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PREFACE

n the 1990 Clean Air Act Amendments, Congress mandated that a Commission on Risk
Assessment and Risk Management be formed to:

...make a full investigation of the policy implications and appropriate uses of risk
assessment and risk management in regulatory programs under various Federal laws
to prevent cancer and other chronic human health effects which may result from exposure
to hazardous substances.

The Commission was assembled in May 1994. Our members included specialists in public
health, occupational and environmental health, medicine, pediatrics, toxicology, epidemiology,
engineering, law, and public policy. The members were appointed—six by Congress, three by
President Clinton, and one by the president of the National Academy of Sciences—from health
and environmental organizations, academia, research institutes, a law firm, and industry. Mem-
bers also have experience in federal, state, and local governments. We held hearings across the
country to obtain input from interested and concerned parties. The information and insights
provided by these forums, as well as public comments on our June 1996 Draft Report, provided
valuable contributions to our deliberations, findings, and recommendations.

A clear need to modify the traditional approaches used to assess and reduce risks emerged as
a major theme from our deliberations. These approaches rely on a chemical-by-chemical, me-
dium-by-medium, risk-by-risk strategy. They tend to focus attention on refining assumption-
laden mathematical estimates of the small risks associated with exposures to individual chemicals,
rather than on the overall goal of reducing risk and improving health status.

With this volume, which constitutes Volume 1 of our two-volume Final Report, the Commis-
sion introduces a unique Risk Management Framework to guide investments of valuable public-
sector and private-sector resources in researching, assessing, characterizing, and reducing risk.
We set forth principles for making good risk management decisions and for actively engaging
stakeholders in the process. Our Framework is intended to catalyze a new generation of risk-
based environmental and health protection. Building on current practices, it adds important new
dimensions to the risk management process.

The Commission’s Framework defines a clear, six-stage process for risk management that can
be scaled to the importance of a public health or environmental problem and that:

* Enables risk managers to address multiple relevant contaminants, sources, and pathways of
exposure, so that threats to public health and the environment can be evaluated more
comprehensively than is possible when only single chemicals in single environmental media
are addressed.

* Engages stakeholders as active partners so that different technical perspectives, public values,
perceptions, and ethics are considered.

« Allows for incorporation of important new information that may emerge at any stage of the
risk management process.
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In response to public commenters on our June 1996 Draft Report, we decided to issue a two-
volume final report. The first volume focuses solely on our Risk Management Framework and its
implementation. This publication has been prepared for regulatory authorities and others who
may participate in the risk management process as risk managers or stakeholders. We have pro-
vided a glossary for those who seek more information and listed resource documents and organi-
zations at the end of this report. Volume 2, to be published in February 1997, addresses many
other issues related to health and environmental risk-based decisions, including recommenda-
tions for specific federal regulatory programs and agencies. The table of contents for Volume 2 is
provided in an appendix to this report.

The Commission gratefully acknowledges the valuable contributions made by the many people
who testified during our deliberations or provided written comments on our Draft Report. We
also acknowledge and appreciate the time and effort that regulatory agencies devoted to providing
us with needed information and resources. Finally, we acknowledge members and staff of the
Congress and leaders and staff of the Clinton Administration for the interest they have taken in
our findings and recommendations. We look forward to continuing to work with them to imple-
ment the recommendations.

Gilbert S. Omenn
Chair

NOTE: The Commission’s June 1996 Draft Report, both volumes of our Final Report, and all
supplementary reports (listed in Appendix 6 of Wblume 2) can be found on the Commission’s
homepage at the Riskworld website: http://www.riskworld.com.
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What Is Risk Management?

Tue Commission’s Risk
MaANAGEMENT FRAMEWORK

the safety of pharmaceutical drugs, food, and othereasons:

consumer products. Much of this progress has re-
lied, explicitly or implicitly, on a process callegk

management

Risk management is the process of

to the process of evaluating alternative regulatory ac-
tions and selecting among them. In recent years, the
During the last 25 years, our nation has madescope and tools of risk management have broadened
tremendous progress in improving the quality of considerably beyond regulatory actions taken by fed-
our environment and our workplaces, as well aseral, state, and local government agencies, for two

» Government risk managers now often consider
both regulatory and voluntary approaches to

reducing risk. This is particularly important as

our society is challenged to solve more complex

identifying, evaluating, selecting, and risk problems, especially those that cut across

implementing actions to reduce risk to

human health and to ecosystems. The
goal of risk management is scientifically
sound, cost-effective, integrated actions
that reduce or prevent risks while tak-

ing into account social, cultural, ethical,

political, and legal considerations.

industries, farmers, and fishers. This

Our definition of risk management is broader  improved by the involvement of those
than the traditional definition, which is restricted by risk problems (“stakeholders”).

Wuart Is “Risk”?

Risk is defined as the probability that a substance or situation will produce har
under specified conditions. Risk is a combination of two factors:

e The probability that an adverse event will occur (such as a specific disease

or type of injury).
e« The consequences of the adverse event.
Risk encompasses impacts on public health and on the environment, and ari
from exposure and hazard. Risk does not exist if exposure to a harmful substance

situation does not or will not occur. Hazard is determined by whether a particuls
substance or situation has the potential to cause harmful effects.

environmental media, with limited resources.

* Increasingly, risk management is being
conducted outside of government arenas, by
individual citizens, local businesses, workers,

decentralization has resulted in part from the
growing recognition that decision-making is

affected

m
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. Tue Commission’s Risk

MaANAGEMENT FRAMEWORK

Risks to human health can come from many
sources: industrial facilities, combustion
engines, and different media—air, water, or soi

During the traditional risk management proceshe Need for a More Comprehensive
decision-makers (typically government officials a”Approach to Risk Management:

other risk managers) gather |nformat|on about a si he Commission’s Risk Management
ation that poses or may pose a risk to human he

and to ecological health. Air pollution, water pollu* ramework

tion, workplace exposures, and the introduction of In the environmental arena, statutes and legal pre-
new pharmaceutical or consumer products are @edents tend to dictate risk management approaches
amples of situations that could pose risks to heattiat focus on one type of risk (e.g., cancers or birth
or the environment. Risk managers use this inform@efects in humans) posed by a single chemical in a
tion they have gathered to consider the: single medium (air, water, or land). Conclusions about
risk are based almost exclusively on observations of

* Nature and magnitude of risks. . . . .
g toxicity from high doses of the chemical in labora-

* Need for reducing or eliminating the risks. tory animals or in the workplace. While these ap-
- Effectiveness and costs of options for reducing proaches have contributed to tremendous progress
the risks. in reducing health, safety, and environmental risks in

recent decades, they are not adequate for addressing
In some cases, risk managers also consider the more complex risk problems we now face.
economic, social, cultural, ethical, legal, and po- Creative, integrated strategies that address mul-
litical implications associated with implementingiple environmental media and multiple sources of
each option, as well as any worker health, comisk are needed if we are to sustain and strengthen
munity health, or ecological hazards the optionke environmental improvements and risk reduction
may cause. In other cases, laws or procedumag nation has attained over the last 25 years. To help
hinder risk managers from considering thogreet these needs, the Commission has developed a
implications and impacts. systematic, comprehensive Risk Management Frame-
work, illustrated and summarized on page 3.

&



Framework for Risk Management

The Commission’s Framework is designed to help all types of risk managers—govern
officials, private sector businesses, individual members of the public—make good
management decisions (see “Principles for Risk Management Decision-Making” on page 4
Framework has six stages:

Define theproblem and put it in context.

Analyze the risks associated with the problem in context.
Examine options for addressing the risks.

Make decisions about which options to implement.

Take actions to implement the decisions.

Conduct an evaluation of the actio -

The Framework is conducted:

Problem/

G{: mex

akeholders

* In collaboration with
stakeholders.

 Using iterations if new
information is developed that
changes the need for or nature of
risk management.

ment
risk
. The




Tue Commission’s Risk MANAGEMENT FRAMEWORK

The Framework is general enough to work iniag health, and cleaning up the environment. It is use-
wide variety of situations. The level of effort and reful for addressing these types of decisions at a local
sources invested in using the Framework can be scalechmunity level (e.g., siting an incinerator or clean-
to the importance of the problem, potential severitiyg up a hazardous waste site) or a national level (e.g.,
and economic impact of the risk, level of controversjeveloping a national program for controlling motor
surrounding it, and resource constraints. The Framehicle emissions). The Framework need not be in-
work is primarily intended for risk decisions relatedoked for risk situations that are routinely and expe-
to setting standards, controlling pollution, protecttitiously managed—for example, by hazardous

Principles for Risk Management Decision-Making

A good risk management decision . . .

» Addresses a clearly articulated prob- — Account for their multisource, multime-
lem in its public health and ecologi- dia, multichemical, and multirisk
cal context. contexts.

— Are feasible, with benefits reasonably

» Emerges from a decision-making pro- related to their costs.

cess that elicits the views of those af- _ o _ _
fected by the decision’ so that - lee prlorlty to preventlng rISkS, not
differing technical assessments, pub- just controlling them.

lic values, knowledge, and percep- — Use alternatives to command-and-con-
tions are considered. trol regulation, where applicable.

« Is based on a careful analysis of the — Are sensitive to political, social, legal,
weight of scientific evidence that sup- and cultural considerations.
ports conclusions about a problem’s — Include incentives for innovation,
potential risks to human health and evaluation, and research.

the environment.

e Can be implemented effectively, expedi-
tiously, flexibly, and with stakeholder sup-
port.

* Is made after examining a range of
regulatory and nonregulatory risk
management options.

« Reduces or eliminates risks in ways * Can be shown to have a significant impact
that: on the risks of concern.

— Are based on the best available sci- _ o
entific, economic, and othertech- * Can be revised and changed when signifi-

nical information. cant new information becomes available,
while avoiding “paralysis by analysis.”

<&



Every stage of the framework relies on defining
risks in a broader context, involving
stakeholders, and repeating the process, or
part of it, when needed.

materials response teams, emergency room physisure, considering other chemicals that could affect a
cians, firefighter rescue teams, and voluntary proplarticular risk or pose additional risks, assessing other

uct recalls. similar risks, and evaluating the extent to which differ-
Every stage of the Framework relies on three kent exposures contribute to a particular health effect of
principles: concern. The goal of considering problems in their con-

Broader contextdnstead of evaluating single riskgext is to clarify the impact that individual risk manage-
associated with single chemicals in single environmenent actions are likely to have on public health or the
tal media, the Framework puts health and environmemvironment and to help direct actions and resources
tal problems in their larger, real-world contextavhere they will do the most good.

Evaluating problems in context involves evaluating dif- Stakeholder participatianinvolvement of
ferent sources of a particular chemical or chemical estakeholders—parties who are concerned about or

Advantages of the Commission’s
Risk Management Framework

Traditionally, risk management has relied on command-and-control approaches that often require envi-
ronmental protection standards to be met using specific technologies. Risk management has generally fo-
cused on controlling single hazards in single environmental media. Many risk management failures can be
traced to not including stakeholders in decision-making at the earliest possible time and not considering
risks in their broader contexts. In contrast, the Commission’s Risk Management Framework is intended to:

O Provide an integrated, holistic approach to solving public health and environmental problems in
context.

O Ensure that decisions about the use of risk assessment and economic analysis rely on the best scien-
tific evidence and are made in the context of risk management alternatives.

O Emphasize the importance of collaboration, communication, and negotiation among stakeholders
so that public values can influence risk management strategies.

O Produce risk management decisions that are more likely to be successful than decisions made with-
out adequate and early stakeholder involvement.

0 Accommodate critical new information that may emerge at any stage of the process.

&



Tue Commission’s Risk MANAGEMENT FRAMEWORK

affected by the risk management problem—is critical Iteration Valuable information or perspective

to making and successfully implementing sound, costay emerge during any stage of the risk management
effective, informed risk management decisions. Fprocess. This Framework is designed so that parts of
this reason, the Framework encourages stakeholdenay be repeated, giving risk managers and stake-
involvement to the extent appropriate and feasiltelders the flexibility to revisit early stages of the pro-
during all stages of the risk management procesess when new findings made during later stages shed
“Establish a Process for Engaging Stakeholders” sufficiently important light on earlier deliberations
page 15 discusses in depth the value of and apd decisions. (“The Importance of Iteration” on
proaches to involving stakeholders. page 47 provides more information.)



DeriniNne PROBLEMS AND
Purting Tuem N ConTexT

Dincizinns

The problem/context stage is the most importat@ntial problem. Ideally, potential problems will be
step in the Risk Management Framework. It involveanticipated and addressed at a very early stage.

1. Identifying and characterizing an environmentaII:)rObIemS may be identified through a range of in-

health problem, or a potential problem, causedd'cators’ using such methads and events as:
by chemicals or other hazardous agents or * Emissions inventories; including the Toxic
situations. Release Inventory.

2. Putting the problem into its public health and < Environmental monitoring; for example,
ecological context. measuring concentrations of solvents that

3. Determining risk management goals. pollute ground water.

* Biological monitoring; for example, measuring

4. ldentifying risk managers with the authority or children’s blood lead levels or anemia.

responsibility to take the necessary actions.

5. Implementing a process for engaging

stakeholders. A good risk management decision

addresses a clearly articulated

These steps are all important, but may be con- problem in its public health and
ducted in different orders, depending on the particu- ecological context
lar situation. For example, when a state or federal '
regulatory agency is mandated to take the lead on a
problem, the steps often will proceed in the order o o )
listed above, with the identity of the risk manager$ TOXiCity testing in laboratory animals to help
already clear, since the state or federal agency will/dentify chemicals that might pose risks to
have assumed that role from the start. On the othef?Umans or ecosystems.
hand, if the group or individual discovering the prob~ Toxicity testing using sentinel species in the
lem is not in a position to be the risk manager or to environment to help identify the impacts of
characterize the problem, stakeholders might have topollution on ecosystems.
engage in a collaborative stakeholder process to iden-_. : _ .
tify risk managers with the needed authority before !:)lsease sgrvelllance, for example, obsgrvmg
the other steps can take place. Each step in the probl_ncreases in the occurrence and severity of

lem/context stage of the risk management process isasthma or noting regional differences in the

described below. rates of a particular cancer or birth defect.

_ _ » Epidemiologic studies; for example,
1. ldentify and Characterize the observations of workplace exposures and
Problem particular disease rates.

» Lack of compliance with local or national
standards to control contaminant concentrations

" in air, water, soil, or food.

An environmental or human health problem
may already be well recognized or may be a po



Derinine ProBLEMS AND PuTTing Tuem v ConTeExT

» A permit application or a violation of a standarccation may be performed by an individual stake-

or permit (e.g., facility siting, wastewater
discharge).

* A bad odor, as in communities where gasoline
additives (oxygenated fuels) were used to redu?

holder (including the risk management authority),
problem characterization should be performed in
collaboration with other stakeholders. Here are
gme guestions to ask when characterizing a prob-

carbon monoxide emissions from automobiles. em.

 Community reaction, as may result when a
decision is made to build a municipal solid
waste incinerator in a neighborhood that was
not consulted about the decision.

* Media or environmental activist reports that
arouse public concern about a risk based on
preliminary or incomplete information.

Potential problems may take some searching to identify.

Hazard
e What is the problem? Why is it a problem? How

was it first recognized?

What types of adverse effects might the problem
cause? Are they reversible?

How imminently might the effects be
experienced? In other words, are the effects
likely to appear in the near future, later on in
life, or in future generations? How urgent is the
need for action? For example, a tank car
carrying flammable solvents that overturns in a
suburban neighborhood requires immediate
attention (and therefore does not require
implementation of this Framework); a municipal
solid waste incinerator operating normally in the
same neighborhood can be assessed more
deliberately.

How do stakeholders perceive the hazard? Do
different groups of stakeholders have different
perceptions and concerns? For example, parents
of children at risk from exposure to an industrial
pollutant may feel quite differently about a
hazard than workers whose income depends on
the facility causing the problem. When these are
the same people—that is, the parents are also

Characterizing a problem involves investigating ihe workers—perceptions of the hazard can be
what is causing the problem and who or what is quite complex.

affected. For example, characterizing an environ-

mental problem could involve identifying whichEXposure

pollutants or other stressors (such as sediment in

a stream) are causing the problem, determining threWho may be exposed? Does the exposure pose
sources of the pollutants or other stressors, anddifferent risks to different groups? For example,
then determining which human and/or ecological are the elderly, children, immunosuppressed
populations are affected. While problem identifi- individuals, or certain ethnic groups at greater



Children can experience higher
exposures to pesticides than adults
because they eat larger amounts of fruits
and vegetables for their size.

risk than others due to age, medical, genetic, dntended consequences. For example, tightening solid
socioeconomic factors, diet, or activity patterns@aste disposal regulations can lead to an increase in
(j)IJ_,egaI dumping. In the case of Superfund site clean-
ups, Resource Conservation and Recovery Act regu-
lations have engendered disposal methods that pose
even greater risks than the Superfund sites themselves.
* Are the exposures likely to be short term or longherefore, it is very important to consider the full
term? What is their frequency? context of the problem, as described below, before
proceeding with other stages of the risk management
Problem characterization may be iterative, requiprocess.
ing several attempts at refinement as new informa-
tion is gathered. For example, stakeholders joiniZy Carefully Consider the Context
the process may bring important information or in-
sights that could modify a characterization or sug- A full understanding of the context of a risk prob-
gest additional lines of investigation. Early iterationem is essential for effectively managing the risk. Yet
might focus on research and education, while lateistorically most risk management has occurred in
iterations focus on specific pollution reductiomn artificially narrow context that considers just one
measures. chemical, one environmental medium, and one risk
How the problem is characterized will have a tret a time. Because this narrow context does not re-
mendous impact on the focus and likely outcome féct the true complexities of risk situations, it results
the risk management process. For example, a probrisk management decisions and actions that are less
lem related to waste disposal capacity could leffective than they could be. The Commission’s Frame-
characterized: work expands the context of risk management by in-
cluding a step in the opening stage, described here,
to explicitly consider and define a comprehensive
context for a specific risk that is broadly reflective of
* By local government officials as inadequate  real-life risk situations. To dthis, risk managers and

* What are all of the relevant sources of exposur
How much does each source contribute to the
problem?

* By waste haulers as the result of inadequate
landfill space.

recycling of residential or industrial waste. stakeholders must systematically consider several key
« By environmental advocates as too much wastélimensions of the risk's context: _
generation. Multisource contextls the population exposed to

the same pollutant from other sourcésst example, a
If a problem is characterized too narrowly or ilecal community might be concerned about breath-
correctly, risk managers and other stakeholders willg pollutants such as hydrocarbons and particles
invest their resources in exploring and implementimgleased to the air from a nearby power plant, but it
solutions that will be inadequate, less effective, aright also be breathing hydrocarbons and particles
more costly for reducing risk than they might havieom motor vehicle exhaust, wood stoves, secondhand
been. Also, inappropriate solutions can produce unbacco smoke, or other sources. (See “The Multi-

O
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Multimedia Context: Residual Risks From Secondary
Understanding the context of a risk Lead Smelters” on page 12 for elaboration.)
problem is essential for effectively Multichemical contextD_o_ othe_r pollutants from _

) i the same sources pose additional risks to the population
managing the risk. of concern? Do the pollutants interact? Are their effects
cumulative?In the power plant example, other air
pollutants may pose risks for similar adverse effects
source Context: Air Toxics” and “The Multisourceor may produce different effects when in combina-
Context: Residual Risks from Petroleum Sources” tion than they do alone. For example, hydrocarbons
pages 11 and 12 for elaboration.) are usually attached to very small particles, which can

Multimedia contextls exposure to the pollutantincrease the risk of cancer from hydrocarbons alone
also occurring from other environmental medla?he and which can interact with ozone and other air pol-
power plant example, the community members whatants to form smog.
are concerned about breathing pollutants could alsoMultirisk context How great a risk does the prob-
be exposed to them from food, water, or soil. Othkem pose compared to other similar risks that the com-
sources of hydrocarbons could be food (such msinity faces from environmental chemicals@r
broiled meats) and soil (resulting from cumulativexample, the risks of respiratory disease associated
contamination from decades of emissions from tkmth exposure to power plant emissions might be
power plant, vehicles, and other sources). (See “Témmpared with the risks of diseases associated with
exposure to heavy metals from local municipal solid
waste incinerator emissions and the risk of neuro-
logical disorders resulting from exposure to a local
drinking water source that is contaminated with in-
dustrial solvents. (“The Multirisk Context: Ecologi-
cal Degradation” on page 13 provides an ecological
example.)

There may be even broader public health or eco-
logical contexts that local governments and public
health agencies have to confront and weigh against
chemical exposures—for example, a high incidence
of HIV or other infections, a low rate of childhood
vaccination, a high drug use and crime rate, or a high
rate of alcoholism and its contribution to liver dis-
ease, birth defects, and injuries from automobile
accidents.

In the power plant example, the initial problem
is defined as the health risks posed by air pollutants
The broad context of risks in this communy nclude an emit_ted by a particu!ar type of indUStr_ial facility in a
industrial facility, motor vehicles, lead paint, and contaminatedParticular geographic area. The multisource context
soil. would involve identifying other sources (e.g., other

types of industrial facilities, motor vehicles) that emit

I

B

i
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A problem’s context can include

other chemicals and other @
environmental media, and other
risks.

those same pollutants to the air in the same geographicSeveral types of industrial facilities that emit
area. The multimedia context would involve identthe hazardous air pollutants benzene, 1,3-butadi-
fying other environmental media that serve as locahe, formaldehyde, and acetaldehyde will require
pathways of exposure to the same pollutants. TMACT standards. A 1993 EPA study of the risks
multichemical context would involve comparing thassociated with motor vehicle emissions of these
risks from those particular pollutants with the risksame pollutants provides an important context for
associated with other important air pollutants froewvaluating the residual risk from those facilities.
the same source, such as sulfur oxides and nitrogerMotor vehicles contribute 60%, 94%, 33%, and 39%
oxides. Finally, the multirisk context could considesf the nationwide total of benzene, 1,3-butadiene, form-
risks posed by water contamination and solid wast@gdehyde, and acetaldehyde air pollution, respectively.
in the area, and sometimes, other risks to pubk®A estimated the cancer risk of these pollutants for the
health. years 1990, 2000, and 2010. For the 1990 estimate,

An initial problem might also be identified andEPA assumed that 1990 automotive technology was in
evaluated on the basis of a particular health effgace. For the 2000 and 2010 estimates, EPA assumed
instead of on the basis of contaminant emissions. Foeat a number of controls would be in place, including
example, the increasing incidence and mortality ratte®se required by California’s stringent emissions stan-
of asthma could be addressed. The reasons for deds and a requirement that reformulated gasoline be
increases are not known, but likely candidates includged by vehicles in all areas of the country that do not
sulfur oxides, smog, particles, and second-hand &ttain the current national ambient air quality standard
bacco smoke. for ozone.

The relevant contexts that are identified and char-
acterized after these considerations, and
the rationale for their identification,
should be incorporated into the ris
analysis (see “How Should Risks b
Analyzed?” on page 24).

The Multisource Context: Air Toxics

Under the 1990 Clean Air Act, EPA
is required to promulgate maximunjgss
available control technology (MACT)
standards for major sources of haz
ardous air pollution. MACT standard s
reduce, but don’t necessarily elimi
nate, air pollutants from thesgq
sources. For this reason, the Clean A
Act requires EPA to assess the residu
risk caused by the air emissions th{
will remain after MACT standards arg
implemented.
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Benzene, formaldehyde, and acetaldehyde framould be appropriate for stakeholders to identify who
motor vehicles were each estimated to cause no mieas responsibility for controlling the other sources.
than 30 additional cases of cancer nationwide per yearf the residual leukemia risk from refinery emis-
in any of the years evaluated, while 1,3-butadiene waiens is significant compared to the leukemia risk
estimated to cause no more than 300. (At present thesatributed by other sources, risk-reduction efforts
are more than 500,000 new cases of cancer each whauld focus on further reducing refinery emissions.
in the United States.) However, if the refinery risk proves insignificant, risk

The fact that air toxics from industries properlyeduction might better be directed at other sources.
controlled under MACT standards are not likely tdhe overall goal should be to direct risk manage-
be the major sources of cancer risk will be an impanent resources where they will do the most good to
tant context for EPA to consider when the residuaifotect or improve the community’s health.
risks from industries are assessed and compared td\ situation in which the multisource context was
risks from other sources of cancer and respiratdgnored, with unfortunate results, arose in New Jersey.
disease. This situation reinforces the need to view B#nzene is a contaminant found in the air and some-
air pollution risk management activities in one cotimes the groundwater near marine oil terminals. Ben-
text. Both EPA and California have started to do jusgéne levels were measured inside homes near a marine
that by developing integrated air toxics strategies.oil terminal and, because the levels were believed to

) ) _ be unsafe, residents were evacuated. In fact, the ben-
The Multisource Context: Residual Risks From zene levels were well within the range found in homes
Petroleum Sources nowhere near any external source, but residents have

In July 1994, EPA promulgated a MACT standanekfused to return to their homes, property values have
for petroleum refinery emissions. That standard wdscreased substantially, and a great deal of community
based partly on EPAs finding that benzene in refinedyscord persists.
emissions poses a potential leukemia risk to exposed _ . . .
populations. The standard will reduce, but not eIimT— e Multimedia Context: Residual Risks from
nate, the benzene and other hazardous air poIIuta%?scondary Lead Smelters
emitted by petroleum refineries. EPA promulgated MACT standards for second-

Once the standard is implemented, a series of loagy lead smelters to reduce human exposure to ar-
and regional risk assessments will be conducted to denic, lead, and other pollutants in smelter
termine whether the remaining benzene in emissia@missions. Assessing residual risk was difficult be-
from individual petroleum refineries may pose a leukeause few site-specific data were available on expo-
mia risk in their local area. At this stage it will be imposure to smelter emissions. To compensate for this
tant to consider other sources of benzene in air. In fatdfa gap, EPA performed a screening risk assessment
motor vehicle emissions are the largest single sourcélwdt relied on many assumptions.
airborne benzene in the United States. When assessinérsenic. Arsenic causes skin disorders and can
the residual risk from benzene in refinery emissions immcrease lung cancer risk. EPA’'s screening assess-
particular region, the benzene risk from refinery emisient indicated that residual arsenic emissions
sions could be compared with the benzene risk frdrfB0 meters from a smelter would be about one
mobile sources and any other important benzene erhighdred times the average air concentration of
sion sources in the area—including benzene in cigarettsenic in the United States and about one thou-
smoke and from consumer products used at homesdnd times the maximum exposure level that EPA

@



use, overfishing, the introduction of exotic spe-
cies, and deposition of air pollutants into water.
In such cases, risk managemistconsider these

problems in multisource and multirisk contexts in

considers to pose negligible risk. An examinatig?fder to develop effective solutions.
of other major sources of arsenic exposure (prin- One example of a problem requiring multirisk
cipally seafood consumption and smoking), howwalyses and multisource solutions is the decline
ever, indicates that smelter emissions actual® salmon populations in the Columbia River Ba-
account for only one-tenth of exposure to arserith- According td>acific Fisherman Yearbookthe
for people living 100 meters from the smeltepnnual salmon and steelhead catch ranged between
Thus, the total exposure context raises a broad® and 44 million pounds of fish in the early
risk management issue about what actions shod@00s. By the 1940s, the range had declined to
be taken to reduce exposure from all sources. TiIween 13 and 30 million pounds due to over-
first step should be to measure actual arsenic chighing, irrigation, and power dams. Since that
centrations in air around the smelter to compare métf@e, many believe that the salmon fisheries have
accurately the contributions of all sources of arsenRe€en further stressed by nuclear reactors that have
Lead_ Exposure to |ead can cause brain dama@@ntributed radiation, heat, and chemicals to the
Children are particularly vulnerable. EPAs screenirfg@nford Reach of the Columbia River and by popu-
risk assessment found that exposure to lead emissi@®n increases that have resulted in pollution from
100 meters from a secondary lead smelter would $RWage treatment plants, industrial discharges, and
about ten times greater than both the national amginoff. In the tributaries, timber harvesting has in-
ent air quality standard for lead and the average con-
centration of lead in the United States. Although there
are many other sources of human exposure to lead,
an analysis of total exposure around the smelter shows
that the smelter itself is by far the primary contribu-
tor. Thus, in the case of lead the total exposure con-
text confirms that smelters should be the leading
target for risk reduction in those communities. Moni-
toring children’s blood lead levels would be a good
first step to help guide risk management actions and
to evaluate their results.

The Multirisk Context: Ecological Degradation

Many problems not only have multiple sources
(the multisource and multimedia contexts), but
also are interdependent with other problems (the
multirisk context). For example, degradation of
watersheds typically is caused by a variety of
sources that may include specific industrial dis-
charges, urban and agricultural runoff, land-dis-
turbance activities such as logging and grazing,
diversion of water for domestic and agricultural




Derinine ProBLEMS AND PuTTing Tuem v ConTeExT

creased sedimentation, water temperature, andThey may also be dictated by statute, policy, or

blockages of important spawning habitats. Salmeristing regulations.

populations have continued to decline. Risk management goals should be used to guide the
The ecological consequences of this degrad@ext stage of the Framework—Analyzing Risks—but the

tion are accompanied by other impacts. For epesults of risk analysis may lead stakeholders and deci-

ample, the decline in the salmon fisheries hawn-makers to redefine those goals. It is important to

affected the diet, culture, and religious practicedentify the goals early, so they may serve to guide the

of the Yakama Indian Nation. To successfully adest of the decision-making process.

dress the Columbia River’s degradation, risk man-

agers will need to consider multiple sources of . .

stress and complex risk management strategiet. ldentify Risk Managers

i The risk manager is the person responsible for
Risk management goals should be managing the problem. Who the most appropriate
used to guide risk analyses. risk managers are in a particular situation will de-

pend on the problem’s context. In some situations,
such as a regulatory context, it will be obvious to

) ) all stakeholders that the responsible regulatory
3. Identify Risk Management Goals agency should or must manage the problem. In

The goals of risk management are varied.Theym%lher cases, it may not_be ObViOL_’S_' or different
be risk related, aiming to: stakeholders may have different opinions. If so, the

issue of who should be the risk manager or man-

* Reduce or eliminate risks from exposure to agers must be resolved at this stage of the risk
hazardous substances. management process. Often, risk management re-
« Reduce the incidence of an adverse effect. sponsibilities can be shared, or evolve with chang-
ing circumstances. Sometimes, who the risk
* Reduce the rate of habitat loss. manager should be will not become evident until
the risk management options are identified.
They may be economic, aiming to: Many different types of people may be risk man-

» Reduce the risk without causing job loss. agers, including:

« Reduce the risk without reducing property Federal regulators Plant managers
values. State regulators Public health officials
Local regulators Clinicians
They may involve public values, aiming to: Local businesses Citizens
Industries

* Protect the most sensitive population.
* Protect children.

* Preserve a species from becoming extinct.



Stakeholders are more likely to accept and
implement a risk management decision theg
have helped to shape.

5. Establish a Process for Engaging further pesticide research funding, trade

Stakeholders associations like the Grocery Manufacturers’
The appropriate numbers and types of stakehold-Association, those who speak on behalf of
ers depend on the situation. ecological considerations, and those with

A stakeholder is anyone who has a “stake” in a regulatory responsibility.

risk management situation. Stakeholders typically | the case of a substantial decline in the oyster
include groups that are affected or potentially affected population in a bay because chemicals have been
by the risk, the risk managers, and groups that will ~5,ried into the bay from farms and roads,

be affected by any efforts to manage the source of thestskeholders could include the people who

risk. The overlap betyveen “Engage Stakeholders” andy,5rvest the oysters, retailers, consumers, dairy
Problem/Context” in the Framework hexagon on faymers, pesticide manufacturers, manufacturers
page 3 is larger and darker than the other overlapsyf 5ytomobile emissions control devices, local
because active stakeholder involvement at this par-.ommunities. those who speak on behalf of

sion-making process. _ with regulatory responsibility.
Who the stakeholders are depends entirely on the
situation: Questions that can help identify potential stake-

. ) holders include:
e [n the case of a contaminated site, stakeholders

would include those whose health, economic  * Who might be affected by the risk management

well-being, and quality of life are currently decision? (This includes not only groups that
affected or would be affected by the cleanup and already know or believe they are affected, but
the site’s subsequent use. They would also also groups that may be affected but as yet do

include those who are legally responsible for the not know this.)
site’s contamination and cleanup, those with , who has information and expertise that might

regulatory responsibility, and those who may be helpful?

speak on behalf of ecological considerations or _ o ) ] )

future generations. * Who has been involved in similar risk situations
before?

* In the case of an application for a pesticide _ ) o _
reregistration, stakeholders would include the * Who has expressed interest in being involved in

pesticide manufacturer, owners of the farms similar decisions before?

where the pesticide is used, laborers who apply« Who might be reasonably angered if they are not
the pesticide, consumers who may be exposed toincluded?

pesticide residues in foods, scientists who seek
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Guidelines for Stakeholder Involvement

* Regulatory agencies or other organizations considering stakeholder involvement
should be clear about the extent to which they are willing or able to respond to
stakeholder involvement before they undertake such efforts. If a decision is not
negotiable, don’t waste stakeholders’ time.

» The goals of stakeholder involvement should be clarified at the outset and
stakeholders should be involvedrly in the decision-making process. Don’t make
saving money the sole criterion for success or expect stakeholder involvement to
end controversy.

» Stakeholder involvement efforts should attempt to engage all potentially affected
parties and solicit a diversity of perspectives. It may be necessary to provide
appropriate incentives to encourage stakeholder participation.

» Stakeholders must be willing to negotiate and should be flexible. They must be
prepared to listen to and learn from diverse viewpoints. Where possible, empower
stakeholders to make decisions, including providing them with the opportunity to
obtain technical assistance.

» Stakeholders should be given credit for their roles in a decision, and how
stakeholder input was used should be explained. If stakeholder suggestions were
not used, explain why.

 Stakeholder involvement should be made part of a regulatory agency’s mission by:
— Creating an office that supports stakeholder processes.
— Seeking guidance from experts in stakeholder processes.
— Training risk managers to take part in stakeholder involvement efforts.
— Building on experiences of other agencies and on community partnerships.
— Emphasizing that stakeholder involvement is a learning process.

» The nature, extent, and complexity of stakeholder involvement should be
appropriate to the scope and impact of a decision and the potential of the decision
to generate controversy.




A good risk management decision emerges from a decision-
making process that elicits the views of those affected by the
decision, so that differing technical assessments, public
values, knowledge, and perceptions are considered.

Thus, stakeholders may include: significance of risks. Collaboration provides op-
portunities to bridge gaps in understanding, lan-
guage, values, and perceptions. It facilitates an
* Representatives of different geographic regionsexchange of information and ideas that is essen-
- Representatives of different cultural, economic,tial for enabling all parties to make informed de-

or ethnic groups. cisions about reducing risks. Collaboration does
not require consensus, but it does require that all
parties listen to, consider, and respect each other’s
« Public health agencies. opinions, ideas, and contributions.

The Commission acknowledges concerns that the
costs and additional time needed to involve stake-
» Labor unions. holders in risk management can be considerable.
However, risk management by government agencies
has generally been costly anyway, and investment in

« Community groups.

» Local governments.

» Businesses.

* Environmental advocacy organizations.

« Consumer rights organizations. stakeholder involvement can bring long-term savings,
« Religious groups. especially when stakeholder involvement catalyzes
_ S win-win solutions or when litigation becomes less
* Educational and research institutions. likely or less protracted. The U.S. Department of En-
- State and federal regulatory agencies. ergy, the U.S. Department of Defense, and several

states have reported that including community stake-
holders in their decision-making process for clean-
ing up contaminated sites substantially reduced the
Why |Is Stakeholder Involvement overall time and expense required.

Important?

* Trade associations.

How Can Stakeholders Be Engaged?
Experience increasingly shows that risk manage-

ment decisions that are made in collaboration with The Risk Management Framework promotes at

stakeholders are more effective and more durabkeast some stakeholder participation at each stage of

Stakeholders bring to the table important informahe risk management process. Every risk management

tion, knowledge, expertise, and insights for craftirgjtuation has a spectrum of interested and affected

workable solutions. Stakeholders are more likely parties who have different perspectives, concerns,

accept and implement a risk management decisiomowledge, and interests. Some parties are proactive

they have participated in shaping. According to a 1986seeking involvement. Others are not. In all cases,

public opinion poll, 80% of U.S. citizens think thahowever, risk managers should work to:

the responsibility for cont_rolling risks shOL_JI_d be, dentify all stakeholder groups as early as

§ha_1r<_ed by government, businesses, communities, an%ossible in the risk management process,

!nd|V|duaIs_ gnd tha_t government at all I_evels should beginning with the problem/context stage.

involve citizens in health and environmental

protection. » Determine the optimal process for stakeholder
Stakeholder collaboration is particularly impor- involvement.

tant for risk management because there are many

conflicting interpretations about the nature and

&
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Incentives for stakeholders to become involved might Complexity, uncertainty, impact, and level of
be helpful in some cases. For example, some commu-controversy associated with the decision to be
nity stakeholders have received child care and trans-made.
portation expenses or funding for technical reviews;
Some industry stakeholders could be attracted by the
potential for reduced reporting requirements or more
efficient permitting. Sometimes, industry stakeholders Extent to which participants can have a genuine
cover the expenses of community stakeholders throughinfluence on the decision. If the decision is really
mechanisms such as community advisory groups. not negotiable, stakeholders’ time should not be

Not all risk management decisions will benefit wasted.
from extensive stakeholder collaboration. The nature
and complexity of stakeholder involvement should There are no hard-and-fast rules for stakeholder
be consistent with the: involvement. Research on stakeholder involvement

Urgency with which the problem must be
addressed.

Seven Benefits of Engaging
Stakeholders

1. Supports democratic decision-making.
2. Ensures that public values are considered|

3. Develops the understanding needed to
make better decisions.

4. Improves the knowledge base for
decision-making.

5. Can reduce the overall time and expense
involved in decision-making.

6. May improve the credibility of agencies
responsible for managing risks.

7. Should generate better accepted, more
readily implemented risk management

Potential stakeholders include workers, L
% plant owners, and fishers. decisions.




is in its early stages, so we are still learning whatration goals. In 1996, the agencies and interest groups
works, what doesn’t work, and why. Nonethelessached consensus on a $995 million bond measure that
a number of guidelines were developed on the haill help finance the ecosystem restoration process and

sis of the experiences to date that practitionesther projects vital to the program’s success. The bond

shared with the Commission, which seem basicwas passed by voters in November 1996.

effective stakeholder involvement. Those guide- . .

lines are described in the box on page 16 (“Guid@suﬁfl(:len.t Stakeh_older Collaboration:

lines for Stakeholder Involvement”). Granite City, lllinois

When stakeholders are not included early in the
decision-making process, they are more likely to
oppose the risk management decision and block

Declaring “a major victory of consensus over corfits implementation. This has been happening in
frontation” on December 14, 1994, California Govefsranite City, Illinois, since 1993, according to tes-
nor Pete Wilson and Cabinet-level federal officialsmony from Mayor Ronald Selph and Alderman
announced the signing of an historic agreement to p@raig Tarpoff. Heavily contaminated with lead by
tect the San Francisco Bay/Delta estuary—the largest anidrmer smelter, much of the city was designated
most productive estuary on the West Coast. Known®asEPA as a Superfund site. Based on soil sample analy-
the Bay/Delta Accord, the agreement was negotiatedd®s and a screening risk assessment model, EPA decided
the leadership of the state’s environmental, urban, dandemove the contaminated soil around 1,200 homes
agricultural interests. The accord broke decadesawid businesses and haul it away.
gridlock on California water policy issues by establish- Some believe that EPA made this decision with-
ing an integrated, ecosystem based approach to proteat- adequately consulting the community. City
ing the estuary while providing more reliable suppliedficials believe that this remedy ignored a num-
to the state’s urban and agricultural water users.  ber of problems:

The collaborative process that led to the accord
marked a shqr_p departure from the OIeCiSion'makingrecontamination by fugitive dust from the waste
approach traditionally l_Jsed under the Cleaq Wa_ter ActIoile remaining at the smelter, which was not
and Endangered Species Act. Rather than issuing pro-, .

o going to be removed by EPA.
posals developed by individual agency experts for for-
mal public comment and review, the agencies worketi The health risks posed by fugitive dust from
together with environmental, urban, and agricultural the trucking lot adjacent to the waste pile
interests over two years to identify common goals and (which was also not going to be removed by
mutually acceptable solutions. The final standards wereEPA). This soil was contaminated with 50,000
developed through an extensive peer-review process thaparts per billion of lead.
involved bot_h local and national experts in estuaring The common presence of lead-based paint in
systems. This approach sharply reduced the number ot ¢ area, which a local study suggested was

legal and scientific challenges that accompany mostihe most important source of exposure to lead
major agency decisions, and has been hailed as a nag children.

tional model for solving environmental problems. )
Building on the success of this collaborative procesg, The fact that 95% of the children had blood lead
the state and federal agencies and interest groups havi¢Vels below 15 pg/dL.
continued to work together as part of the new CALFED
Bay/Delta Program to develop long-term ecosystem res-

Successfully Engaging Stakeholders: San
Francisco Bay/Delta Accord

The potential health risks associated with
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The industrial facility held responsible for theetained an expert whose analysis concluded that
contamination did not respond to EPA’'s decisionemoving contaminated soil would be fruitless
so the agency sued the facility. The city then filathless the remaining sources of contamination—
a petition in the suit because officials felt that nehouse paint, the smelter waste pile, and the trucking
ther EPA nor the responsible party represented tbesoil—were removed as well. Granite City residents
best interests of the community. EPA began tlae left confused and caught in the middle—some
cleanup anyway, but was restrained by court agupport the city and some support EPA. Property val-
der. EPA retained an expert whose analysis swes have fallen. As of late 1996, the case remains
ported the agency’s choice of remedy and the ciiyresolved and is back in federal courts.

b6 | ocal public health agencies can play an important role in the
execution of the Commission’s Risk Management Framework. In
Boston, the Department of Public Health produces neighborhood
health reports, which individually describe the health status of 16
neighborhoods. The department asked residents what they thought
their priorities were, then set up forums for discussing those priorities
and pursuing ways to achieve public health goals. Each year the
department updates and expands the reports based on neighborhood
needs and prioritie3)

—Ngozi Oleru, Director,
Office of Environmental Health,
Boston Public Health Commission



Involving Stakeholders in Maine
Unsuccessful: An Automobile Inspection and Maintenance Program

A sophisticated emissions testing program for automobiles is considered by many tg be
one of the most cost-effective strategies for reducing emissions of ozone precursors. In early
1993, Maine was the first state in the Northeast to propose adopting this control strategy.

This was Maine’s first air pollution control plan that would require compliance by citizen
Maine had not required emissions testing previously, focusing instead on stationary sou
as the means by which it met its ozone control requirements.

5.
rces

Maine’s Department of Environmental Protection conducted all the necessary adminis-

trative procedures to implement the program, but never adequately addressed many o
guestions and concerns the public raised about the program. In the end, public oppos
became so strong that the department was forced to abandon the program in 1994 after,
a few months of implementation.

f the
tion
only

Involving stakeholders would not have guaranteed success, but certainly would have

increased its chances. By involving stakeholders early, state regulatory officials could h

ave

helped the public understand the legal requirements of the Clean Air Act and the public
health need for the control strategy, and officials could have better understood what issues

the state needed to resolve to gain public support.

Successful: A Transportation Policy That Considered Alternatives to
Highway Expansion

Several years ago, the state of Maine proposed to add lanes to the southern portion ¢
Maine Turnpike because of significant increases in traffic volume. Citizen opposition was
strong that a referendum was passed, placing a moratorium on turnpike expansion
mandating that the state develop rules requiring the consideration of alternatives to

proposed highway expansion project. Key stakeholders were identified, mobilized, and|i

vited to participate in a negotiated rulemaking, which set up regional, stakeholder-ba
decision-making committees and criteria for considering alternatives. All agreed that p
jected traffic volumes did not warrant highway expansion at that time, although such p
posals could be considered in the future.

fthe
SO0
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The Important and Synergistic Roles of Regulatory and
Public Health Agencies in Identifying and Reducing
Environmental Health Risks

The effort to sustain our gains in public health and environmental health protection
will be most effective if regulatory and public health agencies work together. Regula-
tory and public health agencies have important and complementary roles to play in
setting policies for environmental health protection and risk management. Yet, in gen-
eral, these two communities do not interact sufficiently and the connections between
environmental exposures and public health are not well established.

The likely synergy between environmental and public health agencies is a reservoir
of untapped potential for environmental risk management. Many environmental poll|u-
tion problems can be identified by their public health contexts. For example, construc-
tion of an asphalt batch plant was proposed in Boston. The residents of the urban
community in which it was to be constructed were found by public health officials to
have a relatively high incidence of asthma and cardiovascular disease. The public health
findings signaled a potential environmental health problem that could have been exac-
erbated by emissions from the asphalt plant. On that basis, construction of the plant
was opposed by citizens and by the public health agency, and a decision was made to
try to locate the plant elsewhere.

Environmental, public health, and social agencies can work together with commu-
nity activists to define problems and to develop and implement strategies to manage
environmental risks in the full context of poverty, poor schools, and inadequate hous-
ing. As our society works to reduce risks in an era of diminishing resources, it is vital
that environmental and public health agencies collaborate in deploying the tools| of
public health—epidemiology, exposure assessment, surveillance, nutrition, genetjcs,
and behavior change—to identify and evaluate the most cost-effective ways to reduce
risks and improve public health in all segments of the population. The public health
community should accept the challenge to play an influential role in setting national,
state, and local priorities and in developing strategies to understand, manage, and pre-
vent environmental risk.
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AnaLYZING Risks

A good risk management decision is
based on a careful analysis of the
weight of scientific evidence that
supports conclusions about a

To make an effective risk management decision, problem’s potential risks to human
risk managers and other stakeholders need to know .
what potential harm a situation poses and how great health and the environment.
is the likelihood that people or the environment will
be harmed. Gathering and analyzing this information
is referred to assk assessment there is no current or potential exposure, there is no

The nature, extent, and focus of a risk assessmésk.
should be guided by the risk management goals. TheRisk assessment is performed by considering in-
results of a risk assessment—along with informatidfnsic hazards, the extent of exposure to the hazards,
about public values, statutory requirements, court d&d information about the relationship between ex-
cisions, equity considerations, benefits, and costgpesures and responses. Unfortunately, we seldom have
are used to decide whether and how to manage @m@ugh information to accurately determine hazards,
risks. exposures, or exposure-response relationships, so risk

Risk assessment can be controversial, reflecting ggsessors must use a combination of scientific infor-
important role that both science and judgment playation and their best judgment to characterize risks.
in drawing conclusions about the likelihood of eMaking judgments about risk on the basis of scien-
fects on human health and the environment. Oftdiiic information is called “evaluating the weight of
the controversy arises from what we don’t know arile evidence.” For example, considerations involved
from what risk assessments can’t tell us, because wuanalyzing the weight of the evidence associated with
knowledge of human vulnerability and of environidentifying a hazard using toxicity studies in rodents
mental impacts is incomplete, especially at the relaclude the:
tively low levels of chemical exposure commonly,
encountered in the general community.

Why Is Risk Assessment Important?

Quiality of the toxicity study.

» Appropriateness of the toxicity study methods.

How Should Risk Be Characterized? . Consistency of results across studies.
Risk results from a combination of hazard and ex: Biological plausibility of statistical associations.

posure. Hazard is an intrinsic property of a substaneeSimilarity of results to responses and effects in

or situation: for example, benzene can cause leuke-humans.

mia but not lung cancer; DDT can prevent eagles from

reproducing in the wild, but does not affect prairie It is important that risk assessors respect the ob-

dogs; a rattlesnake bite can kill but a garter snalkestive scientific basis of risks and procedures for

bite does not. Exposure means contact between m@king inferences in the absence of adequate data.

hazardous substance and a person, population, or &isk assessors should provide risk managers and other

system. The more exposure, the greater the risk. Wiséakeholders with plausible conclusions about risk

&



Risk is determined by considering the
nature, likelihood, and severity of
adverse effects on human health or
AnaLyzing Risks the environment.

that can be made on the basis of the available infor-Are the effects reversible?
mation, along with evaluations of the scientific weight,
of evidence supporting those conclusions and descrip-
tions of major sources of uncertainty and alternative
views.

The outcome of a risk assessment is called a riskWhat is uncertain about the nature or
characterization. Typically a risk characterization magnitude of the risk?

should address the following: « What is the range of informed views about the

« Considering the hazard and the exposure, what nature and probability of the risk?
is the nature and likelihood of the health risk?

What scientific evidence supports the
conclusions about risk? How strong is the
evidence?

* How confident are the risk analysts about their

« Which individuals or groups are at risk? Are predictions of risk?
some people more likely to be at risk than « What other sources cause the same type of effects
others? or risks?

* How severe are the anticipated adverse impacts, \what contribution does the particular source make
or effects? to the overall risk of this kind of effect in the

How Should Risks Be Analyzed?

» Clarify the factual and scientific basis of the risks posed by the problem, treating health and ecological risks both
qualitatively and quantitatively. Describe the nature of the adverse effects, their severity, and their reversibility or
preventability. Identify who is at risk and when they are at risk, and explain the possibility of multiple effects.
Evaluate the weight of the scientific evidence and identify the primary sources of uncertainty. For ecological
risks, consider indirect effects on human health through disruption of the environment and possible effects on
future generations.

» With input from the problem/context stage, put the sp
cific risks posed by the problem into their multisource
multimedia, multichemical, and multirisk contexts.

 |dentify stakeholder perceptions of the risks posed
the problem.

» Combine information on the scientific and contextud
aspects of the risks posed by the problem into a cha
terization of the problem’s risks to human health or t
environment. Include descriptions of stakeholder pe
ceptions and any other social or cultural impacts of t
problem.




We lack sufficient animal data on many
substances, however, drawing conclusions about
human risks from laboratory animals is uncertain.

affected community? To the overall health of
the community?
and litigation and to improve communication dur-

* How is the risk distributed in relation to other . :
ing the risk management process.

risks to the community?

* Does the risk have impacts besides those on health
or the environment, such as social or cultural Risk characterizations must include
2 ) . )
consequences: information that is useful for all

The level of detail considered in a risk assessment and stakeholders.

included in a risk chacterization should be commensurate

with the problem’s importance, expected health or envi- Risk characterization should form a common ba-
ronmental impact, expected economic or social impagis for the understanding of a problem among stake-
urgency, and level of controversy, as well as with the dwlders. Stakeholder involvement within the Risk

pected impact and cost of protective measures. Management Framework should enhance the integ-
Risk characterizations should include sufficient infority of the risk assessment. Stakeholders play an im-
mation to enable: portant role in providing information that should be

used in risk assessments and in identifying specific
health and ecological concerns they would like to see
addressed. For example, community stakeholders
- Stakeholder$o understand the importance and  consulted at this stage can help identify groups with
context of that decision. high exposures so that appropriate exposure assess-
ments can be designed. Industry stakeholders can
Stakeholders’ perception of a risk can vary suprovide important information about a substance’s
stantially depending on such factors as the extdoxicity and lifecycle.
to which they are directly affected, whether they The integrity of a risk assessment is best assured if
have voluntarily assumed the risk (as in choosiiigis carried out or peer-reviewed independently, for
not to wear a seatbelt) or had the risk imposed erample, by scientists at regulatory agencies, univer-
them (as in exposure to air pollutants), angties, and research institutions. To relieve some of
whether they are connected with the cause of tthe burden on regulatory agencies and other public
risk. For this reason, the Commission recommenigistitutions, however, certification, auditing, and over-
that a risk assessment characterize the scientgight programs should be considered, so that compa-
aspects of a risk and note its subjective, culturalies, industry organizations, and other organizations
and comparative dimensions (see “How Shoutd individuals can provide risk assessments that are
Risks Be Analyzed?” on page 24). While this exonsidered credible by all stakeholders. For example,
pands risk assessment beyond its traditional, mameorder to place greater responsibility on the private
narrowly scientific scope, including these addsector for cleaning up contaminated sites, the state of
tional dimensions will help educate all stakeholdMassachusetts has instituted a successful program for
ers about key factors affecting the perception oértifying Licensed Site Professionals to oversee or per-
risk. Such education is likely to reduce controverggrm site assessments or cleanups. @

* Risk managert make a useful risk management
decision.



AnarLyzing Risks

The Need for More Data As a result, many chemicals are never properly t

at all.

sessments. posures to agents of concern, largely due to:

* The ethical barriers to deliberately exposing
humans.

We lack data on the hazards that chemicals and
other stressors pose, largely because of:

directly.

* The substantial cost of the environmental
monitoring needed to gather the data.

* The limitations of tests in laboratory animals

* The technical uncertainties involved in
extrapolating data from laboratory animals or

» The difficulties associated with determining
differences in susceptibility among people.

and cell systems.

posed ecosystem, the contribution of each indiv

* The expense involved in studying hazards. existing sources of exposure.

ested

Lack of data is a major barrier to reliable risk as- We lack data on actual human and ecological ex-

*"The privacy issues involved in studying humans

Because of the difficulties involved in studying
chemical hazards and exposures, risk assessors can-
not always accurately determine the health risks of
cell systems to humans. an exposed population or the ecologic risks of a

n ex-
idual

source of exposure to the overall risk, or the success
of risk management actions in reducing the risk from

Ecological Risk Assessment and Risk Management

Human and ecological health are intimately connected. Ecosystems are crucial to human survival and well-
being. We depend on them for many things—including material goods (such as food, building materials, and

fiber) as well as recreation and spiritual sustenance. Many environmental problems, such as global
change and hormonally active contaminants, pose an_
inseparable combination of health and ecological risk s

While many of our laws were intended to protect
simultaneously human and ecological health, ecologif:*

health risk assessment. In recent years, however, We: 3
have begun to recognize the importance of directly propg-#*
tecting ecosystems, rather than indirectly protecting; ..
them through measures taken to improve human health,
As agencies gain experience in applying the ecologic
risk assessment process, risk managers will beco
better equipped to address important ecological prob
lems—such as protecting biological diversity and habi-

tats, maintaining ecosystem health, and guiding sustainable development.

Although the techniques for ecological risk assessment differ somewhat from those of traditional

health risk assessment, the Commission’s Framework is designed to be flexible enough to accommods

climate

human
ate both.




Assessing aggregate risks from

multiple exposures is an area in which
risk assessors and risk managers need
both methods and experience.

Risk assessment will be greatly improved if risknd cumulative exposure studies have been per-
assessors and other members of the scientific and fmkned. However, few other regulatory agencies con-
management communities can work to develop asider exposures or risks this comprehensively, and EPA
validate new toxicity tests in laboratory animals, ireften does not do so because of resource or statutory
vestigate similarities and differences in laboratotynitations. Failure to account for multiple and cu-
animals and humans, obtain data on exposures, andative exposures is one of the primary flaws of
develop and validate models to help fill toxicity andurrent risk assessment and risk management.
exposure data gaps. To the greatest extent possible, EPA and other

regulatory agencies must work to develop and re-
The Importance of Comprehensive, fine techniques for comprehensive risk assessment.
Multimedia Risk Analysis In addition to the work already being done by EPA,

a number of other efforts provide useful models.

Risk assessment provides the scientific foundati@me example of a technique for assessing aggre-
for risk management decision-making. Traditionally, rigkate or cumulative risks from multiple pollutants
assessments, like risk management, have largely focused multiple sources is the method for regional
on assessing the risks of just one chemical in one mek assessment of air pollution developed by the
dium at a time. However, to achieve comprehensiveir and Waste Management Association. This
multimedia risk management, risk managers will neadethod was used in San Diego as part of
comprehensive, multimedia
risk assessments. Thus, to
improve risk management,
the risk assessment para-
digm must be expanded.

A number of EPA offices
conduct more comprehen-
sive risk assessments. Spe-
cifically, when establishing
a standard for exposure to
a chemical in drinking wa-
ter, EPA accounts for
nondrinking water sources
of exposure to that chemi-
cal. When considering
whether to reregister a pes-
ticide, EPA now considers
other sources of exposure
to that pesticide and to
similar pesticides. In addi-
tion, some total exposure

Scientists must develop methods to assess multimedia, multisource, multichemical risks.



AnarLyzing Risks

California’s “hot spots” program, which examinese Estimate the relative contribution of individual
the potential for cumulative pollution from mul- industrial facilities to the overall regional risk
tiple facilities to impact neighborhoods in a county. associated with industrial facilities.

