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The Three R’s of Risk

his issue of Chemicals in the
Environment focuses on topics
and information relating to
risk. Dealing with various aspects of
risk is central to EPA’s and OPPT’s
But the term
ambiguous and controversial. It has

mission. “risk” is
also become a significant issue [or
political and policy debates regarding
national environmental programs and
regulations.

What is risk and how is it used in
environmental decision-making? How
does EPA communicate these issues to
the public in order to solicit public
policy,

decisions or influence behavior? These

input for explain  policy
questions delineate three important
aspects of risk that EPA considers in its
programs: assessment ,  risk

management , and risk communication .

risk

EPA makes a distinction between risk
assessment activities, which it defines
as a scientific inquiry of the problem,
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Odelia Funke, Chief, Information Access Branch

and risk management activities, which it
defines as the analysis and process to
determine what should be done about
any particular problem.

Risk assessment should be conducted
based on scientific evidence.  Risk
management includes consideration of
political, economic, social and moral
choices. Each of these aspects of risk
has elements of uncertainty (which vary
from case Lo case) and each requires
assumptions and judgments.

Risk assessment is currently a topic of
debate. Part of the
involves the
definitions and assumptions scientists

considerable
controversy kinds of
use, and part involves disagreements
about how reliable risk calculations are.
For example, how much risk (or harm) is
“too much,” something that should be
controlled or prevented? What should
assessors do to compensate for missing
data?
“adverse” for humans or ecosystems?

At what point is an effect

(continued on page 2)
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In explaining how OPPT addresses risk, the articles
describe some of the issues we face and key concepts
underlying our approach to risk assessment, management
and communication. Other articles explain some of the
tools we use in dealing with matters of risk.

Risk Assessment

Identifying risk and assessing its severity is the first stage.
Risk is based not only on the properties or components of
a material or pollutant, but also on who or what is
exposed to it, and how they are exposed. Risk assessors
therefore consider how Loxic the material is, who or what
may come into contact with it, and whether that contact
could be

investigation, which involves collecting and analyzing data

harmful. This is primarily a scientific

from many scientific disciplines. It requires complex

analysis, and investigators never have complete

information, so they must make assumptions and
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judgments — for example, they study effects on animals
and use the results to judge effects on humans.

Risk Management

Risk management activities answer the question of what
to do about risk. (Can a particular problem be prevented?
How might it be controlled? How much control; who
controls, and at what cost? Should protective measures
be required or voluntary?) In the risk management stage,
OPPT considers various policy options, decides what to
do, and implements those policy choices. Opportunities
for disagreement are even greater than in the assessment
stage. OPPT must analyze what actions might effectively
address a risk, how much each different approach would
cost society, and what is the most feasible approach given
statutory, economic and political constraints. Decisions
determine not only how much protection is enough, but
who pays. Risk management decisions are an attempt,
based on the scientific findings, to balance a variety of
requirements, needs and possibilities.

Risk Communication

Risk communication is an ongoing and intricate process.
OPPT transmits information, proposed policies, and the
rationale for decisions to the public, and solicits
information about needs and expectations as well as
responses Lo specific policy proposals from the public. Tt
is a mutual process of education about risks and
appropriate responses. Communication occurs through a
wide variety of mechanisms and processes, both formal
and informal. In the past several years, OPPT has
increased its efforts to make information available to the
public and has been working to identify groups who might
be interested in this information. The Office has created
new channels for dialogue with and comment from the
public to improve communication, but this is an ongoing

challenge.
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Risk Assessment in the Office of Pollution Prevention and Toxics

Joseph A. Cotruvo, Director, Chemical Screening and Risk Assessment Division

hile all

potentially

circumstances, most can be used safely. The
fundamental question is what is the likelihood that harm
will occur under any condition of production, use, misuse
or release, and who is being subjected to that risk.
Ultimately, that risk information is usually combined with
benefit, cost, and other impact information in addition to
legal and policy elements to arrive at a risk management

substances are hazardous or

harmful under some

decision.

Risk assessment is one of the many tools and often is the
underpinning to important and costly regulatory and

policy decisions aimed at reducing potential adverse
effects.
recently on the subject of risk assessment as

There has been a lot of controversy

though it were an arcane activity, which if
only done “properly” would solve most of

the the

appropriateness of contested regulatory

controversy raised about
dedisions. However, things are neither that

simple nor that sinister.

