements
emission standards |* Implementation of smog check program
that new vehicles —
must meet. The
motor vehicle manufacturers are free to use whatever technology they choose, so long as the
vehicles meet the prescribed emission standards when they come off the assembly line. For
carbon monoxide, the basic technologies for controlling motor vehicle emissions, since
1973, have been the catalytic converter and precise fueling systems with oxygen sensor
feedback.

Although all motor vehicles must meet the prescribed emission standards when they
are new, the emissions control systems may, at times, deteriorate faster than anticipated.
One way that we ensure that the systems continue to operate properly is to make the motor
vehicle manufacturers recall and repair those vehicles that fail to operate properly because
of manufacturing problems. Another way is to require all gasoline-powered cars and
light- and medium-duty trucks less than 20 years old to be inspected every two years to
ensure that they are being properly maintained; this is our smog check program.

Approximately 80% of the reduction in carbon monoxide emissions, between 1975 and
1990, were the direct result of the controls on the automobiles and light- and medium-duty
trucks. Approximately 10% of the reduction came from the smog check program, and the
remaining 10% came from general improvements in controls on other kinds of motorized
vehicles. By way of comparison, we estimate that motor vehicles manufactured in 1990 and
later will emit only about 8% as much carbon monoxide as a 1965 vehicle without any
controls emits.

Now that I have highlighted our successes, what problems did we have? Some of the
problems in the early part of the motor vehicle emissions control program were related to
the practice of "adding on" emission controls to existing engines rather than redesigning
the entire engine to incorporate the emissions control system. Some of these "add-on"
efforts resulted in the failure of the emissions control systems, causing the vehicle to
perform poorly. This, in turn, led many people to tamper with or disconnect the emissions
control systems, even on those vehicles in which such systems were operating properly.
What we learned from that experience was the importance of good engineering of emission
controls and a good program to inform the public of the benefits of emission controls.

In reviewing a comparison of the trends of carbon monoxide emissions and air quality
(Figure 4), we see that both emissions and ambient concentrations have decreased. There
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are many parts of the Los Angeles area that now meet the carbon monoxide standards. But
the locations with the worst carbon monoxide problems still experience concentrations up to
two times the level specified in the air quality standards. Clearly, carbon monoxide is a
p/oblem that continues to challenge us.

Particulate Matter

The next pollutant is particulate matter. Although we have had a particulate matter
standard and control program for many years, in 1982 the Board changed the indicator for
the standard from total suspended particulate matter to particulate matter that is 10
microns in diameter and less (PM10). The Board changed the standard to PM10 because
the studies showed that the smaller particles were the most damaging to human health.
Because instruments for measuring the ambient concentrations of these small particles
were developed over several years, we have less ambient concentration data available for
PM10 than for other pollutants. However, a few observations can be made.

We have found in our studies of PM10 that a significant percentage of the PM10
particles originate as gases and are changed photochemically into particles. This
discovery means that many of our control measures for gaseous pollutants have benefited
PM10 air quality. Because particulate pollutants are so complex, we believe that the PM10
control effort may be as difficult as the control effort for ozone. Earlier this year, we
completed a report that describes our assessment of the prospects for attaining the ambient
air quality standards for PM10 in California. I believe the report represents a significant
compilation of information about the problems we face with PM10 in California. If anyone
wishes to have a copy of that report, contact me later.

In that report, we indicate that the single largest source of PM10 emissions in Los
Angeles is the dust put into the air by the cats driving on the roads and freeways. Another
type of emission that is very difficult to control is the emissions that result primarily from
the wind blowing over the earth's surface.

I do not wish to leave you with the impression that we have done nothing to control
particulate matter (Table 8). In addition to controlling gaseous emissions of smog
precursors, which also benefit the control of PM10, we have had requirements, since the
1960s, for cyclones, fabric collectors, or electrostatic precipitators at industrial facilities;
for switching to cleaner fuels; and for the banning of open burning of wastes at municipal
waste dumps and at private residences. These measures, generally, are very effective and
can reduce particulate emissions from these sources by up to 99%. However, the on-going
effort to accomplish the reduction in emissions necessary to meet the standards will be
immensely complex, difficult, and costly.

Table 8. Examples of Particulate
Matter Control Measures

* Cyclones
* Fabric collectors
* Electrostatic precipitators
* Switch to clean fuels
* Ban open burning

The problems with programs for controlling
PM10 emissions from specific sources occur
primarily as a result of inadequate enforcement-
Most particulate matter control systems are very
effective but will fail if the equipment is not
properly maintained. And proper maintenance
often does not occur unless there is an effective
enforcement program by the local district to ensure
that there is regular maintenance. Unfortunately,
we have not yet developed practical control measures for all sources. The primary reason
is the large number of particulate matter sources and the wide variety in the types of
sources.

The most recent air quality data for PM10 reflect the enormity and the challenge of the
PM10 problem (Figure 5). We do not see improvements in PM10 air quality because PM10
emissions are not decreasing. In fact, as you can see, we estimate that PM10 emissions
have been steadily increasing. There are two primary causes for the increase in
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emissions: one is the participate matter that results from motor vehicle travel on streets
and highways and the other is construction and demolition activities. Clearly, we face a
major challenge in controlling particulate matter.

Nitrogen Dioxide

The next pollutant that I will present is a particularly troublesome one: nitrogen
dioxide. In our studies, we have found that nitrogen oxide (NOX) emissions are a
significant contributor to several pollutants, including ozone, nitrogen dioxide, PM10,
acid deposition, and some potentially toxic compounds. Far now, let me focus on the
relationship between NOX emissions and ambient concentrations of nitrogen dioxide.

Motor vehicles are also the largest contributor to NOX emissions and, therefore, have
been the target of our emissions control program (Table 9). Most of the reductions in NOX
emissions between 1975 and 1990 have been the result of the emissions controls required on
motor vehicles since 1975.

41 Use of exhaust gas recirculation
* Use of catalytic converter
* Use of fuel injection systems
* Installation of low-NOv burners on boilers
* Installation of NOX scrubbers

Table 9. Examples of Nitrogen Oxides I Most of the emissions reductions from
Control Measures m o t o r vehicles came as a result of two

control systems. One is exhaust gas
recirculation, in which a portion of the
exhaust gas is returned to the combustion
chamber. This helps to lower the combustion
temperature and to reduce the amount of
oxygen in the cylinder leading to lower
NOX emissions. The second and more
effective control system for motor vehicles—

the oxidation/reduction (three-way) catalytic converter—is similar to the one described for
carbon monoxide. The catalytic converter is responsible for the greatest reduction in NOX.

The reduction in NOX emissions from stationary sources, compared with motor
vehicles, has been very small. The greatest reductions from stationary sources occurred
primarily as a result of changes to boilers and process heaters at power plants, petroleum
refineries, and other industries. These changes included the following: (1) the installation
of low-NOx burners, which are special burners that limit the production of NOX; (2) the
installation of devices that remove NOX in the exhaust; and (3) changes in the combustion
process. Emissions from stationary internal combustion engines have also been reduced
by making engine modifications and adding catalytic reduction systems.

We had one program for reducing NOX emissions that was not successful. In the early
1970s, there was a proposal to require that a piece of equipment that would have reduced NOX
emissions be added on several model years of motor vehicles. That program was
unsuccessful, not because the equipment failed, but because of the strong negative public
reaction to the program. As a result, the program was canceled shortly after it was begun.

In addition, there is not yet complete agreement on the benefits of reducing NOX
emissions to achieve improvements in ozone air quality. Therefore, the program for
implementing NOX control, particularly on stationary sources, has been difficult and, at
times, acrimonious.

Moving on to a comparison of emissions and air quality trends, we see an inconsistent
trend (Figure 6). We estimate that emissions increased between 1975 and 1980. We can see
that ambient concentrations also increased between 1975 and 1978. Since 1980,
approximately, both emissions and ambient concentrations have generally declined. The
air quality standards for nitrogen dioxide are met in much of the Los Angeles area;
however, there are several specific areas that still exceed the standards.
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Ozone

The next pollutant that I will discuss is ozone or, as it is sometimes called,
photochemical smug. In the Los Angeles area, ozone is the worst air pollution problem and
the most difficult because it is so complex. Although Dr. Haagen-Smit discovered, in about
1950, that sunlight interacting with hydrocarbons and NOX causes ozone, we are still
trying to understand more clearly how ozone is formed in the real world. We now know
that there are hundreds of different chemical reactions that occur to form ozone.

I have already reviewed what happened with NOX emissions. Let me present our
experience with hydrocarbon emissions. We have been able to achieve fairly significant
reductions in hydrocarbon emissions. We estimate that, by 1990, hydrocarbon emissions
were only approximately 60% of the 1975 totals.

Although emissions from both motor vehicles and stationary sources have been
reduced, we have achieved the greatest reductions from motor vehicles (Table 10).

Table 10. Examples of Hydrocarbon Control
Measures - Motor Vehicles

* Reduction of gasoline volatility
* Installation of positive crankcase ventilation systems
* Installation of catalytic converters
* Reduction in evaporative losses

Before 1975, one of the
most significant
regulations adopted to
reduce hydrocarbon
emissions related to the use
of motor vehicles was the
requirement to reduce the
volatility of gasoline.
Volatility is the ability of a
liquid to evaporate and is measured by Reid vapor pressure. The regulation required the
Reid vapor pressure to be reduced during the summer months, when the potential for
evaporation is the highest.

Hydrocarbon emissions from motor vehicles occur from three different sources. The
first is the hydrocarbons that pass through the cylinders and then escape from the
crankcase. These emissions were controlled, in the 1960s, with the requirement that
vehicles have "positive crankcase ventilation." This device eliminated virtually all of the
emissions from the crankcase.

The second source of hydrocarbon emissions from motor vehicles is from the exhaust.
Requirements for reductions began with the motor vehicles manufactured in 1966, and the
emission standards have been made progressively more stringent since then. As with
carbon monoxide and NOX, exhaust hydrocarbon emissions are now controlled very
effectively with a catalytic converter.

The third source of hydrocarbon emissions is the evaporation from the carburetor and
fuel tank of the lighter, more volatile compounds in the gasoline. Initial efforts to control
these evaporative emissions began in the early 1970s and consisted of tightening-up
connections in the fueling system that could potentially leak. A current control effort
consists of collecting the evaporative emissions into a canister, where they are stored until
they can be returned to and burned in the engine. A result of these controls is that cars
manufactured after 1990 will emit only about 5% of the hydrocarbons emitted from cars not
having any emissions controls.

A variety of hydrocarbon controls have also been applied to stationary sources (Table
11). I will highlight some of the more important measures. The first is the recovery of
gasoline vapors during gasoline transfer operations. The vapor recovery systems capture
more than 95% of the vapors.
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Another measure is the reduction of emissions from the use of solvents, some of which
are used in many manufacturing processes. Some solvents include very volatile types of
hydrocarbons. Controlling solvent emissions consists of either capturing the volatile
solvent emissions or limiting the use of organic solvents in various products. We have
been most successful in limiting the use of solvents by either requiring the use of other

compounds or reducing the
amount of solvents in
coatings, such as paints.
Responses to requirements
for reducing solvents have
included the increased use
of water-based paints and
the development of
electrostatic painting
processes.

Table 11. Examples of Hydrocarbon Control
Measures • Stationary Sources

* Installation of vapor recovery systems
* Limiting the use of organic solvents
* Reduction of solvents in coatings
* Installation of seals on the floating roofs of storage tanks
* Banning of open burning

Other regulations adopted before 1975 to limit hydrocarbon emissions from stationary
sources included the addition of seals to the floating roofs on storage tanks at petroleum
refineries, and the prohibition of open burning of wastes.

The hydrocarbon emissions control program is one of the oldest and most extensive in
California. During the years, there have also been some problems associated with the
implementation of various control measures. As noted previously, many of the problems
were the result of the public's lack of acceptance of a particular program. For example,
there were numerous complaints about the program for vapor recovery. The new nozzles
used for refueling vehicles were more difficult to operate than the old nozzles and, at times,
failed to operate. And when these difficulties were coupled with a perception by many people
that the program was unnecessary, there were many demands to eliminate the program.
As the hardware improved and the public became more experienced with using the nozzles,
the complaints decreased. Today, we consider the vapor recovery program to be one of our
most cost-effective and successful programs for reducing hydrocarbons.

Some of the other problems with implementing hydrocarbon control measures occurred
when we attempted to force technology and required emissions reductions sooner than the
technology could accomplish. For example, some of the work to reduce solvent emissions
from paints and other coatings is having this difficulty. Some of the difficulty with forcing
technology also comes from the public's unwillingness to accept products or processes with
different characteristics. The differences often are perceived as causing the product to be of
lesser quality than the previous product.

Another example of adverse public reaction to pollution control measures occurred in
the early 1970s when the initial efforts by the auto manufacturers to meet California motor
vehicle emissions standards resulted in many cars and light trucks having poor
performance and poor fuel economy. The public reacted by disabling emission systems,
thereby defeating the purpose for which the systems were designed. Many people also
attempted to purchase their vehicles in other states in an effort to have vehicles that they
believed performed better. These examples demonstrate that the public may be unwilling to
support air pollution control efforts if they have to accept products with different
characteristics or lesser quality.

I have one additional comment on our experience with emissions control programs. A
cornerstone of our efforts to prevent pollution is the new source review program (Table 12).
This program essentially requires that all sources of a certain size, both new sources and
existing sources needing modification, must comply with two general conditions: (1) the
best possible pollution controls must be installed, and (2) any increases in emissions must
be "offset" by reducing emissions elsewhere in the area. The objective of the program is to
not allow any increase in overall emissions when sources are constructed or modified.
The program's concept is sound and has been implemented throughout California. But
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there are difficulties in ensuring the availability of sufficient emissions to use for offsets
so that new, cleaner, and more energy efficient facilities can be constructed and in
ensuring that the emission reductions from the offsets are real and permanent.

Table 12. New Source Review

* Requirements
1) Install best control technology
2) "Offset" emissions

* Difficulties
1) Reaching agreement on technology
2) Finding available emissions for offsets
3) Ensuring reductions are real

Let us move on to a comparison of the
trends of ozone air quality (Figure 7) with
the precursor emissions of both
hydrocarbons and NOX. We have been
able to reduce hydrocarbon emissions
substantially. By contrast, the reduction in
NOX emissions has been less. The overall
trend for ozone air quality, between 1975
and 1990, shows a relatively consistent
decrease. Although past efforts to reduce
ozone concentrations have focused almost
exclusively on reducing hydrocarbons, we

now advocate, for most areas, a combined approach of reducing both hydrocarbon and NOX

emissions.

We still have much to do to reduce ozone concentrations to the proscribed standards.
While we have made substantial progress, all parts of the Los Angeles area still exceed the
air quality standards. In the worst parts, the highest ozone concentrations are more than
three times the level permitted by the state air quality standards.

Toxic Air Contaminants

That completes my review of our efforts with the traditional air pollutants, but I believe
a few comments about toxic air contaminants would be appropriate.

in 1983, the California Legislature gave the Board new authority to control toxic air
contaminants. The toxics program has two phases: the first phase is the identification of
compounds as toxic air contaminants—this is the "risk assessment" part of the process; the
second is the control of those compounds listed as toxic air contaminants—this is the
"risk management" part.

As part of the first phase of the process, compounds to be studied were prioritized based
on known information about their toxic potential. The Board periodically updates and
revises the list of compounds and their order of priority. The Board's staff works with other
state agencies in studying the health effects and the exposure risks of the compounds on the
list. The staffs research is reviewed by a panel of scientists from the University of
California, which then determines whether to recommend that the compound be identified
as a toxic air contaminant. To date, the Board has formally identified 16 compounds as
toxic air contaminants (Table 13).

After a compound has been
identified as a toxic air
contaminant, the Board's staff
assesses the sources of the toxic
pollutant and prioritizes which
sources should be controlled
first. When a source is chosen
for control, the Board's staff
assesses whether the
technology to control the toxic
compound is available. The
control measures adopted for a toxic air contaminant are technology based, achieving the
greatest emission reductions possible, taking into account cost effectiveness. The program

Table 13. Toxic Air Contaminants

* Hexavalent Chromium
* Ethylene Dibromide
* Ethylene Dichloride
* Trichloroethylene
* Inorganic Arsenic
* Dioxins and Furans
* Methylene Chloride
* Carbon Tetrachloride

* Ethylene Oxide
* Chloroform
* Vinyl Chloride
* Cadmium
* Nickel
* Asbestos
* Benzene
* Perchloroethylene
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was designed to reduce exposure to the most potent toxic compounds by controlling the
largest sources first.

So far, the Board has adopted six control measures for sources of toxic air
contaminants. These six measures address benzene in gasoline, hexavalent chromium
from chrome plating, dioxin from hospital incinerators, chromates from cooling towers,
ethylene oxide from cold sterilizers, and asbestos from gravel roads. The Board estimates
that when all six control measures are implemented, emissions from about 2,500
individual sources will be reduced.

CONCLUDING THOUGHTS

I would like to conclude with a few observations. I have discussed, in general, the air
quality management programs that have worked well in California and some that have
had some difficulties. But have the programs been successful in Los Angeles? The answer
depends on how the question is phrased.

If you asked me whether the air quality management program has been successful in
achieving clean air in Los Angeles, I would say "Yes" and "No." "Yes" because we have
attained the standards for sulfur dioxide and particulate lead. I would also say "Yes"
because public support for clean air is very strong. We believe that support is, in part, the
result of the public's perception that the efforts to date have been worthwhile and the efforts
should continue.

But I could also answer the question about success in achieving clean air with a "No"
because we have not attained the standards for nitrogen dioxide, carbon monoxide,
particutate matter, and ozone. And except for nitrogen dioxide, we have a lot of hard work
to do for a long tin e before the standards for these pollutants will be attained.

But I do not believe that my "No" answer means that tha air quality management
programs for these four pollutants have not been successful. The programs have
accomplished a great deal, especially if other factors are considered (Figure 8). In this
graph, I compare, for 1975 versus 1990, the percentage change in air quality for the
pollutants I have just discussed with the percentage change in growth as represented by
population, employment (or jobs), and total vehicle miles traveled. As the graph shows, we
have managed to reduce pollutant concentrations by 20%, 40%, 75%, and almost 100%,
depending on the pollutant. And these reductions occurred during a period when the
population was increasing by 20%, the number of jobs increased by more than 50%, and
total vehicle miles traveled increased by more than 40%.

I would conclude that we have made significant progress in reducing pollution in Los
Angeles, even during a time of significant growth. However, we still have far to go. In
setting our goals for when we want to have clean air, we must recognize that the desire for
clean air does not guarantee that clean air will occur, much less that it will occur by some
arbitrary legal deadline. The goal for when we will have clean air must be set in
recognition of the technical limitations that exist. And it is the task of those of us working
in the air quality management profession to identify all feasible measures that can be
implemented now while, at the same time, we work to eliminate the technical limitations
as quickly as possible.

19



Figure 1

D
A
Y
S

Ozone Air Quality in Los Angeles
During the Late 1950s

300 -

200 -

1955 1956 1957 1958 1959

County of Los Angeles APCD -1971

H

> .40 ppm

> .25 < .40

>.10<.25

<.10pprn



Figure 2
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Figure 3
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Figure 6

N02 Trends in Los Angeles
Emissions

T
0
n
s

D
a
y

1400

1200

1000

800

600

400

200

1975 1980 1985 1990
Year

C
o
n
c
e
n
t
r
a
t
i
o
n

30

25

20

15

10

1975

(concontniions in pphm)

Air Quality

1980 1985
Year

1990

TSOSKL'KWI

25



Figure 7
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South Coast Air Quality Management

Lee Lockie
South Coast Air Quality Management District

Diamond Bar, California

(Editor's note: We were unable to obtain a manuscript of Ms. Lockie's presentation.
However, her overheads are reasonably self-explanatory and are presented here.)

South Coast Air Basin
Vital Statistics

13,350 square miles
12 million people
8 million vehicles
55,000 industrial sources
Smog-inducing climate
46% of state population
33% of state emissions
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Number of Days of Stage 1 Ozone Episodes
in South Coast Basin, 1958-1989

25ft

58 59 60 61 62 63 U 65 66 67 68 6970 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87

Y«ars

Mission

The South Coast Air Quality Management District is committed to achieving and
maintaining healthful air throughout our jurisdiction, in accordance with federal and state
statutory mandates, by a comprehensive program of planning, regulation, enforcement,
technical innovation and promotion of the understanding of air quality issues.

AQMP Targets and Schedules

Emissions Reductions Incentives

District Responsiveness

Communications
Assistance

Rulemaking: Process and Speed

Assess and Improve District Cost-Effectiveness
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South Coast Air Quality Management

FEDERAL ATTAINMENT DATES

OZONE
PM-10

CO

2010
2006

2000

NO2 2000

TIER I EMPHASES

• REPLACE POLLUTING MATERIALS

• APPLY TIGHTEST CONTROLS AVAILABLE

• INCREASE TRANSPORTATION SYSTEM EFFICIENCY

• USE CLEAN FUELS

• TOUGHER RULE ENFORCEMENT

• BUILD PUBLIC SUPPORT FOR CLEANUP

TIER II OBJECTIVES

• PUSH KNOWN TECHNOLOGY TO ITS LIMITS

• SEEK NEW REGULATORY AUTHORITIES AS NEEDED

• SEEK FIRM COMMITMENTS TO IMPLEMENT MEASURES

TIER III GOALS

• SEEK TECHNOLOGICAL BREAKTHROUGHS

• ACHIEVE 100% CLEAN-FUEL VEHICLE FLEET

• EUMINATE ROG EMISSIONS FROM SOLVENTS AND COATINGS
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South Coast Air Quality Management

Reduction Rate

Annual Rate
5%/YearforROG

for

Total Basin Inventory

Distribution of NOx Emissions
by Number of Permits and Facilities

1 Permit
18,310 Ton* (27%)
5,124 Facilities

2-5 Permits
13,854 Tons (20%)

2,715 Facilities

51 + Permits
3,430 Tons (5%)

18 Facilities

26-50 Permits
8,522 Tons (13%)
63 Facilities

6-25 Permits
23,670 Tons (35%)
910 Facilities
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South Coast Air Quality Management

Distribution of ROG Emissions
by Number of Permits and Facilities

1 Permit
21,130 Tons (26%)

5,456 Facilities

2-5 Permits
23,520 Tons (30%)

3,550 Facilities

51+Permits
10,330 Tons (13%)

39 FacilitiM

26-50 Permits
4,275 Tons (5%)

110 Facilities

6-25 Permits
20,815 Tons (26%)
1,330 Facilities

Role of Inspector

• Inform source of requirements
• Inspect equipment and records
• Determine compliance
• Take action
• Identify remedial actions
• Track abatement schedules
• Source liaison with District

• Neighboring community contact
• Source training
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South Cczst Air Quality Management

How District Program May Influence
Corporate Environmental Practice

_ . Cleaner Air
Source Education _, . . ̂  .

Reduced Costs

Self-lnsDection - • l n c r e a s e d - • ^ ^ P r o d u c t 8
Self-Inspection - ^ C o m p , , a n c e " ^ c , e a n e r a n d m w

+ Work Area
Enforcement Avoid complaints

P r 0 9 r a m Avoid Penalties

Goals For The 1990s

I. Improve Effectiveness of Enforcement
• Full-Scale Training Program

• Rule Compliance Plans as Staff Reports
• PostRule-Adoption Training Programs
• Outreach to Small Business
• Cross-Training Programs for Inspectors

II. Programs to Enhance Compliance and Source
Awareness of Rules
• EPA Source Outreach Pilot Program
• Rule Effectiveness

III. Operator and Supervisor Handbooks
• Industrial Boilers

• Small Commercial Boilers
• Architectural Coatings
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South Coast Air Quality Management

Goals For The 1990s

Source Education/Violator Training
• Wood Finishing

• Metal Coaters
• Graphic Arts
• Auto Refinishing
• Adhesives
• Solvents

Compliance Gains Before Settlement
Long-term Unresolved Air Pollution Problems

Ways to Maximize Field Effectiveness

• Improve Training
• Source Education

• Violator Training
• Compliance Reporting

Customer Service

• Hire the Right People

• Provide Orientation & Training

• Set Standards for Service

• Improve Communications

• Develop Shared Accountability

• Audit Customer Service

• Maximize Employee Contact

• Recognize and Reward Quality
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Air Pollution Management in Sao Paulo City
A Status Report

Homero Carvalho
CETESB • Companhia de Techologia de Saneamento Ambiental

Sfio Paulo, Brazil

HISTORICAL BACKGROUND OF AIR POLLUTION

Brazil, like many other developing countries, has assigned a lower priority to air
pollution control than to problems of nutrition, education, vi communicable disease control.
However, in some parts of the country, air pollution is so serious and harmful that its control
now must be seen as a priority issue.

One of these areas is the Sao Paolo City Metropolitan Area (SPMA) in the State of Sao
Paulo. SPMA is Brazil's largest industrial and commercial center and is responsible for 50%
of Brazil's industrial output and 40% of its gross national product. The combined impact of
population growth, expansion in industry and technology, and social changes are the
compounding factors that have seriously degraded the urban air environment of SPMA. The
process started during the 1940s, in the city of Sfio Paulo, with the implantation of the "first
modern textile industries." In the 1950s, the implantation of key industries in the cities of
Santa Andre, Sao Bernardo do Campo, and Sfio Caetano do Sul started an unrelenting
movement of people from rural areas into these urban centers, leading to a fast and
uncontrolled evolution of the cities into a large metropolitan complex. Today, SPMA covers
an area of 8,053 square kilometers and has 13,000,000 inhabitants, 3,500,000 motor vehicles,
40,000 industries, and a large amount of air pollutants.