The methoq generates a _contour map of eSFlmatgsEstimate the relative contribution industrial
of th? maximum cancer risks associated .W'th "N facilities make to background risks.

dustrial facilities throughout the county using me-
teorological data and information on contaminantss Compare risks from industrial facilities to risks
emission rates, and risks from individual facilities. associated with other sources of air pollution,
The results can be used to: such as motor vehicles.



Examinine OpTions

A good risk management decision is
made after examining a range of

This stage of the risk management process in- regulatory and nonregulatory risk

volves identifying potential risk management op- management options.
tions and evaluating their effectiveness, feasibility,

costs, benefits, unintended consequences, and cul-

tural or social impacts. This process can begin

whenever appropriate after defining the proble
and considering the context. It does not have
wait until the risk analysis is completed, althoug

a risk analysis often will provide important infor- 1/ WARNING
mation for identifying and evaluating risk ' PESTICIDES
management options. In some cases, examini 2 V- i i
risk management options may help refine a ri - ] t i g

analysis. Risk management goals may be redefin
after risk managers and stakeholders gain some 4§
preciation for what is feasible, what the costs a
benefits are, and what contribution reducing e
posures and risks can make toward improving h
man and ecological health.
Stakeholders can play an important role in all
facets of identifying and analyzing options. Thehdentify Options

can help risk managers: )
There are many different regulatory and

* Develop methods for identifying risk- nonregulatory approaches to reducing risk. These
reduction options. include:

* Develop and analyze options. » Encouraging pollution prevention either by

« Evaluate the ability of each option to reduce  reducing or eliminating the use of hazardous

or eliminate risk, along with its feasibility, agents or by improvin_g technology to reduce the
costs, benefits, and legal, social, and cultural likelihood that they will be released to the
impacts. environment.

Limiting pollutant emissions by requiring
operating permits for industrial facilities,
incinerators, and wastewater treatment plants.

The two components of this stage of the Risk
Management Framework—identifying options and
analyzing options—are described below. Creativ-
ity, imagination, and openness are key to successTaxing industries on the basis of the pollutants

during this stage. they release.



Examinine OpTioNs

These workers are discussing changes in processing that could
eliminate the use of some hazardous chemicals.

risk, such as allowing companies to trade
among themselves the amount of pollutants
they are permitted to release and requiring
facilities that emit pollutants to publicly
report the amounts they release.

* Removing the source of risk, such as cleaning
up a hazardous waste site, banning a pesticide
that prevents birds from reproducing, or
removing contaminated food from the
marketplace.

During this stage of the Framework, risk man-
agers and stakeholders consider which of these
and other types of options may be appropriate.
Sometimes only one of these options will seem
appropriate. However, a combination of options
often will be most effective for reducing risk. (The
box “Risk Management Methods” on page 31 pro-
vides more information on options.)

- Enforcing compliance, as is done by EPAto Analyze Options

ensure cleanup at Superfund sites, by the
Department of Agriculture when foods are
found to be contaminated with
microorganisms, and by the Occupational
Safety and Health Administration when
workplace exposure limits are exceeded.

Once potential options have been identified, the
effectiveness, feasibility, benefits, and costs of each
option must be assessed, along with their poten-
tial legal, social, cultural, and political implica-
tions, to provide input into selecting an option.

. Recycling and encouraging the use of recycldtfY duestions to ask include:

materials.

* Educating/informing affected communities
about steps they can take to reduce their

risks, such as posting signs warning about

contaminated fish, showing workers which

* What are the option’s expected benefits?
* What are the option’s expected costs?

* Who gains the benefits and who bears the
costs? What are the equity or environmental
justice implications?

workplace practices lead to fewer chemical
exposures, and encouraging people to reduce How feasible is the option, given the available
the fat and increase the fruits and vegetables time and resources, as well as legal, political,
in their diets. statutory, and technology limitations?

* Does the option increase certain risks while
reducing others?

» Establishing market or other incentives for
voluntary behavior changes that will reduce



Risk Management Methods

The number of options for reducing risks to human health and the environment has increase
recent years, providing risk managers with greater flexibility and a wide suite of risk managem
tools. Historically, risk reduction was most commonly achieved by command-and-control regu
tions that dictated how to control pollution at the “end of the pipe” rather than reducing or preve
ing it in the first place. Regulatory requirements were then enforced through a system of pern
penalties, and legal actions. This approach significantly reduced pollution, but may have reach
point of diminishing returns—in other words, further improvement via this approach will likely b
very expensive for the additional benefit gained.

For this reason, regulatory agencies have been exploring and implementing a number of reg
tory and nonregulatory alternatives in recent years, including education, incentives, monitori
surveillance, and research:

Education/Information. Educational tools include right-to-know requirements such as EPA/
Toxics Release Inventory and California’s Proposition 65. These laws require industry to publi
and periodically disclose information about pollution and potentially hazardous products. Right-
know laws are based on the idea that public concern about pollution will encourage industry
voluntarily reduce the use and release of pollutants and hazardous products.

Incentives. Voluntary risk reduction can be encouraged through a number of mechanisms,| i

cluding market-based incentives, subsidies, alternative compliance, and consensus, mediation
dialogue projects. One example of market-based incentives is the use of tradable pollutant al
ances in combination with a cap on the amount of pollution released—such as sulfur dioxide
EPA’s acid rain program. Alternative compliance projects include EPA’'s Project XL, which is expe
menting with ways to give companies greater flexibility in how they reduce emissions or their
lated risks to or below target levels.

Monitoring. Monitoring can be a useful risk management tool, especially when a community] i

skeptical about how effective a risk management option will be. Communities may be more willi
to accept an alternative to a traditional command-and-control program when monitoring data f
vide concrete evidence about its effectiveness.

Surveillance. Health surveillance is a valuable technique for observing the effects of pollut
and the expected positive impact of pollution reduction measures, especially in the workplace.

Research. The Risk Management Framework will generate questions and identify gaps in knc
edge that must be addressed through research. Research agendas are an important output
management processes and are sometimes required by statute, such as the periodic reassessi
evidence underlying national ambient air quality standards required by the Clean Air Act. EP
cooperative effort with scientists in universities, industries, and environmental groups to ident
and design appropriate research projects on hormonally active contaminants is another examp
research to inform risk management decision-making.
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Examinine OpTioNs

Recycling and encouraging the use of recycl
materials are nonregulatory options.

e Contaminant concentrations in other sources of
exposure, such as less mercury in swordfish,
fewer microorganisms in meat, or pesticide
residues on fruit that are below detectable levels.

Expected Benefits/Effectiveness

It is important to determine what the specific in-
tended benefits will be because they will be evalu-
ated at a later stage in the Framework. The mostThe occurrence of particular biological markers
obvious benefit from risk management is risk reduc- of exposure or disease, such as chromium levels
tion or elimination. This may take a number of forms, in hair, lead levels in blood, or changes in the
including: components of the immune system.

* Improved health, through reduced occurrence of a|| potential forms of risk reduction should be
cancer, birth defeCtS, aSthma, or other disease%.xamined’ as well as any other benefits’ such as
« Habitat protection. the identification or development of new technolo-
gies or approaches for controlling or reducing
risks. Indirect measures of risk reduction or elimi-

Other important potential benefits include savindi@tion are not the real objectives, however; they
in health care costs, technology development, tHE .only _surr_oga_tes_apd are not always re_IlabIe.
economic benefits of exporting new technologies, aﬁ&e" validation is d|ff|cult. Wh_enever p_os_S|bI_e,
the employment opportunities that new technolo irect measures of rlsl_< rgductlon or elimination
development and its application can bring. (Techn51- ould be u_sepl. When |nd|rect measures are used,
ogy development can also be considered a cost: Er_éee uncertainties surrounding the|r_use _should be
“Expected Costs.”) Q|scussed. _When the st_ake_s are_hlgh, investment

Because it is often difficult to detect risk reductiol! developing _and valldatlng“dlrect measures
in the rates of disease, death, or habitat destruction,sinpl_JIOI be conS|dere_d. The box Meas“““g th"e Ef-
direct methods of evaluating effectiveness and identif:Cliveness of a Risk Management Action” on

ing reductions in risk may be necessary. IndireRf9® 47 provides more detail on_the challenges_ of
indicators of risk reduction include reductions in:  measuring the effectiveness of actions to reduce risk.

* Increased biodiversity.

 Pollution-generating activities, such as fewer Expected Costs
vehicle miles travelled.

« Contaminant emissions from their sources, for ~ The costs of implementing an option may be mon-
example, at the site of a facility’s wastewater ~ €tary and nonmonetary. Monetary costs include the

discharge point or in stack emissions. costs of:
- Contaminant concentrations in environmental * Teéchnology development—researching and
media, such as lower ozone, radon, or developing new engineering processes or

particulate levels in air; lower concentrations of equipment.

industrial solvents in ground water; or lower .+ Technology application—purchasing, installing,
concentrations of heavy metals in soil. operating, and maintaining equipment needed to

@



Purchasing bottled drinking water instead of
pumping and treating contaminated ground
water may be an option.

improve an industrial process or reduce
emissions.

» Training needed to use new technology, carry out
new procedures, or monitor effectiveness.

» Cleanup—nhiring contractors and engineers to
implement a remedy at a contaminated site.

» Transportation and infrastructure—removing
hazardous materials and trucking them to a
disposal site and, sometimes, improving
roadways to accommodate the increase in heavy
vehicle traffic.

» Health care, such as that needed for workers Distribution of Benefits and Costs
responsible for implementing an option that puts

them at risk.

Evaluations of costs and benefits have been criti-
« Diversion of investments, or opportunity costs—cized because they are often blind to issues of envi-
such as having to spend money on ronmental equity and fail to make explicit who bears
environmental controls instead of using those the costs of a risk management decision and who gains

resources to build a school or reduce taxes. the benefits. For example:

* If a new policy is instituted that limits the

Nonmonetary costs include the costs of: application of a widely used pesticide, the cost

» Valued environmental assets lost, such as of certain fruits and vegetables could increase
recreation areas, endangered species, visual significantly. Should this occur, those who still
range, open space, and wetlands. can afford to buy those fruits and vegetables may

benefit by enjoying reduced health risks from
pesticides. However, economists argue, others
who can no longer afford those fruits and
vegetables may suffer poorer nutrition and

increased cancer risk associated with eating too
» Decreased sense of well-being or security. few fruits and vegetables.

* Flexibility and choice for consumers and
businesses lost because certain products,
practices, or processes are no longer available or
permitted.

Both types of costs should be considered when In Boston, a freeway exit ramp was proposed to
evaluating options. As with estimates of risks and make commuting more convenient for office
benefits, however, cost estimates are uncertain. It isworkers. However, because of its location, the
important to obtain independent and defensible costnew ramp would have substantially increased
estimates to the extent possible. See the section “Link-exposure to air pollutants experienced by
ing Risk and Economics” on page 36 for more per- residents of Chinatown, a densely populated
spective on evaluating costs. neighborhood.



Examinine OpTioNs

As these examples illustrate, understanding aegample, the feasibility of implementing a tech-
evaluating potentially inequitable costs and benefit®logical option may be limited by the availabil-
is important for making risk management decisionigy of the technology or by its cost; implementing

administrative options such as setting up a recy-
Feasibility cling program or providing incentives may be con-
strained by political or legal barriers. Regulated

The feasibility of an option can be constrainegarties often debate an option’s feasibility; how-
by a variety of technological, legal, political, ecoever, options that are technologically infeasible
nomic, and other issues. When an option is exatoday frequently can, through technology devel-
ined, the feasibility of actually implementing ibpment or policy change, become feasible in the
should be an important evaluation criterion. Fduture.

Stakeholders and EPA Identify Risk Management Options
for the Pulp and Paper Industry

In 1990, EPA assembled a team of experts in air and water pollution to formulate integrated rules to
control water discharges and air emissions from the pulp, paper, and paperboard industry. A screening as-
sessment of 104 mills that use chlorine as the bleaching agent for paper had found dioxins and furans in the
mills’ water discharge, sludge, and pulp at levels that have the potential to harm fish and wildlife and to
cause cancer and other health effects in humans.

Before deciding how best to reduce these discharges, EPA held meetings, conference calls, and a sympo-
sium to seek views and information from many stakeholders—including individual companies, an industry
association, consultants, vendors, labor unions, and environmental organizations. EPA shared its data and
thinking about various approaches with stakeholdefsrepublishing proposed rules in tRederal Register
Even the preamble to the proposed limitations and standards was reviewed by stakeholders before being
published. In all, five public meetings were held before the proposed rule was published in 1993 and one
afterwards.

During the many discussions of control options, environmentalists pressed for a “totally chlarine-
free” option to eliminate the discharge of chlorinated pollutants. EPA proposed a technology option.
Industry asked EPA to consider a second option they considered more feasible. EPA assessed potential
compliance costs, effluent reduction benefits, economic and environmental impacts, management prac-
tices, recovery systems, and equipment availability. The agency then proposed both technology op-
tions as well as a voluntary incentives program to encourage and reward individual mills that implement
“totally chlorine-free” technologies. While not everyone is happy with the proposals, stakeholder
involvement improved the development of options.




Consideration of health care costs may be an
important factor in balancing costs and benefits.

Potential Adverse Consequences

Analysis must consider whether an option
may cause any adverse consequences. One of

the most important is the potential for an op- Together with social and cultural
tion to increase one type of risk while reducing - hsiderations and information on risks to
the risk of concern: . .
_ _ o health and the environment, economic
» While reducing pollutant concentrations in et 6m 7 tant i {1
one environmental medium, the option lnilyfels el oo tnfpelieainit e 1o

may increase pollutants in another risk management and regulatory policy
medium. For example, using aeration decisions.

reduces pollutants in drinking water by

releasing them to the air. (Of course, if

exposure to air is considerably less than

exposure to drinking water, this tradeoff

may be worthwhile.
Y ) Other adverse consequences may be cultural, ethi-

* While reducing long-term health risks for cal, political, social, or economic, such as:
community members, an option may produce

short-term health risks and injury for workers,
as can happen during cleanup of sites
contaminated with hazardous chemical and » Environmental justice issues, such as inequitable
radioactive wastes. distribution of costs and benefits as mentioned
above; disregard for a particular population
group’s dietary needs, preferences, or nutritional
status; or giving priority to site cleanup efforts in
more affluent areas.

» Economic impacts on a community, including
reduced property values or loss of jobs.

* Banning one pesticide because it might cause
cancer may increase the use of another pesticide
that is known to cause birth defects or to harm
wildlife, or whose health effects are not known.

_ _ _ . * Harming the social fabric of a town or tribe by
Thus, tradeoffs among different risks must be iden- relocating the people away from a highly

tified and considered. contaminated area.

&
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Linking Risk and Economics « The results of economic analyses are often
conveyed in a manner that ignores assumptions

In addition to considerations of risk, public val- and uncertainties, giving the impression of far
ues, and legal requirements, economic analysis can greater precision than is generally possible or
play an important role in the Risk Management appropriate.

Framework. For example, cost-effectiveness analy-

sis can help identify the least costly risk manage- Another problem is the inconsistency between the
ment option for reaching a particular goal. And, byway risk assessors estimate risks and what economists
clarifying who bears the costs and who gains thaeeed to know about risks in order to evaluate risk-
benefits, economic analysis can help identify inegreduction alternatives.

uities. Nevertheless, the tools of economic analysis, when

Economic analysis has strengths and limitationsgappropriately used, are legitimate and useful ways to
and its role in regulatory decision-making is con{rovide information for risk managers making deci-
troversial. Three common concerns are that: sions that will affect health and the environment.
Economic analysis should not be used as the sole or
overriding determinant of those decisions, however.
Information about costs and benefits that cannot be
assigned monetary values also must be explicitly con-
sidered, along with information about risks and so-
* Regulatory decisions about health and cial and cultural concerns. Peer review should play a

environmental protection might be based critical role in evaluation of the quality of economic
strictly on whether the estimated monetized, analyses and the technical information underlying
quantifiable benefits outweigh the estimated them.

quantifiable costs.

» Economic analysis places too much emphasis
on assigning dollar values to aspects of health
and the environment that are difficult, if not
impossible, to quantify in monetary terms.
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Marine A DEecisionN

A good risk management decision reduce:
Who Decides? or eliminates risks in ways that:

* Are based on the best available scientific, economic,
and other technical information.

JJ

During this stage of the Framework,
decision-makers review the information

gathered during the analyses of risks an * Account for their multisource, multimedia,
solution. When the risk problem falls » Are feasible, with benefits reasonably related to their
under the purview of a federal, state, or costs.

local regulatory authority, the regulatory
agency makes the risk management de
cision. Consumers, manufacturers, and
others responsible for wastes and pol-
lution also can make socially important

e Give priority to preventing risks, not just controlling
them.

e Use alternatives to command-and-control regulatio
where applicable.

>

decisions to reduce or eliminate risks. » Are sensitive to political, social, legal, and cultural
A productive stakeholder involvement considerations.

process can generate important guidanc « Include incentives for innovation, evaluation, and
for decision-makers. Thus, decisions research.

may reflect negotiation and compromise
so long as statutory requirements and
intent are met. In some cases, win-win

solutions are available that allow stakeholders Wime early stages of the Framework because the goal
divergent views to achieve their primary goals. ¢ ihe earlier stages is to produce the most relevant

Involving s_takeholders a”‘?' '”Corp‘?fa““g the'zflnd useful information for sound risk management
recommendations where possible reorients the ded:é'cision-making

sion-making process from one dominated by regula-
tors to one that includes those who must live with

the consequences of the decision. This not only fos-
ters successful implementation, but can promote
greater trust in government institutions.

Base the decision on the best available
scientific, economic, and other technical
information.

.. Usually, the technical information that is available

What Is the Best Decision? on which to base a risk management decision is in-
In most risk management situations, decisiomemplete. Decision-makers often must rely on:

makers will hav_e a ””r.”be'f of op_tlons from which, Predictions about human hazards that are based
to choo_se. Wh'Ch _optlon 'S opt_lmql d_epends °N on experiments in laboratory animals.
the particular situation. Seven criteria, listed above
and discussed below, are fundamental charactet-Predictions about how much exposure occurs in
istics of any sound risk management decision. a lifetime based on few or no measurements of

These criteria echo the key themes that underliethe actual levels of exposure.



Maxine A Decision

» Predictions about the risks to entire sons (see the “Examining Options” section of this
ecosystems that are based on observations ireport), or because they do not reduce risks to the
only one or two species. extent needed. For example, groundwater remediation

using pump-and-treat technology may be infeasible
because, for a variety of technical and hydrogeologic
. easons, it will not sufficiently reduce contaminant
concentrations in the ground water. Removing all the
soil from an entire valley that is heavily contaminated
Because so many judgments must be made basdith mining waste is infeasible. Expecting everyone
on limited information, it is critical thaall reliable to stop driving automobiles is infeasible. On the other
information be considered. Risk assessors and ecomand, the costs of reducing acid rain by controlling
mists are responsible for providing decision-makepswer plant emissions are considered justified by their
with the best technical information available or redenefits—protecting streams and lakes and reducing
sonably attainable, including evaluations of the weigttémage to automobile finishes and construction ma-
of the evidence that supports different assumptiotesials. Of course, the feasibility and cost-effective-
and conclusions. ness of an option may change in the future as
technology is improved or as society’s values
change.

* Assumptions and models of exposure,
exposure-response relationships, and

options.

m Be sure the decision accounts for the
problem’s multisource, multimedia,
multichemical, and multirisk contexts. m  Give priority to preventing risks, not just

Considering a risk in isolation cannot provide de- controlling them.

cision-makers or the public with any sense of how If pollutants are not released into the environment,
important the risk is, compared with other risks, @xposure cannot occur. If exposure does not and will
of the impact that reducing or eliminating it mighhot occur, risks will not result. Where feasible, pre-
have on overall human and ecosystem health. Ceenting contaminant releases is preferable to remov-
sidering risks in context can help direct resources) them or cleaning them up later. Preventing releases
toward the risk management actions that will do tlvan avoid the costs of remediation and health care.
most good. As described in the “Problem/ContexMany industries have found that eliminating pollut-
section earlier in this report, we need to move awawts can substantially reduce the cost of producing a
from our current one chemical/one environmentptoduct.
medium/one risk approach toward developing a more
comprehensive and holistic appreciation for problerﬂs
and their contexts, so that meaningful, practicable
goals can be developed. Command-and-control risk management strat-
egies have significantly improved human health
and environmental protection. Alternative strate-
gies will enable even greater levels of protection
by encouraging industries, municipalities, and
Many risk management options may be infeasibd¢her stakeholders to tailor remedies to reflect the
for social, political, cultural, legal, or economic reacircumstances of individual sources and locations.

Use alternatives to command-and-control
regulation, where applicable.

m Choose risk management options that are
feasible, with benefits reasonably related to
their costs.



e The department has learned the power of having the public
involved in decision-making. For example, the citizens advisory —@
board at Fernald has dramatically changed the department’s
cleanup strategy at that Ohio site. The results will be a far more
expeditious cleanup, with a savings of some $2 billion compared
with the cost of the department’s original plans. By opening the
process to meaningful public input, the department is
empowered to make decisions it could never make unilate’t’ally.

—Carol Henry,
Associate Deputy Assistant Secretary
for Science and Risk Policy,
U.S. Department of Energy

Encouraging flexibility can result in risk managesequences may not be determined (see the “Evalu-
ment options that meet or exceed expectations atthg Results” section of this report). Incentives for
that are cost-effective. Various alternatives to comesearch are needed to generate knowledge about
mand-and-control strategies are described in thazards, exposures, options, and actions.
“Examining Options” section of this report.
What Happens If There Isn’t
Enough Information To Make a
, ~ Decision?
The least costly risk management option is not

always the most desirable. An option is more likely Decision-makers must balance the value of obtain-
to be implemented successfully if it takes into amg additional information against the need for a de-
count important cultural needs or social impactssion, however uncertain. Sometimes a decision must
(see the discussion of stakeholder involvement e made under the precautionary principle. Every
the “Problem/Context” section of this report). effort should be made to avoid “paralysis by analysis”

where the need for additional information is used as
' an excuse to avoid or postpone decision-making.

When sufficient information is available to make a

Command-and-control risk management straisk management decision or when additional infor-

egies that specify technology that must be usedmation or analysis would not contribute significantly
actions that must be taken can fail to stimulate the quality of the decision, the decision should not
better, cleaner, and more cost-effective approachles postponed. “Value-of-information” techniques can
Without evaluation, the success (or failure) of lze used to provide perspective on the next steps to
risk management action and its unintended cooe taken.

m Be sensitive to political, social, legal, and
cultural considerations.

m Include incentives for innovation, evaluation
and research.
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Making Decisions: Steel Industry

The Clean Air Act Amendments of 1990 required EPA to cut toxic air pollution from iron and steel pla
coke ovens. Coke ovens produce the material used in blast furnaces to convert iron ore to iron. Coke
air emissions were already regulated by the Occupational Safety and Health Administration and states
by EPA under the hazardous substance notification requirements of Superfund. The issue of how be

reduce coke oven emissions was contentious
and had been deadlocked for 20 years.

To break this logjam, EPA initiated a nego-
tiated rulemaking process with extensive
stakeholder involvement. Over two years, the
Agency met with representatives of industry
and industry associations, labor unions, states
and environmental groups in workshops and
informal and formal meetings. Negotiators
worked with stakeholders to develop a regu-
lation that all parties could support. By mak-
ing concessions in one area in exchange for
others in other areas, the parties resolved suck
major issues as what emissions data would be
used, monitoring methods, numerical emis-
sion limits, costs and economics, and work
practices. They also identified and discussed
emission sources, enforcement and implemen-
tation needs, future research, and integrating
the proposed regulation with EPA’s new per-
mitting system.

The process successfully involved stake-
holders in making decisions that had dragged
out for decades. The resulting regulation re-
duces hazardous air pollution by 1,500 tons
per year.
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Tarkine AcTiON

Traditionally, implementation has been driven hgroduces a better risk management decision, but also
regulatory agencies’ requirements. Businesses days a foundation for stakeholder involvement in
municipalities are generally the implementers. Hownplementation. Involved stakeholders are more
ever, the chances of success are significantly improviely to understand and support the decision and to
when other stakeholders also play key roles. Depeh@ve developed the relationships, knowledge, com-
ing on the situation, action-takers may include: munication channels, and administrative mechanisms
. Public health agencies to work together on implementing the decision.

» Other public agencies

e Community groups

« Citizens A good risk management decision
» Businesses can be implemented effectively,

« Industries expeditiously, flexibly, and with

« Unions/workers stakeholder support.

* Technical experts

These groups can help:

* Develop and implement a
plan for taking action.

» Explain to affected
communities what decision
was made and why and what
actions will be taken.

* Monitor progress.

The box “Examples of Risk
Management Actions” on page 42
provides specific examples of risk
management activities that stake-
holders can perform or assist.

Involving stakeholders in the
decision-making process, as sef

forth in this Framework, not only This worker is cleaning up a Superfund site.




Takine AcTion

Examples of Risk Management Actions

« Public health agencies educating different cultural, ethnic, and socioeconomic groups abagut
practices to modify or avoid, such as smoking, alcohol consumption, high-fat diets, eating parts
of contaminated fish that concentrate pollutants, and chemical or radiation hazards in the home.

e Municipalities working to reduce nonpoint sources of pollution, such as runoff from highways
by preventing erosion; upgrading drinking water, sewage, and municipal solid waste treatment
facilities; or instituting recycling programs.

e Community groups working with local businesses and industries to monitor the success of their
risk-reduction activities.

e Citizens recycling, purchasing products that use recycled materials, or complying with automo-
bile emissions testing.

e Businesses no longer selling products that can harm the environment; disposing of wastes safely;
or working with employees to anticipate and reduce worksite safety and health risks.

e Industriesreducing or eliminating
emissions or discharges to ambie
air, workplace air, and bodies of wa
ter by upgrading air pollution con-
trol  technology, upgrading
wastewater treatment, and improving
manufacturing processes (such as d
veloping a closed-system approac
recycling wastes, or substituting les
hazardous materials).

e Unions working with industries to
identify less hazardous workplace
practices and processes; educati
workers about practices that reduc
hazardous exposures in the work
place and hazardous emissions to t
environment, such as proper waste
disposal; or helping employers moni-
tor the success of risk-reduction activities.

e Technical experts providing technical assistance to local agencies, community groups, bus
nesses, and unions to help implement risk-reducing actions.




Taking Action: San Francisco Bay

The San Francisco Bay is vulnerable to many sources of pollution. In 1978, the Associatic
Bay Area Governments developed a regional environmental management plan to control poll
in the bay. The plan was prepared through an extensive collaborative process that involved a
spectrum of stakeholders—federal, state, and local regulatory agencies; business, labor, anc
ronmental groups; ethnic minorities; and city and county governments. During the decision-f
ing process, stakeholders raised important issues about federal-state-local relationships, the
and economic impact of land-use controls, and the extent of air-quality improvement likely t
obtained.

Stakeholders who were involved in analyzing problems and solutions and in making decis
supported the final plan and its implementation. And while some aspects of the plan might
been developed and implemented without the help of stakeholders, most of the actions were i
mented more expeditiously as a direct result of stakeholder involvement.

Many actions recommended by the plan were implemented by public agencies, businesse¢
dustries, and private citizens. For example:

* A state implementation plan for regional air quality resulted in designation under the feder
Clean Air Act as an attainment area for ozone in 1995.

» Almost all the industrial and municipal
wastewater treatment facilities have . JEp—

been upgraded. U A
SOKDMA Tt Y
. N
* Erosion-control measures to reduce ,.......f\\_ 3
. . . kir Quallty ; | ——
nonpoint-source pollution have been in o, ‘“ A% K

place for many years.

* A council of water-supply agencies was
formed and has engaged in cooperative |
efforts, such as developing a regional
drought-response strategy.

» Hazardous-material spill response teams
have become available at the city and
county levels. "
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A good risk management decision
can be shown to have a significant
impact on the risks of concern.

Why Evaluate?

At this stage of risk management, |’
decision-makers and other stakeholder$
review what risk management actions
have been implemented and how effectivgl
they have been. Evaluating effectiveness
involves monitoring and measuring, as
well as comparing the actual benefits ang
costs to estimates made in the decision
making stage. The effectiveness of the pro§
cess leading to implementation should
also be evaluated at this stage.

Evaluation provides important informa-
tion about:

Monitoring health indices can be one method of evaluating whether risk
« Whether the actions were successful, —Management has been successful.
whether they accomplished what was
intended, and whether the predicted
benefits and costs were accurate. * What lessons can be learned to guide future risk
management decisions or to improve the
decision-making process.

* Whether any modifications are needed to the
risk management plan to improve success.

* Whether any critical information gaps hindered Tools for evaluation include environmental and
success. health monitoring, research, disease surveillance,
aqnalyses of costs and benefits, and discussions with
stakeholders.
Evaluation is critical to accountability and to en-
sure wise use of scarce resources. Too often, past risk
* Whether the Framework process was effective management actions have had little or no evaluation
and how stakeholder involvement contributed or follow-up after implementation, even when evalu-

to the outcome. ation was mandated.

* Whether any new information has emerged th
indicates a decision or a stage of the
Framework should be revisited.



A good risk management decision
can be revised and changed when
significant new information becomes
available, while avoiding “paralysis
by analysis.”

EvaLvaming ResuLTs

Planning for Evaluation

Plans for evaluation should be built into the ovetion can be measured. Evaluation might first focus

all implementation plan to specify when evaluatioffore on progress and success in implementing the
will be conducted, who will conduct it, and what willisk management plan. Later evaluations may focus
be evaluated. In most situations, periodic evaluati6f the success of the risk management actions in re-
will be important. The focus of evaluation may shifiucing risk.
with the stage of implementation, because it often may In the past, evaluation, when conducted, has been
take some time before the full impact of risk redugerformed by the regulatory authority itself. As with

Evaluating Results: Integrating Regulatory
Activities at the State Level

Environmental agencies in Massachusetts, New York, and New Jersey have made significant effg
integrate their regulatory activities and to incorporate pollution prevention into these activities. Massa
setts has adopted a single, integrated inspection to assess a facility’s compliance with environmental st
instead of conducting separate medium-specific inspections. New York is using a facility-management
egy in which a team directed by a state-employed facility manager is assigned to targeted plants to ¢
nate medium-specific environmental programs. New Jersey is testing the use of a single, integrated
for industrial facilities instead of separate permits for releases of pollution to each environmental meg

On behalf of Congress, the General Accounting Office (GAO) evalu-
ated the states’ experiences with integrated programs, primarily throuah
interviews. The evaluation is considered preliminary because the «
needed to fully evaluate the states’ experiences are not yet availab r‘?

GAO reported that Massachusetts and New York believe that tl
integrated approaches have been sufficiently successful to impler
them statewide. Permits have only recently been issued as part of w
Jersey'’s program. Industry officials in those states believe that the i
grated approaches are beneficial to the environment, achieve re¢
tory efficiencies, and reduce costs. However, the states noted
obtaining funding from EPA and meeting EPA’'s medium-specific repc
ing requirements were difficult and burdensome. In response, EPA |
posed a new grant program designed to provide states with easier a
to funding for multimedia programs and to facilitate easier reporting
multimedia activities. Such a program would encourage other state
integrate environmental management.
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Measuring the Effectiveness of a Risk Management Action

Few actions to reduce health or ecosystem risks lend themselves easily to measurement and va
For example, it is difficult to observe changes in cancer risk because it can take many years for a t
develop after exposure occurs. Some other effects are easier to observe because they can appear
exposure—such as birth defects, anemia from lead, and asthma from sulfur oxides in the air. Relati
between action and effect often are detectable only when the action causes a sizable change in how
a pollutant (or other stressor) populations are exposed to, or when the health effect of interest is
recognize because it is rare and distinctive (such as the unusual type of liver tumor caused by breathi
chloride in the workplace).

One difficulty in measuring effectiveness is that most environmental health risks are low compare
the risks of such directly countable effects as occupational injuries, motor-vehicle collisions, infant mo
total cancer rates, and total birth defect rates. For example, suppose that a particular exposure is ex
cause no more than one additional case of cancer per year in a population of 10,000 and action is
reduce exposure to a level anticipated to cause, at most, one additional case of cancer per year in on
people (corresponding to one extra case per 100 years in that population of 10,000). With or withg
action, cancer still will be the cause of death in 24% of the population. No health study or surve
activity can measure the very small decrease in cancer incidence that would occur at the lower e
level. Instead, risk managers must rely on indirect measures that indicate cancer incidence may dec
such as decreased emissions, decreased exposure, and possibly decreases in biological markers of
or effects.

Progress is needed in several areas if we are to improve our ability to implement and measure th
tiveness of public health interventions. Specifically, we need to:

Link studies of exposure and studies of adverse health or ecological outcomes.
Determine regional differences in disease prevalence and disease incidence trends and risk

Develop good baseline and surveillance information about incidence rates of diseases speg
linked to environmental causes.

Identify the most important environmental causes of diseases.

* Identify what lessons can be learned.

made when evaluating the risk management
options were reasonable.

» Establish criteria for evaluation, including the
definition of “success.”

- Assure the credibility of the evaluation and the 1€ Importance of Iteration
evaluators.

New information may emerge during evalua

revisiting a decision might be needed if a more e

* Identify information gaps.

lidation.

umor to
soon aftel
onships

much of

easy to
ng vinyl

d with
rtality,
pected to
taken to

e million
ut this
llance

Xxposure
“rease—

exposure

e effec-

factors.

ifically

other stages of the risk management process, evaluatioetermine whether cost and benefit estimates
will benefit if stakeholders are involved, helping to:

tion

* Determine whether an action was successful. hat js of sufficient importance to indicate that parts
of the Framework should be repeated. For example,

ffec-



EvaLvaming ResuLTs

tive risk management option or a less costly optiomformation, ideas, and perspectives come to light.
of equal effectiveness is developed. Public commemhe Commission’s Risk Management Framework pro-
negotiation, information-gathering, research, or analjides that flexibility.
sis of risks and options could clarify or redefine the While an iterative process is important for incor-

problem, change the focus to a different problem, porating new information, it should not become an

identify other risks in a broader context. In such caseggcuse for taking no action. Decisions must be made,
the risk management process will not be sequentieven when information is imperfect.
but rather flexible and iterative as important new

Evaluating Results: Reducing the Use of Leaded Gasoline
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were in place, the total amount of lead released to the air from motor vehicles was about 95 metric tg
1979. After the controls were in place, only 2 metric tons were emitted from motor vehicles in 1989, y
less than 35% of the lead in air attributable to gasoline. Today, the emission of lead from motor veh
should be nearly zero, as required by the 1990 Clean Air Act.
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One of best documented evalua-
tions of the impact of a risk manage-
ment action on pollutant emission
levels concerns leaded gasoline. The
burning of gasoline was the single
largest source (90%) of lead in the
atmosphere beginning in the 1920s.
Significantly less of the lead moni-
tored in the air today comes from
gasoline because EPA phased out the
use of lead in gasoline. In 1984, the
average lead content of gasoline was
0.44 grams per gallon; in 1991-1992,
it was less than 0.0003 grams per gal-
lon. EPA estimated that before the
regulations to control lead in gasoline
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IMPLEMENTING THE FRAMEWORK

Recommendations to Congress and
Executive Branch Agencies

statutes often preclude an integrated approach. The
Commission makes six recommendations, described
below, to overcome these impediments.

Most environmental problems affect more than one : . :
environmental medium and involve exposures ecommendation 1: Congress should coordinate

mixtures of chemicals. The Commission’s Risk Marﬁhe activities of committees and subcommittees

agement Framework is designed to address these cWr-%h overlapping or related jurisdictional

plex, real-world issues. Yet, environmental agenci{—:%Sp(_)r!S'b'“t'es_for enV|r(_)nmentaI Issues, starting
may encounter legal and administrative hurdles wh¥{h joint oversight hearings.

implementing the Framework because most environ- Many different Congressional committees and sub-
mental statutes, agency programs, and Congressiamahmittees have overlapping and conflicting respon-
committees and subcommittees focus on managsigilities for sources of and solutions to pollution. For
individual pollutants in single environmental mediaxample, the Transportation and Infrastructure Com-
Current procedures also limit stakeholder involvenittee and the Commerce Committee in the House
ment in decision-making and the ability of agencies Representatives both oversee EPA's implementation
to consider the larger context when addressing healtfifSuperfund and the Safe Drinking Water Act. In the
and environmental problems. In short, the progran&enate, the Agriculture Committee has jurisdiction
regulations, and procedures developed under currem¢r pesticides, while the Environment and Public

FRIDAY, JUNE 4, 19% @Il" N ali ﬁﬁ rk Eimes
New System of Assessing Health Risks I's Urged
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As this recent article fromfihe New York Timeshows, the public is keenly aware of the need for improved approaches to
controlling health risks. ©1996 The New York Times Company. Reprinted by permission.




IMPLEMENTING THE FRAMEWORK

Works Committee oversees other toxic substancpsllution or of watersheds. In the House, joint hear-
These competing responsibilities make it difficult tmgs involving the Resources Committee, the Agricul-
implement integrated strategies. We recognize thee Committee, and the Transportation and
practical and political constraints that make coordifrastructure Committee, which has jurisdiction over
nation difficult. the Clean Water Act, could better address the myriad
Joint Congressional hearings could: stresses on a watershed. Similarly, the House Com-
merce Committee and the Transportation and Infra-
structure Committee could hold joint hearings to
encourage the use of the Commission’s Risk Manage-
 Encourage EPA and other agencies to use theilment Framework to comprehensively deal with

* Help put problems into public health or
ecological context.

discretionary authority to implement the Superfund sites.
Commission’s Risk Management Framework and _ )
comprehensive risk assessment reforms. Recommendation 2: The regulatory agencies

: . _ should fully use their existing discretionary
* Reinforce integrated approaches to reducing  51hority to propose and implement actions that
risks in industrial sectors and geographic areas,yqress the most significant sources of total
« Evaluate experimental alternatives to commandxposure to hazards under review.

and-control regulations. Many agencies have improved their risk assessment

practices, used risk assessment in more programs, and
For example, the Agriculture Committee and tHeegun to engage stakeholders in decision-making
Resources Committee in the House could stimulggeocesses. In many cases, adoption of the
coordinated approaches to integrating chemical aBdmmission’s Risk Management Framework by fed-
microbial risk assessment and benefit-cost practiasl, state, and local agencies will not require changes
throughout the U.S. Department of Agriculture. Thap statutes so much as changes in the decision-mak-
could also promote the use of the Commission’s Rislg process to identify all the sources that account
Management Framework by the Natural Resourdes total exposure and estimate the risks attributable
Conservation Service in addressing erosion and v@-each source.
ter pollution from agricultural lands. Other commit- California’s air toxics program provides a good
tees should look at industrial sectors, such as inmodel of an integrated regulatory strategy that is be-
and steel mills or oil refineries, to address sector-speg achieved administratively. Rather than first assess-
cific pollution and manufacturing processes oniag risks from individual sources, that program
multimedia basis. estimates the overall risk attributable to a particular
Some committees address the environmental staemical. Upon deciding that the risk is sufficiently

tus of geographic areas, such as the House Resouhigis to warrant action, the program examines all iden-
Committee’s jurisdiction over parks, wild and scentified stationary, mobile, and area sources of the
rivers, and national forests, but no committee chiemicals to determine the most cost-effective reduc-
charged with responsibility for the status of urbamons in emissions and exposure. The EPA has

launched a similar cumulative exposure approach for

hazardous air pollutants (see below).



b Asa Commissioner, | saw far too many cases where extreme
attention was placed at an industrial facility on ensuring that
every last molecule of a toxic substance was kept out of the air,—‘
only to have that same substance ignored as it poured through
the floor drain into the groundwater . . . . Taking a look at whole
facilities, at the whole mix of pollutants, at whole watersheds, is
fundamental??

—Daniel Greenbaum,
President of the Health Effects Institute
Former Commissioner for
Environmental Protection, State of Massachusetts

Recommendation 3: The regulatory agencies  program offices. However, the 104th Congress found,
should fully use their existing discretionary common ground for bipartisan action by reauthoriz-
authority to expand stakeholder involvement in ing specific statutes instead. For example, the Safe
the development and implementation of solution®rinking Water Act and the Food Quality Protection
to environmental problems. Act were modified in ways that provide flexible di-
rection to consider risks, costs, benefits, population
Successful integrated approaches depend on tragbgroups, and public values in decision-making. The
among agencies and stakeholders. Public notice 4896 Safe Drinking Water Act includes important
comment procedures are inadequate for building ghevisions on the roles of risk assessment and eco-
level of trust and cooperation necessary for integrateamic analysis in setting standards and priorities for
approaches. Stakeholder involvement processes stegfulation without dictating the specific steps in the
as those used in the Common Sense Initiative athlysis or requiring one to outweigh another. Itis a
Project XL are a good beginning. As the participang®od example of how statutes can be modified to pro-
have learned, however, unexpected difficulties—sunfote more flexible risk management strategies. Con-
as disagreements about the composition of stakeess should consider legislative changes that:
holder groups and problems arriving at consensus—
have slowed the completion of projects. We believeAddress geographic areas such as urban areas and water-
that implementation of our “Guidelines for Stake- shedsUnder the Clean Air Act Amendments of 1990,
holder Involvement” (see page 16) can increase prosEPA is developing an integrated urban air toxics strat-
pects for productive stakeholder involvement. Agency €9y that considers different types of pollutants and
adoption of the Commission’s Framework for Risk multiple sources of pollutants together, so that risk

Management can provide a consistent approach to risk1anagement actions in urban areas can address air
management decision-making. pollution in context. In the case of watersheds, EPA

_ _ already is working with states and localities to de-
Recommendation 4: Congress should reinforce  velop ecological risk assessments and integrated ap-

implementation of the Commission’s Risk proaches to pollution problems. The Clean Water Act
Management Framework legislatively, statute-  should be amended to establish a comprehensive, in-
by-statute. tegrated watershed management approach.

For several years, Congress has considered bills
that would prescribe government-wide risk assess-Mandate authority for EPA to consider sources of signifi-
ment and economic analysis practices and make themant indoor air pollution when evaluating the risks at-
judicially enforceable. Also, an “organic act” has been tributable to multiple sources of air pollution. EPA should
proposed that would integrate the operations of EPA'scollaborate with other agencies to reduce significant risk

&
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from indoor air exposuwes.Numerous studies haveRecommendation 5: The Council on
shown that the concentrations of many contanttnvironmental Quality (CEQ) should consider
nants in air are higher in homes than outdooissuing guidance or regulations for implementing
While outdoor air pollution is extensively reguadditional provisions of the existing National
lated, problems in offices, public buildings, an&nvironmental Policy Act (NEPA).
homes remain relatively unrecognized and unad-
dressed. Efforts by the EPA, Consumer Product The National Environmental Policy Act offers some
Safety Commission (CPSC), and Occupationapportunities for implementing the Framework. Instead
Safety and Health Administration (OSHA) to regusf aiming to protect specific places, activities, or envi-
late indoor air have been thwarted by lack of stattonmental media, as do most environmental statutes,
tory authority and by lack of agreement on theEPA seeks to balance a broad range of environmental
nature of the problems and the solutions. EPAactors with “other essential considerations of national
regulatory authority appears to be limited to oupolicy.” The act states that its policies and goals are
door air. OSHA is responsible for industrial envisupplementary to those in agencies’ existing statu-
ronments. CPSC has authority over products, suohy authorizations. NEPA regulations, which were
as carpets and insulating materials. A coordinatessgued in 1978, focused on procedural provisions to
approach by EPA, OSHA, and CPSC will not emergasure that decisions about federal actions are made
without a mandate from Congress and cooperationly after the environmental consequences of the ac-
from stakeholders. tions are fully considered and that the public ben-
efits of the actions outweigh their environmental costs.
Increase flexibility for meeting environmental protecFhese regulations are generally consistent with the
tion goals Integrated approaches to compliance cagcus of the Framework.
provide greater cost-effectiveness and increased|n addition to procedural requirements, NEPA es-
flexibility for facilities that go beyond current lev-ablished six objectives for all federal programs: respon-
els of environmental protection. EPA is currentlyibility for the future; environmental equity; beneficial
experimenting with such approaches in its Conse; historical, cultural, and biological diversity and in-
mon Sense Initiative and Project XL programgividual liberty; widespread prosperity; and manage-
However, EPA and participants must still meet thent for quality and conservation. The act requires all
original regulatory requirements, even when mofgderal agencies to use a “systematic, interdisciplinary
effective solutions are being implemented. For theggproach” to planning and decision-making that incor-
projects to succeed, EPA needs the legal authofrates the “natural and social sciences and the envi-
to provide flexibility in deciding how the regulatedonmental design arts.” An analysis by the Environmental
community can improve its environmental perfol-aw Institute concluded that these provisions have not
mance. Congress should explicitly authorize ERfeen implemented. Agencies could use these objectives
and state agencies to enter into compliance agrgeapproach problems in the integrated, contextual man-
ments that waive certain current regulatory requirger envisioned in the Commission’s Risk Management
ments if alternative controls can credibly achieeramework. CEQ should work with other executive of-
equal or, whenever feasible, greater environmenfigks and the relevant federal agencies to craft guidance
protection. for implementing these NEPA provisions.



Recommendation 6: State and local regulatory icity data and methods for assessing multiple and
and public health agencies should use the Risk cumulative risks.
Management Framework, as many already do to As illustrated in this report, some aspects of the
some extent, to address watershed, airshed, Framework—such as stakeholder involvement and
community, worksite, and indoor and outdoor  multimedia analysis—already are in use to some ex-
environmental problems using an integrated,  tent. However, no risk management effort to date has
multimedia process with stakeholders. employed all aspects of the Framework. Many of the
guestions and concerns associated with implement-
We have given several examples of state and looed the Framework will be clarified as it is applied
actions that have been taken to address problemsiid evaluated. However, gaining experience with the
a broad context with stakeholder involvement, suémamework can best be achieved if Congress and the
as California’s toxics air program and efforts in Magxdministration work together to overcome the statu-
sachusetts, New York, and New Jersey to integraoey and administrative barriers described above.
regulatory actions. As in other areas of government In using this Framework, risk scientists and deci-
endeavor, states and localites engaged in successioh-makers will be embarking on an important new
integrated risk management projects can serve as cata-in risk management designed to make wise use of
lysts for federal initiatives. However, state and lochimited risk management resources. As described
agencies often rely on federal models of regulatiaroughout this report, the Framework’s advantages
As a result, they, too, focus primarily on single poinclude:
lutants in single environmental media and on com-
mand-and-control approaches to regulation. State aftdJse of an integrated, holistic approach to make
local agencies should increase their ability both ad- fisk management more efficient and effective
ministratively and legislatively to implement the compared with the traditional chemical-by-
Commission’s Risk Management Framework. chemical, medium-by-medium approach to
characterizing individual risks.

Looking Ahead

* Identification and targeting of the most
important sources of risk by putting individual
Iproblems into larger public health and
environmental contexts and addressing multiple
and cumulative risks.

The Commission’s Risk Management Frame-
work is not a panacea. It can require substantia
time to implement and, in some cases, it might
lengthen, not shorten, the risk management pro-
cess. The ability to implement the Framework wille Emphasis on collaboration, communication, and
undoubtedly improve over time as more experi- negotiation in an open and inclusive process
ence is gained with its various aspects and as moreamong stakeholders so that public values can
relevant information becomes available. For ex- inform and influence the shaping of risk
ample, more experience with and guidance for in- management strategies. Stakeholder involvement
cluding stakeholders is needed. Both agencies andcan help generate decisions that are more
stakeholders need training to better understandpragmatic and more readily implemented than
and discuss health and environmental risk issues.decisions that are made without considering the
Agencies and academic institutions must cooper- diversity of interests, knowledge, and technical
ate to generate more and better exposure and toxexpertise represented among stakeholders.

&
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» Capacity for iteration. As with the scientific The Commission envisions the Framework to be
process itself, at any stage of the Framework, tfeer more useful and effective than traditional regula-
discovery of critical new information can changeéory approaches to solving common multimedia risk

conclusions and decisions and lead to problems.
reformulation and reevaluation of the problem at
hand.
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GLossARY

affected Parties ..o Individuals and organizations actgdcheamdals, radiation, or mi-
crobes in the environment or influenced favorably or adversely by pro-
posed risk management actions and decisions.

alternative complianCe .........cccueviieiiiiieie e A policy which allows facilities to choosenastionds for achieving
emission-reduction or risk-reduction specifications instead of command-
and-control regulations that specify standards and how to meet them. An
example of alternative compliance is the use of a theoretical bubble over a
facility to cap the amount of pollution emitted while allowing the company
to choose where and how within the facility it gets to or stays below the
cap.

ALLAINMENT ArEA ...vvvviiiiiiiiiiee e e e e e A geographical area, such as a@itsegimia| airshed, that is meeting
EPA clean air standards.

benefit-cost analysis (BCA) .......coocvviiiiiiieeiiiiiiiiiieee e An economic method for assessing the beresits afrethieving alter-
native health-based standards with different levels of health protection.

collaborative stakeholder involvement .............ccccccceeeee. Engaging interested and affected parties in the euwbstirdgivrisk
management, through all 6 stages of the Commission’s Framework.

command-and-control regulations ...............ooeeeeeiiiiiiiinnns Specific requirements prescribing how to comply Vidtlstepeerds
defining acceptable levels of pollution.

Common Sense INILIAtVE .........cooeeeeiiiiiiiieee e A current EPA initiative that convenes tedwhbalfista in six major
industrial sectors— automobile manufacturing, computers and electron-
ics, iron and steel, metal finishing, petroleum refining, and printing—to
find comprehensive and feasible strategies to reduce pollution.

CONLAMINGNTES oo Chemicals, microorganisms, or radidtionafgusoil, water, or food
that are not normally constituents of these environmental media.

(070 01 1= OO Here refers to public health anchéestegssment of the contribution
of any particular environmental hazard to health, safety, or the environ-
ment.

cost-effectiveness analysis (CEA) ......cccccveeeeiviiiiiieeeniinne, ecAnomic method to identify the least costly way to achieve a particular
health protection goal.

CUMUIALIVE oiiiiiiiiiic ettt Enlarging or increasing by succesiive addi

diSEaSE INCIAENCE ....ocoeiiiiiiiiie e The rate of new occurrences of a disease.

exposure-response relationship ......cccccccceeii, The relationship between exposure level anddbeofreiierse ef-
fects

ecological risk assessSMeNt.........ccoovciiiiiiiiiiiiiiiiee e A process used to estimate the likelihomsk affadée on plants or

animals from exposure to stressors, such as chemicals or the draining of
wetlands. The process includes problem formulation, characterization of
exposure, characterization of ecological effects, and risk characterization.

€CONOMIC ANAIYSIS .iieeeieiieii e An analysis in monetary values of the bestfigsof various actions
to protect health or the environment.
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end Of the PIPE ..eeeii i Relying on technologies, such as serudrbekestacks and catalytic
converters on vehicle tailpipes, to reduce emissions of pollutants after they
have formed.

environmental JUSHICE .........ccouiieieiiiiiiee e Concern about the disproportionate occup@hdenfand potential
pollution-related health effects affecting low-income, cultural, and ethnic
populations and lesser cleanup efforts in their communities.

<] o] Lo [<Ta 0T o] (oo V2SR The core public health science, ingetftegatinses and risk factors of
disease and injury in populations and the potential to reduce such disease
burdens.

L<To 1011 S PRPP Just, fair, and impartial treatatlepeé@ble and population groups, in-
cluding low-income, cultural, and ethnic populations potentially more af-
fected by pollution.

EXPOSUNE @SSESSMENT ..uvvvviiiiriiiiiiiiriiieireeieaeeeaeeaaeeaeeeaaaesaannanas Determination of the sources, environsportahmichmmodification,
and fate of pollutants and contaminants, including the conditions under
which people or other target species, could be exposed and the doses that
could result in adverse effects.

eXPOSUre Pathway ........ccooeviiiiiiiii The path from sources of pollutants ijiavatersor food to reach
people and other potentially affected species or settings.

NAZAId.........co oo A source of possible damage or injury.

INtErdePENUENCE ....vvviiiiiiiiiieieee e Mutual dependence.

ItErativVe PrOCESS .ooiiiiiiiiee ettt e ettt a e Replication of a series of actionséospiamhssively better results, or to
accommodate new and different critical information or scientific inferences.

@ CYCIE .ttt Tracking a product through all stages eloisrdat, from extraction of
fuel for power to production, use, and disposal.

maximum available control technology (MACT) ................ The emission standard for sources of air pollution requiringribenmax
reduction of hazardous air pollutant emisssions, taking cost and feasibility
into account. Under section 112 of the Clean Air Act Amendments of 1990,
the MACT must not be less than the average emission level achieved by
controls on the best performing 12% of existing sources, by category of
industrial and utility sources.

multimedia approach .......cccccccceeeeiiiiiii A process for considering several enviroredentalioh as air, water,
and land, together, rather than in isolation.

MUILIPIE FISKS .t Risks from several sources or many agents.

OPLIONS. .ttt Choices of actions.

PEET TEVIEW ..eiieeeeee e e e ettt e et e e e e e e e e e e e e s e e s s snnnnenees Evaluation of the accuracy or vatiidityichl data, observations, and
interpretation by qualified experts in an organized group process.

precautionary PrinCiple ..........ccccuvvrevrimmrimriieeriieereeereereeeenee. Decisions about the best ways to manageisksetiateeflect a pref-

erence for avoiding unnecessary health risks instead of unnecessary eco-
nomic expenditures when information about potential risks is incomplete.



PrOJECE XL .o An EPA initiative to give (as of 1996) six canfipéelieAnheuser Busch,
HADCO, Merck, AT&T Microelectronics, and 3M) and two government
agencies (California’s South Coast Air Quality Management District and the
Minnesota Pollution Control Agency) the flexibility to develop comprehen-
sive strategies as alternatives to multiple current regulatory requirements to
exceed compliance and increase overall environmental benefits.

public health CONtEXE .......uvvveiieiiiiii e The incidence, prevalence, and sevesgesfidisemmunities and popu-
lations and the factors that account for such problems that can be reduced
or prevented, including smoking, alcohol consumption, poor diet, motor
vehicle accidents, infections, chemical exposures, and other common vol-
untary and involuntary exposures or activities.

public health approach ............c.ccccc . Focuses on effective and feasible risk macgementthe commu-
nity level to reduce exposures and risks, with priority given to reducing
exposures with the biggest impacts in terms of the number of people af-
fected and severity of effect.

FESIAUAI FISK .o The health risk remaining after cisaredtions are implemented, such
as risks associated with sources of air pollution that remain after the imple-
mentation of maximum achievable control technology.

115G PP PPPPPRP The probability of a specificegigeasrally adverse, given a particular
set of conditions.

FISK ASSESSMENT ..evviviiiiiiiiiieei e An organized process used to desdiibatartieetikelihood of ad-
verse health outcomes from environmental exposures to chemicals. The four
steps are hazard identification, dose-response assessment, exposure assess-
ment, and risk characterization.

risk characterization ...........ccccoeiiiiiiiiiiiiee e The process of organizing, evaluatingramioebimg information about
the nature, strength of evidence, and likelihood of adverse health or ecologi-
cal effects from particular exposures.

FISK MANAGEMENT ....vvviiiiiiiiieie e The process of analyzing, selecting, img)ameetialuating actions to
reduce risk.

Screening risk @SSESSMENT .....vvvvviviiiiiiiiiiiiiiieee e A risk assessment performed using few dgtassudipizons to iden-
tify exposures that should be evaluated more carefully for their potential
risks.