Chemical risk assessment is, in fact, a rather
straightforward, but not simple or uncontroversial,
concept. It is an attempt to objectively analyze
information on the 1) hazard, 2) exposure, and 3) dose-
responsc of a substance to arrive at a prediction of the
probability that adverse cffects could occur to humans or
the environment. The great difficulty is the necessity of
making those predictions in the absence of complete and
We must

often use animal data to project the human health hazard,

definitive data in each of those three areas.

given limited data on actual human exposure, dosimetry
(measurement of the amount of exposure), mechanism
(how a chemical affects the human body), population
distribution, and higher risk groups. Even human
epidemiology studies often raise more questions than they

answer.

Because of this lack of solid information, there is usually
considerable uncertainty associated with any quantitative
conclusion that results. Further, this lack of data means
scientists must rely on assumptions, extrapolations, and
judgments, and as a result, conclusions are often value-
laden. However, risk assessment does not have a corner
on the uncertainty market; other impact assessments
(such as cost/benefit) often have just as much uncertainty,
because many underlying factors cannot be accurately
measured or predicted.

EPA and OPPT are strongly committed to improving risk
assessments and improving the understanding of their
content by emphasizing peer review and risk
characterization as key elements in the process.

Given the uncertainties and complexities and lack of
“definitive” information, peer review is an essential
element of a credible assessment. [t is important to seek
critical reviews of an assessment from knowledgeable
scientists who were not parties to its preparation. These
independent reviewers help us determine whether there
are deficiencies and whether the assessment is objective,

credible and consistent with mainstream scientific
thinking. Peer reviewers should represent the full
spectrum of credible perspectives, regardless of
affiliation. In 1995, as part of an EPA-wide
effort, OPPT formalized its policy to set
standards for peer review of important
risk assessments.

Finally, the way we communicate the
results of an assessment is critical to our
credibility and the users” understanding. It is
essential that the assessment be characterized

(described) in such a way that it is understandable to
a range of readers (including the decision makers) and
that the thought process for developing the conclusion is
transparent. This means we should clearly differentiate
between facts, default assumptions, and judgments. We
should point out uncertainties and describe possible
alternative interpretations.

OPPT conducts a wide variety of risk assessments to
support a number of different programs and decisions.
These differ in structure and intensity depending on their
intended use. In general, all of these assessments are a
team effort. Human and ecological hazard information is
reviewed by the Health and Environmental Review
Division; exposure information is provided by the
Economics, Exposure and Technology Division. These
two reviews are converted into a risk assessment by staff
of the Chemical Screening and Risk Assessment Division.

For example, in the New Chemicals Program, several
thousand submissions of new chemicals are received each
year, and often little or no toxicity or exposure data are

provided by the submitting companies. The New
Chemicals Team has, over the vyears, developed
streamlined evaluation processes using: historical

information, expert judgment based on information on other

(continued on page 5)
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Hazard Identification and Dose-Response Assessment

Joe Merenda, Director, Health and Environmental Review Division

n the context of risk assessment, hazard identification

focuses on the qualitative question “What are the

potential dangers?” while dose-response assessment
deals with the quantitative question “How much danger
is there?” Hazard identification and dose-response
assessmment must be teamed with exposure assessment (in
a qualitative or quantitative form) to yield
practical answers to these questions.

Hazard Identification

Chemicals can present a wide variety of
to humans, other living
organisms, and non-living components

hazards

of our environment. Biological effects
hazard
identification include: lethality to

often  considered in
exposed organisms; temporary or
permanent impairment of normal
biological functions; heritable genetic change; increases or
decreases in the population size and range of one or more
species; and the overall health and productivity of
ecosystems. Potential non-biological effects include:
reduced visibility from airborne particulates; damage to
historic structures by air pollutants; and climate change

from global warming.

Biological and non-bioclogical effects can interact, further
complicating things. For example, the primary reason for
concern about depletion of stratospheric ozone (a non-
biological cffect) is its sccondary biological cffects,
including incrcased skin cancer risk to humans and
potential effects on aquatic populations.