AIR QUALITY MONITORING

Air Quality Parameters

Tables 1 and 2 show, respectively, the air quality standards and air pollution acute
episode criteria for Sao Paulo State, regulated by Regulatory Decree n.8468, issued in
08/09/76.

Table 1. Air quality standards for Sao Paulo State (Regulatory Decree n. 8468 - 08/09/76).

POLLUTANT

Total Suspended
Particulate

Sulfur Dioxide

Carbon Monoxide

Smog (Ozone)

SAMPLING
TIME
24 hours (1)

AGM (2)
24 hours (1)

AAM (3)
lhour (1)

8 hours (1)
1 hour (1)

STANDARD
(ug/m3)
240

80
365

80
40,000

10.000
160

MEASURING
METHOD
High-Volume
Sampler

Coulometry

NDIR

Chemiluminescence
(1) Not to be exceedec once a year
(2) Annual geometric mean
(3) Annual arithmetic mean
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Air Pollution Management in Sao Paolo City

Table 2. Air pollution acute episode criteria for Sfio Paulo State
(Regulatory Decree n. 8468 • 08/09/70).

PARAMETERS

Sulfur Dioxide (SO2)
(ue/m3) - 24 h
Total Suspended
Particulate (TSP)
(ug/m3) - 24 h
SO2 x TSP
(ug/m3) - 24 h
Carbon Monoxide
(ppra) - 8 h
Smog as Ozone
<ug/m3)-lh

LEVELS

ATTENTION

800

375

65,000

15

200

ALERT

1,600

625

261,000

30

800

EMERGENCY

2,100

875

393,000

40

1200

PRESENT STATUS OF AIR POLLUTION

The Sfio Paulo Metropolitan Area

Our air quality surveillance network collects data at locations throughout the SPMA.
Based on the data collected and on results from special studies, we can characterize the
SPMA air quality for a number of common pollutants.

Suspended particulate*
We collected data on total suspended participates (TSPs) at 24 locations around the

SPMA. Our data show that the 24-hour (240 ug/m3) and the annual (80 ng/m3) standards for
TSPs are routinely exceeded. The standards violations occur at all sites and the observed
values are far above the standards, showing a very serious particulate problem all over the
region.

While most particulates for the entire metropolitan area come from stationary sources,
diesel truck and bus emissions are dominant sources at street level; particularly along the
major traffic corridors. Resuspended aerosols, sulfates, and organic aerosols also are very
important constituents of TSPs. Considering that the stationary sources control program is
underway and that the expected air quality improvement has not been proportional to the
emission reduction, further studies are strongly needed to support future control actions.
Therefore, in 1986, Companhia de Techologia de Saneamento Ambiental (CETESB) started a
comprehensive aerosol characterization study covering the entire metropolitan area, using
the chemical mass balance model.

Smoke particulate concentrations are also well above the World Health Organization's
recommended levels. However, the concentration of smoke particulates seems to be
decreasing. Figure 1 illustrates a 5-year moving average of smoke particulate concentrations
between 1973 and 1985.

Sulfur dioxide
Sulfur dioxide (SO2) concentrations in the SPMA are decreasing. Figure 1 illustrates a

five-year moving average of SO2 concentrations between 1973 and 1985. We may expect
some increase in these levels as the Brazilian economy recovers, but we do not expect SO2
levels to reach the former values.
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Air Pollution Management in Sdo Paolo City

Figure 1. Sulfur dioxide and smoke trends in Sao Paulo Metropolitan Area.

SULFUR DIOXIDE
( 5 roar moving avtrig*)
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Motor Vehicle Related Pollutant*
Motor vehicle related air pollution is a serious problem in the SPMA. CO levels routinely

exceed the air quality standard (9 ppm - 8 h) at the five sampling sites where data are
collected.

The ozone (O3) standard (160 ug/m3 - lh) is being routinely violated. Our standard is
more restrictive than the current United States Environmental Protection Agency (US EPA)
ozone standard (235 fig/m^). There is a chance that our data may underestimate the problem
because the sampling sites cover a small area of the region (six locations). More
comprehensive monitoring will likely identify higher peak ozone readings, mainly in sites
downwind of the center of the region.

Our ozone precursors data show the occurrence of high concentrations of hydrocarbons
and nitrogen dioxide (NO2). Hydrocarbon concentrations are extremely high (more than ten
times the US EPA standard) whereas NO2 concentrations, in terms of annual average,
routinely exceed the US EPA standard (100 |ig/m3) at one sampling site.

Brazil's program encouraging the use of alcohol fuels introduced a new concern—the
aldehydes. It is expected that, as the fleet of alcohol fueled cars increases and no effective
control action is taken, aldehyde concentrations will increase. Data we collected for the years
1980/1981 and 1985/1986 show that mean aldehyde concentrations (measured by the MBTH
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Air Pollution Management in S&o Paolo City

method) are increasing. In addition to the toxic effects of aldehydes, recent studies carried
out by the National Academy of Sciences have shown that an increased aldehydes
concentration may cause an increase in the O3 concentrations.

On the other hand, the alcohol program has led to a decrease in the concentration of
airborne lead. Figure 2 illustrates the concentrations of airborne lead at two sampling sites
in the SPMA during 1978,1983 and 1987. It can be seen that there was a great improvement
and that the 1983/1987 values are below the US EPA lead standard (1.5 ug/m3 - quarterly
average).

Figure 2. Quarterly average concentrations of airborne lead.
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AIR POLLUTION CONTROL ADMINISTRATION

In Brazil, environmental protection is the responsibility of the Institute Brasileiro do
Meio Ambiente e dos Recursos Naturais Renovaveis (IBAMA), a federal agency that is
subordinated to the Minist6rio de Infraestrutura. In addition, a number of states have their
own agencies. In Sao Paulo State, environmental control, which is implemented through
both corrective and preventive actions, is the responsibility of CETESB, an agency created by
state law n.118 in 1973. The state government supports the control programs through its
Secretaria do Meio Ambiente (Environment Secretary).

Federal Laws and Regulations

• Lei n°- 6938/1981 (Law) and its Regulatory Decree n.88821/1983: defines general rules
on environmental policies, stipulates the permit system, and creates the Conselho
Nacional do Meio Ambiente (CONAMA), a national council that has the responsibility
for establishing environmental standards and methods.

• Portaria n°- 231/1976 (Regulation) - Ministerio do Interior: establishes the National
Air Quality Standards for particulate matter (PM), SO2, CO, and oxidants. Emission
standards shall be proposed by the states.
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• Portaria n& 100/1980 (Regulation) - Ministerio do Interior: establishes the black smoke
emission limits for diesel vehicles. The emission limits at altitudes above 500 meters
is Ringelmann n. 3 (60%). Below 500 meters and for urban restricted circulation fleets
(all altitudes) the limit is Ringelmann n. 2 (40%).

• Resolucfio n& 507/1976 (Regulation) - Ministerio da Justica: establishes the crankcase
emission limit for new gasoline engines.

• Resolucfio n& 18/1986 (Regulation) - Conselho Nacional do Meio Ambiente: establishes
the emission standards for new vehicles and engines, as well as the rules for engine or
vehicle configuration approval and their product certification.

State of SSo Paulo Laws and Regulations

Lei nfi 997 (Law) and its Regulatory Decree n. 8468, both issued in 1976, regulate the
environmental control actions and standards, including permits for new and established
industries and the enforcement of corrective actions. This regulation maintains the federal
air quality standards and adds the following main requirements:

a) Ringelmann n. 1 is the emission limit for black smoke emitted by stationary sources;

b) Ringelmann n. 2 is the emission limit for black smoke emitted by diesel vehicles at
any altitude in normal operation;

c) emission standards for PM are enforced in Cubatao;

d) the best available technology shall be adopted when emission standards are not
regulated;

e) rules for location, operation, and control system for stationary sources;

f) specific rules for incineration;

g) open-fire burning is prohibited; and

h) an emergency plan is established for acute air pollution episodes.

MAIN SOURCES OF AIR POLLUTION

The Sao Pav!o Metropolitan Area

The emission sources inventory for the SPMA was calculated using data obtained from
the actual sources activity data base for the reference year 1987. The emission factors were
compiled from the Compilation of Emission Factors of the US EPA and, in some cases, were
obtained from source tests (as it was for the light-duty vehicles, for example). A summary of
this inventory is shown in Table 3, and the relative contribution of each source class is
presented in Table 4.

Regarding the vehicle emissions problem, a significant change has been observed with
the increase of the alcohol-fuel vehicle fleet, which substitutes for the gasoline LDV in Brazil.
In 1981, alcohol fuel was used in only 3% of the light-duty vehicles, but this percentage had
increased to almost 45% by 1990. Another important fact is the addition of ethanol to
gasoline (the present blend is 22% ethanol/78% gasoline by volume). Both changes produce a
decrease in the CO emission and an increase in aldehyde emission, maintaining almost
constant the emission of hydrocarbons and nitrogen oxides (NOX). However, the total
emission also depends on the number of in-use vehicles and their deterioration and
utilization factors.
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Table 3. SPMA atmospheric emission inventory for 1987 (1000 tons/year).

SOURCE

Gasoline (exhaust)
Alcohol (exhaust)
Diesel (exhaust)*
Motorcycle (exhaust)
Taxi (exhaust)
Evaporative emission
Crankcase emission
Tire emission
Gasoline transfer
Industrial processes
Open-air burning

Total

POLLUTANT
CO

835
172
218
32
52
-
-
-
-
38
44

1391

Hydro-
carbons
77.7
14.3
35.6
6.1
4.6
47.5
10.6
-
10.9
50
14
271.3

NOX

28.9
10.0
159.0
0.21
2.2
-
-
-
-
23
3
226.3

SO2

4.5
-
73
0.26
0.13
-
-
-
-
53
0.36

131.2

Particles

4.3
-
9.9
0.11
0.16
-
-
6.4
-
59
12

91.8
* Heavy-duty vehicles
Source: CETESB

Table 4. Relative contributions of sources to the air pollution problems in 1987 (%).

SOURCE

V
E
H
I
C
L
E

Gasoline exhaust (LDV)
Alcohol exhaust (LDV)
Diesel exhaust (HDV)
Motorcycle exhaust
Evaporative emission
Crankcase emission
Tires

Gasoline Tank Filling
Operation of industrial
Open-fire burning (1978)

Total
Source: CETESB

POLLUTANT
CO

83
1
11
1
-
-

-
2
2

100

Hydro-
carbons
40
-
9
2
14
15
-
3
13
4

100

NOx

17
1
71
-
-
-
-
-
10
1

100

so2
3
-
23
-
-
-
-
-
74
-

100

Particles

7
-
11
-
-
-
6
-
64
12
100

STATUS OF AIR POLLUTION EFFECTS ON HUMAN HEALTH

As a result of human fatalities due to air pollution in various countries over the past few
decades, the connection between air quality and diseases such as bronchitis, asthma, lung
cancer, and emphysema has received increasing attention. The medical evidence
accumulated worldwide leaves little doubt that widespread adverse human health effects are
associated with poor air quality.

Many epidemiological investigations to define air pollution as a major factor affecting
human health in polluted urban areas as compared with rural or less polluted areas were
carried out in Brazil, mainly in Sfio Paulo and Cubatfio, in the last ten years. Only data
pointing toward morbidity were obtained without the complete satisfaction of the scientific
community. Health problems are manifest in these areas, however, and definite data that
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indicate specific pollutants or emission sources as the caused) of these health problems do
not exist. The only death-causing situations registered in Brazil occurred in Sfio Paulo and
were the consequences of the accidental liberation of hazardous substances into the air. The
death-causing situations were as follows:

• in Bauru, interior of Sfio Paulo, involving castor bean dust; 1 death (1962);

• in Sfio Jose" dos Campos, interior of Sfio Paulo, involving hydrogen sulfide; 3 deaths
(1980);

• in Sfio Paulo city, involving nafta vapors; 2 deaths (1984); and

• in Cubatfio, the rupture of a gasoline pipeline causing a fire in a slum; 98 deaths
(1984).

Even when the air pollution problems are not acute enough to damage health, they can
cause discomfort to the population. More than 5,000,000 people in SPMA are affected daily
by noise, offensive odors, soot, and irritants. In 1985, through a state-supported nuisance
control program, 6,000 citizen complaints were registered in SPMA. Approximately 40% of
the registered complaints were related to noise, 30% to malodorous substances, 25% to soot,
and 5% to other minor nuisance sources. 312 specific sites were controlled and about
2,000,000 people benefited from the pollution controls at these sites.

MEASUREMENT OF AIR POLLUTANTS

Since 1981, CETESB has operated an automatic air monitoring network. CETESB has
operated a manual network that has measured SO2 and smoke since 1973, CO since 1976,
and TSPs since 1983.

Automatic network

The automatic network is composed of 25 fixed sampling stations and 2 mobile vans. The
data are sent via private telephone lines (fixed sites) or punched tape (vans) to a central
station where they are analyzed with the help of a computer. This network measures the
following parameters: suspended particulates, SO2, NOX, O3, CO, hydrocarbons, wind
direction, wind speed, humidity, and temperature.

The network configuration is presented in Table 5. Twenty-two sampling sites are
located in the SPMA (1 to 22), and three sampling sites are in the Cubatfio area (23 to 25).
Mobile vans represent sampling stations 26 and 27.

Manual network

The manual network is composed of 7 sampling stations that measure SO2 and smoke
and 11 sampling stations that measure TSPs by the high-volume sampler method.

Since 1976, a CO analyzer was manually operated at a downtown area of Sfio Paulo city
(Praca do Correio). In 1986, this site was integrated into the automatic network.
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Table 5. Automatic network configuration.

SITE
NUMBER

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

PARAMETERS
SP
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

so2X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

NO
X

X

X

X

X
X

NO2
X

X

X

X

X
X

NOX

X

X

X

X

X
X

CO
X

X

X

X

X

X
X

CH4

X
NMHC
X

X
X

Os
X

X

X
X

X
X

X
X

RH
X

X
X

TEMP.
X

X
X

wv
X
X
X

X

X

X

X
X

X
X
X
X

X

X
X
X

WD
X
X
X

X

X

X

X
X

X
X
X
X

X

X
X
X

SP: Suspended participates
NMHC: Non-methane hydrocarbons
WV: Wind velocity
WD: Wind Direction
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Sampling Methods

Table € presents the sampling methods of the different types of air monitoring networks.

Table 6. Sampling methods.

Automatic network
Parameter

Suspended particulate (inhalable)
Sulfur dioxide
Nitrogen oxides
Carbon monoxide
Hydrocarbons
Ozone

Method
3 gauge
Coulometry
Chemiluminescence
NDIR
GC/FID
Chemiluminescence

Manual Network
Parameter

Smoke
Sulfur dioxide
Total suspended particulate
Carbon monoxide

Method
Reflectance (OECD)
H2O2 method (OECD)
High-volume sampler
NDIR

Special Network
Parameter

Total suspended ^articulate
Inhalable particulate (PM10)
Elementary analysis

Ion analysis

Carbonaceous material

Source characterization

Method
High-volume sampler
Dicotomic sampler
Dicotomic sampler; low-volume sampler;
x-ray fluorescence
Dicotomic sampler; low-volume sampler; ion
chromatography
High-volume sampler; low-volume sampler;
carbon analyzer
Sampler; diluter; x-ray fluorescence; ion
chromatography; carbon analyzer

AIR POLLUTION CONTROL TECHNIQUES

Sao Paulo Metropolitan Area

Based on determinations of reasonably available control technologies and measures
(RACT) for stationary sources located in state air-quality standards attainment areas (SAQS)
and best available control technologies (BACT) for those located in nonattainment areas,
strategies for reducing ambient concentration of TSPs and SO2 were developed. A nuisance
control strategy, to minimize odor, noise, and other environmental pollution problems has
been developed in order to establish a permanent program.

Control planning proce$$
To develop the necessary strategies to reduce to and keep at safe levels the

concentrations of TSPs and SO2 in nonattainment areas, an integrated planning process was
formulated by CETESB. This process involves two kinds of control attitudes: a preventive
and a corrective one. The first one is performed by a permit system, implemented in 1976,
and the second one by pollutant attainment strategies. The same approach is used for
nuisance control.

TSP attainment strategy. Several areas in the SPMA have been classified as
nonattainment daily and annual standards for TSPs. The causes for these violations of
standards were identified and classified according to their potential. In December 1979, a
control strategy based mainly on BACT was enforced. The 162 biggest emitters, responsible
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for 96% of all PM emitted from stationary sources in the region, were notified by CETESB to
comply with the formulated requirements within a 5-year period. Despite continuous
violations of TSP standards all over the area, current goal achievement is more than 99% for
the stationary sources control program. These facts suggest the strong influence of other
emission sources like vehicles and soil on the air pollution context and a need for a new
approach to the problem.

SO2 attainment strategy. Nonattainment status of SO2 standards is directly
attributable to high-sulfur-content fuel oils (HSCFOs). Therefore, control measures focus on
industrial combustion processes that are responsible for more than 74% of all SO2 emitted in
the SPMA. The fundamental strategy to control the SO2 pollution problem is based on
requirements that call for the use of control technologies to limit SO2 releases to 20
kilograms per burned ton of HSCFOs. An alternative is to use low-sulfur fuels (special fuel
oil with less than 1% sulfur, natural gas, biomass, and even electrical energy). Beginning in
January 1972, the 363 industries with annual fuel oil consumption greater than 500 tons of
HSCFOs were notified by CETESB to comply with all requirements made by December 1985.
Currently, there is not a single nonattainment area in the SPMA for annual or daily SAQS
standards.

Public complaint* and nuisance control strategy. Because of the lack of a suitable
policy for land planning in the SPMA, there are a large number of activities that are a public
nuisance. In order to consider community complaints against nuisance sources, CETESB
developed a strategy to rank sources according to their location, affected population,
pollutant toxicity, and number of registered complaints. In the last ten years, more than
50,000 complaints were registered by CETESB through this program, and more than 8
million people being benefited from a nuisance control program that addresses sources of
noise and vibration, malodorous substances, open burning, and nonconventional sources of
air pollution.

Enforcement of black smoke from stationary sources. Black smoke due to
incomplete combustion by stationary sources is controlled through a permanent surveillance
program based on Ringelmann Chart (RC) readings. "Most-complained about" sources were
plotted on a map, and surveillance routes were established to be periodically tracked.
Sources with RC readings greater than 1 can be prosecuted. During the winter,, these
procedures are intensified so that critical situations can be avoided.

Enforcement during winter time. Motivated by the unfavorable meteorological
conditions for atmospheric dispersion during the winter, CETESB developed the so-called
"winter enforcement" schedule that starts every year on May 1st and lasts until August 31st.
The biggest oil consumers in the critical air pollution regions have to use low-sulfur oil
(sulfur content < 1%) and, for this purpose, the government provides the necessary oil supply
to replace the current high-sulfur fuel (sulfur content <, 5%). In addition, CETESB monitors
the participating industries during this period and, when the air quality monitoring system
shows high pollutant concentrations, CETESB asks the sources in the noncompliant areas to
improve their equipment tuning and, if necessary, to reduce their production.

Enforcement ofin-use diesel vehicles. Despite the achievements of the particulate
control program for stationary sources, the standards for this pollutant continue to be
violated in some areas. A direct correlation between particulates and CO concentrations has
been observed that suggests that vehicle traffic is responsible for these violations. Based on
this fact and considering that good vehicle maintenance is an important factor to reduce
black smoke, CETESB checks smoke emission using three different strategies.

1. Urban bus emission enforcement in S&o Paulo city. Only buses are included in this
program for black smoke exhaust during their normal operation on the streets. Buses
with smoke opacity higher than the legal standard (2), as measured with the
Ringelmann Chart, are notified and a fine is imposed.
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2. In-use buses and trucks certification. The transportation companies have their oil
supply under the control of the Departamento Nacional de Cumbustiveis (DNC,
National Fuel Department). To be able to buy fuel, the DNC requires the fleet owner
to present a black smoke certificate, issued by the state environmental agency. This
certification is based on free acceleration or, alternatively, constant speed tests, and
the exhaust opacity is measured with the Ringelmann Chart. In this case, the opacity
levels accepted are the standard n.2 (40%) for tests performed under 500-meter
altitudes or when the vehicle fleet is driven only in the urban center (all altitudes);
n.3 (60%) is the standard for tests performed above 500-meter altitudes on
unrestricted circulation fleets.

3. Self-enforcement program. This is a program regarding self-enforcement by the
transportation companies. This program is the most cost-effective, since the work is
done without the government's agent present. The smoke limits are the same as
described above.

Continuing air quality planning
The process and tasks for continuing air quality planning beyond December 1985

establish the so-called "Air Pollution Control Program - Phase II," in which a continuous
surveillance control strategy was enforced with measures to guarantee the maintenance of
the control levels achieved as well as the necessary industrial growth of the region. Aerosol
characterization studies, based on receptor models, are being developed in order to establish
new TSP goals.

THE BRAZILIAN AUTOMOTIVE EMISSION CONTROL PROGRAM

In Brazil, important metropolitan areas such as S&o Paulo, Rio de Janeiro, Belo
Horizonte, Salvador, Recife, Porto Alegre, and Curitiba, with a collective population of
approximately 40 million, have been experiencing increased motor vehicle air pollution,
especially during the last two decades. The SPMA is probably the worst case. Its fleet of
approximately 3.5 million vehicles is responsible for degrading the air about 15 million
people breathe.

In 1987, CETESB recorded 38.6 ppm (8-hour average) of CO in the City of Sao Paulo.
This high concentration represents about 4 times the present air quality standard of 9 ppm
(8-hour average) for CO, and it exceeds the 15 ppm and 30 ppm (8-hour average) attention
and alert levels of the air pollution acute episode criteria for the state of Sao Paulo. The
emergency level, which requires a complete halt to all motor vehicle activities, is at 40 ppm
(8-hour average). Table 7 presents the peak concentrations for various pollutants recorded in
the city of Sao Paulo during the years of 1981-1987.

Table 7. Peak concentration of ambient air pollutants in the city of Sfio Paulo.

POLLUTANT

Carbon monoxide (8-hour average)
Oxidants (as ozone, 1-hour average)
Sulfur dioxide (24-hour average)
Total suspended participates (24-hour average)
Nitrogen oxides (annual average)
Nitrogen dioxide (annual average)
Non-methane hydrocarbons (3-hour average)
Aldehydes (as formaldehyde, 24-hour average)

PEAK
CONCENTRATIONS

38.6 ppm
0.226 ppm
0.15 ppm
759 ug/m3

0.509 ppm
0.066 ppm
4 ppm
0.159 ppm

The contribution of motor vehicles to air pollution in the SPMA can be seen in Table 4.
is clear that motor vehicles are the major source of CO, hydrocarbons, and NOX and less

It
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important contributors of SCX and PM. Although PM is emitted mainly from industrial
sources, the PM emitted by motor vehicles, particularly diesel vehicles, may pose a greater
risk to public health than some of the particulates emitted in greater quantities from
industrial sources. This danger is due to the chemical properties, emission at street level,
and persistence in the atmosphere of these particulates.

Evaluation of the automotive contribution to air pollution in Brazil has, in general, been
based on available data regarding fleet size, emission factors, fuel quality, vehicle
maintenance, traffic conditions, and meteorology, rather than on air quality data, because of
inadequacy or nonexistence of air quality monitoring networks. One exception is the SPMA,
which has had such a network in operation since 1981. To date, the air quality data
monitored in the SPMA and a few other places, complemented by estimates of motor vehicle
emission, indicate that motor vehicle air pollution in many areas is probably severe and may
become a problem in other areas in the foreseeable future.

In order to cope with this situation, in 1984 CETESB presented to the federal
government a technical proposal for the establishment of a national emission control
program. This proposal was designed to address the following local peculiarities.

a) Brazil has a well-established motor vehicle industry that exports parts and vehicles to
several countries including the USA and Italy that have ongoing automotive emission
control programs. Therefore, the motor vehicle industry has some experience in
emission control.

b) Brazil has its own oil refining industry. However, the country still depends on oil
imports. Because of the external debt, low-quality oil is usually imported, and the
fuels used in domestic vehicles have high-sulfur content (up to 1.3% in diesel fuel and
up to 0.25% in gasoline).

c) The national alcohol program (PRO ALCOHOL), launched in 1975, has been
responsible for a considerable reduction in the use of lead as an octane booster. Lead
has been replaced by a blend of 22% anhydrous ethanol in gasoline. The extensive use
of alcohol, either as a blending component in gasohol or as a straight fuel, requires the
development and use of appropriate materials and coatings for automotive parts. In
addition, certain emission control technologies, such as fuel injection and catalytic
conversion, must be adapted to the use of alcohol and tested for pollution reduction
efficiency, durability, and reliability. An additional problem is that combustion of
alcohol fuel produces aldehydes and how these compounds affect air quality.

d) In addition to being expensive, the instruments and equipment used in automotive
emission testing are imported. Therefore, unless manufacturers are forced by
legislation or pressed by export sales, they will not invest in laboratories and testing
fields for emission control research and development.

e) Brazilian cities have no inspection and maintenance programs, either for safety or for
emission control. In addition, repair shops are staffed with semi-skilled personnel,
who generally rely on a trial-and-error experience rather than on technical knowledge
and analytical instruments for diagnosis and repair. This situation results in
erroneous tune-ups and generally poor vehicle maintenance.

f) Fuel retailers have been found to alter fuel specifications by mixing water and other
substances with the commercial fuels.

g) The average life of light duty vehicles is, according to CETESB's evaluation, 12 years.

h) The federal and state governments have had some difficulties in obtaining the
desirable human and material resources to deal with automotive emission control.