TOXICIEY .ttt The adverse effects of chemicals on éimisgisrg

value of INformation ... Value-of-information techniques provideytio faaalework for decid-

ing whether it is better to make a decision now based on an inherently un-
certain risk assessment as to collect additional information first and then
decide.

weight of the scientific evidence .........ccccccoee, Considerations involved in assessing the iotegdrptailished infor-
mation about toxicity—quality of testing methods, size and power of the
study design, consistency of results across studies, and biological plausibil-
ity of exposure-response relationships and statistical associations.
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PreErFACE

who provided information, advice, and critiof uncertainty in estimates of risk levels. The rec-
cal comment on our June 1996 Draft Repodmmendations on Superfund have been altered to

As a result of that valuable counsel, our Final Reake into account the administrative changes made
port is much improved. over the past year. A recommendation to establish

Volume 1 of our Final Report, released on Jana{rocess for updating permissible exposure limits
ary 29, 1997, is a reader-friendly 64-page repdar the air contaminants in the workplace has been
that focuses exclusively on the Commission’s coradded to those directed at the Occupational Safety
prehensive new Risk Management Frameworknd Health Administration. An analogous stake-
which was supported by an overwhelming majoolder process is recommended to update the 1976
ity of comments. We set forth principles for makFoxic Substances Control Act.
ing good risk management decisions and for actively We were pleased that actions by Congress ad-
engaging stakeholders in the process. The aim igltessed our 1996 recommendations to modify
move beyond one-chemical, one-risk regulatotiie Delaney clause for pesticide residues, to
actions for protection of air, water, foods, or thevaluate context under the Safe Drinking Water
workplace and put problems into their publidct, and to remove the Resource Conservation
health, ecological, cultural, and community comnd Recovery Act land-ban that complicated
texts to facilitate better accepted, more effectivBuperfund cleanup.
and more cost-effective decisions. My fellow Commissioners and | thank the many

With this volume, Volume 2 of our Final Reportpeople who have contributed to our deliberations:
the Commission completely updates the 1996 Drafd9 people who testified at hearings in Washing-
Report. We address many technical and policy ten, DC and at six regional hearings; staff at the
sues related to health and environmental risk-basedulatory agencies who provided information and
decisions. We make recommendations for specifesources; 130 people and organizations who pro-
federal regulatory programs and agencies. In reded written comments; and members and staff of
sponse to comments, we have clarified our recothe Congress and leaders and staff of the Clinton
mendations for management of residual risks froddministration for their advice and for the interest
section 112 Clean Air Act hazardous air pollutantdiey have taken in our findings and recommenda-
for a common metric to assist comparative risk asons. We particularly thank our splendid staff: Gail
sessment and risk communication for both carcin@harnley, Executive Director, Sharon Newsome,
gens and noncarcinogens; and for use of bright lirkssociate Director, and Joanna Foellmer, Program
as guideposts for implementing decisions. We mod@pecialist and Designated Federal Official. We look
fied our tabulation of rodent tumor bioassay mechi@rward to working with Congress, the Adminis-
nisms that may not be relevant to human candsation, state and local governments, and interested
risk if they are the only responses observed and aitezens to develop strategies forimplementing our
due to the mechanisms we list, and explained begeommendations and improving risk assessment
ter the difference between probabilistic analysesarid risk management practices for the 21st century

Gilbert S. Omenn
Chair

The Commission is grateful to the many peoplariation in exposure versus probabilistic analyses

NOTE: The Commission’s June 1996 Draft Report, both volumes of our Final Report, and all supplementary reports (listed in

Appendix A7 of Volume 2) can be found on the Commission’s homepage at the Riskworld website: http://www.riskworld.com.
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ExecuTiVE SuMMARY

Public opinion polls have consistently showoomments that we received, on comments made at
strong support throughout the United States fpublic meetings and scientific meetings, and on
effective environmental stewardship and for idemumerous informal discussions with stakeholders,
tifying and addressing risks to the environmente refined our recommendations to produce this
public health, and worker health. Atthe same timiéinal Report to Congress and the President of the
many citizens and local officials are demandingnited States. Part 1 of our two-volume Final Re-
greater attention to priorities and costs. Therepert focuses solely on our Risk Management Frame-
an emerging national vision of sustainable develork and its implementation. Itis a reader-friendly
opment for our environment, our economy, and odocument explaining the Framework, the process
society, which this Commission shares. Regulatarf putting problems in public health context, and
agencies, businesses, environmental and pulilie strategies that can be used to stimulate effec-
health advocates, and communities deserve credie stakeholder involvement. It has many real-
for well documented gains in air quality, water qualvorld examples.
ity, habitat protection, worker health and safety, Now in Volume 2, we have revised the entire
product safety, waste disposal, recycling, and p@lraft Report to update our findings. We make rec-
lution prevention achieved over the last 25 yeamsmmendations about the uses and limitations of risk
The Commission values and seeks to sustain sasBessment, economic analysis, risk management,
gains. Our findings and recommendations reflead regulatory decision-making; and we address se-
an increasing need to recognize and capitalize lented activities of specific regulatory agencies and
lessons learned and our intent to stimulate everograms.
more effective, more efficient, risk-based means of
protecting public health and the environment.

The Commission on Risk Assessment and Riék NEw Risk MANAGEMENT FRAMEWORK
Management was mandated by Congress in the
Clean Air Act Amendments of 1990 “to make a full The Commission has adopted a unique risk man-
investigation of the policy implications and appraagement perspective to guide investments of pre-
priate uses of risk assessment and risk managenwémiis public sector and private sector resources in
in regulatory programs under various Federal lawisk-related research, risk assessment, risk charac-
to prevent cancer and other chronic human heati¢hization, and risk reduction. We recognize that it
effects which may result from exposure to hazard-time to modify the traditional approaches to as-
ous substances.” The Commission began meetsggsing and reducing risks that have relied on a
in May 1994 and held hearings across the countciiemical-by-chemical, medium-by-medium, risk-
obtaining information and insights that made inby-risk strategy. While risk assessment has been
portant contributions to our deliberations and ggrowing more complex and sophisticated, the out-
our findings and recommendations. We issuedpat of risk assessment for the regulatory process
Draft Report for public review and comment in Jur&ften seems too focused on refining assumption-
1996, and introduced a framework for making rideden mathematical estimates of small risks associ-
management decisions. Based on the 130 forratdd with exposure to individual chemicals rather
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than on the overall goal—risk reduction and im- Formulate the problem in broad context.
proved health status. Scientists, federal agencies
the National Academy of Sciences/National Re-
search Council, and many other organizations haveDefine the options.
issued many reports with recommendations for i- \ake sound decisions.
proving health risk assessment. Despite many years _ _ o
of managing risks, however, there have been féw ake actions to implement the decisions.
systematic attempts to examine the role of risk as-perform an evaluation of the effectiveness of
sessment itself in risk management and health andhe actions taken.
environmental protection. No generally accepted
framework or principles for making risk manage- The Framework explicitly embraces collabora-
ment decisions has emerged. tive and early involvement of stakeholders; the pro-
We propose a systematic, comprehensive franoess can be refined and its conclusions can be
work that can address various contaminants, notanged as important new information is acquired.
dia, and sources of exposure, as well as publice Framework requires that a potential or current
values, perceptions, and ethics, and that keepspgheblem be put into a broader context of public
focus on the risk management goal. The new Ris&alth or environmental health and that the inter-
Management Framework comprises six stages (sependence of related multimedia problems be
figure): identified. The Framework focuses on cumulative
risks to human and environmental health and on
addressing the benefits, costs, and social, cultural,
ethical, political, and legal dimensions of risk re-
Tue Commission’s Risk duction options. Our Framework is described in
MANAGEMENT FRAMEWORK great detail in Volume 1 and is summarized in Sec-
tion 2 of this volume.
The Commission’s Framework can help to im-
prove the cumbersome, fragmented risk manage-
ment approach often used by the federal regulatory

Analyze the risks.

Problem/ agencies—an approach that resulted from the

Context patchwork of Congressional statutes that have been

\ , enacted over the last 25 years to address individual

risks. Coordination within and among agencies and

/ \ among Congressional committees and subcommit-
Engage

tees can advance the more comprehensive proposed
Framework without a new, overarching environ-
mental statute. When individual environmental
statutes are reauthorized, they can be modified to
reflect the comprehensive nature of the Framework.
The Framework is also applicable to risk manage-
ment activities carried out by public and private
entities at the state, regional, and local levels and
through federal/state performance partnerships.
Despite potential obstacles, we believe that imple-
mentation of this Framework will enable the coun-
try to manage risks more effectively and more

<>

akeholde




efficiently and to make progress toward the goal of Bright Lines: Bright lines are specific exposure
sustainable development. concentrations that are meant to provide a clear
distinction between what is considered safe and
what is not. Bright lines can be useful as guide-
Risk MANAGEMENT AND REGULATORY posts or goals for decision-making but should not
DecisioNn-MAKING be applied inflexibly, because of uncertainty about
risks and variation in susceptibility. We support
Risk managers use information from risk assesbe use of sets of bright lines to protect both the
ment and economic analysis, together with infogeneral population and specific populations poten-
mation about public values and statutoryally at higher risk, such as children and pregnant
requirements, to make decisions about the needi@men. We recommend that Congress not legis-
and methods of risk reduction. The wide array t#te particular bright lines. In response to com-
statutes and their implementing regulations haweents, we have clarified the differences between
resulted in different definitions of negligible andbright lines for measurable emissions, exposures,
unacceptable risk. and contaminant concentrations and attempts to
Improvement of Risk Communication: Iruse bright bright lines for estimated low levels of
communicating with various audiences about risksobabilistic risks, which cannot be measured.
risk assessors and risk managers must seek a twaStandards for Judicial Review: We recommend
way interaction, learning about patterns of exptiiat judicial review be limited, as now, to final
sure, gaining an understanding of the differeagency action, and that the existing arbitrary-and-
perceptions people have of what is a negligible ris&pricious standard be retained.
and what is an unacceptable risk, and describing
risks and uncertainties openly and understandably.
Relying on overly precise single estimates of risk 4SS AND LimiTaATIONS OF Risk
unjustified. ASSESSMENT
We support the use of comparisons of specific
risks related to a proposed action. Such compari-The Commission considers risk assessment a
sons are most understandable and helpful wheseful analytic process that provides valuable con-
they involve chemically related agents, differentibutions to risk management, public health, and
sources of exposure to the same agents, differenvironmental policy decisions. Risk assessment
agents to which humans might be exposed in simias developed because Congress, regulators, and
lar ways, and different agents that produce simildre public require scientists to go beyond scientific
effects. Such context can help all stakeholders, observations of the relationships between exposures
cluding risk assessors, to understand the potent@lchemicals and pollutants and their effects on
benefit of reducing exposures to an agent. We r@eople, the environment, or test systems, and to
ommend that such risks be expressed in termsrelly on many scientific inferences and assumptions
potential adverse effects per year in a given coto- answer social questions about what is unsafe.
munity or exposed population, as well as per hwhen basic judgments regarding a chemical’s tox-
pothetical lifetime. icity to humans are unresolved, however, sophisti-
We also recommend the identification and evaloaated and complex risk assessments cannot
ation of a common metric to assist comparative riskbstitute for basic ignorance about the chemical’s
assessment and risk communication related to badkicity to humans. We recommend that the per-
carcinogens and noncarcinogens. We have movednance of risk assessments be guided by an un-
this recommendation from the toxicity assessmedgrstanding of the issues that will be important to
section to the risk communication section. managers’ decisions and to the public’s understand-
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ing of what is needed to protect public health amtgres and combined chemical-microbial-radiation
the environment. exposures, because people are exposed to multiple
Use of Scientific Advances in Toxicity Assesshazards. We recommend direct toxicity assays of
ments: The Commission recognizes that imporenvironmental mixtures.
tant advances are being made in the scientific basis
for risk assessment. Further developments will im-
prove the recognition and estimation of risks ¥SEs aND LimitaTions or Economic
humans associated with chemical and other exgsNaLYsIS
sures in the environment and provide biologic
markers for measuring exposure, early effects, andThe Commission supports the use of economic
variation in susceptibility. We recommend the usaalysis as a consideration, but not as the overrid-
of all relevant peer-reviewed information aboutiag determinant of risk management decisions.
chemical’s mode of action in evaluating the weiglBoth human health and ecological benefits should
of the scientific evidence supporting its toxicity ibbe accounted for when the consequences of actions
humans. We support current agency efforts to dis-reduce emissions, exposures, and risks are be-
tinguish more clearly between experimental findRg evaluated. We call for explicit descriptions of
ings in rodent or other bioassays that are predictie assumptions, data sources, sources of uncer-
for humans and findings that are not. We recofginty, and distributions of benefits and costs across
nize that risks from microbial and radiation expsociety associated with economic analyses, in par-
sures, not just chemical exposures, need to dkel with the descriptions associated with risk as-
addressed. sessments.
Use of Realistic Scenarios in Exposure Assess-
ments: The Commission supports basing risk man-
agement decisions on exposure assessments derfi) Rore oF Peer Review
from realistic scenarios. Agencies should continue
to move away from using the hypothetical “maxi- We support efficient use of peer review, with care
mally exposed individual” to evaluate whether a rigkh exclude financial conflicts, for both risk assess-
exists, toward more realistic assumptions basedraent and economic analysis. Overall quality and
available scientific data, as they have done in ffectiveness of peer review practices should be
cent analyses. We recommend use of analytic meghaluated periodically by the agencies. We urge
ods that, when data permit, combine the ma@pngress to match resources to its demands on
characteristics of probable exposure into an assemgencies for research, risk assessment, and eco-
ment of the overall population’s exposures. When@mic analysis and to allow the agencies consider-
possible, exposure assessments should incladée discretion in allocating resources for peer
information about specific groups, such as infantgyview.
children, pregnant women, low-income groups, and
minority group communities with exposures influ-
enced by particular cultural or social practiccBECOMMENDATIONS FOR AGENGCIES
Stakeholders can provide information about pat-
terns and sources of exposure that otherwise mightfThe Commission developed findings and rec-
be neglected. ommendations about several federal agencies and
Recognition of Risk Associated with Chemiprograms in order to illustrate our general rec-
cal Mixtures: We agree with testimony that wemmendations, address inconsistencies, and as-
need data and risk estimates about chemical néxst Congress and the agencies on particular



matters. As agencies begin to comply with the Food and Drug Administration: We recom-
Government Performance and Results Act ofend a substantial modification of the “Delaney
1993, these recommendations may be helpfuldlause” to a standard of reasonable certainty of no
identifying performance indicators. harm for all population groups, as was enacted in

Environmental Protection Agency: In the 199the Food Quality Protection Act of 1996. We en-
amendments to the Clean Air Act, Congress mainrse international harmonization of risk assess-
dated that this Commission review and make reaoent and clinical trial protocols for
ommendations on the analysis and managemenpbéarmaceuticals, and restoration of FDA's author-
residual risks associated with section 112 hazait-to require scientific evidence supporting health
ous air pollutants after the completion of the cuclaims for dietary supplements.
rent technology-based risk reduction program. We Department of Agriculture: We recommend
present a tiered approach to set priorities for thigt risk assessment and benefit-cost analysis be per-
huge effort and emphasize the critical need for mdiermed early in the rule-making process instead of
and better emissions and exposure data befatéhe decision stage for both microbial and chemi-
meaningful analyses are possible. We recommesal hazards.
that residual risks associated with hazardous air pol-Department of Energy and Department of
lutants be considered in the context of risks assddefense: We support further development and
ated with the same pollutants from other sourcesaluation of risk-based approaches to priority-
in the context of other air pollutants, and in theetting and budget-making for cleanup of con-
context of other risks to health. We have clarifigdminated sites at federal facilities.
the tiered scheme presented in the Draft Report.

We recommend more frequent determinations The Commission will remain active until June
of future land use at the start of Superfund site ri$R97 to assist the Congress, the Administration,
assessments and we endorse a comprehensiveama-various other interested parties in consider-
tershed management approach to managing rigkg these recommendations and finding common
under the Clean Water Act. We are pleased that guound with relevant proposals from others. The
recommendations were accommodated in the 1996mmission believes that our Risk Management
Safe Drinking Water Act. Framework will prove to be far more useful and

Occupational Safety and Health Administreeffective than traditional regulatory approaches
tion: Werecommend establishing guidelines fao solving common multimedia risk problems
agency risk assessments and a streamlined proeess, along with the other recommendations in
for developing permissible exposure limits for aour Final Report, will help improve risk man-
contaminants in the workplace. We also endoragement decision-making as we tackle the prob-
greater cooperation between OSHA and the Nams of the 21st Century.
tional Institute for Occupational Safety and Health.
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INTRODUCTION

This report authored by the Commission on Risk The Clinton Administration subsequently asked
Assessment and Risk Management, proposes a tha-Commission to comment on the conclusions of
jor new era in environmental and health prote&eience and Judgment in Risk AssessfN& 1994a)
tion. Our Framework for Risk Management pui{see Appendix A3) and to make recommendations
particular risks in both a public health and ecabout peer review.
logical context, involves stakeholders from the ear- Congress decided to create the Commission
liest stages, and moves beyond the one-chemiedhen agreement could not be reached, during draft-
one-risk, medium-by-medium approach of mogig of the 1990 Clean Air Act Amendments, on the
current regulation. best way for the U.S. Environmental Protection

The Commission on Risk Assessment and Risigency (EPA) to determine whether any significant
Management was mandated by Congress in tigks to human health will remain after the imple-
1990 amendments to the Clean Air Act to addres®ntation of technology-based controls to reduce
the assessment and management of risks thatheaeardous pollutant emissions from stationary
regulated under the many laws aimed at protectisgurces and, if so, what to do about those residual
both the environment and the health and safetyrisks. Disagreement persisted about the risk assess-
the American people from potentially dangerous exient techniques and assumptions that should be
posures to chemicals and other hazardous subed to estimate such residual risks, about the
stances in air, water, food, the workplace, am&nchmarks to distinguish between negligible and
consumer products. Of the ten members of theacceptable risks, and about the risk management
Commission, three were appointed by the presiethods to mitigate unacceptable risks. The
dent, six by the majority and minority leaders ddommission’s mandate is not restricted to evaluat-
the House and Senate, and one by the presidenngfair pollution, the particulars of the Clean Air
the National Academy of Sciences. Biographies Att, or even the EPA. It is, however, limited to as-

the Commissioners appear in Appendix Al. sessing “cancer and other chronic human health ef-
The Commission’s mandate (see Appendix A#cts,” so we have not addressed physical safety or
is summarized in the following phrases: acute-exposure health hazards nor such environ-

mental problems as global climate change, ozone

* Assess the uses and limitations of risk T .
depletion in the stratosphere, and protection of wet-

assessment. lands and other habitats. In this report we do dis-
* Evaluate exposure scenarios used to cuss the dependence of human health on a healthy
characterize current or potential risks. environment, the applicability of the general ap-
. Determine how to describe and explain proaches of health risk assessment to ecological risk
uncertainties. assessment, and the need for benefit-cost analyses

_ _ of proposed actions to assess benefits beyond those
» Enhance strategies for risk-based managemegt hnuman health.

decisions.

Review desirability of consistency across
federal programs.



Vision BACKGROUND

Through our deliberations, the Commission de- The public recognition of environmental problems
veloped a shared vision of a sustainable environmdrats produced tremendous improvement during the
economy, and society. Like the National Commissidest 25 years in air quality, water quality, safety at work,
on the Environment (1992) and the President’s Cowsafety of consumer products (including drugs and
cil on Sustainable Development (1996), we seeKkamds), testing of new chemicals before they are in-
convergence of economic and environmental goals aratiuced into commerce, cleanup and disposal of
actions. We also recognize the need to encompasdtaeardous wastes, and scientific study of the health
diverse socioeconomic conditions and cultural praand ecological effects of chemicals, radiation, and mi-
tices of the people of this nation. Finally, we proposeoorganisms. Historically, improvements in the health
a comprehensive, risk-based approach that puts sygahe public have come primarily from environmen-
cific actions in a public health and ecological contexal interventions, such as proper waste disposal, in-

What Is Risk?

Risk is defined as the probability that a substance or situation will produce harm under
specified conditions. Risk is a combination of two factors:

e The probability that an adverse event will occur (such as a specific disease or type of
injury).
e The consequences of the adverse event.

Risk encompasses impacts on public health and on the environment, and arises frgm
exposure and hazard. Risk does not exist if exposure to a harmful substance or situatipn
does not or will not occur. Hazard is determined by whether a particular substance or situ-
ation has the potential to cause harmful effects.

What Is Risk Assessment?

Risk assessment is the systematic, scientific characterization of potential adverse effects
of human or ecological exposures to hazardous agents or activities. Risk assessment is per-
formed by considering the types of hazards, the extent of exposure to the hazards, and
information about the relationship between exposures and responses, including variation|in
susceptibility. Adverse effects or responses could result from exposures to chemicals, n
croorganisms, radiation, or natural events.

What Is Risk Management?

Risk management is the process of identifying, evaluating, selecting, and implementing
actions to reduce risk to human health and to ecosystems. The goal of risk management
scientifically sound, cost-effective, integrated actions that reduce or prevent risks while tak
ing into account social, cultural, ethical, political, and legal considerations.

S
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dustrial hygiene, quarantines, clean water, and vaocketbooks, our social relationships. Risk is time-
cines. Although many federal environmental laws hak&ated, ranging from immediate consequences of
an overarching goal of protecting the public’s healtfarious actions or lack of action to consequences
and the environment, most environmental statuteger a lifetime for an individual and much longer
have been media-specific and have relied on regulariods for the whole society or the planet. We make
tory rather than public health approaches. decisions to avoid risks, to reduce risks, to reduce
Only continued action can sustain the progresstbe consequences of events, and to insure against
the last 25 years, especially as the economy andttie financial consequences of risks. We tend to
population grow and new technologies emerge. \Wewnplay some risks; we find others frighten-
believe that the effort will be most effective if regulang. Of course, people vary in their assessments
tory and public health agencies work together.  of risk, and their actions or concerns tend to vary
accordingly. Often, the people who face specific
risks are different from the people who benefit
Risk ASSESSMENT from the products or activities that generate the
risks, leading to conflict and litigation over pro-
Risk is a combination of the probability of aposed risk-reduction actions. Risk assessment
adverse event and the nature and severity of tteelf has become controversial because of its
event. We deal with risks all the time in everydayportant role in the protection of human health
life—risks to our health, our environment, ouand the environment.

Figure 1.1. Elements of risk assessment and risk management.

Research Risk Assessment Risk Management
Laboratory and field Development of
observations i |regulatory options

i | Toxicity assessment:
i | hazard identification

i |and dose-response ! [ Evaluation of public

i |assessment i | health, economic,
Information on i | social, political
extrapolation : i | consequences of
methods : i | regulatory options

Research needs identified

° Risk characterization| :
from risk assessment process H

Feld i | Exposure assessment i | Agency decisions
;\e mea_sure'men:(s, i | Emissions ' | and actions

Characterization o characterization :

populations

SourceScience and Judgment in Risk Assess(iNREC 1994a). Reprinted with permission.




3

A generally accepted framework and nomenclagnize that voluntary uses of specific consumer
ture for health risk assessment was establishegioducts are also major contributors to death and
1983 by a National Academy of Sciences commfeor health. Cigarette smoking leads the list by a
tee reportRisk Assessment in the Federal Governmewide margin, accounting for an estimated 400,000
Managing the Proceg®RC 1983). The now univer-deaths every year; use of alcoholic beverages, for
sally recognized four-step framework for characteabout 100,000 deaths; and motor vehicle collisions
izing the likelihood of adverse health effects frofior about 25,000 deaths.
particular chemical exposures is described briefly While individual sources of contaminants may
below and shown in the context of scientific issuesntribute little to overall public health risks, the
and regulatory impact in Figure 1.1. risk may be substantial when viewed collectively.

As an example, 60,000 deaths per year have been

1 Hazard identificationDetermine the identities attributed to occupational and environmental
and quantities of chemicals present as chemical exposures of all types (McGinnis and
contaminants in the environment or Foege 1993). A more recent estimate attributes up
manufactured for various uses and the typestof 60,000 deaths per year to particulate air pollu-
hazards they may pose to human health.  tion (Shprentz et al. 1996). Aggregating and set-

ting priorities among environmental problems

2 Dose-response assessmé&valuate the would allow them to compete for attention and re-
relationship between chemical exposure sources with other public health problems.
concentrations (dose) and the incidence of Although people most fear cancer as a cause
adverse effects in humans or other species of death, cancer is not the only health concern
(response). associated with environmental pollutants. Repro-

ductive impairments, birth abnormalities,

3 Exposure assessmebtetermine the conditions asthma and other respiratory diseases, and ef-
under which people could be exposed to fects on all the organ systems of the body war-
contaminants and the doses that could occurant serious attention from a risk management
as a result of such exposure scenarios. and disease prevention perspective. Even when

those health effects have modest impacts on

4 Risk characterizationDescribe the nature of . :
mortality, they may be important burdens on the

adverse effects that can be attributed to

chemical contaminants, estimate their qu%'.'t{()f life. ¢ b d scientific ob
likelihood in various exposed populations, and Isk:assessment goes beyond scientific obser-

evaluate the strength of the evidence and theVations of exposures and e_ffects _in pt_aople, ani-
als, or test systems to investigating social

uncertainty associated with the risk estimated! ) ! i :
y guestions about what is unsafe. There is a dif-

Congress directed the Commission to focus éerence between what can be studied experimen-
what it called “chronic health effects,” meaning efally or be observed directly and what represents
fects that do not occur immediately—unlike injupolicy-driven extrapolation based on scientific
ries from falling off a construction platform—buinferences and many assumptions. The 1994
are the result of exposures that might take monthigtional Research Council repo8icience and
years, or decades to manifest as health probledisdgment in Risk Assessmeaptured this com-
Risks from chronic exposures arise from activitidgnation of science and values in its title. The
associated with the use and production of foadsefulness, credibility, and validity of risk assess-
energy, industrial and consumer goods, and framments would be greatly enhanced by generating
the wastes produced through daily living. We remiore data and relying on fewer assumptions.

&
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Risk MANAGEMENT way process.
To address those questions, in June 1996 the

We face a huge challenge to manage compf@emmission proposed a comprehensive Risk Man-
hensively the health risks associated with the vastement Framework for making decisions about re-
array of pollution-generating activities in this courducing risks to public health and the environment.
try. Actions that reduce hazardous substance enliie process includes detailed consideration of risk
sions or exposures can reduce risks to health. @ad cost and provides a context for social and cul-
regulatory agencies are expected to control poténral considerations. One important feature of the
tial cancer risks, for example, down to an extremdfyamework is its explicit involvement of stakehold-
low level. A limit of less than one extra cancer dea#s in decisions about how to reduce the risks that
from a particular chemical per one million persoredfect them, through consensus or despite disagree-
exposed over a 70-year lifetime is commonly usetent, depending on the circumstances. Another
for screening purposes; when exceeded, such ffisature is the integrated, multimedia approach the
levels serve as a justification for seeking monitoFramework takes to address multiple risks instead
ing data to more accurately characterize exposueésndividual risks. Public comments on the Draft
and risks or for taking actions to reduce exposur&eport showed strong support for the Framework
In contrast, risk criteria used in regulating occupand its key elements of context and stakeholder
tional exposure to specific chemicals often corriwvolvement, but emphasized the clear need for
spond to about one extra cancer death amongare and better data to support evaluations of risk.
hypothetical 1,000 workers exposed over a work-
ing lifetime. For noncancer risks, regulatory agen- _
cies aim to reduce exposures below presum@(ﬂﬂ[R ReporT
threshold levels for adverse effects.

As directed by Congress and reinforced by the This report is Volume 2 of the Commission’s Fi-
Clinton Administration, we have framed our analyral Report. Volume 1 focuses exclusively on the
ses and recommendations from the perspectivecbfaracteristics and implementation of the
risk management. What are the community, publ@ommission’s Framework for Risk Management, in
health, and environmental contexts for formulatesponse to public comments advising that the
ing a particular problem, characterizing its riskEramework be clarified and illustrated in a format
choosing a course of action, and evaluating the ibroadly accessible to diverse stakeholders.
pact of such actions? How do we use the tools ofBoth volumes are the product of the Commission’s
risk assessment and of economic analysis and cbearings and deliberations since May 1994 and ad-
sider social and cultural information to make modressconcerns of those who provided testimony be-
efficient, more understandable, and less costly dere the Commission (Appendix A4), concerns of
cisions about reducing risks that are judged to thwse who provided comments on our June 1996
too high? How do we make decisions when infobraft Report (Appendices A5 and A6), and points
mation about risks, benefits, and costs is incomaised in issue papers prepared for the Commis-
plete or uncertain? How do we compare risks asmn by several experts (Appendix A7).
risk-reduction actions of various kinds to determine Section 2 following this introduction describes
which deserve higher priority? It is crucial to readhe Framework and its application. Section 3 ad-
out to affected parties and communities to obtasinesses ways to improve risk communication and
knowledge about the nature of past and preseisk management. Section 4 provides guidance on
exposures and to understand their concerns drodv to approach risk assessment. Section 5 pro-
perceptions about the risks under discussion andes guidance for analysis of the options and costs
related risks. Communication about risks is a twof potential risk reduction actions. Section 6 focuses
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on the role of peer review in riskssessment andreports abstracted in Appendix A7, and the June
risk management. Finally, Section 7 offers red-996 Draft Report are available from the
ommendations for specific federal regulator@ommission’s home page on the internet at http:/
agencies and programs. The Final Report, theww.riskworld.com.
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Much of the progress our nation has made &1 Conduct arevaluationof the results of the
improving the quality of our environment and our action.
workplaces, as well as the safety of pharmaceutlcaIThe Eramework is conducted:
drugs, food, and other consumer products has re-
lied on effective risk management. In the envirom- In collaborationwith stakeholders.

mental arena, however, statutes and legal precedent@singiterationsif new information emerges

tend to dictate risk management approaches that, o changes the need for or nature of risk
focus on one type of risk (e.g., cancers or birth de'management.
fects in humans) posed by a single chemical in a

single medium (air, water, or land). Conclusions This Framework is designed to help all types of
about risk are based almost exclusively on obseisk managers—government officials, private sec-
vations of toxicity from high doses of the chemicabr businesses, individual members of the public—
in laboratory animals or in the workplace. Whilachieve good risk management decisions, as defined
these approaches have reduced health, safety, amghage 9 (Principles for Risk Management Deci-

environmental risks in recent decades, they are smin-Making).
adequate for solving the more complex risk prob-
lems we now face.

Creative, integrated strategies that consider mul- Figure 2.1. The Commission’s Framework
tiple environmental media and multiple sources of 5 Environmental Health Risk
risk are needed if we are to sustain and strengthenyanagement.
the improvements attained in recent decades. De-
veloping these strategies requires a risk manage-
ment approach that addresses the interdependence
and cumulative effects of various problems, engages

a wide range of stakeholders, and enables the set- Problem/

ting of priorities. To help meet these needs, the Context

Commission has developed the systematic, com- \ ,

prehensive Risk Management Framework, illus-

trated in Figure 2.1. The Framework has six stages: / \
Engage

1. Define theproblemand put it incontext

akeholde

2. Analyzethe risks associated with the problem
in context.

3. Examineoptions for addressing the risks.

4. Makedecisionsabout which options to
implement.

5. Takeactionsto implement the decisions.
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The Framework is general enough to work in a making and successfully implementing sound,
wide variety of situations. The level of effort and cost-effective, informed risk management
resources invested in using the Framework can bedecisions. For this reason, the Framework
scaled to the importance of the problem, potential encourages stakeholder involvement to the
severity and economic impact of the risk, level of extent appropriate and feasible during all
controversy surrounding it, and resource con- stages of the risk management process. The
straints. The Framework is primarily intended for means and value of involving stakeholders are
risk decisions related to setting standards, control-discussed on page 15.
ling pollution, protecting health, and cleaning up
the environment. It is useful for addressing these
types of decisions at a local community level (e.g.,
siting an incinerator or cleaning up a hazardous
waste site) or a national level (e.g., developing a
national program for controlling motor vehicle
emis_sion;,). The Framework ne_ed not be inVOk?ddeliberations and decisions in light of new
f_or risk situations that are routinely and expedi- findings. The Importance of Iteration on page
tloysly managed—for example, by hazardous_ ma- 3, provides more information.
terials response teams, emergency room physicians,
firefighter rescue teams, and voluntary product re- Each stage of the Framework is described be-

Iteration. Valuable information or perspectives
may emerge during any stage of the risk
management process. This Framework
therefore, gives risk managers and
stakeholders the flexibility to revisit early
stages of the process and to revise earlier

calls. low, followed by recommendations to Congress and
Every stage of the Framework relies on three kdye Administration for facilitating its implementa-
principles: tion.

» Broader contextsinstead of evaluating single
risks associated with single chemicals in singl@EEENMG ProBLEMS AND PUTTING THEM
environmental media, the Framework puts
health and environmental problems in their N Conrext

larger, real-world contexts. Assessing problems Th blem/context st is th ti
in context involves evaluating different sources € problem/context stage Is the most impor-

of a particular chemical or chemical exposuretam step in the Risk Management Framework. This

considering other chemicals that could affect %tage_involves five components, described in detail
particular risk or pose additional risks, elow:
considering similar risks, and determining the Identify and characterize an environmental
extent to which different exposures contribute health problem, or a potential problem, caused
to a particular health effect of concern. The by chemicals or other hazardous agents or
goal of contextual assessment is to clarify the situations.

impact that individual risk management
actions are likely to have on public health or
the environment and to help direct actions and
resources to where they will be most effectives Determine risk management goals.

» Put the problem into its public health and
ecological context.

« Stakeholder participationinvolvement of * ldentify risk managers with the authority or
stakeholders—parties who are affected by the responsibility to take the necessary actions.
risk management problem—is critical to - Implement a process for engaging

stakeholders.
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1. Identify and Characterize the Problem « Toxicity testing in laboratory animals to help
identify chemicals that might pose risks to
An environmental or human health problem may humans or ecosystems.
already be well recognized or may be a latent prgob-
lem. Ideally, problems will be anticipated and ad-
dressed at a very early stage, through such method
and indicators as:

Toxicity testing using sentinel species in the
environment to help identify the impacts of
Eollution on ecosystems.

Disease surveillance, such as observing

increases in the occurrence and severity of

asthma or noting regional differences in the

» Environmental monitoring, such as measuring rates of a particular cancer or birth defect.
concentrations of solvents that pollute ground
water.

» Emissions inventories; (e.g. the Toxic Release
Inventory).

Epidemiologic studies,such as observations of
workplace exposures and particular disease
» Biological monitoring, such as measuring rates.

children’s blood lead levels or anemia.

Principles for Risk Management Decision-Making

A good risk management decision . . .
e Addresses a clearly articulated problem in its public health and ecological context.

« Emerges from a decision-making process that elicits the views of those affected by the decisipn,
so that differing technical assessments, public values, knowledge, and perceptions are
considered.

e Is based on a careful analysis of the weight of scientific evidence that supports conclusions abput
a problem’s potential risks to human health and the environment.

¢ Is made after examining a range of regulatory and nonregulatory risk management options.

¢ Reduces or eliminates risks in ways that:
— Are based on the best available scientific, economic, and other technical information.
— Account for their multisource, multimedia, multichemical, and multirisk contexts.
— Are feasible, with benefits reasonably related to their costs.
— Give priority to preventing risks, not just controlling them.
— Use alternatives to command-and-control regulation, where applicable.
— Are sensitive to political, social, legal, and cultural considerations.
— Include incentives for innovation, evaluation, and research.

¢« Can be implemented effectively, expeditiously, flexibly, and with stakeholder support.
e Can be shown to have a significant impact on the risks of concern.

e Can be revised and changed when significant new information becomes available, while avojd-
ing “paralysis by analysis.”

&



Lack of compliance with local or national * Media or environmental activist reports about
standards to control contaminant a risk based on preliminary or incomplete
concentrations in air, water, soil, or food. information that arouse public concern.

A permit application or a violation of a
standard or permit (e.g., facility siting,
wastewater discharge).

Characterizing a problem involves investigating
both cause and effect. For example, it could involve
identifying which pollutants or other stressors (such
A bad odor, as in communities where gasolings sediment in a stream) are causing the problem
additives (oxygenated fuels) were used to  determining the sources of the pollutants or other
reduce carbon monoxide emissions from  stressors, and then determining which human and/
automobiles. or ecological populations are affected. While prob-

Community reaction, as may result when an lem identification may be performed by an indi-
agency decides to build a municipal solid vidual stakeholder (including the risk management

waste incinerator in a neighborhood that wasauthority), problem characterization should be per-
not consulted about the decision. formed in collaboration with other stakeholders.

The Important and Synergistic Roles of Regulatory and Public Health Agencies in
Identifying and Reducing Environmental Health Risks

The effort to sustain our gains in public health and environmental health protection will be most effec-
tive if regulatory and public health agencies work together. Regulatory and public health agencies have
important and complementary roles to play in setting policies for environmental health protection and frisk
management. Yet, in general, these two communities do not interact sufficiently, and the connections be-
tween environmental exposures and public health are not well established.

The likely synergy between environmental and public health agencies is a reservoir of untapped poten-
tial for environmental risk management. Many environmental pollution problems can be identified by their
public health contexts. For example, construction of an asphalt batch plant was proposed in Boston. Public
health officials found that the residents of the urban community in which it was to be constructed had a
relatively high incidence of asthma and cardiovascular disease. Those findings signaled a potential enyiron-
mental health problem that could have been exacerbated by emissions from the asphalt plant. On that|basis,
construction of the plant was opposed by citizens and by the public health agency, and a decision was|made
to try to locate the plant elsewhere.

Environmental, public health, and social agencies can work together with community activists to define
problems and to develop and implement strategies to manage environmental risks in the full context of
poverty, poor schools, and inadequate housing. As our society works to reduce risks in an era of diminish-
ing resources, it is vital that environmental and public health agencies collaborate in deploying the tog|s of
public health—epidemiology, exposure assessment, surveillance, nutrition, genetics, and behavior change—
to identify and evaluate the most cost-effective ways to reduce risks and improve public health in all seg-
ments of the population. The public health community should accept an influential role in setting national,
state, and local priorities and in developing strategies to understand, manage, and prevent environmental
risk.
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Here are some questions to ask when characterizHow the problem is characterized will have a
ing a problem: tremendous impact on the focus and likely outcome
of the risk management process. For example, a
problem related to waste disposal capacity could
* What is the problem? Why is it a problem? Howbe characterized:

was it first recognized?

Hazard

» By waste haulers as the result of inadequate
* What types of adverse effects might the problem landfill space.

2 ible? - .
cause? Are they reversible’ * By local government officials as inadequate

* How imminently might the effects be recycling of residential or industrial waste.
experienced? In other words, are the effects
likely to appear in the near future, later on in
life, or in future generations? How urgent is the

need for action? For example, a tank car carrying If a problem is characterized too narrowly or in-

flammable solvents that overturns in a suburbagorrectly, risk managers and other stakeholders will
neighborhood requires immediate attention (angvest their resources in exploring and implement-
therefore does not require implementation of thisg solutions that will be inadequate, less effective,
Framework); a municipal solid waste incineratopr more costly than they might have been. Also,
operating normally in the same neighborhood inappropriate solutions can produce unintended
can be assessed more deliberately. consequences; for example, tightening solid waste

« How do stakeholders perceive the hazard? Do disposal regulations can lead to an increase in ille-
different groups of stakeholders have different 9@l dumping. Until recently, Resource Conservation
perceptions and concerns? For example, parerﬁEd .Recoyery Act land-disposal regulations restrl_ct—
of children at risk from exposure to an industrignd intrasite movement of wastes may have in-
pollutant may feel quite differently about a creased risks and costs for Superfund site cleanups
hazard than workers whose income depends ¥ réquiring the trucking of wastes to off-site in-
the facility causing the problem. When these argineration facilities. Therefore, it is very important
the same people—that is, the parents are also e&onsider the full context of the problem, as de-

workers—perceptions of the hazard can be quigétibed below, before proceeding with other stages
complex. of the risk management process.

By environmental advocates as too much waste
generation.

Exposure 2. Carefully Consider the Context

A full understanding of the context of a risk

* Who may be exposed? Does the exposure posproblem is essential for effectively managing the
different risks to different groups? For example,risk. Yet historically most risk management has oc-

are the elderly, children, immunosuppressed curred in an artificially narrow context that con-
individuals, or certain ethnic groups at greater siders just one chemical, one environmental
risk than others due to age; medical, genetic ormedium, and one risk at a time. Since this narrow
socioeconomic factors; diet; or activity patternsZontext does not reflect the true complexities of risk
gSituations, it results in risk management decisions
gnd actions that are less effective than they could
be. The Commission’s Framework expands the con-
text of risk management by including a step in the
* Are the exposures likely to be short- or long- opening stage, described here, to explicitly consider
term? What is their frequency? and define a comprehensive context for a specific

@

* What are all the relevant sources of exposur
How much does each source contribute to th
problem?
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risk that is broadly reflective of real-life risk situa- the community faces from environmental

tions. To do this, risk managers and stakeholderschemicals®or example, the risks of respiratory
must systematically consider several key dimensionsdisease associated with exposure to power

of the risk’s context: plant emissions might be compared with the

risks of diseases associated with exposure to
heavy metals from local municipal solid waste
incinerator emissions and the risk of
neurological disorders resulting from exposure
to a local drinking water source that is
contaminated with industrial solvents. The
Multirisk Context: Ecological Degradation on
page 14 provides an ecological example.

Multisource contextls the population exposed
to the same pollutant from other sourc&s?
example, a local community might be
concerned about breathing pollutants such as
hydrocarbons released to the air from a nearby
power plant, but might also be breathing
hydrocarbons residents from motor vehicle
exhaust, wood stoves, secondhand tobacco
smoke, or other sources. See The Multisource
Context: Air Toxics and The Multisource
Context: Residual Risks From Petroleum
Sources on page 13 for elaboration.

There may be even broader public health or eco-
logical contexts that local governments and public
health agencies have to confront and weigh against
chemical exposures—for example, a high incidence

Multimedia contextls exposure to the of HIV or other infections, a low rate of childhood
pollutant also occurring from other environmentalaccination, a high drug use and crime rate, or a
media?In the power plant example, the high rate of alcoholism and its contribution to liver

community members who are concerned  disease, birth defects, and injuries from automo-
about breathing pollutants could also be bile accidents.

exposed to them from food, water, or soil. In the power plant example, the initial problem

Other sources of hydrocarbons could be foods defined as the health risks posed by air pollut-
(such as broiled meats) and soil (resulting  ants emitted by a particular type of industrial facil-

from cumulative contamination from decadesity in a particular geographic area. The multisource
of emissions from the power plant, vehicles, context would involve identifying other sources

and other sources). See The Multimedia (e.g., other types of industrial facilities, motor ve-
Context: Residual Risks From Secondary Leaglicles) that emit those same pollutants to the air in
Smelters on page 14 for elaboration. the same geographic area. The multimedia context

would involve identifying other environmental
edia that serve as local pathways of exposure to

population of concern®o the pollutants inter- the same poIIutants._The mqltichemical context
act? Are their effects cumulative? In the poweWOUIOI involve comparing the_rlsks from _those par-
plant example, other air pollutants may IOOSetlculal_r poIIutantsf with the risks associated with
risks for similar adverse effects or may pro- other important air poIIutant; from the Same source,
duce different effects when in combination  Such as sulfur oxides and nitrogen oxides. Finally,
than either produce alone. For example, the multirisk cor_1tex_t could co_nsider risks posed
hydrocarbons are usually attached to very by water contamination and solid wastes in the area

small particles, which can increase cancer ris.ﬂnOI ot_h(_er risks to publ_ic health. _ .
and which can also interact with ozone and An initial problem might also be identified and
other air pollutants to form smog. evaluated on the basis of a particular health effect

instead of on the basis of contaminant emissions.
Multirisk context. How great a risk does the  For example, the increasing incidence and mortal-
problem pose compared to other similar risks thaity rates of asthma could be addressed. The rea-

Multichemical contextDo other pollutants
from the same sources pose additional risks to t
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sons for the increases are not known, but likely3-butadiene was estimated to cause no more than
candidates include sulfur oxides, smog, particled)0. (At present there are more than 500,000 new
and second-hand tobacco smoke. cases of cancer each year in the United States.)
The relevant contexts that are identified and The fact that air toxics from industries properly
characterized, and the rationale for their identiftontrolled under MACT standards are not likely to
cation, should be incorporated into the risk analge the major sources of cancer risk will be an im-
sis (see How Should Risks Be Analyzed? on pagertant context for EPA to consider when it assesses
21). the residual risks from industries and compares
them to risks from other sources of cancer and res-
piratory disease. This situation reinforces the need
Under the 1990 Clean Air Act, EPA is requiretb view all air pollution risk management activities
to promulgate maximum available control technalh one context. Both EPA and California have started
ogy (MACT) standards for major sources of hate do just that by developing integrated air toxics
ardous air pollution. MACT standards reduce, bstrategies.
do not necessarily ell_mmate, air pollutants froq;l e Multisource Context: Residual Risks From
these sources. For this reason, the Clean Air '%Petroleum Sources
requires EPA to assess the residual risk caused by
the air emissions that will remain after MACT stan- In July 1994 EPA promulgated a MACT stan-
dards are implemented. dard for petroleum refinery emissions. That stan-
Several types of industrial facilities that emit théard was based partly on EPA's finding that benzene
hazardous air pollutants benzene, 1,3-butadiemerefinery emissions poses a potential leukemia risk
formaldehyde, and acetaldehyde will require MACID exposed populations. The standard will reduce,
standards. A 1993 EPA study of the risks assobut not eliminate, the benzene and other hazard-
ated with motor vehicle emissions of these samaes air pollutants emitted by petroleum refineries.
pollutants provides an important context for evalu- Once the standard is implemented, a series of
ating the residual risk from those facilities (EPAocal and regional risk assessments will be con-
1993a). ducted to determine whether the remaining ben-
Motor vehicles contribute 60, 94, 33, and 38ene in emissions from individual petroleum
percent of the nationwide total of benzenegfineries may pose a leukemia risk in their local
1,3-butadiene, formaldehyde, and acetaldehydeaiea. At this stage it will be important to consider
pollution, respectively. EPA estimated the cancether sources of benzene in the air. In fact, motor
risk of these pollutants for the years 1990, 200 hicle emissions are the largest single source of
and 2010. For the 1990 estimate, EPA assumed thiaborne benzene in the United States, and the risk
1990 automotive technology was in place. For tfimm mobile sources and other important benzene
2000 and 2010 estimates, EPA assumed that a nemission sources such as cigarette smoke and con-
ber of controls would be in place, including thosaimer products used at home could be compared
required by California’s stringent emissions state the residual risk from refineries. It would be ap-
dards and the use of reformulated gasoline by yeepriate for stakeholders to identify who has re-
hicles in all areas of the country that do not attasponsibility for controlling the other sources.
the current national ambient air quality standard If the residual leukemia risk from refinery emis-
for ozone. sions is significant compared to the leukemia risk
Benzene, formaldehyde, and acetaldehyde frdrom other sources, risk-reduction efforts should
motor vehicles were each estimated to cause foous on refinery emissions. If the refinery risk
more than 30 additional cases of cancer nationwigl®ves insignificant, however, risk reduction might
per year in any of the years evaluated, whibetter be directed at other sources. The overall goal

@

The Multisource Context: Air Toxics
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should be to direct risk management resourcamtributions of all sources of arsenic.
where they will do the most good to protect or im- Lead Exposure to lead can cause brain damage,
prove the community’s health. and children are particularly vulnerable. EPA’s
A situation in which the multisource contexscreening risk assessment found that exposure to
was ignored, with unfortunate results, arose li@ad emissions 100 meters from a secondary lead
New Jersey. Benzene is a contaminant foundsmelter would be about ten times greater than both
the air and sometimes the ground water netae national ambient air quality standard for lead
marine oil terminals. Benzene levels were meand the average concentration of lead in the United
sured inside homes near such a terminal ari&tates. Although there are many other sources of
because the levels were believed to be unsdfaman exposure to lead, an analysis of total expo-
residents were evacuated. In fact, the benzeswge around the smelter shows that the smelter it-
levels were well within the range found in homeself is by far the primary contributor; thus, the total
nowhere near any external source; but residertgosure context confirms that smelters should be
have refused to return to their homes, propettye leading target for risk reduction in those com-
values have decreased substantially, and a greainities. Monitoring children’s blood lead levels
deal of community discord persists. would be a good first step to help guide risk man-

The Multimedia Context: Residual Risks Erom agement actions and to evaluate their results.

Secondary Lead Smelters The Multirisk Context: Ecological Degradation

EPA promulgated MACT standards for second- Many problems not only have multiple sources
ary lead smelters to reduce human exposure to (@ne multisource and multimedia contexts), but also
senic, lead, and other pollutants in their emissiormge interdependent with other problems (the
Assessing residual risk was difficult because fewultirisk context). For example, degradation of
site-specific data were available on exposure watersheds typically is caused by a variety of sources
smelter emissions. To compensate for this data gt may include specific industrial discharges, ur-
EPA performed a screening risk assessment thanh and agricultural runoff, land-disturbance ac-
relied on many assumptions. tivities such as logging and grazing, diversion of

Arsenic Arsenic causes skin disorders and cavater for domestic and agricultural use, overfish-
increase lung cancer risk. EPA's screening assess}, the introduction of exotic species, and deposi-
ment indicated that residual arsenic emissions 1ixén of air pollutants into water. To develop effective
meters from a smelter would be about one husnlutions, risk managers must consider these prob-
dred times the average air concentration of arsel@ms in multisource and multirisk contexts.
in the United States and about one thousand time€One example of a problem requiring multirisk
the maximum exposure level that EPA considersdoalyses and multisource solutions is the decline
pose negligible risk. An examination of other maf salmon populations in the Columbia River Ba-
jor sources of arsenic exposure (principally seafosith. According tdPacific Fisherman Yearbookihie
consumption and smoking), however, indicates thatnual salmon and steelhead catch ranged between
smelter emissions actually account for onl35 and 44 million pounds of fish in the early 1900s.
one-tenth of exposure to arsenic for people liviBy the 1940s, the range had declined to between
100 meters from the smelter. Thus, the total expl3 and 30 million pounds due to overfishing, irri-
sure context raises a broader risk managementgation, and power dams. Since that time, many
sue about what actions should be taken to redbegieve that the salmon fisheries have been further
exposure from all sources. The first step should Steessed by nuclear reactors that have contributed
to measure actual arsenic concentrations in eadiation, heat, and chemicals to the Hanford Reach
around the smelter to compare more accurately tifahe Columbia River and by population increases
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that have resulted in pollution from sewage treat- Identify Risk Managers
ment plants, industrial discharges, and runoff. In
the tributaries, timber harvesting has increased sedi-The risk manager is the person responsible
mentation, water temperature, and blockagesfof managing the problem. Who is the most ap-
important spawning habitats. Salmon populatiopsopriate risk manager in a particular situation
have continued to decline. will depend on the problem’s context. In some
The ecological consequences of this degradat®ituations, such as a regulatory context, it will
are accompanied by other impacts. For examples obvious to all stakeholders that the respon-
the decline in the salmon fisheries has affected tible regulatory agency should or must manage
diet, culture, and religious practices of the Yakantlae problem. In other cases, it may not be obvi-
Indian Nation. To successfully address the Columus, or different stakeholders may have differ-
bia River’s degradation, risk managers will need &nmt opinions. Although it is preferable to resolve
consider multiple sources of stress and complex risie issue of who should be the risk manager or
management strategies. managers at this stage, who the risk manager
: . should be may not become evident until the risk
3. Identify Risk Management Goals management options are identified. Often, risk
The goals of risk management are varied. Theyanagement responsibilities can be shared or

may be risk related, aiming to: may evolve with changing circumstances.
« Reduce or eliminate risks from exposure to Many different types of people may be risk man-

hazardous substances. agers, including:
« Reduce the incidence of an adverse effect. Federal regulators Plant managers

_ State regulators Public health officials

» Reduce the rate of habitat loss. Local regulators Clinicians

They may be economic, aiming to: Local b_usmesses Citizens

Industries

* Reduce the risk without causing job loss.

- Reduce the risk without reducing property 9. Establish a Process for Engaging
values. Stakeholders

They may involve public values, aiming to: A stakeholder is anyone who has a “stake” in
a risk management situation. Stakeholders typi-
cally include groups that are affected or poten-
* Protect children. tially affected by the risk, the risk managers, and
. Preserve a species from extinction. groups that will be affected by any efforts to
manage the source of the risk. The overlap be-
They may also be dictated by statute, policy, tween “Engage Stakeholders” and “Problem/Con-
existing regulations. text” in the Framework hexagon on page 7 is
Risk management goals should be used to guldeger and darker than the other overlaps because
the next stage of the Framework—Analyzingctive stakeholder involvement at this particu-
Risks—but the results of risk analysis may leddr stage is the most critical element of the
stakeholders and decision-makers to redefine tholeeision-making process.
goals. It is important to identify the goals early, so they Who the stakeholders are depends entirely on
may guide the rest of the decision-making process. the situation.

» Protect the most sensitive population.

@
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holders include:

In the case of a contaminated site, .
stakeholders include those whose health,
economic well-being, and quality of life are
currently affected or would be affected by the
cleanup and the site’s subsequent use. Also
included are those who are legally responsible
for the site’s contamination and cleanup, those
with regulatory responsibility, and those who
may speak on behalf of ecological
considerations or future generations.

In the case of an application for a pesticide
reregistration, stakeholders include the
pesticide manufacturer, owners of the farms
where the pesticide is used, laborers who *
apply the pesticide, consumers who may be
exposed to pesticide residues in foods, .
scientists who seek further pesticide research
funding, trade associations like the Grocery *°
Manufacturers’ Association, those who speak.
on behalf of ecological considerations, and
those with regulatory responsibility.

In the case of a substantial decline in the
oyster population in a bay because chemicale®
have been carried into the bay from farms and
roads, stakeholders include the people who
harvest the oysters, retailers, consumers, daity
farmers, pesticide manufacturers, .
manufacturers of automobile emissions control
devices, local communities, those who speak®
on behalf of ecological considerations, and, of

Who has been involved in similar risk
situations before?

Who has expressed interest in being involved
in similar decisions before?

Who might be reasonably angered if not
included?

Thus, stakeholders may include:
Community groups.

Representatives of different geographic
regions.

Representatives of different cultural,
economic, or ethnic groups.

Local governments.

Public health agencies.

Businesses.

Labor unions.

Environmental advocacy organizations.
Consumer rights organizations.
Religious groups.

Educational and research institutions.
State and federal regulatory agencies.
Trade associations.

course, those with regulatory responsibility. Why Is Stakeholder Involvement Important?

Questions that can help identify potential stake-

Who might be affected by the risk
management decision? (This includes not on
groups that already know or believe they are
affected, but also groups that may be affecte

but as yet do not know it.) to

Experience increasingly shows that risk manage-

ment decisions made in collaboration with stake-
holders are more effective and more durable.
takeholders bring to the table important informa-
on, knowledge, expertise, and insights for craft-
dng workable solutions. Stakeholders are more likely

accept and implement a risk management deci-

sion they have participated in shaping. According

* Who has information and expertise that mighfo a 1996 public opinion poll, 80 percent of U.S.
be helpful? citizens think that the responsibility for controlling
risks should be shared by government, businesses,
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communities, and individuals and that governmegach other’s opinions, ideas, and contributions.
at all levels should involve citizens in health and The Commission acknowledges concerns about
environmental protection. the considerable costs and additional time needed
Stakeholder collaboration is particularly importo involve stakeholders in risk management. How-
tant for risk management because there are mawgr, risk management by government agencies has
conflicting interpretations about the nature and sigenerally been costly anyway, and investment in
nificance of risks. Collaboration provides opportistakeholder involvement can bring long-term sav-
nities to bridge gaps in understanding, languagegs, especially when it catalyzes win-win solutions
values, and perceptions. It facilitates an exchangewhen litigation becomes less likely or less pro-
of information and ideas that enables all partiesttacted. The U.S. Department of Energy, the U.S.
make informed decisions about reducing riskBepartment of Defense, and several states have re-
Collaboration does not require consensus, but it dpested that including community stakeholders in
require that all parties listen to, consider, and respwir decision-making process for cleaning up con-

Guidelines for Stakeholder Involvement

¢ Regulatory agencies or other organizations considering stakeholder involvement should be cle
about the extent to which they are willing or able to respond to stakeholder involvement before
they undertake such efforts. If a decision is not negotiable, don’t waste stakeholders’ time.

D
o]
=

¢ The goals of stakeholder involvement should be clarified at the outset and stakeholders should be
involved early in the decision-making process. Don’t make saving money the sole criterion for
success or expect stakeholder involvement to end controversy.

e Stakeholder involvement efforts should attempt to engage all potentially affected parties and
solicit a diversity of perspectives. It may be necessary to provide appropriate incentives to
encourage stakeholder participation.

e Stakeholders must be willing to negotiate and should be flexible. They must be prepared to listen
to and learn from diverse viewpoints. Where possible, empower stakeholders to make decisians,
including providing them with the opportunity to obtain technical assistance.

e Stakeholders should be given credit for their roles in a decision, and how stakeholder input was
used should be explained. If stakeholder suggestions were not used, explain why.