Therce arc two key clements of hazard identification: (1)
identifying potential hazards and (2) weighing the
evidence of whether or not a particular hazard is likely to
be of practical significance. Both elements require a
combination of knowledge and judgment. Hazard
identification depends on knowledge or inference of the
properties and effects of the specific chemical being

addressed, broad

understanding of relevant scientific areas such as

along  with knowledge  and

chemistry, biochemistry, biology, toxicology, and ecology.

Well-designed and executed studies of a chemical’s ability
to cause a particular effect are the preferred basis to
conclude whether or not that chemical can cause nerve
damage in humans, reduced growth and survival in
aquatic invertebrates, or any of a myriad of other
potential hazards. Often, though, no studies are available
of a specific chemical’s ability to cause a particular type of

adverse health or environmental effect. This is especially
true for newly-developed chemicals that must be reviewed
by OPPT scientists before companies can manufacture or
import them.

Structure-activity relationships provide an essential tool
In brief,

structure-activity approaches attempt to predict the

for hazard identification in such cases.

hazards of a chemical from qualitative or
quantitative analysis of hazard data for other
chemicals having structures or properties similar

to the chemical in question. [See page 7 for more

information on OPPT"s Structure Activity Team. ]

Uncertainty is a major element in most hazard

identification efforts. Key factors that often

contribute to uncertainty include:

o lack of sufficient test data for the chemical
of interest or for suitable analogs.
(Structure-activity can go omnly so far in
substituting for actual test data.)

e testing in surrogate species. (How well do data from
laboratory strains predict potential effects in humans or other
species?)

» conflicting evidence. (Genetic tests in microbes may
suggest that a chemical could cause cancer in humans, but if
a limited study of the chemical in mice shows no evidence of
cancer, which evidence should be given more weight?)

» unanticipated effects. (Until relatively recently, no one
knew to look for a chemical’s potential to destroy stratospheric
ozone. )

Dose-Response Assessment

The goal of dose-response assessment is to provide a
numerical basis for translating exposure information into
an evaluation of risk. Although hazard identification may
have documented a chemical’s ability to cause a particular
health or environmental effect, whether that hazard is of
great or little practical concern depends on how
anticipated exposure levels compare to exposure levels at
which the adverse effect is expected. Dose-response
assessment typically uses one of two basic approaches:
reference levels ox unit risk.

The “reference level” approach generally is used when a
chemical’s effects are presumed to be significant only if
some threshold amount of exposure is exceeded. The
lowest exposure level at which the effect of concern has

(continued on page 5)
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Risk Assessment in OPPT  (continued from page 3)

similar chemicals, and modeled exposure potential, based
upon their knowledge of physical/chemical properties,
manufacturing processes and uses. Thus, our scientists
can conduct rapid and specific assessments suited (o the
legally required decision to accept, disallow, or
conditionally allow production of the new chemical within

90 days.

OPPT also uses risk assessments to evaluate chemicals
already in production. The Toxics Release Inventory
(TRI) contains data on hundreds of chemicals released by
manufacturing. A limited assessment (dependent upon
numerous factors) contributes to TRI listing and delisting
decisions. OPPT also provides Chemical Fact Sheets for
outside users. These provide basic information on the
toxicity of various chemicals with conclusions as to the
significance for humans and ecological health, without

quantifying exposures or evaluating estimated risks.

The Existing Chemicals Risk Assessment process produces
screening level assessments in the first stage of the Risk
Management (RM1) process. Thesce assessments inform
the initial judgment as to whether there is sufficient
concern about a chemical in production to warrant a more
detailed assessment later in the RM process. Here, data

should be available,

often from

OPPT data sets, for a preliminary assessment although
seldom is it alone sufficient if a more comprehensive
follow-up analysis is needed. More detailed information
might be needed for a major impact decision, and the
Chemical Testing Program could be a vehicle [or
generating more data.

There have also been extensive assessments conducted in
the course of TSCA implementation for substances like
asbestos and formaldehyde. These can be extremely

detailed and lengthy and require significant resources.

A risk assessment is only one component of the risk
management decision. It is a living analysis that should
reflect the best information and thinking on that subject
as important new information is developed in this rapidly
changing field. We should expect to be challenged and
always be open to newer, better ideas. In this way, the
uncertainties in this analytic construct will be reduced and
it will come closer and closer to describing reality.

