




















Reducing the Uncertainty in Assessing
Environmental Risk

by Peter Preuss

Some people hate it; others love it!
Some people see it as a smokescreen
to mask political decisions not to
regulate; others see it as an essential
tool for making decisions in a
resource-limited society. There are very
few people who are neutral about the
issue. 1 refer, of course, to risk
assessment.

This tool, and particularly the
quantitative aspects of it, have been the
focus of controversy for many years.
Yet, under both former Administrator
William Ruckelshaus and current
Administrator Lee Thomas, EPA has
made a very strong effort to incorporate
risk assessment into its decision-making
process. Similarly, risk assessment has
begun to play an increasingly important
role in other federal regulatory agencies,
and in many state regulatory agencies as
well.

This heightened use of risk
assessment has fueled controversy about
the validity of using it, and has, at the
same time, added a significant new
component to the agenda of EPA’s
Office of Research and Development.

Risk assessment has been defined by
the National Academy of Sciences as
the use of available scientific
information and reasonable scientific
assumptions to evaluate the health risk
to people from exposure to hazardous
materials and situations in the
environment. Risk assessment, in the -
Academy's term, consists of four parts:

® Hazard identification involves
gathering and evaluating information on
the types of health injury or disease that
may be produced by a chemical and on
the conditions of exposure {e.g.
inhalation, ingestion, or skin absorption)
under which the injury or disease is
produced.

® Dose-response assessment describes
the relationship between the amount of
a chemical taken up by the body and
the incidence or seriousness of the
injury. This includes extrapolation from

animals to people and from the high
concentrations used in an experiment to
the trace amounts likely to be found in
the environment.

® Exposure assessment describes the
kinds of people exposed to a chemical
{whole populations, children, expectant
mothers, etc.) and the magnitude and
duration of that exposure.

® Risk characterization is a summary
statement of the likelihood of injury or
disease resulting from exposure to that
chemical, and a description of the
uncertainties associated with the
assessment.

Each of these four components is
based on current scientific thought, and
utilizes chemical, physical, and
biological data to estimate risk. In
almost all cases, however, the scientific
bases for assessments are global
unifying theories, and these are often
inadequate to deal with the specifics of
a particular assessment.

For example, our assessments of the
carcinogenicity of chemicals are based
on currently accepted theories of how
carcinogens act, and how they influence
the genetic material in the incorporation
and reproduction of information so that
a healthy cell is turned into a cancerous
clone. Nevertheless, our theories are
generally incapable of explaining how
individual chemicals act to produce a
specific carcinogenic effect.

Similarly, while we use modern
methods to measure concentrations of
chemicals in air, water, and food
sources, our exposure assessments are
too imprecise to tell us the actual
amount of a specific chemical to which
a person has been exposed. This is in
large part because pollutants
continuously move through the
environment and people do not stay in
one place.

As a result of these gaps in our
knowledge, theories, and data, we are
required to use a series of assumptions

in our assessments. These assumptions,
coupled with the errors in our
experimental data and our models,
introduce rather large uncertainties into
our assessments. These assumptions and
uncertainties lie at the heart of the
controversy about the use of risk
assessment.

Perhaps a simple example would be
useful at this point. Let us suppose that
we have studied Chemical A in a
long-term animal test and have found
that it produces a significantly increased
number of tumors, of several types, in
both male and female mice and rats.
Suppose, in addition, we had looked at
the presence of Chemical A in the
environment, and found traces of it
in certain food products, in the ground
water in several parts of the country,
and emitted into the air from several
manufacturing facilities.

In order to assess the risk to people
exposed to Chemical A, we must first
assess whether or not this substance is
likely to be a carcinogen in humans
(extrapolation from animals to people);
then we must assess whether or not
there is likely to be a risk at the low
doses to which people are exposed
{extrapolation from the high doses in
the animal study to the trace amounts
observed in the environment); and then
we must assess the extent to which
selected groups of people, or perhaps
even the entire population of the United
States, are exposed to this chemical
{extrapolation from limited monitoring
and emissions data). Other assumptions
and uncertainties also underlie our risk
assessments.

In response to this dilemma, the
Office of Health and Environmental
Assessment in EPA’s Office of Research
and Development has started a research
program specifically designed to reduce
some of the uncertainties in risk
assessment. Currently, scientists are
working to lay out the assumptions that
are used in our assessments. A work
group will review these assumptions
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How Researchers Are Learning
Ozone's Health Effects

by William McDonnell, lll, and Donald Horstman

unning in the Los Angeles area on
Ran August afternoon may well be the
ultimate jogging nightmare, but some
brave souls are actually volunteering to
do it. Only they're not actually doing it
by the side of the road in Los Angeles.
These runners are volunteers in EPA’s
Health Effects Research Laboratory
{HERL) in Chapel Hill, NC. Their track
is a treadmill in a computerized, ozone
exposure chamber, and their goal is to
assess the human health effects of
exposure to ozone under conditions
which mimic those found in many
urban areas of the United States.

Ozone is one of six “criteria” air
pollutants for which the Clean Air Act
requires EPA to set standards
specifically protective of human health.
A chemical oxidant and major
component of photochemical smog,
ozone can seriously affect the human
respiratory system, and is one of the
most prevalent and widespread of all
the criteria pollutants.

Although the current standard for
ozone is set at 0.12 parts per million
{ppm), many areas of the country are
not in compliance with this standard,
and studies have shown that ozone is
harmful at concentrations above the
current EPA standard. To ensure that it
provides adequate protection, EPA
reviews the standard periodically. But
to do this, EPA needs to identify
precisely why, how, and to whom ozone
effects occur.

There are several ways to do this,
including animal, epidemiological, and
clinical studies. Animal and
epidemiological studies can be very
useful for examining acute and chronic
exposure effects, but standards to
protect human health can not be based
upon these alone. For that, we need
clinical studies—and volunteers.

HERL's ozone study volunteers range
in age from teenagers to senior citizens,
and include students, faculty, and staff
from local universities, as well as
townspeople and medical professionals

from around EPA’s Chapel Hill research
facility. Although some volunteer just to
earn a few extra dollars or to have a
thorough physical examination for free,
many participants are in the health and
scientific fields and have professional
interests in the studies.

Regardless of their motives, however,
all volunteers are rigorously screened
for existing or potential physical and
psychological problems. This screening
includes a medical history,
psychological testing, comprehensive
blood tests, and a complete physical
examination. To ensure that they
understand their part in the studies,
participants must study and sign a
consent document which has been
reviewed by the University of North
Carolina Medical School’s Committee
on the Protection of the Rights of
Human Subjects, and which explains
any potential risks.

Exposure experimenis vary, although
ozone concentrations rarely exceed
those of Los Angeles on a very smoggy
day; most of the studies, in fact, are
conducted at levels near or below the
current standard of 0.12 ppm. Most
exposures last from one to two hours,
although some may go as long as seven
hours in order to simulate exposure
conditions in the real world. Because a
given exposure level produces much
smaller effects on people at rest, many
of the experiments include exercise on a
treadmill to simulate brisk uphill
walking. Very {it athletes, such as
marathon runners, also participate and
run on treadmills.

Tests take place in stainless steel
exposure chambers controlled for such
factors as temperature, light, humidity,
and pollutant concentrations, and
equipped with redundant alarm systems
to prevent any deviations. This facility
is unique. It is highly sophisticated,
using modern computer technology,
allowing the most carefully controlled

exposures possible as well as
measurement of subtle physiological
responses.

Before, during, and after exposure, the
volunteers are measured for
physiological performance and their
subjective experience of pain,
discomfort, and other symptoms.
Investigators are present at all times
during the experiments, as is a
physician. Aside from a few faints and
episodes of light-headedness, however,
the ozone studies have been free of real
emergencies—a tribute to the quality of
the facilities and the careful planning
and care by the investigators.

HERL’s volunteers have already
provided us with some very important
facts. They've proved that exposure to
acute ozone conditions—equivalent to
0.3 ppm, or what Los Angeles routinely
experiences on a bad day—can cause
chest pain, coughing, and shortness of
breath, as well as limit people's ability
to perform physically.