48



Mr Pollution Management in Sdo Paolo City

After two years of intense technical and discussions involving the federal and state
governments, the National Motor Vehicle Manufacturer's Association (ANFAVEA), and other
interested parties, some modifications were introduced in CETESB's proposal. The
regulatory text was then submitted to CONAMA. On May 6th 1986, CONAMA enacted
Resolution n. 18 that established a nationwide automotive emission control program called
PROCONVE. The program is based on successful international experiences, which were
adapted to local conditions, and it was conceived according the following key ideas:

• Only new engines and vehicles are required to comply with the established emission
limits.

• Emission limits that progressively become more stringent are phased in according to a
schedule that is based on the state of technology in Brazil anu on international
experience.

• Prototype, assembly-line, and after market parts certification is required in order to
guarantee product quality and conformity.

• Manufacturers are required to warrant emission conformity to guarantee the emission
control systems durability.

• Adjustable components that may significantly affect emission are required to be sealed
by the manufacturer or incorporate inviolable limiting devices to avoid
maladjustments during tune-ups.

• Manufacturers are required to present, semi-annually, emission data from their
quality control programs. Based on this data, production approval for certain engines
or vehicle configurations may be withdrawn, therefore optimizing the certification
process.

• State or city administrations are authorized at their discretion to implement
inspection and maintenance programs in order to verify the effectiveness of the
emission control systems and to foster adequate maintenance.

• New types of fuels and modification of present fuel specifications may be adopted after
approval by the administration.

• The administration may order a recall if through special checks or inspection and
maintenance programs it is verified that in-use vehicles do not comply with the
emission limits. All costs involved in such action are borne by the manufacturer.

• Because of the use of ethanol as an automotive fuel, the administration may establish
emission limits for the so-called unregulated compounds, such as aldehydes, alcohols,
and other organic compounds. As for hydrocarbons, this class of pollutants is defined
as the total amount of organic substances, including unburned fuel fractions and
combustion byproducts occurring in exhaust gas that are detected by the flame
ionization detector.

• To promote public awareness with respect to the program and the issue of air pollution
by motor vehicles, the manufacturers are required to furnish specifications and
recommendations to the owner, the service network, and to the public through the
owner's and service guides, the media and labeling placed on all vehicles.

• The DNC is requested to establish a program for reducing the total sulfur content of
diesel fuel.

Table 8 presents the emission test procedures adopted in Brazil. They were chosen
because of their suitability to Brazilian conditions and because they are methods that will
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not soon become obsolete. In fact, the US emission test procedures for light-duty vehicles
and the European test procedures for diesel engines are the best combination of cost-
effectiveness and state-of-the-art applicability. The use of modern emission test procedures,
such as those adopted in Brazil, discourage the use of second-rate vehicle production
technology, which is still in use in many developing countries.

Table 8. Emission test procedures adopted in Brazil.

Type of Emission

EXHAUST

EVAPORATIVE

Type of Vehicle
LDVa-Otto engine

LDV~Diesel

HDVb-engine

HDV-Otto engine

LDV-Otto engine

Emission Test Procedure
US 75 Federal test procedure

European "13 Mode" test procedure

European full-load, steady-state test
procedure (smoke)

European "13 Mode" test procedure

US Shed Federal Test Procedure
(a) LDV • light-duty vehicles
(b) HDV * heavy-duty vehicles

Tables 9 and 10 present the established emission limits for light-duty vehicles and for
heavy-duty vehicles, respectively, and Table 11 shows the required emission limits warranty
for both light-duty and heavy-duty vehicles.

Table 9. Emission limits for Brazilian alcohol and gasohol light-duty vehicles.

TYPE OF
EMISSION

E
X
H
A
U
S
T
EVAPO-
RATIVE
CRANK-
CASE

EFFECTIVE
DATE

01/01/92
01/01/92

01/01/97

01/01/90

01/01/88

REMARKS

Only LDT (a)
100% of sales
except LDT

All LDV (b)

All LDV

All LDV

EMISSION LIMITS
g/km

CO

24.0
12.0

2.0

-

Hydro-
carbon
2.1
l . i

0.3

g/test

NOX

2.0
1.4

0.6

-

Aldehyde

•

0.15

0.03

-

%
IDLE

3
2.5

0.5

-

Emission shall be nil under any
engine operating conditions

(a) LDT = light-duty trucks
(b) LDV = light duty vehicles
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Table 10. Emission limits for Brazilian heavy duty-chicles.

TYPE OF
EMISSION

E
X
H
A
U
S
T

C
R
A
N
K
C
A
S
E

EVAPO-
RATIVE

EFFECTIVE
DATE

01/01/89

01/01/93

01/01/95

01/01/88

01/01/89

01/01/93

To be
proposed

REMARKS

All vehicles powered
by diesel engines

All vehicles powered
by diesel engines
(b)

Only for urban buses
powered by diesel
engines

All vehicles powered
by diesel engines

All vehicles powered
by turbo charged
diesel engines
only for vehicles
powered by Otto
engines

EMISSION LIMITS
K (a) a/kWA

Smoke
2.5

2.5

2.5

CO

11.2

EROU
(to be
proposed)

HC

2.8

NOX

14.4

Emission shall be nil
under any engine
operating conditions

Emission shall be nil
or be added to the exhaust
emission

To be proposed

a) The smoke limit was established according to the European procedure, which is based on the
equation
c * k x JG, where c is the carbonic concentration in g/m , G is the exhaust gas flow in 1/s, and k is a
constant that represents the smoke level.

b) The light-duty vehicles powered by diesel engines follow the same prescriptions established for the
heavy-duty vehicles.

Table 11. Emission limits warranty.

TYPE OF VEHICLE

Light-duty
vehicles

Heavy-duty
vehicles

WARRANTY
REQUIREMENTS
80,000 km/5 years,
whicever occurs first

160,000 km/5 years,
whichever occurs first or
equivalent results on a
dynamo metric testing
procedure

REMARKS

Testing procedures to
be established; in
the meantime, the
warranty may be
replaced by a 10% re-
duction in the emis-
sion limits, except
for idle CO.

The concept and structure utilized in the design of the Brazilian automotive emission
control system could be used in most Latin American countries and possibly in other
developing countries, particularly those that already import vehicles from Brazil. The
reasons for this conclusion are the following:

a) Emission limits and other complementary requirements are based on modem test
procedures, are established in a progressive multistep process, and are regulated well
in advance, according to the local state of technology. This allows, in the long run,
adequate planning for product development and investments that are, generally,
crucial issues in developing countries.
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b) Periodically, the manufacturers have to provide emission data reports that
characterize the "typical" emission of their vehicles. This production control
approach is very cost-effective, because it goes hand-in-hand with the standard
quality control procedures used by the manufacturer. Therefore, extensive emission
testing by both government and industry can be considerably reduced. In addition,
the emission data reports provide valuable information for a permanent follow-up of
the automotive technological development in the country.

c) Recognizing that technological harmonization can have a positive effect on the
regional economy, it seems advantageous for each country in Latin America to adopt
emission control requirements that are based on an existing control program and
that are sufficiently close to local needs and socioecononiic and cultural realities. Not
only does this save the manufacturers the costs and the problems related with the
production of special products for each country, but allows vehicles and parts to be
used interchangeably.

d) Most Latin American countries import vehicles from Brazil; therefore, they could
take advantage of the technological development that is being incorporated into the
vehicles for sale in Brazil.

e) Countries, like Argentina, that are starting to use alcohol as an automotive fuel and
could share the Brazilian experience with alcohols.

The Brazilian automotive emission program is a product of a regulatory philosophy that,
taking into account the constraints faced by a developing country, places the use of best
available technology as a feasible goal. Additionally, it incorporates some very cost-effective
requirements, such as the manufacturer's quality control emission data reports, that
considerably reduce extensive emissions testing and optimize both the certification process
and the establishment of enforcement schedules.

Despite cultural and socioeconomic characteristics, which differentiate each developing
country, there are certain general emission regulation principles that apply to all countries.
Therefore, the Brazilian automotive emission program could be the nuclei of a regional
program in Latin America. This proposal could be associated with the establishment of an
intergovernmental association that would assist its Latin American partners in managing
local emission programs, would run emission tests, and would promote technological
harmonization. Countries that already import vehicles from Brazil can benefit from the
automotive emission control program, either by requiring export cars to meet the Brazilian
emission limits and durability requirements or by adapting the emission program to local
conditions.

Actual Emission Reduction Scenario

The PROCONVE effects on exhaust emissions from light-duty vehicles (Otto engines)
was evaluated by CETESB for the Sao Paulo Metropolitan Area. This study, based on the
evolution of the 1984 emission inventory data, according to ten fleet-growth scenarios,
indicates expected emission reductions of 63% for CO, 50% for hydrocarbons, and 35% for
NOX by 1999. Our actual scenario on the vehicle air pollution control is summarized below.
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Light-Duty Vehicle*

Table 12 presents the legal emission limits and certification mean values for PROCONVE,
alcohol, and gasahol.

Table 12. Legal emission limits and certification mean values.4'

PROCONVE
1986 ALCOHOL

GASOHOL

PROCONVE
1990 ALCOHOL

GASOHOL

PROCONVE
1992(**) ALCOHOL

GASOHOL

1997 PROCONVE

CO
g/km
-
17
28

24
11
13

12
3.6
5.1

2

HC
g/km
-
1.6
2.4

2.1
1.3
1.4

1.2
0.6
0.6

0.3

NOX
g/km
-
1.2
1.6

2
1.2
1.4

1.4
0.6
0.9

0.6

ALDEHYDES
g/km
-
0.16
0.04

-
0.11
0.04

0.15
0.027
0.008

0.03

EVAPORATIVE
g/test

-
10
23

6
1.8
2.7

6
1.7
2

6
* weight by sales volume

** arithmetic mean certification data until July 91

Heavy-Duty Vehicle*

In the 1987-1989 period, we achieved the goal of smoke emission control, adopting the smoke
emission parameter k = 2.5 for heavy-duty vehicles (like ECE regulation). On January 1,
1993, all heavy-duty vehicles will attend first step of gaseous emission control, for CO,
hydrocarbons, and NOX, according to the following limits:

• CO =11.20g/kW.h
• Hydrocarbons =2.80g/kW.h
• NOX = 14.4 g/kW.h.
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Air Quality Management in Chile
Regulating Contamination in Santiago

Anna Catherine I/homme Ungerer
Division of Social Organisations

Santiago, Chile

DIAGNOSIS

Since the United Nations conference on the environment took place in Stockholm in 1972,
air quality management has become a topic of primary importance in practically all
countries. However, despite ongoing efforts from innumerable organizations and students of
the problem, a grave deterioration of the environment has taken place in our country during
the last two decades. Since 1973, Chile has not participated in international air quality
management efforts; it has been isolated from international discussions, and it has had
minimal interaction with other Latin American countries on this topic.

The present democratic government has now been formed, and we find ourselves with a
badly deteriorated social and natural environment. Grim reports abound, such as the one from
the Japanese Center for Environmental Investigations, which found that Santiago de Chile,
with 40% of the national population, is the third most contaminated city in the world.

Because of this problem's impact on so many people, we shall try to describe, from a wide
perspective, the characteristics of the contamination phenomenon in Santiago.

Geography

The city of Santiago is sandwiched between a mountain range on the western coast and the
Andes on the east in a longitudinal valley at 33°33' south latitude in the subtropical central
zone. Along the steepest slopes, the easternmost part (highest barrio of the city) is situated at
1800 meters above sea level, whereas the central "plaza de annas" is at 543 meters.

The city of Santiago is located in a zone of great atmospheric stability with infrequent, low-
velocity winds and minimal air turbulence. The climate is characterized by frequent
elevated thermal inversions and surface inversions, which result from radiative cooling
during the winter months and a low precipitation index. The elevated thermal inversion
develops as a layer of hot air, which extends to a height of 300 to 1000 meters over Santiago at
certain times of the year (May to September) and which acts as a lid to prevent air from rising.

In reality, this lid exists year round. During the winter, as less sunshine is received, the
surface of the city warms the air above it less. This results in the upward flux of air
encountering warm descending air at a lower altitude which blocks the upward movement of
air. What is left is an imprisoned smaller volume of air to absorb the contaminating
elements, which cannot be dispersed horizontally (no winds) nor vertically (warm air lid). In
addition, this mass of contaminated air ends up at a low altitude from which it cannot be swept
away by the continental currents located at higher altitude.

In the winter, the pollution is worsened by the pre-existing contamination from previous
days with the inversion lid being broken only by rain or wind fronts. In the summer, however,
there exists an upward draft that raises the atmospheric contaminants and allows them to be
dispersed.

Demography

The population distribution in Chile is very skewed. Forty percent of the Chilean
population—5.1 million inhabitants—lives in Santiago, which comprises only 2% of the land
area. The population density reaches 334 inhabitants/km2, while in other parts of the country
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it averages 17 inhabitants/km2. Studies of demographic movement show that the people are
continuing to migrate to urban nones, diminishing the rural population.

Santiago covers 90,000 hectares, an extensive area compared with other cities, which shows
the chronic lack of planning in its growth policies.

Vehicular Fleet Expansion

Vehicles are an important source of atmospheric contamination. Emissions from diesel
vehicles produce 71% of the contaminating particulates and 31% of the nitrogen oxides.
Emissions from gasoline vehicles contribute as much as 79% of the carbon monoxide, 59% of
the nitrogen oxides, and 44% of the hydrocarbons.

Since 1987, the automotive fleet has grown by an average of 10% per year, reaching almost
500,000 units in 1991. In other words, the automotive fleet has increased 40% in the last 4 years.
This is especially critical in the case of the buses and taxi-buses of Santiago, whose number
has increased from 6000 in 1980 to 14,000 vehicles in 1991 as a result of free-market policies
developed by the previous government that facilitated this indiscriminate increase. A large
percentage of these vehicles are rebuilt machines with throwaway motors imported from other
countries.

These same policies also led to a private-enterprise public-transportation system in which
large unions control the various routes in the city, thus generating competition for streets and
passengers. This competition has resulted in an enormous concentration of vehicles, which in
turn cause large traffic jams, slow circulation, and extended periods of high emissions. In
addition, the lack of regulation has resulted in an irrational layout of the urban transport
system. In December of 1990, one measurement in Alameda (central artery) counted 1200
circulating microbuses per hour, each carrying, on average, 6 to 8 passengers.

Furthermore, compared with international norms, the average emissions from a
Santiagoan diesel bus are 9 times higher than the emissions from an engine subjected to
normal maintenance—even without emissions control measures.

The construction of the Metro was an important step for the transportation industry, and it
should eventually offer a modern public transport system for the majority of the city's
inhabitants. Currently, only two Metro lines exist, and they are the only systems functioning
regularly.

In summary, the increase in traffic; the excessive transportation vehicle fleet; and the
disorganized, privately owned bus lines are the principal causes for the increase in noxious
substances in the air.

Contaminants

The consequences of atmospheric contamination are especially apparent during the
winter months, when the inversion layer can be as low as 300 m aboveground. The
interruption of vertical exchange in the air mass causes the pollutant concentrations produced
by vehicles and industrial chimneys in greater Santiago to greatly exceed the average of the
measured summer levels.

The available information indicates that during the last 15 years, the air quality norms for
carbon monoxide and total suspended particulates were greatly exceeded in an almost
permanent manner. For example, although the Chilean standard specifies that the daily limit
of respirable suspended particles should not exceed 150 |ig/m3, on critical days (like June 11,
1991), this contaminant reached 522 ng/m3, and in 1989 a record was set with 800 ug/m3.
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Since 1986, vehicular restrictions have been used to reduce the wintertime air
contamination. The real problems lie in the disproportionate size of the city's automotive fleet
and in the lack of transportation policy planning.

Together with participates, carbon monoxide has a primary role in the smog situation in
Santiago. Sources of carbon monoxide include oxidation of propane and hydrocarbons in the
atmosphere and incomplete combustion in vehicle motors and industrial plants

According to the available information, the air quality norms are exceeded for

• carbon monoxide (1 and 8 hours) from May through September;
• photochemical oxidants from December through March;
• total suspended particulates from May through September. (The annual standard

was exceeded by at least a factor of 3 since 1976.);
• the respirable fraction from May through September. (Although measurements are

available from only for the last two years, the annual norm was greatly exceeded.);
and

• sulfur and nitrogen dioxide. (Elevated levels of these contaminants occur in very
limited situations, but becausa nitrogen dioxide is a precursor of photochemical
oxidants, it should be controlled in the same manner as volatile organic
compounds.).

In measurements carried out in Santiago, the ozone levels in the troposphere have greatly
exceeded the standards. At one station, the ozone standard was exceeded 386 times during
1989; the standard is 80 parts per billion (ppb), and the average value in Santiago was 105 ppb
and reached a maximum of 216 ppb.

Contamination Sources

The contamination of air in Santiago is principally of two types: gases (carbon monoxide,
nitrogen oxides, sulfur oxides, volatile organic compounds) and particulate matter (particles
in suspension and respirable particles). Vehicles using gasoline create 80% of the gases. The
particulate matter comes from collective transportation (71%), natural dust (15%), automobiles
(6%), and residences (2%).

According to studies, most of the carbon monoxide, nitrogen oxides, volatile organic
compounds, and respirable particles are produced by mobile sources. Sulfur oxides are
produced primarily by industry, the total suspended particulates are from natural dust, and the
respirable particles are from diesel vehicles.

Health Effects

Acute Effects
High concentrations of contaminants cause acute respiratory tract ailments. Depending

on the affected body part, these ailments are identified as pharyngitis, laryngitis, tracheitis,
bronchitis, and pneumonia. These illnesses are manifest first in the most-exposed
populations, in children under 5 years of age, in the elderly, and in patients with chronic
respiratory and cardiovascular illnesses. If the contamination continues at high levels for
long periods of time, symptoms appear in the whole population.

Chronic Effects
People exposed during the months of high atmospheric contamination suffer permanent

damage to their immune systems, and they react more quickly to the stimuli that produce
bronchoconstriction. For this reason, in contaminated cities, the prevalence of bronchial
asthma and chronic emphysema is greater than in othor cities, even when smoking, which
also promotes the development of these illnesses, has been taken into account.
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Deferred Effect*
Studies confirm the higher prevalence of lung cancer in contaminated urban zones. These

results are from the "Epidemiological Study of the Effects of Atmospheric Contamination
(EECA 88);" the study's objective was to determine the effects of contamination on the health of
the inhabitants of Santiago. The study analyzed data starting with measurements made by the
Ministry of Health in 1977.

In 1988, 70% of the days between April and December were at a high level of contamination;
300,000 additional cases of bronchopulmonary illnesses were registered, as well as 40,000
cases of obstructive bronchitis and 200,000 cases of flu, colds, pharyngitis, and other problems
caused by the contamination.

In summary, in Santiago the atmospheric contamination limits are greatly exceeded as a
result of suspended participates produced by industrial plants, the private collective transport
system, and the deficient control of exhaust gases emitted by microbuses and autos. The
economic progress and the increase in traffic are intimately linked together. All this has an
ecological and social impact that must be considered globally when decontamination policies
are implemented. Consequently, one of the first measures taken by the current government in
Chile was the creation of a special commission for the decontamination of Santiago. The
commission was charged with developing a strategy to combat and solve the city's
contamination problem on all fronts.

ADOPTED MEASURES

The Regional Commission on Decontamination's Plan for Santiago

Global policies should recognize that because of the geographical location of the capital,
diffusion and dispersion of atmospheric pollutants is difficult. Given this, the only solution is
to reduce the emission levels of contaminants in the city and surrounding metropolitan areas
so as to maintain an environmental quality that adequately protects the health of the
Santiagoans. The different seasons of the year must be considered; photochemical oxidant
precursors must be restricted during the summer, and respirable carbon monoxide must be
restricted during the winter.

Objectives of the Master Plan
Guidelines for standards and contaminant emission sources have been established for the

short, medium, and long term to control atmospheric contamination levels in Santiago; each
source has been assigned an emissions reduction goal. These goals will be established at two
levels:

• Short-term (6-24 months) goals that force the rapid transformation or end of activities
that cannot meet emissions standards and

• medium- and long-term (8-12 years) goals that further comply with the global goals.

Plan Implementation
The atmospheric decontamination plan addresses actions at three levels:

• The master plan, which defines the policies and actions for the medium and long term,
provides a framework for the decontamination program;

• Immediate actions, which will be developed in the short term, give signals to those
activities that produce emissions to implement reduction measures; and

• An emergency program oriented towards reducing the contamination levels during
periods when the levels are especially high.
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Master Plan
This plan gives the guidelines for medium- and long-term contamination control. The

principal activities are related to education and the control, monitoring, and diagnosis of
emissions. They include (1) an education program, (2) a program to strengthen the control
mechanisms, (3) a program for industries and large fuel consumers, (4) a program for
vehicles, and (5) a program for paving and reforestation.

The Education and Information Program. Public messages that emphasize
environmental protection and that raise the level of consciousness regarding contamination
sources will aim to increase citizen participation in different aspects of the plan. The program
will be implemented in the following ways.

* The Ministry of Education will develop appropriate programs.

• Education plans will be developed through informal mechanisms and implemented by
the municipalities.

• A Municipal Office of Environmental Information will be created.

* The environmental conditions and solutions to problems, including specific measures
that need to be taken, will be publicized.

Strengthening Control Mechanisms, Specific measures include

• improving the emissions inventory and monitoring air quality and the health of the
population. The Metropolitan Environmental Health Service will address fixed sources
of pollution and the Transportation Ministry will address mobile sources;

* defining mandatory, short-term maximum-emission factors for fixed and mobile
sources;

• defining mandatory emission factors for the medium and long term for each branch of
activity within the fixed-source category. The Ministry of Health will determine
specific regulations;

* controlling the atmospheric contamination levels at the points of maximum impact,
including intensive monitoring campaigns by the Metropolitan Environmental Health
Service to ensure compliance with existing standards;

* expanding a monitoring grid for atmospheric contaminants. The Metropolitan
Environmental Health Service will oversee this expansion;

* determining the effects of atmospheric contamination on the health of the population
through an epidemiological monitoring program conducted by the Sec. Reg. Ministerial
de Salud. High-risk groups will receive additional monitoring; and

• creating an environmental auditing service that can verify emissions and emissions
reduction plans so that compliance with long-term emissions reduction programs can
be regulated.

Reducing Industrial Emissions at Their Sources. This program includes

• the elements mentioned previously with respect to the control, monitoring, and diagnosis
of contaminant emissions;

• establishing a system of marketable permits that takes into account the business
requirements of an efficient economy; and
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• an efficient system for controlling environmental compliance.

Regulating Vehicular Policies. These policies include

• optimizing traffic flow through management measures as a permanent policy of the
Ministry of Transportation and of the municipalities;

• modernizing the collective transportation system through regulations issued by the
Ministry of Transportation. The urban public transport system of Santiago will be taxed
according to route schedules and lane usage in downtown Santiago;

• establishing criteria and procedures for revising and certifying emissions from mobile
sources. The Decontamination Commission and the Ministry of Transportation will
determine these criteria and procedures based on the medium- and long-term plans for
emissions reduction. The impact of current international technologies and national
technological and human factors will be analyzed and considered; and

• discouraging the use of private vehicles. The Ministry of Transportation will design
and implement policies to reduce the use of private vehicles. Such policies include
increasing taxes, prorated for different areas, on fuels and parking.

Paving and Reforestation Program*. These programs include the following:

• The Ministry of Urban Development and Housing, the Ministry of Public works, and the
municipalities will design and implement street paving and road construction
programs, with a high priority on those used by public transportation; and

• The municipalities and the Regional Board will reforest urban and rural areas around
Santiago.

Immediate Action*
These are actions that can be carried out directly by the population and that can directly

reduce contaminating emissions. They also include the enforcement of all the legal
standards by the state institutions.

Emergency Program
The application of this program depends upon the air quality indices for gaseous pollutants

and respirable particulate material. The emergency program considers immediate actions to
be taken in case the indices exceed the proscribed levels. Meteorological variables
(temperature, precipitation, velocity and frequency of wind, and humidity, among others) are
the main factors determining the ambient concentrations. The Metropolitan Environmental
Health Service will provide to the special decontamination commission daily measures of the
levels of contaminants. The commission will, in turn, implement measures specific to the
indices.

The emergency measures are of two types: permanent preventative actions and emergency
actions. Permanent preventive actions to reduce pollution between May 15th and August 15th
include

• prohibiting fires in residential fireplaces,

• washing the streets, and

• restricting the use of public and private vehicles by 20% between the 1st of April and the
15th of December.
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Emergency actions for periods when the contamination level is between 301 and 500 include

• reducing emissions from stationary sources by 20% and

• restricting both private and public transportation by an additional 20% in downtown
areas.

Emergency actions for periods when the contamination level exceeds 500 include

• restricting emissions from the main fixed sources by an additional 20% (total 50%),

• restricting all vehicles in Santiago by an additional 20% for the whole day, and

• limiting activities of some sectors to diminish the demand for transportation.

Reducing Emissions from Mobile Sources

Regulation of the Public Transportation Fleet
The past regime did not address transportation regulations; consequently, the state now

has to take on a more active regulatory role. The following initiatives have been proposed.

• The Parliament has been ordered to modify the law concerning unlimited road selection
by private companies. The new law, which has already been approved, curtails the
selection of roads by private-sector transportation interests.