This does not mean that a risk management decision to
act or not to act must always await the next pending piece
of data. A risk assessment is a snapshot in time and risk
management judgments must be made on the merits of
available information and in a timely manner.

Hazard Identification and Dose-Response Assessment

reliably been demonstrated (or the highest exposure at
which that effect has been absent in an appropriate study)
provides the starting point to define a reference level.
This level is adjusted to account for any known
differences between the test species and the target species
and, more significantly, for key elements of uncertainty
anticipated in applying the study results to the population
to be protected.

Such uncertainty factors often include: the possibility that
the target species will be more sensitive to the chemical’s
effects than the test species; use of limited duration
testing to predict effects of long-term exposure; and
variation in susceptibility to the effect among individuals
in the exposed population. Risk is judged by comparing
anticipated exposure with the relevant reference level. An
exposure far below the reference level implies low risk of
that hazard, while an exposure considerably above the
reference level suggests a cause for concern.

The “unit risk” approach attempts to describe

mathematically how the likelihood of a particular effect
depends on exposure. This is the approach generally is

(continued from page 4)

used for cancer-causing chemicals, for which any exposure
is presumed to present some risk, with the risk increasing
as the exposure increases. Laboratory test data showing
the percentage increase of animals developing tumors at
different exposure levels are used to estimate a chemical’s
cancer unit risk. The latter can then be used, along with
anticipated exposures to the chemical, to estimate (very
roughly) how many cancer cases might occur in a
particular population size.

A variety of factors contribute to uncertainty in the unit
risk and risk estimates based on it. These often include:
qualitative or quantitative differences in how humans and
the test species absorb and metabolize the chemical or
respond biologically to the chemical and its metabolites;
and uncertainty in the reliability of risk estimates for large
populations exposed to low levels of a chemical that are
based on exposing relatively small numbers of laboratory
animals to high levels.
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Ranking and Screening Risks in the OPPT Existing Chemicals Program

Jim Darr, Health and Environmental Review Division

Background and Purpose

The primary objective of the Office of Pollution
Prevention and Toxics (OPPT) Existing Chemicals
Screening Program is to identify health and
environmental risks and to promote risk reduction and
pollution prevention. A complementary objective is the
identification of testing needs.

The basic criteria employed in screening are:

+ Toxics Substance Control Act (TSCA) Jurisdiction

o Toxicity Factors

*  Exposure Factors

»  Assessment/Regulatory Status

*  Testing Needs

» Opportunities for Risk Reduction and Pollution
Prevention

Screening decisions are based on limited information and
professional judgment. For example, toxicity evaluations
typically are based on readily available data supplemented
by Structure-Activity predictions. Potential exposure may
be estimated from an analysis of production and use
patterns.

The “universe” of chemicals of

primary TSCA

program consists of the approximately

interest to the

14,000 non-polymeric chemicals or
chemicals that are submitted by
companics that arc intended for
manufacture and arc produced in
annual quantities greater than
10,000 Ibs. Most screening efforts
focus on a subset of high productlo
that is, those
produced in annual

volume chemicals,
=3 i%\%%\\x
quantities greater than one million

pounds. OPPT, the Chemical Manufacturers Association,
and the Synthetic Organic Chemical Manufacturers

chemicals

Association have developed a mechanism for
manufacturers to voluntarily provide key wuse and
exposure data that assist OPPT’s screening of high

production volume chemicals.

OPPT has developed a variety of techniques to cope with
the

encountered in reviewing this large and diverse set of

wide variety of problems and uncertainties

chemicals. The various approaches and techniques

/‘”Jf

employed in the screening program fall into two basic
categories: redactive and proactive.

Reactive Screening - Single Chemical Reviews

TSCA Section 8(e) “substantial risk” notices submitted by
industry are the major input (o reactive screening. The
data most commonly submitted to OPPT are from
toxicologic studies but some exposure studies such as
environmental monitoring or product conlamination
analyses are also submitted. OPPT performs an initial
sorting of Section 8(e) studies by means of a “triage” or
priority setting review that assigns a high, medium, or low
level of concern o each study. Studies flagged as high
concern undergo further screening according to the
criteria listed above.