« Stakeholder involvement should be made part of a regulatory agency’s mission by:
— Creating an office that supports stakeholder processes.
— Seeking guidance from experts in stakeholder processes.
— Training risk managers to take part in stakeholder involvement efforts.
— Building on experiences of other agencies and on community partnerships.
— Emphasizing that stakeholder involvement is a learning process.

¢ The nature, extent, and complexity of stakeholder involvement should be appropriate to the
scope and impact of a decision and the potential of the decision to generate controversy.

@
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taminated sites substantially reduced the overislin its early stages, so we are still learning what works,
time and expense required. what doesn’t, and why. Nonetheless, we developed a
number of guidelines for effective stakeholder involve-
How Can Stakeholders Be Engaged? ment based on the experiences practitioners shared
The Risk Management Framework promotes atth the Commission. Those guidelines are described
least some stakeholder participation at each stagehe box on page 17 (Guidelines for Stakeholder
of the process. Every risk management situation hagolvement).
a spectrum of interested and affected parties who .
have different perspectives, concerns, knowled l’,ICCGSSfU“y Engaging Stakeholders:
and interests. Some parties are proactive in seeki Francisco Bay/Delta Accord
involvement, while others are not. In all cases, how- Declaring “a major victory of consensus over
ever, risk managers should work to: confrontation” on December 14, 1994, California
Governor Pete Wilson and cabinet-level federal of-
ficials announced the signing of an historic agree-
ment to protect the San Francisco Bay/Delta estuary,
the largest and most productive estuary on the West
 Determine the optimal process for stakeholderoast. Known as the Bay/Delta Accord, the agree-
involvement. ment was negotiated by the leadership of the state’s

Offering incentives for stakeholders to beconfVironmental, urban, and agricultural interests.
involved might be helpful in some cases. For exN€ accord broke decades of gridlock on Califor-
ample, some community stakeholders have receivtig Water policy issues by establishing an integrated,
child care and transportation expenses or fundifg0System-based approach to protecting the estu-
for technical reviews. Some industry stakeholde?sy While providing more reliable supplies to the
could be attracted by the potential for reduced &ate’s urban and agricultural water users.
porting requirements or more efficient permitting. 1ne collaborative process that led to the accord
At times, industry stakeholders cover the expendBarked a sharp departure from the decision-making
of community stakeholders through mechanisrfi@Proach traditionally used under the Clean Water
such as community advisory groups. Act and Endangered SpeC|es_ Ac_t._Rather than issu-

Not all risk management decisions will benefl! Proposals developed by individual agency ex-
from extensive stakeholder collaboration. The ng€rts for formal public comment and review, the

ture and complexity of stakeholder involvemer@gencies worked together with environmental, ur-
should be consistent with the: ban, and agricultural interests over two years to

_ _ ) identify common goals and mutually acceptable

« Complexity, uncertainty, impact, and level of gq|ytions. The final standards were developed

controversy associated with the decision to bﬁwough an extensive peer-review process that in-

made. volved both local and national experts in estuarine

« Urgency with which the problem must be systems. This approach drew far fewer legal and

addressed. scientific challenges than accompany most major
agency decisions and has been hailed as a national

L . model for solving environmental problems.
genuine influence on the decision. If the g P

decision i I ¢ tiable. stakeholders’ Building on the success of this collaborative pro-
iecision s reatly not negotiable, SlakenolderS,qqs the state and federal agencies and interest
time should not be wasted.

groups have continued to work together as part of
There are no hard-and-fast rules for stakeholdbe new CALFED Bay/Delta Program to develop
involvement. Research on stakeholder involvemdahg-term ecosystem restoration goals. In 1996, the

» Identify all stakeholder groups as early as
possible in the process, beginning with the
problem/context stage.

» Extent to which participants can have a
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agencies and interest groups reached consensugaiition in the suit because officials felt that nei-
a $995 million bond measure that will help finandadéer EPA nor the responsible party represented the
the ecosystem restoration process and other projéast interests of the community. EPA began the
vital to the program’s success. The bond was pass&zhnup anyway, but was restrained by court order.
by voters in November 1996. EPA retained an expert whose analysis supported
. . the agency’s choice of remedy, and the city retained
Insuff|C|en_t Stakeholder Collaboration: an expert whose analysis concluded that removing
Granite City, lllinois contaminated soil would be fruitless unless the re-
When stakeholders are not included early in theaining sources of contamination—house paint,
decision-making process, they are more likely tbe smelter waste pile, and the trucking lot soil—
oppose the risk management decision and blogkre removed as well. Granite City residents are
its implementation. This has been happening left confused and caught in the middle; some sup-
Granite City, Illinois, since 1993, according to tegport the city and some support EPA. Property val-
timony from Mayor Ronald Selph and Aldermanes have fallen. As of late 1996, the case remains
Craig Tarpoff. Heavily contaminated with lead by anresolved and is back in federal courts.
former smelter, much of the city was designated by
EPA as a Superfund site. Based on soil sample analy- _
ses and a screening risk assessment model, BAnaLyziNG Risks
decided to remove the contaminated soil around
1,200 homes and businesses and haul it away. To make an effective risk management decision,
Some believe that EPA made this decision withsk managers and other stakeholders need to know
out adequately consulting the community. City ovhat potential harm a situation poses and how
ficials believe that this remedy ignored a numbe&kely it is that people or the environment will be
of problems: harmed. Gathering and analyzing this information
is referred to as risk assessment. The nature, ex-
tent, and focus of a risk assessment should be
Pguided by the risk management goals. The results
of a risk assessment—along with information about
public values, statutory requirements, court deci-
« The health risks posed by fugitive dust from sjons, equity considerations, benefits, and costs—
the trucking lot adjacent to the waste pile, are used to decide whether and how to manage the
which EPA was also not going to remove. Thigisks. Risk assessment can be controversial, reflect-
soil was contaminated with 50,000 parts per ing the important role that both science and judg-
billion of lead. ment play in drawing conclusions about the
- The common presence of lead-based paint irlikélihood of effects on human health and the envi-
the area, which a local study suggested was figfment. Often, the controversy arises from what
most important source of exposure to lead folV€ don'tknow and from what risk assessments can't
children. tell us, because our knowledge of human vulner-
_ ability and of environmental impacts is incomplete,
* The fact that 95 percent of the children had ggpecially at the relatively low levels of chemical
blood lead levels below 15 pg/dL. exposure commonly encountered in the general
community. Sometimes action is necessary even
The industrial facility held responsible for thevhen information is lacking.
contamination did not respond to EPA's decision,
so the agency sued the facility. The city then filed a

» The potential health risks associated with
recontamination by fugitive dust from the
waste pile remaining at the smelter, which E
was not going to remove.
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How Should Risk Be Characterized? the scientific weight of evidence supporting those

Risk results from a combination of hazard arfPnclusions and descriptions of major sources

exposure. Hazard is an intrinsic property of a sudtUncertainty and alternative views.

stance or situation: for example, benzene can caysd "€ outcome of a risk assessment is called a

leukemia but not lung cancer: DDT can preveH§k_characterlzatlon. Typlcal_lya risk character-

eagles from reproducing in the wild, but does nifation addresses the following:

affect prairie dogs; a rattlesnake bite can kill, but a .

garter snake bite does not. Exposure means con<onsidering the hazard and the exposure,

tact between the hazardous substance and a pelv_yhat is the nature and likelihood of the health

son, population, or ecosystem. The more exposure,”Sk?

the greater the risk. When there is no current orWhich individuals or groups are at risk? Are

potential exposure, there is no risk. some people more likely to be at risk than
Risk assessment is performed by consideringothers?

intrinsic hazards, the extent of exposure to the -

hazards, and information about the reIationsh’ip .HOW severe are the anticipated adverse

impacts or effects?

between exposures and responses. Unfortunately,

we seldom have enough information to acce- Are the effects reversible?

rately determine .tho_se factor_s, so ri_sk asSeSSPISyhat scientific evidence supports the

must use a compmatlon of scientific qurma_tlon conclusions about risk? How strong is the

and their best judgment to characterize risks. o idence?

Making judgments about risk on the basis of sci-

entific information is called “evaluating thet What is uncertain about the nature or

weight of the evidence.” For example, consider- magnitude of the risk?

ations involved in analyzing the weight of the \what is the range of informed views about the

evidence associated with identifying a hazard pature and probability of the risk?

using toxicity studies in rodents include the: _ . _
* How confident are the risk analysts about their

* Quality of the toxicity study. predictions of risk?

* Appropriateness of the toxicity study « What other sources cause the same type of
methods. effects or risks?

 Consistency of results across studies. « What contribution does the particular source

« Biological plausibility of statistical make to the overall risk of this kind of effect in
associations. the affected community? To the overall health

N of the community?
» Similarity of results to responses and effects . _ o _ ‘
in humans. * How is the risk distributed in relation to other

risks to the community?

Itis important that risk assessors respect the p,eq the risk have impacts besides those on
objective, scientific basis of risks and procedures o41th or the environment. such as social or
for making inferences in the absence of adequate |1, ral consequences? ’
data. Risk assessors should provide risk manag-

ers and other stakeholders with plausible con- _ . . :
clusions about risk made on the basis of theThe level of detail considered in a risk assess-

available information, along with evaluations gnent and included in a risk chacterization should
’ be commensurate with the problem’s importance,
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expected health or environmental impact, expectedRisk characterization should form a common ba-
economic or social impact, urgency, and level efs for the understanding of a problem among stake-
controversy, as well as with the expected impauwblders. Stakeholder involvement within the Risk
and cost of protective measures. Management Framework should enhance the integ-
Stakeholders’ perception of a risk can vary sulity of the risk assessment. Stakeholders play an
stantially depending on such factors as the extémportant role in providing information that should
to which they are directly affected, whether thdye used in risk assessments and in identifying spe-
have voluntarily assumed the risk (as in choosikgic health and ecological concerns they would like
not to wear a seatbelt) or had the risk imposed mnsee addressed. For example, community stake-
them (as in exposure to air pollutants), and wheth®rlders consulted at this stage can help identify
they are connected with the cause of the risk. Fpoups with high exposures so that appropriate
this reason, the Commission recommends that a sdposure assessments can be designed. Industry
assessment characterize the scientific aspects efakeholders can provide important information
risk and note its subjective, cultural, and comparabout a substance’s toxicity and lifecycle.
tive dimensions (see How Should Risks Be Ana- The integrity of a risk assessment is best assured
lyzed? below). While they expand risk assessmehit is undertaken or peer-reviewed independently
beyond its traditional, more narrowly scientifi¢e.g. by unaffected scientists at regulatory agencies,
scope, these additional dimensions will help eduniversities, or research institutions). To relieve
cate all stakeholders about key factors affecting theme of the burden on regulatory agencies and other
perception of risk. Such education is likely to rgublic institutions, however, certification, auditing,
duce controversy and litigation and to improve corand oversight programs should be considered, so
munication during the risk management processhat companies, industry organizations, and other

How Should Risks Be Analyzed?

» Clarify the factual and scientific basis of the risks posed by the problem, treating health and
ecological risks both qualitatively and quantitatively. Describe the nature of the adverse
effects, their severity, and their reversibility or preventability. Identify who is at risk and
when they are at risk, and explain the possibility of multiple effects. Evaluate the weight of
the scientific evidence and identify the primary sources of uncertainty. For ecological risks,
consider indirect effects on human health through disruption of the environment and
possible effects on future generations.

» With input from the problem/context stage, put the specific risks posed by the problem
into their multisource, multimedia, multichemical, and multirisk contexts.

» Identify stakeholder perceptions of the risks posed by the problem.

» Combine information on the scientific and contextual aspects of the risks posed by the
problem into a characterization of the problem’s risks to human health or the environment.
Include descriptions of stakeholder perceptions and any other social or cultural impacts of
the problem.

&
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organizations or individuals can provide risk assessid develop and validate models to help fill toxicity
ments that are considered credible by all stakehodghd exposure data gaps. When data are scarce and
ers. For example, to place greater responsibility oncertainties are large, however, the precautionary
the private sector for cleaning up contaminatgdinciple should guide decision-making.
sites, the state of Massachusetts has instituted. a .
successful program for certifying Licensed Site Pr he .Imp(')rtan.ce of Comprehenswe,
fessionals to oversee or perform site assessmen H}t'med'a Risk Analysis
cleanups. Risk assessment provides the scientific founda-
tion for risk management decision-making. Tradi-
The Need for More Data tionally, risk assegsments, like risk manggement,
Lack of data is a major barrier to reliable risk agave largely focused on assessing the risks of a single
sessments. For example, we lack data on the hazafrd=mical in a single medium. To achieve compre-
that chemicals and other stressors pose, largely bersive, multimedia risk management, however, the
cause of the ethical barriers to deliberately exposingk assessment paradigm must be expanded.
humans, the limitations of tests in laboratory animals A number of EPA offices are conducting more
and cell systems, the technical uncertainties involveaimprehensive risk assessments. When establish-
in extrapolating data from laboratory animals or cefig a standard for exposure to a chemical in drink-
systems to humans, the difficulties associated wititg water, EPA accounts for nondrinking water
determining differences in susceptibility amongources of exposure to that chemical. When con-
people, and the expense involved in studying hadering whether to reregister a pesticide, EPA now
ards. As a result, many chemicals are never properbnsiders other sources of exposure to that pesti-
tested. We also lack data on actual human and ecide and to similar pesticides. In addition, EPA has
logical exposures to agents of concern, largely dugoirfomed some total exposure and cumulative ex-
the privacy issues involved in studying humans giesure studies. Few other regulatory agencies con-
rectly and the substantial cost of the environmensatler exposures or risks this comprehensively,
monitoring needed to gather the data. The difficilowever, and EPA often does not do so because of
ties involved in studying chemical hazards and exp@source or statutory limitations. Failure to account
sures mean that risk assessors cannot always accurégelnultiple and cumulative exposures is one of the
determine the health risks of an exposed populatjpnmary flaws of current risk assessment and risk
or the ecologic risks of an exposed ecosystem, thanagement.
contribution of each individual source of exposure to To the greatest extent possible, EPA and other
the overall risk, or the success of risk managemeagulatory agencies must work to develop and re-
actions in reducing the risk from existing sources fihe techniques for comprehensive risk assessment.
exposure. One technique for assessing aggregate or cumula-
Some programs have been designed successfiilg risks from multiple pollutants and multiple
to stimulate the production of data. For example, iseurces is the method for regional risk assessment
dustry can avoid the labeling requirements of air pollution developed by the Air and Waste
California’s Proposition 65 by demonstrating that thdilanagement Association. It was used in San Diego
product has a cancer risk of less than 1 in 100,008s part of California’s “hot spots” program, which
Risk assessment will be greatly improved if riskxamines the potential for cumulative pollution
assessors and other members of the scientific and fiskn multiple facilities to affect neighborhoods in
management communities can work to develop amatounty. The method generates a contour map of
validate new toxicity tests in laboratory animals, irstimates of the maximum cancer risks associated
vestigate similarities and differences between laboweith industrial facilities throughout the county, us-
tory animals and humans, obtain data on exposuiag, meteorological data and information on con-

@
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taminants, emission rates, and risks from individualentify Options

facilities. The results can be used to estimate the

relative contribution of individual industrial facili- There are many different regulatory and
ties to the overall regional risk associated with imonregulatory approaches to reducing risk. These
dustrial facilities, to estimate the relativenclude:

contribution industrial facilities make to back; Encouraging pollution prevention either by

gro_u_n_d risks_, and to compare riSkS from industrial reducing or eliminating the use of hazardous

fa_lcmtles _to risks associated Wlth other sources of agents or by improving technology to reduce

air pollution, such as motor vehicles. the likelihood that they will be released to the
environment.

Examinine OPTIONS * Limiting pollutant emissions by requiring
operating permits for industrial facilities,

This stage of the risk management process in-incinerators, and wastewater treatment plants.
volves identifying potential risk management OR- Taxing industries on the basis of the pollutants
tions and evgluatm_g their effectiveness, feasibility, they release.
costs, benefits, unintended consequences, and cul- ) _
tural or social impacts. This process can bedin Enforcing compliance by the Department of
whenever appropriate after defining the problem Agriculture when foods are found to be con-
and considering the context. It does not have totaminated with microorganisms and by the
wait until the risk analysis is completed, although ©ccupational Safety and Health Administra-

a risk analysis often will provide important infor- tion (OSHA) when workplace exposure limits
mation for identifying and evaluating risk manage- are exceeded.

ment options. In some cases, examining the optiansrRecycling and encouraging the use of recycled
may help refine a risk analysis. Risk managementmaterials.

goals may be redefined after risk managers and
stakeholders gain some appreciation for the optio'ns
and what they entail.

Stakeholders can play an important role in all
facets of identifying and analyzing options. They
can help risk managers:

Educating/informing affected communities
about steps they can take to reduce their risks,
such as posting signs warning about
contaminated fish, showing workers which
workplace practices lead to fewer chemical
exposures, and encouraging people to reduce

« Develop methods for identifying the fat and increase the fruits and vegetables in
risk-reduction options. their diets.

« Develop and analyze options. « Establishing market or other incentives for

. Evaluate the ability of each option to reduce or Voluntary behavior changes that will reduce
eliminate risk, along with its feasibility, costs, risk, such as allowing companies to trade

benefits, and legal, social, and cultural impacts. @mong themselves the amount of pollutants
they are permitted to release and requiring

The two components of this stage of the Risk facilities that emit pollutants to publicly report
Management Framework—identifying options and the amounts they release.
analyzing options—are described below. Creatiy-
ity, imagination, and openness are key to succes
during this stage.

Removing the source of risk, such as cleaning
SUp a hazardous waste site, banning a pesticide
that prevents birds from reproducing, or

&
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removing contaminated food from the efits of exporting new technologies, and the em-
marketplace. ployment opportunities that new technology devel-
opment and its application can bring. (Technology
During this stage of the Framework, risk mamevelopment can also be considered a cost; see
agers and stakeholders consider which of these &xgected Costs on page 25.)
other types of options may be appropriate. Some-Because it is often difficult to detect risk reduction
times only one of these options will seem apprin the rates of disease, death, or habitat destruction,
priate; however, a combination of options often wilhdirect methods of evaluating effectiveness and iden-
be most effective in reducing risk. The section Risiying reductions in risk may be necessary. Indirect
Management Options: Alternatives to Commanddicators of risk reduction include reductions in:
and Control on page 49 provides more informa-

. : Pollution-generating activities, such as fewer
tion on options.

vehicle miles traveled.

Analyze Options e Contaminant emissions from their sources,
Once risk managers and stakeholders have idensuch as a facility’s wastewater discharge point

tified potential options, they must assess the effec-0r stack emissions.

tiveness, feasibility, benefits, and costs of each contaminant concentrations in environmental

option, along with their potential legal, social, cul- media, such as lower ozone, radon, or

tural, and political implications, to select an op- particulate levels in air; lower concentrations

tion. Key questions to ask include: of industrial solvents in ground water; or
« What are the option’s expected benefits? lower concentrations of heavy metals in soil.
« What are the option’s expected costs? « Contaminant concentrations in other sources

of exposure, such as less mercury in
swordfish, fewer microorganisms in meat, or
pesticide residues on fruit that are below
* What are the equity or environmental justice  detectable levels.

implications?

* Who gains the benefits and who bears the
COsSts?

» The occurrence of particular biological

» How feasible is the option, given the available markers of exposure or disease, such as
time and resources as well as legal, political, chromium levels in hair, lead levels in blood,
statutory, and technology limitations? or changes in the components of the immune

« Does the option increase any risks? system.

All potential forms of risk reduction should be
Expected Benefits/Effectiveness examined. The generation of other benefits, such
as the identification or development of new tech-
It is important to determine what the specifinologies or approaches for controlling or reducing
intended benefits will be because they will be evalisks should be considered as well. Indirect mea-
ated at a later stage in the Framework. The mestres of risk reduction or elimination are not the
obvious benefit from risk management is risk reeal objectives, however; they are only surrogates
duction or elimination. This may take a number aind are not always reliable. Direct measures of risk
forms, including improved health, habitat proteceduction or elimination should be used whenever
tion, or increased biodiversity. Other importargossible and when indirect measures are used, the
potential benefits include savings in health cammcertainties surrounding their use should be dis-
costs, technology development, the economic beussed. When the stakes are high, investment in
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developing and validating direct measures should Decreased sense of well-being or security.

be considered. The box Measuring the Effective-

ness of a Risk Management Action on page 33 pro-Both types of costs should be considered when

vides more detail on the challenges of measuriagaluating options. As with estimates of risks and

the effectiveness of actions to reduce risk. benefits, however, cost estimates are uncertain. It

is important to obtain independent and defensible

cost estimates to the extent possible. See the sec-
The costs of implementing an option may ken Uses and Limitations of Economic Analysis in

monetary and nonmonetary. Monetary costs incluBegulatory Decision-Making on page 93 for more

the costs of: about evaluating costs.

Expected Costs

» Technology development—researching and Distribution of Benefits and Costs

developing new engineering processes or Critics contend that evaluations of costs and ben-

equipment. : ) : .
auip o _ efits are often blind to issues of environmental eq-
* Technology application—purchasing, uity and fail to make explicit who bears the costs of
installing, operating, and maintaining a risk management decision and who gains the ben-

equipment needed to improve an industrial efits. For example:

process or reduce emissions. o L
* If a new policy limits the application of a

« Training needed to use new technology, carry widely used pesticide, the cost of certain fruits
out new procedures, or monitor effectiveness. and vegetables could increase significantly.
Should this occur, those who still can afford to
buy those fruits and vegetables may benefit by
_ _ ) enjoying reduced health risks from pesticides.
- Transportation and infrastructure—removing  However, economists argue, others who can
hazardous materials and trucking them to @ ng |onger afford those fruits and vegetables

» Cleanup—hiring contractors and engineers to
implement a remedy at a contaminated site.

disposal site and, sometimes, improving may suffer poorer nutrition and increased
roadways to accommodate the increase in - cancer risk associated with eating too few
heavy vehicle traffic. fruits and vegetables.

* Health care, such as that needed for workers, A proposed freeway exit ramp in Boston would
responsible for implementing an option that  jake commuting more convenient for office

puts them at risk. workers. Its location, however, would have
« Diversion of investments, or opportunity exposed residents of Chinatown, a densely
costs—such as having to spend money on populated neighborhood, to substantially

environmental controls instead of using those increased air pollutants.

resources to build a school or reduce taxes.  Ag these examples illustrate, understanding and
) evaluating potentially inequitable costs and benefits
Nonmonetary costs include the costs of: are important for making risk management deci-

« Valued environmental assets lost, such as  sions.
recreation areas, endangered species, visual Feasibility

range, open space, and wetlands. ) . "
g P P A variety of technological, legal, political, eco-

* Flexibility and choice for consumers and nomic, and other issues can constrain the feasib-
busm_esses lost because certain IOFOdUCtS_, ility of an option. The feasibility of actually imple-
practices, or processes are no longer availablgenting an option should be an important evalua-

or permitted.
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tion criterion. For example, the feasibility of imple- as mentioned above; disregard for a particular
menting a technological option may be limited by population group’s dietary needs, preferences,
the availability of the technology or by its cost; or nutritional status; or giving priority to site
implementing administrative options such as set- cleanup efforts in more affluent areas.

ting up a recycling program or providing incentives
may be constrained by political or legal barriers.
Options that are infeasible today, however, fre-
guently can, through technology development or
policy change, become feasible in the future.

Harm to the social fabric of a town or tribe
when relocating the people away from a highly
contaminated area.

Linking Risk and Economics

Potential Adverse Consequences In addition to considerations of risk, public val-

Analysis must consider whether an option majes, and legal requirements, economic analysis can
cause any adverse consequences and deternpiag an important role in the Risk Management Frame-
what the tradeoffs among the different risks mayork. For example, cost-effectiveness analysis can help
be. One of the most important effects to considerndentify the least costly risk management option for
the potential for an option to increase one type refaching a particular goal. And by clarifying who bears
risk while reducing the risk of concern: the costs and who gains the benefits, economic analysis
can help identify inequities.

Economic analysis has strengths and limitations,
pollutants in another medium. For example, and its role In regulatory decision-making is con-

troversial. The section on Uses and Limitations of

using aeration reduces pollutants in drinking ) . .
water by releasing them to the air. (Of Course_I’Economlc Analysis for Regulatory Decision-Mak-

if exposure to air is considerably less than 'tplg on page 93 provides a detailed discussion of
exposure to drinking water, this tradeoff may OSE€ ISSUES.

* Reducing pollutant concentrations in one
environmental medium may increase

be worthwhile.) Stakeholders and EPA Identify Risk

« Reducing long-term health risks for Management Options for the Pulp and Paper
community members may produce short-termhndustry
health risks and injury for workers, as can In 1990, EPA assembled a team of experts in air

happen during cleanup of sites contaminatecand water pollution to formulate integrated rules to
with hazardous chemical and radioactive  control water discharges and air emissions from the

wastes. pulp, paper, and paperboard industry. A screening
« Banning one substance because it might caug§§sessment of 104 mills that use chlorine as the bleach-
one health risk may increase the use of ing agent for paper had found dioxins and furans in

another substance that is known to cause the mills’ water discharge, sludge, and pulp at levels

another health risk or whose health effects arf@at have the potential to harm fish and wildlife and
not known. to cause cancer and other health effects in humans.

Before deciding how best to reduce these dis-
Other adverse consequences may be cultudarges, EPA held meetings, conference calls, and a
ethical, political, social, or economic, such as: symposium to seek views and information from many
stakeholders—including individual companies, an
industry association, consultants, vendors, labor
unions, and environmental organizations. EPA shared
 Environmental justice issues, such as its data and thinking about various approaches with
inequitable distribution of costs and benefits stakeholders before publishing proposed rules in the

* Economic impacts on a community, including
reduced property values or loss of jobs.
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Federal Register. Even the preamble to the proposedision-making process from one dominated by regu-
limitations and standards was reviewed by stakehdlakors to one that includes those who must live with
ers before being published. In all, five public meeie consequences of the decision. This not only fos-
ings were held before the proposed rule was publishes successful implementation, but also can promote
in 1993. greater trust in government institutions.

During the many discussions of control options, -
environmentalists pressed for a “totally chIorine-freéNhat Is the Best Decision?
option to eliminate the discharge of chlorinated pol- In most risk management situations, deci-
lutants. EPA proposed a technology option. Indussion-makers will have a number of options from which
asked EPA to review a second option they considetedchoose. Which option is optimal depends on the
more feasible. EPA assessed potential compliance cgasticular situation. Seven criteria, discussed below,
effluent reduction benefits, economic and enviroare fundamental characteristics of any sound risk man-
mental impacts, management practices, recovery sygement decision. These criteria echo the key themes
tems, and equipment availability. The agency thehthe early stages of the Framework because their
proposed both technology options as well as a volgwoal is to produce the most relevant and useful infor-
tary incentives program to encourage and reward mation for sound risk management decision-making.
dividual m_|IIs that.lmplement totally chlorlne_-free Base the decision on the best available scientific,
technologies. While the proposals did not satisfy eve- : N i
ryone, stakeholder involvement improved the deverconomic. and other technical information.
opment of options. Usually, the technical information that is available

is incomplete. Decision-makers often must rely on:

e Predictions about human hazards based on

Maxine DEecisions : ) :
experiments in laboratory animals.

During this stage of the Framework, deci~ Predictions about how much exposure occurs in
sion-makers review the information gathered dur- @ lifetime based on few or no measurements of
ing the analyses of risks and options to select thethe actual levels of exposure.
most appropriate solution. When the rigloblem . pregictions about the risks to entire ecosystems
falls underth(_—:- purview of a federal, state, or local régu-that are based on observations in only one or
latory authority, the regulatory agency makes the risk 59 species.
management decision. Consumers, manufacturers, _
and others responsible for wastes and pollution afsoAssumptions and models of exposure,
can make socially important decisions to reduce or €XPosure-response relationships, and estimates
eliminate risks. A productive stakeholder involvement ©f the costs and benefits of different options.
process can generate important guidance for
decision-makers. Thus, decisions may reflect nego-Because so many judgments must be made based on
tiation and compromise, as long as statutory requilielited information, it is critical to consider all reliable
ments and intent are met. In some cases, win-win gdermation. Risk assessors and economists are respon-
lutions are available that allow stakeholders with diible for providing decision-makers with the best tech-
vergent views to achieve their primary goals. nical information available or reasonably attainable,
Involving stakeholders and incorporating their re@acluding evaluations of the weight of the evidence that
ommendations where possible reorients tlsapports different assumptions and conclusions.

&
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Be sure the decision accounts for the problem’s not occur, risks will not result. Where feasible, pre-
multisource, multimedia, multichemical, and venting contaminant releases is preferable to remov-

multirisk contexts. ing them or cleaning them up later, since preventing
Considering a risk in isolation cannot provid(g,eIeases can av0|o! the costs of remedla_tlo_n a’.‘d health
re. Many industries have found that eliminating pol-

decision-makers or the public with any sense of h ¢ bstantiall red ih t of produci
important the risk is, compared with other risk lfsrr;glfftn substantially reduce the cost ot producing

or of the impact that reducing or eliminating it
might have on overall human and ecosystem healtlse alternatives to command-and-control
Considering risks in context can help direct reegulation, where applicable.

sources toward the risk management actions thatC d-and trol risk t strateqi
will do the most good. As described in the ProE— ommand-and-control risk management strategies

lem/Context section earlier in this report, decisio ave significantly improved human health and envi-

makers must develop a more comprehensive 4 mental prot(tactllon. iAIttafrnatltvet§trakt)egles will en-
holistic appreciation of problems and their contex € even greater jevels of protection by encouraging

so that meaningful, practicable goals can be defin'QqUStries’ municipalities, and other stakeholders to
and attained ’ tallor remedies to reflect the circumstances of indi-

vidual sources and locations. Encouraging flexibility

Choose risk management options that are can result in risk management options that meet or
feasible, with benefits reasonably related to exceed expectations and that are cost-effective. Vari-
their costs. ous alternatives to command-and-control strategies

Many risk management options may be infeare described in the Examining Options section of this
sible for social, political, cultural, legal, or economiceport.
reasons (see the Examining Options section of thjs " » :

) € sensitive to political, social, legal, and cultural
report) or because they do not reduce risks to the . .
considerations.

extent needed. For example, ground water reme-
diation using pump-and-treat technology may be The least costly risk management option is not
infeasible because, for a variety of technical aatdlwvays the most desirable. An option is more
hydrogeologic reasons, it will not sufficiently retikely to be implemented successfully if it takes
duce contaminant concentrations in the groumtto account important cultural needs or social
water. Removing all the soil from an entire valleynpacts (see the discussion of stakeholder in-
that is heavily contaminated with mining waste wlvement in the Problem/Context section of this
infeasible. Expecting everyone to stop driving ateport).

tomobiles is infeasible. On the other hand, the co?ts

) ) . . Pclude incentives for innovation, evaluation, and
of reducing acid rain by controlling power planresearch

emissions are considered justified by their ben-
efits—protecting streams and lakes and reducingCommand-and-control risk management strategies
damage to automobile finishes and constructithrat specify technology that must be used or actions
materials. Of course, the feasibility and cost-effetitat must be taken can fail to stimulate better, cleaner,
tiveness of an option may change in the future asd more cost-effective approaches. Without evalua-
technology is improved or as society’s values changien, the success (or failure) of a risk management
action and its unintended consequences may not be
determined (see the Evaluating Results section of this
report). Incentives for research are needed to gener-
If pollutants are not released into the environmesmtte knowledge about hazards, exposures, options, and
exposure cannot occur. If exposure does not and \aitions.

Give priority to preventing risks, not just
controlling them.
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What Happens If There Isn’t Enough sion sources, enforcement and implementation
Information To Make a Decision? needs, future research, and integrating the proposed
regulation with EPA's new permitting system. The

Decision-makers must balance the value of okesulting regulation reduces hazardous air pollu-

taining additional information against the need feion by 1,500 tons per year.

a decision, however uncertain. Sometimes a deci-

sion must be made under the precautionary prin-

ciple. Every effort should be made to avoi@AKING AcTiON

“paralysis by analysis” where the need for additional

information is used as an excuse to avoid or post-Traditionally, implementation has been driven

pone decision-making. When sufficient informatiohy regulatory agencies’ requirements. Businesses

is available to make a risk management decisionaord municipalities are generally the implementers.

when additional information or analysis would ndthe chances of success are significantly improved,

contribute significantly to the quality of the decihowever, when other stakeholders also play key

sion, the decision should not be postponembles. Depending on the situation, protagonists may

“Value-of-information” techniques can be used timclude:

provide perspective on the next steps to be taken

(See Value of Obtaining Additional Information on

page 91 for elaboration.) « Other public agencies.

Making Decisions: Steel Industry * Community groups.

The Clean Air Act Amendments of 1990 requiretl Citizens.
EPA to cut toxic air pollution from iron and steel Businesses.
plant coke ovens, which produce the material used
in blast furnaces to convert iron ore to iron. CoKe
oven air emissions were already regulated by OSHA,Unions/workers.
by the states, a_nd by EEA under the hazardous S-UbTechnicaI experts.
stance notification requirements of Superfund. The
issue of how best to reduce coke oven emissionsThese groups can help develop and implement
was contentious and had been deadlocked for&@lan for taking action; explain to affected com-
years. munities what decision was made, and why, and

To break this logjam, EPA initiated a negotiataghat actions will be taken; and monitor progress.
rulemaking process with extensive stakeholder iflhe box Examples of Risk Management Actions on
volvement. Over two years, the Agency met witage 30 provides specific examples of risk man-
representatives of industry and industry assocagement activities that stakeholders can perform or
tions, labor unions, states, and environmentaipport.
groups in workshops and informal and formal meet- Involving stakeholders in the decision-making
ings. Negotiators worked with stakeholders to dprocess, not only produces a better risk manage-
velop a regulation that all parties could supporhent decision but also lays a foundation for stake-
By exchanging concessions in areas of differifglder involvement in implementation. Involved
importance to various stakeholders, the parties stakeholders are more likely to understand and sup-
solved such major issues as what emissions datat the decision and to have developed the rela-
would be used, monitoring methods, numerictibnships, knowledge, communication channels,
emission limits, costs and economics, and woakd administrative mechanisms to work together
practices. They also identified and discussed emasr implementing the decision.

Public health agencies.

Industries.
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Taking Action: San Francisco Bay portant issues about federal-state-local relationships,
the social and economic impact of land-use controls,
The San Francisco Bay is vulnerable to mamyd the extent of air-quality improvement likely to be
sources of pollution. In 1978, the Association of Bapbtained.
Area Governments developed a regional environmen-Stakeholders who were involved in analyzing prob-
tal management plan to control pollution in the bagms and solutions and in making decisions supported
The plan was prepared through an extensive collabee final plan and its implementation. While some
rative process that involved a broad spectrum of stakepects of the plan might have been developed and
holders—federal, state, and local regulatory agenciesplemented without the help of stakeholders, most
business, labor, and environmental groups; ethoicthe actions were implemented more expeditiously
minorities; and city and county governments. Duriras a direct result of stakeholder involvement.
the decision-making process, stakeholders raised im-Many actions recommended by the plan were

Examples of Risk Management Actions

» Public health agencies educating different cultural, ethnic, and socioeconomic groups
about practices to modify or avoid, such as smoking, alcohol consumption, high-fat
diets, eating parts of contaminated fish that concentrate pollutants, and chemical or
radiation hazards in the home.

* Municipalities working to reduce nonpoint sources of pollution, such as runoff from
highways, by preventing erosion; upgrading drinking water, sewage, and municipal
solid waste treatment facilities; or instituting recycling programs.

» Community groups working with local businesses and industries to monitor the
success of their risk-reduction activities.

» Citizens recycling, purchasing products that use recycled materials, or complying with
automobile emissions testing.

» Businesses no longer selling products that can harm the environment; disposing of
wastes safely; or working with employees to anticipate and reduce worksite safety and
health risks.

» Industries reducing or eliminating emissions or discharges to ambient air, workplace
air, and bodies of water by upgrading air pollution control technology, upgrading
wastewater treatment, and improving manufacturing processes (such as developing a
closed-loop system , recycling wastes, or substituting less hazardous materials).

» Unions working with industries to identify less hazardous workplace practices and
processes; educating workers about practices that reduce hazardous exposures in the
workplace and hazardous emissions to the environment, such as proper waste
disposal; or helping employers monitor the success of risk-reduction activities.

» Technical experts providing technical assistance to local agencies, community groups,
businesses, and unions to help implement risk-reducing actions.
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implemented by public agencies, businesses, indusWhether any critical information gaps hindered
tries, and private citizens. For example: success.

» A state implementation plan for regional air * Whether any new information has emerged that
quality resulted in designation under the federal indicates a decision or a stage of the Framework
Clean Air Act as an attainment area for ozone in  should be revisited.

1995. » Whether the Framework process was effective

» Almost all the industrial and municipal and how stakeholder involvement contributed to
wastewater treatment facilities have been the outcome.
upgraded.

» What lessons can be learned to guide future risk
» Erosion-control measures to reduce nonpoint-  management decisions or to improve the
source pollution have been in place for many decision-making process.

years. o _
Tools for evaluation include environmental and

* A council of water-supply agencies was formed pgajth monitoring, research, disease surveillance,

and has engaged in cooperative efforts, such agnajyses of costs and benefits, and discussions with
developing a regional drought-response strategyakeholders.

e Hazardous-material Sp||| response teams have Evaluation is critical to accountability and to en-

become available at the city and county levels. sure wise use of scarce resources. As part of its ef-
fort to impose accountability on agencies, Congress

adopted the Government Performance and Results
Act of 1993, which requires federal agencies to es-
The plan has served as a blueprint for envirar@blish performance goals and measurements of
mental management activities in the Bay Area. = achievement. Too often, past risk management ac-
tions have had little or no evaluation or follow-up

v after implementation, even when evaluation was
EvaLvaTing ResuLTS mandated.

» Technical assistance was provided to local
agencies to initiate recycling programs.

At this stage of risk management, decision-maké?éannmg for Evaluation
and other stakeholders review what risk managemenfThe overall implementation plan should specify
actions have been implemented and how effective thvayen evaluation will be conducted, who will con-
have been. Evaluating effectiveness involves modiict it, and what will be evaluated. In most situa-
toring and measuring, as well as comparing the éions, periodic evaluation will be important. The
tual benefits and costs to estimates made in floeus of evaluation may shift with the stage of imple-
decision-making stage. The effectiveness of the proentation, because it often may take time before
cess leading to implementation should also be evalue full impact of risk reduction can be measured.
ated at this stage. Evaluation might first focus more on progress and

Evaluation provides important information abousuccess in implementing the risk management plan.
* Whether the actions accomplished what was Later evaluations may focus on the success of the

- H&k management actions in reducing risk. In com-

ments to the Commission, Dave Sigman, represent-
ing the Chemical Manufacturers Association,

« Whether any modifications are needed to the strongly supported the need to document whether
risk management plan to improve success.

costs were accurate.
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risks are reduced and costs reasonably estimadfadluating Results: Integrating Regulatory
with feedback to appropriate risk managers aédtivities at the State Level
decision-makers.

In the past, evaluation, when conducted, has Environmental agencies in Massachusetts, New
beenperformed by the regulatory authority itself. A¥ork, and New Jersey have made significant efforts
with other stages of the risk management processintegrate their regulatory activities and to incor-
evaluation will benefit if stakeholders are involveghorate pollution prevention into these activities.
helping to: Massachusetts has adopted a single, integrated in-
spection to assess a facility’s compliance with en-
vironmental statutes, instead of conducting
separate medium-specific inspections. New York
» Assure the credibility of the evaluation and thgs using a facility-management strategy in which

evaluators. a team directed by a state-employed facility man-
« Determine whether an action was successful 29€r is assigned to targeted plants to coordinate

_ medium-specific environmental programs. New
* ldentify what lessons can be learned. Jersey is testing the use of a single, integrated
« Identify information gaps. permit for industrial fadities instead of separate
. . . ermits for releases of pollution to each environ-
* Determine whether _cost and_ benefit estlmate%emal medium.

ma_de when evaluating the risk management On behalf of Congress, the General Accounting

options were reasonable. Office (GAO) evaluated the states’ experiences with

integrated programs, primarily through interviews.
The Importance of Iteration The evaluation is preliminary because the data
needed to fully evaluate the states’ experiences are

New information may emerge during evaluationot yet available.
that is of sufficient importance to warrant repeat- GAO reported that Massachusetts and New York
ing parts of the Framework. For example, it mighelieve that their integrated approaches have been
be necessary to revisit a decision if a more effectisefficiently successful to implement them statewide.
risk management option or a less costly option Bérmits have only recently been issued as part of
equal effectiveness is developed. Public commeNgw Jersey’s program. Industry officials in those
negotiation, information-gathering, research, states believe that the integrated approaches are
analysis of risks and options could clarify or redéeneficial to the environment, achieve regulatory
fine the problem, change the focus to a differeefficiencies, and reduce costs. The states noted,
problem, or identify other risks in a broader comowever, that obtaining funding from EPA and
text. In such cases, the risk management processeting EPA's medium-specific reporting require-
will not be sequential, but rather flexible and iteranents were difficult and burdensome. In re-
tive as important new information, ideas, and pesponse, and to encourage other states to integrate
spectives come to light. environmental management, EPA proposed a new

While an iterative process is important for ingrant program designed to provide states with
corporating new information, it should not becomeasier access to funding for multimedia programs
an excuse for taking no action. Decisions must bad to facilitate easier reporting of multimedia
made, even when information is imperfect. activities.

» Establish criteria for evaluation, including the
definition of “success.”

@
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Evaluating Results: Reducing the Use of  0.44 grams per gallon; in 1991-1992, it was less
Leaded Gasoline than 0.0003 grams per gallon. EPA estimated that
before the regulations to control lead in gaso-
One of the best documented evaluations of thee, the total amount of lead released to the air
impact of a risk management action on pollutaftom motor vehicles was about 95 metric tons
emission levels concerns leaded gasoline. The bum-1979. In 1989, after the controls were fully
ing of gasoline was theingle largest source (90mplemented, only 2 metric tons were emitted
percent) of lead in the atmosphere beginningfirom motor vehicles, with less than 35 percent
the 1920s. Significantly less of the lead monof the lead in air attributable to gasoline. Today,
tored in the air today comes from gasoline b#ie emission of lead from motor vehicles should
cause EPA phased out the use of lead in gasolibe.nearly zero, as required by the 1990 Clean
In 1984, the average lead content of gasoline wais Act.

Measuring the Effectiveness of a Risk Management Action

Few actions to reduce health or ecosystem risks lend themselves easily to measurement and yalida-
tion. For example, it is difficult to observe changes in cancer risk because it can take many years|for a
tumor to develop after exposure occurs. Some other effects are easier to observe because they ¢can ap-
pear soon after exposure—such as birth defects, anemia from lead, and asthma from sulfur oxides|in the
air. Relationships between action and effect often are detectable only when the action causes a sizable
change in the amount of a pollutant (or other stressor) populations are exposed to, or when the health
effect of interest is easy to recognize because it is rare and distinctive (such as the unusual type of liver
tumor caused by breathing vinyl chloride in the workplace).

One difficulty in measuring effectiveness is that most environmental health risks are low compared
with the risks of such directly countable effects as occupational injuries, motor-vehicle collisions, infant
mortality, total cancer rates, and total birth defect rates. For example, suppose that a particular exgosure
is expected to cause no more than one additional case of cancer per year in a population of 10,000 and
action is taken to reduce exposure to a level anticipated to cause, at most, one additional case of cancer
per year in one million people (corresponding to one extra case per 100 years in that population of
10,000). With or without this action, cancer still will be the cause of death in 24 percent of the poplula-
tion. No health study or surveillance activity can measure the very small decrease in cancer incidence
that would occur at the lower exposure level. Instead, risk managers must rely on indirect measures that
indicate cancer incidence may decrease—such as decreased emissions, decreased exposure, arnd possi-
bly decreases in biological markers of exposure or effects.

Progress is needed in several areas if we are to improve our ability to implement and measure the
effectiveness of public health interventions. Specifically, we need to:

¢ Link studies of exposure and studies of adverse health or ecological outcomes.
« Determine regional differences in disease prevalence and disease incidence trends and risk factors.

« Develop good baseline and surveillance information about incidence rates of diseases specifically
linked to environmental causes.

¢ Identify the most important environmental causes of diseases.

&
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IMPLEMENTING THE FRAMEWORK For example, the Agriculture Committee and the
Resources Committee in the House could stimu-

The Commission’s Risk Management Framewol&te coordinated approaches to integrating chemi-
is designed to address complex, real-world issueal and microbial risk assessment and benefit-cost
Yet environmental agencies may encounter legal gm@ctices throughout the U.S. Department of Agri-
administrative hurdles when implementing theulture. They could also promote the use of the
Framework because most programs, regulations, &ammission’s Risk Management Framework by the
procedures developed under current statutes ofiéatural Resources Conservation Service in address-
preclude an integrated approach. The Commissiag erosion and water pollution from agricultural
makes six recommendations, described below, to ouards. Other committees should look at industrial
come these impediments. sectors, such as iron and steel mills or oil refiner-
ies, to address sector-specific pollution and manu-
facturing processes on a multimedia basis.

Some committees address the environmental sta-
tus of geographic areas, such as the House Resources
Committee’s jurisdiction over parks, wild and sce-
nic rivers, and national forests, but no committee

Many different Congressional committees and suls-charged with responsibility for the status of ur-
committees have overlapping and conflicting respdoman pollution or of watersheds. In the House, joint
sibilities for sources of and solutions to pollution. Fdrearings involving the Resources Committee, the
example, the Transportation and Infrastructure Cokgriculture Committee, and the Transportation and
mittee and the Commerce Committee in the Housdmwfrastructure Committee, which has jurisdiction
Representatives both oversee EPAs implementatiorookr the Clean Water Act, could better address the
Superfund and the Safe Drinking Water Act. In thayriad stresses on a watershed. Similarly, the House
Senate, the Agriculture Committee has jurisdictidommerce Committee and the Transportation and
over pesticides, while the Environment and Publicfrastructure Committee could hold joint hearings
Works Committee oversees other toxic substancesencourage the use of the Commission’s Risk Man-
These competing responsibilities make it difficult tagement Framework to comprehensively deal with
implement integrated strategies. We recognize t8aperfund sites.
practical and political constraints that make coordi-

Recommendation 1: Congress should coordinate
the activities of committees and subcommittees
with overlapping or related jurisdictional
responsibilities for environmental issues, starting
with joint oversight hearings.

nation difficult. Recommendation 2: The regulatory agencies
Joint Congressional hearings could: should fully use their existing discretionary

« Help put problems into public health or authority to propose a_n_d implement actions that
ecological context. address the most significant sources of the

_ community’s total exposure to hazards under
« Encourage EPA and other agencies to use theiyjew.

discretionary authority to implement the
Commission’s Risk Management Framework  Many agencies have improved their risk assessment
and comprehensive risk assessment reforms practices, used risk assessment in more programs, and

. Reinforce integrated approaches to reducing begun to engage stakeholders in decision-making pro-
risks in industrial sectors and geographic cesses. In many cases, adoption of the Commission’s

areas. Risk Management Framework by federal, state, and

) _ local agencies will not require changes in statutes so

* Evaluate experimental alternatives to much as changes in the decision-making process to
command-and-control regulations. identify all the sources that account for total exposure

and estimate the risks attributable to each source.
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California’s air toxics program provides a gooton by reauthorizing specific statutes instead. For
model of an integrated regulatory strategy that is lmecample, the Safe Drinking Water Act and the Food
ing achieved administratively. Rather than first aQuality Protection Act were modified in ways that
sessing risks from individual sources, the program gstevide flexible direction to consider risks, costs,
imates the overall risk attributable to a particul@enefits, population subgroups, and public values
chemical. Upon deciding that the risk is sufficientlyn decision-making. The 1996 Safe Drinking Wa-
high to warrant action, the program examines all idde+ Act includes important provisions on the roles
tified stationary, mobile, and area sources of the chewfitisk assessment and economic analysis in setting
cals to determine the most cost-effective reductiost@ndards and priorities for regulation without dic-
in emissions and exposure. The EPA has launchegting the specific steps in the analysis or requiring
similar cumulative exposure approach for hazardomse to outweigh another. It is a good example of
air pollutants (see below). how statutes can be modified to promote more flex-
ible risk management strategies. Congress should

Recommendation 3: The regulatory agencies consider legislative changes that:

should fully use their existing discretionary
authority to expand stakeholder involvement in ¢« Address geographic areas such as urban areas and
the development and implementation of solutions watershedsUnder the Clean Air Act

to environmental problems. Amendments of 1990, EPA is developing an

. integrated urban air toxics strategy that
Successful integrated approaches depend on g 9y

. . considers different types of pollutants and
trust among agencies and stakehold_ers. Public nO'muItipIe sources of pollutants together, so that
tice ".’md comment procedures are mac_;lequate forrisk management actions in urban areas can
bwldmg_ the level of trust and cooperation NECES- ddress air pollution in context. In the case of
sary for integrated approaches. Stakeholder involve-

. watersheds, EPA already is working with states
ment processes such as those used in the CommogrloI localities to develop ecological risk

Sense Initiative and Project XL are a good begin- assessments and integrated approaches to

ning. As the participants have learned, however, ollution problems. The Clean Water Act
unexpected challenges—such as disagreement hould be amende.d to establish a

a!o(_)ut t_he composition of stakeholder groups andcomprehensive, integrated watershed
difficulties arriving at consensus—have slowed the
i . . . management approach.

completion of projects. We believe that implemen-
tation of our Guidelines for Stakeholder Involve~ Mandate authority for EPA to consider sources of
ment (see page 17) can increase prospects fosignificantindoor air pollution when evaluating
productive stakeholder involvement. the risks attributable to multiple sources of air
pollution. EPA should collaborate with other
agencies to reduce significant risk from indoor air
exposuresNumerous studies have shown that
the concentrations of many contaminants in
air are higher in homes than outdoors. While

For several years, Congress has considered billsoutdoor air pollution is extensively regulated,
that would prescribe government-wide risk assess-problems in offices, public buildings, and
ment and economic analysis practices and makehomes remain relatively unrecognized and
them judicially enforceable. Also, an “organic act” unaddressed. Efforts by EPA, the Consumer
has been proposed that would integrate the operaProduct Safety Commission (CPSC), and
tions of EPA's program offices. The 104th Congress, OSHA to regulate indoor air have been
however, found common ground for bipartisan ac- thwarted by lack of statutory authority and by

&

Recommendation 4: Congress should reinforce
implementation of the Commission’s Risk
Management Framework legislatively,
statute-by-statute.
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lack of agreement on the nature of the tial considerations of national policy.” The act states

problems and the solutions. EPAs regulatory that its policies and goals are supplementary to
authority appears to be limited to outdoor airthose in agencies’ existing statutory authorizations.
OSHA is responsible for industrial NEPA regulations, which were issued in 1978, fo-

environments. CPSC has authority over cus on procedural provisions to ensure that deci-
products, such as carpets and insulating sions about federal actions are made only after the
materials. A coordinated approach by EPA, environmental consequences of the actions are fully
OSHA, and CPSC will not emerge without a considered and that the public benefits of the ac-
mandate from Congress and cooperation frorions outweigh their environmental costs. These

stakeholders. regulations are generally consistent with the focus
of the Framework.

In addition to procedural requirements, NEPA
established six objectives for all federal programs:
responsibility for the future; environmental equity;
beneficial use; historical, cultural, and biological
diversity and individual liberty; widespread pros-
perity; and management for quality and conserva-
tion. The act requires all federal agencies to use a
“systematic, interdisciplinary approach” to planning
and decision-making that incorporates the “natu-
ral and social sciences and the environmental de-
solutions are being implemented. For these sign_ arts.” An analysis by the Envir_onmental Law

Institute concluded that these provisions have not

projects to succeed, EPA needs the legal : :
authority to provide flexibility in deciding howP€€N implemented. Agencies could use these ob-

the regulated community can improve its jectives to approach pr(_)blem§ in the inte_gre_ited,
environmental performance. Congress shoul ontextual manner envisioned in the Commission’s

explicitly authorize EPA and state agencies to !Sk Managemen_t Framework. CEQ should work
enter into compliance agreements that waiveW'th other executive offices and the relevant fed-

certain current regulatory requirements if eral agencies to craft guidance for implementing

alternative controls can credibly achieve equatf1ese NEPA provisions.

or, whenever feasible, greater environmental Recommendation 6: State and local regulatory

* Increase flexibility for meeting environmental
protection goalsintegrated approaches to
compliance can provide greater
cost-effectiveness and increased flexibility for
facilities that go beyond current levels of
environmental protection. EPA is currently
experimenting with such approaches in its
Common Sense Initiative and Project XL
programs. However, EPA and participants
must still meet the original regulatory
requirements, even when more effective

protection. and public health agencies should use the Risk
_ _ _ Management Framework to address watershed,
Recommendation 5: The Council on airshed, community, worksite, and indoor and

Environmental Quality (CEQ) should consider  J tqoor environmental problems using an

issuing guidance or regulations for implementingintegrated multimedia process with
additional provisions of the existing National stakeholdérs.

Environmental Policy Act (NEPA).
We have given several examples of state and

The National Environmental Policy Act offergocal actions that have been taken to address
some opportunities for implementing the Fram@roplems in a broad context with stakeholder in-
work. Instead of aiming to protect specific placegolvement, such as California’s toxics air program
activities, or environmental media, as do most efind efforts in Massachusetts, New York, and New
vironmental S_tatutes, NEPA seeks FO balance a brg@lﬂsey to integrate regu|at0ry actions. As in other
range of environmental factors with “other €SSeflreas of government endeavor, states and
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localites engaged in successful integrated risklIn using this Framework, risk scientists and
management projects can serve as catalysts decision-makers will be embarking on an impor-
federal initiatives. State and local agencies ofteant new era in risk management designed to
rely on federal models of regulation; howevemake wise use of limited risk management re-
as a result, they too focus primarily on singleources. As described throughout this report, the
pollutants in single environmental media and dframework’s advantages include:
command-and-control approaches_to regulatlo.n_.Use of an integrated, holistic approach to
St‘?‘t.e and Iocal' agencies should Increase the'rmake risk management more efficient and
ability both administratively and legislatively to

. SN effective compared with the traditional
implement the Commission’s Risk Management chemical-by-chemical, medium-by-medium
Framework. '

approach to characterizing individual risks.

Looking Ahead - Identification and targeting of the most

The Commission’s Risk Management Frame- important sources of risk by putting
work is not a panacea. It can require substantialindividual problems into larger public
time to implement and, in some cases, it might health and environmental contexts and
lengthen the risk management process. The abil-addressing multiple and cumulative risks.

ity to implement the Framework will undoubts Emphasis on collaboration, communication,
edly improve over time as parties gain more ang negotiation in an open and inclusive
experience with its various aspects and as morep gcess among stakeholders so that public
relevant information becomes available. For ex- ygjyes can inform and influence the shaping
ample, more experience with and guidance for of risk management strategies. Stakeholder
including stakeholders is needed. Both agenciesjnyglyement can help generate decisions
and stakeholders need training to better under-that are more pragmatic and more readily
stand and discuss health and environmental riskjmplemented than decisions that are made
issues. Agencies and academic institutions mustyithout considering the diversity of
cooperate to generate more and better exposurgnterests, knowledge, and technical
and toxicity data and methods for assessingexpertise represented among stakeholders.
multiple and cumulative risks. _ _ _ ] o
As illustrated in this report, some aspects of the Capacity for iteration. As with the scientific
Framework—such as stakeholder involvement andProcess itself, at any stage of the
multimedia analysis—already are in use to some Framework, the discovery of critical new
extent, although no risk management effort to dateNformation can change conclusions and
has employed all aspects of the Framework. Manydecisions and lead to reformulation and
of the questions and concerns associated with'€€valuation of the problem at hand.
implementing the Framework will be clarified as it
is applied and evaluated; however, gaining experi- The Commission envisions the Framework to
ence with the Framework can best be achievedd far more useful and effective than traditional
Congress and the Administration work together tegulatory approaches to solving common mul-
overcome the statutory and administrative barrigimedia risk problems.
described above.