• A plan to restructure the size and age of the public transportation car fleet by reducing the
number of public transportation vehicles and by limiting the number of vehicles
permitted in Santiago has been formulated and implemented into law. This plan
entails phasing out the oldest cars in the fleet, permitting only cars 18 years old or less,
and offers credit worth approximately US$10,000 for the purchase of each new vehicle. In
February 1991, 2600 buses were removed from service in Santiago.

• The vehicle registration process will be modified to prevent old vehicles that have been
reconditioned or vehicles in which old parts have been installed from being registered
as new. This proposal is in the process of being approved.

• Similarly, a proposal is being developed to prohibit the importation of used vehicle parts.
Previously, a huge number of used vehicles that were banned in other countries were
brought into the country as parts. They were reconstructed, and the damaged parts
contributed to safety and emissions problems.

Regulating Measures for Reducing Emissions
The following measures for reducing emissions have been proposed.

• While the new law requiring circulation taxes for high-traffic areas is being
implemented, a new call has been made to assigned certain roads for public
transportation uses in downtown Santiago.

• In the meantime, a District of Restriction is in effect that restricts access to the downtown
area by buses older than 12 years and minibuses older than 10 years. Violators of this
measure will be fined US$500. The police will have a computerized system to verify
vehicles' ages. This regulation currently affects 5000 buses and minibuses.

• Increasing the control of vehicle maintenance. Vehicles have to display a sticker in the
front window certifying their maintenance records are complete so that they can operate
in restricted areas. The highest acceptable emissions levels are 18% opacity during
acceleration and 1% opacity during idling.
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• A pilot program involving 50 taxis that use oxidizing converters to reduce the carbon
monoxide emissions has been implemented.

• The oil companies will start selling unleaded fuel. However, the unleaded fuel has to be
associated with a policy for use with catalytic converters so that its benefits can be
realized.

The transportation union has made a very strong stand against implementing these
measures. It organized a strike in September that failed because of public support for these
measures. Nevertheless, the Ministry of Transportation is modifying some of the measures to
take into account some of the union's demands.

Private Transportation
With respect to private vehicles, which emit mostly carbon monoxide, emission standards

and restrictive measures similar to those developed for diesel engines will be established.

• Compulsory use of three-way catalytic converters in new cars. This measure will be in
effect after September 1992 and will increase the vehicle price by 15%. The price
increase in the US was approximately US$900 per unit.

• Establish a law to tax private cars entering the downtown area.

Public Work$
The list of public projects announced recently by President Alwyin includes paving streets

and building a third subway line and an experimental line for trolley buses. These last two
initiatives address the transportation needs of a large number of people.

The Ministry of Housing and Urbanism will pave 700 km of earth roads over the next three
years, which will reduce particles from natural sources—one of the main components of total
suspended particles.

Reforestation
A plan to reforest 1560 hectares in the Santiago region has been announced.

Measures Concerning Contaminating Industries

Regulating Fixed Sources
Policies to regulate fixed sources of contamination in the metropolitan region (such as

heavy industry, boilers, and bakeries, among others) have been established. Particulate
matter emissions greater than 112 mg/m3, measured using the isothennic method in standard
conditions, are prohibited. Violators will be subject to fines of US$700, and their factory will be
shut down. Approximately 2000 companies (about 40% of the total) do not comply with this law.

Other Policies: Toward a Policy of Marketable Permits
The country's economic development should continue concurrently with policies to enforce

environmental protection. A "pollutant emissions equilibrium goal" has been proposed to keep
emissions under admissible levels. In this framework, industries with emissions lower than
the established level will be able to sell part of their "right to emit" to other industries whose
emissions are above acceptable levels.

In order to begin this policy, the Technological Research Institute was asked to study a
new design for controlling particulate emissions based on the traditional system of cyclones
and adapted to coal-fueled boilers. In the testing phase of the study, 98% of gross particles and
95% of fine particles were removed.
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DIFFICULTIES AND CONCLUSIONS

Difficulties in Measuring the Reduction in Gas Emissions

Traffic restrictions have reduced traffic jams but have not significantly reduced air
pollution. The improvements resulting from emissions-control measures are immediately
countered by the 10% annual increase in fleet size. Eliminating buses has not produced the
lasting improvement in air quality that was expected when this option was implemented.

Continual demographic, economical, and industrial growth is expected throughout the next
several years. Electric energy consumption, an indicator of industrial activity, is increasing
by 8% annually, and oil consumption is increasing by an average of 19% per year.

Global solutions, rather than isolated actions, are required to effectively reduce air
contamination. These solutions must address both technical efforts to reduce emissions and
social attitudes regarding the environment. This global approach also involves
decentralizing economic, commercial, industrial, and political activities BO that other cities
in the area will benefit. In addition, it emphasizes the need to overcome poverty and to change
the behavior of those who now contaminators. Lastly, it requires a change of values, that is,
putting human health above economic profit: urban and sociai environments should be
organized in such a way that human health is preserved.

Chilean Environmental Policy

As mentioned above, Chile has been absent during the last 17 years of policy making in
this area. The democratic government indicated its commitment to this topic by creating the
National Commission on the Environment, which as been working to prepare die legal
framework for environmental regulation. Their recommendations will be presented to the
Parliament in the next few months.

The laws and r Jgulations inherited from the past regime do not effectively address
ecological problems; most of the current laws are contradictory and cannot be applied because
they lack a global perspective.

The success of policies for improving air quality depend not only on technical solutions but
also on human factors, such as opinion makers and decision makers, both domestic and
international.
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INTRODUCTION

This paper focuses on a Canadian program called the "Management Plan for Nitrogen
Oxides (NOX) and Volatile Organic Compounds (VOCs)." This program was developed by
the Canadian Council of Ministers of the Environment (CCME), a forum composed of the 10
provincial ministers of the environment and their federal counterpart. Other air pollution
control initiatives that have taken place in Canada are also reviewed in this paper to give a
broader perspective of air quality management in Canada.

PREVIOUS AIR QUALITY MANAGEMENT PROGRAMS

Major air pollution control programs have been undertaken in Canada in the last 15
years.

Lead

There are no national ambient air quality standards for lead in Canada, but in the
1980s this metal was identified as having toxic effects.

In 1978 there were two primary sources of lead emissions: light-duty vehicles (LDVs)
using leaded gasoline (65% of total emissions) and the mining and smelting sector (25% of
total emissions). The measures taken were (1) the limitation of lead levels in the gasoline
and in 1990 the banning of leaded gasoline altogether and (2) the regulation of secondary
lead smelter emissions (1976). These measures resulted in a 75% reduction of emissions
for the period 1974 to 1989 and in an 80% reduction of ambient air concentrations measured
for the same period.

Sulphur Dioxide

For sulphur dioxide (SO2), Canada has two ambient air quality standards: a one-hour
standard of 340 parts per billion (ppb) and a 24-hour standard of 110 ppb. The SO2
emissions reduction program was not undertaken solely because of ambient air quality
concerns but also because of the acid deposition impact on ecosystems.

In 1975 there were two primary sources of SO2; these sources were industrial processes,
primarily copper smelting, accounting for 70% of total emissions and fuel combustion
(mostly by utilities), accounting for 28% of emissions. Control programs for these two
categories of sources—primarily relying on the use of control technologies, such as
scrubbers, and fuel substitution—have led to a 45% reduction of SO2 in both the emissions A
and ambient air concentrations for the period 1975 to 1988.

Carbon Monoxide

The current one-hour and 24-hour ambient air quality standards in Canada are,
respectively, 30 parts per million (ppm) and 11 ppm . Although there has never been a
control program specifically aimed at reducing carbon monoxide (CO) levels, Canada has
benefited from the application of LDV and heavy-duty vehicle (HDV) emissions standards
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that are equivalent to the US standards. There has been a reduction of 25% of CO
concentrations measured in the ambient air for the period 1977 to 1989.

Nitrogen Dioxide

The current one-hour and 24-hour standards for nitrogen dioxide (NO2) are,
respectively, 210 ppb and 110 ppb. These standards are very seldom exceeded in Canadian
cities, and only vehicle emissions standards consistent with US standards have been
adopted through the years.

The emissions reductions resulting from the application of these standards have been
counterbalanced by the growth in the vehicle fleet as well as the growth in emissions from
stationary sources. As a result, ambient NO2 levels were relatively constant for the period
1977 to 1989. Nitrogen oxide (NOX) emissions are now being addressed because of their role
in ozone formation.

GROUND-LEVEL OZONE: THE SCOPE OF THE PROBLEM

CCME requested, in October 1988,
that a management plan be developed
to further control NOX and VOCs.
Ministers considered that further
control of NOX and VOCs was
necessary because the Canadian
maximum-acceptable-level ambient
air quality objective of 82 ppb for ozone
was frequently exceeded in urban
areas during the summertime. The plan was to be developed through consultation with
interested stakeholders and delivered to CCME in the fall of 1990. Ministers specifically

requested that energy
efficiency and energy
conservation measures be an
integral part of the plan.

Canadian Council of Ministers
of The Environment

Forum for the development of national
policies
Consists of ministers from each province
(10) and federal minister
No regulatory power

Canada's NOX/VOC Management Plan
Consultation Process

Objective: Create a consensus on management
plan nature, scope and content.

Approach: Open a dialogue with all interested
parties from beginning to end of the
process to

- exchange governments objectives
- identify interested parties position
- exchange measures to be taken
- discuss use of facilitator
- conduct information sessions
- conduct consultation workshops
- draft plan with comment.

Ministers adopted the
NOX/VOC Management Plan
in principle at their annual
meeting on November 29,1990.

Purpose of the Plan

The NOX/VOC
Management Plan has been
designed to address the two
primary objectives laid down
by CCME in October 1988.
These objectives are the
following:

1) Solve our domestic NOX- and VOC-related environmental problems and
2) meet our international obligations.

Regarding the first objective, one of the most serious NOX- and VOC-related concerns is
ground-level ozone, a component of urban smog. Ozone is formed by chemical reactions
between NOX and VOCs in the presence of sunlight.

Ozone above certain concentrations in the ambient air can adversely affect human
health and vegetation. Human health effects include a decrease in lung function and
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Development of NOX/VOC
Management Plan

• CCME decision - October 1988
• Plan designed to

- solve domestic problems
- meet international obligations

• Extensive stakeholder
consultations

• Approved in principle by CCME
in November 1990 and released in
May 1991

premature aging of the lung. Vegetation damage is usually in the form of foliar damage
that affects growth and productivity.

More than half of all Canadians live in
areas where ambient air ozone concentrations
that are known to cause adverse health effects
are encountered during summer months.
These levels are often more than twice the
Canadian "maximum acceptable" ambient
air quality objective of 160 micrograms per
cubic meter (82 ppb) for ozone. During severe
ozone episodes, such as those that occurred in
1988, people in some major Canadian cities
have been advised to limit outdoor physical
activity or stay indoors. Crop damage
resulting from elevated ozone levels during
the summer growing season is estimated at up
to $70,000,000 per year in Ontario alone. There

is known damage to foliage of forest species but no firm evidence on loss of production.

Other environmental concerns, such as the role of NOX in acid deposition and the toxic
effects of certain VOCs, have been considered in the NOX/VOC Management Plan
although it focuses on the resolution of the ground-level ozone problem.

The second main objective of the Plan is to ensure that Canada meets its international
obligations relating to NOX and VOCs. This is interpreted to mean (1) no increase in the
flow of NOX, VOCs, or ozone into the United States and (2) consistency with the terms of the
NOX and VOC protocols negotiated through the United Nations Economic Commission for
Europe (UN ECE).

OZONE PROBLEM AREAS

Three geographic areas have been identified as problem areas by the NOX/VOC
Management Plan; these areas are the Lower Fraser Valley, the Windsor-Quebec
Corridor and the Southern Atlantic Region. These areas are where most ozone
exceedances occur in Canada. Some exceedances occur in other urban areas; however,
these exceedances are few in number, and in most cases the ozone concentrations found
during these exceedances are only marginally above the Canadian ambient air quality
objective of 82 ppb for ozone.

Lower Fraser Valley

The Lower Fraser Valley (LFV)
consists of four census divisions
around and to the southeast of the city
of Vancouver, British Columbia. The
total population of the region is 1.5
million. The maximum ozone level
ever measured in the city of
Vancouver was 213 ppb. The average
maximum concentration for the three
worst years for the 1983 to 1989 period
was 147 ppb. During these years, the
average number of days during which
exceedances of the 82-ppb objective
were recorded was 11. It is believed
that the ozone precursor emissions in
the LFV originate almost entirely
from local sources.

Lower Fraser Valley (Vancouver)
State of Knowledge

• Extent of problem:
- maximum ozone level: 213 ppb
- average concentration for the 3 highest

years: 147 ppb
- average number of days of

exceeiance: 11
- no long-range transport expected

• Modeling: limited EKMA data
• VOC/NOx ratio: 4 to 15
• Level of control:

- mobile sources controlled (1987)
- some large stationary sources controlled
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Windsor-Quebec Corridor

The Windsor-Quebec Corridor (WQC) is a narrow itrip of land about 100 kilometres
wide and 1100 kilometres long. It spans along the shores of Lake Erie and Lake Ontario
and along the Saint Lawrence River. The WQC contains 7.8 million people in its Ontario
portion and 4.2 million people in its Quebec portion.

The maximum concentration of ozone ever recorded in the WQC was 190 ppb. The
average maximum concentration found
in the WQC for the three worst years for
the period 1983 to 1989 was 164 ppb. On
average, the number of days of
exceedances for these years was 24.

Windsor-Quebec Corridor
State of Knowledge

Extent of problem:
- maximum ozone level: 190 ppb
- average concentration for 3

highest yean: 164 ppb
- average number of days of

exceedance: 24
- long-range transport effects

important
Modeling: some ADOM data

• Some ROM data
VOC/NOX ratio: 6 to 17
Level of control:

- mobile sources controlled (1987)
- some large stationary sources

controlled

Quantifying the impact of US
emissions on the ozone levels in the
corridor is very difficult. It is, however,
evident that the influence of US sources is
predominant at the western end of the
corridor (Windsor to London). The
importance of transboundary flows is
expected to diminish as one moves
eastward through the corridor as a result
of increasing the distance from US
sources and the influence of large sources
of VOCs and NOX in the Hamilton-
Toronto and Montreal urban areas.

Southern Atlantic Region

The Southern Atlantic Region (SAR) covers the land area around the Bay of Fundy and
includes the southern part of New Brunswick and the western part of Nova Scotia. Most of
the population and, hence, the anthropogenic sources of precursor emissions are located
around the city of Saint John, New Brunswick, which has a population of about 156,000.
Thus, controls of precursor emissions can only take place in the Saint John Area (SJA)
although the peak ozone concentration (150 ppb) was measured at the Kejimkujick
National Park in Nova Scotia in 1988. The average maximum concentration found in the
SAR for the period 1986 to 1988 was 96 ppb. On average, the number of days of exceedance
during these years was 4.

Transboundary flows from the New England states are the predominant source of
precursors emissions in the SAR. Back trajectories of air masses during ozone episodes
also indicate that, in some instances, air flows have passed over both the WQC and the US
Eastern Seaboard before reaching the SAR. A number of nocturnal peaks in ozone
concentration have been reported, indicating the importance of long-range transport of
ozone. However, it is believed that sources of VOCs and, in particular, NOX in the SJA
contribute to ozone levels in this area and possibly in western Nova Scotia.

NOX AND VOC EMISSIONS

The base year (1985) and projected pre-Plan emissions of NOX and VOCs are presented
for each of the problem areas and for Canada as a whole in Tables 1 and 2 in the Appendix.
Several general observations can be drawn from these emissions projections.

Lower Fraser Valley

NOxEmi$sion*. Two sources dominate the 1985 NOX emissions in the LFV; these
sources are LDVs and HDVs. The emissions from these sources are forecast to decrease
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because of the standards established in 1987.
They will still remain the primary sources, but
the contribution from commercial and
industrial combustion, off-road diesel, and
industrial processes will become more
important.

VOC Emi$*ion$. Solvent use and LDVB are
the two sources that were responsible for about
65% of the VOC emissions in 1985 in the LFV.
These two sources will still represent 56% of the
emissions in 2005, according to the pre-PIan
forecast. Other important but smaller sources
include industrial processes, marine
transportation, gasoline distribution, and
industrial fuel combustion.

Windsor-Quebec Corridor

NOX Emisaiona. LDV emissions
dominated the 1985 NOX inventory in the
WQC. As a result of the 1987 standards, these
emissions will be considerably reduced by the
year 2000. The pre-PIan forecast indicates that five sources will constitute 90% of the NOx
emission inventory in 2005; these sources are LDVs, power generation, off-road diesel,
commercial/industrial fuel combustion, and industrial processes.

VOC Emiaaiona. The importance of LDV emissions will decrease in the WQC as we
progress toward the end of the century. LDVs will remain a major source of VOC
emissions, but solvent use and industrial processes will become increasingly important.
Other significant sources include fuelwood combustion and industrial processes. In the
case of fuelwood combustion, emissions mainly occur during the winter and, hence, are
not relevant to the ground-level ozone issue.

NOX Emissions in LFV

Source Category

Light-Duty
Vehicles/Trucks
Heavy-Duty
Vehicles
Ind. Fuel Comb.
Off-road Diesel
Refinery Process
Res. Fuel Comb.
Marine
Comm. Fuel Comb
Railroads
Power Generation
Off-road Gas
Kraft Pulp
Other Misc .

Kilotons
per Year

16.5

16.1
10.7
8.1
2.0
1.8
1.6
1.5
1.3
1.2
1.1
0.9

67.8

%of
Xolfll

24.3

23.8
15.8
12.0
3.1
2.7
2.3
2.2
1.9
1.8
1.6
1.3

_L2
100.0

NOX Emissions in WQC

Source Cateporv

Light-Duty
Vehicles/Trucks
Heavy-Duty
Vehicles
Power Generation
Ind. Fuel Comb.
Off-road Diesel
Ind. Processes
Res. Fuel Comb.
Aircraft
Marine
Railroads
Other

Kilotons
per Year

111.1

97.1
93.4
70.3
64.6
55.4
15.7
13.0
12.5
3.7

_15.£
564.7

%of
Total

19.7

17.2
16.5
12.4
11.4
9.8
2.8
2.3
2.2
0.7

-2&
100.0

VOC Emissions in the WQC

Source Cateporv

Light-Duty
Vehicles/Trucks
Paints/Coatings
Gen. Solvent
Fuelwood Comb.
Gas Dist
Cons. Prod. Solv.
Organic Chem.
Refinery Process
Off-road Gas
Plastics
Adhesives
HDV
Marine
Printing
Ind. Degrease
Dry Cleaning
Pulp & Paper
Other

Kilotons
per Year

165.0
148.2
94.8
69.5
63.9
36.2
31.1

280.6
25.7
25.0
19.6
17.1
11.9
11.2
9.8
7.3
3.5

720
840.4

%of
Total

19.6
17.6
11.3
8.3
7.6
4.3
3.7
3.4
3.1
3.0
2.3
2.0
1.4
1.3
1.2
0.9
0.4

_&£
100.0
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Saint John Area

NOX Emission*. The pre-Plan forecast indicates that NOX emissions in the SJA will
come primarily from power generation in 2005. In fact, the emissions forecast for the year
2005 for this source category was exceeded in 1990. Other source categories contributing to
NOX emissions include commercial and industrial fuel combustion, industrial processes,
LDVs, HDVs, and off-road diesel.

VOC Emission*. As in the WQC, the major contribution to VOC emissions in the SJA
are forecast to be solvent use, fuelwood combustion, industrial processes, LDVs, and
gasoline distribution, if no further controls are applied.

OVERVIEW OF THE MANAGEMENT PLAN: A PHASED APPROACH

The NOX/VOC Management Plan is based on a three-phase approach. This approach
was necessary taking into account the complexity of the ozone problem and the solutions
proposed to resolve it. The primary components of each phase are as follows:

Phase I

1) The establishment of a national prevention program to avoid creating more
problems than already exist.

2) The establishment of interim NOX and VOC reduction targets for the years 1995 and
2000 for the three designated ozone nonattainment areas.

3) The undertaking of a series of studies to allow both the development of control
measures in Phase I for certain emission sectors for which information gaps exist
and the development of the second phase of the Management Plan.

Phase II (1995)

1) Establishment of final NOX and VOC emission caps for designated ozone
nonattainment areas for the years 2000 and 2005.

2) Identification of additional remedial measures for ozone nonattainment areas and,
if appropriate, extension or tightening of the prevention program to achieve the caps.

Phase III (1997)

1) Final adjustment to the ozone nonattainment area caps and emission reduction
programs.

The Phase I Plan

Phase I of the Management Plan is a major first step toward the consistent attainment
of the 82-ppb objective across Canada. The initiatives contained in the Phase I Plan have
been designed on the premise that both NOX and VOC reductions are needed to resolve and
prevent ground-level ozone problems in Canada. Control of both NOX and VOCs is
important for reducing peak ozone levels in urban areas. In rural areas, the reaction for
ozone formation is usually NOX limited, requiring that NOX levels be reduced if
reductions in ground-level ozone concentrations are to be achieved.

Each of the three primary components of the Phase I Plan are described below.

National Prevention Program. The national prevention program consists of a
combination of new source performance standards based on the best available technology
economically achievable, measures to control VOC emissions from products containing
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solvents, energy conservation and efficiency measures, and public education. A starting
menu of 31 specific initiatives has been defined for the Phase I prevention program,
including schedules and identification of jurisdictions responsible for developing and
implementing each initiative.

The Phase I Plan provides for substitution of "environmentally equivalent" measures
to those specified in the base prevention program.

Interim (1995 and 2000) Emi$»ion$ Reduction Target* for Ozone Nonattainment
Area*. The information currently available on emissions, cause and effect relationships,
effectiveness of US control programs, and means available to further reduce emissions
beyond the levels identified in Phase I is inadequate for setting final emission caps at this
time. Consequently, only interim emission reduction targets will be established for Phase
I of the Plan. These targets will be negotiated and included in federal-provincial
agreements. In subsequent phases of the NOX/VOC Management Plan, final NOX and
VOC emission caps will be set for the years 2000 and 2005. The 2005 caps will be selected to
provide consistent attainment of the 82-ppb ozone objective in all parts of Canada.

The interim emission reduction targets will be achieved by a combination of the
reductions in ozone nonattainment areas (these reductions will result from the national
prevention program) and the reductions resulting from additional remedial programs that
will be applied in the nonattainment areas. These remedial programs will be determined
by the jurisdictions responsible for the designated nonattainment areas.

Studiet and Jnve$tigation$, Additional information is needed in many areas in
order to develop some of the control instruments needed for Phase I of the Plan. More
information in also needed to set the final NOX and VOC emission caps for the
nonattainment areas. Twenty-four studies initiatives have been outlined in the Phase I
Plan.

Substitution of Measures

In order to provide the maximum flexibility, the Plan allows for the replacement of a
given measure by another measure or set of measures if the new measure provides an
"environmentally equivalent" reduction of emissions.

Emission Trading

The Management Plan allows for
the use of emission trading in ozone
nonattainment areas providing it
affords equivalent or better
environmental protection. In a trade
system, the interim emission reduction
targets could be used to calculate the
repartition of emission allocations
among traders. In 1994, these reduction
targets will be replaced by emission
caps. A pilot study is already underway
in the LFV to establish the specifics
needed to operate such a system.

Emission Trading

• Advantages:
- can improve cost effectiveness of

program
• can allow economic growth and

capping of emissions
* Disadvantages:

- never been used in Canada
- cannot be applied to all sources
- in Canada, limited number of sources

per trading area
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EXPECTED RESULTS AND ASSOCIATED COSTS

Effectiveness of the Phase I Plan

It is expected that the Phase I Plan, when fully implemented, will achieve the
following:

• In the year 2005, national NOX and VOC emissions that are, respectively, 11% and
16% below current (1985) emission levels and reductions of about 25% to 40% in the
more serious ozone problem areas (see Tables 1 and 2);

• By 2005, a reduction in peak ozone levels ranging from 15% to 35% below current
levels in most areas of concern (when combined with NOX and VOC control
measures in the United States);

• A reduction in the number of hours above the "maximum acceptable" ozone
concentration (82 ppb) ranging from 40% to 100% in most areas of primary concern
(when combined with NOX and VOC control measures in the United States.);

• Significant reductions in damage to vegetation as a result of reduced duration of
exposure to ozone concentrations above 82 ppb;

• Major reductions (20% to 60%) in some sources of VOCs, which are of concern because
of their toxidty in addition to their ozone-forming potential;

• A reduction in emissions of carbon dioxide (CO2), which is of concern because of its
contribution to the greenhouse effect, by approximately 6% from the level projected for
2005;

• Conformity with Canada's international obligations under the UN ECE NOX

Protocol signed by Canada on October 31,1988; and

• Conformity with Canada's commitment not to increase the transboundary flow of
NOX and VOCs into areas of the United States already experiencing ozone or acid
rain problems.

The measures identified in the Phase I Plan will not permit consistent attainment of
the 82-ppb air quality objective for the country; consistent attainment is the primary goal of
the Management Plan. Achieving this goal is the reason a Phase II and possibly a Phase
HI are needed. Phase I will, however, be a major first step in the right direction.

Cost of the Plan

The Plan will result in significant costs to government and industry and is dependent,
to some degree, on cons;uner adaptation and response to the need for lifestyle changes to
improve and conserve the quality of the environment.