But the most surprising fact to emerge
from the volunteer studies is that
normal responses to 0zone exposure
vary enormously. Among healthy, very
similar males 18 to 30 years old, for
example, identical ozone levels caused
acute discomfort for some, while not
bothering others at all. Clearly, such a
finding has important implications for
setting the ozone standard, especially
considering the law’s requirement for an
adequate margin of safety. It means that
we need to study further the
mechanisms by which ozone affects
respiratory systems, as well as identify
previously unsuspected effects and
groups who may be more sensitive to
ozone risks than others.

Those groups include not only
joggers, but children, the elderly,
asthmatics, cyclists, outdoor workers,
and pedestrians—anyone, in fact, who
exerts himself outside. The published
data from research conducted in the
EPA clinical facilities have been used
directly to establish the national
ambient air quality standard for ozone.

Thanks to the volunteers and Agency
scientists at Chapel Hill, EPA will be
better able to carry out its mission to
protect the health and environment. o

(Dr. McDonnell is a research medical
officer in the Clinical Research Branch
at the Health Effects Research
Laboratory in North Carolina. Dr.
Horstman is chief of the Physiology
Section in the same branch. Assisting in
preparing the article was Mary Ellen
Radzikowski, a program analyst with the
Office of Health Research in EPA’s
Office of Research and Development.)
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rather quickly once pollution is
stopped.

Following this study, research at
MERL turned to the effects on the
marine environment of various added
amounts of nitrogen, phosphorus, and
silica—additions such as would come
from an ideal, 100 percent-efficient
sewage treatment plant.

A series of nutrient loadings, ranging
in amount from the average loading fed
into Narragansett Bay to that of the
inner New York Bight, was applied to
the test beds.

At lower loads, production and the
total amount of all trophic (food) levels
was enhanced. At higher loads, massive
shifts in species composition and
community dynamics were observed.

The experiment was particularly
valuable for indicating at what level of
nutrient loading detrimental effects to a
system can be observed. Although the
experiment examined a wide variation
of nutrient loadings, detrimental effects
were observed only at the level
currently impacting the Providence
River. They were not observed when

lower rates of nutrient loading occurred.

Many systems throughout the country
are now approaching the same loading
rate as the Providence River. But many
other systems are, in fact, negatively
impacted by a much lower rate due to
stratification or slower flushing of
pollutants from their waters. As a
system is observed to be approaching a
detrimental level, it becomes obvious
that management decisions on alternate
disposal sites or solutions need to be
made.

Once MERL researchers knew the
effects of pure nutrients, they turned to
the problem of complex effluents, such
as sewage sludge, on the system. There
have been many efforts to assess sewage
sludge disposal in the past, but the
controlled mesocosm experiment at
MERL offered an opportunity. In the
laboratory tanks, the researchers could
quantitatively assess the fate of sewage
sludge components, their effects on
plankton and other benthic (bottom)
marine organisms, and the levels of
sludge addition that cause detrimental
effects.

As expected, the study found that the
assimilative capacity of sludge was
much lower than that of the nutrients
per se, due to the demand for additional
oxygen generated by carbon in the solid
sludge. The experiment quantified the
rate of sewage sludge addition to water
that caused hypoxia, or low oxygen
concentration, eventually leading to fish
kills. The study concluded that, at
summer temperatures, sludge amounts
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in excess of one gram of carbon per
square meter per day will at first cause
changes in zooplankton and benthic
community structure and, finally,
hypoxia, or oxygen depletion, in
shallow water.

In addition, the experiment also
discovered that sewage sludge settled to
the bottom more rapidly than previously
predicted. Hypoxia, therefore, was also
likely to occur in deep water.

Results of the experiment were
consistent with field studies. The
detrimental effects that were observed
were all due to the depletion of oxygen
from the water column by sewage
sludge addition. No direct toxic effects
were attributed to the sludge treatments,
but this may have been due to the short
duration of the experiment or the
generally lower concentrations of
toxicity in the sludge examined.

The earlier nutrient experiment had
raised an interesting hypothesis and,
following the sludge study, researchers
decided to test it. The nutrient
experiment seemed to suggest that an
abundance of silica in the sewer
discharge led to more favorable
progression of nutrients up the food
chain, from tiny diatoms (algae) to more
preferred species such as fish. When
silica was lacking, less desirable
progression seemed to occur, leading to
such undesirable species as jellyfish. If
this were true, researchers wondered,
would it be possible to “control”
eutrophication and guide the nutrition
enrichment process in a direction
leading to economic benefits from an
improved fish catch?

The resulting experiment settled the
question, but, unfortunately, not to the
degree hoped. Adding silica did result
in improved progression up the food
chain to more desirable fish species,
and did result in increased fish size. But
the magnitude of the response was not
sufficient to justify the effort. While the
hypothesis proved correct, only a small
percentage of change in fish size was
observed. To be effective, a much larger
increase in fish size would be required.

In 1986, MERL became part of a much
larger three-level experiment looking at
single species, mesocosm, and field
studies of the same sewage effluent. The
purpose of this study is to compare the
three approaches for assessing toxicity
of sewage effluent in marine
environments and to verify
single-species tests and their
predictability.

The classic approach—and still the
hallmark and workhorse of regulatory
action today—is single-species testing
for toxicity. The problem with this

approach is that it can't predict what
other components in an ecosystem also
change due to sewage discharge.
Mesocosm studies, however, can allow
such prediction and at the same time
add scientific credence to single-species
testing. They can show when it is
appropriate to use single-species testing
and when it is not. Mesocosms can also
test the validity of laboratory findings
and determine what can or cannot be
extrapolated to the field.

In addition, mesocosms are excellent
mechanisms for testing mathematical
models. While such models are well
adapted to sensitivity analysis, they are
not necessarily good predictors of
complex interactions. Interaction,
replication, and complexity are the forte
of the mesocosm.

In the decade since the MERL was
built, it has been a remarkable success.
Two aspects of this success are of
particular interest and use to EPA.

@ First, it has offered the possibility

of studying an ecosystem by changing
various parts of it in a realistic and
meaningful way, thus moving ecosystem
research from being an almost purely
observational science towards being an
experimental one. As EPA is more
aggressively concerned with protecting
the environmental values, the
importance of this research to EPA in
general, and specifically as applied to
coastal ecosystems, cannot be
overemphasized.

e Second, the MERL can get
ecosystems data on transformation, fate,
and effects of pollutants in coastal
ecosystems, thereby providing actual
numbers that can be used by EPA and
state permit writers, enforcers, etc.

EPA funding, augmented by the
National Science Foundation, the
National Oceanographic and
Atmospheric Administration, and the
Andrew W. Mellon Foundation, enabled
researchers from different disciplines to
be team players, with time to gain a true
perspective of what a complex system
like MERL can model.

Researchers from EPA; Woods Hole
Oceanographic Institution; Cornell; the
University of Rhode Island; the
University of Connecticut; Dalhousie
University, Halifax, Nova Scotia; the
University of Stockholm; the Marine
Biological Laboratory, Woods Hole; and
the University of North Carolina; as well
as other institutions, have already
utilized the facility. O

(Carole Jaworski is a consultant at EPA’s
Marine Ecosystem Research Laboratory
at Narragansett, RI.)
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Even though nature seems to
be constantly evolving new
forms of life, there is
considerable apprehension
when this process is controlled
by man.

Pseudomonas, thus altering the genetic
make-up of the original organism by
eliminating only a portion of a gene.

Laboratory experiments demonstrated
that these “manufactured” ice-minus
bacteria prevent frost damage down to a
temperature of about 23 degrees F.
Normally, frost damage occurs at about
28 degrees F.

The controversy surrounding these
bacteria erupted when both research
groups applied to EPA for an
experimental use permit to test the
bacteria in the field, as required by the
Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA), which
requires pesticides to be registered by
EPA. The altered bacteria are considered
a pesticide because their intended use is
to control the ice producing “pest,”
ice-plus strains of Pseudomonas
syringae.