Studies submitted under TSCA Section 4 and assessments
conducted under the Organization for
Cooperation and Development’s Screening Information

Economic

Data Sets (SIDS) program are also major inputs to
OPPT’s screening program. Additional initiatives for

screening high production volume chemicals are also

being studied.

Proactive Screening - Cluster Reviews

OPPT believes that it must take the initiative to
identify health and environmental risks beyond
those brought to our attention by external data
submissions. These proactive efforts involve the
systematic analysis of defined lists of chemicals or
sets of data that indicate potential concerns. A key
proactive effort is the review of “clusters” of
chemicals. A cluster is simply a group of chemicals

related by defined These

characteristics may include chemical structure,

characteristics.

physical/chemical properties, use/exposure patterns,
or who might be exposed to it. Two major efforts
to rank clusters of chemicals are:

1) The Use Cluster Scoring System (UCSS), which
ranks industrial and commercial uses of chemicals
by a wide variety of hazard and exposure factors.
The UCSS considers both health and ecological

hazards and ranks exposures to workers,

consumers, the general population, and ccological
reeeptors.
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2) The Source Ranking Database (SRD), which ranks
consumer and commercial products with respect to
the risks they present through indoor air exposures.
The SRD considers both acute and chronic health
hazards and ranks exposures by using data on
products, settings (e.g. home, school, or office), and
populations. (Note: The SRD is not currently
available to the public.)

Information Products

The creation of user-friendly information products is an
important output from the screening program.
Oftentimes, the most efficient and effective way to

achieve risk reduction is to make relevant hazard and risk
information readily available to the people who make the
day-to-day decisions regarding the manufacture,
processing and use of chemicals. Screening information
8(e) Triage database, SIDS

assessment documents, and exposure profiles on high

products include the

volume chemicals. The development of products derived
from the Use Cluster Scoring System and the Source
Ranking Database is also being studied.

For more information about ranking and screening risks, contact
Jim Darr at (202) 260-344 1. For more information about the
Source Ranking Database, contact Christina Cinalli, (202)
260-3913.

OPPT Structure Activity Team

Pauline Wagner, Health and Environmental Review Division

he OPPT Structure Activity Team (SAT) is an

interdisciplinary team of chemists, biologists,

toxicologists, and technical information specialists
who evaluate the potential environmental fate, health
effects, and environmental hazards of new and existing
chemicals. For over filteen years the SAT has been a
leader in developing and applying the principles of
chemical structure-biological activity to the hazard
assessment of chemicals for which data are either sparse
or non-existent.

Historically, the mission of the SAT has been focused on
the New Chemicals Program, Section 5 of the Toxic
Substances Control Act (TSCA), where a determination
of “unreasonable risk to human health and/or the
environment ” must be made within a 90-day time period
on each of approximately 2,000 chemicals submitted
every year. In order to accomplish this task, the SAT has

cl 0 cl

(of 0 Cl

not only expanded upon traditional structure-activity
relationships (SARs), but has developed new methods of
assessing the hazards presented by various classes of
chemicals, particularly in the area of toxicity to aquatic
organisms. A recent comparative study with the European
Union (EU) conducted jointy with EU scientists has
demonstrated conclusively that the methods developed by
the SAT are appropriate and valid.

In recent years, the SAT has increasingly been called upon
to screen existing chemicals for potential hazard to human
health and/or the environment. Using the SAR principles
developed for new chemicals and creating innovative
search strategies to identify both published and
unpublished data, the SAT has been able to eflectively
screen over 3,500 existing chemicals, not only for OPPT,
but also for a variety of other EPA Offices and other
government agencies. These efforts aid in furthering the
Agency goal of protecting human health and the
environment.

The SAT is recognized internationally as a unique
scientific endeavor for its success in predicting potential
hazards for chemicals with inadequate or absent hazard
data. Subsequently to the successful joint EU/EPA
comparative study, the methods employed by the SAT
have been studied by the Canadian, Japanese, and
Australian governments in order to more effectively screen
chemicals that are of concern in their respective countries.
Domestically, the SAT has interacted with the U.S.
chemical industry to share the SAR principles routinely
used in evaluating new chemicals.
the

environmental protection through the use of less toxic

This type of

cooperation  will  result in strengthening  of

chemicals.