Two kinds of costs will be incurred. The first is the cost of conducting investigations
and consulting with stakeholders in developing the regulatory instruments necessary to
put the Plan in place. Over a 5-year period (1991-1995), this will cost approximately $100
million, exclusive of industry "participation" costs in the regulatory processes. Some of
this cost ma; be absorbed by existing government air pollution control programs and/or
other related initiatives, such as federal and provincial programs for the control of
greenhouse gases.
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The second form of cost will be that of implementing the control measures to reduce
NOX and VOC emissions. These "emission reduction costs" are estimated to be $855
million per year by 2005. They are split as follows:

• $415 million per year for NOX control, and
• $440 million per year for VOC control.

Costs will begin to be incurred by NOX and VOC source sectors in the early 1990s and
will increase gradually through the years. These costs will be incurred either directly by
consumers or by the various source sectors and, subsequently, will be passed on to
consumers. It is estimated that 48% of the total cost is associated with motor vehicles, 21%
with power generation, and 12% with paints and coatings. The remaining 19% is split
among numerous NOX and VOC source categories. Geographically, almost 90% of the
control costs will be borne by 3 provinces: British Columbia (11%), Ontario (62%), and
Quebec (16%). On a per capita basis, $855 million per year translates into 9 cents per person
per day.

No estimates have been made for the administrative costs to governments or the
emission control costs to NOX and VOC emitters for implementing alternative control
methods, such as emission-trading schemes in ozone nonattainment areas.

PHASE I PLAN IMPLEMENTATION

The implementation of the Plan will start with the development of a necessary control
instrument to deliver the expected results.

Jurisdictional Authority

Although most of the prevention initiatives are expected to be developed under the
leadership of the federal government, in many cases the implementation of these
measures will be done by the provinces to respect their perceived jurisdiction.

The remedial programs will be developed and implemented by the relevant provinces,
but it is expected that the federal government will participate in these activities. In some
cases the participation of municipal authorities will be needed in order to implement the
measures developed at the provincial level.

Control Instrument Development

A lead agency has been identified for each initiative proposed in the Phase I Plan. It is
expected that all initiatives will be developed in full consultation with the appropriate
stakeholders. The lead agency will be responsible for determining the type of consultation
needed for a given initiative.

Implementation Mechanisms

Some mechanisms have been recommended in the Management Plan in order to
facilitate and monitor its implementation.

NOxfVOC Office. The Plan recommended that a NOx/VOC Office be created to
coordinate its implementation. The Office would ensure that a regular follow-up would be
made on the implementation of the Management Plan. This Office has now been
established by the CCME for an interim period of one year. It is the focal point for
stakeholder information and has also been given specific tasks by CCME for
implementing the Plan; these tasks include public education, CCME Codes and guidelines
finalization, and voluntary sector funding.
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Tracking the Plan'* Implementation. The NOX/VOC Office will develop an
implementation tracking system that will allow the public, the stakeholders and CCME to
be informed of the Plan's implementation status. It is expected that this tracking system
will cover, for each initiative, such items as the names of the leader and participants, the
development schedule of control instruments, the milestones to be achieved and, once
developed, the implementation schedule.

SECOND PHASE OF THE PLAN

Phase II of the Plan will contain the final 2000 and 2005 emissions targets for ozone
nonattainment areas and the additional measures needed to meet those targets. The final
2005 targets will be selected to ensure consistent attainment of the maximum-acceptable
ozone objective of 82 ppb in all areas of the country by 2005. Phase II may include the
designation of and setting of targets for other ozone nonattainment areas in addition to the
three areas designated in Phase I; additional nonattainment areas may include airsheds
around some of the large urban centres, where occasional exceedances of the ozone
objective currently occur or are expected to occur even after implementing the Phase I
Plan.

It is unlikely that Phase II will be limited only to additional remedial measures in
ozone problem areas. Additional or more stringent national prevention measures can be
expected to play a role in reaching the final emission caps that will be established in the
Phase II Plan.

Other Urban Air Quality Management
Initiatives in Canada

• Acid deposition
• Particulates from diesel-fuel

combustion
• Air toxics

Canada's Smog Management Plan
Monitoring of Progress

• Through an improved monitoring network for
ozone, NOX and VOCs

• Through the use of statistics
- average of maximum measured
- average ozone levels
- weather-corrected ozone indexes
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APPENDIX

Table 1. Pre-Plan and post-Plan NOX emissions (kilotona per year).

2005

Area

Lower Fraser Vallev
Light-Duty Vehicles/Trucks
Heavy-Duty Vehicles
Commercial/Industrial

Fuel Combustion
Off-Road Diesel
Industrial Processes
Residential Fuel Combustion
Marine
Railroads
Power Generation
Aircraft
Other
Totals

Windsor-Quebec Corridor
Light-Duty Vehicles/Trucks
Heavy-Duty Vehicles
Power Generation
Commercial/Industrial

Fuel Combustion
Off-Road Diesel
Industrial Processes
Residential Fuel Combustion
Aircraft
Marine
Railroads
Other
Totals

Saint John Area
Power Generation
Commercial/Industrial

Fuel Combustion
Industrial Processes
Heavy-Duty Vehicles
Off-Road Diesel
Light-Duty Vehicles/Trucks
Other
Totals

34.4
28.1

9.2
6.4
3.7
1.9
1.0
1.7
3.7
0.3
&2

92.7

196.8
92.4
91.5

58.6
43.3
34.3
17.9
9.6

10.7
4.7

12A
572.2

3.2

2.7
1.4
1.9
1.2
2.3
&&

13.5

Pre-Plan

16.5
16.1

12.2
8.1
5.9
1.8
1.6
1.3
1.2
0.5
JLfi

67.8

111.1
97.1
93.4

83.1
64.6
55.4
15.7
13.0
12.5
3.7

564.7

15.7

3.8
2.2
2.2
1.7
1.1
LI

27.8

After
National
(Prevention)
Initiatives

12.1
14.B

9.4
7.7
5.9
1.6
1.6
1.3
1.0
0.5
23.

58.5

81.2
89.3
93.4

56.5
61.1
55.4
14.1
13.0
12.5
3.7

l&l
495.8

13,1

3.0
2.2
2.0
1.7
0.8
LI

24.2

After National
& Illustrative

Regional
Initiatives

11.4
14.1

9.1
7.7
4.9
1.6
1.6
1.3
0.2
0.5
&£

55.0

76.8
84.9
36.2

53.7
61.1
46.0
14.1
13.0
12.5
3.7

15.1
417.1

13.4

3.0
2.2
2.0
1.7
0.8
U.

24.2
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Table 1 (continued).

200B

Area

National
Power Generation
Off-Road Diesel
Heavy-Duty Vehicles
Light-Duty Vehicles/Trucks
Commercial/Industrial

Fuel Combustion
Natural Gas Industry
Industrial Processes
Railroads
Aircraft
Residential Fuel Combustion
Off-Road Gas
Marine
Other
Totals

1985

247.9
230.4
285.2
453.1

145.2
158.8
89.0

132.1
33.4
41.5
30.4
14.9
2 5 0

1,888.9

Prfi-Plan

351.7
317.4
260.8
238.2

207.3
205.2
139.7
113.0
42.3
36.9
28.7
18.5
35.7

1,995.4

After
National
(Prevention)
Initiative*

287.8
309.C
239.9
174.2

144.4
202.2
139.7
113.0
42.3
33.2
28.7
18.5
3S.7

1,769.1

After National
ft Illustrative

Regional
Initiative*

229.8
309.5
234.8
169.1

141.3
202.2
129.3
113.0
42.3
33.2
28.7
18.5
35.7

1,687.4
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Table 2. Pre-PIan and post-Plan VOC emissions (kilotoni per year).

ant

Area

Lower Fraaer Vallev
Solvent Use
Light-Duty Vehicles/Trucks
Industrial Processes
Marine
Gas Distribution
Industrial Fuel Combustion
Heavy Duty Vehicles
Off-road Gas
Fuelwood Combustion
Aircraft
Other

Windsor-Quebec Corridor
Solvent Use
Industrial Processes
Light-Duty Vehicles/Trucks
Fuelwood Combustion
Gas Distribution
Off-road Gas
Heavy-Duty Vehicles
Marine
Aircraft
Other

Saint John Area
Solvent Use
Fuelwood Combustion
Industrial Processes
Light-Duty Vehicles/Trucks
Gas Distribution
Heavy-Duty Vehicles
Marine
Off-road Diesel
Off-road Gas
Other

1965

28.3
45.0
6.1
3.8
6.6.
4.3
6.5
2.8
2.0
0.7
13.

114.0

263.3
85.2

236.1
54.4
50.4
19.6
13.8
11.9
3.0

I M
757.1

2.3
2.1
1.6
2.6
0.6
0.4
0.3
0.1
0.2

&a10.5

Pre-PIan

32.5
26.7

7.6
6.5
6.1
5.6
3.2
3.0
2.7
1.1
&2

104.9

327.1
131.0
165.0
69.5
63.9
25.7
17.1
11.9
4.1

2SJ
840.4

2.6
2.4
2.2
1.5
0.7
0.4
0.3
0.3
0.2
JL2

10.8

After
National
(Prevention)
Initiatives.

26.0
25.5
6.1
6.5
6.1
5.6
3.2
3.0
2.7
l.t
&&

95.7

261.1
115.7
157.3
69.5
63.9
25.7
17.1
11.9
4.1

2S.1
751.4

2.1
2.4
1.9
1.4
0.7
0.4
0.3
0.3
0.2
&2
9.9

After National
&IIlustrative

Regional
Initiatives

21.6
15.9
3.0
6.5
0.7
1.6
3.2
3.0
2.7
1.1
&9.

69.2

216.0
81.7
98.4
69.5
12.6
25.7
17.1
11.9
4.1

2&1
562.0

1.9
2.4
0.7
1.1
0.6
0.4
0.3
0.3
0.2
(L2
8.1
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Table 2 (continued).

2GOB

Area

National
Solvent Use
Light-Duty Vehicles/Trucks
Industrial Processes
Fuelwood Combustion
Slash Burning
Gas Distribution
Off-road Gas
Industrial Fuel Combustion
Heavy-Duty Vehicles
Off-road Diesel
Marine
Aircraft
Railroads
Other
Totals

198S

502.0
556.8
152.3
107.7
80.6

109.0
66.1
49.5
53.8
23.4
27.9
10.1
7.0

3JL2
1,782.4

Pre-Plan

602.9
349.9
239.4
132.7
129.0
124.4
74.3
63.9
47.8
34.8
31.5
13.2
6.0

4&1
1,891.9

After
National
(Prevention)
Initiatives

480.9
333.6
211.4
132.7
129.0
124.4
74.3
63.9
47.8
34.8
31.5
13.2
6.0

42.1
1,725.6

After National
^Illustrative

Regional
Inif.iflt.iveR

431.2
261.7
173.1
132.7
129.0
66.8
74.3
59.9
47.8
34.8
31.5
13.2
6.0

42d
1,504.1
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Changing Air Pollution in London

Dr. Duncan Laxen
Rendel Science & Environment

(formerly London Scientific Services)
SO Great Guildford Street

London SE1 OES

The London smogs are now a distant memory. A whole new generation has been
brought up never having experienced a classical smog, a mixture of smoke and fog,
building up to hazardous levels on cold winter days. The term smog, though, has not gone
away. It is used now to describe occasions of high pollution levels that occur on hot, sunny
summer days—a photochemical smog. For those who experienced the choking smogs of the
past, there is no comparison. It is easy to imagine, looking at the generally clear air in
London, that air pollution is no longer a problem. Unfortunately, this is not the case.
Pollutants still build up in London to levels that exceed health guidelines, but they are now
mostly invisible gases.

The changing air pollution in London has been brought about by a number of events.
The smogs of the 1960s and earlier resulted from emissions of smoke and sulphur dioxide
coming largely from the burning of coal in domestic fires. The earliest control efforts
were put into reducing smoke emissions, and the introduction of smokeless fuel played a
large part in bringing down smoke levels through the 1950s to the present day. Sulphur
dioxide concentrations have also declined dramatically. Measurements made in central
London over a 60-year period, beginning in 1931, show readings changing little until 1964
and then declining steadily right through to the present day (Fig. 1 shows the sulphur
dioxide levels from 1956 to 1985. Other data show the decline continuing through the
following years to 1990). The main source of sulphur dioxide used to be the burning of coal
and later the use of heavy oil in large boilers, which release the sulphur in these fuels. The
reduction in emissions was brought about largely by a move away from coal and heavy oil
to a lighter oil with less sulphur and, more importantly, to gas that has virtually no
sulphur. The decline was helped by the closing down of power stations and heavier
industries in London.

Fig. 1 - Sulphur Dioxide Levels in Central London
(1956-1985)
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The motor vehicle has now taken over as the main source of air pollution in London.
Smoke emissions from diesel vehicles—taxis, lorries, and buses—represented one of the
earliest concerns. Criteria were drawn up in the 1960s to control visible smoke emissions.
Despite these controls, smoke emissions from vehicles are still a nuisance to the public,
and stricter controls are now planned. Another early concern was over emissions of lead
from petrol vehicles. Lead was added to petrol as an antiknock agent in the early days of
the motor car. During the 1970s and early 1980s, mounting concern about the effects of lead
on the mental development of young children focused attention on emissions from cars, as
these represented the most wdespread source of exposure. In 1985 the maximum
permissible amount of lead added to petrol was reduced by over half, and more recently
there has been an increasing use of unleaded fuel to the extent that it represents more than
30% of petrol sales. As a result of both these measures, lead levels in the air have fallen
dramatically (Fig. 2).

Fig. 2 - Lead Levels in Central London (1978>1989)
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The success stories with smoke, sulphur dioxide, and lead in London are not matched
for a number of other pollutants, principally, nitrogen dioxide, carbon monoxide, and
ozone; again, the motor vehicle is the main culprit. Over 90% of carbon monoxide comes
from traffic, and while levels in London have probably come down since the 1970s, there
are still occasions every year when air quality guidelines designed to protect health are
exceeded. Some of the benefits of technological advances to reduce emissions have been
negated by the growth in traffic and the increased congestion. Average speeds of traffic in
London are now lower than 20 years ago, by about 3 to 4 miles per hour during the rush hour,
lying around 10 mph in central areas. At these slower speeds more pollution is emitted
from each car—about 20% more in the case of carbon monoxide.

In the case of nitrogen dioxide, monitoring carried out in central London has shown an
overall increase between 1978 and 1989 (Fig. 3). There is now an air quality limit for
nitrogen dioxide; this limit stipulates that the level of 200 ug/m3 should not be exceeded for
most of the year. There is also a guide level that acts as a longer-term goal to provide
further protection for health and the environment. The United Kingdom (UK) Government
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monitors and officially reports nitrogen dioxide levels at two background location! in
London.

Fig. 3 - Nitrogen Dioxide Lewis In Central London
(1970-1869)
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Nitrogen dioxide levels at roadside and background locations across London are
summarised in Fig. 4. The roadside locations are all within 20 metres of busy roads and a
number show pollution levels exceeding the air quality limit. Many of the background
locations are above the guide level and are 'at risk' of exceeding the limit. In other words
they are within 25% of the limit and may exceed it in certain years when weather
conditions favour the build-up of pollution levels.

Fig. 4 - Nitrogen Dioxide Levels Measured at
66 Locations across London in 1990
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Nitrogen dioxide is a secondary pollutant; it is formed in the air from the vehicle
exhaust emissions. This means that it is far harder to reduce levels than in the case for a
primai y pollutant. A recent detailed modeling study carried out by the government's air
pollution research establishment, Warren Spring Laboratory, has shown that catalytic
converters, which will be required on all new cars from 1993 on, will not solve London's
pollution problem. Even though levels of nitrogen oxides are predicted to come down by
20%, nitrogen dioxide, as a secondary pollutant, would only be reduced by about 5%. The
study concluded that nitrogen dioxide levels in central London "are likely to continue to be
at risk of exceeding" the air quality limit.

Ozone, another secondary pollutant, is formed in the lower atmosphere from a complex
series of reactions involving hydrocarbons and nitrogen oxides and driven by sunlight.
While there is concern about not enough ozone in the upper atmosphere, at ground level the
worry is about too much. Ozone is part of the photochemical smog cooked up on hot, sunny
summer days. It is best known in Los Angeles where there is plenty of sunshine and the
surrounding mountains trap the pollutants, most of which come from traffic. The result is
that, on average, ozone levels exceed the US standard on one day in every three.

Photochemical smogs are not as bad in the UK, but ozone levels have still exceeded
health guidelines each summer for the last 20 years. Perhaps surprisingly, the highest
levels are not found at the roadside. This is because the first effect of vehicle pollutants is to
destroy ozone. The ozone takes time to form, and the highest levels are usually found in the
suburban and rural areas around London. Also, once formed it can travel many hundreds
of kilometres before being destroyed, and for this reason, summer smogs in the UK often
contain ozone brought in from Europe. Tackling ozone pollution clearly requires
international agreements to reduce emissions.

As with nitrogen dioxide there are no easy solutions to reducing ozone levels. Los
Angeles has been trying for decades, yet the problem is still severe. The city is about to
introduce even more radical solutions, such as electric vehicles. Part of their problem has
been the steady growth in road traffic. This is also part of the problem in the UK; the
government is forecasting a doubling of road traffic over the next 30 years. Because both
nitrogen dioxide and ozone are secondary pollutants resulting from nitrogen oxide
emissions, principally from motor vehicles, people this side of the Atlantic are now
starting to consider new ways to tackle pollution problems resulting from traffic. This is
being spurred on by the growing concern over the contributions of emissions from motor
vehicles to global warming. There are no longer any simple technical measures to deal
with pollution from motor vehicles, and novel solutions are being sought. Talk is turning
to the need for restraint in the use of motor vehicles, possibly by increasing costs
considerably. Measures could be introduced to create a greater use of public transport,
which would have the added benefit of reducing congestion, which itself adds to the
pollution problems. New fuels and more energy efficient vehicles are being developed, and
these will have a part to play.

The last 30 years have seen dramatic changes in London, the coal fire has disappeared,
replaced by electric fires and gas central heating, and the air has largely cleared of visible
pollution. But pollution problems have not gone away. Attention is now focused on the
motor vehicle, in particular the car, which has become the main source of air pollution in
London. The motor vehicle will continue to be the focus of attention for many years to come
because of its contribution to the emissions of gases that could lead to global warming. It is
hard to imagine the changes that people will see in London over the next 30 years as
measures are taken to tackle the new air quality problems, but looking back the changes
will probably seem just as dramatic as those over the last 30 years.
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Control Strategies For Photochemical Oxidants Across Europe
Peter Wiederkehr*, Dr.Sc.

OECD Environment Directorate
Pollution Control Division

Paris, France

The Project on the Control of Major Air Pollutants (MAP) was conducted within the
framework of the activities of the Organisation for Economic Co-operation and
Development (OECD) Air Management Policy Group. The goals of the project were to
assess pollution by large-scale, short-term photochemical oxidant episodes in western
Europe, to identify major emission sources, and to analyze possible control options
including control technologies and their costs. The project also evaluated the impact of
economically feasible control scenarios. The work was supported by other projects on
photochemical oxidants modeling and assessment conducted by the Commission of the
European Communities (CEC) and by a bilateral program of Germany and the
Netherlands named PHOXA. However, the project did not include problems related to
local photochemical smog, long-term photochemical pollution, or the increase of ozone in
the free troposphere.

High levels of photo-oxidants** are of concern because they adversely affect human
health, materials, and nature. The health effects of most concern are a reduction in
pulmonary function, upper respiratory illnesses, increased asthma attacks, headaches,
and eye irritation. Ozone contributes to deteriorating materials, such as paints, fabrics,
elastomers, and plastics, as well as to deteriorating works of art. The ecological effects of
high ozone levels include damage to all types of vegetation, including trees and
commercial crops. The recent set of guidelines published by the World Health
Organization (WHO) reflects the best current knowledge about the critical levels of ozone
that must not be exceeded in order to protect public health and vegetation (WHO 1986). They
range from a short-term, one-hour ozone limit of 75 to 100 ppb adequate to protect human
health to a long-term, growing-season average of 30 ppb to protect vegetation.

These levels are, however, frequently exceeded. In the Netherlands, for example, a
one-hour average concentration for ozone of 80 ppb is exceeded on about five percent of the
days per year, and current average ozone levels for the growing season are about 40 to
45 ppb. Short-term episodes of high concentrations of photochemical oxidants occur nearly
every summer over broad areas of western Europe. Measurements from 34 monitoring
sites in OECD Europe show that, in 1986,13 stations reported maximum one-hour ozone
concentrations exceeding 100 ppb (Grennfelt et al. 1988). The highest one-hour level
measured that year was 180 ppb, and only two stations in northern Sweden did not exceed
60 ppb at least once.

The MAP project was designed to address the possible control of short-term episodes of
photochemical oxidant pollution over a broad, multinational area. It began in 1983 and was
intended to help answer a number of policy-oriented questions of interest to environmental
decision-makers:

1. What are the emission levels of photo-oxidant precursors by country, region, and
source type?

* The views expressed are those of the author and not necessarily those of the OECD or its
Member countries.

** The term "photo-oxidant" is interchangeably used with "photochemical oxidants."
Ozone (O3) is the most prevalent of the photo-oxidants, which also include nitrogen
dioxide (NO2) and compounds like peroxyacetyl nitrate (PAN).

81



Control Strategies for Photochemical Oxidants .Across Europe

2. Can models adequately estimate the effect of emission reductions on ozone
concentrations?

3. What combination of precursor emission controls can most effectively reduce ozone
concentrations?

4. Can internationally recognized ambient air quality guidelines, such as those of
WHO, be attained with current control technologies?

5. What is the cost and cost-effectiveness of control technologies and regional control

strategies?

Pollutants considered in the MAP project were

• oxides of nitrogen (NOx), NM-VOC (relevant for photochemical episodes) and
* NOx, NM-VOC, CO, CH4 (for long-term increase of tropospheric ozone),

but these pollutants have to be seen in the context of the overall pollution load from various
sources. Table 1 lists major pollution sources. OECD member countries' control policies
for air pollutants are outlined in the Appendix.

Table 1. Sources of major air pollutants.

Solids CO CO2 SO2 NOX Cd Cu Hg Pb Zn HC* Rdn*

Mining/quarrying
Power stations
Metal processing
Chemical processing
Oil refining
Paint/pigment manufacture
Battery manufacture
Pharmaceutical production
Waste incineration
Pesticide manufacture/use
Fertilizer manufacture/use
Food processing/distribution
Traffic
Electrical apparatus
Domestic heating
Military activities
Agriculture

*HC • hydrocarbons
**Rdn « radionuclides

THE OECD MAP EMISSION INVENTORY

Method and Assumptions of Inventory Preparation

Photochemical oxidants are formed by a series of reactions between volatile organic
compounds (VOCs), NOx, and atmospheric oxygen in the presence of sunlight. The
sources of precursor emissions of NOX and VOCs are diverse and numerous. The models
that can be used to quantify the large-scale photochemical pollution in Europe and analyze
possible solutions to this problem require detailed databases for all precursor emissions.
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Since no database with coordinated and officially approved emissions existed for Europe
in 1983, one was established as part of the OECD MAP project. For further details, the
reader is referred to a supplementary report on the emission inventory for OECD Europe
(OECD 1989) and to Lubkert and de Tilly (1989).

The OECD emission inventory includes three pollutants, sulfur and nitrogen oxides
and volatile organic compounds (often referred to as hydrocarbons), and iB divided into
three basic parts:

1. National emission totals by pollutant and major source category, (e.g., power
plants, petroleum industry, agriculture, etc.) and by type of emission-generating
process (e.g., combustion, raw material, product storage and distribution,
industrial processes, etc.);

2. Emission data geographically allocated to 50 x 50-km^ grid squares, including
natural VOC emissions and manmade emissions for all three pollutants from
point and area sources;

3. Emissions, pollution control, and plant characteristics of large thermal power
plants with an output capacity greater than 200 MWe.

The base year for the inventory iB 1980. In 1984, when the database was started, 1980
data were the most up to date, and several countries had already begun establishing
national inventories for that year. The year 1980 as a base year also appeared most
compatible with discussions concerning international agreements such as the United
Nation's Economic Commission for Europe (ECE) Protocol on the Reduction of Sulfur
Emissions or their Transboundary Fluxes by at Least 30 Percent (UN 1965) and the 1979
Convention of Long-Range Transboundary Air Pollution as well as Directives proposed
within the CEC, which have since been adopted (EC 1987a and b, EC 1988).

Emission source categories were grouped according to economic activities and/or type
of emission-generating process. Figure 1 shows the source categories for the 1980 OECD
emission inventory. The Appendix includes additional figures on specific emissions by
source sectors and on national emissions (see Appendix Figures 1-6).

Emissions from Power Plants

The following 12 European OECD countries provided information on thermal utility
power plants with an output capacity of at least 200 MWe: Austria, Belgium, Denmark,
Finland, France, the Federal Republic of Germany, The Netherlands, Portugal, Spain,
Sweden, Switzerland, and the United Kingdom. Norway does not have any large fossil-
fuel-fired power plants.