One could ask, why use genetic
engineering to control frost when there
already are conventional methods such
as spraying water, burning smudge pots,
or using wind machines? Each of these
methods is effective under certain
conditions, but each also has
operational, economic, or environmental
limitations. Spray irrigation requires
large amounts of water and is ineffective
when wind or other factors prevent
continuous wetting of the plant; smudge
pots burn fossil fuels; and wind
machines require electricity.

The use of ice-minus bacteria does
not involve adding “new” genes to the
environment, or the creation of a new
life form. Instead, it artificially creates a
strain of bacteria by removing a piece of
a gene. The resultant organism is nearly
identical to the bacterium that occurs
naturally.

Nonetheless, some citizens worried
about how these tests would affect
them. Concerns ranged from fear of
increased cancer risk to the possibility
of agricultural crops becoming
contaminated with harmful bacteria.
There is concern that crops from the test

areas might be boycotted, with resultant
economic losses.

There are also scientific questions.
While it is controversial, some scientists
believe that the ice-plus strains of
Pseudomonas have several significant
broader ecological roles, including
influence on patterns of rain and snow,
and possibly on the geographical range
of frost-tolerant plants. Scientists know
that the ice-minus and ice-plus strains
have almost equal ability to compete in
nature and that, in a competitive
situation, the strain with the initial
advantage in numbers is likely to
become dominant for some short period
of time. A few worry that, where there
are low or non-existent natural
populations of Pseudomonas, the
ice-minus bacteria could proliferate and
produce unknown environmental
consequences. Other scientists contend
that it is extremely unlikely that
sufficient numbers of ice-minus bacteria
will leave the experimental plots to
become established as the dominant
strain. Recently, a panel of expert
scientists advised EPA that there was
little if any risk involved in introducing
these bacteria under test conditions into
the environment.

Field tests are necessary to evaluate
the effectiveness of the bacteria. Prior to
last April, all experiments were
conducted in the laboratory. It was not
known whether or not the ice-minus
bacteria would be effective in the
natural environment. The final
determination can be made only where
the bacteria compete with a diverse
array of naturally occurring bacteria
under naturally occurring weather
conditions.

EPA approved the experimental
release of these organisms at two
different locations. The release of
ice-minus bacteria by AGS took place
on strawberries near Brentwood, CA.
The University of California released its
bacteria on potato plants at Tulelake,
CA. As part of the permit conditions,
scientists from EPA’s laboratories at
Corvallis, OR, and Las Vegas, NV, are
determining if there is movement of
bacteria off the spray sites. A detailed
plan was developed to determine how
far downwind the organisms could be
detected with air sampling units.
Sampling was to continue for up to 49
days following the release, depending
on whether bacteria were detected in
the samplers.

A variety of sampling devices are
being used, ranging from complicated
mechanical samplers that allow

Laboratory experiments
demonstrated that these
“manufactured” ice-minus
bacteria prevent frost damage
down to a temperature of
about 23 degrees F.

scientists to estimate the numbers of
bacteria in the air over time to simple
plates of agar that grow bacteria. Since
plants can “capture” bacteria, portable
trays of oats were also used to monitor
the movement of bacteria. These plants
have an additional advantage over
conventional mechanical devices since
they can integrate sampling over long
periods of time.

Ice-minus bacteria are only one of
innumerable bacteria that are being
engineered for a myriad of uses. Many
are naturally occurring microorganisms
that are being released in large numbers
into new environments; others are new
forms of life genetically engineered for
specific purposes. Genetically
engineered microbes (GEMs) have
tremendous potential for helping
society. Because of the potential
benefits, a large biotechnology industry
has already emerged. However, until the
last several years, little has been done to
assess the ecological fate and effects of
such engineered microbes. There will be
increasing pressure on EPA to evaluate
new biotechnology products in a safe,
efficient, and effective fashion. Studies
will continue to be needed that employ
a variety of scientific tools such as
simple laboratory tests, microcosm
studies, and finally, when we believe
that any risks are minimal, full-scale
field studies. o

(Dr. Kibby is chief of the
Toxics/Pesticides Branch in the
Agency’s Environmental Research
Laboratory in Corvallis, OR.)
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acidic or acid-sensitive? Their response
to the question was to create the
concept that became the National
Surface Water Survey (NSWS).

The survey’s objective was to describe
the broadscale current impacts of acidic
deposition on our nation's surface
waters and to provide a basis for
forecasting future impacts. This meant
making measures on hundreds or
thousands of lakes and streams, rather
than just one or several sites as had
been done in the past.

Although a regionally designed
ecological study was not an entirely
new idea, the Corvallis scientists along
with a sister laboratory (Las Vegas)
took several innovative steps to ensure
that their approach would be more
successful than previous efforts to
collect comparable information on a
regional scale. The ecological basis for
their design was that biological
communities, physical and chemical
landscape features, and the chemistry of
lakes and streams are naturally
organized into areas or regions in such a
way that there is greater similarity
within a region than there is between
different regions. Historical events
responsible for these patterns include
geological activity such as glaciation
and erosion, and climate patterns.
Collectively, these ecological elements
determine the chemistry and biology of
surface water. Although these ecological
patterns are obvious to all of us as we
travel across the country and see
grasslands, forests, plains, and
mountains, defining them scientifically
is extremely difficult.

Step one in using these natural levels
of organization to create the desired
regional approach to the survey was
the development of a Total Alkalinity
Map of the United States in 1983.
Corvallis geographers used regional
ecological analysis methods to display
broad areas that were potentially
sensitive to acidic deposition because of
their low surface water alkalinity (a
measure of the water’s ability to
neutralize acid). The map gave
policy-makers and scientists an
indication of possible problem areas, but
offered no scientifically defensible
projection of the number of acidic or
sensitive surface waters within a given
region—data described as critically
important by EPA policy-makers.

The next step was to develop a
statistical base for the survey. The
alkalinity map plus information on
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vegetation, geology, soils, and land use.
After painstakingly interpreting and
mapping these data for the entire United
States, the scientists were able to define
regions of the U.S. likely to contain the
majority of low alkalinity lakes and
streams. Regions such as the Northeast
could then be furthef subdivided into
subregions, such as socuthern New
England, to better define areas of
ecological similarity within which the
lakes and streams survey would be
performed.

Next, the lakes and streams in these
areas were selected on a statistical basis
so the scientists could ultimately
estimate with a high degree of precision
the total number of acidic and low
alkalinity lakes and streams within each
region surveyed. Water samples were
collected during a very short perioed
when conditions were relatively stable
to provide an “index sample” that gave
the scientists a clear picture of the water
chemistry within a given region.

For example, 155 Adirondack
Mountain lakes in New York were
sampled during the NSWS study.
Because of the way the lakes were
selected, the samples were used by EPA
scientists to estimate the chemical status
of the 1,290 lakes in the Adirondack
subregion. They concluded that at least
138, or 10.7 percent, are acidic. They
also estimated that as many as 190
could be. This higher estimate is
referred to as the upper confidence
bound—probably the highest number.
The upper-confidence bound magnitude
varies from area to area, depending on
the total number of lakes in the area and
the percentage actually sampled. In the
Southern Blue Ridge subregion, where
94 out of 258 lakes were sampled,
scientists could be mor: confident of
their statistical estimates, whereas the
confidence bound is greater for an area
such as the Upper Great Lakes, where
they sampled only 141 lakes out of an
estimated 4,515.

The regional approach is a
breakthrough in our ability to apply
sound ecological theory to scientific
questions related to a large area or
region instead of being limited to a

Acidic deposition that may
make lakes and streams
inhospitable to aquatic life is
challenging ecological science
with an unprecedented set of
policy questions.

single lake, stream, or local ecosystem.
The National Surface Water Survey has
shown that policy-makers, dealing with
significant questions requiring regional
or national ecological assessments, can
be provided with the information they
need for making regulatory and other
risk management decisions. Specific
answers to specific questions—where
are the most acid-sensitive streams in
the Appalachians located, for
example—are available from the
chemical data compiled by NSWS
studies. And with those data we can
further refine the regions of concern,
create new subregions, or merge others.
The information gained from these
regional studies shows us how we can
better define regions according to the
problems we are trying to solve. NSWS,
in fact, is the first regional application
of this new approach.