&
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Risk MANAGEMENT AND REGULATORY
Decision-MAKING

This report brings a risk management perspectiieg implementation of the Risk Management Frame-
to issues surrounding risk assessment, risk commuark. Risk communication engages both the commu-
nication, and risk reduction. Risk assessment can pn@ator and the audience in listening and in explaining
vide valuable information to those who senformation and opinions about the nature of risk and
environmental, health, and safety regulatory prioother topics that express concerns, opinions, or reac-
ties, allocate resources within regulatory agencies, dioths to risk messages (NRC 1989). Various propos-
make regulatory decisions. Technical risk assessmeissto increase the transparency of risk assessments,
seldom set the regulatory agenda, however, becawbeh entails revealing and characterizing the assump-
of the different regulatory goals specified in the variions, uncertainties, default factors, and methods used
ous environmental statutes and the different waystinestimate risks and to require the use of risk com-
which the public perceives risks. parisons have been considered by Congress. As Con-

This section presents five conclusions that hageessman Thomas Bliley (R-VA) noted in his comments
emerged from our examination of risk managementthe Commission, risk managers and the public need
and regulatory decision-making: to understand, and have the right to know, what the
weight of scientific evidence says about a health or
environmental risk. Some risk comparison proposals
would compel agencies to compare a risk to be regu-
lated with other risks also regulated by the agency
« Decisions about how to allocate resources to  and other health risks experienced by the public.

reduce risks can be made and explained partly  This section discusses the need for better risk com-

on the basis of risk comparisons. munication with the public, including the use of risk
« The use of “bright lines” which distinguish comparisons and the use of a common metric for de-

between contaminant emissions and exposure§Cribing exposures associated with different types of
associated with negligible risk levels and those adverse health effects. A separate section, Compara-

associated with unacceptable risk levels, needsi® Risk Analysis for Risk Management Priority Set-
be clarified. ting, follows on page 46 and discusses the process of

_ _comparing and ranking risks to identify priorities and
* Moving from command-and-control regulation ,5ke resource allocations.

to nonregulatory approaches to risk reduction - _ o
can increase both efficiency and effectiveness. ldentifying Risk Communication Needs

* The complex and often confusing process of
communicating information about risks to
diverse affected parties must be improved.

« Criteria for judicial review, a common element il,{:inding. _ _
major regulatory actions, should be reaffirmed. Stories abound of misunderstandings caused
by poor communication about risks and risk re-

This section offers recommendations on eachdiction proposals. After a decade of research at
those topics in the hope of contributing to the evolutitmading universities and experience at all levels
and improvement of risk-based decision-making. of government, much has been learned about

how to enhance effective risk communication to

gain the confidence of stakeholders, incorporate
CommunicaTing aND CompariNG RISKS  their views and knowledge, and influence favor-

ably the acceptability of risk assessments and risk

Effective risk communication is critical to successnanagement decisions. That knowledge is not
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reflected commonly in practice, however. People interpret and use new information in the
context of their existing beliefs. We need a basic
understanding of the exposure, effects, and mitiga-
Regulatory agencies should adopt comprehdion processes relevant to making decisions about
sive risk communication programs that emphasiadazardous process, product, or site. Meeting those
both the learning and explaining activities of cormeeds through risk communication should involve
munication. These programs should provide reeell-tested methods; an untested communication
search on risk communication messages, train r&@kould no more be released than an untested prod-
managers and others engaged in communicating (Morgan et al. 1992). Risk communication
risk, and include risk communication funding, obneans both listening and speaking, and risk com-
jectives, and evaluation in risk management plamsunicators should learn about the concerns and
values of their audience, their relevant knowledge,
The Commission’s Risk Management Framand their experience with risk issues. Stakeholders

Recommendation

work (Section 2) is built on continuous ineften have important knowledge of sources and pat-

volvement of stakeholders and respectftérns of exposure that analysts will need to inte-
learning from them. Effective risk communicatiograte into a risk assessment. The degree to which
is an essential ingredient in the success of tilormation provided by stakeholders is incorpo-
Framework, especially in the problem identificaated into risk assessment and risk management de-
tion and options stages in the process. cisions may enhance the prospects for trust, a key

Risk assessors now recognize that a communitiéseffective communication and cooperative action.

response to learning that a local industry has Bt listening, risk communicators can craft risk mes-
them at risk through release of pollutants tendsgages that better reflect the perspectives, technical
include a sense of outrage that inevitably magnifiesowledge, and concerns of the audience. Risk
their perception of risk. Studies of the differencemsmmunicators must be prepared to explain and
between expert and public perceptions of risk hageswer questions about any specific, relevant tests
identified many of the factors that contribute tor surveys done in the community regarding inci-
outrage (Sandman 1992). Those factors includences of illness or uptake of pollutants; they can-
involuntary exposures, lack of previous knowledg®t rely on general models.
of the risk, and dread of effects and severe conseEffective communication must beddeforeim-
quences (Slovic 1987). People factor in their pgrertant decisions have been made, as emphasized
ceived personal potential benefit and harm. Fiorthe Commission’s Framework for Risk Manage-
example, in comments to the Commission, timeent. It can be facilitated in communities by citi-
Argonne National Laboratory’s Environmental Aszen advisory panels, such as those supported by
sessment Division pointed out that the dreaded ahd EPA Superfund program and by the Department
unfamiliar nature of environmental (non-medicabf Energy. Many corporations work continuously
exposure to ionizing radiation has evoked eveuith citizen advisory panels in their communities.
greater fear of radiation than of chemicals. A growor example, Phillip Lewis, Vice President for
ing body of research provides some guidance Health and Safety at Rohm & Haas Company, noted
communicating risk information effectively, as dein testimony to the Commission that the citizen
tailed in a report prepared for the Commission ladvisory panels associated with each of his
David McCallum (see Appendix A7). Our discussompany'’s plants generate a better understanding
sion here is not comprehensive; rather, it is intendefdthe questions and concerns of the community
to indicate the importance of effective risk conand an opportunity for the company to test risk
munication to overcome the potential for mistake®@mmunication messages before using them with
and misunderstandings. the general public. Of course, not all citizen advi-
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sory panels develop a trusting relationship withgaal aspect of risk management” (NRC 1989). The
company they are advising or are trusted by the@cent National Research Council repahder-
communities. standing Rislstrengthens and supports our recom-
With the growing use of risk assessments amendation to place public stakeholders in
risk estimates by regulatory agencies, there is a npeadminent roles (NRC 1996a).
to increase the public understanding and credibil- The practice of risk communication is moving
ity of such information. The media play an impoifrom trying to explain risk information to citizens
tant role because they can heavily influence pubtmwvard building partnerships between plant man-
perceptions about risks and they can instigatgers and nearby residents, between companies and
concern or draw attention to neglected @onsumers, and between agency risk managers and
underappreciated risks. Of course, broadcast niee public. Although our air, water, and food are
dia and print media have different agendas, amtasurably cleaner and therefore less risky than
must be used in different ways to most effectivethey were 30 years ago, the fact that many citizens
transmit information. Material with visual impacbelieve that they are at greater risk indicates that
will appeal to television reporters. Print journalistssk communication has a long way to go. Invest-
are most concerned with who and how many peophents of time and resources are clearly needed.
are affected, the severity of the potential impacts, . . :
any possible non-compliance with regulations, a.%ommunlcatlng AbQUt Risk by Comparing
the cost of damage, repairs, or remedies. They Qtlgerent Kinds of Risk
particularly interested in conflicting views, espd-inding
cially among qualified scientists, about the nature People make informal judgments about risks
and severity of the risks and about the costs af\tbry day. Some risks are familiar, even comfort-
benefits of the remedies. Communicating with thg|e- others are unfamiliar and can be sources of
media should be a part of a good risk communicgspsiderable fear. Different people have different
tion plan. As with the public, honesty and accyprceptions of the same risks. It is logical and rea-
racy are essential. _ sonable for people to request comparisons or for
Agencies and Congress have emphasized the ijmngress to incorporate mandates for risk compari-
portance of improving the quality of risk assesgyns in legislation. But some comparisons trigger

ments but have given less attention to the need {@Eentment, as though a substantial risk were be-
training and educating risk assessors and risk M&Y dismissed or belittled.

agers in communicating information about risk.

Comprehensive risk communication programs tHgecommendation

stress listening as well as explaining need to be es- Risk comparisons should help to convey the
tablished in regulatory agencies. Training risk asature and magnitude of a particular risk estimate.
sessors and risk managers in risk communicati®ach comparisons should systematically address
and testing risk communication messages shoukks associated with different decision options, with
have as high priority as every other part of the riskemically related agents, with the same agent from
management process. Specific communication abferent exposure sources, with different kinds of
jectives related to awareness and involvementagfents with the same exposure pathway, or with
stakeholders should be identified in risk manageéHferent agents that produce similar effects.

ment plans, with appropriate methods for evaluat-

ing the effectiveness of communication. Th any kinds of risk comparisons exist. At the
National Research Council made the casenprov- M simple end of the spectrum are arithmeti-
ing Risk Communicatiotiat “risk managers need to cal comparisons of magnitude, such as a
consider communication as an important and int@ae-in-a-million cancer risk compared with a length
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of one inch in 16 miles; comparisons of chemically00,000 (10) is a reduction 10-fold less than the
related agents, such as one organophosphate péssi- reduction of 90%, i.e., a 9% reduction in the
cide with another; comparisons of the same agemiginal risk. The amount of the risk reduction as-
with different exposure sources, such as polycycBociated with lowered emissions and exposures is a
aromatic hydrocarbons from motor vehicle exhaustuch more meaningful concept to communicate
and broiled meat; comparisons of different agentserbally and graphically than estimates of absolute
with the same exposure pathway, such as foods cosk levels, such as 0
taining naturally occuring carcinogenic components A different proposal for communicating risk
as well as synthetic additives; and comparisonsmégnitude is to use time intervals, which might be
different agents that produce similar effects, subletter understood than numerical probability esti-
as the risk of lung cancer from inhaling radioactiveates. Commissioner Goldstein indicates that con-
radon particles versus smoking a particular nuwerting probabilities per unit of population to
ber of cigarettes. Toward the complex end, muleriods per event, such as one death expected in
tiple risks are compared across a variety 8f500 years, substantially altered the perception of
dimensions, such as the hazards to the public, wattikeat (Weinstein et al. 1996). The city of Colum-
ers, and ecosystems of different energy-producibgs, Ohio, did an analysis estimating that one death
or Superfund cleanup technologies. would occur in Columbus in 204 years from an
In general, risk comparisons can help peopleadditional cancer risk at the theoretical one-in-a-
comprehend probabilities or magnitudes. Mostillion level, compared with frequencies of several
people, including physicians, do not easily relatkeaths per day or every few days for measurable
low-risk probabilities or ratios, such as “one-in-aisks, such as ordinary rates of heart disease, can-
million,” to their everyday experience. One solwer, homicide, and automobile collisions. The mayor
tion is to make quantitative comparisons betweeh Columbus, Gregory Lashutka, in testimony be-
familiar and less familiar risks. A better solutiofore the Commission, stated that that analogy helps
might be to use analogies—one-in-a-million isitizens to understand the magnitude of the effects
equivalent to 30 seconds in a year, 1 inch in iiéat any federal or state regulation concerning the
miles, or 1 drop in 16 gallons. Another solutioanvironment, transportation, labor, or education
might be to express risk in terms of the number wiight have on the community. We recommend ex-
persons who might be affected per year or per Ipressing risks both as numbers of events in an ac-
pothetical 70-year lifetime. Even more difficult tdual exposed community or on an annual basis and
communicate is the fact that a one-in-a-million rigker million hypothetical people over a lifetime.
estimate currently is not an estimate of actual risk, Using comparisons to explain the magnitude of
but a statistical upper bound on the likelihood thasks will be increasingly important as advances in
a risk could exist; that is, the actual risk is likely tanalytic chemistry improve our ability to detect
be much lower, and it could be zero, but it is quisgnaller and smaller amounts of chemicals in air,
unlikely to be higher. water, and other media. This phenomenon of a
Many people perceive the reduction of risk bglummeting “nondetectable” level or a “vanishing
two or more orders of magnitude as though eazéro” poses a problem, particularly in the assess-
“power of ten” reduction were an equivalent reducent of risks associated with human carcinogens,
tion in risk. A better way to illustrate orders oWhen no level of exposure is assumed to be with-
magnitude of risk reduction for linear dose-responeat risk.
effect is shown in Figure 3.1: the bar graph depicts Risk comparisons can be helpful, but they should
better than words that a reduction in risk from ome used cautiously and tested if possible. There are
in 1,000 (1@) to one in 10,000 (1f) is a reduc- proven dangers in comparing familiar and unfamil-
tion of 90% and that a further reduction to one iar risks, natural and manufactured risks, and vol-
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untary and involuntary risks, such comparisons canscommunication and misunderstanding.
be perceived as minimizing a risk (NRC 1989). .
is sometimes difficult to find risks that are suffi: eed for a Common Metric
ciently similar to make a comparison meaningfukinding

In general, comparisons of unlike risks should be chemicals suspected of causing cancer are
avoided; they are often perceived as manipulatiygjated by assuming that every exposure has some
and confusing. Comparisons of risks associated Wik |n contrast, chemicals suspected of causing
chemically relgted agents, risks associated With_tg@,er effects, such as developmental or reproduc-
same agent with different exposure sources, risf toxicity, are regulated by assuming that there
related to different kinds of age_nts with th_e Same 5 safe level of exposure. That simple dichotomy
exposure pathway, or comparisons of differept ot fully supportable by current scientific evi-
agents that produce similar effects can improygnce. Furthermore, it results in expressions of risk
communication. Those comparisons are better Bgy cancer and for other kinds of toxicity that can-
cause the quallt_atlve chara_cterls_tlcs are S|mllgr. not be compared and in striking discrepancies
~ Risk comparisons can either improve or hindgmong maximal exposures considered to have neg-
risk communication. Testing messages that use rigfip|e risk. These discrepancies are particularly sa-
comparisons, even informally, can help to avojhnt when the same chemical has both carcinogenic
and noncarcinogenic
effects.

Figure 3.1 Reducing risk by orders of magnitudena

: . . Recommendation
equivalent to linear reductions.

To assist in compara-
tive risk assessment and
1000 risk communication, a
common metric for com-
paring health risks
should be sought by en-
vironmental protection
and public health agen-
cies. The Commission
600 recommends that two
complementary ap-
proaches be evaluated:
(1) EPA's margin-of-expo-
sure approach, which
compares exposure levels
of a chemical associated
200 : with specific carcino-
genic or noncarcinogenic
health effects to actual ex-

800

400

0 posure levels; and (2) the
1x10-3 1x 10-4 1x10-5 1x10-6 margin-of-protection or

_ safety factor approach,

Level of Risk which is currently used

everywhere to set “safe”
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exposure levels for chemicals causing noncarcino-level equal to its national ambient air quality
genic effects, and could be applied as well to car-standard is greater than the cancer incidence
cinogens here in the U.S. as it is in many other attributable to any individual section 112
countries.

H

aving a common metric with which to com-
pare the health risk implications of actual
exposure concentrations with exposure

hazardous air pollutant (“air toxic”) for the
entire nation, based on an EPA study (EPA
1996a).

The distinct but complementary roles of risk
assessment and risk management would be

concentrations thought to be associated with neg-transparent.ldentifying a chemical’s relevant

ligible risk, and exposure concentrations shown to effects and the doses at which they occur
be associated with toxicity of various kinds would \ould be a science-based activity (as it is

have important advantages over the presentpow), and drawing conclusions about levels of
situation:

Harmonizing risk assessment methods for
carcinogens and noncarcinogens might permit
noncarcinogens greater emphasis than they now
receive.

Using a common metric for both carcinogens and
noncarcinogens could improve risk
communicationThe differences between toxic
exposure levels, actual exposure levels, and
exposure levels considered to pose negligible
risk could be compared more easily for all
types of exposures and health effects.
Discrepancies in the size of acceptable margins
of exposure or margins of protection for
different chemicals and different effects would
be highlighted. There is often no margin
between the clinically manifest effect levels of
section 109 criteria air pollutants and actual
exposures, especially in areas where levels
exceed the national ambient air quality
standards. In contrast, there is a 1,000- to
100,000-fold difference between the
concentration that would affect 10 percent of
people (ED,) and the virtually safe doses of
hazardous air pollutants calculated to pose an
incremental lifetime cancer risk of no more

than one in 10,000 to one in one million. That
discrepancy is illustrated by a comment from
the Health Effects Institute: the number of
excess annual deaths in Philadelphia attributed
to airborne particulate matter at an exposure

exposure that might be associated with
negligible risk would clearly be a risk
management responsibility, requiring
consensus as to the level of protection that is
desired and feasible for different effects and for
different situations and population groups. For
example, FDA uses a larger margin of
protection for a substance in food that is
consumed by most of the U.S. population than
OSHA does for protection of workers exposed
to a solvent used in industrial processes.
OSHA has to consider feasibility when it sets
workplace standards; FDA considers only
health impacts and deals with much larger
populations with greater variation in
susceptibility. It is reasonable for an agency to
choose different allowable exposures for
different effects, such as, specifying a more
stringent standard to protect against lung
cancer than reversible breathing problems.

It would be easier to compare cancer risks to
noncancer risks for making risk-management
decisions.For example, it might be easier to
decide whether a hazardous-waste site classified
as posing an upper-bound incremental lifetime
cancer risk of 1 in 10,000 should receive a
higher or lower priority for cleanup than a site
classified as having a noncancer hazard index of
10. The same problem arises when residual risks
from hazardous air pollutant emissions at various
facilities are characterized and compared (see the
section on EPA and residual risks on page 109).
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* ltis misleading to express cancer risk in amanner teria. Those interpreting a margin of exposure in
that implies great precision, when cancer risk oftenigsk characterization and risk management can con-

based on little or no more information than is sider factors such as the slope of the dose-response
available on noncancer effecRisks from relationship in the observable range, mode of ac-
carcinogens are generally expressed in terms ofion, nature and extent of the uncertainties, human
upper-bound or worst-case predictions of variation in susceptibility to the response of con-
incidence or numbers of deaths per unit of the cern, human sensitivity as compared with labora-
population over 70 years. Although those tory animals, and comparisons with margins of

predictions are not intended to be interpreted axposure of alternatives or other relevant hazards.
actual or measurable cancer risks, they often are, A margin of exposure cannot be equated with
even when the information base is restricted tosafety. Further discussion with stakeholders is nec-
observable dose-response data from rodent essary, as part of the risk communication and risk
bioassays. In only a limited number of cases hawvenagement processes, to consider likely levels of

additional mechanistic data aided in risk or safety and influence priorities for action.
extrapolating between species and from high tolypically, margins of exposure are much smaller in
low exposures. the workplace than in community settings.

Margin of protection (MOP) The margin of pro-

Two potentially useful common metrics exist thaection or safety factor method is used to derive
we believe should be evaluated: the margin of exstimates of acceptable daily intakes (ADI), refer-
posure and the margin of protection. ence doses (RfD), or reference concentrations (RfC)

Margin of exposure (MOE) A margin of expo- for noncancer effects. Those values represent chemi-
sure is a ratio defined in EPA&oposed Guidelinescal exposure concentrations that would be associated
for Carcinogen Risk Assessmasta dose derived fromwith negligible risk. A no-observed-adverse-effect level
a tumor bioassay, epidemiologic study, or biolog{NOAEL),! a lowest-observed-adverse-effect level
marker study, such as the exposure associated with@AEL), a benchmark dose, or some other level de-
10% response rate, divided by an actual or projectecd experimentally is divided by factors thought to
human exposure (EPA 1996b). Lower margins of execount for variability and uncertainty to obtain the
posure pose greater concern. For example, EPA A&, RfD, or RfC. Typically, a magin of protection is
termined that a margin of exposure of only 10 exists000 when three safety factors of 10 each are used
for neurotoxicity in workers exposed to acrylamidend multiplied together. If the resulting ADI, RfD,
while engaged in sewer grouting applications. Thus, RfC in food, water, soil, or air is not exceeded,
the typical sewer grouting worker may be exposedddverse health effects are so unlikely that exposures
levels of acrylamide close to the level estimated &oe considered “safe.” These negligible risk levels
produce neurotoxicity in humans (October 2, 19%te inversely related to a chemical’s toxic potency.
at 56FR49865). This method is used in Canada, Europe, and many

Margins of exposure are specific to individualther countries for carcinogens as well as for chemi-
situations and do not by themselves communica&is causing other types of adverse effects. It is used
the likelihood of risk in an exposed populatiorin the U.S. primarily for noncarcinogens.
Margins of exposure simply reflect the ratio between Several factors affect the interpretation of mar-
a level associated with observed toxicity in humagss of exposure and margins of protection:
or animals and the actual level of exposure in a
particular situation. Risk managers and stakehokd- Severity of the health effects being compared
ers can evaluate a particular margin of exposure andviargins based on nasal irritation, for example,
decide whether it reflects an appropriate level of are not easily compared to those based on lung
protection given the relevant risk management cri- cancer or reproductive toxicity.
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The exposure concentration associated with CompraraTiVE Risk AnaLysis For Risk
observable health effects thatis chosen as the basigg anaceMENT PRIORITY SETTING
for deriving the margins (the “point of deparjy. It
may be difficult to compare a margin of Priority setting is necessary when money, time,
protection derived from a NOAEL to a margin ofand staff are limited. The Carnegie Commission on
protection based on a benchmark dose. Not orfBcience, Technology, and Government, the National
are NOAELs and benchmark doeses derived Academy of Public Administration, many members
differently, NOAELSs are associated with some of Congress, and Supreme Court Justice Stephen
level of safety because no effects are being Breyer’'s bookBreaking the Vicious Circldave rec-
observed, while benchmark doeses and &D ommended comparative risk assessment approaches
relate to observed effects. An additional safety for priority setting? The process of comparing vari-
factor of 10 is routinely used if the LOAEL is  ous types of risks includes problem identification,
used instead of the NOAEL. data collection and anadig, and risk ranking of en-
Dose-response relationshijose-response viror]mental pr_oblems to devgloping_an action plan
relationships influence the interpretation of and |mpler_nent_|ng new strategle_s for risk manage_ment
and reducing risk. This process is a generic version of

margins of exposure and margins of protection;our Risk Management Framework for specific prob
as mechanistic knowledge increases, more 9 P P

sophisticated interpretation is facilitated. Margngml\j (Stectlon 2). i sk ‘ects f iorit ¢
of exposure and margins of protection are the 0St comparaflve risk projects for priority set-

same only when dose-response relationships P89 have been conducted by state, local and tribal

linear. If a contaminant has a nonlinear dose- 9°V€MMents, typically led by one or more envi-
response relationship, a margin of exposure of ronmental protection, natural resource, or health
10 might confer a mar,gin of protection of agency. EPA's Regional and State Planning Division

perhaps, 100 or more. It is important to try to _has pr(_)vided grants, training, aT‘d probl.em-_solv-
evaluate the nature of the dose-response ing assistance. Our recommendation here is directed

relationship when discussing the acceptability qulmarlly at federal agencies.
a particular margin of exposure; doing sois  Risk-Based Priorities and Resource
difficult when extrapolating way below the rangey||ocation
of exposures that produce observable effects inFin ding
rodent bioassays or epidemiology studies.

_ _ _ Federal regulatory agencies are confronted with
Exposure duration and latendyifferences in many problems and issues related to health and
duration of exposure and in latency until effectsyironmental protection, but have limited time and
become manifest co_mpllcgte comparisons of  aqqyrces for action. The risks associated with the
dose-response relationships. problems and the resources available to act on them

are often misaligned. EPA, state, local, and tribal

In the end, both margins of protection and maspmparative risk projects have been useful in iden-

gins of exposure can provide useful starting poirfing such mismatches and in refining the com-

for a broad range of stakeholders to query experts gaglative risk process to better manage risks.
regulators about risks of various adverse effects from

individual agents or multiple agents and help build£commendation
consensus about risk management options and pri- Federal regulatory agencies should try a com-
orities. parative risk analysis approach on an experimental

or demonstration basis to seek consensus on set-
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ting priorities for risk management of environmenity budget requests have had the same weakness.
health, and safety hazards. The priorities, refledthese proposals have not included stakeholders in
ing diverse stakeholder values and opinions, shoti@ priority setting process and thus miss the op-
influence agency resource allocation decisions anddmetunity to build public support for changes in
fully discussed in Congressional oversight hearinganding allocations.
The Commission’s Risk Management Framework— There is wide disagreement about the efficacy of
with its emphasis on context, total exposure, and ear§ing comparative risk analysis for setting priorities.
stakeholder engagement—should be useful. In comments to the Commission, the Consumer Prod-
uct Safety Commission and the Natural Resources
PA undertook some of the earliest efforts tdefense Council emphasized the limitation of com-
Ese comparative risk assessment to rank grarative risk analysis and the need to provide agen-
ironmental risks and set priorities for agenagies with some discretion in setting priorities. In
efforts. In 1987, EPA staff prepared a rep0rtfin- contrast, the Chemical Manufacturers Association con-
ished Business: A Comparative Assessment of Envidoded that there has been sufficient experience with
mental PoblemgqU.S. EPA 1987b), that identifiedthe comparative risk process to start using it to guide
risks receiving in their view inadequate attenticagency priorities. Of course, EPA priorities are often
from the agency. An important conclusion of thdominated by statutory and court-ordered deadlines,
report was that the EPA's program priorities tendeshd Department of Energy priorities are influenced
to reflect the public’s perception of risks, rather thdry Congressional appropriations and triparty agree-
the most serious risks as judged by EPA scientistents with state and federal regulators.
and staff. The Science Advisory Board reviewed that Comparative risk analysis for priority setting brings
report and issudgeducing Risk: Setting Priorities andogether science and public values by making clear
Strategies for Environmental Protecti@PA 1990) what is known and what is not known about the en-
The Science Advisory Board emphasized the sulironmental challenges we face. The comparative risk
jective nature of rankings and called for broad puprocess includes organizing teams of agency and
lic participation in ranking environmental risks saonagency stakeholders, such as representatives of
that risk reduction policies based on imperfect ahdsiness and environmental groups; making a com-
evolving scientific understanding and subjectiyarehensive list of environmental problems; assembling
public opinion might be more widely supported.the available good information about the sources of
In 1995, EPA and Congress asked the Sciertbe problems and the risks that they pose to human
Advisory Board to undertake an integrated rankirngalth, ecosystems, and quality of life; ranking the
project as a follow-up to the risk rankings Re- problems in order of the group’s view of the risks
ducing RiskThe difference in those efforts and thposed; and using the rankings to guide strategic plan-
EPA-funded state, local, and tribal comparative riskng and budgeting. Methods for ranking the risks of
projects is the explicit incorporation of public validentified problems have included voting by partici-
ues and perceptions of risk, a process of diversmnts; formulas that rely more heavily on quantita-
stakeholder involvement, and inclusion of electene data; matrix-based discussions categorizing risks
officials’ representatives in the state, local, and triba$ high, medium, or low; decision-seeking consen-
activities. As a result, it appears that the state, Bus; and bargaining or tradeoffs among stakehold-
cal, and tribal comparative risk assessment projeets. Comparative risk analysis for risk management
may have been more successful in influencitigicks the six steps of the Commission’s Risk Man-
agency priorities and resource allocations. Unfagement Framework (see Section 2) and can mobi-
tunately, legislative proposals requiring federéite and energize stakeholder participation.
agencies to perform comparative risk analysis for Each federal agency will need to adapt the fun-
priority setting and make appropriate adjustmerdamental elements of the comparative risk ranking
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approach to its mission, statutory mandates, atids, state legislatures, and Congress to move money
current and emerging responsibilities. At the fea@nd staff into priority problems with less litigation
eral level, agencies can substitute staff of authoremad less controversy. For example, Charles
ing committees of Congress for state and loddleeburg, director of the Seattle Drainage and
representatives and can identify agency staff aWwdstewater Utility, explained to the Commission
affected stakeholders, including representativestbft the city’s success in forging consensus on ten
national and local environmental organizations, psority problems that were acted on by the city
participants on the basis of programs and projeg@vernment was a direct result of the influence and
of specific agencies. Depending on the agencygffectiveness of the comparative risk analysis pro-
will be important to include representatives frommess in the Mayor’s Environmental Priorities Project.
state, local, and other federal agencies with relevamtcontrast, testimony from EPA indicated that a
programmatic responsibilities or interests. State agibat deal of controversy is generated when it tries
local participation will be especially important ato address problems that it knows are real but has
roles and obligations change under the Unfundedt been directed by Congress to address.
Mandates Act of 1995, which places limits on the ca- Numerous challenges and limitations impede the
pacity of the federal government to implement newgefulness of the process, as pointed out by Patricia
programs that will cost state and local governmemgsffler and Carl Craner in testimony before the
over $50 million in any year, beginning with 1996.Commission about the California Comparative Risk
Benefits other than priority setting often justifyProject. There is no guarantee that the process will
putting time and effort into the comparative risgroduce consensus among stakeholders, agencies,
analysis process (Minard and Jones 1993). Mastd funding authorities. Resolving inconsistent data
comparative risk projects produce a catalog of theross problems, forcing all risks to conform to a
major environmental problems facing a state or loemmon measurement, and integrating problems
cality, which can be a valuable resource for the pubto a single list are important methodologic and
lic and for risk managers. Participants in political challenges. The degree of uncertainty var-
comparative risk project learn about a range @ across problems, making comparisons even more
problems that might not be part of their daily indifficult. The process might not adequately account
terests or responsibilities. The comparative ri$tr environmental equity, emerging issues, and ef-
process improves understanding of competing pi@cts across jurisdictional boundaries. Those prob-
orities, provides an appreciation of the complexitgms can result in some groups’ objecting strongly
of decision-making, and can stimulate new insightis the rankings, in loss of opportunities for pre-
into solutions. As a result of increased communienting future risks, and in the neglect of risks im-
cation among institutions and interest groups, ng@arted from or exported to other geographic areas.
avenues of cooperation might be establishddack of sufficient resources and time constraints can
Adversarial relationships among interest groups alait data collection, diminish the quality of data
jurisdictional conflicts among agencies might nanalysis, and hinder development of risk manage-
disappear, and could even be intensified, but coment strategies and recommendations. For example,
parative risk projects have revealed unexpectelianging the scope and criteria after a comparative
agreement among parties and enhanced unde&k project was well underway created conflict in
standing of differences in perspectives and valu@alifornia. For federal agencies, there may be ad-
in some cases. Most important, experience hdisonal problems of proposing changes to statu-
shown that the process itself can help to build cdary mandates when priorities for resources change
litions that favor priority setting and shifting reand in taking action in the absence of clear or explicit
sources to the identified priorities. Broader publgtatutory direction.
support for a common agenda might allow agen- The comparative risk process emerging from the
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state, local, and tribal projects supported by EPAlsrough testing requirements for newly developed
Regional and State Planning Division constitutes a wohemical products. In some cases, those practices
thy starting point for federal agencies to use in rartkave led to very high compliance costs and in-
ing priorities and making resource allocation decisiortgseased litigation, causing delays in human health
For example, the risk-based process being introdueedl environmental protection. Performance goals
by the Department of Energy’s Environmental Matier environmental protection can increase the flex-
agement Program at the nation’s nuclear waste sitability risk managers and stakeholders have to pur-
intended to test how well identification, analysis, arsilie the most effective and efficient solutions.
comparison of risks and remedies can be translakéaling a range of solutions can facilitate decision-
into budget decisions for those extremely complexaking when options to reduce or eliminate risk
sites. The Commission encourages federal regulatarg identified. Implementation of the Government
agencies to continue to develop comparative risk &erformance and Review Act may provide a means

proaches for priority setting. of judging whether alternatives achieve environ-
mental goals.
STrATEGIES FOR MANAGING RiSK Recommendation

Risk managers and stakeholders should aggres-

Strategies for managing risk have centered tisively seek alternatives to command-and-control
ditionally on command-and-control regulatory praegulation to improve the efficiency and effective-
grams and specific bright lines delineating betweaess of health and environmental protection and to
acceptable and unacceptable levels of cancer risdduce compliance and litigation costs. A sense of
Command-and-control regulatory programs haegperimentation and a commitment to evaluation
led to improved air quality, water quality, and betshould be key elements of identifying and imple-
ter handling of solid and hazardous waste; homenting alternatives. A safety net of command-and-
ever, additional ways of improving human healttontrol regulations should be maintained, however,
and environmental protection are becoming avait avoid reducing current levels of protection.
able and credible. Futhermore, use of risk estimates

with bright lines, such as one-in-a-million, anqg |, the last quarter century, the United States has
single point estimates in general, provide a mislea§- nade extraordinary progress in human health

ing implication of knowledge and certainty. As & and environmental protection as a result of sub-
result, reliance on command-and-control regulatogy,niial investments by governments and by indus-
programs and use of strict bright lines in risk esiy and through effective public and political

mates to distingush between safe and unsafe &% ocacy. We now have a system of regulatory con-

inconsistent with the Commission’s Risk Managero|s, enforcement, and sanctions that has estab-
ment Framework and with the inclusion of cosfished a floor for environmental protection.

sf[a_keholde_r values, and other considerations in deommand-and-control regulations set environ-
cision-making. mental standards that are enforced through penalties
Risk Management Options: Alternatives to O violating permits. While this system has resulted
Command and Control in significant reductions in pollution, we appear to
o have reached a point of diminishing returns in many
Finding situations, in that each incremental improvement in
Many risks to human health and the enviroeemmunity health and environmental risk reduction
ment have been reduced over the last 25 years, ptimes only with a large increase in control costs. In
marily through command-and-control regulatiorthose cases, the benefits of additional regulation may
of existing and new sources of emissions aihé slight because so much risk reduction has already
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been achieved. In other cases, the cost of risk redatration committee concluded that many businesses
tion is aggravated by the rigidity of the underlyingave chosen to exceed environmental standards if
command-and-control regulatory system. Rule-makey can use their own strategies to achieve estab-
ings and permitting processes become de facto lighed pollution reduction targets. In other testi-
sign standards requiring the use of specifiaony, representatives of federal agencies
technologies for pollution control. There may not lemphasized their commitment and cited their
adequate flexibility for tailoring remedies to reflect therojects aimed at finding additional options for
circumstances of individual sources and locations, aehieving environmental and worker protection.
cluding the relative advantages that different compa-Education and information, incentives, monitor-
nies might have in choosing risk reduction ops$. ing, research, and surveillance are methods that may
Ironically, some companies, especially small businesdes, helpful elements in risk management options.
may prefer design or technology standards becauseRight-to-know requirements are measures that rely on
sources for research and innovation are limited. information and education for achieving risk reduc-
While government must set environmental aritdhn and environmental protection. Market-based in-
worker protection standards, there are important ecentives, subsidies, alternative compliance, and
nomic and environmental benefits in allowing riskonsensus, mediation, and dialogue projects are in-
managers and stakeholders greater flexibility in d=entives that can be used when and where they make
termining how to meet those standards. Greater fleense in responding to additional risk reduction op-
ibility must be coupled with agency monitoring angortunities. Research, monitoring, and surveillance
enforcement, however, to ensure that the expected important ways of increasing knowledge about the
level of environmental protection is being achieveproblem, tracking the change that may be occurring,
In addition, the fairness of who benefits and who pagsd observing health effects. When alternative tools
the cost under alternative environmental protectitor risk management are used, it is important to evalu-
approaches should be compared with the equityadé them for reliability in meeting or exceeding envi-
who benefits and who pays the cost under the statoismental goals, feasibility of implementation, and
quo. Environmental accounting, industrial ecologyeneral effectiveness and efficiency.
and life-cycle analysis, and environmental audits areThe National Environmental Partnership Program
emerging analytic tools that can assist in understasystem, started by EPA and the states in 1995, may
ing the interaction between economic activity anmovide a way to measure the success of the increas-
environmental protection efforts. ing use of alternatives to command-and-control regu-
For progress to continue in protecting humdations. The system is designed to give states greater
health and the environment, we must look beyofidxibility to focus resources on the most serious en-
command-and-control regulatory programs faironmental problems while enhancing accountabil-
managing risk. The call for new tools to managiy to the public and taxpayers for the improvement
risk was particularly strong in presentations to tloé environmental conditions and trends. Six states
Commission outside Washington, DC. Waltesigned pilot Environmental Performance Agreements
Buckholz from Exxon Chemical Company in Housh 1996 and approximately 30 states are negotiating
ton, Texas, testified that command-and-contragreements in 1997. The development of core pro-
regulations were not controlling some contaminargeam performance measures will be an important tool
well and called for the use of performance stafor judging the functioning of state programs. Simi-
dards as more cost-effective. Jonathan Howes, Slady, the Government Performance and Results Act of
retary of the North Carolina Department 01993 requires EPA to establish performance goals and
Environment, Health, and Natural Resources, r@ccountability in carrying out the environmental stat-
ported that a National Academy of Public Adminites adopted by Congress.
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Tools for Understanding Consequences of within national or global economies. Industrial ecol-
Economic Activity and Environmental Protection ogy would integrate the producing and consuming

Environmental Accountinghere is a movementS€gments of an economy to optimize the use and
from traditional accounting systems toward “envi€cycling of industrial materials and products. “Be-
ronmental accounting” for both national and busiign by design” chemistry, in which synthetic chem-
ness accounts. In June 1995, Epdblished An IStry is designed to use and generate fewer
Introduction to Environmental Accounting as a Busidzardous substances, is a step toward achieving a
ness Management Tool: Key Concepts amth§(EPA closed-lopp_system‘. Quad Graphics, a Wisconsin
1995¢c) Many private-sector and private-publi@ased printing busmess,'and Stonyfield Farm, a
partnership forums are addressing this topic. Y0gurt producer located in New Hampshire, are

In traditional accounting of revenue, expensd&ying to establish eco-industrial parks where com-
and net income of businesses, energy costs Bf&I€S with compatible _productlon processes can
lumped into overhead. Effects on and uses of natif® resources more _eff|C|entIy and r_educe waste.
ral resources—such as air, rivers, soils, and othdi€-cycle analysis is important to the implementa-
environmental components—are neglected alféen pflndustrlal ecology, because it provides infor-
gether. The challenge is to incorporaliecosts in- Mmation that can be used to understand the
volved in design, production, use, disposal, afg@nsequences of chmces_among materials, product
reuse so as to arrive at a life-cycle analysis of a pré§Signs, and process designs and to understand the
uct or process. Assigning values to various eni@t€ of products when they are finally discarded by
ronmental assets used and to real or poten§QNSUmers. Life-cycle analyses have been ma_mdated
environmental effects that have varied probabiliti# the European Community. Nevertheless, indus-
is problematic, however. Those assigned values nfgyr€presentatives emphasize that life-cycle analy-
well drive the results of the analysis. Neverthele§dS relies on many assumptions and needs further
the process of environmental accounting can lifgS€arch and development before it can be a reli-
environmental costs with activities and producf®!e and cost-effecive tool. _
and provide information that results in win-win Environmental AuditsAudits by industry and by
opportunities to increase operational efficienc})ird parties are another tool for influencing cor-
improve worker safety, enhance product quality, aR@"até compliance with command-and-control
meet environmental protection goals. Unfortunatefggulations, especially when penalties are eased for
bankers and investment advisers have been slovw§J-disclosed violations. Audits also allow emitters
encourage investments in these cost-saving initig-nighlight voluntary reduction of pollutant emis-
tives. The President’s Council on Sustainable D#ONS to the air, water, and land. Environmental au-
velopment (1996) recommended that nationdits have become cpntrovers!al with the passage of
business associations provide technical assistafReent state legislation providing blanket protection
to companies interested in identifying environmeff0M penalties for self-disclosed violations.
tal management costs and innovative ways to in-. . .
crease pr%fits by reducing energy and matgrials lpssemg Education To Manage Risk
while better protecting public health and the envi- Right-To-Know Requirement&PA's Toxic Re-
ronment. We agree. lease Inventory (TRI), mandated by the

Industrial Ecology and Life-Cycle Analysiropo- Superfund Amendments of 1986, and California
nents of industrial ecology envision a closed-lodproposition 65 require the disclosure of infor-
system in which no resources are depleted; thatrigtion about chemical releases to the environ-
all materials are perpetually reused, and no wasient and labeling of chemicals in products,
is produced or discarded. The loops might be clogegpectively. Those right-to-know laws educate
within a factory, among industries in a region, dhe public and rely on attitudes toward toxicants

&
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to encourage industry to reduce or eliminatésing Incentives To Manage Risk
their use or release.

The TRI is an annual measure of chemicals Market-Based IncentivedMarket-based incentives
used, manufactured, transported, or released inéty on economic motivators to encourage environ-
the environment by facilities in communitiesnental protection and cost-effectiveness. A promi-
throughout the United States. The 1995 TRI iment example of market-based incentives to achieve
cluded approximately 600 chemicals. The TRInvironmental protection is the use of tradable sul-
allows EPA, the states, industry, and the publigr dioxide emission allowances to reduce acid rain.
to gauge industry’s progress in reducing chemihis program, mandated under the 1990 amend-
cal use and waste generation. Reported toxic neents to the Clean Air Act, permits electric utili-
leases have declined by nearly 44 percent betweies to reduce their emissions of sulfur dioxide, the
1988, the baseline year, and 1994, the last yearpoecursor to acid precipitation, below allowable
which data are available. Several companies hdseels and sell the unused emission allowances to
reported success in achieving a voluntary 75% mmpanies whose cost of compliance is substan-
duction in toxic air emissions since 1988. tially greater. The program caps aggregate sulfur

In the case of Proposition 65, the requiremedioxide emissions well below historical levels, while
to warn people about exposures to chemicabldowing emission reductions to be achieved more
known to cause cancer, birth defects, or othewst-effectively than by requiring every company
reproductive harm has been an incentive to busi-install the most expensive sulfur dioxide control
nesses to eliminate such chemicals or reduteehnology. The cost of a ton of sulfur dioxide emis-
exposures and associated risks below the brighdn allowances has fallen well below projected
lines for cancer and reproductive risks. Ratheosts, presumably reflecting technological advances.
than relying on command and control, Propossimilar programs are being developed to reduce
tion 65 uses disclosure of information and laegional nitrogen oxide emissions. The use of caps
beling requirements as risk management tooénd tradable pollution allowances may not work
Proposition 65 places the burden of proof efell in some cases, such as toxic air pollutants,
safety on manufacturers rather than on govemhere sources create highly localized risks.
ment agencies, requiring businesses to present @&ther Incentivesin addition to the use of direct
risk-based analysis to avoid having to label thegsconomic incentive policies, other positive incen-
products and substances as cancer-causingiwvas are available to encourage pollution preven-
reproductive toxicants. David Roe of the Enviion, some of which EPA has implemented. For
ronmental Defense Fund told the Commissia@xample, some pesticides that require approval by
that a key decision by the state environmentaPA before they can be distributed, used, or sold
protection agency was to put the bright line faan be given priority for approval if they are deemed
cancer risk at 18, rather than 10 as proposed safer for human health and the environment and
by environmentalists or 10as proposed by busi-thereby reach the marketplace faster than other
ness. Proposition 65 has been criticized by sopesticides. Safer products could receive more fa-
in industry as using questionable science to pnorable treatment if labelling regulations are
duce faulty warnings. Others have reported thaiplemented, such as authority to use a special
the responsible agency welcomes good risk-badalel, to give them greater prominence in the
analyses. The California Environmental Proteoiarket. To encourage pollution prevention by
tion Agency’s Risk Assessment Advisory Commitmanufacturing facilities, businesses could be
tee has called for the use of much more scientifitven tax incentives to replace old facilities with
information in evaluating cancer and reproducew, cleaner processes that do not generate waste
tive hazards under Proposition 65 (RAAC 1996and pollution.

@
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Another example pertaining to Title V permitsot included in the process as not achieving greater
under the Clean Air Act is EPA's Pollution Preverenvironmental protection. We recommend use of
tion in Permitting Pilot Project (P4 Project) withhe Commission’s Framework to address multime-
Intel Corporation, the Oregon Department of Ewlia problems and to incorporate stakeholders. As
vironmental Quality, and the Northwest Pollutionoted in Volume 1, some of the difficulties with
Prevention Resource Center as private, public, d@wbject XL have arisen from the stakeholder involve-
nonprofit sector partners. The pilot is now beingent process used by EPA. Government also can
extended to five other companies in EPA regionsdrovide greater compliance flexibility for those at-
4, 6,9, and 10. The aim is to reduce productionteinpting to use innovative pollution reduction and
air emissions, rather than control their release dantrol technologies. Use of the concept of a bubble
ways that generate solid waste or waste water. to encompass a facility or geographic area and seek

Subsidies Subsidy programs can be powerfuhe best way to reduce a pollutant or pollutants
tools for reducing pollution while selectively enwithin the bubble has also provided flexibility in
couraging economic activity. For example, agricutompliance.
tural land retirement programs have prevented Consensus, Mediation, and Dialogue Projelsts-
excessive soil erosion and damage to water bodjediated rule-making and dialogue projects, such
and wildlife habitat. Government purchasing praas EPAs Common Sense Initiative, offer opportuni-
tices can also encourage the development of miaes for stakeholders to design new standards and
kets for products that are environmentally mosmlutions that protect human health and the envi-
sound. Care is needed to avoid excessive acquisitment more reliably and with greater cost-effec-
tion costs for products with small markets and toveness and public acceptance. The Office of
avoid buying products with one attractive attributfdanagement and Budget (OMB) ruled in 1996 that
but other unfavorable characteristics, howevéhe cap on numbers of chartered advisory commit-
Some subsidy programs have had detrimental &fes no longer applied to negotiated rule-making
fects on the environment. processes. With the Common Sense Initiative, be-

Alternative ComplianceAlternative compliance gun in 1994, EPA has convened consensus-oriented
provides greater flexibility to industry by allowingeams of stakeholders to look for opportigs to
choices in achieving emission or risk reductiomrn complicated and inconsistent environmental
specifications. Designed to achieve higher levelsrefyulations for six major industries—automobile man-
environmental protection at lower cost and to fosfacturing, computers and electronics, iron and steel,
ter integration of local concerns in environmentaietal finishing, petroleum refining, and printing—
risk management decisions, this option can resmito comprehensive sector-specific strategies for en-
in substantial savings for industry, communities, gironmental protection. In 1996, the state of Michigan
any regulated entity that participates. For exampVeithdrew from the automobile manufacturing initia-
EPA's Project XL allows six companies (Intel Cortive, saying EPA was not providing sufficient flexibil-
poration, Anheuser Busch Companies, HADCIi®. Several industrial sectors have launched their own
Corporation, Merck & Co., Inc, AT&T Microelec-initiatives, such as Responsible Care by the Chemical
tronics, and 3M Corporation) and two governmeManufacturers Association.
agencies (C_alnforma S SOUth. Coast Air Qual_lty IVIansing Monitoring, Research, and Surveillance To
agement District and the Minnesota Pollution COR/Tana e Risks
trol Agency) to experiment with different strategies g
for improving environmental protection. As of Monitoring. Monitoring emissions and ambient
1996, some projects were making faster progressditions has been a long-term component of com-
than others. Intel negotiated the first agreementand-and-control regulatory programs and other ef-
but it was criticized by a number of organizatiorferts to characterize the status of the environment.

&
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Monitoring can also be a useful risk management teglecific exposure or contaminant concentrations
when a community is skeptical or suspicious of tisan be used for compliance. In addition to bright
effectiveness of risk management actions, making lahes intended to protect the general population,
ternatives to traditional command-and-control prbright lines can be used by regulators to protect
grams more acceptable. especially susceptible subpopulations, such as
ResearchResearch can be an important managesung children, pregnant women, or adults with
ment option when lack of knowledge about the soulceng disease. Because of the need for flexibility,
of a problem or its impacts make a course of acti@ongress should leave the establishment of specific
unclear (see Value of Obtaining Additional Informabdright lines or ranges of bright lines to the regula-
tion on page 91). EPA's cooperative effort with scietery agencies.
tists to identify and design appropriate research
projects on hormonally active agents, as directed b “bright line” is a single numerical value be
Congress, is an example of research to inform futlAween unacceptable and negligible magni-
risk management decision-making. udes of exposure or of risk. Bright lines are
SurveillanceHealth surveillance is an under usechosen to provide pragmatic definitions of “safe”
technique for observing effects of pollution on hand “unsafe” for those making risk management
man health. While the incidence of cancer from edecisions and especially for those implementing,
vironmental toxicants may be so small as to leonitoring, and enforcing those decisions. An ex-
unobservable, surveillance of other health effects s@hple of a measurable bright line is a tolerance level
as asthma or heart attack death rates may lead to ideft20 parts per billion for the carcinogen aflatoxin,
fication of problems needing additional risk reductiorwhich is produced by a fungus that grows on pea-
nuts and corn. Peanut and corn crops are tested for
aflatoxin contamination and if the level is greater
Finding than 20 parts per billion, they cannot be sold or

There is much controversey about bright linegonsumed. If the level is less than 20 parts per bil-
“cut points,” or decision criteria used in setting arltP": the crops are considered fit for human con-
evaluating compliance with standards, toleranc&§mption. _ _
cleanup levels, or other regulatory actions. Risk Brightlines tied to upper-bound estimates of ex-
managers sometimes rely on clearly demarcaf%fifs_|'f?t'me_ cancer risk which cannot l_ae measured,
bright lines, defining boundaries between unaccepf€ limited in their usefulness. Consider, for ex-
able and negligible upper limits on cancer risk, ginPle, an excess lifetime cancer risk of*10 a
guide their decisions. Congress has occasiona{l'l‘?)‘ assessment predicts that more than one case of
sought to include specified bright lines in legisi&ancer is likely to occur as a result of exposure to a
tion. A strict bright-line approach to decision-maléubstance in a population of 100,000 people ex-
ing cannot explicitly reflect uncertainty about risk§0S€d to it, that risk may be judged unacceptable
population variation in susceptibility, communitnd protective action be required; a predicted risk
preferences and values, or economic consideratidts/€ss than 1@may be considered negligible and
however, all of which are required by the Commissiorf€duire no protective action. Risk-based bright lines

Bright Lines for Risk Management

Risk Management Framework. must be converted to regulatory standards ex-
_ pressed as measurable exposure, emission, or con-
Recommendation taminant concentrations for implementation and

Bright lines can be helpful as guideposts sompliance. Regulated parties are expected to dem-
screening risk assessments (see Tiered Schemefwmtrate compliance that estimated risks are below
Determining and Managing Residual Risks on patiee bright line by showing that measured or esti-
109). Bright lines or ranges of bright lines tied tmated exposure concentrations are below the regu-
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latory standard to operate a manufacturing facility, Congress has included bright-line risk provisions
introduce a new product to the market, or sell foontsseveral legislative bills in recent years. In the 1990
with low concentrations of contaminants. Clean Air Act amendments, Congress specified a
Risk-based bright lines are generally compargdantified risk level, when it mandated the devel-
to single point estimates of risk to judge saf8gi: opment of a strategy for evaluating residual risks
ence and Judgment in Risk Assessitieaitacterizes after maximum available control technology
such bright lines and point estimates of risk &81ACT) implementation based on an incremental
“magic numbers” whose use is inconsistent witlietime cancer risk of 19(see Tiered Scheme for
knowledge about the variability and uncertaintetermining and Managing Residual Risks on
inherent in estimates of risk (NRC 1994a). Stripiage 109).
use of bright lines is alsinconsistent with the In addition to ranges of bright lines, multiple
Risk Management Framework and with the irbright lines should be considered. For example, Ac-
clusion of cost and other considerations in de@eunting for Differences in Susceptibility on page 71
sion-making. discusses the need to consider sensitive subpopu-
Several major problems arise in using of brighdtions in risk assessments. The results of such risk
lines tied to risk levels. The all-or-nothing naturassessments might be expressed in terms of an esti-
of use of a bright line could be misunderstood anthted risk for the general population and a differ-
construed to imply that there is an exact boundagt estimated risk for a sensitive subpopulation.
between safety and risk, even though risk-bas€dose risk estimates could be used to establish a
bright lines are burdened by all the uncertaintlyright line for the general population and a differ-
variability, and assumptions inherent in cancer rigkt bright line for the sensitive subpopulation. De-
estimation. Risk assessments themselves canclsgons about appropriate levels of risk reduction
manipulated so that their results emerge abovecould then be made with the benefit of the knowl-
below the bright line according to a risk manageréige of those differences. EPA's deputy administra-
particular policy preferences. Bright lines have ther, Fred Hansen, noted in his testimony before the
potential to be applied inflexibly, leading to deci€ommission that getting away from single bright
sions that do not reflect the unique characteristioses would be consistent with incorporating envi-
of particular populations. As Roger Pryor, execuenmental justice considerations into risk
tive director of the Missouri Coalition for the Envimanagement.
ronment, testified before the Commission, health As noted above, regulatory standards expressed
considerations, cost, and cultural differences all plag contaminant concentrations are much easier to
a role in risk management decisions. implement than risk levels. Risk managers are ac-
Ranges of bright lines have sometimes beeunstomed to the clear guidance provided by regu-
adopted by regulatory policy. For example, undi&tory standards, expressed as emissions or exposure
Superfund, a pair of bright lines has been useddmncentrations, for implementing and determining
define a potentially acceptable risk range for camempliance. Measurable contaminant concentra-
cinogens. A contaminated site is considered to pasens—such as permissible exposure limits or
a negligible risk if a risk assessment of the site prtbweshold limit values in the workplace, action lev-
duces an upper-bound lifetime incremental canads for food contaminants like aflatoxin on peanuts
risk estimate not exceeding40rhe site is consid- or mercury in swordfish, and national ambient air
ered to pose an unacceptable risk, requiriggality standards for carbon monoxide or ozone in
remediation, if the risk estimate is10r higher. air—are intended to provide assurance that risks
Between 10 and 1¢, remedial actions, if any, arewill be negligible so long as contaminant exposure
determined case by case. concentrations are below the standards. Small quan-
titative differences from those standards, whether

&
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above or below, can make a big difference agency action to be unlawful if the court finds it to
whether protective actions are taken, although sobeearbitrary, capricious, an abuse of discretion, or
discretion may exist, analagous to failing to arresbéherwise not in accordance with the law or in ob-
driver traveling at 57 miles per hour in a 55 mileservance of procedure required by law. Moreover,
per-hour zone. Such regulatory standards refledten a reviewing court considers the record devel-
some judgment about what exposure constitutgsed through formal agency hearings (formal hear-
negligible risk (or, in other cases, technologic feags are required under certain enabling statutes),
sibility). or when “substantial evidence” is otherwise required
by statute, the court can hold agency action un-
lawful if that action is not supported by substantial
JupiciaL. Review oF ReGuLATORY evidence.
Decisions To Manace Risk The Commission carefully considered these is-
sues and the effect of each on the regulatory rule
Issues of judicial review that were raised by theaking process. In short, as discussed below, we
104th Congress—in the context of “regulatory reubmit that legislative initiatives should not pro-
form” legislation and amendments to the Adminisdde for premature interruption of the administra-
trative Procedure Act (APA)—were carefullftive process nor expand the nature and extent of
analyzed, vigorously debated, and are likely to halicial review in ways that will require courts to
revisited by Congress. Those issues focused delibeote substantial time and resources to the over-
on the proper role of judicial review of agency asight of agency compliance with detailed procedural
tion in the regulatory process. requirements or the resolution of complex scien-
Conceptually, judicial review is the check by thefic issues, but should consider the use of alterna-
judicial branch on agency activity at an appropritves that assure rational and cost-effective
ate stage of the administrative process, and inragulatory action.
appropriate manner and degree. Agencies are au- . o :
thorized to act and promulgate regulations un%pemature Interruption of the Administrative
enabling statutes passed by Congress. The vari (9Cess
enabling statutes also grant the right and limit tkénding

extent of review of agency action by courts. Both Interlocutory, or intermediate, appeals of dis-

agency action and judicial review of regulatoryete jssues prematurely interrupt the administra-
rulemaking are governed by the provisions of thge process.