Figure 2 presents for the European OECD countries the relative shares of electricity
production from the various fossil and nonfossi! fuels (IEA 1987). This shows that four
countries generate less than half of their electricity from fossil fuels. Heavily dependent
(over 40 percent) on solid fuels are Denmark, Finland, the Federal Republic of Germany,
Greece, Luxembourg, and the United Kingdom. In these countries, coal represents more
than 50 percent of generation from solid fuels.
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Figure 1. Source category split for the 1980 OECD emission inventory.
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Figure 1. (continued).
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Figure 2. Relative shares of different fuels used for electricity production in the
European OECD countries (%) [IEA 1987].
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LARGE-SCALE PHOTOCHEMICAL OXIDANT EPISODES

Episodes of high ozone concentrations (above 80 ppb) occur about every summer over
northwestern Europe. Meteorological conditions that are favorable to ozone formation
include the following:

1. High temperatures are favorable for oxidant generation;

2. Clear skies enhance ozone formation through increased ultraviolet radiation; the
passage of frontal systems accompanied by precipitation usually ends an ozone
episode;

3. Low wind speeds favor the buildup of oxidant levels by discouraging horizontal
dispersion;

4. Subsidence inversions increase photochemical oxidant buildup by inhibiting
vertical dispersion.

From the period of 1980 to 1987, OECD picked four relatively long periods of high photo-
oxidant levels:

1. 13 Mav-10 June 1982: a period with two linked episodes. During the first one, in
May, there was considerable variation in the magnitude and time of peak ozone
concentrations. In June, ozone levels were more evenly distributed. The peak
hourly ozone concentration of 173 ppb was observed at Antwerpen Borgerhout,
Belgium.

2. 31 Julv-8 August. 1982: a period of widespread high ozone levels during
exceptionally hot weather in Scandinavia.

3. Julv-August 1983: a long period with extensive variation in the distribution of ozone
levels in space, time, and magnitude.

4. 15 June-4 July 1986: a long period of high ozone levels over extended parts of Europe
with only moderate increases in Scandinavia.

Because of the still limited number of monitoring stations, especially in the southeastern
part of Europe, it is not possible to identify clearly the regional extent of these episodes.
Figure 3 shows the locations of monitoring stations that participated in the OXIDATE
network created as part of the MAP project.

The maximum hourly peak concentration for ozone was highest in 1985, with 223 ppb
measured at Illmitz, Austria; the highest daily mean was also observed at Illmitz—99 ppb
in both 1985 and 1986. The highest hourly and daily NO2 concentrations were observed
during the winter months and reached 137 ppb at Gent St. Kruiswinkel, Belgium, and 54
ppb at Bottesford, United Kingdom. The highest PAN levels measured were 21 and 7 ppb,
hourly and daily mean concentrations, respectively, both observed at Creteil, France; these
levels are among the highest ever recorded in Europe (Grennfelt et al. 1987 and 1988).

During these photo-oxidant episodes in Europe, there appears to exist a gradient with
increasing ozone concentrations from northwest to southeast; but for more definite
conclusions, more data are necessary from monitoring stations in southern and eastern
Europe.

Three meteorologically different photochemical smog episodes over Europe were
selected for study: the "PHOXA" episode (22-26 July 1980), the "CEC" episode (29 May-2
June 1982), and the "OECD" episode (3-6 June 1982). The objective was to depict "typical"
large-scale episodes in western Europe from their data.
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Figure 3. Map of OXIDATE measurement stations in 1986.

Al
Bl
DK1
DK2
Dl
D2
D3
D4
D5

Hlmitx
Sand, St. Kruiswinkel
Rlso
Ulborg
Brot jacklrlagal
Deuaelbach
Langenbrugge-Waldbof
Schauinaland
Hesterland

Sri
ri

r2
r3
r<
rs
NL1
HL2

NL3

UtO
Andr«z«l

Cr«t*il
Donon
Montagny
Pincaleup
Delft
Eibergen

Hitteveen

Nl
N2
N3
91
82
S3
S4
S5
S«

Bitkanae
Jaloya

Langaaund
Aapvratan
Hozxa Kvill
Ringamala-Sannan
Korvik
Vavihill

Vindeln

87
88
CHI
CH2
CH3
UK1
UK2
0K3
UK4

Aimacnaa
Stormyrabergat
Payerna
Sion
Tanikon
Bottaaford
Hacvell
Hray (Lancaater)
Sibton



Control Strategies for Photochemical Oxidants Across Europe

The "OECD" episode was selected in close cooperation with the CEC. Although photo-
oxidant levels remained high during all days from the 29th of May to the 6th of June, this
period has the character of two linked episodes. While air maBS transport appeared clearly
westerly during the first few days with great variability in magnitude and time of peak
ozone levels, the transport became southerly during the this episode with more evenly
distributed peak ozone concentrations.

The maximum hourly peak ozone concentration of 164 ppb was recorded at Stevenage,
United Kingdom on the 4th of June. The general weather situation was characterized by a
high-pressure system over eastern Europe with winds predominantly from the southeast;
wind speeds were low. Between the 3rd and 5th of June, a front moved in over England, and
a low-pressure system developed over the Atlantic ocean. Air mass transport was mainly
from the south, becoming easterly towards the 6th of June. The maximum mixing height
calculated is 2500 m in the center of the modeling area.

Skies were mostly clear; there were, however, a number of thunderstorms recorded
during this period. Temperatures over the north European continent ranged between 16
and 20 degrees C, being somewhat higher in Scandinavia (in the low and mid twenties)
and reaching maximum values of more than 30 degrees C in the Federal Republic of
Germany and eastern Europe.

LONG-RANGE TRANSPORT MODELS FOR OXIDANTS

When the MAP project was started in 1983, only three long-range transport models for
photo-oxidants were operational: the SAI Regional Transport Model (RTM), the
Norwegian trajectory model, and the UK Hanvell model. Table 2 outlines policy questions
that transport models must be able to answer reliably. Table 3 lists model input parameters
and their degree of importance in terms of overall effect on model output. The SAI model
for photochemical oxidants (RTM III) was used to simulate long-range transport of photo-
oxidants for the three selected episodes between 1980 and 1982. Model performance
statistics for all three episodes are summarized in Table 4.
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Table 2. Policy questions and pre-requisites for modelv to anawer these queitiont with
confidence.

"END USE" OF MODEL
(i.e., questions to be answered)

PRE-REQUISITIES (i.e., sensitivity analyses
that must have been carried out to answer the
corresponding questions with confidence)

1. Indicate the directional change of
photo-oxidant concentrations if
emissions of NOX and/or VOC are
reduced (i.e., qualitative indication
for precursor emission control).

2. Construct very simple isopleths of
photo-oxidant concentration changes
for broad changes in NOx and VOC
emissions (i.e., quantitative indication
for specific, detailed emission
reduction scenarios).

3. Predict detailed effects on photo-
oxidant levels of specific control
scenarios, e.g., 3-way catalyst
vehicle controls, EC "Large Combustion
Installation" Directive (i.e. quantitative
indication for specific, detailed emission
reduction scenarios).

Does this result in a true reduction for all
species (O3, PAN, NO2, etc.)?
Does this result in a true reduction of
concentration levels at all places?
How representative is the episode modeled?
Does a reduction in concentration levels
occur under episode conditions only or also
in the long term?

What are the uncertainty bounds of input data?
What is the sensitivity of model results to
input data?
How adequate and representative is the
observational database?

What is the influence of other pollutant
combinations (e.g., simultaneous reduction of
CO, etc.)?
How sensitive is the model to different spatial
emission distributions (horizontal and vertical)?
How sensitive is the model to temporal emission
distribution effects?
How far can the model handle the resolution of
fine detail in emissions and process?
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Table 3. Model sensitivities and their degree of importance.

MODEL CATEGORIES
and their sensitivity to:

PRECURSOR EMISSIONS
Temporal dependence of VOC emissions
Manmade VOC emissions
Natural VOC emissions
VOC speciation
Manmade NOX emissions
Temporal allocation: weekday/weekend

diurnal
High sources
Spatial distribution
CHEMISTRY
Chemical schemes
Reaction rates
Photolysis rates
Gases included (CO, CH4, SO2)
METEOROLOGY
Mixing height
WindfieldB
Temperature
Surface stability
Cloud cover
Water content
PHYSICAL PARAMETERS AND MISCELLANEOUS
Dry deposition
Aerosol scavenging
Episode climatology
MODEL FORMULATION
Grid size
Vertical resolution
Numerical schemes
Initialization
Boundary conditions

DEGREE OF IMPORTANCE

High
High
Medium
High
Medium
High
High
Medium
Low

High
Medium
High
Medium

High
High
Low
High
Medium
Low

High
Medium
High

Medium
Medium
Low
Medium
High
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Table 4. Model performance statistics for the RTM III for the three episodes.

Episode "PHOXA" 22-26 July 1980 "CEC" 29 May-2 June 1982 "OECD" 3-6 June 1982
Dates 2S.7 24.7 25.7 26.7 overall 30.5 31.5 1.6 2.6 overall 3.6 4.6 5.6 6.6 overall

Mean O3
concentration
[ppb]
-predicted 39 34 39 52 42 47 46 48 50 48 42 45 50 46 46
-measured 34 39 54 56 46 49 52 58 62 55 64 63 61 57 61

Correlation
coefficient 0.63 0.63 0.48 0.75 0.62 0.59 0.50 0.51 0.56 0.54 0.75 0.59 0.67 0.69 0.67

Share of
predictions
within a
factor of 2

[%] 75 73 70 88 76 88 79 75 79 80 66 71 75 81 74
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EMISSIONS REDUCTION TECHNOLOGIES AND THEIR COSTS

Within the OECD MAP project, data on available control techniques and their costs
serve to answer the following questions:

1. What is the maximum feasible abatement of NOX and VOC emissions from each
major source category with currently available control techniques?

2. What intermediate levels of abatement are possible for each source category?

3. What are indicative costs and costs per tonne of emissions abatement for alternative
emissions control options?

4. Cumulatively, what are the maximum potential reductions of total NOX and VOC
emissions in OECD Europe, given available controls?

5. Can equivalent improvements in photochemical oxidant concentrations be reached
with scenarios that minimize the cost per tonne of control compared with scenarios
that seek maximum NOX and VOC reductions from all or major source categories?

Figures 4 and 5 summarize the rising average costs of the best available control
technologies (BACT) for NOX and VOCs in OECD Europe. It must be stressed that this
OECD cost work is based on a literature review. The cost estimates were developed using
the judgment of the Secretariat, making use of available technology and cost information,
including results of a previous literature survey (Leggett 1986), the ENCLAIR '86
Symposium (OECD 1987), CONCAWE (1987), US Environmental Protection Agency (1985),
recent publications from ECE workshops (Rentz et al. 1987, UN ECE 1986 and 1985) and
findings of CEC study groups (e.g., Allemand et al. 1989). A considerable body of
information has become available in recent years. As new, less-polluting technologies
become available and existing ones improve, the relative cost and effectiveness of
abatement will change over time.

Cost estimates for seemingly similar abatement techniques on similar sources of
emissions can vary by as much as an order of magnitude for some sources (OECD 1986,
Leggett 1986). A substantial portion of this variation may be explained by differences in
economic assumptions and methods of calculation (especially discount rates, contingency
charges, etc.). There are also a number of technical parameters that influence the costs of
pollution abatement, including capacity utilization, energy consumption, equipment
lifetimes, and specific regulatory requirements, such as compliance measurement times,
waste generation limitations, and performance reliability (Leggett and Corfee 1987).
Differences in assumptions often contribute to controversy over the relative costs of
alternative control options.

The MAP project tested a series of emissions reduction scenarios that included a range
of (1) different absolute emissions reductions and (2) various relative ratios of precursors
to each other. All scenarios were applied to the baseline 1980 emissions inventory and are
intended to show what might have happened had currently available controls been
implemented on sources existing in 1980. The 11 reduction scenarios are summarized in
Table 5 and illustrated in Figure 6. Six of these scenarios were then evaluated with the SAI
RTM III model; results are summarized in Table 6.
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Figure 4. Average cost curve for best available control technologies (BACT) for NO* in OECD Europe (1987 ECU/t).
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Table 5. Overview of the OECD emission reduction scenarios for 1980 and their costs
(1987 ECU).

Reduction Scenario DMcription NO. Reduction VOC RadMctJoo Total Cott Average COM
[% of 1980] [% of 19*0] (10* ECU] [19(7 ECUA

atelad]

1 Maximum VOC 24

2 Maximum NO, 38

3 Maxanum NO, + Maximum VOC 38

4 EC L a Directive 21

3 EC Luxembourg Agreement 16

6 Maximum Solvent + Petroleum Sector ' 0

7 Maximum VOC + Intermediate NO, 32.3

8 Maximum NO, + Intermediate VOC 38

9 US Traffic Limit. 29

10 Max«n«m of All Point Screw 23.3

11 Maxfamm of VOC Point Source* 0

33

18

33

0

II

14

33

23

II

8

8

13412

17 995

19132

2 613

a>

964

16472

19130

16 703

3 673

745

1 863

1803

1343

1081

413

1737

1602

1740

762

419

Imfficient dau to calculate coals of mil scenario.

Table 6. Summary of the emission reduction scenarios run with the SAI-RTM model and
their effect on overall emissions.

Effect of Scenarios on Total 1980 Emissions [% Reduction]

In EC Countries In PHOXA Area*Scenario No.

1. max. VOC

2. max. NO,

3. max. VOC+
max. NO,

4. EC L a
Directive

5. Luxembourg
Agreement

9. US Traffic
Limits

In OECD Countne

NOx

-25

-58

•58

-21

-16

-29

Man-Made
VOC

-49

-26

-49

0

-17

-26

NOx

-25

-59

-59

-22

•16

-29

Man-Made
VOC

-50

-26

•50

0

-17

-26

NOx

-17

•46

-46

•13

-9

-21

MnMtfe
VOC

-39

-18

•39

0

•8

•18

* For scenarios 1,2.3 and 9, this means the extended modeling area; for scenarios 4 and 5, this
refers to the original PHOXA are*.
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Figure 6. Comparison of total reductions, costs, and cost por tonne for the 11 OECD NOX

and VOC abatement scenarios.
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CONCLUSIONS AND RECOMMENDATIONS

Technical and Policy Conclusions

The MAP project assessed large-scale pollution by photochemical oxidants in western
Europe and, for the situation in the early 1980s, evaluated the impact of the best emission
reduction technologies available at the time. The situation has certainly changed since
that time and, whereas there has probably been a significant reduction in sulfur
emissions, those of NOX and VOCs have most likely increased considerably, primarily
because the motor vehicle fleet and total mileage driven have increased. It is further
expected that, without government action, these increases will continue. These increases
are important to keep in mind when interpreting the conclusions that follow.

A whole series of technical conclusions can be reached from the study. A number of
them are also very relevant to policy-making; those of major importance are the
following:

1. Internationally accepted health and environmertal guidelines for short- and long-
term ozone exposure, such as those of WHO, are exceeded in many parts, and in
large areas, of OECD Europe.

2. In Europe, emission reductions of either NOX or VOCs nearly always reduce
episodic maximum ozone levels. However, ozone concentrations decrease less than
proportionally with respect to NOX and VOC emission reductions over the range of
reductions examined.

3. The control strategy that reduced both 1980 NOX and VOC emissions to the limits of
current technology was most effective at reducing episodic peak ozone levels.

4. Emission control technologies currently available for major emission source
categories could reduce 1980 levels of photo-oxidant precursor emissions of NOX and
VOCs by 58 and 33 percent, respectively. Such reductions would substantially reduce
short-term peak ozone levels in many areas of Europe, depending on the region's
total NOX emissions, the NOX to VOC ratio, and the meteorological conditions.

5. Application of even the most stringent controls studied falls well short of attaining
WHO guidelines for short-term ozone levels in many areas of OECD Europe. For
these limit values to be attained everywhere in Europe, technologies need to be
further developed and applied on a large scale, and structural changes in the
countries' infrastructures may have to be implemented.

6. Mobile sources are the largest single source of manmade VOCs (44 percent), NOX (54
percent), and CO in OECD Europe. Controls which reduce both VOC and NOX
emissions from these sources to the maximum extent technologically feasible are
therefore most effective at reducing widespread high levels of ozone.

Other important conclusions of a more technical nature include the following:

1. NOX and VOC controls have significant benefits beyond ozone reductions. For
NOX, these benefits include

• NO2 concentration reductions,
• reductions in nitrogen deposition and thus in total acid deposition,
• free tropospheric ozone reductions,
• nitrogen-related eutrophication reductions, and
• visibility improvements.
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For VOCs, these benefits include

• reductions in toxic pollutant emissions such as benzene, polycyclic aromatic
hydrocarbons, and organic matter (PAH and POM) and in chlorinated organic
compounds, and

* reductions in other harmful photochemical air pollutants such as peroxyacetyl
nitrate (PAN).

2. NOX reductions can in some cases (generally over dense NOX emission areas)
increase ozone levels; however, this occurs almost exclusively in those areas where
peak ozone concentrations are already relatively low.

3. There are substantial differences in the reduction of ozone in different regions in
response to broad NOX and VOC reductions depending on the region's total NOX
emissions and on the specific meteorological conditions.

4. Without significant controls, emissions will increase substantially because of
continued growth in the motor vehicle population, increased mileage, increased
energy consumption, and GDP growth.

5. After road traffic, the second and third largest source categories of manmade VOC
emissions are solvent use (37 percent) and the petroleum industry, including
gasoline storage, transfer, and distribution (6 percent).

6. The second and third largest emission categories for NOX, following road traffic,
are power plants (24 percent) and industry (15 percent).

7. There are a number of possible means to abate VOC emissions that would incur
economic savings or would cost relatively little per tonne reduced because
recovered VOCs have value either as reusable products or as energy sources if
incinerated. Also, it is anticipated that many low-solvent-containing (i.e., VOC-
containing) products will cost less than products currently in use. However,
altogether these inexpensive reductions would abate 1980 emissions by about only 6
percent.

8. The maximum technically feasible VOC control scenario which reduces overall
1980 VOC emission levels by 33 percent and manmade VOCs by 48 percent costs
1860 ECU per tonne abated.

9. Of all emission reduction techniques, only one "best available control technology"
for NOX is estimated to cost less than 250 ECU per tonne, and that one relies on
energy efficiency improvements. Several other less stringent control options also
fall into this cost-effectiveness category. The maximum technically feasible NOZ
control scenario of a 58 percent reduction of 1980 emission levels costs on average
1800 ECU per tonne.

10. The maximum technically feasible NOX plus VOC reduction scenario (No. 3) would
cost 1540 ECU per tonne of pollutants abated and a total of roughly 19.2 billion ECU
per year (about one-half of one percent of 1980 GDP for OECD Europe). All other
scenarios cost less, but their relative costs per tonne of precursors reduced is not
necessarily lower.

11. The OXIDATE monitoring network, set up in the framework of the MAP project to
measure rural ozone and other photo-oxidant concentrations, has helped to identify
how frequently ozone guidelines are exceeded in relatively remote areas.
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Recommendations for Further Study

In spite of the relatively long list of conclusions drawn from the MAP project, the study
was limited to examining the effects of emission reductions on short-term ozone
concentrations during photochemical pollution episodes in OECD Europe. The following
recommendations have been made for future study to develop and substantiate these
conclusions:

1. Further model development and application should be undertaken, especially in
relation to free tropospheric and long-term average ozone concentrations.

2. For better model comparison, model output should be presented in a similar way for
all models being used.

3. Work should be carried out to improve emission inventories, including those for
natural emissions. Improvements in this area are thought to be most important to
improving the performance of models.

4. Countries Bhould continue to develop means for further emission reductions
including new control technologies that go beyond those currently considered to be
the maximum technologically feasible.

5. The OXIDATE monitoring network should be enlarged to cover more stations in
southern and eastern Europe and should include more hydrocarbon
measurements.

6. In order to optimize control strategies for ozone precursors, results from this study
should be supplemented by results of studies on long-term ozone concentrations.
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APPENDIX

CONTROL POLICIES IN OECD COUNTRIES

Approaches to Control of Air Pollutants

Country Emission
Standards

Ambient Air Quality Reduction Goals
Standards (Guidelines) for VOC

France

SO2, NOx, VOC, CO,
Asbestos, Cr^I,
Cyanide, totheavy
metals, Hg+Cd, As

SO2, NO2, CO, PM
-30% by 2000
compared to 1980

Germany

SO2,NOx,VOC,CO,
200 pollutants
+spec.source
control

(SO2, NO2, CO, PM )
(cone: Pb, Cd, Hcl,
CI2; depos.: Pb,
Cd, Tl, HF, HC1, F)

Japan

SO2, NOx, VOC, CO,
Cd, Pb, Cl2, HCI,
HF, F, SiF4

Asbestos
SO2, NO2, CO, O3, PM

Netherlands SO2, NGx, VOC, etc.
standards

SO2, NO2, CO, O3, PM,
(for 20 hap's: VOC's,
PAH, halogenated -50% by 2000
organics, fluorides, H2S) compared to 1980

Sweden
emission
guidelines
SO2, NOx, VOC, etc.

SO2, NO2, CO, O3,
PM, Hg, Cd, As,
Pb,Zn

-50% by 2005
compared to 1988
+ action
programs

Switzerland

SO2,NOx,VOC,
200 pollutants
+spec.source
control

SO2, NO2, CO, O3, PM
cone: Pb, Cd, Zn;
depos.: Pb, Cd, Zn,

Tl

-50% by 1995
compared to 1987

U.S.A.

SO2, NOx, VOC, CO,
Asbestos, inorg. As,
Be, Hg, benzene, vinyl
chloride; coke oven emis.
(planned for 190 air toxics)

SO2, NO2, CO, O3,
PM.Pb VOC and PM

emission
reduction
programs

Note:

- Germany: air quality limit values (so-called emission values) have been set in
connection with the licensing procedure and cannot be considered as general
ambient air quality standards.

- Netherlands: ambient air quality values are set as guidelines and are not legally
binding standards.
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Figure 3. Manmade VOC emissions by major source sectors in 1980 (average shares for
OECD Europe).

37.2%

4 1%
10.8 %

44.0%

D miscellaneous (6,7,9)
EJ industry (4)
• residential-commercial (3)
• power plants (2)
Q mobile sources (1)
• solvent use (5)

Figure 4. Total VOC emissions by major source sectors in 1980 (average shares for OECD
Europe).
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Air Quality Management in Denver, Colorado

Richard Halvey
Colorado Air Pollution Control Division

Denver, Colorado

Denver is located at 40 degrees north latitude and 105 degrees west longitude.
Geographically it is on what we would refer to as the high central plains. Almost
universally it is recognized as the Mile High City, a reference to its altitude of 5,280 feet.
Denver's history is rich and varied, but it is inseparably tied to the physical feature that is
synonymous with the city. The snow-capped peaks of the Rocky Mountains rise
majestically on the western horizon, influencing our climate, our lifestyle, and ultimately
our environment.

The 1.6 million people who inhabit the cities that make up the metropolitan area are our
most important resource. But, with the people comes the problems of urbanization. Over 35
million vehicle miles are traveled every day on the extensive transportation network that
weaves through the area. Many vehicles are relatively clean burning. Still, there are
many vehicles that contribute more than their fair share of the total emissions.

Denver's past included many days that look like the one you see. There is no pride
taken in the infamous brown cloud that represents the negative side of the city's character
in the same way the Rocky Mountains promote the positive. We are all working hard to
transform Denver into a place where all days look like this one. Through recognition by
government officials, industries, businesses and citizens, Denver is being transformed
into the type of place where people
are able to live and work in a clean
environment.

As I mentioned before, Denver
reaps both the benefits and costs of
its location (Fig. 1). Denver has a
very dry climate, averaging
around 13 inches, or 35 centimeters,
of precipitation annually. It sits in
a bowl at the confluence of the South
Platte River and Cherry Creek.
Air, as you, know follows similar
drainage patterns as water and,
during the course of a day, Denver
will see much pollution flow out of
and then back into the city.
Compounding this is the fact that
Denver is subject to strong
temperature inversions during
much of the year. Although most pronounced in the winter months, these inversions
effectively keep pollution from dissipating, creating what amounts to a lid over the top of
the city. As this occurs, ground-level concentrations rise and ambient standards are
violated.

In Colorado we are addressing a number of air quality problems (Fig. 2). In addition
to the so-called criteria pollutants of carbon monoxide (CO), ozone, fine particulates,
nitrogen dioxide, sulfur dioxide, and lead, we are also designing programs to deal with
visibility, acid deposition, ozone depletion, and global warming. During the remainder of
this presentation, I will describe some of these problems and discuss some of the ways in
which we are trying to control them.

Location of Denver
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Denver is one of a number of CO
nonattainment areaB in the United States
(Fig. 3). To a large extent, our CO problems
are associated with automobiles and, as a
result, a heavy emphasis has been placed on
control strategies that directly and indirectly
affect vehicle emissions (Fig. 4). It is also the
case that the highest CO concentrations have
been measured in the core area of downtown
Denver (Fig. 5). We have known this for
decades, and we have concentrated
significant efforts in lowering the levels in
the core area. Figure 6 illustrates that we
have experienced success in this effort. We
have plummeted from 135 violation days a
year to only three days in 1990. And we know
that we have been correct in attacking the
problem of vehicle emissions as Fig. 7
demonstrates. As average fleet emissions
have declined, so have ambient
concentrations of CO.

We have examined and implemented a
number of strategies for the control of CO
(Fig. 8). We now impose wood-burning bans
on designated high-pollution days. We are
working constantly to increase use of public
transit, thus getting people out of their
automobiles. We have examined the use of
year-round daylight savings time as a way of
creating more favorable dispersion
conditions during peak traffic hours. We
pioneered use of oxygenated fuels at high
altitude. We tried a voluntary no-drive day
program known as the "better air
campaign."