This does not mean EPA is no longer
interested in detailed research at
individual sites. There will always be a
need for studies of specific lakes and
streams. But now we have a tool for
determining how such a study site
compares to other surface waters within
a region or to select sites for additional
research that best represent a region.

A marriage between geography,
ecology, and statistics, the new regional
approach to answering questions about
acidic deposition is a major
improvement over previous methads,
and it needn’t stop with acid rain
research. Already, Corvallis scientists
are using the ecoregion approach for
practical applications at the state level.
For example, an ecoregion map of Ohio
provides Ohio water-quality managers
with a picture of the state’s natural
water-quality patterns. The Corvallis
loboratory has developed similar maps
for Arkansas, Minnesota, and Oregon.
Using the information shown about the
regional patterns, the state officials can
tailor their cleanup efforts for maximum
effectiveness.

And, as scientists and managers gain
experience with this new tool, it is
anticipated that the regional approach to
answering environmental questions will
become an increasingly important part
of environmental research.o

(Dr. Wilhour is chief of the Air Branch
at EPA's Environmental Research
Laboratory in Corvallis, OR.}
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Surprising Results from a New Way of
Measuring Pollutants

by Lance Wallace

ost people probably assume that

the air inside their homes is better
than the air outside a New Jersey
chemical plant or a Los Angeles
refinery. But according to a recent EPA
study, this is not the case. The air in
their homes is likely to be worse.

That’s one of the surprising
conclusions of EPA’s five-year, Total
Exposure Assessment Methodology
(TEAM) study, which measured
personal exposures to 20 toxic and
carcinogenic compounds for 600
persons in seven U.S. cities. Included
were two of the most concentrated
chemical manufacturing and petroleum
refining areas in the world:
Bayonne-Elizabeth, NJ, and Los Angeles,
CA. Yet even in these urban-industrial
locations, and for every one of more
than a dozen prevalent chemicals, the
mean personal exposures exceeded
outdoor concentrations by 200 to 500
percent. Validated by other researchers
and by EPA’s own follow-up studies,
the results clearly suggest that the major
sources of potentially harmful exposure
are in our own homes.

Some of these sources have already
been identified, although others remain
unknown. For example, the TEAM
study has shown that the major source
of benzene and styrene exposures for
about 50 million American smokers is
the smoke they inhale from their
cigarettes. This smoke also affects
nonsmokers, because the air in smokers’
homes averages 30 to 50 percent higher
concentrations of benzene and styrene
than the air in homes of nonsmokers.

Tobacco smoke is not the only
culprit. The study also implicates a
large number of consumer products and
building materials as sources of
household exposure, including such
common items as paints, adhesives,
carpeting, linoleum, wallpaper, and
moldings. Other surprising compounds
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found in households include
tetrachloroethylene from dry-cleaned
clothing, para-dichlorobenzene from air
fresheners and room deodorizers, and
airborne chloroform released by normal
domestic hot water uses such as
showers, clothes washing, and

cooking.

Another common source of exposure
to harmful chemicals is the use of
pesticides in the home. The initial
results of an EPA study currently
underway in Jacksonville, FL, and
Springfield-Chicopee, MA, found that
three out of nine homes sampled in
Jacksonville had measurable levels of
13 to 14 pesticides in the air. The same
study showed that at least 80 percent of

People can do a great deal to
lessen their exposures without
waiting for government
regulations or major technical
advances.

people’s airborne exposure is occurring
in their own homes.

These major and previously
unsuspected sources were identified by
using small, personal monitors to
directly measure the daily exposures of
a representative sample of the
population; the results of these
measurements suggest a significant
indoor pollution problem, with
implications for both acute and
long-term health effects.

More frequently found in offices than
homes, acute effects are sometimes

called “sick building syndrome”, and
may be caused by a mixture

of organic compounds released

by paints, adhesives, carpet, rubber and
plastic products, particleboard, etc. In
fact, some scientists have been able to
reproduce sick building syndrome in
sensitive persons by using a mixture of
these typical chemicals. Although some
people may be permanently affected by
these acute reactions, and many are
temporarily affected, it may be that the
most important effect is not on health
but on productivity. A nationwide poll
indicated that 25 percent of workers in
the United States believe that air quality
in their workplaces affects them
adversely.

Chronic effects are much more
difficult te quantify. Some of the
measured chemicals cause cancer in
animals and may cause cancer in man.
Benzene, for example, is known to
cause leukemia in humans, and two
recent studies have shown significantly
increased leukemia mortality in the
children of smoking parents. While we
do not yet have satisfactory estimates of
risks due to other chemicals found in
the study, because of the lack of human
studies to determine their
cancer-causing potency, the observed
personal and indoor exposures average
three times greater than outdoor
exposures.

These risks are not inevitable,
however. People can do a great deal to
lessen their exposures without waiting
for government regulations or major
technical advances. They can dispose of
or store properly old paint cans,
solvents, and pesticides, and minimize
or eliminate the use of nonessential
products such as room deodorizers. Dry
cleaning can also be minimized, and
freshly cleaned clothing can be hung
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ROM tracks the concentrations
of 28 chemical species,
including ozone, and 70
chemical reactions among
these species.

NC, began work on the Regional
Oxidant Model (ROM). This

model is designed to provide a means of
developing and testing ozone control
strategies that will take into account the
chemical and physical processes that
are important in multi-day, long-range
transport of ozone and its precursors,
including plant-released biogenic
hydrocarbons. ROM spans an area from
mid-Ohio to Portland, Maine, and from
Northern Virginia well into Ontario.
This rectangular area is divided into
2,520 grid “squares,” roughly 12 miles
on a side. Each of these is divided into
three vertical levels, or grid cells, of
varying thickness that simulate clouds,
variations of wind speed and direction,
mountain effects, atmospheric
inversions, turbulent mixing, and other
meteorological processes. Within each
of its 7,560 grid cells, ROM tracks the
concentrations of 28 chemical species,
including ozone, and 70 chemical
reactions among these species. The rates
of the reactions are functions of the
local temperature, air density, humidity,
sun angle, and cloud cover in each cell
at each hour.

The land area within each grid square
is partitioned into sub-areas according
to land usage, e.g., urban land,
agricultural land, deciduous forest,
water, and five other categories. This
information is used to estimate surface
heat variation and terrain and building
resistance to wind needed in calculating
turbulence effscts. It also helps to
estimate dry deposition of each of the
28 kinds of chemical.

Emission rates of each primary
chemical pollutant from both man-made
and plant sources in each grid cell are
also determined. Emissions from
man-made sources are based on state and
county inventories of fuel usage, traffic
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counts, chemical processing, electric
power production, wood burning, and
many other processes; emissions from
plant sources are based on estimates of
the dry foliage mass of 61 species of
trees, 10 types of field crops, and two
groups of grasses compiled for each grid
cell from detailed Forest and
Agricultural Service records. These
biomass data are combined with
empirical emissions factors for each
species, and hourly temperature,
sunlight, and cloud cover data to yield
biogenic hydrocarbons emissions rates
that vary according to local weather
conditions in each grid square.

Finally, ROM also uses meteorological
information: temperature, humidity,
wind speed and direction, etc. These
data are gathered from weather records
taken during times when maximum
ozone levels were abserved.

Once all the input data are available,
the computer begins producing values
for concentrations of each of the 28
chemical species in each of the 7,560
grid cells for each simulated 30-minute
time interval. To simulate one day, for
example, the computer must perform
nearly 100 billion computations and
process tens of millions of data values.
On EPA’s IBM 3090 supercomputer, this
task takes about two hours. The cover
photo of this issue of the Journal is an
example of the model’s output, generated
by the computer based on ozone
concentrations predicted by the ROM.