APA. A party that is affected by agency action can )

seek judicial review of that action in court when affecommendation

other administrative remedies and appeals have Judicial review should be available only after
been exhausted. A preliminary, procedural, or iagency action is complete and all administrative
termediate action by an agency that is not directmedies have been exhausted.

reviewable by a court is subject to review under

the APA only upon final agency action, however, s istorically, provisions for judicial review un-
that it will not interrupt the regulatory process preH der the APA grant review of the rulemaking
maturely. record for “final agency action.” This prac-

A reviewing court adjudicates procedural issuetsce limits parties from interrupting the adminis-
interpretations of constitutional and statutory preérative process by seeking judicial review of discrete
visions, and determinations of the meaning or apsues until all other administrative remedies have
plicability of the terms of agency action. It cabeen pursued and exhausted. The APA provides a
compel agency action unlawfully witheld and holdrocedural safeguard that not only ensures the es-
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tablishment of a rulemaking record but preservéfie Nature and Extent of Judicial Review
that record. Thus, in the administrative context, an
agency has the opportunity to apply its expertiganding

exercise its informed discretion, and create a more Legislation was proposed in the 104th Congress
complete record, so that there is a full recogdyt specifies detailed requirements for making risk
upon which a court can adjudicate if judiciahanagement decisions and for regulatory rule mak-
review is invoked. _ _ing. Those provisions would have governed the con-
Administrative procedure and practice requir@n; of risk assessments and benefit-cost analyses, the
a party to challenge issues within the interngfocedures for preparing the analyses, and the regu-
agency's deliberative process. Issues raised injg@yy decisions based on the analyses. Under accepted
administrative proceeding allow an agency iyministrative law principles, all such requirements
monitor and correct its mistakes, omissions, @huld be judicially reviewable, potentially leading to

oversights. Without resorting to costly lawsuitgcreased and more complex litigation over agency
and court-imposed remedies, the adm'n'S”at'H%cision-making.

review process provides agencies with an oppor- _
tunity to research and develop more fully Becommendation
record that identifies issues considered as part To be consistent with the Commission’s Risk
of the rulemaking process. Management Framework, provisions that would make
Proponents of some legislative initiativesubstantive risk assessments and benefit-cost analy-
maintained that they preserved the APA's premises and their underlying factual support subject to
that only final agency action is reviewable, bxpanded judicial review, as well as prescriptive and
there were suggestions and debate as to what wetsiled procedures for conducting those assessments
considered to be final agency action. In varioasnd analyses, should not be legislatively grafted across
drafts of proposed legislation in the 104th Comhe board onto existing enabling statutes.
gress, a number of initial and intermediate
agency determinations in the rule-making pro- Ithough issues of scientific method and fac-
cess were deemed final agency action. T:A:ual support for agency Finding s are cur-
would have created an opportunity to leap i ently subject to judicial review, courts typi-
mediately out of the administrative contexially have confined themselves to broad oversight
where issues could be developed fully, and inito deference to agency scientific decision-making.
the judicial arena, under the guise of final agen8&uch deference allows agencies substantial flexibil-
action. Interested parties could prematurely, aitg in drawing upon their specialized expertise while
in piece-meal fashion, seek judicial review adnsuring that they follow accepted procedures and
discrete issues during the drafting and impletandards. Indeed, one of the primary reasons ad-
menting of agency regulations, thereby delayimginistrative agencies were created was to bring spe-
and hamstringing the regulatory process. Allowialized expertise to bear on complex issues.
ing premature interruption of the administrative Some proposed legislative initiatives would have
process would impede development of thahanged the nature and extent of judicial review of
rulemaking record. As a consequence, judiciagency decisions. A legislative mandate to agencies to
review would proceed on an incomplete recofdllow intricate, detailed procedures in developing
and issues would be adjudicated without a fulenefit-cost analyses and risk assessments, combined
and fair development of the underlying data amdth a change in the standard of judicial review of
benefit of scientific analysis. agency decision-making from the “arbitrary and ca-
pricious” standard to the less deferential “substantial
evidence” standard (see below), inevitably would in-

&
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volve courts in an investigation of much more thaverarching mandate. We support a program-by-pro-
whether a rational basis exists to support an agegegm legislative approach; however, to be consistent
rule. In examining agency compliance with detaileglith the Commission’s primary recommendation—
substantive and procedural requirements undetha Risk Management Framework—we must empha-
broadened standard of review, courts would be likedize the importance of providing flexible direction to
to delve far more deeply into the many complex sagencies that enables them to consider risks, costs,
entific issues affecting a rule. That change could ckeenefits, and public values in decision-making with-
ate not only increased opportunities for litigation, batt rigid decisional criteria.
more complicated, more expensive Iitiga}tion_. Standard for Judicial Review

Some proposals also would have legislatively es-
tablished criteria (“decisional criteria”) that wouldrinding
be used to evaluate the validity of a rule and would Proposed changes in standards for judicial re-

supplement all existing enabling statutes. view would reverse years of precedent and expand

_Consequently, the Findings of cost and risk evalye historical role of the courts in reviewing agency
ations, conflicts with regard to scientific data, postyztion.

lates representing the most reasonable inferences from _
supporting toxicologic and epidemiologic data, affl@@commendation
determinations of whether an agency sufficiently used The standards by which courts review agency
the appropriate information in its analysis wouldegulatory action, exercising great deference to
become part of the agency record subject to judicéency interpretations of highly technical and sci-
scrutiny. entific areas, should not be revised to broaden the
The Commission’s Risk Management Framewoskcope of judicial inquiry.
(see Section 2) emphasizes the importance of evalu-
ating information about risks, costs, benefits, an istorically, the standard by which courts
stakeholder values in regulatory decision-makinH have reviewed most agency regulatory ac-
Legislatively specifying additional decisional criteria tion has been the narrow “arbitrary and
however, such as requiring that incremental benefigpricious” standard. Under the arbitrary and ca-
exceed incremental costs, would limit agency flexibipricious standard, courts consistently have held that
ity in the rulemaking process and could expand thgencies are entitled to great deference with regard
scope of judicial review. For example, section 109 tf factual questions involving scientific matters in
the Clean Air Act has been interpreted by the coutiteir own fields of expertise. Such deference has
to preclude reliance on benefit-cost analyses. Whettended to mixed questions of law and fact, at least
EPA sets national ambient air quality standards underthe extent they have been fact-dominated. For
section 109, those standards must be based on example, inNorthwest Motorcycle Association v.
dence of adverse health effects and must be protdnited States Department of Agricultiiren off-road
tive of even the most susceptible populatiorehicle (ORV) association petitioned for review of
subgroups. In contrast, the recently reauthorized Stfle United States Forest Service’s decision to close
Drinking Water Act is an example of a statute th&rest trails to ORVs in designated areas of the
emphasizes the importance of considering costs &denatchee National Forest. After exhausting all
benefits in addition to feasibility and human healddministrative remedies, the ORV association ar-
risks when setting drinking water standards. gued before the United States Court of Appeals for
We acknowledge that a compromise position wdse Ninth Circuit that the Forest Service’s conclu-
advanced that called for a program-by-program legsen was arbitrary and capricious.
lative approach tailoring decisional criteria to fitindi- In holding that the decision to close the trails
vidual statutory schemes instead of insisting on ams not arbitrary and capricious, the circuit court
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limited its review to the administrative recordincorporate in the rules a concise general state-
as required under the provisions of the APPhe ment of their basis and purpose.” The agency
court recited “evidence in the administrativeeed not discuss every item of fact or opinion
record” that supported the Forest Service’s Finthcluded in the written comments submitted to
ings, and cautioned that “the court here is rg; although it must respond to significant com-
viewing the evidence only to determine whethements and not be arbitrary and capricious. The
such evidence existed that justified the [Fore%iasis and purpose” statement must identify
Service’s] decision? “what major issues of policy were ventilated by
The ORV association pointed to a number dfie informal proceedings and why the agency
alleged deficiencies in the administrative recordeacted to them as it did.” In addition, the record
The court, however, replied that these deficieherdinarily will contain more generalized than
cies did not “mandate a Finding that the [Forespecific information, may not contain informa-
Service’s] decision was arbitrary and capriciotis.tion tested by cross-examination and will fre-
Rather, the court opined that the Forest Servicggyently contain much more conclusory
as fact-finder, was in the best position to deteénformation based on data gathered by interested
mine the credibility of the evidenceAcknowl- parties.*?
edging the long-standing precedents of judicial The court's paramount inquiry is whether a rea-
review under the APA, the court noted that it “isoned conclusion from the record as a whole could
not empowered by [the APA] to substitute itsupport and explain the agency’s course of acfion.
judgment for [the] agency® Thus, the basic stan- There have been proposals that would appear to
dard for review of informal regulatorygreatly expand use of the broad “substantial evi-
rulemaking is whether the agency action is “adence” standard now reserved for formal agency ad-
bitrary, capricious, an abuse of discretion, or otfjudications at the expense of the more narrow
erwise not in accordance with law.” The scoparbitrary and capricious standard. Proposed amend-
of review under this standard is a narrow onments to the APA would compel courts to hold
In Citizens to Preserve Overton Park v. Vafiee agency action unlawful if the agency findings and
United States Supreme Court held that agencgnclusions are found to be “without substantial
action is entitled to a “presumption of regulamsupportin the rulemakindile, viewed as a whole,
ity” and while that does not “shield [it] from afor the asserted or necessary factual basigem-
thorough, probing, in-depth review,” the “ultiphasis added]. Thus, the use of a substantial evi-
mate standard of review is a narrow one.” Thieence standard apparently would be expanded
reviewing court is to search for a “clear error dfeyond formal hearings to all rulemakings.
judgment,” and cannot “substitute judgment for While the substantial evidence standard is not a
that of the agency® new standard of review, it typically (although not
A starting point for analysis of the proper starexclusively; see, for example, Toxic Substances
dard of review is an explanation of the type @ontrol Act) has been reserved for formal
Findings and type of file that are typical to inrulemaking and hearings. Courts have expressed
formal rulemaking. The Findings and file resome question about the application of the substan-
viewed under the arbitrary and capriciousal evidence standard to informal rulemakings
standard differ substantially from those requiredhere the evidentiary standards and record devel-
in formal adjudications under the APA.The opment are different than in formal hearings (see
agency is not required to supply specific amdua Slide 'n’ Dive v. CPS€for an example). Courts
detailed Findings and conclusions, but need ortlyat have historically deferred to agency interpre-
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tation and action under an arbitrary and capriciostakeholders (such as regulated parties and com-
standaréf would, instead, have to find substantiahunity representatives) and workshops—to ex-
support for that action in the agency file. Requiplore alternative regulatory approaches.

ing a court to find substantial evidence lessens its

ability to defer to agency decisions. Iternatives to judicial review that promote
We believe that years of judicial and admin dialogue, interplay, and negotiation among
istrative precedent are well founded. Agencie&, egulators, the regulated community, and

not courts, are better equipped to analyze higlaiher stakeholders are used infrequently, other than
scientific and technical findings. That precedefit the context of agency policy initiatives. While

should not be legislatively overruled by expandariations of alternative dispute resolution proce-
ing the standard of review. dures are sometimes used in the rulemaking and

_ enforcement arenas, those uses clearly are the ex-
Consensual Approaches as Alternativesception and not the rule.
to Increased Judicial Review For example, members of the regulated commu-
Finding nity, public-interest groups, and other interested
rties engaged in a negotiated rulemaking process
ork together to analyze and discuss certain pro-
osed regulatory initiatives. Those negotiated
élsl'emaking sessions help the promulgating agency
to better understand and develop possible alterna-
tives to usual regulatory actions. EPA has embraced
Recommendation alternatives to regulatory controls with its Common
Regulatory agencies should maximize cofense Initiatives, for example; for those stakehold-
sensual approaches to decision-making—sucheds involved, the process has opened up communi-
negotiated rulemaking, alternative dispute reseations with the regulatory agency, and it is hoped
lution techniques’ expert peer review, and infot‘hat fewer Iegal challenges will be filed in the course
mal practices such as meetings with groups @fthe rulemaking process.

Consensual approaches to decision-makif
that could help assure rational and cost-effe
tive regulatory actions affecting health, safet
and the environment are not commonly used
alternatives to increased judicial review.
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CuarTer 3 NoTes

See glossary.

Communicating About Risk by Comparing Different Kinds of Risk on page 41 of this report considers comparisons of
specific risks for the purpose of risk communication.

18 F.3d 1468 (9thCir. 1994).

Pursuant to 5 U.S.C. §706 of the APA, final agency action is reviewable; however, review is limited to the administrative
record.

See 18 F.3d at 1473, fn 2.

Id. at 1476.

Id. at 1476.

Id. at 1476.

401 U.S. 402, 91 S.Ct. 814, 28 L.Ed.2d 136 (1971).

SeeCitizens to Preserve Overton Pad01 U.S. at 415-16, 91 S.Ct. at 823-824.

Formal agency adjudications, on appeal, are reviewed under the substantial evidence standard.
Id., at 1204.

SeeCitizens to Preserve Overton Pad01 U.S. 402, 91 S.Ct. 814merican Medical Association v. Matthew&9 F.Supp. 1179
(N.D. 1l 1977).

Although certain proposed legislation referenced “substantial support” rather than “substantial evidence,” that legislation
certainly appeared to call for a more intensive judicial scrutiny than is found in applications of the arbitrary and capricious
standard.

569 F.2d 831 (5th Cir. 1978).

Obviously, we are not addressing those specific statutes that individually require a substantial evidence standard. Nor are
we suggesting that in future legislative initiatives Congress does not have the prerogative to require the substantial evidence
standard. Rather, we are addressing a wholesale approach supplementing all existing legislation.






[ )

a

Uses aAND LiMITATIONS OF RisSk ASSESSMENT
FOR Risk MANAGEMENT DEecisioNn-MAKRING

Risk assessment is the systematic, scientific chpotential hazards can come from epidemiologic
acterization of potential adverse effects of humatudies of workers and other people who are ex-
exposures to hazardous agents or activities. Riskassed to hazards, from direct experimental tests in
sessment as an organized activity of the federal aganimals and in cells in the laboratory, and from
cies began in the 1970s. Earlier, the Americaomparisons of chemical structures. The next stage
Conference of Governmental Industrial Hygienistsvolves the potency of the chemical (dose-response
had set threshold limit values for exposures of wonlelationship), detailed understanding of exposure
ers, and the Food and Drug Administration (FDAJathways, and the reasons for variation in responses
had set acceptable daily intakes of pesticide reasimong exposed people. Risk, then, is characterized
dues and food additives in the diet. In the mitboth qualitatively (the nature of effects, the strength
1970s, the Environmental Protection Agency (EPAJS evidence, and the reversibility or preventability
and FDA issued guidance for estimating risks assd-effects) and quantitatively (the probability of ef-
ciated with low-level exposures to potentially cafects of various kinds and severities).
cinogenic chemicals. Their guidance made Performing full-scale risk assessments is a for-
upper-bound estimated risks of one extra caneeidable task, requiring data, technical expertise,
over the lifetime of 100,000 people (EPA) or 1 miland peer review. Deciding to go forward with a risk
lion people (FDA) action levels for regulatory atassessment is a risk-management decision, and scal-
tention. Estimated risks below those levels aigg the effort to the importance of the problem, with
considered negligible because they individually adéspect to scientific issues and regulatory impact,
so little to the background rate of about 240,0@®crucial.
cancer deaths per 1 million total deaths in the This section examines some of the risk assess-
United States. The ultimate goal is, of course, moent issues that are under debate, such as assess-
lower the background rate itself, a part of whidhg toxicity and relevance to humans, accounting
can be attributed to an array of pollution-generdtr variations in population exposures and suscep-
ing activities. tibility, describing uncertainties, evaluating risks of

During 1977-1980, an interagency regulatory Ichemical mixtures, conducting ecologic risk assess-
aison group was actively engaged in bridging senents, and assessing risks associated with micro-
entific, statutory, and policy responsibilities andrganisms and radiation.
activities of EPA, FDA, the Occupational Safety and
Health Administration, the Consumer Product
Safety Commission, and the Food Safety and QuEPXICITY ASSESSMENT
ity Service of the Department of Agriculture. The
White House Office of Science and Technology Basing risk management decisions on observations
Policy participated in the scientific discussions supnd assumptions about the potential human toxicity
porting risk assessment and risk management afidhemical exposures presents many challenges. The
published a scheme for identifyingpotential haz- nature and magnitude of a population’s exposures to
ards, characterizing risks, and managing the riskegmical contaminants generally must be extrapolated
usually by reduction of use, emissions, or exposufesm a few data on samples obtained from the con-
(Calkins et al. 1980) (see Table 4.1). taminated sources (see Exposure Assessment on page

That scheme makes clear that information abott). The nature of chemical hazards and the relation-
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ships between exposures and effects often musttdevaluate their risks, and the need for risk assess-
extrapolated to humans from toxicity tests in laboraents to consider information about variation in sus-
tory animals. In many cases, observations made cesptibility to toxic effects.
ing high doses in the laboratory or from high exposure
levels in the workplace must be extrapolated {$sing Rodent Tests To Predict Human
much lower env!ronmental Ievel§ of hum_an expeancer Risk
sure. Extrapolating among species requires scien- .
tific information that can be used to mak inding
predictions about the relevance of a substance’s tox- Chemicals that cause cancer in rodents are ap-
icity in laboratory animals to human risk. Becaug®opriately considered potentially carcinogenic in
the results of standard toxicity tests alone often Bgmans. Investigations of chemicals’ mechanisms
not provide enough information to make well-inof action can greatly strengthen the link between
formed qualitative judgments about human rdindings in rodents and likely effects in humans.
evance, testing strategies that rely obheycan also provide biological plausibility for sta-
mechanism-based tests to evaluate substances’ tigtical associations in epidemiologic studies. How-
icity and carcinogenicity have been develope@ver, some chemicals elicit tumors in rodents only
Information about chemicals’ modes of action cdArough mechanisms or at doses that have been
make important contributions to scientifically basetglearly demonstrated to be very different from
human health risk assessment. mechanisms and exposures in humans. Regulatory
This section evaluates three issues: the use of @g@encies have been cautious in recognizing the dis-
tailed toxicity information to assess the relevancetgictions and in issuing guidance on when such
rodent bioassay results to human cancer risk, the ne@dent responses should be discounted or disre-
for more toxicity testing of chemical mixtures and wagarded.

Table 4.1. Framework for Regulatory Decision-Making.

Hazard ldentificatio Epidemiology
Lifetime rodent bioassays
Short-term, in vitro tests
Structure/activity

Risk Characterizati Potency (dose/response)
S E Exposure analysis

Variations in susceptibility

Risk Reduction

Information
\swstitution
Regulation/Prohibition
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Recommendation protective when uncertain. Rodent bioassays have

In general, tumors and other adverse eﬁe(&@yed an important r(_)le in identifying human car-
observed in properly conducted animal bioassg§/§09ens numerous times. All 23 recognized hu-
should be considered predictive of similar effect8an carcinogens are also carcinogenic in laboratory
or risks in humans. Chemicals found to elicit su@flimals; for 18 of those, cancers occured in one or
effects should be regulated accordingly. If after afiiore organ sites in humans that are the same as
equate testing a chemical is found to produce ofipse identified in the animal studies (see Table 4.3)
tumors that occur as a result of mechanisms or dodag@ll 1988). There are other cases, however, where
that have been clearly demonstrated to be not releVg€nt tumor responses have been shown to be ir-
to humans, that chemical should not be regulated@@vant to humans or may occur at doses far ex-
a carcinogen and should not require extensive rfeding any recognized human exposures including
assessment. Regulatory agencies should distingyi§ifkplace exposure. The Delaney clause prohibits
between tumor responses that are predictive and tggmicals that have been identified as carcinogens
that are not (see Table 4.2), and these judgméftgodents from being used as food additives,

should be updated with advances in scientific knoWgguardless of whether the effects they produce are
edge about the underlying mechanisms. relevant to human carcinogenicity;other statutes

permit scientific judgment.

T he policy of presuming that a chem- From arisk management perspective, itis waste-
ical that causes cancer when testddl to expend limited risk assessment resources, risk
in laboratory rodents is potentially carcinomanagement time, and public and legal involve-

genic in humans is justified by considerable ewnent revisiting the issue of human relevance of the

dence and by the precautionary principle of beisgecific rodent response chemical by chemical. Of

Table 4.2. Rodent tumor mechanisms that may not be relevant to human cancer risk if
they are the only responses observed and those responses are due to the mechanisms
listed.
Tumor Mechanism Tumor Site Rodent Carcinogens
a-2u globulin-induced Male rat kidney D-limonene, isophorones
nephropathy
Local hyperplasia Forestomach BHA, propionic acid, ethyl
acrylate (administered by gavage)
Reactive hyperplasia from Male rat bladder Saccharin, melamine,
cytotoxic precipitated chemicals nitrilotriacetic acid, fosetyl-Al
Overwhelming of clearance Rat lung Various particles, including
mechanism titanium dioxide and
carbon black (except
ultrafine particles)
Sustained excessive Thyroid Amitrole, goitrogens,
hormonal stimulation sulfamethazine




Table 4.3. Recognized human carcinogens (Rall 1988).

Chemical
Carcinogens
4-Aminobiphenyl
Analgesic mixtures with phenacetin
Arsenic and arsenic compounds
Asbestos
Azathiopriné
Benzené
Benzidine
Chlornaphazine
Bis(chloromethyl)ether
Myleran

Certain combined chemotherapy
for lymphoma

Chlorambucil

Chromium and certain
chromium compounds

Conjugated estrogens
Cyclophosphamide
Diethylstilbestrol

Melphalan

Methoxsalen with ultraviolet A
Mustard gas
2-Naphthylamine

Soots, tars, and oils
Treosulphah

Vinyl chloride

Same Organ Sites Observed in
Humans As in Laboratory Animals

I I B |

O oo0oogoo0oogoooOoo

INot carcinogenic in standard rodent bioassays; shown to be carcinogenic in non-standard rodent bioassa

after clear evidence in humans was obtained.
2Not yet adequately studied in laboratory animals.

ys only
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course, the evidence for hazard identifecation, éant from the stomach after absorption into the
posure levels, and other effects must be evaluabddodstream, but can result in local cytotoxicity and
for each chemical. Table 4.2 lists examples of rbyperplasia. At least three commercially important
dent mechanisms and tumor responses that are cér@micals (Table 4.2) have been found to produce
didates for classification as “not likely” to beaumors only in the forestomach and only following
predictive of carcinogenicity in humans accordingavage. For example, butylated hydroxyanisole
to EPAsProposed Guidelines for Carcinogen Risk A$BHA) was reviewed for FDA by a Federation of
sessmer(EPA 1996b). That classification include#\merican Societies for Experimental Biology panel,
a subcategory of agents that elicit only rodent twhich concluded in 1994 that there is a threshold
mors that are irrelevant to human risk and anotHer its tumor-producing cell proliferation. There is
of agents that produce tumors at doses and mmevidence of a similar effect in humans (who lack
routes of exposure that need to be compared withestomachs) and no scenario in which similar high
known human occupational and general populdese local exposure would occur.
tion exposures to determine relevance to humanThe saccharin debate of 1978-1979 highlighted
risk. Chemicals that produce tumors only in rodenmtsdent bladder tumors. An International Life Sci-
because of striking pharmacokinetic differences cances Institute panel on rodent bladder
also be addressed. In general, the chemicals listadcinogenesis ultimately concluded that chemicals
in Table 4.2 are not genotoxic; that is, they do nihiat precipitate in urine, or that elicit effects lead-
react directly with DNA. Instead, they cause localg to precipitation of other chemicals, should be
injury or otherwise stimulate local hyperplasia ambnsidered carcinogens only at high doses
cell division, which is associated with a low incifNeumann and Olin 1995). If human exposures to
dence of tumor formation. such chemicals are much lower than the doses
For example, some chemicals are recognizediésted, the rodent response can be disregarded. Of
induce the accumulation of large amountsie®u course, bladder tumors can arise by other mecha-
globulin protein in the male rat kidney. Most scirisms that are relevant to human cancer.
entists agree that this accumulation leads to dam-Grossly overloading the rat lung’s clearance
age to the kidney tubules, cell death, sustained gachanisms by administering particles directly to
proliferation, and tumor formation. Some scientistee lung has also been considered irrelevant to hu-
do not agree (Melnick et al. 1996). This responsenmns (Oberdorster 1995). EPA delisted titanium
not believed to occur in female rats or in other spdioxide from the Toxic Release Inventory in 1988
cies, including humans. After 4 years of extensiver this reason (Fed Reg 53:23107-23202, 1988).
study and review by EPA's Risk Assessment Foruhine phenomenon may be applicable to particles in
and Science Advisory Board, the agency decidedyeneral, not only to titanium dioxide, but it has
disregard that particular rodent response for céeen declared irrelevant to humans only in the case
tain chemicals (EPA 1991). If that response is disf titanium dioxide. Declaring responses to other
regarded, risk assessment and regulation canpleticles as not likely to predict human cancer risk
directed, as appropriate, at any other adverse wbuld require criteria to determine what are “gross”
fects, including kidney tumors not due to this prgarticle overloads. Ultrafine particles (<0.1 microns)
tein-mediated mechanism. may well present a risk at much lower concentra-
Another tumor response that is believed to iens. Particles may also be carriers of hazardous
irrelevant to humans is that which occurs only ithemicals that have adsorbed to them.
the rodent forestomach after administration of a High doses of several pesticides and fungicides
chemical by gavage (that is, via a tube placed in ineluce liver enzymes or thyroid enzymes that af-
stomach). Gavage is convenient for determinifect thyroid hormone levels, leadinghgperplasia
whether a chemical can cause tumors in organs died ultimately to thyroid tumor formation in ro-
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dents. Because the feedback and transport sysBringing a risk management perspective to the
tems for rodent thyroid hormones are very digcientific review process might galvanize action.
ferent from those in humans (McClain 1994EPA reviews of the male rat kidney and rat thy-
many believe that humans are far less sensitiwed tumor responses have required many years.
to this response. EPA still assesses rat thyrdiie Commission recognizes that time is required
data on a case by case basis. to investigate chemicals’ modes of action and en-
Finally, there have been many challenges tlmrses EPA’s current plans to identify tumor re-
the interpretation of mouse liver tumor formasponses in rodents that are not likely to be
tion (not listed in Table 4.2). At least six potenelevant to humans. We encourage EPA to apply
tial mechanisms have been described, sometldse distinctions as early as possible in the risk
which occur in humans. Mouse liver tumors a@ssessment process, before time and resources
among the most common seen in bioassays and wasted. Other agencies should follow simi-
pose particularly vexing problems for interpretar practices.
ing effects of chlorinated organic solvents. . . :
Judgments about the likelihood of a chemicalEva@luating Chemical Mixtures
or a tumor’s human relevance should includénding

c_a_reful. evaluations of the_ Weig.ht of_ the scien- yumans are exposed to many chemicals and
tific evidence. Some considerations include: giner potentially toxic agents in the environment,
« Adequacy of experimental design and but toxicity testing and regulations generally fo-
conduct. cus on one chemical at a time, often just in air,
water, or food. Most risk assessments evaluate
» Occurrence of common versus rare tUMOrS;y dividual chemicals and then combine them by
* Progression, or lack thereof, from a benignsimple addition to estimate risk related to chemi-
to a malignant tumor. cal mixtures. This method ignores potential syn-
ergistic or antagonistic interactions that could
lead to under or overestimation of total risk, re-
+ Dose-response relationships. spectively. Knowledge of mechanisms of action
. Genetic toxicity. can guide judgments of whether risks related to

o _ combinations of particular chemicals will be
Toxicity testing protocols used to evaluate gjgitive or independent.

chemical’s carcinogenicity are a subject of intense _

debate. Leading toxicologists are eager to sURecommendation

stitute newer tests for at least one of the two ro- Toxicity testing of complex environmental
dent species generally used in standard lifetimmextures of regulatory importance should be per-
cancer bioassays. These newer tests employ néavmed for hazard identification and to generate
born mice, which are quite sensitive and yieldomparative potency estimates of human risk.
results in a few months, and specially develop€&dr risk assessments involving multiple chemi-
transgenic mice with mutant p53 genes or otheal exposures at low concentrations, without
cancer-predisposing genes to make the miedormation on mechanisms, risks should be
more sensitive and provide mechanistic informadded. If the chemicals act through separate
tion. The goals are to apply scientific advancesechanisms, their dose-response relationships
get more information, and hopefully do so ahould be considered separately.

lower cost and in less time.

» Latency until tumor induction.
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ment and risk management consider esupported by EPA and motor vehicle manufac-
posures and risks in isolation from onturers. The valuable results of those studies and

another, typically chemical-by-chemical. Foothers, such as tests of smoggy air from the Los
example, risks associated with air pollution arengeles basin, encourage us to recommend the
not put into the context of concurrent risks asesting of other important chemical mixtures.
sociated with contaminated drinking water or Predicting a complex mixture’s toxicity or risk
foodborne pesticide contamination. That fragan be assisted by testing it in bioassay systems
mented approach to risk characterization &d comparing the results with those from simi-
mostly a result of the fragmentation of respondiar mixtures of known toxicity or risk. Bioassays
bilities of different regulatory agencies and prdahat might be useful for testing mixtures could
grams, but it can also be attributed to thrange from mutation tests in microorganisms to
limitations in our knowledge of the interdepenevaluation of effects on organs in culture or
dence of different risks. short-term tests of rodent respiratory function.

Failure to account for multiple and cumulaA validated database of methods, bioassays, and
tive exposures is one of the primary flaws of cubiologic markers of effect and knowledge of the
rent risk assessment and risk managemehéehavior of known mixtures in those bioassays
according to testimony received from Michaetill be needed to facilitate risk predictions for
McCloskey, chairman of the Sierra Club, and otkenvironmental mixtures. Such whole mixture
ers. Many people are surprised to learn that steésting could be considerably less expensive to
entists usually do not test mixtures and that riplerform than routine monitoring by chemical
assessors and managers do not even try to acalysis for over 100 drinking water contami-
count for the full array of exposures and healttants, for example, and might provide results
(or ecologic) risks. If the Framework is implethat can be more easily extrapolated to human
mented and experience with testing and evalwxicity and discussed with stakeholders. The
ating multiple chemical risks increases, it shoulddex of biotic integrity (see Ecological Risk As-
be feasible to move beyond fragmentation. #essment on page 77) is another example of the
promising new statute, the Food Quality Protease of a bioassay to integrate effects of numer-
tion Act of 1996, requires estimates of aggregateys chemical exposures.
cumulative, and combined exposures to pesti- The experimental and epidemiologic database
cides; some 9,000 tolerances for registered pasailable for generating estimates of comparative
ticides will need to be reassessed under this npatency of mixtures is not large. Most work has
mandate during the next 10 years. been applied to predicting lung cancer risks; for
example, epidemiologic data are available on the
carcinogenic potencies of coke oven emissions,

Many complex mixtures—such as automobileoal roofing tar, coal smoke, aluminum smelt-
exhaust, cigarette smoke, and other combustiers, and cigarette smoke. The human cancer risks
products—have hundreds or thousands of those emissions have been characterized and
chemical components. Attempting to identifgompared with their potencies in experimental
and characterize each component and then adgstems to estimate the risks associated with
ing their risks is clearly impractical. In thosenixtures that lack epidemiologic data, includ-
cases, the mixtures themselves can be testedify automotive emissions (diesel and gasoline),
toxicity and their risks can be characterized omoodstove emissions, residential oil furnace
the same basis. For example, toxicity studies @fissions, and ambient air particles; it is as-
diesel exhaust and other emissions have besimed that the relative carcinogenic potencies

A s commonly practiced today, risk asseseenducted by the Health Effects Institute, jointly

Toxicity testing
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observed in experiments would be similar farccupational studies and from rodent bioassays.
humans (Harris 1983, Lewtas 1993). Those studies generally evaluate doses that are
Enlarging the toxicity database for complemuch higher than the low, environmental doses
mixtures would be facilitated by coordinatedommonly encountered. Interactive effects (ei-
research programs among epidemiologists, toxirer synergistic or antagonistic) depend heavily
cologists, and clinical investigators (Mauderlgn dose; therefore, characterizing interactions
1993). For example, epidemiologists could prohat occur at one set of doses (such as those used
vide information on the types of mixtures tin a rodent bioassay) is likely to provide very
which humans are exposed, patterns of exposuittle information about interactions at very dif-
populations of concern, health effects of concerfierent doses (such as those generally encountered
and the level of effects observed (or observabl@).the environment). “High” doses for combined
Clinical studies could provide information oreffects are defined as those at which statistically
short-term responses and dose-response relatigignificant increases in detrimental outcomes are
ships, biological markers revealing short-termbserved in either laboratory or occupational
exposures and effects, and the likelihood of sestudies. For the most part, exposure to chemical
sitive subpopulations. And toxicologists couldhixtures in the environment occurs at “low”
provide judgments about the biological plausdoses—typically, one thousandth (or less) of the
bility of the suspected exposure-responsises at which toxicity is observable in rodent
relationsip, the potential for chronic disease rbioassays or in epidemiologic studies of highly
sulting from repeated exposures, causal and peeposed workers. The ratio of exposures ob-
dictive relationships betweeen acute and chrorsierved to cause adverse effects and actual hu-
effects, identity of active constituents of mixman exposures is called the margin of exposure
tures, and effects of the exposure patterns. (EPA 1996b) (see Need for a Common Metric on
Complex mixtures seemingly from the samgage43).
source can vary considerably. For example, nei-The combined effects of exposure to chemi-
ther automobile engines nor gasolines are iderals in a mixture are determined by how indi-
tical, so automobile exhaust is likely to varyidual components of the mixture affect the
substantially among sources and over time. Thlogical processes involved in toxicity. Com-
composition of air pollution varies with time ofponents of a mixture can affect biological pro-
day and time of year, not to mention geographéesses in many ways. For example, anything that
location and source, so the toxicity of such miaffects the absorption, distribution, metabolism,
tures is likely to vary considerably. Probabilistior elimination of a chemical will affect the
approaches to describing the variability of conmmount of that chemical that is available to re-
position within a class of mixtures and the relact with DNA or other cellular targets. Because
tionship between that variability and toxicitynteractions leading to synergism or antagonism
should be explored. Coupling mathematical/stare the result of reactions of many molecules at
tistical modeling (e.g., Monte Carlo techniquemany cellular sites, a mathematical dose-re-
and physiologically based pharmacokineticponse model of a synergistic or antagonistic re-
pharmacodynamic dosimetry) with mechanistsponse that depends on such mechanisms is most
cally based short-term toxicology studies mdikely nonlinear at low doses. Such logic strongly
prove useful (Yang et al. 1995). suggests that any disease process that depends
on such interactions is only marginally impor-
tant at low exposure levels. Only at high doses
Most of the information that is available omf one or more mixture components—such as
interactions among chemicals comes from humaigarette smoke, alcohol, and some substances

Assessing risks from multiple chemicals
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in occupational exposures—is the combined ekccounting for Differences in Susceptibility
fect likely to be detectably greater than the sum

of the individual effects. For example, occupd-inding

tional exposure to asbestos is associated with a Genetic, nutritional, metabolic, and other

mortality ratio for lung cancer of up to 5 (thadifferences make some segments of a population
is, in comparison to persons not occupationalffore susceptible than others to the effects of a
exposed to asbestos) and smoking with a Mefiyen exposure to a given chemical; however,
tality ratio for lung cancer of about 10; but asgsyrrent regulatory approaches for reducing risks
bestos workers who smoke have a mortality ratigsociated with chemical exposures generally do
for lung cancer of 50, not 15. Similarly, the riskot include information on differences in indi-
of liver cancer associated with aflatoxin is ingjgual susceptibility or encourage gathering evi-
creased markedly by hepatitis B virus infectionyance to identify them. In the absence of specific
The National Academy of Sciences regoom- information about differences in susceptibility,
plex Mixtures(NRC 1988) also concluded that effisk assessments rely on assumptions and safety

fects of exposures to agents with low response rafgsiors that are presumed to be protective of sen-
usually appear to be additive. The experimentglive individuals.

evidence that can be used to infer effects at low _
doses appears to support the assumption that B@commendation
dose additivity does not underestimate, and in most Risk assessments should include consider-
cases probably overestimates, risk (see, for examplegon of genetic and other host differences in sus-
Ikeda 1988). ceptibility, recognize the spectrum of
When the individual components of a chemicatterindividual variations within normal popu-
mixture exhibit different kinds of toxicity or havelations, and identify subpopulations especially
different biological mechanisms of toxicity, they desusceptible to specific chemical exposures. Avail-
not interact—they act independently at low dosesble information on the range of a population’s
In that case, the dose-response relationships $asceptibility should be considered and used in
each chemical should be considered independenpliace of assumptions. Where appropriate, knowl-
For example, if the chemicals of concern atealge of differences in susceptibility should be
Superfund site are copper, a gastrointestinal toxised to support additional bright lines for risk
cant; lead, a developmental toxicant; and hefo protect especially susceptible subpopulations
tachlor, a neurologic toxicant, their toxicity shoul@isee Bright Lines for Risk Management on page
be evaluated independently and not combined ifid) and to tailor specific risk management ac-
a single “noncancer” risk estimate. Experimentoons to protect those subpopulations.
have shown that when groups of unrelated chemi.
cals with unrelated targets of toxicity were admin o
istered to rodents simultaneously at doses equalgo Y°Sures depends on the sensitivity of a
their separate NOAELSs, no cumulative effects wer@=#€rson’s response to different doses. Sus-
observed: each chemical acted independengi§Ptibility is influenced by many factors, includ-
(Jonker et al. 1990, Groten et al. 1994). The salfid 29€, S€X, genetic variation in metabolism of
is true of groups of chemicals with the same tardgteMmicals, genetic variation in response to agents
but different mechanisms of action (Jonker et &7 SIressors at their sites of action, ethnic origin
1993); studies in which similar chemicals with sim@nd ethnic practices, socioeconomic status, geo-
lar mechanisms and targets were administered ¥i@Phic location, and lifestyle factors, such as
multaneously indicate that antagonism, is the us§4roking, alcoholic beverage consumption, diet,

outcome (Falk and Kotin 1964, Schmahl et aq.hysical activity, and recreational habits. Dose-
1977). ’ response relationships are chemical-specific and

@

usceptibility to the effects of chemical ex
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depend on a chemical’s mode of action; peoptave been associated with differences in the activ-
are not hypersusceptible to all kinds of expdaty of specific enzymes that can activate or deacti-
sures (Omenn 1982). The influence of concuvate carcinogens. Susceptibility to organophosphate
rent exposures on risk is discussed pesticide toxicity is also markedly influenced by the
“Identifying Highly Exposed Populations” onactivity of a specific enzyme in the blood. Metabo-
page 75. The following are examples of subpoplism however is only one of many contributors to

lations potentially at higher risk. an individual’s susceptibility .
Amendments to the Safe Drinking Water Act and
Population Factor Affecting Response to Exposuretg the Federal Insecticide, Fungicide and Rodenti-
Asthmatics Increased airway responsiveness to cide Act require such recognizable subpopulations
allergens, ;‘Sza't;atory irritants, and as the elderly, children, and women of child-bear-
ing age to be identified and considered more ex-
Fetuses Sensitivity of developing organs to plicitly than they are currently in risk
toxicants that cause birth defects . . . :
characterization and in standard-setting. The Food
Infants and Sensitivity of developing brain to Quality Protection Act of 1996 requires an addi-
young children neurotoxic agents such as lead tional safety factor of 10 be used when pesticide
o -Antitrypsin-deficient Inherited deficiency of a protein that risks are assessed, to allow for children’s greater
persons protects against chemical damage intake on the basis of body weight and potentially
GlutathioneStransferase Diminished detoxification of some greater SUSCEptibi”ty’ unless data are sufficient to
deficient carcinogens and medicines justify a different safety factor. Recognition of sub-
Socio-economic groups  Underlying nutritional deficits and poor group SU'SCE‘p'[IbI“'[y do_es not necessanly result in
access to health care more stringent regulation, however. For example,

people allergic to particular chemicals or pet ani-
mal proteins might modify their exposures or
modify their responses (with medication). ldenti-
There are opportunities to identify, evaluate, ariging the size of the population at higher risk and
reduce risks to sensitive people. Asthmatics, for edescribing the risk peculiar to that population dur-
ample, make up 5 to 10 percent of the general pong risk characterization, perhaps using biologic
lation in the United States. Some air pollutantsyarkers of susceptibility, will make it possible to
especially sulfur oxides, particles, and ozone, arearacterize risks more realistically than is possible
respiratory irritants that pose a greater risk to thising only estimates for the general population. Risk
subpopulation than to the general public. Both tkemmunication messages can then be targeted more
number of cases of asthma and the number of deattfsctively.
from asthma are increasing in the United States.
Blacks have a 15% higher prevalence of asthma than
whites. Likewise, susceptibility to lung cancer afEXPOSURE ASSESSMENT
pears to vary among ethnic groups; in the United
States, the incidence of lung cancer in black men isExposure assessments can be simple or complex,
1.5 times that in white men, 2.5 times that in Hislepending on the needs of a particular risk man-
panic men, 2 to 4 times that in Asian men, anda§ement question. They are based on measure-
times that in American Indian men (NCI 1984). Onaents, models, and assumptions, and generally
source of individual and ethnic differences in sufacus on individual chemicals, media, and sources.
ceptibility is differences in the activity of enzyme®©ften, unvalidated mathematical models are used
that affect chemical toxicity. Increased risks of cate make predictions about a population’s exposure
cers of the bladder, skin, colon, lung, and stomaeh the basis of limited information on chemical con-

@

Elderly Diminished detoxification and elimination
mechanisms in kidney and liver
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tamination and assumptions about the populati@re suggested as the planning basis for an exposure

The results oversimplify actual exposure magrassessment:

tudes and conditions, in part to allow for popula-

tion variability. And the methods generally do net Simple methods should be considered before

consider other sources of exposure to the same omore complex methods. Such a tiered

similar chemicals and their interdependence. assessment strategy is increasingly used in risk
This section recommends ways to generate cred-assessment and can be cost-effective.

ible and understandable exposure information for

informed decisions by risk managers and the pub-

Ii_c about the need for risk redl_Jction. The Commis- within which chemicals occur (such as air,

sion recommends that agencies show a preferenc%vater’ food, or soil) can greatly affect the

for actual exposure data on communities and POPU-aytent of human exposure. The effect of the

lations at risk. matrix should be considered in assessing

Design of Exposure Assessments To Meet exposure before assuming that contaminants
Risk Management Goals are 100% bioavailable.

Finding * Whenever possible, measurements should be

Exposure assessments vary greatly in designObtamed to s_upport or validate any generic
and content. Complex risk management decisionsvalues’. used in exposure assessments, to c_heck
often are based on simplistic, deterministic esti- quelmg results, or to provide more reqllstlc
mates of exposure derived from few data, many as_egtlmates of exposure than can be qbtamed
sumptions, and inadequately validated models. InW'th models. S.UCh measurements might
contrast, some exposure assessments are more con!{]CIlJOIe collecting data at locations where

plex than is needed for straightforward risk man- exposures are ar_1t|C|pated,.mqn_|tor|ng the
agement decisions. exposures experienced by individuals,

collecting data on the physical and chemical
Recommendation conditions that affect the movement and

Exposure assessments should be designed t®ioavailability of chemicals, and providing
be commensurate with the needs of the risk man-information that relates exposure to effects,
agement decisions at issue. The design of an apPossibly using biologic markers.
propriate exposure assessment should take placdleasurements of exposure can be very

at the problem/context stage of the risk manage-different from estimated exposures based on
ment process. source characteristics.

Chemicals are more biologically available in
some media than in others; that is, the matrix

nd other procedures and considerations dainding

e used to design and conduct an exposure
assessment. No method or group of methods should Because of statutory requirements and the de-
be used in all cases. Selection of appropriate methre not to underestimate chemical exposures, many
ods should be discussed and evaluated during tis& assessments have estimated risks for a hypo-
planning stages of a risk management process (thetical, nonexistent “maximally exposed indi-
problem in context stage of the Commission’s Riskdual” (MEI) and have neglected information about
Management Framework) to ensure that they méle¢ frequency, duration, and magnitude of actual
the needs and expectations of risk managers gqmgbulation exposures. More recent assessments
other stakeholders. The following general principlésave used less extreme exposure scenarios. Con-

@

Sveral measurement tools, statistical methodéSing Realistic Exposure Scenarios
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gress specified in the 1990 amendments to theFederal agencies have generally moved away
Clean Air Act that, after maximum available cornfrom exposure assessments relying on such MEIs.
trol technology is implemented for stationarfor example, EPAs exposure assessment guidelines
sources, further controls must be considered if thave adopted the use of distributions of individual
lifetime excess cancer risk to the “individual mostxposures and HEEEs chosen from values in the
exposed to emissions from a source” in a categamyper tail of those distributions (EPA 1992a). EPA's
exceeds 10 The criteria for the “individual mostrisk characterization guidelines provide guidance
exposed” were not stated; in fact, Congress mam the use of exposure descriptors to characterize
dated this Commission to advise what exposuiek (EPA 1995a). At this time, implementation of
scenarios should be used. those guidelines among EPA regional offices is un-
. even; some continue to use point estimates, while
Recommendation e
others use probability distributions of exposure es-
Exposure assessments should not be baseqj@ztes.
a hypothetical MEI. Screening risk assessmentSThe Commission supports distributional ap-
should rely on more representative estimates, syfBaches to exposure characterization that are based
as EPA's high-end exposure estimate (HEEE) 0pba knowledge of the characteristics of a population’s
maximally exposed actual person and estimates,gfiability. Where possible, the entire distribution
the total number of potentially exposed people §t the variability associated with exposure should
the geographical areas of interest. Risk managemgaised in a risk characterization (see Effective Risk
decisions should be based on refined exposure @garacterization To Support Decision-Making on
sessments that evaluate the distribution ofpage 85). That distribution should be based on the
population’s varied exposures and should addregfaracteristics of the entire exposed population and
explicitly any segments of the population that haygt solely on a highly exposed subpopulation; any
unusually high exposures. Exposure assessmeqlifhly exposed subpopulations known to exist
should rely on population exposure data whegfould be considered separately. If a single value
possible instead of assumptions about exposure ﬂﬁjresenting a population’s or subpopulation’s ex-
rived from source characteristics and models. Tbésure is required, such as for priority setting, a
characteristics of actual or potential future populgoint in the upper end of the distribution should
tions in relation to specific sources of eXposup used, such as the 95th percentile.
should be emphasized and multiple sources of expo-agencies should develop standard distributions
sure should be reflected as appropriate in each cageyse in exposure assessments as defaults when
population-specific information is unavailable. If
ith the intention of protecting publicdata limitations do not permit the development of
Whealth, past exposure assessment aadlefensible exposure distribution, a value repre-
health risk assessment practices have s&nting a hypothetical highly exposed individual
lied on exposure estimates derived from a hypshould be used. Such point exposure estimates are
thetical MEI who might spend a 70-year lifetimappropriate for screening level risk assessments.
living at the point of greatest deposition from Rrobabilistic exposure estimates should be consid-
plume of industrial contaminant emissions or whered when standard default methods are expected
might spend a 70-year lifetime drinking onlyo yield unrealistically conservative exposure esti-
ground water with the highest concentrations ofates, when population estimates of exposure are
contaminants detected. The MEI was often so uhesired, or when the exposure assessment is com-
realistic that its use impaired the scientific cregdex. Mark Van Putten, of the National Wildlife
ibility of health risk assessment. Federation, testified before the Commission that the
environmental justice movement has provided some
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impetus for considering distributions instead @fte problems, as emphasized by Ellen Silbergeld,
point estimates, on the grounds that populatiorepresenting the Environmental Defense Fund, in
with disproportionate exposures can be more @rstimony before the Commission: there is no di-
plicitly identified and considered in risk assessect way to estimate the actual health risks experi-
ments. We agree. enced by an exposed population; there is no way

One advantage of using distributions to describe assess the relative contribution of multiple
a population’s exposure is that it focuses attentieaurces to risk; and there are no baseline data with
on population risk, not just individual risk. Conwhich to evaluate the effects of new sources or of
sidering the size of a population in addition to thmollution reduction activities on existing sources.
distribution of its exposures is important; for ex- Resistance to collecting data on populations’ ac-
ample, although emissions in a rural area might pdsal exposures arises from the substantial time and
the same individual risk as those in an urban areapense associated with monitoring efforts, espe-
the total population risk for the latter is muchially given the large variations in local climate and
greater. Another advantage is that it focuses attéme problems associated with accurate detection of
tion on the characteristics of the population (“remall pollutant exposures. Environmental monitor-
ceptor-based” analysis) instead of basing exposurg is needed, however, to generate actual data that
estimates primarily on the emission or other chare consistent with a public health approach to risk
acteristics of a particular source of contaminati@ssessment and with the Commission’s Risk Man-
(“source-based” analysis). A population-based apgement Framework. In some circumstances, the
proach can be source-specific but should includests of monitoring, such as for blood lead, are small
information on the variables that influence theompared to the overall costs of remediating a
mode, frequency, and duration of exposures. Superfund site, for example, and can save funds
complementary community-based approach wowddounting to several times the cost of the study.
begin by determining a population’s exposures aAtthough multipathway modeling is not scientifi-
moving from that information to identify sourcesally well developed, at present, exposure assess-
of exposure. The total exposure assessment matient must begin to address aggregate exposures
odology (TEAM) study conducted by EPA and thgsee also Section 2 and Evaluating Chemical Mix-
Harvard Six Cities Survey, in which representatitares on page 68). Stimulated in part by Toxic Re-
members of several urban populations wore smiglase Inventory reports, communities are interested
personal samplers to measure individual exposur@ just in what they are exposed to because of a
to airborne chemicals (EPA 1987a, Dockery et garticular industrial facility, but in how that facil-
1993), are examples of a community-based apr adds to the burden of exposures that they are
proach to exposure assessment. The TEAM stuayeady experiencing. Focusing on real populations
also illustrates how dissimilar source-based predis-essential to identifying multiple exposure situa-
tions of exposures and actual exposures can tiens. We expect biomarkers of exposure to become
Monitoring blood lead in a community’s childreruseful in validating exposure estimates and in re-
and tracing the sources of lead is another examfaleng exposures to specific subgroups and even to
of receptor-based analysis. individuals.

Many exposure assessments are based on source . . . .
characteristics, not population characteristics. FOENtfYing Highly Exposed Populations
example, air pollution sources typically have beéinding
stack emissions. Few data on actual population exr toxic effects of chemical exposures because
posures exist. (The Six Cities and TEAM studigfeir exposures are greater than those of other
are notable exceptions.) Such data deficiencies G§@pulation groups. Cultural practices, occupa-

@
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tional exposures, behavior patterns, eating hadon has to the substance. Advances in the use of
its, and effects of related chemicals can be neiologic markers will help to define relationships
sponsible. The high-risk subpopulations miglvetween exposure and dose. Below is a list of some
be of special concern when risk assessments f&ors that can increase risk as a result of increased
conducted and risk management decisions a&eosure.
made. Risk assessors often have not sought infor-The Clinton Administration, the 103rd and
mation from knowledgeable citizens and cons&04th Congresses, interest groups, and the scien-
guently have not explicitly considered specifitfic community have attempted to address the is-
exposure conditions that might be present sme of high-risk populations in several ways. For
minority group communities, certain occupaxample, Executive Order 12898 on Environmen-
tional settings, or areas of particular socioectal Justice requires that federal programs protect
nomic status. minority-group and low-income populations from
disproportionately high exposures and adverse hu-
man health and environmental effects. EPA ad-
Risk assessments should be conducted saasssed the potentially greater susceptibility of
to identify groups of people who are likely tehildren to pesticides and pesticide residues by re-
have higher exposures to the chemicals of inteuiring that assessments of environmental risks
est. Affected parties should be consulted in tleaplicitly take health risks to children and infants
early stages of an assessment to obtain infornm@e account (EPA 1995b). Congress reinforced that
tion about all known sources of exposure topactice when it passed the Food Quality and Pro-
particular chemical and related chemicals andtection Act of 1996, which responded to a National
characterize exposure factors peculiar to partideesearch Council report that variations in dietary
lar subpopulations and link them with host sugxposure to pesticides related to nutritional intake,
ceptibility factors (see Accounting for Differenceage, geographic region, and ethnicity were not ad-
in Susceptibility on page 71). dressed adequately by current regulatory practice
(NRC 1993). Infants and children might be more
I ncreased risks of adverse health effects from ceravily exposed to pesticides than adults because

Recommendation

taminant exposures can result from increasgfltheir relatively high intake of fruit juices, for ex-

doses, as well as from increased susceptibilifnple, and they are more susceptible to the toxic
which was discussed in the section Accounting feffects of pesticides because of the sensitivity of their
Differences in Susceptibility on page 71. Dose isséill-developing nervous systems and probably be-

function of the concentration of a substance in tbguse of their greater concomitant exposures to lead
environment and the extent of exposure that a pghrd other environmental hazards.