Fig. 2. Air Quality Problems

Criteria Pollutants

CO, O3, PM10, NOX, SOX, Pb

Visibility

Front Range Urban
Mountain City & Town

Rural Mountain (Regional Haze)

Acid Deposition

Ozone Depletion

Global Warming

CO NON-ATTAINMENT AREAS

• CO NON-ATTAINMENT AMEAS

* OXYMNATIO PUKLS raOQMM AREAS

Fig. 3. CO nonattainment areas

METRO DENVER CO CONTRIBUTION

BY SOURCE IN 1987
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Fig. 4. Metropolitan Denver CO
contribution by source in 1987
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And we continue to pursue the benefits of
implementing a centralized vehicle inspection
program. We continue to look at more difficult
strategies and must be prepared to propose them
should they ever be needed to achieve
attainment of the standards (Fig. 9).

While many of the worst pollution
problems nationally are associated with ozone,
Denver has been fortunate in remaining very
close to the standard. In recent years, Denver
has flirted with excessively high levels but has
managed to stay below the standard (Fig. 10).
Again, automobiles constitute the majority of
the emissions, but stationary sources are more
significant (Fig. 11). Colorado has regulations
in place to limit emissions from stationary
sources; these regulations have contributed
significantly toward reductions in ambient
concentrations (Fig. 12).

Fig. 9. Additional measures
considered

• Mandatory No-Drive Days
• Parking Management
• Gas Rationing
• Mandatory Carpooling for Major

Employers
• Alternate Fuels for Fleet Vehicles

(propane, liquified natural gas,
methane, etc.)

Fig. 8. Proposed control scenario

• Wood burning Ban on High Pollution
Days
Increase Mass Transit
Year Round Daylight Savings Time
Oxygenated Fuels
Better Air Campaign
Centralized Auto Inspection and
Maintenance

1t»8B OZONE MAXIMUM8

Fig. 10.
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Fig. 11. Preliminary summertime
volatile organic compound (VOC)
emissions (1087) in tons per day
(totals)

Mobile Sources
Auto
Auto area

Stationary Sources
Points 45.5
Others

Totals
Mobile
Stationary

Grand

163.8
0.8

(14.6%)
103.2

164.6
148.7

313.3

(52.3%)
(0.2%)

(32.9%)

(52.5%)
(47.5%)

Fig. 13. Six highest concentrations
measured at grid
(ug/m3)

First Highest
Second Highest
Third Highest
Fourth Highest
Fifth Highest
Sixth Highest

1 intersections

1989
302.66
252.16
208.87
191.58
175.74
168.97

J9j£
331.07
275.60
251.81
213.47
195.00
188.81

Fig. 12. Preliminary summertime
volatile organic compound (VOC)
emissions (1987) in tons per day

Stationary Sources

Large Point Sources
Gasoline Transfers
Solvent Usage
Arch. Coatings
Auto Refinishing
Airport
Degreasing
Graphic Arts
Construction
Treatment Plants
Landfills
Dry Cleaners
Industrial
Natural Gas
Others

Total

45.5
20.8
18.3
14.6
14.7
9.1
8.7
4.2
3.0
2.8
2.2
1.9
1.8
0.3
0.8

148.7

III.

Recently, fine particulates have achieved
prominence in terms of pollution problems
(Fig. 13). Partially this is because the first
round of state implementation plans, due in
November 1991, are for the attainment of the
fine participate standard. Colorado is in the
unfortunate position of having to prepare
plans for seven different areas. With a
standard of 150 ug/m3 over a 24-hour average,
this chart shows that there are severe
problems in Denver. Once again, mobile
sources and stationary sources combine to
create the problem. While tailpipe emissions
are less significant, the traffic associated
with these vehicles serves to reentrain small
particles that settle on filter pa< Is. The common culprits of wood-burning and point sources
play a prominent role in the fine-particulate problem (Fig. 14). As with other pollutants,
the core area experiences the highest concentrations. And we know that without controls
the problem will only get worse. We are developing new innovative strategies to deal with
emissions from street sanding, wood burning, and vehicle traffic. We also know that the
control of fine particulates is central to the reduction of the brown cloud (Fig. 15). While
often considered a quality-of-life issue, nonetheless it has helped attune people to the
problems that pollution creates.

Fig. 14. Primary inventory and source
categories

I. Mobile Sources - Highway
Paved road and exhaust
Sanding

II. Mobile Sources - Non Highway
Unpaved roads
Construction equipment (exhaust)
Industrial Equipment (exhaust)
Railroads
Construction (fugitive)
Airport

Stationary Sources
Fireplaces
Wood stoves
Wind erosion—dry and irrigated
Minor points
Natural gas
Restaurants
Major points
Tilling—dry and irrigated
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As I have mentioned previously, much of
our effort has centered around the control of
mobile sources. We are not only working on
direct tailpipe controls, but also on programs
that affect the number of vehicle miles
traveled. Much work is ongoing with regard
to alternate fuels, some of which are listed
here, including fuels for diesel vehicles
(Figs. 16 and 17). When I was asked to
participate in this conference, I was told to
help share the high-altitude experience. One
of the programs that Colorado pioneered is
very specific to high-altitude areas. This is
the oxygenated fuels program (Fig. 18). The
concept is simple. Areas at high altitude have
less oxygen in their atmosphere. This creates
a situation in which the combustion is less
efficient than at sea level. We cannot change
the amount of atmospheric oxygen, but we can
change the oxygen content of fuels. By doing,
so we directly affect CO emissions. Figures
19 and 20 show the relationship based on
various tests that we have done. In each case
the conclusion is that CO emissions decline
in direct proportion to the increase in oxygen
content. We have done similar tests for other
fuels. Figure 21 shows the emissions impact
of compressed natural gas. Obviously there
is a trade-off between emissions of CO and
other pollutants. Lastly, Figure 22 shows data
related to liquid petroleum gas-powered
vehicles. And before I close on the use of
alternative fuels, I wanted to show you the
latest in technology. Actually, the point here
is that there are very few truly unique ideas.

Fig. 16. Alternative Fuels

Gaseous Fuels
Compressed natural gas (CNG)
Liquified petroleum gas (LPG)
Hydrogen

Alcohol Fuels
Methanol (M100 & M85)
Ethanol (E100 & E85)

Other Alternative Fuels
Electricity

Fig. 17. Low Sulfur, Low Aromatic
Diesel Fuel

Designed to Reduce Particulate Emissions

Fig. 18. The Colorado Oxygenated Fuels Program

Adopted by the Colorado Air Quality Control Commission (reg. no. 13) to reduce high
wintertime levels of carbon monoxide

• In early 1970s exceeded NAAQ standard + 120 times
• In 1989, exceeded standard in Denver metro area 7 times
• January 1990 was first time in 23 years that Colorado did not exceed standard

Another important part of the program at high altitude is our vehicle testing. We know
that vehicles operate differently in Denver than at sea level. However, not only is it
critical for us to know what the differences are, it is equally critical to verify that vehicle
emissions are in compliance with federal and state standards. Sea-level data are not good
enough; cities at high altitude must have access to data that is directly pertinent to them. To
illustrate this point, the testing program in Colorado has resulted in the identification of 14
out of 29 classes of engines that fail to meet high-altitude standards. Without our facility,
we are underpowered in our effort to combat excessive tailpipe emissions.
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What we know from our experience
in Colorado is that the solution to our
problem lies in a coordinated effort to
involve all interest groups. It begins
with the development of an
environmental ethic and proceeds
through practices and programs that
reduce pollution. Government agencies
have provided the framework within
which we can design our programs
(Fig. 23). We have focused on the short-
term solutions and know we must put
equal effort into finding long-term
solutions that affect the way business is
done. Government agencies alone
cannot solve the problem. There needs
to be a balance of regulatory programs
and individual and organizational
commitment.

We are placing increasing
emphasis on the development of
voluntary programs for businesses,
government agencies, and schools.
We hope to achieve lifestyle changes
without sacrificing a standard of
living. Our program for doing this,
Clean Air Colorado, seeks to bring
people together to build a common
ground for our efforts (Fig. 24). As
experts, we provide technical
assistance and devise special
programs to meet the needs of each
special group. We include educational
programs for schools and
communities; recycling programs,
because we know that we cannot afford
to solve problems in one media by
creating problems in another; and as always,
we continue to encourage driving reductions
in innovative ways (Fig. 25).

EFFECT OF OXVOEN CONTENT ON FTP CO

• • « a - * a .

• t*
MNtwr i * m wt1

Fig. 19. Effect of oxygen content on FTP CO

EFFECT OF OXYGEN CONTENT ON FTP CO

I COMI—I (ft BT «T4

Fig. 20. Effect of oxygen content of FTP CO

Fig. 22. Measured emissions changes*
for nine LPG vehicles

Pollutant
Total HC
CO
NOX

* Source: Industry

(FTP)
+18.2% to -48.6%
-11.3% to -81.8%
-7.3% to -42.7%

Fig. 21. CDH measured emission
changes for CNG vehicles

Pollutant
Total HC
Reactivity
CO
NOX
Total Aldehydes

Formaldehyde
Acetaldehyde

Particulates
Carbon Dioxide

% Chanw (FTP)
+18.6%
-75.0%
-98.4%
+7.9%
-9.6%

+60.4%
-30.0%
-53.7%
+5.7% •
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Through our Corporate Alliance for Better
Air, we provide business leadership and
guide pilot programs (Fig. 26). We work ta
have businesses make assessments of
pollution control practices in order to help
them understand their part in the solution of
our problems. Our pilot programs inventory
their individual pollution sources, help
choose strategies that will work for them (Fig.
27), and, lastly, provide a real evaluation of
these strategies (Fig. 28).

In closing, I will quote President Bush
who said, "Ours is a rare opportunity to
reverse the errors of this generation in the
service of the next. We cannot, must not fail.
We must prevail."

Fig. 23. Solutions

Through our governments, many
programs have emerged

National
New car emissions standards
Fuel economy standards

State
AIR Program
Wood-burning stove standards

Local
Wood-burning bans
Alternate fuel fleets

Fig. 25. Driving reduction

• Employee incentives and bonuses
• Rewards to customers
• Working at home

Fig. 26. Corporate Alliance for Better
Air

• Provides business leadership
• Guides pilot programs

Air quality assessment tool
Menu of strategies
Evaluation of results

• Supports workshops to promote model
methods

• Develops monitoring program
• Encourages small business participation

Fig. 28. Evaluate effectiveness of
strategies

• Do they reduce pollution?
• Are they cost effective?
• Can they be done better?

Fig. 24. Clean Air Colorado

Encourages and supports community
action by
• Bringing people together to build a

common ground for local, regional and
state air quality efforts

• Providing technical assistance to local
and regional programs

• Developing pilot programs through
business, government and citizen
involvement

Fig. 27. Select from menu of strategies
and implement

After delivery schedules
Change fleet to alternate fuels
Bus subsidies
Carpooling
Work at home
Turn off lights
Insulate building
Lower temperature
Buy recycled materials
Buy higher grade fuel
Buy energy efficient equipment
Recycle paper, glass, plastic containers,
pop cans, motor oil
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Policy Considerations in Developing
Air Pollution Strategies: A US Perspective

John Bachmann
US Environmental Protection Agency

Research Triangle, North Carolina

INTRODUCTION

This paper outlines the air quality management approach to air pollution control as
applied in the US, emphasizing situations in which theory and practical experience have
differed. Particular emphasis is placed on the development and application of tropospheric
ozone policy, including an overview of past failures and successes, recommended
improvements, and the new approach embodied in the 1990 Clean Air Act Amendments.
The paper concludes with a brief summary of emerging science/policy concerns in ozone
strategy.

AIR QUALITY MANAGEMENT: THEORY AND PRACTICE

Key Elements of Air Quality Management

Air quality management can be defined as a system of coordinated measures to reach
and maintain an acceptable level of air quality. It defines the goal of a program in
ambient air terms and requires a process to determine how to reach that goal. It is not the
only possible approach; for example, the new US acid deposition program sets national
emissions goals, and numerous national programs are control technology based. Market-
based incentives can be used to implement or even replace environmental goals. Air
quality management can, however, be combined with other approaches in a compatible
fashion.

Figure 1 outlines the five key elements in air quality management. These key
elements are as follows:

1. Establish air quality goals;
2. Assess what emissions reductions will be needed to achieve and maintain goals;
3. Identify how reductions can be achieved;
4. Obtain needed reductions (implementation); and
5. Evaluate results and reassess.

The Figure also gives examples of activities undertaken in each category in the US;
examples of these activities include State Implementation Plans (SIPs) and New Source
Reviews (NSRs).

The basic framework of current US air quality management was originally codified
in the 1970 Clean Air Act, which was amended in 1977 and in 1990. A comparison with the
elements in the figure reveals that even the original US law mixed a "pure" air quality
approach with a technology-based approach. The principal goal setting in the Act is
through the National Ambient Air Quality Standards (NAAQS). Determining how to meet
the standards is done largely by state and local planning agencies, who monitor ambient
air, develop emissions inventories, and conduct air quality modeling analyses used in
developing SIPs. Approaches for meeting goals at the state level were originally
supplemented by technology-based federal programs to control new stationary sources
(NSPS) and new federal motor vehicle emissions (FMVCP). Implementation and
enforcement are carried out at the state and local level with federal support. Evaluation has
focused largely on the analysis of air quality data and emissions/modeling information.
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Figure 1. Air Quality Management.

AIR QUALITY MANAGEMENT

ESTABLISH
GOALS

WHAT REDUCTIONS
NEEDED?

-NAAQS X -MONITORING X
-INCREMENTS / -EMISSIONS INVENTORIES

/ -MODELING

EVALUATE
RESULTS

-MONITORING/A
MODELING T

IMPLEMENT

-SIP RULES
-NSP PERMITS
•ENFORCEMENT

HOW TO ACHIEVE

/ -SIPi
/ -NSP»

/ -PSIVNSR
/ -FMVCP

-other

Issues in Implementing Air Quality Management

Implementation of air quality management programs has often raised a number of
difficulties, information needs and other considerations not anticipated in the original
theory. Identifying and understanding these issues arising from the 1970 and 1977 clean
air laws were important preludes to developing the 1990 amendments. A brief listing of the
issues is presented below.

1. Goals do not stay fixed. The original air quality standards were established in 1970.
Provisions were made for review and revisions as new information was developed. In
practice, as the date for a likely standard revision comes near, it becomes increasingly
difficult to push programs to comply with the older limits. The increase in the ozone
standard level in 1978 resulted in a widespread belief that many areas would be able to
reach attainment through the federal motor vehicle program alone. A second problem with
goals in the original law was the uncertain significance of attainment dates. It is now
clear that the five-year deadlines for attaining standards were too short for many areas.
As deadlines passed, typically the legislature acted to extend them, the result was, once
again, uncertainty and questions in regards to their seriousness.

2. Determining what reductions are needed is difficult. In some situations, a single
point-source can be identified as the cause of a pollution problem, and results of reductions
can be readily determined. However a number of factors can complicate determining the
problems and reductions needed. Some of these include the following: a lack of fully
representative monitoring data on current air quality; uncertainties in emissions
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inventories, such as inadequate source coverage, emissions factors information, and
unanticipated sources; uncertainties in modeling, particularly for multisource,
atmospherically generated pollutants, such as ozone; underestimation of growth in key
emitting categories; and inappropriate definition of the geographical region of interest
(transport issue). The result of all of these problems is inaccurate estimates of reductions
needed.

3. Expected reductions on paper do not match those in practice. This mismatching can
occur for several reasons. Often, regulations are put into place with the assumption they
will provide control efficiencies that have been attained only under ideal, carefully
controlled applications. Surveys done with respect to "rule effectiveness" have shown that,
in practice, optimal reductions are rarely achieved. Often, planners knowingly make
optimistic assumptions about the reductions from particular measures. Moreover, the
actual emissions reduction from a particular source category can be misstated because of
inadequate information about current emissions levels.

4. Implementation and enforcement are problematic. Often, enforcement provisions
and resources are not adequate to the task. Plans do not always establish key compliance
parameters (e.g., test methods, averaging times) in enough detail to enhance enforcement.
Approaches to source monitoring and record keeping did not permit adequate compliance.
Judicial enforcement mechanisms in the original law were considered cumbersome. The
result was that enforcement delays translated into less emissions reductions.

5. Implementation plan evaluation and revision have been difficult. The ultimate failure
to attain the standard evidenced in monitoring is often not accompanied by enough air
quality, emissions and other information to assess the reasons for failure. Moreover,
changes to state plans in the US law were often lengthy and difficult. Tight deadlines and
requirements for federal intervention when state plans failed resulted in evaluation and
plan assessment becoming a crisis.

RESULTS OF AIR QUALITY MANAGEMENT IN THE US

Early Successes

The relative effectiveness of air quality management programs has traditionally been
judged by trends in both emissions and concentration of the six major pollutants for which
NAAQS have been established. Table 1 provides estimates of the historical changes in
emissions for several time periods, beginning in 1940. Although notable, local air quality
management efforts took place in cities such as Pittsburgh, New York City, and Los
Angeles during the late 1940s and 1950s, the major focus on a national basis began with the
passage of the Clean Air Act of 1970. The emissions data indicate that the effects of the Act,
along with state and local efforts and changing patterns in energy consumption, resulted
in significant shifts towards reduced emissions in all of the NAAQS pollutants.

The early focus was on participate matter (PM) and, to a lesser extent, sulfur oxides
(SOX). Particulate emissions from coal combustion and industrial sources are readily
identified, and their perceived effects on soiling and visibility led to public demands for
improvements. From an air quality management perspective, the success of point-source
PM control programs was greatly aided by the fact that violations are immediately visible
not only to the inspectors but to the public. Moreover, PM controls for point sources are
readily available and highly efficient. In contrast, current US PM problems that remain
are usually dominated by "nontraditional" sources, such as fugitive dust and
atmospherically formed aerosols.

Implementation of SOX reductions in the 1970s proceeded primarily through fuel
shifting with some increase in stack heights. Development and evaluation relied on air
quality monitoring in urban areas and modeling large point-sources. This program was
demonstrably successful in meeting ground-level air quality standards but less effective
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in reducing overall national emissions. In the last decade, emissions decreased on the
order of 10% while air quality averages were reduced by 25 to 30%. Today, few of the
populated urban centers or heavily industrialized regions of the Eastern US experience
violations of the PM or SO* NAAQS. Moreover, the combination of NAAQS
implementation and new source review and standards for utilities and other major source
categories markedly limited and reduced emissions of SO* despite the underlying trend
towards increased coal combustion.

Table 1. Estimates Of U.S. Emissions Trends For NAAQS Pollutants.

Pollutant

Participate Matter"1

Sulfur Oxides

Nitrogen Oxides

Reactive VOC

Carbon Monoxide

Lead

% Change
1940-89

-69

20

188

13

-26

NA

% Change
1970-89

-61

-26

7

-31

40

-96

% Change
1980-89

-15

-10

-5

-18

-24

-90

"Total primary PM from point, combustion area sources. Does not include "nontraditional" sources,
such as fugitive dust, secondary aerosol sources. Source: "National Air Pollutant Emission Estimates
1940-1989." EPA-450/4-91-004. March 1991.

Perhaps the most dramatic success is evidenced in both emissions and air quality
improvements for lead. The reductions began with the shift to unleaded gasoline
occasioned by requirements for automotive catalysts, which require unleaded gasoline. A
further major reduction occurred between 1984 and 1986 as a result of EPA rule making
requiring petroleum refineries to lower the lead content of leaded gasoline.

The direct effects of federal motor vehicle controls are most clear for emissions and air
quality trends for carbon monoxide (CO). In this case, the automobile clearly dominates
all other sources. In the 1980s, a 30% improvement in air quality occurred despite a 37%
increase in traffic. Continued improvements are expected through reduced fleet
emissions, improved inspection and maintenance, and use of alternative fuels.

Clearly, less progress has been evidenced for the major precursors of ozone, volatile
organic compounds (VOCs) and nitrogen oxides (NOX). The only US city that has violated
the NOX NAAQS is Los Angeles; other areas have not put much emphasis on NOx control
as an ozone precursor. Problems identified in ozone air quality control are discussed in
the next section.

In examining the successes noted for PM, SOX, lead, and CO, several observations are
apparent. In all cases, it is clearly important that affordable, effective controls must be
available before progress is evident. Moreover, the source(s) of the problem and projected
effectiveness of controls must be readily identifiable. In the case of PM, because of the
numerous smokestacks and area sources, it is likely that the "visible"-emissions
enforcement approach resulted in great pressure for improvements. Similar pressures do
not exist for "invisible" emissions, such as VOCs, unless they contain odors. In the case of
lead, SOX, and to a lesser extent, PM, the availability of alternative, cleaner fuels played a
major role in rapid and lasting air quality improvements. In the case of SOX, the
dominance of large point-sources and availability of reliable models resulted in
significant controls, although not without considerable debate over the most appropriate
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underestimation of reductions. For many years one of the most significant omissions in
the emissions data was biogenics from vegetation. It is estimated that half of the VOC
emissions in the greater northeast region may be of biogenic origin.

The underestimation of manmade and biogenic VOC emissions and the lack of
adequate ambient measurements of VOCs also led to a lack of appreciation for the
importance of NOX control in reducing ozone. If VOC-to-NOx ratios are estimated to be
low, as they generally were in the 1980s, models indicate that NOX control will produce
increases in ozone exposures in urban areas. If these ratios are actually high, NOX control
will generally prove to be beneficial. Reliable control strategies depend on an adequate
understanding of emissions/chemistry/transport air quality relationships as
incorporated in validated models.

Another major shortcoming in control strategy development was the assumption that
rules would achieve theoretical maximum effectiveness in actual practice. This is a
particular problem for VOC control because of the large number and dispersed nature of
emissions; thus it is quite difficult to ensure compliance. Surveys of effectiveness have
generally found substantially lower controls in the field. For example, a study by EPA's
Region HI found that Stage II vapor recovery systems (on gasoline pumps) that were
designed for over 95% control actually achieved only 65%. The net effect of ignoring this
phenomenon results in the underestimation of needed controls. EPA now recommends an
assumption of an 80% rule effectiveness as a default value when in-use data are not
otherwise available.

Perhaps one of the most significant problems with strategy development and
implementation was the lack of adequate time to collect appropriate information and
develop an adequate plan. In essence, the original Clean Air Act gave nine months to
develop a plan that had to be fully implemented in three to five years. Because the
deadlines kept changing, some areas went through three or four planning cycles over a 20-
year span. It is clear that the seriousness and complexity of attaining the ozone standard
in many areas requires more than five years, and it is equally clear that four hurried five-
year plans will not do as much good as one well-developed 15- or 20-year plan.

Strategy Implementation/Evaluation Issues

Once strategies were developed by states and approved for implementation by EPA,
further delays ensued in attempting to impose controls. Some delays involved the political
process of dealing with multiple government and private entities and pushing complex
regulatory programs through appropriate state and local legislative bodies.

The rule effectiveness shortfall noted above in plan development was a result of both
technology and enforcement weaknesses. Adequate tools and procedures for record
keeping, measuring compliance, checking equipment leaks, and the like require a
substantial commitment that is clearly beyond the capacity of any single agency with
limited resources for enforcement.

A particular problem for ozone strategies is the overreliance on ambient ozone
measurements as the sole measure for evaluating progress. Continued high peak values
give no insight into the cause of the problem. Ambient monitoring of key species of ozone
precursors has been almost nonexistent, and hence the potential for feedback mechanisms
has not been realized. In addition, when shortfalls have been recognized, the system has
been slow to respond and act upon them.
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Recommendation! for Oione Air Quality Management

Based on the analyses of ozone strategy development and implementation outlined
above, the API study made the following recommendations:

• Use photochemical grid modeling to develop and assess strategies;

• Include all important source categories, such as biogenics, sewage treatment plants,
landfills, and others not traditionally included, in emissions inventories;

• Improve emissions factors and modeling for mobile and area sources;

• Improve population and economic projections for metropolitan planning areas;

• Enhance monitoring of ozone and its precursors;

• Include serious consideration of NOX controls, in addition to VOC controls, in
strategy development;

• Determine the actual effectiveness of controls and strategies in practice;

• Improve the feedback mechanisms to made corrections for lack of effectiveness;

• Improve rule effectiveness;

• Develop new techniques for enforcement of measures; and

• Improve coordination among various planning agencies responsible for air quality
management in particular areas.

Similar recommendations as well as a number of other suggestions are contained in
the aforementioned OTA and EPA reports. Two of the more important additions are the
following:

• Permit adequate time for planning and implementation, commensurate with the
seriousness of the control problem; and

• Provide for adequate consideration of large-scale transport phenomena.

NEW DIRECTIONS: THE CLEAN AIR ACT AMENDMENTS OF 1990

The recommendations for ozone air quality management outlined above and many
others were carefully considered in crafting legislative changes to the Clean Air Act.
Many of EPA's suggested changes were incorporated into the amendments offered by the
President. Other proposals were put forward by Congress. The resulting legislation,
passed on November 15, 1990, necessarily reflects a number of political compromises but
retains provisions that reflect the lessons learned in the US air quality management
experience.

Overview

The major thrusts of the amendments are to address continued nonattainment of the
ozone, PM-10, and CO standards, to institute an aggressive technology-based program to
address toxic air pollutants, and to reduce substantially the pollutants that cause acid rain
and associated visibility impairment, health risk, materials, and ecological damage.
The law also encourages the use of market-based principles and other innovative
approaches—most notably in the acid rain emissions-trading program, provides a
framework for developing cost-effective alternative fuels for automobiles, and promotes
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energy conservation and pollution prevention programs aB primary long-term solution! to
air quality problems.

The amendments are contained in a series of 11 Titles, 4 of which have a significant
bearing on ozone and other NAAQS attainment problems. Title I covers attainment and
maintenance of NAAQS; Title II, provisions for mobile sources; Title V, stationary source
permit programs; and Title VII, enforcement provisions. A summary of all of the
provisions is beyond the scope of this paper, but the major features of the ozone provisions
are outlined below.