Thus, the ROM is essentially a
numerical analog of a scale model of the
northeastern United States, allowing
policy planners or engineers to
manipulate emissions, land usage, and
weather conditions in any desired
manner to estimate their likely impact
on air quality. The most common
application is the assessment of the
changes in ozone levels that would
result from specified changes in

hydrocarbon and nitrogen oxide
emissions at one or more locations,
Applications of this type are being
planned to aid the development of
emissions control strategies for the
Northeast for the period after the 1987
ozone-level attainment deadlines.

The ROM can also be used for
diagnostic purposes. For example, in a
given ozone nonattainment area, the
model can estimate the fraction of the
ozone that is generated from imported
precursor chemicals and the fraction
produced from local precursor
emissions. Applications of this kind are
underway to help guide post-1987
control strategy planning and to provide
information that Congress can use in its
work on the reauthorization of the Clean
Air Act.

Perhaps the ultimate regulatory use of
a mode] like the ROM would be as a
component in a larger modeling system,
one that could evaluate specified
maximum permissible concentrations of
each regulated pollutant and the cost of
emissions controls for each source, and
then calculate the least costly control
strategy to satisfy air quality
requirements. The mathematical
techniques to build such a system are
available today, but a computer at least
100 times faster than EPA’s present
supercomputer would be required to
make any implementation feasible.
Indeed, the future of large models like
the ROM will be determined largely by
advances in computer technology. o

{Dr. Lamb is a meteorologist with the
National Oceanic and Atmospheric
Administration on assignment to EPA’s
Atmospheric Sciences Research
Laboratory in Research Triangle Park,
NC))
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Helping to
Ensure Safety in
Nuclear Testing

by Charles Costa

well or some other point of discharge.
This contaminated portion of the aquifer
can serve as a source of ground-water
pollution for decades.

When the plume of contamination
leaves the source area, it is depleted of
oxygen. However, diffusion and
dispersion of the ground water
ultimately bring the plume into contact
with surrounding oxygenated water;
when this occurs, the microorganisms'
ability to degrade the dissolved waste
compounds is restored. Under such
favorable circumstances, many
plumes—the areas of contaminated
water—have a natural limit to their size.
Since the rate of degradation is,
effectively, the rate at which oxygen can
be introduced to the plume, it is often
possible to predict the ultimate size and
location of the plume from the
concentration of the contaminant and
the supply of oxygen in the aquifer in
which it is harbored.

EPA and state regulatory agencies
need tools that can predict the
maximum extent of existing plumes and
forecast the effects of various remedial
activities on their size. One such tool, a
mathematical model called BIOPLUME,
is being developed by EPA and Rice
University. The model is based on
several years of subsurface
microbiclogical research led by our Ada
laboratory, whose scientists have pulled
together a multi-disciplinary team of
microbiologists, hydrologists, geological
engineers, analytical chemists, and
computer scientists. The model will be
supported by a manual which provides
guidance on appropriate use of the
model, and contains standard operating
procedures to obtain the site-specific
information required for its use. A
version of the model, designed to run
on an IBM AT personal computer, will
be ready for general distribution late
this year.

Although it is possible to reduce the
size and life expectancy of contaminant
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plumes by the addition of oxygen and
other nutrients, some may not require
remedial action because natural
processes alone are adequate. If the
hydrogeology of a contaminated site
permits these natural processes to be
characterized, BIOPLUME can be used
to address the fate of the plume. It can
also be used to estimate the effects of
remedial action technologies.

Although the scientific basis of
biorestoration is well understood, actual
application of the technology to
hazardous waste sites is inhibited by a
lack of information on its performance
at field scale. There are a number of
research projects now underway to
evaluate the performance of this
technology, to more accurately define
the optimum operating conditions, to
minimize costs, and to develop new
approaches for biorestoration.

The basic concepts of natural or
enhanced biodegradation to restore
contaminated ground water complement
more commonly used engineering
approaches such as pumping and
treating, excavation, or the creation of
isolation barriers. The latter are most
efficient and cost-effective in dealing
with heavily contaminated materials,
while biotreatment is most promising
when dealing with lower
concentrations. Because the two
approaches complement each other,
they will be most fruitful when used as
tandem remedial action technologies.
The challenge remains to identify the
conditions under which each is most
appropriate and the proper staging for
their application. D

(Dr. Wilson is a research microbiologist
at EPA’s Environmental Research
Laboratory in Ada, OK.)

Every time Department of Energy
scientists explode a nuclear device at
the Las Vegas, NV, test site,
Environmental Protection Agency
personnel are involved in activities
designed to protect people living in the
area from any radiation releases which
might take place.

Their actions are part of a monitoring
program that began in 1954 with an
agreement between the then Atomic
Energy Commission and the United
States Public Health Service (USPHS).
The laboratory they created is now
EPA’s Environmental Monitoring
Systems Laboratory (EMSL) at Las
Vegas, one of 14 research facilities in
the Agency’s system. Its overall
mission is developing, evaluating, and
applying methods and strategies for
monitoring the environment.

Radioactivity monitoring in public
areas around the Nevada Test Site and
other nuclear test sites was the initial
focus of the laboratory’s activities under
the Public Health Service. USPHS
scientists conducted environmental
radiation monitoring, quality assurance,
and research activities to monitor the
Atomic Energy Commission’s nuclear
testing program throughout the 1960s.
They also carried on a large biological
research program.

When the laboratory came under EPA
in late 1970, its overall mission was
expanded to include research on
monitoring systems for a variety of
pollutants, but the radiation program
remained a major mission and now
operates under an interagency
agreeimnent with the Nevada Operations
Office of the Department of Energy.

During the early days of nuclear
testing, above-ground tests released
considerable radicactive debris. But
since 1963, all weapons tests have been
underground. In the past 15 years, there
has been only one accidental release of
radioactive material into the air. This
safety record notwithstanding, EPA
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organizations, such as the U.S. Agency
for International Development (AID), the
World Bank, or other multilateral
development banks, whose mission is to
provide developmental aid.

On the other hand, countries whose
environments have been damaged by
development often need to obtain
technical assistance in repairing the
ravages of rapid industrialization, and
guidance on how to avoid such
problems in the future. In such cases,
EPA often works directly through a
bilateral agreement, helping local
experts deal with their problems and
take advantage of over 20 years of
experience and research in the United
States.

The Agency is committed to helping
developing countries with
environmental problems in ways that
recognize their individual social,
economic, cultural, and other needs.

In India, for example, EPA is
contributing to a multi-year program to
clean up the Ganges River, a project
initiated by Prime Minister Gandhi
shortly after he took office. To date, six
teams of EPA experts have traveled to
India to work with their counterparts in
assessing the problems, planning a
program to reduce Ganges pollution,
and helping plan the implementation of
pollution-control measures for India’s
holiest river. Already, numerous
workshops have been held in various
Indian cities. The Ganges project,
however, is just part of a broader series
of activities underway under the aegis
of the Indo-U.S. Subcommission on
Science and Technology, whose
activities range from environmental
medicine and toxicology to natural area
preservation.

In neighboring Pakistan, there was a
serious problem with pesticide
contamination. Stocks of aging
pesticides in leaking containers had
been left throughout the country in
hundreds of small shops and storage
areas. When pesticides were moved out,
the contaminated guarters were often
used as dwellings. Although the health
hazards of this situation were well
recognized by Pakistani authorities, the
government and the pesticides industry
could not-agree on how to dispose of
the material or who would pay.

EPA was asked to assess the situation
and make recommendations for
disposal. A team including an EPA
pesticides disposal expert, an EPA
economist, and a private-sector
professional visited Pakistan and
recommended a disposal option for
possible funding by AID. EPA’s research
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and practical experience with the
disposal of toxic materials made this
contribution possible.

In Brazil, EPA worked with the U.S.
Conservation Foundation, a
nongovernmental organization, and a
group of international consultants to
help the Sag” Paulo state regulatory
agency (CETESB) resolve a critical air
pollution problem. Industrial air
pollution had devastated a tropical
forest on the coast, which in turn led to
severe landslides from the weakened
surface of the Serra Do Mar mountain
range. Our approach was not to dictate
solutions to the Brazilians but rather to
help sort through the array of options
they had already identified. The team of
consultants made recommendations on
the good points of SaG Paulo’s
proposed abatement program and
suggested future directions for the
program.