Population Examples of factors that affect exposure
Industrial and Greater exposure to job-related hazardous
agricultural chemicals through breathing and skin contact;
workers more lung exposure associated with physically

demanding work

Subsistence and Higher fish consumption; consumption of
sport fishers unusual parts of fish

Infants and Higher consumption of fruit, vegetables, and
children fruit juices; higher inhalation rates

Low-income and Greater exposure to lead from lead paint in

minority-group houses and soils; greater exposure to second

communities hand cigarette smoke; inequitable distribution
of risk-generating activities
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Community assistance in characterizing expbe remiss if, in a report on the use of risk assess-
sure factors peculiar to particular segments of theent in regulatory programs, we considered only
population can focus a risk assessment and broademan health. Indeed, protection of human health
risk management options. The Commission headd protection of the environment are often dual
testimony from Asians and Pacific Islanders abogobals of the laws and regulations that use risk as-
their fish consumption patterns and about the raessment to inform decision-making. The ability to
that education can play in risk management. Nsiistain our ecosystems is crucial to our well-being,
only do they consume more fish, but they consuras they are used for producing food, building ma-
fish parts that are usually discarded by others amdials, and fiber, as well as recreation and spiritual
in which pollutants are often concentrated, plasustenance. Of course, sustainability of ecosystems
ing themselves at higher risk than the general popsia benefit regardless of human benefits. In addi-
lation for the effects of contaminants in fish. Thelyon, many environmental problems, such as glo-
reported that educational brochures, signs arolmal climate change and hormonally active
contaminated bodies of water, and community inentaminants, pose an inseparable combination of
volvement led to voluntary reduction in exposutteealth and ecological risks. Nonetheless, this is not
through modest changes in fish eating in the Setended to be a comprehensive discussion of eco-
attle area. Of course, education is only one riklgical risk assessments.
management alternative, and other stakeholders . . .
might not consider it to be appropriate or acce t[amework for Evaluating Ecological Risk
able. In contrast to the Asians and Pacific IslanBinding
ers, Mark Van Putten, of the National Wildlife Continuing efforts to develop a uniform eco-

it was difficult to convince risk managers that sulgramework for evaluating ecological risk (Figure
sistence fishers, such as Native Americans, shoyld) has emerged as a useful way to organize many
be considered in risk assessments. kinds of information about risks to the environ-

_ Specific information gathered from the comMunent, although it does not yet include an explicit
nity and stakeholders could reduce the need for dgre for stakeholders. General guidelines for imple-
fault assumptions and improve the quality of rishentation of the EPA framework have been issued
assessments in communities with multiple polluing meet immediate needs. As ChemRisk said in
ing operations, such as a municipal incineratorsgmments to the Commission, guidelines must be
chemical plant, a dry cleaning establishment, afdyiple to account for the many variables in any
an abandoned hazardous waste site. Involving [Rgividual ecological risk assessment. As the effort
community and other stakeholders in the plannigg 54d complexity to the analyses continues, addi-

stages of a risk assessment can help to engag&;#kal guidance on the developing technique will
dividuals, families, schools, businesses, and munigis needed while maintaining flexibility.

palities in targeted pollution prevention and pollution _

reduction actions that reduce exposures. TRecommendation

Commission’s Risk Management Framework calls for EPA and other agencies should continue to-

stakeholders to be involved in every step of the pigether to implement the EPA ecological risk assess-

cess, including evaluation of the actions taken. ment framework. EPA’'s guidelines should be
improved by an explicit discussion of how and

EcorocicaL Risk ASSESSMENT when stakeholder involvement should be sought
so that it is consistent with the Commission’s Risk

Ecological risk assessment was not included Management Framework and by a description of
the Commission’s legislative mandate, but we wouhdw measures and models should be selected. Other

@
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agencies should develop clear guidance for puttimgm hazard identification to problem identification
various problems into context, choosing methodsa holistic context. Thus, this approach is consis-
and tools for characterizing exposure and effectent with the Commission’s Framework for Risk
characterizing uncertainty, and applying weight-ofdanagement. In the problem formulation stage, the
evidence evaluations. environmental values to be protected and the goals
of the assessment should be defined. In addition,
cological risk assessment has been used infdre appropriate level of ecological organization
Emally for many years to make decisions abo(guch as individual species, population, or commu-
esource management and pollution contrality), the end points, potential receptors, and ways
Within the last few years, a concerted effort has beenmeasure the end points must be identified.
made to define ecological risk assessment and toEcological risk assessment has no commonly ac-
establish a common language for discussing a@pted starting point. For example, some might fo-
proaches and results. At the same time, ecologicak on the need to maintain biological diversity,
risk assessments have been conducted by an incretisers might be drawn to protecting particular
ing number of agencies, such as the DepartmenptEnts or animals, and still others might relate to
the Interior, the Department of Agriculture, and theesthetic quality. Balancing those disparate goals is
National Marine Fisheries Service. As detailed the challenge of the problem formulation stage. The
the Menzie-Cura report prepared for the Commilskelihood of success will be increased by includ-
sion (see Appendix A7 for abstract), there is a gromg stakeholders in the process at this early stage.
ing consensus that the EPA ecological ridkgure 4.1 reflects the Commission’s proposal to add
assessment framework (EPA 1992b), as it hstekeholders, explicitly, to the participants in the
evolved since 1992, can fulfill a wide range of neegwoblem formulation stage of EPA's framework. The
from providing information on environmental polbrief discussion of stakeholders in the EPA guide-
lution to informing resource management and reduies puts too little emphasis on the important role
latory decision-making. stakeholders should play in ecological risk assess-
Each agency should develop guidance on the usent. Many small or well defined assessments may
of the framework appropriate to its needs. Conside parts of established regulatory programs in which
erable effort has been directed toward this end ouewould be impractical to involve stakeholders in
the past few years. California, Massachusetts, Texagery case; however, stakeholder involvement cer-
and Washington have developed state-specific guidinly should be considered for larger local or re-
ance. Within the EPA, guidance has or is being dgenal assessments in which affected parties hold a
veloped by Regions 1, 9, and 10. Other agenciasge of interests and values. In particular, stake-
and departments have produced guidelines tailofemlder involvement seems especially important for
to their specific needs. The Tri-Service Procedunalace-based assessments, such as watershed and
Guidelines for Ecological Risk Assessments prestuary assessments, for assessments of complex
pared by the Department of Defense is a recent azardous waste sites, and for the development of
ample. These efforts share conceptual elemeassessment methods that will be used in major regu-
reflected in the EPA Framework for Ecological Rislatory programs.
Assessment and the EPA Guidelines for Ecological In a review of ecological risk assessment case
Risk Assessment. Communication among thestidies, EPA (1993b) concluded that the strengths
groups will foster sharing of developing conceptnd weaknesses of the studies frequently seemed
and tools. to originate, from decisions made during the prob-
Compared with the framework for human healtlem formulation stage. EPA's guidelines provide a
risk assessment (NRC 1983), the EPA framewogkod description of the problem formulation stage
for ecological risk assessment changes the first stépthe ecological risk assessment, but neglect to
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Figure 4.1. EPAs framework for ecological risk assessment, modified to include
stakeholders and factors in addition to risk. (Additions in italics.)
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provide sufficient guidance on who should be in- In its 1996 reporEcological Risk Assessment:
volved and when and how to include stakeholde&ound Science Makes Good Business Sesémeri-
It is especially important at this stage to identifyan Industrial Health Council suggested that ad-
federal, state, and local agency stakeholders witessing multiple species and multiple exposure
responsibilities for the resources being analyzedpathways at different levels of ecosystem organiza-
The collaboration that we recommend amorigpn is best done with an iterative, tiered approach
risk assessors, risk managers, and stakeholders pyatata acquisition (AIHC 1993). The Commission
vides opportunities to bridge gaps in understanaigrees. Because ecological risk assessments can be
ing, language systems, and values. If the affectdata intensive, guidance on when and how to con-
parties do not participate in the early decisiomsict a tiered, iterative approach is needed. Early
about goals, end points, and measurements, tiees tend to be less expensive and more conserva-
analysis is likely to fail to provide information usetive; the more expensive, more sophisticated later
ful for decision-making. Stakeholder involvemertters provide more accurate estimates of risk with
in the problem formulation stage of an ecologicldss uncertainty. The intensity of data collection
risk assessment has been endorsed by a rangsholuld be commensurate with the environmental
organizations, including the Environmental Defengenefits of greater certainty, the needs of stakehold-
Fund, the American Industrial Health Council, thers involved in the decision-making process, and
Risk Science Institute, the State of California, arlkle resources available.
Environment Canada. Finally, in the risk characterization stage, char-
The analysis stage of ecological risk assessmanterizations of exposure and of ecological effects
consists of two distinct, interrelated activities: chaare integrated to evaluate the likelihood that expo-
acterization of exposure and characterization of esoes and adverse ecological effects will be associ-
logical effects. During exposure characterization, théed with specific stressors. Risk characterization
spatial and temporal distribution of a stressor for ecological risk assessment has been subject to
stressors and contact with ecological componelfitie standardization. If followed, EPA's proposed
are predicted or measured. During effects charaisk characterization guidelines should improve un-
terization, the adverse effects elicited by stressa®rstanding and consistency. For example, there are
and the cause-effect relationships are evaluatethny sources of uncertainty in ecological risk as-
Additional research is needed into the effects séssment; EPA's proposed guidelines indicate how
multiple chemical, physical, and biological strete address them in the risk characterization.
sors and the appropriate metrics to assess effects.The EPA guidelines use the term “lines of evi-
One diagnostic tool for identifying effects is theence” rather than “weight of evidence” to describe
index of biotic integrity developed by Karr (1991)he evaluation of the underlying data and studies
who testified before the Commission in Seattle. Afler accuracy, reliability, and relevance. It appears
though not a perfect tool, this index is now usebat there is no consensus on how to evaluate or
by more than 30 states in their water quality prapply the lines of evidence or weight-of-evidence
grams. The guidelines issued by EPA contain a gaadhe context of ecological risk assessment. Because
discussion of the strengths and limitations of vatihe approach reflects professional judgment, the
ous tools, but do not describe adequately howdonclusions might not be transparent to others. The
select measures or methods, such as fate and transfessional judgments that underpin these weight-
port models, toxicity tests, and field studies, thaf-evidence evaluations should be examined and
best evaluate different assessment endpoints or Hmevmade more explicit. The Massachusetts Depart-
to match tools to the scale of the problem or tiheent of Environmental Protection, for example, has
level of the assessment. The most appropriate rheen working with ecological risk assessors to de-
of tools must be decided on a case-by-case basiglop quantitative and qualitative methods of evalu-
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ating weight-of-evidence. The risk characterizatiatevelopment. It is timely to work with the interna-
must synthesize and provide information that céional community to harmonize methods in the
be applied to risk management decisions, again withited States and abroad while the development
extensive consultation with stakeholders (see Figf-the paradigm is still evolving. As the Organiza-
ure 4.1). tion for Economic Cooperation and Development

As in the Commission’s Risk Management Frameeted in its reportEnvironmental Performance
work, the risk assessor, risk manager, and stakeviews: United State*knowledge about the con-
holders should consider other factors in making tdéions and trends of biodiversity in the U.S. is lim-
risk management decision. Costs, legal constrainted” (OECD 1996). Measurement tools, models,
feasibility of options, and enforcement mechanisrfield studies, and surveillance of the consequences
are among the issues that are not part of the rafkisk management decisions are critically needed.
assessment but are sometimes critical to the accept-
ability of the risk management actions. For that rea-
son, we have added “other factors” as an expliENVIRONMENTAL Hazarps OTHER THAN
input to the risk management decision (see FigUGHEMICALS
4.1).

The EPA ecological risk assessment framework Public concern about risks associated with ra-
has been most successful in analyzing risks assaioactive waste disposal, recent large-scale out-
ated with chemical stressors—the scenario mdaseaks of serious infectious disease from
similar to typical human health risk assessmentsicroorganisms such &yptosporidiumn drink-
However, the framework is being used with greateilg water ande. coliin foods, and disasters from
frequency for more complex problems. For exwatural hazards such as floods, earthquakes, and
ample, EPAs Office of Water has experimented witturricanes, remind us that chemicals do not con-
changing the sequence of some of the componestitute the only environmental threats to the public’s
of the framework and has developed conceptuedalth. In many situations, people (and ecosystems)
models at multiple organizational levels of the ecare exposed to combinations of radiation, chemi-
system; this version of ecological risk assessmentas, and infectious agents—a broader version of
being used to assist in understanding stressors #rel chemical mixtures problem (see Evaluating
their effects on watershed ecosystems (see Offic&Cbfemical Mixtures on page 68). In many others,
Water on page 128). In addition, the recentbomparisons and tradeoffs among types of risk are
formed Office of Sustainable Ecosystems and Comecessary, such as potential risks associated with
munities is leading an effort to focus on ecologicahemical byproducts of drinking water disinfection
risk assessment beyond toxic effects on individuadrsus infectious risks associated with microbial
organisms to a system approach that examines ¢batamination of drinking water). In such situa-
food web or the broader landscape. Another apns, chemical, radiation, and microbial exposures
propriate use of EPAs ecological risk assessmdrave to be evaluated concurrently.
framework would be in analyzing the impact on To the public, environmental protection seems
wildlife of chemicals that may disrupt endocrinéo be focused predominantly on chemicals, rather
functions. than radiation and microorganisms, although there

The application of the ecological risk assessmastno doubt about the many serious health effects
framework must be refined as agencies gain expé-exposure to ionizing radiation and microorgan-
rience so that complex biological, physical, andms. Nell Ahl, director of the risk analysis program
social stressors can be addressed in such importnie Department of Agriculture, expressed con-
problems as protecting biological diversity, maircern to the Commission about the disproportion-
taining ecosystem health, and guiding sustainalalee official emphasis placed on chemical hazards,
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especially in view of the public outrage that wasuclear weapons production, and waste disposal
rightly engendered recently by the deaths and #lettings where radiation and chemical contamina-
nesses caused by toxin-produckgcoli contami- tion coexist.
nation of under cooked hamiger or Salmonella )
contamination of eggs or ice cream. The publfR€commendation
health consequences of exposing patients and work- A concerted effort should be made to evaluate
ers to ionizing radiation and of exposing the geand relate the methods, assumptions, mechanisms,
eral population to infectious agents are so welhd standards for radiation risks to those for chemi-
recognized that they are in the category of “famitals to clarify and enhance the comparability of risk
iar” risks, which psychologists have shown are faranagement decisions and investments, especially
less frightening to the general public than “unfavhen both types of hazards are present.
miliar” or “dreaded” risks, even when the estimated
magnitudes of the former are much higher. NeVT he radiation protection literature began with
theless, small estimated risks from radiation, esped devastating accounts of the health haz-
Cla”y from potential radiation releases from nuclear ards of Roentgen rays (X rays), discovered in
power plant operations or wastes, continue 1o 3895 and introduced immediately into medical
tract considerable public concern. For example, dactice; pioneering scientists and workers devel-
testimony before the Commission in St. Louis, Kgyped radiation burns of the skin and internal can-
expressed concern about our country’s ability gyromosomes, cell survival, and regeneration of
manage its current radiation hazards and especiafyid turnover tissues. The skin, bone marrow, in-
the anticipated decommissioning of commercigdstine, oocytes, spermatogonia, lens of the eye, and
The Department of Energy has recognized that anatural sources of ionizing radiation include cos-
major challenge exists in decommissioning and digic rays; radium and other radioactive elements in
posing of nuclear reactors at federal facilities.  the earth’s crust: potassium-40, carbon-14, and
other radionuclides normally present in living cells;
o and inhaled radon and its progeny. The doses re-
Finding ceived from cosmic rays vary appreciably with alti-
Risk assessment methods for radiation hazatdde, so exposure is twice as high in Denver as at
are well established, and regulatory strategies f®a level and 100 times higher at jet aircraft alti-
occupational and environmental radiation exptides. The largest exposures come from airborne
sures have been in place for many years. An elab@don-222, a colorless, odorless, alpha particle-
rate standards process uses extragovernmeetaltting gas formed by the radioactive decay of ra-
organizations, such as the National Council on R#itm-226 in the earth. Human exposure to radon
diation Protection and Measurements and the haries—according to its concentration in indoor
ternational Commission for Radiological Protectiomir—by more than a factor of 10. Smokers expose
lead agencies are the Nuclear Regulatory Comntisemselves to another decay product of radium—
sion, Department of Energy, EPA Office of Air angolonium-210 in tobacco—at up to 0.2 Sv/year, or
Radiation, and FDA Division of Radiological Health20 rems/year.
Unfortunately, scientists and regulators dealing with A discrepancy exists between the levels of risk
chemical hazards or with radiation hazards haireat are considered negligible for radiation expo-
been so independent of each other that there kases and for chemical exposures. In the case of
been little combined analysis or combined riskhdividual chemicals, exposure limits are generally
management for medical, industrial, nuclear powset to keep incremental upper-bound cancer risks

Risks From Radiation Hazards
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for workers below one per thousand over a 45-ygeeriod from 1980 to 1994, the highest annual av-
period of workplace exposure and, for the genemahge dose equivalent per monitored Department
population, below a range of one per 10,000 to ookEnergy worker receiving measurable exposure
per million over a 70-year lifetime of exposure twas 182 mrem/year, significantly less than the EPA's
the limits. In the case of radiation, the current o,ecommended annual exposure limit of 5 rem. As-
cupational exposure limit is a whole body equivauming an annual average occupational dose limit
lent dose of 50 mSv/year or 5 rems/year (10CFR20,1,000 mrem, approximately five times greater
1990 revisions), which would be equivalent to than the Department of Energy’s highest annual
lifetime excess total cancer risk of more than odese, the National Council on Radiation Protection
in ten if experienced annually over a working lifeand Measurements estimated a lifetime cancer risk
time, assuming a linear dose-response relationsfigpm each year’s exposure of betweert 26d 10
(Upton 1996). (The rem is a composite of absorb@CRP 1993). Multiplying these estimates by an
dose [rads] and energy transfer factors.) Accordiagsumed exposure of 35 years would make the risk
to comments received from Tara O'Toole, Assistal@vel similar to the level used to limit workplace
Secretary for Environment, Safety and Health at tegposures to individual chemicals, roughly?li@e-
Department of Energy, occupational exposure lirtime excess cancer risk. Monitoring and job change
its recommended by the International Commissitead to similarly lower actual exposures for work-
on Radiological Protection and the National Coubfs exposed either to chemicals or to radiation.
cil on Radiation Protection and Measurements a@é@emical exposure limits are not annual averages
equivalent to a lifetime cancer risk of one in ormr annual cumulative doses, however; rather, 24-
hundred (assuming about a 50-year exposure fiour average concentrations or even peak concen-
ration at the exposure limit in the absence of [&stions are the basis for limits. Staying below the
low as reasonably achievable] standards. Those tigkits thus requires mean exposures to be consid-
estimates are well above those associated with siarably lower than the regulatory limit.
larly extreme scenarios of lifetime exposure to The limit for unrestricted radiation exposure of a
chemical carcinogens at the level of their occupaember of the public has been set at 1 mSv/year ef-
tional standards. However, risks from radiation arielctive dose equivalent (100 mrems) by the Nuclear
from chemicals are estimated differently; most iniRegulatory Commission, one-fiftieth of the occupa-
portantly, radiation exposure limits integrate afilonal exposure limit. This difference deserves some
ionizing radiation exposures, while chemical-spattention; pregnant women can be exposed to radia-
cific exposure limits consider each chemical indiion both in the workplace and outside it, and the
vidually. O’'Toole stated in her comments to théeveloping fetus presumably deserves the same level
Commission that harmonizing radiation and chenaf protection in both places. As with workplace expo-
cal risk assessment methods will remain an elusaigres, however, actual public (non-workplace) expo-
goal without these basic differences being articsdres are generally far lower than the limits, which
lated and discussed. We agree. represent only a small fraction of the amount of back-
In other comments, O’'Toole stated that she bground radiation received annually from natural
lieves protective actions and the application sburces. Diagnostic and therapeutic uses of ionizing
ALARA workplace practices lead to actual radiatioradiation in medicine constitute by far the greatest
exposures for workers that are much smaller thexposures.
the limits. That view is echoed by comments re- The Conference of Radiation Control Program Di-
ceived from several health physicists. Furthermorectors issues a draft regulation in early 1997 that also
radiation-exposed workers are continuously moradopted the 100 mrem exposure limit, aimed at pro-
tored so that high exposures can be detectedting the general public from naturslly occuring ra-
promptly and corrected. For example, during tltBoactive materials that have accumulated from
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industrial processes. Their appoach would leavestoThe importance of antibiotic resistance
local analysis and negotiation how much less than 100mechanisms as a result of medical and
mrem per year should be the cleanup goal, allowingveterinary overuse of antibiotics.

for consideration of specific site characteristica, iden-
tity of the radionuclides of concern, and other fac-
tors.

In contrast to radiation, the difference between oc-
cupational and general population exposure limits for Inability to assess health risks associated with
chemicals is usually much greater than a factor of ®icroorganisms and inattention to risk reduction
For example, OSHA'’s limit on workplace exposurean lead to disaster, as evidenced by the recent
to nuisance dust is 15 milligrams per cubic meter@éaths and outbreaks of diarrhea caused by
air, while EPA's national ambient air quality standar@ryptosporidiumn Milwaukee’s drinking water and
for particulates is 50 micrograms per cubic meter lo§ kidney failure in children who consumgdcoli
air, 300 times less. toxin-contaminated hamburger meat in Seattle.

Low-level exposures to electric and magnetic fieldBhose deaths, unlike many cancer risks associated
after extensive investigation and public debate, apith low, environmental levels of exposure to
pear to have very low or negligible risk to the generdlemicals, are observable and countable. FDA and

The need for international sanitary and
phytosanitary standards since the General
Agreement on Tariffs and Trade was signed.

population (NRC 1997). USDA have primary responsibilities for foodborne,

. : . FDA for device-borne, and EPA for waterborne mi-
Risks from Microorganisms crobiological risks; the Centers for Disease Control
Finding and state and local health departments are active

Methods for anticipating and assessing microbigIPublic health monitoring. Internationally, Health
hazards on a population basis, rather than on a cifsRnada, Agriculture Canada, TNO in the Nether-
cal basis for individual patients, are less developéfds, and the Codex Alimentarius, jointly man-
than those for chemicals or for radiation; they are hi#d€d by the World Health Organization and the
dered by limited data, especially epidemiologic af@®©d and Agriculture Organization, are engaged in
quantitative exposure data, and by the need for grécrobiological risk management.

dictive models that can account for variation in infec- EMPpirical studies currently do not produce suf-
tivity, virulence, and uncertainties. ficient information to assess dose-response relation-

ships in people, for several reasons:
Recommendation .
Efforts to improve risk assessment methods for
microbiologic hazards and to collect data to vali-
date and support those methods should be encour
aged.

As with chemicals, most exposures to pathogens
are below those associated with death or disease.
However, microorganisms can multiply and
greatly increase in numbers inside the human
host.

I nterest in the public health aspects of infectious The hody has effective defense mechanisms so
diseases and the need to improve their|ong as white blood cell and immune systems are
predictivity has been revived by several factors: jntact. Infectious agents can reduce the immune
response or, in some cases, change their physical
« The emergence and resurgence of infectious ~ Structure to avoid immune defenses.
agents ranging from HIV and the Ebola virus .  ag with chemicals, susceptibility varies from
to tuberculosis mycobacteria. person to person. Concurrent exposures to

chemicals may affect susceptibility to infectious
agents.
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As a result, microbial risk assessment methodorganism behavior, toxicity, dose-response rela-
have increasingly relied on indirect measures of risgknships, and risks. In addition, potential effects
based on analytic models that estimate the extehtchemical and radiation exposures on suscepti-
of human exposure and the probability of humdnility to microorganisms should be investigated.
responses to exposure (Eisenberg et al. 1996a)These models and scientific studies would en-
Static models based on individual risks and popliance the preventive strategy embodied in the Haz-
lation-based models that account for changes oaed Analysis Critical Control Point concept that has
time are being used conjunctively. (Haas 1983, Hagrmdually been developed over the last 25 years to
et al. 1993, Eisenberg et al. 1996a,b). It is difficutontrol foodborne pathogens (Van Schothorst
to quantify dose-response relationships for micrd990).
organisms using those models for several reasorﬂfI~Sk Characterization

» Epidemiologic factors, including secondary
infection whereby someone who was infecte
by contaminated food or water infects other
people.

d Effective risk communication requires sound risk
characterization. Risks have generally been com-
municated to the public as single numerical esti-
mates, which are easily misinterpreted and misused

* Host factors, such as the variable developmefi the absence of qualitative information about the

of immunity to the organism. nature of the risk and about the weight of evidence

being contaminated at the slaughterhouse, b§hould include clear messages about the nature,

infected food handlers, or during severity, and likelihood of risk rather than just nu-
inappropriate storage by the retailer or the Merical estimates. In some cases, mathematical de-
consumer. scriptions of uncertainty can be useful for

communicating about risks with decision-makers;

Several ongoing efforts are intended tim most cases, however, mathematical descriptions
strengthen microbiological risk assessment. Fofr uncertainty provide little useful information to
example, the Committee on Food Hygiene of tilseipport decision-making because most risk-related
Codex Alimentarius, a United Nations organizatiosiecisions are routine, made at the local level, and
with responsibility for promoting international stando not involve large stakes. Practical processes such
dards for food safety, has recently issRedciples as value-of-information techniques are needed for
and Guidelines for the Application of Microbiologicatletermining when risks have been sufficiently well
Risk AssessmefRAO/WHO 1996). The report iden-characterized to reach a decision, when decisions
tifies the basic elements of a microbiological riskhould be made on the basis of the precautionary
assessment, including the information needed gmihciple even if risks are not well characterized,
the decisions that must be made. It also identifieswhen data-gathering efforts are worth pursuing.
key information gaps, including the need for im- , . L
prgved dietary in?akpe informatic?n. An EPA-funde ffe.ct'lve R'Sk. Characterization to Support
International Life Sciences Institute working grou ecision-Making
has recently produced a conceptual framework tkinding
lored to assessing risks from waterborne pathogens Risk characterization is the primary vehicle for
(ILSI 1996). Continuing efforts to systematicallommunicating health risk assessment findings.
assess the applicability of existing and emergifgany risk characterizations have relied primarily
models should be encouraged, along with moRjs mathematical estimates of risk to communicate
toring and efforts to collect data comparable witlsk assessment findings, often conveying an un-
data on chemical hazards, on characteristics of Ri5,ranted sense of precision while failing to con-
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vey the range of scientific opinion. They are patific evidence, and the risk assessment itself is likely
ticularly difficult for audiences unfamiliar with riskto be most useful. Information on the range of in-
assessment to comprehend. Effective risk manafmmed views and the evidence that supports them
ment is impeded without effectively communicatlso should be shared.
ing information about who is at risk, how they
might be affected, what the severity and reversibilit] isk assessment is an uncertain process that
of an adverse effect might be, how confident thRe-quires both scientific data and science-
risk assessors are about their predictions, and otler Yased judgment. Risk assessments are con-
gualitative information that is critical to decisionducted to estimate risks below the range of observ-
making. able events in people or in studies of laboratory
animals. For example, 10-100 percent of labora-
tory animals exposed to a relatively high dose of a
Risk characterizations must include informaarcinogen throughout their lives might develop
tion that is useful for all parties participating in aancers, but regulatory agencies are expected to pro-
risk management decision-making process. Matlect populations from exposure to doses of chemi-
ematical estimates of risk are important and showals that might pose a risk of up to one in a million,
be included, but qualitative information on thaot one in 10. The impact of a one-in-a-million
nature of adverse effects, the weight of the sciezancer risk on a population cannot be detected or

Recommendation

Figure 4.2. Frequency distribution of a population’s exposures to a contaminant released to air
from a hazardous waste site, estimated using measurements of the contaminant concentration
in the air at the site and Monte Carlo techniques.
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measured, because one-fourth of that populatisubstance’s classification as a likely human carcino-
is already expected to die of cancer, even in then and also the contradictory evidence. Based on
absence of a particular chemical exposure (see ptge type of discussion, the risk manager might con-
33). As a result, estimates of small risks are speclitde that because the weight of the scientific evi-
lative; they cannot be verified. Expressing a smalkénce supports the substance’s classification, the
risk solely in numerical terms, especially in singleest option is to regulate it as a carcinogen in the
numbers, is misleading and falsely conveys acdaterest of protecting public health (i.e., invoking
racy. the precautionary principle). Alternatively, the risk
Communicating quantitative information abounanager might conclude that the evidence is so
noncancer risks poses a different challenge becauseertain that it is best to focus on conducting ad-
these risks are not expressed as numerical risk ediiitonal research or to maintain the status quo.
mates, but as hazard indices. Noncancer risk is tygseful guidance for including qualitative informa-
cally determined by comparing an estimated humaon in risk characterizations is found in EPA's Guid-
dose to a dose that is considered to be “safe”’arce for Risk Characterization (EPA 1995a).
allowable (e.g., a reference dose or reference cé&fifective ways to communicate quantitative and
centration); doses below the standard are congidalitative information about risks are discussed in
ered unlikely to present any risk, while those justore detail below and in Communicating and Com-
above that standard might be less safe, posing sqragng Risks on page 39.
uncharacterized risk of adverse health effects. Al- While quantitative uncertainty characterizations
though is is possible to consider dose-responseae not always effective risk communication tools
lationships for noncancer health effects above tfeee next section), we believe that using distribu-
standard, this has not been the general practice. tizns to reflect the variability in a population’s ex-
ing a margin-of-exposure approach to cancer riggsure characteristics can be useful. Considering
assessment instead of current methods would egposure variabilities will also help clarify whose
sult in similar nonprobabilistic expressions of riskisks are being considered and the relationship be-
(see Need for a Common Metric on page 43). tween individual and population risk estimates. All
Often, qualitative information is more useful andtakeholders can easily comprehend that not all
understandable than quantitative estimates of riskembers of a population are exposed to identical
Qualitative assessments include a careful descrifpses of contaminants, and that different activities
tion of the nature of the potential health effects afe associated with different exposures. For ex-
concern, who might experience the effects undample, information on reference standards could
different exposure conditions, the strength and cdye compared to a distribution of a population’s ex-
sistency of the evidence that supports an agenqgyssures like that in Figure 4.2, derived using Monte
classification of a chemical or other exposure agarlo techniques and exposure data from a hazard-
health hazard, and any means to prevent or reveras waste site.
the effects of exposure. Qualitative information In this example, if the concentration of a chemi-
should also include the range of informed viewsl associated with a 2@ancer risk were 80 milli-
about a risk and its nature, likelihood, and strengirams percubic meter of air, the risk manager and
of the supporting evidence. For example, if ather decision-makers would recognize that most
agency considers a substance likely to be a huntdirithe population is exposed to less than that con-
carcinogen on the basis of studies of laboratargntration. The participants might decide that there
animals, but there is some evidence that the classilittle cause for concern or might attempt to iden-
fication is flawed, both views should be presentetify the characteristics of the segment of the popu-
A discussion of that uncertainty would note thlation in the upper end of the distribution and
several types of evidence that support tleensider risk reduction options directed at that seg-
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ment. If the concentration of concern were 20 miion receive different exposures, to help clarify
ligrams per cubic meter of air, participants wouldhose risks are being considered, and to highlight
see that most of the population is exposed to highlee relationship between individual and population
concentrations, and would want to implement morisk estimates. Uncertainty, in contrast, results from
extensive risk management measures directed atitifermation that is only partly known or unknow-
entire population. The participants might also lable. Methods to mathematically describe uncer-
interested in comparisons of exposures to contanaity are still developing. The best way to present
nant concentrations associated with*1dr 10® the results of a risk assessment so as to acknowl-
cancer risks. edge uncertainty depends on the importance of the
Comparing the distribution of a population’s exdecision under consideration and the magnitude
posures to reference standards conveys informatadrihe uncertainties. Sensitivity analyses of critical
that can be more useful for decision-making tharparameters for deciding among options are often
single point estimate of risk or a hazard index, alesirable.
though care should be taken not to treat standards .
as inflexible bright lines. Priority-setting might no ecommendation
require exposure distributions, but more refined Risk characterizations intended for risk man-
risk assessments that support decisions with greagers and the public should include narrative de-
regulatory impact would. Comparing the distribuscriptions of the primary reasons for uncertainty
tion of a population’s exposures to a standard and variability. They should summarize explicitly
family of standards (see Bright Lines for Risk Marthe weight of the evidence for conclusions about
agement on page 54) also conveys information texposures, toxicity, and susceptibility. Probability
risk manager that is less complex than a distribdistributions of the variability in a population’s ex-
tion of risks. In contrast with estimated risk levelposures should be used as appropriate to enhance
bright lines expressed as exposure concentratichgaracterization of exposures and communication
can be measured; measurements facilitate impbéfisks. The Commission recommends against rou-
mentation, evaluation, and compliance. The risike use of formal quantitative analysis of uncer-
manager and the public can see clearly what tlaeties in risk estimation, particularly that related
relationship between a reference standard and a parevaluating toxicity. Continued development of
ticular population’s or subpopulation’s exposure guantitative methods should be encouraged by re-
likely to be. That information can be used to evalaearch and regulatory agencies.
ate the need for exposure reduction, and risk re-
duction can be directed at those who are likely ariability arises from differences in the na-
need it most. Vure and magnitude of a population’s expo-
. i . sure to hazards and from variation in people’s
Characterizing the Uncertainty Associated gsceptibility to hazardous exposures. For example
with Risk Estimates people consume different amounts of fruits and veg-
Finding etables, inhale different volumes of air according
to their level of exercise, come into contact with
Confusion persists regarding the differences lfferent amounts of soil depending on occupational
tween variability and uncertainty and their ramifiand recreational activities, and drink different
cations for decision-making. Variability compriseamounts of water depending on physiological need,
a population’s natural heterogeneity or diversity. Uareather conditions, and activity level. Estimating a
ing mathematical distributions to reflect the varpopulation’s exposures to hazards depends on
ability in a population’s exposures can be a usefulowing how much contact people have with a
way to show that different members of a populaentaminated medium. People vary in susceptibil-
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ity due to nutritional, metabolic, genetic, and be- The Commission strongly supports using math-
havioral factors, as well as coexisting or previo@snatical descriptions of variability, particularly dis-
exposures (see ldentifying Highly Exposed Poptributions of a population’s possible contaminant
lations on page 75). exposure concentrations (see previous section and

Uncertainty arises from information that is onlyJsing Realistic Exposure Scenarios on page 73). In
partly known or unknowable, especially informacontrast, we are doubtful that much value is added,
tion about toxicity at low levels of exposure to at least at present, by formal mathematical analy-
hazard. We often do not know all the reasons fees of uncertainty. The National Research Council
variation in susceptibility, whether a chemical thaeportScience and Judgment in Risk Assess(h&R(T
produces tumors in rats will do so in human4994a) addressed the extensive variability and un-
whether a site used for industrial purposes todegrtainty associated with estimating risks and con-
will be needed for residential use in the future, astuded that, to the extent feasible, risk
whether people who eat contaminated fish are likellgaracterizations should not be reduced to a single
to eat just the filet or also the internal organs whemamber or even to a range of numbers intended to
the contaminants are concentrated. A report ppertray uncertainty. Instead, the report recom-
pared for the Commission by Cambridge Enviromended, risk managers should be given risk char-
mental, Inc., on health risk estimation (sexcterizations that are both qualitative and
Appendix A7 for abstract) suggests that most of teantitative and both verbal and mathematical, in-
uncertainty in risk estimates can result from uncertuding mathematical descriptions of uncertainty
tainty about a substance’s toxicity. to the greatest extent feasible.

Risk assessors and regulators typically rely on The Commission concurs wiBitience and Judg-
assumptions and single numerical values to descnibent in Risk Assessmehnatqualitativedescriptions
important quantities. For example, instead of def risk-related uncertainty are needed for most risk
scribing variability in exposures, they may assunassessments. These narrratives should help to:
that everyone is exposed to the same amount b
drinking 2 liters of contaminated water daily or
breathing 20 cubic meters of contaminated air ev-
ery day for 70 years. Instead of describing uncer- Identify uncertainties with the largest impacts.
tainty about toxicity, they assume that, if a chemical gyp|ain differences in risk estimates generated
causes cancer |n.Iaboratory rats, it will do so at by different stakeholders.
equivalent doses in humans. They account for un- o
certainty in standard-setting for chemicals that Suggest opportunities for valuable research.
cause reproductive effects, for example, by divid-
ing NOAELSs by uncertainty and safety factors (see EPA's proposed revisions to their guidelines for
page 110) based on judgments and assumptia@icer risk assessment also endorse using narra-
For example, they assume that interindividual variaves to identify reasons for uncertainty (EPA
tion in humans makes some people at least ten tirh896b). As Granger Morgan of Carnegie Mellon
more likely than laboratory animals to suffetUniversity noted in his comments to the Commis-
noncancer health effects on lungs, the nervous sg®n, however, descriptors such as probable, likely,
tem, or reproduction. Variability and uncertaintpossible, improbable, and impossible mean very
associated with risk estimates can and must be déferent things to different people and in different
scribed qualitatively. There is a great deal of debatentexts, and may be more useful when they are
about the added value of describing them maittalibrated with at least some quantification.
ematically. The Commission has concluded tlatantita-

tive uncertainty analyses of risk estimates are sel-

Yavoid the false sense that we know precisely
the extent of the risk.
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dom necessary and are not useful on a routine biacertainties about risks and the absence of ad-
sis to support decision-making. Federal and st&tguate data to adequately assess risk too often pro-
contractors have told the Commission that, whéng the regulatory process.
they perform comprehensive quantitative analysesMathematical analyses may be useful among
of risk-related uncertainty and variability, they afechnical staff in generating their input to risk
ignored or misunderstood. For both uncertainty anthnagers. However, it is inappropriate to delay
variability, there is little consistency between prathe risk management decision-making process
tices at agency headquarters and what is condidcause of a requirement that each risk assess-
ered acceptable by regional offices or states. Mamgnt at national, state, or local levels be accom-
risk estimates are crude yardsticks for decisiopanied by a formal uncertainty analysis. Many
making; as Thomas Gentile, of New York State’s Ditecisions are relatively straightforward, espe-
vision of Air Resources, noted in his testimongially issuance of permits at the local or state
before the Commission, many state-level risk malevel and judgments about compliance with spe-
agers want to know, “Is it safe or not?” They wawific measurable emission and ambient exposure
their policy and technical staff to help them reactoncentration standards.
decisions based on the nature and severity of theSupport for routine, formal quantitative analy-
problem, generally with single numbers that reprsis of uncertainty is based on the desire to move
sent estimates of risk, generated in a consistent manway from poorly supported default assumptions
ner. Many risk managers told the Commission thad point estimates of risk that convey an unwar-
they base their decisions on qualitative informatisanted sense of accuracy. Providing a numerical
and on the weight of the scientific evidence. In thiange of possible risks is thought to allow more
context, the routine provision of a mathematical disdformed and more transparent decisions than are
tribution representing the uncertainty of risk estimatpessible when only a single point estimate of risk
was not encouraged. As noted by Commissionisrgenerated. However, in the absence of adequate
Goldstein, many crucial economic policy decisions ae&planation of the weight of scientific evidence,
made on the basis of point estimates of the gross dommunication of a range or distribution of popu-
mestic product, the unemployment rate, or the cokstion risks has been misconstrued by those unfa-
of major welfare or health care reform legislation, foniliar with quantitative methods as implying that
example, without mathematical or even narratiw the numbers in the range may be equally plau-
descriptions of the considerable uncertainties. sible and therefore equally valid for regulation
Risk assessments are decision-making tools, §@bldstein 1995, Goldstein 1996).
precise analyses of actual or measurable risk, soProviding distributions of risk is also thought to
their focus should remain on how best to inforeounteract the perceived bias toward overestimat-
the ultimate goal—risk reduction—rather than ang risk that is due to a compounding of conserva-
generating complex distributions of possible rigkve default assumptions. However, when data are
estimates. Probabilistic methods for quantitative§carce and uncertainty is great, a range of probabili-
describing the uncertainties associated with toxites based on assumptions would replace point es-
ity and risk estimates are still under developmetinates based on assumptions. Often disagreements
and may be needed for using decision analysis artse about the underlying shapes of the distribu-
value of information techniques. Nevertheless, fions; folding assumptions about those shapes into
many cases, resources are best spent on condacisk assessment incorporates the assessor’s bias
ing research to reduce important sources of uncerto the risk estimate. Furthermore, when con-
tainty. As Michael Jayjock of Rohm and Haakonted by an array of estimates, regulators and
Company testified before the Commission, “De&ommunity groups are likely to choose from the
scribing uncertainty is good. Reducing it is betteniore stringent portion of the range. Using formal
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uncertainty analysis could lead to either stricter owner of the facility to generate those data in the

less stringent regulation. hopes that the more refined assessment would show
- . . that it does not pose an unacceptable risk. How-

Value of Obtaining Additional Information ever, if the more refined risk assessment still indi-

Finding cated that the estimated risk is too high, the owner

Risk management is complicated by uncertain%the facility might decide t_hat collecting even more
and by the issue of how much information is enouggt@ would be worth the investment if regulatory
to justify regulatory action. Risk managers facedtion would be deferred. Meanwhile, the commu-
dilemma: is it better to make a regulatory decisidity might be outraged by apparent collusion to
now based on an inherently uncertain risk asse@glay action. Ellen Silbergeld, representing the En-
ment, or is it preferable to collect additional infotironmental Defense Fund, emphasized in her tes-

mation first and then decide? Value-of-informatiopymony before the Commission that the greatest
techniques provide an analytic framework for rarriers to credible risk assessments are the absence
solving this dilemma and for preventing the reg@f data and the need for guidelines to determine

latory paralysis associated with unbounded ddt@wW much information is enough to conclude an
gathering and analysis. iterative process and support a decision. Comments

_ from David Roe of the Environmental Defense Fund
Recommendation and from John Adams of the Natural Resources
Risk characterizations should provide insigiitefense Council reinforced the need for more and
into the potential costs and value of acquiring aldetter data on exposure and toxicity to improve the
ditional information as an alternative to acting imusefulness and credibility of risk assessments. Like-
mediately on the basis of available data and tWwese, Warner North, of Decision Focus, Inc., rec-
precautionary principle. In those cases where thimended incentives for both data collection and
guality of the information is poor and the stakes for speedy risk management decisions.
decision-making are large, agencies should experi-The challenge for risk managers is to bring analy-
ment with formal value-of-information methods tsis to bear on the question of whether collecting
determine whether it is most appropriate to act additional data is likely to lead to a better, more
wait for improved information). Continued researatonfident, or more widely accepted regulatory de-
in the methodologic development and applicatiamsion. For example, if a statutory mandate com-
of value-of-information techniques to environmerpels a particular pollution control technology
tal policy issues should be encouraged. regardless of the level of risk, then collecting addi-
tional data about risk will not influence the
potential barrier to the successful implememegulator’s decision (unless the statute itself is
AtFation of the Commission’s Risk Managememthanged). When low-cost control options are
ramework or to the effective use of tiereteadily available that will reduce or prevent a plau-
approaches to risk assessment and priority settgilgle yet unproven risk, it might be preferable to
is conflict over the need for more information. If proceed on the basis of the precautionary principle,
simple screening risk assessment performed for théher than await more knowledge about the pre-
purpose of priority-setting yields results indicatingise level of risk. Alternatively, high-cost control
that a particular industrial facility might pose aaptions may be good candidates for deferral if there
unacceptable risk, a more refined risk assessmisnteason to believe that better information about
might be desired. A more refined risk assessméehe level of risk might change the ultimate regula-
would require more data than the screening rigky choice (e.g., under a discretionary “unreason-
assessment, so there would be an incentive for #ime risk” statute).



3

When the effects of pollution may be persistentifformation about risk or cost, it may nonetheless
irreversible, or catastrophic, risk managers shouldlibe wise to launch research activities that can in-
reluctant about committing to strategies that requii@m future regulatory choices and evaluations of
long-term data collection prior to undertaking prdhe original decision.
tective actions. On the other hand, the costs of actionThe peer-reviewed literature contains a number
could be reduced considerably if the risk manager azrexamples of applications of value-of-information
phase in new regulatory requirements gradually ratiheethods to environmental policy questions (e.g.,
than imposing them immediately. Even if informatioMorgan et al. 1978, Campbell et al. 1982, Evans et
about risk is fairly precise, there may be consideralale 1988, Lave et al. 1988, Reichard and Evans 1989,
uncertainty about the cost and effectiveness of vavlorgan and Henrion 1990, Siegel et al. 1990,
ous control strategies. Under these conditions, addammitt and Cave 1991, North et al. 1992, Taylor
tional data collection about cost or effectiveness wotlal. 1993, Dakins et al. 1994, Dakins et al. 1996,
make more sense than development of more predis®@mpson and Evans 1996). Value-of-information
risk estimates. As soon as a risk-related problemmethods provide estimates of the value (typically
identified, however, social impacts can begin, espa-monetary terms) that the decision-maker would
cially at the community level. For example, decreasptice on having improved information and conse-
property values and fear of disease may occur regardently provide a sense of the amount of resources
less of the availability of information or uncertaintthat could reasonably be spent to obtain better infor-
about the magnitude of the risk. Efforts to obtain adyation.
ditional information must be balanced against a In many cases, considerations of the value of
community’s desire to address the risk promptly. information can be thought through qualitatively,

Whenever additional research is proposed priwithout any formal quantitative analysis. However,
to taking regulatory action, risk managers shouehen the stakes in a decision are large and the un-
insist on a careful understanding of the purposeagftainties complex, risk managers or their techni-
the research, its probable cost, and the time ha@ staffs may find it seful to experiment with
zon for completion. The results of risk-related réermal value-of-information tools. Value-of-
search may not be predictable, but the risk managgormation analysis, formal and informal, can
can insist on a planned and orderly approachlie a useful component of the Commission’s dy-
acquiring the new information. Even if a risk mamamic Framework for improving the process of
ager decides to act rather than to acquire bettesk management.
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Uses aAnpD LimiTATIONS oF Economic
ANnALYSIS IN REGuULATORY DECISioN-MAKING

The regulatory reform debate in the 104{BeneriT=-Cost AnarLysis anp Cost

Congress highlighted the role of benefit-COfereerivEness ANALYSIS
analysis and cost-effectiveness analysis in regu-

latory decision-making. Each of the last five This section briefly addresses the role of ben-
presidents has issued an executive order requfit-cost analysis (BCA) and cost-effectiveness analy-
ing estimation and consideration of the benefisss (CEA) (together referred to as “economic
and costs of major regulatory actions, but tlemalysis”) in regulatory decision-making. Some
guestions of whether and to what extent variohealth and environmental statutes require the con-
regulatory decisions should be determined Isyderation of costs and benefits in risk-related de-
economic considerations remains controversiaision-making; others explicitly exclude their
Risk assessment results can be used as thasideration, while still others are silent. Like risk
basis for estimating costs and benefits the resudssessment results, the results of economic analy-
of both risk assessment and economic analyses have often been communicated solely in nu-
can contribute to or determine a regulatory dmeric terms accompanied by little information on
cision. Risk assessment and economic analyassumptions, nonquantified benefits and costs, and
can involve large investments of resources afttte analyst's confidence in the results. The 1996
multiple assumptions however, and they produ&eonomic Report of the Presideatognizes the im-
uncertain results. Their results contribute onportant role of cost and benefit considerations in
part of the information that must be consideretsk management decision-making, while highlight-
in making decisions about the best ways to primig the need to take uncertainty into account and
tect human health and the environment. to include factors that cannot be monetized or
In view of the important and complementarguantified.
roles of risk assessment and economic analysis, . .. .
the Commission decided to consider {hléseful Roles in Regulatory Decision-Making
strengths and limitations of economic analysiBinding
although we were not explicitly mandated to do  Tpe role of economic analysis in regulatory
so. We relied on an invited issue paper by Algfycision-making is controversial. There is concern
Krupnick, Michael Toman, and Ray Kopp of Remat economic analysis places too much emphasis
sources for the Future (see Appendix A7 for aBy assigning dollar values to aspects of health and
stract) and on invited testimony and commenfige environment, that are difficult—if not impos-
received from Lester Lave of Carnegie Mellogipe_to quantify. There is also concern that regu-
University, Richard Morgenstern of Resources ffiory decisions about health and environmental
the Future (on leave from EPA), Nicholas Ashforgyotection might be made strictly on the basis of

of MIT, Douglas MacLean of the University ofynether their guantifiable benefits outweigh their
Maryland, and John Graham of the Harvarrqonetized, quantifiable costs.

School of Public Health. _
Recommendation
The tools of economic analysis should be rec-
ognized as legitimate and useful ways to obtain
information for the Risk Management Framework
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and for regulatory decisions that will affect healttof achieving intermediate regulatory goals. Suppose,
safety, and the environment, but not as the solefor example, that several alternatives can be pur-
overriding determinant of those regulatory decsued to reduce automobile exhaust emissions as part
sions. Information about costs and benefits that axfea larger ozone control strategy. CEA can be used
intangible and that cannot be assigned monetapyrank the cost per unit of emissions reduction of
values should be addressed and considered expghose alternatives. Policy makers could then com-
itly. Assumptions and uncertainties should be spepiare the vehicle policies with other options to de-
fied. termine the least cost way to achieve the larger goal
of ozone reduction. Disadvantages of CEA are that
conomic analysis plays an important role ithe most cost-effective option might not be the one
E\je options stage of our Framework for Risthat provides the most efficient allocation of re-
an-agement (see Section 2). Like risk aseurces and that only costs, not benefits, are con-
sessment, the tools of economic analysis hasidered.
strengths and limitations. And like social and po- BCA has a different role: it can be used to help
litical considerations and information on risks ttormulate risk management policies and priorities
health and the environment, economic analysis camd identify risk management goals that maximize
provide important input to risk management anmgkt benefits across various levels of protection. For
regulatory policy decisions. Considering incremepxample, BCA can assess the benefits and costs of
tal costs and benefits in regulatory decision-masHternative health-based standards with different
ing can help to clarify the tradeoffs and implicatiorsvels of health protection. Consider the following
associated with alternative regulatory policies ahgpothetical example:
help regulatory agencies to set priorities. Economic

Annual Incremental

analySiS can contribute to making better use mfsible No. Annual Health Cost of Controls Cost ($ million/
. e Standard Eflects Averted ($million) effect averted)
SOCIety S ||m|t8d resources. . Incremental Incremental
The objectives of CEA and BCA differ. CEA caRuys quo Benefit Cost
help identify the risk management option th&o rrm) — - -
achieves a specified regulatory goal with the sm EI?—SSE e o AV
est cost or least reduction in overall social We||-b§?) m 990 20 500 350 9

ing. That is, CEA begins with an assumed health 0§y 999 9 2.000 1,500 170
environmental protection goal and then explorﬁae: Figures are chosen strictly to illustrate the method.
and compares the methods that could achieve that
goal to identify the least costly one (while acknowl- In this is example, BCA could assist EPA in se-
edging that costs and benefits might be inequitaldécting the standard that it should adopt by trans-
distributed; see page 96). For example, if the healldting health effects into dollar-equivalent units with
based goal is to lower the current ambient ozosiech methods as “willingness-to-pay.” The willing-
standard to 0.1 ppm, CEA could be used to helprtess-to-pay concept reflects the economic principle
choose among options that are expected to attdiat environmental quality and risk reductions ul-
the 0.1 ppm standard but use different approachisately are things people value, just as they value
generate different costs, and may have differezdnventional consumer goods. Althouh it is sub-
probabilities of success. Tengs et al. (1995) usjedtive and can be unreliable, economists use this
CEA to compare different life-saving medical intemethod to estimate how much people will give up
ventions against a common measure, years of lifegain environmental improvements. It is only one
saved. approach that can be used to value costs and ben-
CEA also can be used to assess different meafiss, however. In this hypothetical example, if eco-
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nomic analysis indicated that the public is willindivided into four categories: benefits quantifiable;
to pay up to $5 million per averted health effealamages probabfie minimis so quantification not
the economically “efficient” standard would be bgustified; quantification possible but more resources
tween 5 and 20 ppm. BCA applied in a strict quarequired for analysis; and quantification not pos-
titative sense can be used only to the extent tkdile. The first category included the health ben-
costs and benefits can be monetized. This approac¢tis of reducing air pollution because the
might be rejected if willingness-to-pay is unknowrgpidemiologic, cancer risk, and valuation literature
benefits are nonquantifiable, or BCA is consideredgarding air pollution is relatively rich. The ben-
inapplicable. CEA, in contrast, could compare thedits of reducing acid deposition on crops, vegeta-
costs of implementing different methods of contrdéibn, and forests were placed in the second category.
with the number of deaths or health effects th@he third category included impacts of surface wa-
would be prevented by those controls. The politgr chemical discharges on fisheries; monetization
maker would have to decide which cost is accept-the effects was thought to be possible for some
able and select a standard that is consistent wdttemicals, but many assumptions would be needed
that cost and in keeping with other desired goalsanfd the effects were unlikely to be large. The effect
the decision-making process. of greenhouse gases on climate was a prominent
The advantage of BCA, in principle, is that ikxample in the fourth category; instead of moneti-
can be used to help make choices among policzedion, a sensitivity analysis was provided, which
and actions with quite different benefits and cosisdicated that every dollar of damage per ton of
guided by what members of society are thought@®, emitted was equivalent to 0.1 cent per kilo-
be willing to pay to reduce risks. It is no small chalatt-hour when electricity is generated by coal.
lenge to compare, for example, costs and benefitther category four examples are the effects of air
of reducing lead derived from paint contaminatigmollution on wildlife and the effects of acid deposi-
in houses with those of ambient ozone reductidion on cultural and historic materials.
In some cases, benefits and costs might beA BCA of a proposed policy should also be
nonquantifiable because of the absence of reliablgoplemented with information on its distributional
data, not because they are intrinsicallgonsequences. In an assessment of aggregate ben-
nonquantifiable. In such cases, it is better to redyits and costs there is no accounting for who bears
on qualitative analysis than to produce an indefethe risks and could benefit from risk reduction and
sible quantitative analysis. When there are beliewatio bears the costs of implementing the policy.
to be substantial benefits (or costs) that cannotB€As based on aggregate benefits and costs do not
monetized, a BCA should be supplemented by desplicitly weigh consequences by income category
cussion of the nonquantifiable elements, as empba-ethnic group (see next section). Equity consid-
sized in the 199Bconomic Report of the Presidenterationscan be considered in BCA, but doing so
Effective methods of including nonquantifiable berequires agreement on how to weight different so-
efits in economic analysis are needed and shoualdl groups. No objectively correct weights can be
be pursued. At a minimum, good practice wouklbstantiated.
include listing what the analyst believes are poten- CEA, in contrast, does not require that benefits
tially important nonquantifiable benefits (andébe monetized, although they can be monetized
COSts). when appropriate. (Nonmonetized benefits cannot
An example of a method for evaluating bothe aggregated.) CEA requires only that the “effec-
quantifiable and nonquantifiable benefits is a studlyeness” of a policy be defined by some physical
of environmental damages caused by the generseasure (such as tons by which pollutants are re-
tion of electricity (Rowe et al. 1995). Benefits werduced, or number of cancer deaths avoided). The
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cost of different policies per unit of effect can band benefits associated with options for a regulatory
compared. CEA cannot inform the debate over ttecision can serve the public interest and, in fact, is
goals of a policy, but it can provide informatiomandated in the Unfunded Mandates Reform Act of
about the cost per death or effect averted; it is 1995 and in Executive Order 12866. Moreover, BCA
to the policy maker to decide how to use that infotan be an important element of a more inclusive set
mation to make a decision. CEA, however, shoutd decisional criteria for assessing the potential value
be used cautiously in the analysis of a program wihregulation. In particular, to ascertain that the ben-
more than one favorable effect—for example, éfits of regulationgustify their costs, as stipulated in
saves lives, reduces illness, and provides ecologiEaecutive Order 12866, it is important not only to
or aesthetic benefits—as it is difficult to compariéentify and measure the incremental costs and ben-
these on the basis of cost per single beneficial efits that can be quantified but also identify those
fect. Only if the other favorable effects can be mowhich are less quantifiable.

etized and subtracted from the costs, can a net . . :
cost-per-life-saved calculation be made; similarl ’lstrlbutlons of Costs and Benefits
an estimate of the net costs of ecological or a&#ding

thetic benefits can be made by deducting estimates gconomic analyses have been criticized because

of reduced morbidity and mortality risk. they are often blind to issues of environmental equity

A recent review of the conduct and use of ecgp( fajl to make explicit who bears the costs of a regu-
nomic analysis in support of EPA regulations 'ndfatory decision and who reaps the benefits.
cates that economic analysis has so far played only

a minor role in actual decision-makindieécommendation
(Morgenstern 1997), primarily because: Economic analyses should present information,
where practicable, that can be used to provide a firmer

* The economic analyses were not designed tob e luat . itable distributi ;
address a sufficiently rich array of policy asis for evaiuating any inequitable distributions o
costs and benefits.

options and were thus rendered irrelevant to
the actual decision. CA generally does not address the equity im-

* The scientific information about risk on which Bncations of the policies that they seek to evalu-
the benefits analyses were based was so wea te. For example, if implementing a policy that
that their credibility and influence were affects health, safety, or the environment decreases the
undermined. welfare of the poor and increases the welfare of the
Despite its limitations, BCA can provide usefulealthy, but the benefit to the wealthy outweighs the

information to help evaluate the favorable and unfass to the poor (in dollars, not percent income), BCA

vorable effects of proposed regulatory policies amaight show the policy to lead to an improvement in
should continue to be used as appropriate to infoaggregate social welfare.

but not as the sole criterion for decision-makiBen- BCAs need not incorporate equity considerations

efit-Cost Analysis in Environmental, Health, and Safeqyantitatively. Deciding how different groups should

Regulatiorstated that, “benefit-cost analysis is neithée weighted for equity in economic analysis is highly

necessary nor sufficient for designing sensible publialue-laden. However, if groups or individuals within

policy. If properly done, it can be very helpful to agerm societal group potentially affected by a policy are
cies in the decision-making process” (Arrow et dikely to experience the impact differently then that

1996). Because estimates of costs and benefits slreuld be identified and communicated to risk man-

highly uncertain, BCA cannot be used to “prove” thagers, regulatory decision-makers, and stakeholders,

the benefits of a policy outweigh its costs, or vice versamd considered as policies are formulated. For ex-

Nonetheless, information about the incremental coataple, the implementation of a policy that reduces
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the population enjoying reduced health risks wh with the results of economic analyses.
consuming the affected fruits and vegetables; it wi For example, the results of health risk as-
also result in some who will no longer to be able s@ssments contribute substantial uncertainty and
afford those fruits and vegetables. Evaluating such dlie uncertainty associated with an upper-bound
ferences quantitatively would be problematic, but rpeint estimate of individual risk can range over sev-
vealing them qualitatively would provide importangral orders of magnitude. Economic analysis relies
information that could be considered in the regulaet on point estimates of individual risk, but on
tory decision. the entire probability distribution of potential costs
or benefits for an entire affected population, which
‘ cannot be accurately extrapolated from an upper-
UNCERTAINTY AND INCONSISTENCY IN bound point estimate of individual risk. Economic
Economic ANALYSIS analysis relies on information about the central ten-
dencies (mean or median) of costs and benefits for
The results of economic analyses, like the ra-population as a whole as well as measures of dis-
sults of risk assessments, are often expressegeasion, so that aggregate expected net benefits can
single numbers unaccompanied by any informatibe evaluated. Determining central tendencies and
on the precision or uncertainty that might be assoneasures of dispersion requires information on the
ciated with them. The inconsistency among agem-obability distributions underlying the important
cies and programs in estimating, for example, themponents of costs and benefits. If a scientific as-
cost per life saved in association with a regulatosgssment of risk provides information only on the
decision in part reflects the uncertainty associategper bounds of hazards the economic analysis will
with valuing such a quantity. either overstate the net benefits to the general popu-
. . . lation or be relevant only to the tail of the risk dis-
C_haracterlzmg the U_ncer'gamty Associated tribution. However, relying only on central
with Cost and Benefit Estimates tendencies might misrepresent net costs or benefits
Finding to particular subpopulations. Avoiding these incon-
Like health risk assessment, economic ana@'_stencies requires changes in approaches to both

sis involves multiple assumptions and produces difalth risk assessment and economic analysis, as
certain results. Estimates of the costs and benefitgcussed later on page 99. _

associated with alternative regulatory and Other sources of uncertainty in economic analyses
nonregulatory options rely on data to the exte‘rﬁed in an environmental context are associated with

that they are available, relevant, and reasonably p\@Luing the benefits of environmental assets. Environ-
cise, but also rely on judgments, values assun%@”tal assets are features of the natural environment

permissible pesticides will result in some segmentsM any sources of uncertainty associated

tions, and extrapolations. that people are willing to support financially to avoid
_ their degradation. They include recreation areas, en-
Recommendation dangered species, visual range, open space, and wet-