Title I Ozone Nonattainment Provisions

• Areas are classified according to the severity of their ozone problem (based on design
value). Strategy development, control requirements, and attainment deadlines vary
within the following categories: marginal-3 years, moderate-6 years, serious-15 or
17 years, and extreme-20 years. By these criteria, Mexico City—like Los Angeles—
would be classified as extreme.

• Federal Measures. EPA issues Control Technique Guideline (CTG) documents for
13 categories and new national rules for marine vessels and consumer products
(e.g., paints, solvents).

• Enhanced Planning and Permit Program. All areas must conduct an upgraded
emissions inventory and institute a permit program for stationary sources. Sources
must produce a certified emissions report, and areas must also conduct enhanced
monitoring for ozone and ozone precursors.

• Mandatory Measures. All areas correct existing stationary source Reasonably
Available Control Technology (RACT) and I/M programs. Moderate areas add basic
I/M, Stage II and RACT for CTG and non-CTG 100-ton/year sources and NSRs and
offsets for 100-ton/year sources. Serious areas add enhanced I/M and RACT/NSRs
for 50-ton, non-CTG sources; a fleet vehicle program in areas of 250,000 and greater;
Transportation Control Measures (TCMs) needed to offset VMT growth; and special
rules for source modifications. Severe areas add RACT/NSRs for 25-ton sources and
provisions requiring adoption of TCMs, if necessary, to meet percentage reduction
requirements and employer trip reduction provisions. Extreme areas add
RACT/NSRs for 10-ton sources, eliminate feasibility exemption from progress
requirements, add NOX reductions for clean fuels or advanced technology, have
peak-hour traffic controls, and can get plan approved based on anticipated new
technology. RACT and related major stationary source requirements for VOCs also
apply to NOx unless EPA finds no benefit of such controls.

• VOC/NOx Progress Requirements. Moderate areas and above must achieve a 15%
reduction in VOCs within 6 years. Serious and above areas must also achieve at least
a 3% reduction per year (for VOCs or NOX) thereafter until attainment. These
reductions are from an adjusted baseline and exclude certain categories of control.
Exemptions are allowed based on technological feasibility but only if a state adopts
measures similar to those in the next highest category and all feasible measures are
adopted in the first 6 years.

• Attainment Demonstrations. Moderate areas must estimate and achieve VOC/NOX
reductions needed to attain the standards by the mandated deadlines. Serious and
above and any multistate nonattainment areas must use photochemical grid models
in strategy development and the attainment demonstration.

• Sanctions. If states fail to provide an adequate plan after an 18-month grace period,
EPA must apply either a modified highway construction ban or 2:1 offset
requirements.
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• Federal Implementation Plans. Within 2 years of a state's failure to develop an
adequate implementation plan, the federal government must develop and impose a
plan of attainment.

* Regional Transport Commissions. An 11-state northeast transport region is
established. Attainment areas in the region get requirements equivalent to moderate
nonattainment areas.

Other Provisions

Title II supplements Title I by adding new automotive tailpipe and evaporative
emissions standards, requirements for lower-emitting, reformulated gasoline in the nine
worst ozone nonattainment areas, reduced gasoline volatility, and a demonstration clean-
fuels program in California.

The Title IV permit program will improve emissions information, consolidate air
regulations under multiple titles, provide for improved enforcement, and pay for the
improvements to air quality management through a fee structure. Title VII adds a number
of new enforcement provisions that makes the Clean Air Act more enforceable and
consistent with recent environmental statutes. New authorities, such as "traffic ticket"-
like field citations to criminal felonies, are provided to match the penalty to the severity of
the violation.

FUTURE SCIENCE/POLICY CONCERNS IN US AIR QUALITY MANAGEMENT

Over the next several years, many of the problems that have confronted air quality
management will continue, notably developing comprehensive and reliable emissions
inventories, regional transport, the relative importance of NO* and VOC control, and rule
effectiveness. More recent developments include the effectiveness of alternative fuels and
strategies based on relative VOC reactivity. In the next few years, emerging information
on the effects of longer ozone exposures must be evaluated in reviews of the ozone air
quality standard. A significant opportunity/challenge will be efforts to harness the power
of market forces in producing incentives for improved controls on a variety of source
categories. Lastly, developments related to global changes in ultraviolet penetration and
climate change must be integrated into air quality management—both from the perspective
of combined control approaches and the effect of global changes on tropospheric pollution
formation and dispersion.
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INTRODUCTION

The New York State Department of Environmental Conservation (DEC) is responsible
for managing and maintaining environmental quality. The Department works closely
with the US Environmental Protection Agency (EPA) in developing and implementing
emission control strategies for meeting and maintaining National Ambient Air Quality
Standards (NAAQS) for criteria pollutants, namely, carbon monoxide (CO), sulfur
dioxide (SO2), nitrogen dioxide (NO2), ozone (O3), lead (Pb), and particulate matter (TSP or
PM10).

Despite an impressive achievement in the improvement of overall air quality in New
York during the last two decades, the State's programs for achieving CO and O3
compliance have not been very successful. In this paper, trends in air pollutant
concentration levels are presented, and the State's strategies to meet and maintain CO and
O3 NAAQS are briefly discussed.

AIR QUALITY DATA

Continuous air monitoring stations for criteria pollutants, acid deposition, and toxic
air contaminants are scattered throughout the state with a concentration of sites in the New
York City area. The measurement techniques and air monitoring equipment being used
by the DEC are described in the Division of Air Resources' annual report (DEC 1991).

TRENDS IN AMBIENT AIR QUALITY

Our data indicate that, during the past two decades, the annual mean statewide ambient
levels of SO2 have been well below the NAAQS of 0.03 ppm. Concentrations of SO2 at all 23
sites in the monitoring network have been significantly below the NAAQS threshold for the
past thirteen consecutive years. Also, all sites were in compliance with the short-term SO2
standard in 1990. The reduction in ambient SO2 levels throughout New York State during
the past twenty years is a result of sequential lowering of sulfur content of coal
(bituminous) and residual oil. Our data also show a similar downward trend in the TSP
levels and that the statewide average of PM10 levels declined to about 25 fig/m3 by 1990.
Annual NO2 concentrations showed little change during 1990, remaining below the
NAAQS of 0.05 ppm at all sites, and lead concentrations continued to decline, primarily
because of the removal of lead additives from gasoline.

Annual CO levels have remained stable or declined for the past few years while short-
term (1-hr and 8-hr averages) concentrations have declined during the past four years,
especially at locations of high traffic density. The locations currently designated to be in
nonattainment for CO are near Syracuse, in central New York, and New York City.
Ambient levels of ozone have not shown a consistent downward trend. The areas currently
designated to be in nonattainment for ozone are Niagara and Erie counties, in western
New York, and several counties along the eastern border of the state.
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ACHIEVING COMPLIANCE WITH O8 AND CO NAAQS

The geographical extent of the peak ozone levels measured in the northeastern United
States in the summer of 1988 showed that high ozone levels are a regional problem. This
suggests that regional strategies will be required to meet and maintain the ozone NAAQS
in the Northeast. Rao (1988) haB shown that, once a threshold level (say 80 ppb) has been
exceeded, the probability of that violation continuing for several days is very high.

The long-range transport of ozone and its precursors contributing to elevated ozone
levels in the northeastern United States could not be taken into account properly by models
such as the EKMA (EPA 1979), which was used in the preparation of the ozone State
Implementation Plan (SIP) for the New York Consolidated Metropolitan Statistical Area
in 1982. The EKMA is an inadequate modeling tool for the Northeast since it cannot handle
complex features such as spatial and temporal variations in emissions and meteorology,
interurban transport of ozone and its precursors, the multiday character of elevated ozone
levels, and the interaction of plumes from elevated sources with the ground-level plume.
Recent numerical modeling results reveal that substantial reductions in emissions from
sources in the Northeast would be required to meet the ozone standard in this region (EPA,
1991a).

By 1996, in severe ozone nonattainment areas, the 1990 Clean Air Act Amendments
(CAAA) will require a 15% reduction in volatile organic compound (VOC) emissions from
their 1990 levels. Thereafter, VOC emissions must be reduced 3% annually until the ozone
attainment year (2007 for the New York metropolitan area). New York's strategies for
meeting the 15% emission reduction requirement of the CAAA include enhanced
inspection/maintenance in the New York metropolitan area and the use of reformulated
gasoline. The adoption of California's Low Emission Vehicle Program for 1995 model
year vehicles will allow the state to comply with the 3% annual reduction. These mobile
source control strategies should bring CO nonattainment areas into compliance with the
CO standard. However, other stationary source controls in addition to the above control
programs might be required to meet the ozone NAAQS by 2007.

Recognizing the severity of the ozone nonattainment problem in the Northeast, as part
of the 1990 CAAA Congress created the Northeast Ozone Transport Commission (OTC);
this commission will coordinate the approaches adopted to address the ozone problem. As
the Chair of the OTC's modeling committee, New York is currently coordinating the
application of the EPA's Regional Oxidant Model (see EPA 1991a) to evaluate the efficacy of
various emissions control strategies for ozone attainment in the Northeast. It is
anticipated that these modeling simulations will be completed by early 1992 and that the
results of the Regional Oxidant Model (ROM) can be used in conjunction with the Urban
Airshed Model (EPA 1991b) to prepare SIPs for the Washington/Baltimore, Philadelphia,
New Jersey/New York/Connecticut, Boston, and Albany areas. These SIPs will be
prepared within the frame of the Regional Ozone Modeling for the Northeast program. The
CAAA requires the submission of ozone SIPs for the severe nonattainment areas using the
Urban Airshed Model (UAM) by November 15, 1994. By using a nested modeling approach
in which the UAM is driven with the ROM outputs, New York will develop emission control
strategies by November 1993 so that the SIP can be submitted by the due date.
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Panel Discussion
i

The concluding activity of the workshop was a question and answer panel discussion in
which questions from tike audience were posed to the panel composed of the invited
speakers. A few responses were given by other experts in the audience.

/
Question: If atmospheric lead concentrations are decreasing and there are simultaneous
measurements of blood levels, what is the correspondence? /

John Bachmann: A dramatic drop in the blood levels is found. /

Duncan Laxen: The US response doesn't seem to quite fit. In the UK, a modest decrease in
blood levels was found when the atmospheric levels decreased by a factor of two. Normally,
you would expect that blood lead was the result of several exposure pathways.

Homero Carvalho: In Brazil, there have been few studies. These studies show high blood
lead levels near high traffic areas, but there are no later studies to show trendw. '

Richard Halvey: In two studies where the lead came from stationary sources, the blood
levels remained high after the sources had been abated. A decrease in blood levels would
be expected where mobile sources dominate. In areas impacted by stationary sources, a
large effect would not be seen due to residual soil contamination.

Cristina Cortinas De Nava: In Mexico, 19-38% of the blood levels seems to be air related.
1983 results were lower in all cities than the 1981 results.

Cristina Cortinas De Nava: Concerning the establishment of maximum permissible
levels of agents, we need to distinguish between carcinogens and noncarcinogens. In the
past we assumed a threshold effect for noncarcinogens and linear effect with dose for
carcinogens. Our knowledge has changed; we now believe a linear effect with dose is
appropriate for lead, but we no longer believe that carcinogens have a linear dose effect
curve. We need people with biological knowledge.

S. T. Rao: We require risk assessment to set levels for air toxics. In toxics, uncertainties
are so large that we have no faith that we are doing the right thing. However, it's the only
rational approach we have.

Cristina Cortinas De Nava: We need to define high risks and protect against them first.

Question: What single recommendation would you make to strengthen the program?

John Bachmann: Should look at the price of unleaded gasoline to make sure that there is
not an incentive to use leaded gasoline in vehicles designed for unleaded gasoline. In
addition, the use of reformulated gasoline, with particular reference to lower Reid vapor
pressure, should be examined.

Peter Wiederkehr: You need information on the characteristics of unleaded gasoline and
price incentives for unleaded gasoline. Education is important; 80% of cars in Germany
are without 3-way catalyst and use lead-free gasoline despite a 6% price differential. Car
owners need detailed information about the effects of unleaded gasoline on their car's
operation. Lists should be published which describe which cars can use unleaded gasoline.

Homero Carvalho: Rather than retrofitting old cars, better results would be achieved by the
actual replacement of the taxi fleet with new, controlled vehicles through the use of
economic incentives, reduced taxes, or loans. Retrofitting of air-cooled Volkswagens will

126



Panel Discussion

not achieve good results due to the old engine design, increased gasoline use, and reduced
driv ability.

Question: What are the quantitative results of the success of mandatory no-drive days?

Richard Halvey: In Colorado, the only experience is with voluntary no-drive days, and
they don't seem to work. The problem with mandatory programs is enforcement and how
to change public behavior.

Lee Lockie: California highway studies have shown significant decreases in vehicle
miles traveled, but the reductions have not been attributed to any single factor.
Regulations require businesses with more than 100 employees to have a trip reduction
incentive program, but it is difficult to determine the effectiveness of the program.

Question: Have the incentives to get people out of their cars been successful, or are the cars
left at home used by other family members?

Lee Lockie: The cold starts of cars used to drive short distances to collection points for
carpools or mass transit may negate the gains of lower vehicle miles traveled.

Gary Honcoop: The experience with the Olympics shows what can work. The work hours
were altered and while overall VMT might not have changed very much, the peak was
smoothed out with air quality benefits.

S. T. Rao: Restrictions on parking and the high fees have reduced personal driving in
Manhattan. However, the taxi fleets have increased and become a real problem.
Conversion of the taxi fleets to clean fuels is being considered.

Lee Lockie: The district has a program of a 4-day, 10-hour-per-day work week which
rotates the work days to reduce driving, but the evidence indicates that people drive on the
non-workdays.

Anna L'Homme: Parking rates are very high in downtown Santiago, and the high levels
of congestion discourage personal driving in the downtown area.

Homero Carvalho: Lack of public transit makes it hard to convince people not to drive. We
have closed downtown streets during bad air quality episodes, but we didn't get good
results.

Peter Wiederkehr: You must provide alternatives if you want to discourage private car
use.

Francisco Guzmdn: The day-without-a-car program initially produced an excellent
response from the public. Now that it is compulsory, it still seems to be working.

Anna L'Homme: In Santiago, they had two months of two days a week without a car. They
noted that people made long-term changes in driving habits.

Homero Carvalho: In Sao Paulo, the programs had effect only on those people living and
working near subway lines.

Richard Halvey: In the state of Washington, the high-occupancy vehicle lanes were a
success. They had a program whereby people got identification cards and waited near on
ramps to be given a ride. In the longer term, telecomputing may help solve the problem.

Homero Carvalho: In Sao Paulo, the plans are to replace the taxi fleet because the VWs of
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the current fleet don't retrofit well. An important message is to keep the population on your
side. Three years ago the fuel company removed alcohol from fuels because of a shortage of
alcohol. The government passed a law which would permit vehicles to use fuel without
alcohol. However, air quality activists went to the people and described the implications of
fuel without alcohol. 5,000 people marched, and alcohol was put back in the fuel. You need
the people on your side.

Question: What is the rationale and the methodology for correcting ozone statistics for
temperature?

Bernard Made1: In Canada, we correlated temperature and hours of sunlight with ozone.
We found a strong correlation with temperatures above 30 degrees Celsius and
exceedances of the ozone standard. We are looking at ways to project exceedances.

S. T. Rao: It is difficult to correct for weather; there are large, unexplained variances
when linear-based relationships are used. Kovalz in Chicago has been doing trend
corrections.

Gary Honcoop: CA71B is sponsoring programs for smoothing year-to-year fluctuations to
give the probability of significant changes in ozone despite year-to-year variations in
meteorology.

S. T. Rao: A paper on the statistical analysis of urban air quality trends will appear in the
Journal of the Air & Waste Management Association near the end of the year. The effect of
the changes in emissions is difficult to separate out. Meteorology can change ozone levels
by 20 to 30%, equivalent to an emissions change of 60 to 70%.

Gary Honcoop: Watch out for those who would use the meteorological variability as an
excuse to weaken controls.

Peter Wiederkehr: There is an additional problem with regard to air quality in Mexico
because of the differences in pressure between the altitude of Mexico City and sea level.
Parameters which are expressed in micrograms per cubic meter, such as lead, are okay.

S. T. Rao: It should also be remembered that data from a monitoring station may be
misleading because of changes in nearby sources.

Question: What are the greatest uncertainties which hinder accurate air quality
assessments, and what are the lessons learned?

Richard Halvey: Economics and style of living that people want are most important. We
need to get everybody into the solution. It's hard for people to make tradeoffs between air
quality and economics or desired style of living. Economics don't dictate appropriate
behavior.

Lee Lockie: Uncertainty in emission inventories and air quality data and lack of
consensus on available technology and the effectiveness of the technology.

Peter Wiederkehr: We don't have a correct forecast of growth. We have uncertainties in
transport, solvents, and products. Real growth is always underestimated. We are not
prepared to cope with traffic growth.

Christina Cortinas De Nava: We don't realize what the 350 days per year of exceedances
mean. We don't have data on long-term, high levels at high altitude. I am particularly
worried about kids; we have large numbers of young people here. What are the costs of what
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is going on? We need public participation. We have not planned land use. We need to
know more about what's going on.

John Bachmann: Shouldn't just accept 0.11 as an appropriate metric for the special
conditions of Mexico City. We should put population density into the model grid and get
total population exposure. Also we need to get annual measures which help to define the
consequences of long-term exposures.

Duncan Laxen: We should take CO2 implications into account in the strategies. The
effects of using petrol are much different than using diesel.

Richard Halvey: We need to look at the environment as an entire system and consider
more than just one medium.

Anna L'Homme: There is not enough information passed from one group to another.
Experts tend to get into a field deeply and not communicate. We need more communication
among groups. We need to be able to put ourselves in the position of other interest groups.
For example, the transport union struck in defiance, but we communicated with the public.
The public reacted in a positive manner, and we were able to adopt strict measures. There
is a problem with negative exposure when people think nothing is being done, because the
technical people don't make the measures meaningful to the public. Role-playing is
important; one has to be able to put one's self in the place of others and give information in
a meaningful form.

Bernard Made: Its very important to involve everybody early in the development of the
management plan to pinpoint gaps. A second purpose is tell people why you are doing what
you are and how you came to your conclusions.

Gary Honcoop: Communication is critical, and it must be at the level of the people who are
actually doing what is required. The actions may have to fit with others' personal
agendas. You must consider the totality of society in which you are operating. Don't
promise what you can't deliver. Public information is very important; this is a complex
problem that will take a long time to resolve. The public must understand what's being
done.

Lee Lockie: We have recognized a serious problem in communicating from the agency to
the public. All agency employees, not just public affairs people, must communicate with the
public. All the employees are in a customer-service training program in which everyone is
regarded as a customer of the agency. We stress that agency employees should not talk in
acronyms.

Peter Wiederkehr: Daily society is not totally rational. There are lots of feelings and
undercurrents which influence actions. We should consider irrationality. For example,
in some countries, price increases alone will shift usage to unleaded fuels while in others
even a favorable price will not change habits. Experience in one country cannot be simply
exported to another country. We need to tout local efforts as opposed to merely nice
declarations. We must emphasize positive aspects and try to inspire people to do positive
things such as cycling in place of driving. We need to give people an attractive
alternative.

Lee Lockie: We have surveyed our population and over 70% of the people think little has
been done on mobile sources despite the fact that we have the best state program.

Anna L'Homms: Communication is hindered because of concern about increased
pressure. We need public opinion measurements.

Bernard Made: It is true that more information will result in more pressure, but it is a good
thing.
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Panel Discussion

Question: Are there back-of-the-envelope methods to do a sanity check on emission
inventories?

Bernard Matte: You can compare the emissions based on emission factors to the total
solvent supply.

Sergio Sanchez (DDF): This is especially helpful when there are no controls.

Peter Wiederkehr: Import/export statistical data can be helpful. You can also look at
sectors and extrapolate from the top down checking against bottom up. You can do a gross
balance by looking at production and export and import. We have found that sometimes the
bottom-up approach accounts for only 5% of the consumption.

Gary Honcoop: Ambient ozone trends didn't go down although the emission inventory
suggested they should, and the results for carbon monoxide were Bimilar. This led to a
reexamination of emission factors.

S. T. Rao: It is a complex question; there is no single answer. A quality assurance/quality
control program is now required. Ambient air quality could be used, and chemical mass
balance can be used to see if the ambient data and the emissions inventory are consistent.

Peter Wiederkehr: You can identify hot spots and then look at the air quality data to see if
it's consistent. For example, the spatial distribution of the emissions may suggest that
certain areas are dominated by particular source types so that we can examine the ratios of
various pollutants in the ambient air and see if they are consistent with the ratios in the
emissions for the source type.

Question: Does Chile have a long-term plan or is the master plan the only guideline?
How do you see the political climate in relation to environmental issues?

Anna L'Homme: The main problem is that air contamination is associated with land and
water contamination, and plans for environmental problems as well as resource
considerations are all short term. The Environmental Commission is reviewing all the
laws to provide a comprehensive view. Many past laws were in conflict with one another.

Political sensibility is influenced by the public. There is conscious intent in Santiago to do
something in immediate and medium term. Resources are also being approached in a
more rational way. There is increasing environmental interest, but the challenge is to
make the country grow and still protect the environment.

Question: How important is modeling to design of air quality control measures?

Peter Wiederkehr: There is a distinction between the UK and US and Europe. Modeling
plays a role in the UK and US, but it hasn't influenced much in Europe. The long-range
transport model confirmed earlier expectations. Europe generally takes a technology
approach; set percent reduction goals and see how it works out. NOX protocol modeling
doesn't drive it. Norwegians developed critical-loading concept.

Gary Honcoop: Modeling is used a lot in a defensive mode. The basic philosophy is that if a
particular source category is part of the problem it should also be part of the solution.
Modeling is a tool in the overall framework.

S. T. Rao: Modeling has not reached the point to drive the system. The approach has been
technology driven. For example, the NAPAP model was not used to make decisions about
acid rain. Modeling is sometimes used as an excuse to avoid action.
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Panel Discussion

Question: Do downwind locations experience higher ozone levels than urban core areas?
Axe these affects explainable in city VOC/NOX ratios?

S. T. Rao: You start with low VOC/NOx levels in the urban core, but the VOC/NOX ratios
increase as you move downwind.

Gary Honcoop: Yes, ozone peaks near the eastern edge of the Los Angeles basin. NOX

control might make the peak move back toward the center of the city.

Question: (for Francisco Guzmfin) Are you taking into account the transport of reactive
components? Are you including interactions between different control measures?

Francisco Guzm&n: Yes, we will take into account the transport of reactive components.
We will have a big campaign on chemistry in February. We will consider the effect of
combined measures; the linear programming model does consider some of them.

Question: What are the components of Phase II vapor recovery? What are the projections
of emission reductions and do they appear to be met?

Lee Lockie: Fifteen years ago, a system of Phase II vapor recovery was introduced. The
system includes modified nozzles at the pump and storage tanks which collect fumes for
later reuse. Initially, the systems weren't maintained and used properly so that they were
less effective than expected. Now, with strong enforcement, education, and outreach
programs they are much more effective. The expected reductions are about 140 tons per day
in VOC.

Gary Honcoop: Initially there were about 141 tons per day of emissions subject to control by
this method. By 1978 the emissions had been reduced to 57 and are now down to 35.

Lee Lockie: We expect that the benefits will continue as the maintenance and experience
with the system improve.

Gary Honcoop: Benzene control is a major advantage of the vapor recovery. Concern over
the toxic effects of benzene was a reason why we extended the requirements from the LA
basin to statewide.

Lee Lockie: Complaints from citizens have been very helpful in the enforcement process.
There is a 90 to 95% recovery efficiency if there is a strong enforcement program and
incentives.

Question: Are there examples in which model predictions have been borne out by
experience?

Gary Honcoop: The models have pinpointed problem areas.

S. T. Rao: The design of the ozone-monitoring network with EKMA didn't work out, but
when EKMA was considered with transport the localities of high impact were predicted.

Question: Is.improving the emission inventory the best way to improve the model results?

S. T. Rao: Yes, the inventory is a good way to improve the result. Unfortunately, the
monitoring people don't talk to the modelers, so we have a problem.

132



Panel Discussion

Question: Can the panel give us more guidance for this Mexico City project?

Bernard Made": You should look at both short-term and long-term solutions.
Transportation management, Bocial goals, and prevention should be considered.

Wayne Hardie: These are incorporated.

Bernard Made1: You may have to address 50 years in the future. Are things being done in
the prevention area?

Mike Williams: Perhaps Sergio Sanchez could address some of the prevention steps that
DDF has taken?

Sergio Sanchez: Water-consuming and polluting industries are not permitted to locate
within the DDF.

Question: Should we ask people, are surveys important?

Homero Carvalho: Surveys were very useful in putting controls on autos in Brazil.

Anna L'Homme: Surveys need to be in the context of a larger campaign; people need
information first.

Gary Honcoop: People ask why do I have to clean up if diesel trucks and buses don't? These
questions inspired checking on diesel controls. We need more on the values of the people;
we can take advantage of the forces that are there.

Cristina Cortinas De Nava: EPA has put together seven questions needed for risk
assessment. We must remember that there are several publics, not just one. Awareness of
these publics needs to be part of the design.

Anna L'Homme: Any survey needs to be part of an information program.

Lee Lockie: The wording of the questions is very important: Would you use a bus if it was
as convenient as your car?
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