The experience was so positive that
both governments expressed a desire for
consultation and training on a
continuing basis. CETESB is
administering a World Bank loan
provided for creation of
pollution-control equipment in the state.
The Bank has stipulated that a
substantial percentage of the original
amount, plus a portion of the loan
payback by industrial polluters, be used
for research, development, and training.
Through its agreement, EPA will make
available its expertise and CETESB will
pay for the expenses of our staff.

In China, EPA Office of
Research and Development
scientists are working in a
village to study the effects of
cooking smoke on human
health.

In China, EPA Office of Research and
Development scientists are working in a
village to study the effects of cooking
smoke on human health. Such work
will help the Chinese improve the safety
of hazardous environments, and will
help us to evaluate the implications of
our own indoor air research program.

The International Registry of
Potentially Toxic Chemicals (IRPTC), a
branch of the United Nations
Environment Programme (UNEP)
located in Geneva, Switzerland,
provides computerized information on
hundreds of chemicals. Through this
organization, EPA can share with
developing countries data on the risks
associated with known and potentially

toxic materials. These data come not
only from EPA’s own research, but also
from research and other investigations
that EPA requires of certain industries.

EPA provides similar information, but
in more detail and more specialized
ways, through the International
Programme on Chemical Safety (IPCS]), a
joint program of the World Health
Organization (WHO), the International
Labor Organization, and UNEP, which is
administered by WHO. Environmental
health criteria documents produced in
draft by EPA as well as other
institutions are provided to the IPCS to
be critiqued and modified based on
international peer review. The resulting
documents are intended primarily for
developing countries.

Pesticide data are reviewed by WHO
and the U.N. Food and Agriculture
Organization (FAO) through the Joint
Meeting on Pesticide Residues. This
provides not only international review
of toxicological and residue data for
developing countries, but also
establishes Maximum Residue Limits for
pesticides on commodities in
international trade, thus informing
developing countries of standards that
they may be required to meet in trading
with other countries, and of limits they
might apply to their own imports of
food. In addition to supplying written
documents, EPA technical experts
participate regularly in these scientific
forums.

Such a list could go on and on, but
the one common element is that both
the United States and the other
countries. benefit from interaction. Qur
scientists gain knowledge of pollution
situations that they might never see in
the United States, thus dramatically
broadening their range of experience
and allowing them to gain important
scientific information. They also gain
perspective on alternative approaches to
dealing with problems that we face
here. Frequently, the information or
insights gained through the program
have helped our scientists find more
efficient ways of dealing with domestic
problems. In the long run, this
cooperation helps some other country or
distant village, or even some aspect of
our own environment; it also allows our
scientists to work in a larger arena in
their efforts to help make this world a
better place in which to live. o

{Johnson is Director of the Developing
Countries staff in EPA’s Office of
International Activities.)
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“Environmental federalism is basically a
matter of sorting out responsibilities
among different levels of government.
And they must be sorted out more and
more clearly as our various programs
move to management at a state and local
level.

“EPA can’t just delegate a duty to a
state and say, ‘Okay, now it's your
responsibility.” But that doesn’t mean
we shouldn’t push ahead as fast as
possible toward responsible delegation
of program management. We should try
to delegate responsibility to the level of
government that is closest to the
problem at hand, yet still able to handle
all the administrative detail involved.
Of course, this delegation must be done
with strict and clearcut accountability,
with ongoing EPA oversight to ensure
that objectives are being met.

“The states need to understand what
actions we consider timely and
appropriate, both on their part and ours.
There shouldn’t be any surprises about
when the feds will step in; how we will
supervise their actions and how
frequently.

“That’s why information systems are
so important. You can't delegate
accountability to the states; you can
only delegate responsibility. As
Administrator of EPA, I can’t go to
Capitol Hill and deflect a question by
saying, ‘Well, I don’t know because the
state runs the program.’ I and all my
management colleagues here at EPA
need a first-rate information system to
stay informed of what is going on at
other levels of government. And it must
be an information system that is seen as
relevant and valuable by workers in the
field. Otherwise, they won’t feed good
hard data into it for use here in
Washington.”

Better Environmental Science: We will
work to expand the knowledge available
to manage health and environmental
risks. This priority involves improving
the scientific basis for environmental
protection decisions.

“Better science and technology are
crucial to our future success. Our risk
assessments won't stand up to close
scrutiny unless they are based on the
very best science, and we won't be able
to deliver on cleanup goals without
top-notch technology.

“Environmental problems are solved
not in offices, but in the field, and
now—more than ever—we need
improved technology to carry them
forward. I've seen a struggle within EPA
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over the past few years concerning how
to deal with Superfund cleanups. On
the one hand, we have scientific
information explaining what the
problem is and what kind of an effort is
needed to solve it. But matching that
information up with the right
technology is another story. Everybody
wants to know: ‘Where’s the technology
I need for that kind of solution.' I see
this same pattern not just within
Superfund, but across each of EPA’s
programs.

“We can’t get better and quicker
answers to these questions until we
improve not just the scientific but the
technical information at our disposal.
And we need to look at the whole area
of technology with an eye for new
solutions. I'm strongly in favor of
improving our in-house technological
capability. But I'd also like to see us
utilize knowledge that’s outside the
Agency.

“How can we do a better job of getting
at this information? We need improved
channels of communication with
industry and with the academic
community so we can be sure our
scientific and technological information
is state-of-the-art. We also need to
spread federal grants around to the most
promising researchers. By becoming
creative partners in the world of
research, we can hasten the day when
we get exactly the knowledge and the
tools we need.”

Negotiation and Consultation: In
finding solutions to environmental
problems, we will expand the use of
negotiated regulations and consultative
proceedings with a wide range of
representatives from industry,
environmental organizations, state and
local government, and the general
public.

“We need to do a better job of involving
a wide range of constituencies in the
formulation of EPA policies and
regulations. Industry and environmental
groups obviously deserve to be
consulted, but so do U.S. citizens and
even the international community.

“The level of public involvement in
EPA programs is changing. In the early
1970s, taxpayers gave overwhelming
support to the new environmental
programs pioneered by EPA. Polls today
indicate that there is still overwhelming
support for the general concept of
environmental protection. But when
EPA proposes specific measures these
days, the public is a lot less inclined to
accept the Agency line.

“Right now Americans are terrified
about toxics. And, in a way, our own
expertise is feeding this fear. We can
detect and measure the most minute
traces of toxics in the environment. But
how do we prevent the public from
getting scared to death when they learn
of our findings?

“This situation is based, at least
partly, on the tremendous fear of cancer
that runs through our society. EPA says
some pollutant causes cancer, and the
public gets scared to death. We have to
learn how to deal with these often
irrational fears. And we can’t do that
unless we can get the essence of our
risk-assessment reasoning across to
millions of non-scientists.

“Another syndrome we're going to
have to confront is: ‘Not In My
Backyard.’ This is having a crippling
impact on EPA efforts to safely manage
waste. What are we going to do with
waste from Superfund cleanups, where
are we going to locate treatment
facilities, if every neighborhood in the
United States shouts ‘Not in my
backyard!’

“Another major challenge we face is
that our problems and solutions are
becoming more global in nature. There
was a strong tendency in the past to
focus almost all our resources and
energies on domestic issues. Now we're
dealing with all kinds of issues that
transcend national boundaries: acid
rain; stratospheric ozone; the
greenhouse effect; the after-effects of
disasters.

“EPA was heavily involved in dealing
with the international aftermath of
Chernobyl. All of us who were directly
involved quickly learned just how small
the world is, and how quickly our small
planet can become contaminated.

“We're going to have to make the
search for global solutions to global
environmental problems a permanent
part of our agenda. And we're going to
have to start managing our domestic
regulatory programs with the awareness
that, directly or indirectly, they have
global impact.”