For more information, call Pauline Wagner, (202) 260-3981.
More information about the Structure Activity Team and its
work is available in “The New Chemicals Process at the
Environmental Protection Agency (EPA):  Structure-Activity
Relationships for Hazard Identification and Risk Assessment,”
Toxicology Letters 79(1995):67-73.
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EPA’s Science Advisory Board (SAB) reviewed the system
in 1995 and found that “clustering chemicals by intended
functions could provide efficient risk screening, as well as
improved pollution prevention opportunity
identification.” The UCSS may also help other public
and private sector organizations in identifying clusters of
potential concern and providing an initial indication of
potentially safer substitutes for classes of chemicals.

The UCSS currently consists of over 380 “use clusters”
comprising over 3,500 chemicals. The system contains
hazard and exposure information aggregated from many
databases that are currently used across EPA as well as
Also, the

other government agencies. system uses

predictive methodologies to determine hazard and
exposure for chemicals lacking specific data. Beyond
cluster and chemical scores, the UCSS retains and
displays all underlying data for chemicals and clusters for
further consideration by users.

In response to the SAB’s recommmendations, modification
of the system will be implemented. It is anticipated that
the UCSS will be made available through the Internet in
early 1996.

For more information, contact Daniel Fort at (202) 260-1694,
EAX (202) 260-0981 (Internet: fort.daniel@epamail.epa.gov)
or Jay Jon at (202) 260-7971, FAX (202) 260-0981
(Internet: jon.jay@epamail.epa.gov).

Integrated Risk Information System

Vanessa Vu, Deputy Director, Health and Environmental Review Division

he Integrated Risk Information System (IRIS)

database, produced by the U.S. Environmental

Protection Agency (EPA) since 1986, is a database
containing EPA’s consensus scientific positions on
potential human health effects that may result from long-
term exposure Lo environmental pollutants. Currently,
IRIS contains summary information on the hazard
identification and dose-response assessment of the
potential carcinogenic and non-carcinogenic effects for
both inhalation and oral exposure of over 500 substances.

IRIS contains full bibliographic citations for each
substance file, directing the user to the primary cited
studies and pertinent scientific information. In addition,
IRIS substance files may contain one or more of three
supplementary information sections: a summary of EPA’s
Office of Water’'s Health Advisories, a
summary of EPA regulatory actions,
and a summary of physical and
chemical properties.

EPA’s goal is to develop high quality
human health information based on
credible science. Since October
information put on IRIS has
undergone external review, in addition to Agency’s final
review by EPA scientists across programs and regions.
IRIS users are cautioned that IRIS does not contain
human exposure information.

The data in IRIS, combined with specific exposure
information, can be used to help characterize the public

health risks of a given situation. This risk

characterization can then serve as input for a risk
management decision designed to protect public health.

There are currently two means of public access to the
IRIS data base. The primary method of access for the
public is TOXNET, the TOXicology Data NETwork,
which is maintained on-line by the National Library of
Medicine (NLM), National Institutes of Health. IRIS on
TOXNET is updated monthly to reflect new or revised
assessments. IRIS users can gain access to TOXNET by
through  several widely wused
telecommunications networks. IRIS is also available
through NLM’s International MEDLARS Centers. The

second means of public access to IRIS is to purchase high-

direct call or

density diskettes from the National Technical Information
Service (NTIS). IRIS diskettes are updated
quarterly rather than monthly.

For more information on IRIS and how to access it,
contact the IRIS Information Hotline, National
Center for Environmental Assessment — Cincinnati
Office, Office of Research and Development, U.S.
EPA, 26 West Martin Luther King Drive,
Cincinnati, Ohio 45268, Telephone: (513) 569-
7254, Fax: (513) 569-7159.

= = For further information on gaining access to IRIS via
TOXNET, contact the IRIS Representative, Specialized
Information Services Division, National Library of Medicine,
8600 Rockville Pike, MD 20894, Telephone: (301) 496-
6531. For information on ordering IRIS diskettes, contact the
National Technical Information Service, 5285 Port Royal Road,
Springfield, VA 22161, Telephone: (703) 487-4650.