Enforcement: We will enforce
environmental laws vigorously,
consistently, and equitably to achieve
the greatest possible environmental
results.

“Sorting through enforcement
responsibilities is a major aspect of
environmental federalism. A large
portion of our enforcement program is
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already being carried out by the states.
State/federal enforcement agreements
are trying to establish how this
arrangement should work.

“Among the questions to be answered:
How will the states and the feds go
forward with an enforcement program
together? Who will do what? And
when? What will the feds do if the
states don't take timely and appropriate
action? Having answers to such
questions is already changing the way
we do business. Lately I'm beginning to
hear people say: ‘Hey, wait a minute,
we did a pretty good job, but you
didn’t.” But even to reach this point has
not been easy. It's been a challenge, and
will remain a challenge.

“As we work through issues of
consistency and equity in enforcement,
we often find those are competing
objectives. How can we be both
consistent and fair when we're dealing
with such different circumstances in
each enforcement case? Well, it calls for
a tremendous amount of judgment. That
judgment must be exercised by
managers at many different levels just
within EPA, not to mention the states.
Good communication among managers
is and will remain vital.”

Human Resources: We will promote
excellence and growth in EPA staff at
all levels.

“There has been a lot of talk about
human resources in the past few years.
And with good reason. Human
resources can't be talked about too
much. But action is needed, too, and we
can't have that without an increasingly
sophisticated human-resources program
at EPA.

“EPA has one of the most important
jobs there is to do in this country. But to
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do that job, we've got to have the best
people. To get the best people and to
keep them, we've got to give them every
opportunity for growth and
development, for input and feedback.
Because if we don't do those things, we
won't be able to carry out our mission
the way the public expects us to, and
the way we ourselves want to do.”

Seven Themes, Uniform Consistency

“It's vital that we take a consistent
approach in applying these seven
management themes throughout EPA.
We’ve got to have consistency.

“If we're going to talk about toxic A in
the Pesticide Program, the RCRA
Program, the Water Program, or the Air
Program, we had better be talking about
it in the same way. Consistency in risk
assessment and in the way we manage
each risk has got to be a major part of
the way we manage EPA.

“We cannot accept a zero-risk
approach, no matter how much idealists
crave one. We are not living in a
risk-free society, and there are technica!l
and economic reasons why risk cannot
be reduced beyond a certain point. But
it is imperative that we deal with the
issues before us in a rational way.

“That approach should be rational
whether we are using it under Section
112 of the Clean Air Act, or to
determine pesticide tolerances, or to
make permitting decisions for hazardous
waste sites. Striving for commonality in
the way we assess and manage risks is a

goal we must hold before us at all times.

“I'm hoping that even better ideas and
even better management themes will
emerge from our future work

together.” o

Underground
Storage Tanks
in the Spotlight

by June Taylor

You can't see them, but they number
in the millions.

You can be driven out of your home
or lose your water supply if one of them
leaks near you.

They are underground storage tanks
and have been called “ticking time
bombs.” They represent one of the most
widespread threats to our ground-water
resources, from which over half of our
country gets its drinking water.

Originally placed underground as a
fire safety practice, these tanks become
a hidden source of pollution when they
and connected pipes corrode and
develop holes, or for other reasons
break. Leaks and resulting fumes can
also cause fires and explosions when
the unseen products accumulate in
basements and storm and sewer pipes.

The number of leaking tanks reported
has increased dramatically. A generation
of bare steel tanks installed in the late
1950s and early 1960s are now
corroded, leaky hulks. Many of these
old tanks are “orphans”—their owners
are out of business, victims of a rapidly
changing oil market. The next time you
see an abandoned gas station, you might
wonder if the owner properly emptied
and closed out the tanks, or if there is
leftover fuel just waiting to leak out.

On April 17, 1987, the Environmental
Protection Agency published proposed
regulations for dealing with the
estimated two million commercial
underground tanks that store petrocleum
products {gasoline, diesel, jet fuels) and
hazardous chemicals. These proposals
are called for under Subtitle I
amendments to the Resource
Conservation and Recovery Act (RCRA).
Heating oil, small residential, and farm
tanks are currently exempt from federal
law.

EPA is proposing that all tanks must
be protected against corrosion and must
have leak-detection devices. New tanks
must meet these requirements at the
time of installation, which will add
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about 10 percent to the cost of a new
tank and its connected piping. The EPA
proposals also call for national
standards for new tanks to ensure that
tanks in the future will be better built
and less likely to leak, and that if they
do leak the owner or operator will be
alerted to tHe problem by leak-detection
devices. A number of leak-detection
methods are allowed under EPA’s
proposal.

EPA’s Office of Research and
Development (ORD) has been
investigating the effectiveness of various
leak-detection devices at two EPA
laboratories. At Edison, New Jersey,
ORD has installed two tanks in
controlled, lined excavations and is
evaluating devices placed inside the
tanks to test their tightness. At its Las
Vegas lab, ORD is evaluating systems
that detect leaks in the soil or water
outside tanks. While its research teams
are evaluating the types of devices
already available to tank owners, EPA
hopes that new, improved devices will
be developed for this potentially
enormous and lucrative market.

Under the proposed regulations,
owners putting new tanks into the
ground must certify that the tank is
properly installed. Poor installation has
been a major cause of leaks, as
evidenced by the experience of
Farmington, NM. In 1886, that city
decided to put two of its above-ground
tanks underground. Unfortunately, the
contractor who did the work forgot to
put plugs in the tanks’ washout holes.
As soon as the tanks were filled they
leaked thousands of gallons of gasoline.
The city thought the gas had been stolen
and installed a fence around the tanks
and put locks on them. Then they filled
them up again! More than 20,000
gallons of fuel were lost, and the city
barely stopped the contamination from
reaching the water supply. Several
hundred thousand dollars have already
been spent on cleanup, and the work
continues.

The regulations also deal with tanks
already in the ground. Surprisingly,
only about half of these are for
retail gasoline sales. The remainder are
generally owned by small plumbing,
electrical, and contracting firms, and
other types of business that have four or
more trucks and fuel them up from their
own pumps.

Recognizing the problems of small
business, EPA would allow owners of
existing tanks three to five years to
install leak detection devices, which can
be retrofitted onto existing tanks, or to
test their tanks for leaks. Then, over the
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next 10 years, under the EPA proposal,
all tank systems would have to be
upgraded to meet the new standards (by
retrofitting corrosion and leak
detection), or be replaced with brand
new systems. The goal is that at the end
of the 10-year period all tanks will be
safer and equipped to prevent pollution.

The EPA proposals also contain
special requirements for piping, a major
source of leaks, and devices to prevent
overfill spills. They address proper tank
repair and closure, and other tank
management practices, and require that
records must be kept to show correct
steps were taken. New chemical tanks
must have a second wall around the
tank, or have a lining or some other
barrier in the pit to contain any leaks.

The proposals require that leaks be
reported to the closest “regulating
agency,” which could be a local fire
department or a local or state health or
environmental agency. In the absence of
acceptable local or state programs, the
job will be done by EPA, which will be
responsible for seeing that the
contaminated area is cleaned up.

However, EPA feels that local or state
officials will usually be in the best
position to decide how much cleaning
up should be done. The level of cleanup
required after a leak is detected will be
based on whether the threatened ground
water is used for drinking or industrial
or other purposes. Thousands of
cleanups will probably be necessary,
and the proposed regulations reflect the
Agency view that getting the cleanups
underway is more important than
delaying for arguments about the need
for a strict national standard that may
not be technically achievable.

Who bears the cleanup costs, which
can range from several thousand
dollars—if the leak is caught quickly
and doesn’t reach the water table—to
hundreds of thousands or even millions
if long-term groundwater cleanup is
needed? Congress specifically required
that petroleum tank marketers carry a
minimum of one million dollars in
insurance or other “financial
responsibility” coverage to pay for
cleanups and any other damages.
Congress also created the Leaking
Underground Storage Tank (LUST)
Trust Fund to help pay for cleanups of
petroleum leaks from orphan sites,
where the source of the leak is in doubt
or where the owner is insolvent.

Almost every community in the
United States has underground storage
tanks—and often lots of them. The new
tank proposals affect one of the largest
“regulated communities” under EPA's
jurisdiction.

The Agency has been working with
numerous trade associations to let tank
owners know what’'s coming down the
pipe. While the response has generally
been that EPA’s proposed program is
reasonable, there is some fear that many
marginal businesses, primarily small
gasoline stations, may suffer severe
financial hardship if forced to comply,
and environmentalists think thé
proposals are too lenient. .

Ron Brand, Director of EPA’s Office of
Underground Storage Tanks, believes
that tank owners and operators must be
able to carry out the new requirements.
Says Brand, “Anything we propose has
to be realistic. The leak detection and
other requirements have to be
something a gas station owner or the
high-school kid who's running the gas
station while the boss is out can
handle.” Brand is concerned that states
develop acceptable programs to carry
out federal law in lieu of EPA. Many
states already have active programs,
some stricter than the EPA proposals,
but many do not.

Brand notes, “Before there was a
federal law, there were leaks, and
somebody dealt with those that were
reported. Maybe it was the fire marshal,
maybe the health department, but
somebody responded. We want them to
continue to respond and we hope our
regulations will make their jobs easier
by ensuring that future tanks are better
built and better installed, and that leaks
are caught before they cause a
catastrophe. We also have the capability
to do research (such as developing
cleanup techniques and testing
leak-detection devices), to develop
training programs, and to produce other
information that will help states and
local governments, as well as tank
owners and operators. That's a better
role for EPA than trying to inspect every
tank in America.”

For more information on the proposed
regulations, write to the Office of
Underground Storage Tanks (WH 562A),
EPA, 401 M St., SW, Washington, D.C.
20460 or call the RCRA Hotline at
800/424-9346 (in the Washingtlon, D.C.
area, 382-3000). Final regulations are
expected to be issued early in 1988. O

[Taylor is a communications consultant
to EPA’s Office of Underground Storage
Tanks.)
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After meeting with Dr. Koenigsberg,
we flew to the town of Wum, the largest
community near Nyos, and the site of a
refugee camp. From Wum, we were
helicoptered to Lake Nyos to link up
with Dr. Lockwood’s team. Circling the
lake, we were struck by the size of it:
over a mile in length, perched among
the mountaintops with sheer cliffs on
both sides. At the north end, a majestic
waterfall dropped over 75 feet to a lush
valley below. Floating mats of
vegetation, uprooted on the lake’s shore
by the tremendous volume of displaced
water, were visible everywhere.

We looked out over this now-calm,
idyllic lake and tried to comprehend
what had taken place here only days
before. Lockwood told us they had been
hampered by foul weather and
transportation problems. Furthermore,
French investigators first at the site
believed there would be further
disturbances and had warned others to
stay off the lake. But we were eager to
get out on the lake; no samples had
been taken and the weather was good.
Assisted by chemist William Evans, we
collected gas, water, and biological
samples at different levels of the
220-meter deep lake.

Upon returning to shore, however, we
learned that air transport back to Wum
was not available. A truck could pick us
up, but we would have to meet it in
Nyos village at the foot of the
northwestern slope, an hour’s hike
down densely vegetated mountainside.
Nyos village had been wiped out by the
gas. Entering the village at sunset, we
saw an African village like an old
Tarzan movie, but with brick and
mortar houses totally empty. There were
no villagers’ bodies, but their mass
graves were visible. Lifeless,
decomposing cattle littered the area
without a worm or fly on them, because
even the insects had been killed by the
gas. Even the vultures wouldn’t land.
They just circled endlessly. The stench
and the silence were overpowering
evidence that the Grim Reaper had
passed through.

The following day, we returned to the
lake for further sampling and a
complete physical survey. Air samples
were taken at the outfall of the lake, as
well as further analysis of the gaseous
bottom waters. We had to sample
quickly, however, to avoid being caught
on the lake by the daily monsoons
which blew up suddenly. All samples
were brought back tc Wum that evening
for testing.
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The result of all this testing was a
relatively simple theory to explain the
Lake Nyos incident. U.S. investigations
suggested that carbon dioxide had
apparently been seeping from deep
magmatic sources into the lake bottom
for some time. Extreme pressure caused
by the lake’s depth resulted in a
massive build-up of dissolved carbon
dioxide. Something caused this deadly
gas to come out of solution and literally
be belched up to the lake’s surface.
Evidence of the force of this action was
seen on a cliff at the southeastern corner
of the lake, where we measured a high
water mark left by a wave of 80 meters.

Four conditions might have caused
this to occur: (1) a fast temperature
differential causing a lake overturn
which displaced the gas; (2)
de-stabilization caused by some of the
violent storms of that particular rainy
season; (3) reduced low-level pressure
causing a sudden loss of solubility; or
(4) a rock-
evidence that such a slide had taken
place, we were unsure whether it had
happened before the gaseous emission
or because of it.

Whatever the initial cause, the gas
rose to the surface and was carried by
prevailing winds over the northwestern
rim of Lake Nyos. Carbon dioxide, being
twice as heavy as air, seeks the lowest
possible level; hence, it followed creek
gullies and river beds. Tragically, many
villages lie along these waterways. The
incident took place at 9:30 p.m , when
most inhabitants had eaten and were
preparing for bed.

The cloud probably overcame and
asphyxiated many of the victims as they
slept; certainly the forensic findings saw
little or no sign of agonized struggle or
suffering. Even those who were awake
could not escape because carbon
dioxide is colorless and odorless. Nor
does exposure to high concentrations
cause traumatic warning signs. The
lesions first attributed to sulfur
compounds actually resulted from
bodies lying in fixed positions for up to
36 hours.

The story of the Subum dispensary
survivors also led us to conclude that
the cloud reached a height of
approximately 10 feet from the lowest
ground level in any given area, a theory
supported by the survival of
herdspeople in close proximity but at a
higher altitude than the lake.

The U.S. investigators initially
recommended a much more extensive
study during the dry season, when data
would be easier to collect and rescue
efforts would be over, making
transportatior more available and

feasible. But the commitment of the
United States government to Cameroon
pointed to a more immediate
investigation. A similar incident
resulting in 37 deaths had taken place at
the region’s Lake Manoun in 1984.
Further, the local people had an oral
history that seemed to identify similar
incidents in the past, although these
were tightly bound to legend and tribal
religion.

The decision was made to examine
another half dozen lakes in the Nyos
region. This team included Dr.
Lockwood, William Evans, George
Kling, and ourselves. We conducted air
reconnaissance and lake sampling from
September 9 through 11, with negative
findings about any further immediate
dangers.

Despite the pressures of sampling
work, we did get a chance to visit the
Wum refugee camp, where the children
were fascinated by our different skin
color. They rubbed our hands and arms,
pointing and repeating a remark
translated as “white men!" Authorities
explained that in this part of Cameroon,
many people go through their whole
lives without seeing Caucasians.
Luckily, among the items we hadn't left
behind was an oversized bag of hard
candy. Needless to say, Americans were
very popular among these rural
Cameroon children.

A year later, most of the world has
forgotten about the “killer lake” in
Cameroon. Disasters and catastrophes
seem to replace themselves with
disturbing regularity. But for us, Lake
Nyos is a living, breathing entity, not
unlike the spirit the Cameroonians
believe lives there. But now we have an
amulet to protect against the beast: a
degassing system developed by Robert
Cobiella of EPA Region 2.

An air lift pump designed to suit the
economic and power limitations of a
Third World nation, it consists of a drop
pipe which delivers compressed air
below the water’s surface. The resulting
mixture of air and water will be lighter
than the surrounding water/gas solution,
causing the gas to rise slowly to the
surface over a longer period of time.
This should diffuse the deadly carbon
dioxide build-up that decimated the
Nyos region.

From now on, the spirit of Lake Nyos
should remain at peace. 0

{Compton is an environmental engineer
with EPA’s Environmental Response
Branch in Edison, Nj, and

Humphrey is an environmental scientist
with the same branch.)
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