The primary sources of uncertainty associatihds. People might value preventing degradation of
with the results of economic analyses should H®se assets because they use the services that the as-
identified, characterized, stated explicitly, and corsets provide (“use value”) or simply because of their
municated clearly. The results of economic analysedgstance (“non use value”). Quantitative estimates of
should not be expressed as though they are prevaee in both cases can be highly variable and often
measures of actual economic costs and benefits. controversial, which may partly explain why natural
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resource damage provisions in existing laws have beerGiven the assumptions and uncertainties, it is mis-
little used. leading to express the results of economic analyses as
Cost estimates are also highly variable and impsengle numerical estimates of costs or benefits. In some
cise, and they can vary according to the bias of teses, probabilistic techniques could provide some
organizations affected. Regulatory agencies often msshse of the distribution of possible outcomes. More
base their cost estimates on incomplete informatigenerally, qualitative information included as narra-
from parties with economic interests at stake. Thiees that assess a few alternative scenarios and their
Office of Technology Assessment (1995) evaluateelative plausibility would be helpful. In all cases,
how agency estimates of the costs of new regulatidmavever, it is essential to identify the primary sources
before enactment differed from the actual costs wi-uncertainty.
curred. For example, industry comments suggested . . .
that implementing the workplace standard for vingcons.IStenCIes in Monetary Valuation of
chloride would cost industries $1 billion; actual cos enefits
were about $250 million. OSHA predicted that implé-inding
menting the workplace standard for cotton dust would \1onetized valuation of benefits for regulatory
cost industries about $280 million a year; actual gf;rposes is inconsistent across regulatory agencies
nual costs were about $80 million. Neither of thogg,q programs.
estimates anticipated process and technology changes _
that substantially decreased costs, increased efficieft§commendation
and reduced exposures. To achieve more nearly consistent benefit
In general, according to MIT Professor Nicholagaluation among regulatory agencies, the value
Ashford’s testimony to the Commission, costs are iif mortality risks should be stated explicitly and
tially overestimated for several reasons: costs arewiued with best estimates or ranges of estimates
ten provided by the regulated industries, the abiléyd with consistent use of procedures and basic
of regulated industries to learn more cost-effectiegsumptions. Development of federal guidelines
means of compliance is neglected, economies of s¢ale benefit valuation involving stakeholder in-
are ignored, and preregulatory cost estimates negfaet should be considered.
the impressive effect that regulations can have on

stimulating new technologies. Of course, estimatin Ithough several successive administrations
the economic impact of a new regulation before it o have issued executive orders that require
curs is inherently very difficult, relying of necessit onsideration of costs and benefits in

on assumptions, judgments, and speculation.  rulemaking, those administrations have explicitly
Examples of documented cost underestimation aedused to establish a consistent basis for valuing
more difficult to identify, because of a dearth of retroeduction in death risk (or “statistical life” saved)
spective analysis. Nevertheless, a number of analystsociated with various policy options. As a result,
believe that it occurs with some frequency. For exnder current guidance agencies may choose not
ample, recent Clean Air Act rulemakings associatamlvalue death risks (or “lives”) explicitly and avoid
with operating permits did not adequately allow f@ubjecting their regulations to comparison with a
affected emitters’ opportunity cost that resulted frobenchmark for cost effectiveness.
delays in receiving new permits. The Resource Con-Inconsistency in valuation takes several forms,
servation and Recovery Act’s rule making on assess:luding whether an analysis includes explicit val-
ing the toxicity of waste materials inadvertantlyes for death risk reductions, how such values are
included large volumes of lower-risk materials, increasicorporated, and what values are chosen. For agen-
ing the actual costs of the rule compared with EPAges that do explicitly value death risk reductions,
estimate.
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the implied value of a statistical life ranges from #linking Risk Assessment and Economic
million to $10 million. For agencies that do nofAnalysis

explicitly value death risk reductions, but instead

base decisions on an “acceptable” cost per life saveithding

the implicit value of a statistical life can be far Risk assessors are unfamiliar with the informa-
higher. One study of EPA regulatory decisions thgbn apout risks that is needed for economic analy-
affected cancer risks found regulations promulgatgl as a result, the questions asked and the results

that cost more than $50 million per life saved. Af¥ risk assessments often do not match the needs of
Office of Management and Budget study of sueh:gnomic analysis.

behavior, involving a broader range of causes of )

death, found even higher costs per life saved, Rgcommendation

did a recent Congressional Budget Office study of Risk assessors and economists who must rely on
drinking water standards. In such cases, the debie results of risk assessments to estimate benefits
sions were probably driven by statutory or tecBhould collaborate more to reduce the inconsisten-
nological requirements. Another way of valuingies between scientific and economic approaches
lives or social costs is by the ratio of false neg& characterizing risks and risk reduction alterna-
tives (failing to identify a chemical as a carcinaives. Risk assessors and economists should expand
gen) to false positives (inappropriatelyheir methods to reduce mismatches.

identifying a chemical as a carcinogen, thereb _ .

leading to regulation and loss of its beneficiajl Mplementing the Commission’s Risk Manage-
uses), as illustrated by the Lave-Omenn valu ment Framework and using information on both
of-information model for carcinogenicity testd risks and economics to make decisions require
strategies (Lave et al. 1988, Omenn and La§8Me consistency between risk and economics-re-

1988, Omenn et al. 1995 see “Value of Obtailted assumptions and conclusions. At present, risk
ing Additional Information” on page 91). assessors operate in a world essentially isolated from

Encouraging agencies and programs to valthat of economists, and economists often have little
death risks with consistent procedures that leadftPwledge of risk assessment. Furthermore, risk
the best estimates or ranges of estimates of s@&feSsors and economists are generally attempting
values under specified conditions could reduce - answer different questions. Incompatible and
teragency and intra-agency inconsistency and pg8ntradictory practices will have to be reconciled

sibly facilitate more cost-effective decisions acrods/iSk assessment and economic analysis are to be
the agencies. “Best estimates™ could be deviséged together to support effective risk management

within an interagency process that takes into #€cision-making.

count consensus and the range of uncertaintyFor example, the results of risk assessments are
around published values, including the extent ased in economic analysis to estimate benefits, but
comparability of various types of risks. Too-rigidisk characterization end points are often inconsis-
protocols that reduce economists’ flexibility toéent with economic valuation starting points. The
choose the data and analytical approach that beatitional methods of evaluating health effects for
fit the problem should be avoided, however. use in health risk assessment can conflict with the

*The term “best estimate” is ill-defined and controversial when used to describe the results of risk assessments (seé abstract
paper prepared for the Commission by Cambridge Environmental, Inc., in Appendix A7). To economists, however, best estimate
is a well defined and accepted concept, referring to central tendency or expected value. Such discrepancies must be acknowl-

edged in order to be reconciled.
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needs of economists who are asked, at least impégy instead of the strategy based on the population
itly, to provide information on individual prefer-risk, which could be considered the more relevant
ences for avoiding health risks. For example, a frteasure.
percent improvement in lung function is not mean- Inconsistency also results from the traditional
ingful to most people. They do not demand greatésk assessment practice of relying on conservative
lung function; they want fewer sick days. Healthssumptions to account for uncertainty about ex-
risk assessments seldom evaluate risks in termgos$ure or toxicity. That tradition purposely skews
sick days, and no available economic studies a@sk estimates upward to build in a margin of safety
be used to value a 10 percent improvement in lutigt is intended to protect a population from health
function. In addition, adverse effects other thaisks (estimating average risk reductions instead
cancer are generally regulated by comparingmaght result in protection of only part of a popula-
chemical’s exposure concentration to its referentgen), and provides only one point in the upper end
standard, or “safe,” concentration. Without a limf a risk distribution. According to standard prac-
ear dose-response relationship, there is no basistfoe, a BCA is an attempt to describe the distribu-
estimating a probability of risk (such as one exttmn of risks (or the distribution of risk reductions)
cancer death out of a million people exposed ovarthe population and defer to a decision-maker to
a lifetime). Economists’ methods for evaluating riskdetermine what is an adequate level of protection
require that risks be expressed as probabiliti@sd which strategies deliver that level of protec-
Closer collaboration between economists who aren. Computing cost-effectiveness measures on the
familiar with the valuation literature and scientistsasis of an upper-bound estimate of risk will result
who are estimating concentration-response funno-alower-boundestimate of the actual cost. Using
tions might help to overcome such mismatchesdrstributions of risk estimates instead of upper-
estimating risk and economic value. bound point estimates might overcome this incon-
Another conflict between the needs of econsistency.
mists and the results of risk assessments arises be~inally, mismatch can result because risk assess-
cause health risk assessments generally focusnmnt relies more on expert opinion and economic
individual risk estimates rather than population riglhalysis relies more on the expressed preferences
estimates. Economists estimate benefits for tbenonexperts for products or activities associated
population at large, for two reasons. First, if costdth risks, where those preferences are conditional
are to be compared with benefits, it would malan individual risk perceptions; economic estimates
no sense to compare total costs with benefits expédamages are based on individuals’ willingness to
rienced by only one person, especially the hyppay to avoid risks. Nonexperts’ individual risk per-
thetical “maximally reasonably exposed” individuateptions often disagree with expert opinion (see
Second, even if one were performing a CEA in whittientifying Risk Communication Needs on page
abatement costs per risk to the maximally expos&®)). Resolving these inconsistencies will require
person were being estimated, the resulting estimgtedgments regarding the appropriate weighting of
could be very misleading for the decision-makehe opinions of experts and of informed, nonexpert
Suppose that two abatement strategies had equedple. Interaction and collaboration between
cost, but one was related to a very high individuabnexpert stakeholders and technical people may
risk and low population risk (because few peoplead to convergence of views.
were exposed to the pollutant of concern), and theThe use of margins of exposure by EPA to com-
other associated with exposing many more peojplare cancer and noncancer risks (see Need for a
but with low individual risk. A CEA based on indi-<Common Metric on page 43) has been criticized as
vidual risk would lead to adoption of the first strabeing unsuited to economists’ needs for specified,
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extrapolatable (not necessarily linear) dose-respoestects. Having the mains decline due to in-
curves down to very small exposures. That protreases in emissions and exposures would be a nega-
lem has always existed for noncancer effects, liere effect. Taking action to increase margins of
cause they are thought to exhibit a threshold (egposure between exposures known to have adverse
effect below a particular dose). Without a dose-reffects and exposures actually experienced in vari-
sponse riationship, there is no basis to calcusus occupational and environmental settings would
late incremental benefit and incremental cost bs a benefit. Presumably, relative values or mon-
exposure concentrations are reduced. Puttiatized estimates could be generated. It would be
aside the issue of defining that threshold, econoportant to use the risk reduction presentation
mists could combine “willingness-to-pay” metheaptured in Figure 3.1 to guide assessment of the
ods and biological insights to put values ocamount of risk reduction gained as exposure levels
margins of exposure for various types of adversere reduced progressively.
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Tue RoLe oF Peer Review 1N REGULATORY
Decision-MAKING

Peer review is an important and effective mechal major rules under development. An open pro-
nism for evaluating the accuracy or appropriateess of sharing the findings and conclusions from
ness of technical data, observations, interpretatiopsgr review can increase the credibility of a risk
and the scientific and economic aspects of reguéssessment and stakeholders’ confidence in the con-
tory decisions. Peer review should provide battusions. Peer review might even be useful in the
anced, independent views. When used well, pdiest stage of putting a problem in context, drawing
review can serve as a system of checks and balanoesxperienced ecologists, public health officials,
for the technical aspects of the regulatory proceasd researchers.

: . The Commission believes that expertise in the tech-
Imp(oylng the Quality of Regulatory nical area under evaluation should be the primary cri-
Decisions terion for members of peer review panels. However,
Finding potential peer reviewers with financial conflicts should

Peer reviews should be conducted both to df disqualified from service on peer review panels that
hance the credibility of agency decisions and po§RUld specifically influence regulatory decisions re-
tions and to improve their technical quality. pe@ted to the products or interests of their organiza-
review activities in federal regulatory agencies al@ns. For example, if Monsanto manufactures a

generally devoted to evaluating the quality of triR¢sticide that is under review by EPA for potential
toxicologic, epidemiologic, ecological, and engplassmcatlon as a likely human carcinogen, Monsanto

neering data and the credibility of the scientific iftPloyees or stockholders should not serve as peer
terpretations that may be used in making"gviewers, although they should certainly provide in-

regulatory decision. The quality and interpretatidi't t0 the technical analysis that is peer reviewed. If
of other technical information, especially related fgiPa-Geigy manufactures a similar pesticide, Ciba-

economic analyses and the social sciences, are &9y €mployees or stockholders should not serve as
erally ignored. peer reviewers either, because they are competitors

_ with Monsanto. These individuals often have a great
Recommendation deal of knowledge about the subject under discus-
Peer review should play a critical role ision; however, and should be invited to share that
evaluation of the quality of technical informaknowledge in open sessions with the agencies and
tion used in regulatory decision-making. Peer réhen, upon invitation, with peer review panels. Other
view of economic and social science informationdustry scientists without scientists witout such clear
should have as high a priority as peer review fifiancial conflicts would qualify.
health, ecologic, and engineering information. Individuals with other kinds of financial interests
The primary criterion for membership on peanay serve on peer review panels but must disclose
review panels should be expertise in the areatbdse interests. Academic scientists working in the area
concern; however, financial conflicts must bef pesticide carcinogenesis may serve as peer review-
avoided. ers but should recognize and disclose that their in-
puts to EPA's decision might have an indirect impact
er review of the scientific and economic datan the nature or direction of their research. Similarly,
presented in the risks and options staggsalified staff or representatives of environmental or-
of the Framework (Section 2) is essential f@anizations that work to reduce the use of carcino-
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genic pesticides may qualify as peer reviewers, ev@féness of agency peer review programs should be
if they may be perceived as enhancing their empl@aluated periodically. The extent of peer review
ment and their organization’s visibility. should be commensurate with the importance of sci-
In contrast with financial conflicts, bias reflectentific or economic issues and the regulatory impact
views or positions taken that are largely intellectualbf the decision to be made. When peer review is judged

or socially motivated. It is difficult, if not impossibleto be unnecessary, an agency should provide an ex-
and unwise, to eliminate bias. The Commission Qlanation and justification.

lieves that criteria for constitution of peer review pan-
els should include a balance of disclosed biases fficial, written guidelines for the conduct
inclusion of active, younger, and culturally divers of peer reviews help ensure the transpar-
scientists and economists. Explicit criteria for reveal~ ency of agency decision-making and enhance
ing and evaluating conflicts and biases are needed {§&ecredibility of agency decisions. Guidelines for con-
The Conduct and Effectiveness of Peer Review I§éstent peer review procedures can enable agencies to
low). address explicitly the questions and issues that are
Although economists have very different experti§@mmonly raised during development of regulations.
from toxicologists and epidemiologists (but not bigd*dministrative features—such as how peer reviewers
statisticians), we recommend a unifed peer revedig selected; which agency problems, risk assessments,
panel, consistent with our recommendation to liiRgulatory options, or decisions will be subject to peer
assessment outputs and inputs for economic analy8igew; whether and how consistency among an
(see page 99). agency’s programs should be improved; and how the
The person(s) responsible for selecting peer reviettcomes of peer review will be used—should be ad-
ers can have a great deal of influence on the naté@ssed by an agency’s peer review policies. EPA's pro-
and biases of the membership and the expertise @j§m-specific standard operating procedures for peer
resented; consequently, they can indirectly affect tiRview required by its peer review policy (EPA 1994)
outcome of the review. Those persons can also ha@&d00d examples of such guidelines.

lot of influence on what is peer reviewed. That peer review policies should also provide guidance
gatekeeper role should be structured carefully to e@sagency staff for effectively framing the responsibilites
sure that biases affect the process as minimallyod$eer review panels, which should at a minimum
possible. include determining whether all the relevant data were
evaluated, whether the conclusions based on those
data are justified by the evidence, and whether the
conclusions are communicated in a manner that re-
Finding flects the weight of the scientific evidence.

EPA has a written policy for program-specific peer In some cases, alternatives to traditional peer re-
reviews (EPA 1994). FDA has an established poligiew panels may be appropriate. For example, while
for constitution of advisory panels, which function &8SHA uses peer review panels for some complex is-
technical review panels. Some agencies do not h&U€s, it relies to a greater extent on trial-type
official guidelines or policies for peer review, and egulemaking hearings, that can be quite rigorous. The
sentially none has procedures for evaluating the &0 approaches should be compared and evaluated
fectiveness of peer reviews. against criteria based on agency or cross-agency poli-
. cies. At CPSC, a formal peer review process is re-
Recommendation quired before issuance of certain rules related to cancer,

Clear, written guidelines for peer review shoulsirth defects, or gene mutations. CPSC employs peer
be established by regulatory agencies, and the efiesiew voluntarily in certain cases with scientific con-

The Conduct and Effectiveness of Peer
Review
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troversy; otherwise, this agency relies on the pubfiz/aluating the Use of Peer Review and of
comment pracess, usually two comment periods pSisientific and Economic Analyses in
a hearing. Regulatory Decision-Making

Agency peer review policies should also include a
regular evaluation process to examine specific @nding
amples of an agency’s use of peer review in its regula- There appear to be no mechanisms for evalu-
tory decision-making and ask how the peer revig ing the use of scientific and economic infor-
was con'ducted, whether and how the Ol_Jt_come of %vStion in regulatory decisions.
peer review was used in a regulatory decision, whether
the peer review was considered useful, and finally, h&#@commendation
the process could be improved. The General Account- Advisory groups should be used periodically
ing Office (GAO) of the Congress recently publishe@ evaluate the use of technical information and
areportPeer Review: EPA's Implementation Remaifige results of peer reviews in regulatory deci-
Uneven which evaluated nine major agency woron-making. Advisory groups for this purpose
products that had been peer-reviewed under EPéfsould be composed of stakeholders, including
1994 peer review policy (GAO 1996). The uneveRose with financial stakes. Such advisory groups
implementation of its policy was attributed to confuyould review the process, not override pending
sion among agency staff about what peer revigMcisions.
means, what its benefits are, and how and when it
should be conducted. In addition, accountability an ood science can be used to justify bad
oversight mechanisms were found to be inadequgregumions, Asking whether relevant
Another agencywide evaluation of the role of peerr scientific or economic information was
view is described in the EPA publicati®afeguarding cited appropriately in a particular regulatory
the Future: Credible Science, Credible Decisi(iRA process is critical. There appear to be no mecha-
1992b). Evaluations can be organized by the agensigms in place that support review of the use of
(as EPA does through its Science Advisory Boardachnical information at the policy stage, al-
across agencies, such as by the Office of Sciefiggugh scientific advisers to the EPA adminis-
and Technology Policy or the GAO, by the risk asrator, the FDA commissioner, or the OSHA
sessment subcommittee of the administratiomgministrator may fill that role informally. Most
Committee on Environment and Natural Resourcesser reviews evaluate highly focused, technical
or possibly by a rejuvenated Council for Environopics because of the assumption that scientists
mental Quality. and economists tend to lack an understanding

Full peer review is unlikely to be needed fogf the history and philosophy of an agency’s de-
every regulatory decision. Implementing a peer reision-making process. An advisory mechanism
view process for every regulatory decision or evefyr evaluating the descriptions and uses of sci-
step in a regulatory decision would lead to subntific and economic analysis in the decision-
stantial delay and require excessive resources. Hhgking stage should be developed.
most effective and most efficient use of peer review |n contrast to members of peer review panels
should be decided case by case, taking into accowiewing pending matters, members of advisory
such issues as the extent to which the scientific bagisups would be permitted and expected to have
for a risk assessment or economic analysis migflicts of interest, financial or otherwise. Advi-
be considered controversial, the economic impa@ry groups of stakeholders would evaluate the use
that a decision might have, and agency resoutsiethe results of peer review in completed cases in
constraints. Peer review shouldtbe used as a dethe decision-making process as a lessons-learned
vice to delay controversial policy decisions. exercise to support continuous improvement.
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RECOMMENDATIONS FOR SPECIFIC
RecuLATORY AGENCIES AND PROGRAMS

Current practices in the use of risk assessmenReacommendation

regulatory programs vary among fed_era_ll agencies andyhen two or more agencies or program of-
even among regulatory programs within EPA. SOmiges regulate similar health or ecological haz-
of the variation is attrlbutable_t(_) different requwerr_le_n&s*rds associated with chronic exposures, they
among federal laws authorizing regulatory activitgnouid coordinate their risk assessment meth-
either in the form of explicit methodologic r(_aquire(—)dS and assumptions, unless there is a specific
ments that assessments must follow or as differendpatutory requirement for different choices. Sci-

ments must support. Some of the variation reflects

differences in policy among organizations, adoptéﬂ'l- he primary reason for differening results
as a matter of differing scientific and policy judgment among agencies is that the function
or simply because of the independent establishmenll of the risk assessment process—to project
of varied precedents, preferences, and objectives. Beissible human health risks associated with the
ter coordination among agencies is needed, and thexgous types and magnitudes of exposures that
have been several calls for a central organizatiormgght arise—outstrips the ability of scientific in-
coordinate all risk assessment activities. vestigation to give firm answers. The practical need
Previous sections of this report have addressedtiieharacterize the risk consequences (including the
larger risk-assessment and risk-management issulesertainty about them) of various potential actions
that affect environmental health regulatory prograrasd activities by industries, by government, by in-
across the federal government. This section narradvgiduals, and by society as a whole remains.
those general issues and recommendations to indi-There is general agreement on a common frame-
vidual agencies and programs and uses them as anmak and structure for risk assessment, but debate
sis for specific recommendations. This section is ramntinues vigorously about the most appropriate
meant to exhaustively evaluate all the federal ageisk assessment approaches, the bearing of various
cies that assess and manage risks, but to highlight tHoses of data on risk projections, the level of risk

that provided testimony to the Commission. that is considered negligible, and the degree and
appropriateness of conservatism in risk assessment

ConsisTeEnNcy AMONG AGENCIES methods. The diversity of methods among federal
regulatory agencies makes it difficult to compare

Finding risks and any mitigating actions from one regula-

tory program to another. For example, EPA and

Risk assessment practices are poorly coordina@aSC differ on several critical aspects in the per-
among and often within regulatory agencies and pformance of a quantitative risk assessment: EPA re-
grams, even among those with overlapping interebés on the “maximally exposed individual” or, now,
and jurisdictions. Inconsistencies and idiosyncratither upper-end exposure estimates while CPSC
practices impair the credibility of risk assessmenises the average population exposure; EPA uses
Nonetheless, the differences among agencies are refgper-bound risk estimates while CPSC uses maxi-
tively small considering the complexity and uncemmume-likelihood estimates; EPA uses pharmacoki-
tainty of risk assessment.
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netic information for cross-species extrapolatiogram to control hazardous air pollutants from
but CPSC declines doing so. point sources through the promulgation and

Defaults and standard methods are necessarymplementation of technology-based standards.
the face of uncertainty and lack of case-specifihhiese standards are arrived at by identifying the
knowledge, but variation among agencies and praaximum available control technology (MACT)
grams increases the sense of arbitrariness in mskrently in place. This strategy was mandated
analyses. In cases where regulatory responsibilittescause the regulation of hazardous air pollu-
overlap or different groups have occasion to asséigs from point sources using a chemical-by-
the same exposures, differences in assessment ohemical, risk-based approach was judged
come can lead to conflict and confusion among theeffective and inefficient. Difficulty in setting
public and the regulated community. When incomew standards was characterized as “paralysis by
sistencies exist among agencies with overlappiagalysis” by the Natural Resources Defense
regulatory responsibilities, a continuing effort i€ouncil’s David Hawkins, who was assistant ad-
needed to harmonize methods and assumptiomsistrator for the Office of Air and Radiation
used in risk assessment. In cases where consistendjpe Carter Administration. The statutory lan-
is inappropriate, written justification should bguage was interpreted for carcinogens to require
provided. Lorenz Rhomberg’s report to the Conan ample margin of safety below the no-effect
mission details the use of risk assessment by féelvel, which was assumed to be zero. The agency
eral agencies and indicates where some of iBsued standards for only seven prominent
inconsistencies exist (see Appendix A7). agents, all in the 1970s (see Table 7.1).

In this global economy, there is and should be As of January 1997, EPA had promulgated 20
increasing efforts to harmonize toxicologic testin@)JACT standards for 47 source categories and had
clinical trials, and now risk assessment on an int@roposed three more standards. In all, 174
national basis. source categories need MACT standards (see

Table 7.2). When the MACT process is complete

and the control technologies are in place, EPA
EnviRoNMENTAL PROTECTION AGENCY must start again with each source category within

8 years to assess residual emissions and residual

EPA has played a critical role in facilitatingisks.
the substantial improvements in our environ-
ment the_lt we have enjoyed over the last 2_7 Y€&arstaple 7.1. Air pollutant standards
The major sources of pollution contaminating promulgated.
our air, water, and soil have been greatly miti- _ _
gated, largely as a result of its programs and pri- gechon 109 . . oection 2

vate sector and state compliance. The complex Quality Standards Pollutant Standatds
pr_ot_)lems that remain W_iII_require c_ontinu_ed Cré-  suifur dioxide Vinyl chloride
ativity and improved efficiency. This section ad-  Particulate matter Asbestos
s Ozone Benzene
dresses several of EPA's programs and offers nitrogen dioxide Radionuclides
recommendations that are aimed at improving Hydrocarbons Mercury
. i p- . . Carbon monoxide Arsenic
the identification and management of risks. Lead Beryllium
Office of Air and Radiation ‘Deleted in 1983.
. ’Regulated between 1970 and 1990.
The 1990 amendments to section 112 of the

Clean Air Act established an entirely new pro-

@
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This section presents recommendations re-problems and their public health and
garding the assessment and management of reenvironmental contexts.

sidual risks, as the Commission was mandat?.dUse available data and default assumptions to

by Congress, and addresses several related issueB.encorm screening level risk assessments to
We also address the topic of indoor air pollution. identify sources with the highest apparent

Tiered Scheme for Determining and risks.
Managing Residual Risks 3. Conduct more detailed assessments of sources
Finding and facilities with the highest risks, providing

In the Clean Air Act Amendments of 1990. Con- guidance and incentives to regulated parties to
' either conduct these risk assessments or

gress directed EPA to require industry to improve L | .
the technologies they use to reduce emissions from:rei:jeuscheofzdn;lsyons to below screening
point sources of hazardous air pollutants. Further- :
more, Congress mandated that EPA determiéeAt facilities that have incremental lifetime
whether any unacceptable residual risks to healthupper-bound cancer risks greater than one in
from hazardous air pollutants remain after MACT 100,000 persons exposed or that have
has been implemented. EPA needs and wants guidexposure concentrations greater than reference
ance on how to implement these residual risk pro- standards, examine and choose risk reduction
visions. options in light of total facility risks and

Section 112 of the Clean Air Act Amendments public health context.
of 1990 has been so stringently interpreted thansif
even a single facility within a source category Is
found to pose a residual cancer risk of D@ more
after MACT has been implemented, EPA must con- o _
sider more stringent new standards for that soufegScriptions of Each Step and Rationale for the
category. In the assessment and control of criteRgheme

air pollutants (section 109, Table 7.1) and hazard- o
ous air pollutants (section 112, Table 7.3), it is 1- Problem/Context Characterization. Local,

noted that the same industrial and utility poifg9ional, and national levels of air toxics, by pol-
sources often contribute pollutants of both typd¥tant and by source category, must be put in the
In addition, motor vehicles are major contributo&@ntext of exposures from other air pollutant
to ambient levels of the criteria air pollutants ozongPurces and from environmental pathways other

carbon monoxide, and particles, and many hazafg@n air. The goal is to build an understanding
ous air pollutants, including benzene, 1,3-butad@imong stakeholders about the health context of

Consider reduction of residual risks from
source categories of lesser priority.

ene, and formaldehyde. residual emissions from the regulated point sources.
_ Problem characterization, putting a problem in con-
Recommendation text, and engaging stakeholders are described in

To determine and manage residual risk aftdetail as part of the Commission’s Risk Management
implementation of MACT, the Commission proFramework in Section 2.
poses that EPA carry out a specific tiered schemeln this initial step, EPA identifies the priority
(see Figure 7.1), to be conducted with stakehold®urce categories likely to pose the highest residual
involvement: risks. The Commission believes that EPA—through
the experience gained developing MACT stan-
dards—has acquired enough information to iden-
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1. Characterize and articulate the scope of the
national, regional, and local air toxics



tify the source categories most likely to pose sigstimate maximum off-site concentrations. The size
nificant residual risks, based on whether high pof the exposed populations should also be consid-
ority hazardous air pollutants are present aeded. Each source category has numerous point
whether there are highly exposed populations, smurces across the country with different features,
“hot spots.” operating characteristics, and nearby populations;

2. Screening Risk Assessments. For thethais, a screening model must be developed that can
source categories or subcategories, EPA perforbesused to generalize risks and likely ranges of risks
screening risk assessments using the Agency'’s fi@r each source category. The specific methods,
1 or tier 2 procedures for hazardous air pollutardsteria, and assumptions for performing screening
(EPA 1992d, NRC 1994a), relying on many defauisk assessments should be developed by EPA in
assumptions regarding stack heights, distancep#otnership with state environmental regulatory
fence lines, emission rates, and “lookup tables” to

Figure 7.1. Scheme for determining and managing residual risk after MACT.

Articulate Air Toxics Problem in Context:
Identify Source Categories Likely To
Pose Highest Risks

Screening Risk
Assessment
|
v ! !
Cancer Risk < 106 and Cancer Risk 106 to 104 Cancer_Risk > 104 or
Hazard Index < 1 = Low Priority Hazard Index 1 to 10 Hazard Index > 10 = High Priority
= Medium Priority

| i |

No Further Action Distribute Screening V0|untari|y Reduce Emissions

Assessment Results To Achieve Lower Risk Category

l

Voluntarily Reduce Emissions CDetaiIed Risk Assessment Within )

to Achieve Lower Risk Category Source Category

Facilities With Cancer Risk < 105 Facilities With Cancer Risk > 105 or
and Hazard Index < 1 Hazard Index > 1

l

Distribute Risk (Examine Options/Choose)

Assessment Results Actions To Reduce Risk

A hazard index is the sum of the ratios of actual (or estimated) exposure concentrations to Reference Concentration§GR&ts). R
considered to be exposure concentrations that are unlikely to be associated with adverse health effects. An RfC isdieidiegl by
a NOAEL, LOAEL, or BMD by “safety,” “modifying,” or “uncertainty” factors. In general, a factor of 10 is used to accoumtder-u
tainty related to interspecies variability, intraspecies variability, and subchronic to chronic bioassay variability, edgpedégs data
(or expert judgment) exist to show that different factors should be used. If uncertainties have been resolved, sucbratefo flu
factor of 1 is used. Another factor of 10 is used if a NOAEL is unavailable. Every chemical has an RfC that is invetesey riéta
toxic potency. To obtain a hazard index, the ratios of exposure to RfC for each individual pollutant are combined.
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agencies, with appropriate peer review and stakeiich the Commission believes to be a serious
holder input in an open and transparent processmission. We chose a threshold hazard index of

If source categories considered in the screenib@ because there are few hazardous air pollutants
risk assessment model are found to pose a poteith RfCs that are within a factor of 10 of their no-
tial incremental lifetime cancer risk that exceeddbserved-adverse-effect levels (NOAELS). Typically,
one in a million (10) or if a hazard indéxexceeds RfCs are one-thousandth of a NOAEL, so a hazard
one for a hypothetical person exposed to a reasomex of 10 in these cases would still leave a mar-
ably representative estimated exposure level, tjie of exposure of 100. Analogous screening risk
categories are classified further. If the screeniagsessments that have been performed at Superfund
value for cancer risk is 10* or a hazard index s sites might provide useful information about the
10 (far right in Figure 7.1), the source category éxtent to which screening risk assessments gener-
given high priority. More detailed risk assessmeradly identify hazards above and below 10.
are performed first within that category, and regu- 3. Detailed Risk Assessments. In coopera-
lated parties may voluntarily take steps at this stagen with all stakeholders, EPA and regulated par-
to reduce emissions and achieve a lower risk caes perform detailed risk assessments using actual
egory. If a cancer risk is between®#énd 10 and data in place of at least some default assumptions.
a hazard index is between 1 and 10, a source @attual facilities are evaluated instead of generalized
egory is considered to have “medium” prioritgource categories. Options for additional controls
(middle of Figure 7.1). Risk assessment results areprocess changes are examined if more detailed
distributed to the affected industries and other irisk assessments yield incremental lifetime cancer
terested parties, accompanied by appropriate cangks of> 10° or hazard indices ¢f 1 (bottom right
ats regarding the assumption-based, preliminasfyFigure 7.1). If the more detailed risk assessments
nature of the results, so that voluntary procegigld incremental lifetime cancer risks of <%#nd
changes or other actions may be evaluated to maezard indices of < 1, no further action is required.
duce emissions or risks associated with tho$e the extent practical, when more than one source
sources. Some experience with source categomasegory of high priority is found at the same facil-
will be needed to see how well these values seriye their risks are evaluated together.
in forming appropriate categories. The Commission believes that EPA should be

Although the 1990 amendments to the Clean Adble to place the burden of preparing these risk as-
Act set 1@ as the threshold for considering sourcEssments on the regulated parties by issuing ap-
categories for reduction of residual risk, those catropriate guidance. Current EPA policy prohibits
egories with screening risk estimates that fall withthe Agency from requiring regulated parties to par-
the 10°to 10* range might not actually require highicipate in the development of regulations that will
priority categorization because of the conservatia&ect them, although EPA may encourage them to
nature of the assumptions used in screening rigixso. EPA may wish to reexamine this policy. The
assessments. According to testimony receivedrggulated parties will be the source of essential
the Commission from Joann Held and Tad Aburamissions data and operating parameters in any
who manage air toxics programs in New Jersey ateke. They may welcome the opportunity to find
Maryland, respectively, using a flexible 4@ 10* ways to reduce emissions in order to achieve screen-
approach is consistent with the permitting strategyg model risk estimates that could avoid the need
already in place in a number of states, where facfiir detailed risk assessment and further controls.
ties within that range can negotiate their options. The Commission prefers a1@lexible bright

The 1990 amendments do not set a threshdilde for actions to reduce residual cancer risk
for considering health risks other than cancdrased on detailed risk assessments. We believe

@
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this action level is consistent with Congressionalds proposed here (see Figure 7.1) in light of com-
guidance to use 10for screening purposes angbarative risks from other air pollutants.
<ion about what constiutes an “acoeptable- ridkSPCiic Word of Caution

ptable” ris
“in the world in which we live” (824F.2d at Implementing a tiered or phased approach to as-
1165). The choice of this bright line or decisessing risk, such as that recommended here and in
sion threshold will be better informed after som@&cience and Judgment in Risk Assess{N&T 1994a),
experience is gained across source categoriesaa4ld lead to awkward public relations circumstances.
placing default assumptions with actual exp&ituations might arise in which a community is told
sure data. Use of a threshold for action motteat a nearby facility might present a potential health
stringent than a 1®lifetime upper-bound in- risk, on the basis of a screening risk assessment, and
cremental cancer risk would continue an ouits then assured, after a more detailed risk assessment,
dated practice of giving much greater attentidhat the facility does not pose a threat. Members of
to cancer risks than to all other health and edbe community are likely to remain suspicious and
logical risks. Note that the PQlecision thresh- believe that the facility is hazardous despite messages
old reflects aggregate risks from hazardous aar the contrary. This skepticism will be fueled by
pollutants emitted from a particular source, n&howledge that both the critical data and the detailed
just risks from each chemical. risk assessment came from the regulated party. Com-

4. Risk Reduction. Identification and implemunicating iterative estimates of risk to the public and
mentation of options to reduce risk, where requirgie media without loss of credibility is extremely dif-
are performed as part of a local or regional rigicult and will require serious consideration in each
management process conducted within tlcase.

Commission’s Framework. Risk characterizations EPA has a special responsibility to communicate
serve as starting points for discussions at the stiat:

and local levels during the permitting process. Rigk
estimates stimulate voluntary actions to reduce
emissions and risks.

Context must be investigated further at this
stage, estimating the contribution of the facility tb Screening assessments do not characterize the
overall air pollution and specific disease risks. Risk magnitudes of likely risks by generating upper-
management with full stakeholder participation bound risk estimates.
should address not only the individual facility con- Early and regular stakeholder participation might
text, but also the costs, benefits, equity, and valuesluce the likelihood of conflict; outrage often arises
reflected in various risk reduction options (Seevhen affected parties are brought into the process late
tion 2). In large facilities, there will be multipleg(although there can be additional interested parties at
sources, often in different MACT source categoridater stages). Open review of the data used in risk
Use of bubble concepts and other techniques shoaddessments and stakeholder guidance for the perfor-
be considered in the facility-wide permittingnance of risk assessments should help.

process. .
5. lteration. After determining the source capata Needed To Implement Section 112 of

egories considered to pose the greatest risks, tﬂﬂ% Clean Air Act Amendments of 1990
agency determines the need for proceeding with &sding

sessments of medium-priority and low-priority - critical information gaps exist that hinder EPA from
source categories and assesses the decision thﬁ"e‘#&bly determining to what extent MACT standards

are reducing health risks and whether significant re-

The purpose of a screening assessment is to
separate sources that clearly pose negligible risks
from sources that might pose higher risks.
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Table 7.2. 174 Categories of Sources of Air Pollutants Needing Maximum Available Control

Technology Standards Under the Clean Air Act and Regulation Promulgation Schedule by Industry

Group

SCHEDULED FEDERAL
INDUSTRY SOURCE PROMULGATION REGISTER
GROUP CATEGORY* DATE CITATION?
Fuel Combustion Engine Test Facilities 11/15/00
Industrial Boilers® 11/15/00
Institutional/Commercial Boilers® 11/15/00
Process Heaters 11/15/00
Stationary Internal Combustion Engines® 11/15/00
Stationary Turbines® 11/15/00
Non-Ferrous Metals Primary Aluminum Production 11/15/97
Processing Primary Copper Smelting 11/15/97
Primary Lead Smelting 11/15/97
Primary Magnesium Refining 11/15/00
Secondary Aluminum Production 11/15/97
Secondary Lead Smelting 11/15/94 60FR32587(F)
Ferrous Metals Coke By-Products Plants 11/15/00
Processing Coke Ovens: Charging, Top Side and Door Leaks 12/31/92 58FR57898(F)
59FR01922(C)
Coke Ovens: Pushing, Quenching and Battery Stacks 11/15/00
Ferroalloys Production 11/15/97
Integrated Iron and Steel Manufacturing 11/15/00
Iron Foundries 11/15/00
Steel Foundries 11/15/00
Steel Pickling-HCI Process 11/15/97
Mineral Products Alumina Processing 11/15/00
Processing Asphalt Concrete Manufacturing 11/15/00
Asphalt Processing 11/15/00
Asphalt Roofing Manufacturing 11/15/00
Asphalt/Coal Tar Application - Metal Pipes 11/15/00
Chromium Refractories Production 11/15/00
Clay Products Manufacturing 11/15/00
Lime Manufacturing 11/15/00
Mineral Wool Production 11/15/97
Portland Cement Manufacturing 11/15/97
Taconite Iron Ore Processing 11/15/00
Wool Fiberglass Manufacturing 11/15/97
Petroleum & Natural Oil and Natural Gas Production 11/15/97
Gas Production & Petroleum Refineries - Catalytic Cracking (Fluid and 11/15/97
Refining other) Units, Catalytic Reforming Units, and Sulfur Plant
Units
Petroleum Refineries - Other Sources Not Distinctly 11/15/94 60FR43244(F)
Listed 60FR49976(C)
Liquids Distribution Gasoline Distribution (Stage 1) 11/15/94 59FR64303(F)
60FR07627(C)
60FR32912(C)
60FR43244(A)
60FR56133(a)
60FR62991(S)
Marine Vessel Loading Operations 11/15/00 60FR48399(F)
Organic Liquids Distribution (Non-Gasoline) 11/15/00
Surface Coating Aerospace Industries 11/15/94 60FR45948(F)
Process Auto and Light Duty Truck (Surface Coating) 11/15/00
Flat Wood Paneling (Surface Coating) 11/15/00
Large Appliance (Surface Coating) 11/15/00
Magnetic Tapes (Surface Coating) 11/15/94 59FR64580(F)
Manufacture of Paints, Coatings and Adhesives 11/15/00
Metal Can (Surface Coating) 11/15/00
Metal Coil (Surface Coating) 11/15/00
Metal Furniture (Surface Coating) 11/15/00
Miscellaneous Metal Parts and Products (Surface 11/15/00
Coating)
Paper and Other Webs (Surface Coating) 11/15/00
Plastic Parts and Products (Surface Coating) 11/15/00
Printing, Coating and Dyeing of Fabrics 11/15/00
Printing/Publishing (Surface Coating) 11/15/94 61FR27132(F)
Shipbuilding and Ship Repair (Surface Coating) 11/15/94 60FR64330(F)
Wood Furniture (Surface Coating) 11/15/94 60FR62930(F)
Waste Treatment & Hazardous Waste Incineration 11/15/00
Disposal Off-Site Waste and Recovery Operations 11/15/94 61FR34141(F)
Publicly Owned Treatment Works (POTW) Emission 11/15/95
Sewage Sludge Incineration 11/15/00
Site Remediation 11/15/00
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SCHEDULED FEDERAL

INDUSTRY SOURCE PROMULGATION REGISTER
GROUP CATEGORY?* DATE CITATION?
Agricultural 4-Chloro-2-Methylphenoxyacetic Acid Production 11/15/97
Chemicals 2,4-D Salts and Esters Production ~sn
Production 4,6-Dinitro-o-Cresol Production 11/15/97
Butadiene-Furfural Cotrimer (R-11) Production® 11/15/00
Captafol Production® 11/15/97
Captan Production* 11/15/97
Chloroned Production 11/15/97
Chlorothalonil Production® 11/15/97
Dacthal (tm) Production® 11/15/97
Sodium Pentachlorophenate Production 11/15/97
Tordon (tm) Acid Production® 11/15/97
Fibers Production Acrylic Fibers/Modacrylic Fibers Production 11/15/97
Processes Rayon Production 11/15/00
Spandex Production 11/15/00
Food and Agriculture Baker’s Yeast Manufacturing 11/15/00
Processes Cellulose Food Manufacturing 11/15/00
Vegetable Oil Production 11/15/00
Pharmaceutical Pharmaceutical Production? 11/15/97

Production Processes

Polymers & Resins Acetal Resins Production 11/15/97

Production Acrylonitrile-Butadiene-Styrene Production 11/15/94 61FR48208(F)
Alkyd Resins Production 11/15/00
Amino Resins Production 11/15/97
Boat Manufacturing 11/15/00
Butyl Rubber Production 11/15/94 61FR46906(F)
Carboxymethylcellulose Production 11/15/94
Cellulose Ethers Production 11/15/00
Ephichlorohydrin Elastomers Production 11/15/00 61FR46906(F)
Epoxy Resins Production 11/15/94 60FR12670(F)
Flexible Polyurethane Foam Production 11/15/97
Hypalon (tm) Production® 11/15/94 61FR46906(F)
Maleic Anhydride Copolymers Production 11/15/00
Methylcellulose Production 11/15/00
Methyl Methacrylate-Acrylonitrile-Butadiene-Styrene 11/15/94 61FR48208(F)

Production®
Methyl Metacrylate-Butadiene-Styrene

Terpolymers Production* 11/15/94 61FR48208(F)
Neoprene Production 11/15/94 61FR46906(F)
Nitrile Butadiene Rubber Production 11/15/94 61FR46906(F)
Nitrile Resins Production 11/15/00 61FR48208(F)
Non-Nylon Polyamides Production 11/15/94 60FR12670(F)
Nylon 6 Production 11/15/97
Phenolic Resins Production 11/15/97
Polybutadiene Rubber Production® 11/15/94 61FR46906(F)
Polycarbonates Production® 11/15/97
Polyester Resins Production 11/15/00
Polyether Polyols Production 11/15/97
Polyethylene Terephthalate Production 11/15/94 61FR48208(F)
Polymerized Vinylidene Chloride Production 11/15/00
Polymethyl Methacrylate Resins Production 11/15/00
Polystyrene Production 11/15/94 61FR48208(F)
Polysulfide Rubber Production* 11/15/94 61FR46906(F)
Polyvinyl Acetate Emulsions Production 11/15/00
Polyvinyl Alcohol Production 11/15/00
Polyvinyl Butyral Production 11/15/00
Polyvinyl Chloride and Copolymers Production 11/15/00
Reinforced Plastic Composites Production 11/15/97
Styrene-Acrylonitrile Production 11/15/94 61FR48208(F)
Styrene Butadiene Rubber and Latex Production® 11/15/94 61FR46906(F)
Production of Ammonium Sulfate Production-Caprolactam By-Product 11/15/00
Inorganic Chemicals Plants
Antimony Oxides Manufacturing 11/15/00
Carbon Black Production 11/15/00
Chlorine Production® 11/15/97
Cyanuric Chloride Production 11/15/97
Fume Silica Production 11/15/00
Hydrochloric Acid Production 11/15/00
Hydrogen Cyanide Production 11/15/97
Hydrogen Fluoride Production 11/15/00
Phosphate Fertilizers Production 11/15/00
Phosphoric Acid Manufacturing 11/15/00
Sodium Cyanide Production 11/15/97
Uranium Hexafluoride Production 11/15/00
Production of Ethylene Processes 11/15/00
Organic Chemicals Ouaternary Ammonium Compounds Production 11/15/00
Synthetic Organic Chemicals Manufacturing 11/15/92 59FR19402(F), 59FR29196(A)

59FR48175(C), 59FR53359(S)
59FR53392(a), 59FR54131(S)
59FR54154(a), 60FR05320(S)
60FR18020(A), 60FR18071(a)
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SCHEDULED FEDERAL

INDUSTRY SOURCE PROMULGATION REGISTER

GROUP CATEGORY? DATE CITATION?
Miscellaneous Aerosol Can-Filling Facilities 11/15/00
Processes Benzyltrimethylammonium Chloride Production 11/15/00
Carbonyl Sulfide Production 11/15/00
Chelating Agents Production 11/15/00
Chlorinated Paraffins Production® 11/15/00

Chromic Acid Anodizing 11/15/94 60FR04948(F)

60FR27598(C)

60FR33122(C)

Commercial Dry Cleaning (Perchloroethylene) Transfer 11/15/92 58FR49354(F)

Machines 58FR66287(A)

Commercial Sterilization Facilities 11/15/94 59FR62585(F)

Decorative Chromium Electroplating 11/15/94 60FR04948(F)

60FR27598(C)

60FR33122(C)
Dry Cleaning (Petroleum Solvent) 11/15/00
Ethylidene Norborene Production® 11/15/00
Explosives Production 11/15/00
Flexible Polyurethane Foam Fabrication Operations 11/15/00
Friction Products Manufacturing 11/15/00

Halogenated Solvent Cleaners 11/18/94 59FR61801(F)

59FR67750(C)

60FR29484(C)

Hard Chromium Electroplating 11/15/94 60FR04948(F)

60FR27598(C)

60FR33122(C)
Hydrazine Production 11/15/00

Industrial Cleaning (Perchloroethylene) Dry-to-Dry 11/15/92 58FR49354(F)

Machines 58FR66287(A)

Industrial Dry Cleaning (Perchloroethylene) - Transfer 11/15/92 58FR49354(F)

Machines 58FR66287(A)

Industrial Process Cooling Towers 11/15/94 59FR46339(F)
Leather Tanning and Finishing Operations 11/15/00
OBPA/1,3-Diisocyanate Production* 11/15/00
Paint Strippers Users 11/15/00
Photographic Chemicals Production 11/15/00
Phthalate Plasticizers Production 11/15/00
Plywood/Particle Board Manufacturing 11/15/00

Pulp and Paper Production 11/15/97 58FR66078(P)

59FR12567(C)

61FR09383(P)
Rocket Engine Test Firing 11/15/00
Rubber Chemicals Manufacturing 11/15/00
Semiconductor Manufacturing 11/15/00
Symmetrical Terachloropyridine Production® 11/15/00
Tetrahydrobenzaldehyde Production 11/15/97
Tire Production 11/15/00

Categories of Area Chromic Acid Anodizing 11/15/94 60FR04948(F)

Sources® 60FR27598(C)

60FR33122(C)

Commercial Dry Cleaning (Perchloroethylene)-Dry-to- 11/15/92 58FR49354(F)

Dry Machines 58FR66287(A)

Commercial Dry Cleaning (Perchloroethylene)-Transfer 11/15/92 58FR49354(F)

Machines 58FR66287(A)

Commercial Sterilization Facilities 11/15/94 59FR62585(F)

Decorative Chromium Electroplating 11/15/94 60FR04948(F)

60FR27598(C)

60FR33122(C)

Halogenated Solvent Cleaners 11/15/94 59FR61801(F)

59FR67750(C)

60FR29484(C)

Hard Chromium Electroplating 11/15/94 60FR04948(F)

60FR27598(C)

60FR33122(C)

Secondary Lead Smelting 11/15/00 60FR32587(F)

*Only sources within any category located at a major source shall be subject to emission standards under Section 112 unless a finding is made of a threat of adverse
effects to human health or the environment for the area sources in a category. All listed categories are exclusive of any specific operations or processes included under

other categories that are listed separately.

2The markings in the “Scheduled Promulgation Date/FEDERAL REGISTER Citation” columns of Table 1 denote the following:
(A): amendment to a final rulemaking action
(a): proposed amendment to a final rulemaking action
(C): correction (or clarification) published subsequent to a proposed or final rulemaking action

*Sources defined as electric utility generating units under Section 112(a)(8) shall not be subject to emission standards pending the findings of the study required under

Section 112(n)(1).

“Equipment handling specific chemicals for these categories or subsets of these categories are subject to negotiated standards for equipment leaks contained in the
Hazardous Organic NESHAP (HON), which was promulgated on April 22, 1994. The HON includes a negotiated standards for equipment leaks from the SOCMI category
and 20 non-SOCMI categories (or subsets of these categories). The specific processes affected within the categories are listed in Section XX.X0~) on page 9318 of the

March 6, 1991 Federal Register notice (56FR9315).

(F): final rulemaking action
(P): proposed rulemaking action
(R): reopening of a proposed action for public comment

(S): announcement of a stay, or partial stay, of the rule requirement

°A finding of threat or adverse effects to human health or the environment was made for each category of area sources listed.
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Table 7.3. 189 Hazardous Air Pollutants as listed in section 112 of the Clean Air Act.

Acetaldehyde

Acetamide

Acetonitrile

Acetophenone

2-Acetylaminofluorene

Acrolein

Acrylamide

Acrylic acid

Acrylonitrile

Allyl chloride

4-Aminobiphenyl

Aniline

Asbestos

Benzene (including benzene from
gasoline)

Benzidine

Benzotrichloride

Benzyl chloride

Biphenyl

Bis (2-ethylhexyl) phthalate (DEHP)

Bis (chloromethyl) ether

Bromoform

1,3-Butadiene

Calcium cyanamide

Caprolactarh

Captan

Carbaryl

Carbon disulfide

Carbon tetrachloride

Carbonyl sulfide

Catechol

Chloramben

Chlorine

Chloroacetic acid

2-Chloroacetophenone

Chlorobenzene

Chlorobenzilate

Chloroform

Chloromethyl methyl ether

Chloroprene

Cresols/Cresylic acid (isomers &
mixture)

o-Cresol

m-Cresol

p-Cresol

Cumene

2,4-D, salts and esters

DDE

Diazomethane

Dibenzofurans

1,2-Dibromo-3-chloropropane

Dibutylphthalate

1,4-Dichlorobenzene (p)

3,3-Dichlorobenzidene

Dichloroethyl ether (Bis(20-Anisidine
chloroethyl)ether)

1,3 Dichloropropene

Dichlorvos

Diethanolamine

N,N-Diethyl aniline (N,N-
Dimethylaniline)

Diethyl sulfate

3,3-Dimethoxybenzidine

Dimethyl aminoazobenzene

3,3'-Dimethyl benzidine

Dimethyl carbamoyl chloride

Dimethyl formamide

1,1-Dimethyl hydrazine

Dimethyl phthalate

Dimethyl sulfate

4,6-Dinitro-o-cresol, and salts

2,4-Dinitrophenol

2,4-Dinitrotoluene

1,4-Dioxane (1,4-Diethyleneoxide)

1,2-Diphenylhydrazine

Epichlorohydrin (1-Chloro-2,3Chlordane
epoxypropane)

1 ,2-Epoxybutane

Ethyl acrylate

Ethyl benzene

Ethyl carbamate (Urethane)

Ethyl chloride (Chloroethane)

Ethylene dibromide (Dibromoethane)

Ethylene dichloride (1,2-Dichloroethane)

Ethylene glycol

Ethylene imine (Aziridine)

Ethylene oxide

Ethylene thiourea

Ethylidene dichloride (1,1-
Dichloroethane)

Formaldehyde

Heptachlor

Hexachlorobenzene

Hexachlorobutadiene

Hexachlorocyclopentadiene

Hexachloroethane

Hexamethylene-1, 6-diisocyanate

Hexamethylphosphoramide

Hexane

Hydrazine

Hydrochloric acid

Hydrogen fluoride (Hydrofluoric acid)

Hydroquinone

Isophorone

Lindane (all isomers)

Maleic anhydride

Methanol

Methoxychlor

Methyl bromide (Bromomethane)

Methyl chloride (Chloromethane)

Methyl chloroform (1,1,1-
Trichloroethane)

Methyl ethyl ketone (2-Butanone)

Methyl hydrazine

Methyl iodide (lodomethane)

Methyl isobutyl ketone (Hexone)

Methyl isocyanate

Methyl methacrylate

Methyl tert butyl ether

4,4'-Methylene bis (2-chloroaniline)

Methylene chloride (Dichloromethane)

Methylene diphenyl diisocyanate (MDI)

4,4-Methylenedianiline

Naphthalene

Nitrobenzene

4-Nitrobiphenyl

4-Nitrophenol

2-Nitropropane

N-Nitroso-N-methylurea

N-Nitrosodimethylamine

N-Nitrosomorpholine

Parathion

Pentachloronitrobenzene
(Quintobenzene)

Pentachlorophenol

Phenol

p-Phenylenediamine

Phosgene

Phosphine

Phosphorus

Phthalic anhydride

Polychlorinated biphenyls (Aroclors)

1,3-Propane sultone

beta-Propiolactone

Propionaldehyde

Propoxur (Baygon)

Propylene dichloride (1,2-
Dichloropropane)

Propylene oxide

1,2-Propylenimine (2-Methyl
aziridine)

Quinoline

Quinone

Styrene

Styrene oxide

2,3,7,8-Tetrachlorodibenzo-p-dioxin

1,1,2,2-Tetrachloroethane

Tetrachloroethylene
(Perchloroethylene)

Titanium tetrachloride

Toluene

2,4-Toluene diamine

2,4-Toluene diisocyanate

o-Toluidine

Toxaphene (chlorinated camphene)

1,2,4-Trichlorobenzene

1,1,2-Trichloroethane

Trichloroethylene

2,4,5-Trichlorophenol

2,4,6-Trichlorophenol

Triethylamine

Trifluralin

2,2,4-Trimethylpentane

Vinyl acetate

Vinyl bromide

Vinyl chloride

Vinylidene chloride (1,1-
Dichloroethylene)

Xylenes (isomers and mixture)

o-Xylenes

m-Xylenes

p-Xylenes

Antimony Compounds

Arsenic Compounds (inorganic
including arsine)

Beryllium Compounds

Cadmium Compounds

Chromium Compounds

Cobalt Compounds

Coke Oven Emissions

Cyanide Compounds

Glycol ethers

Lead Compounds

Manganese Compounds

Mercury Compounds

Fine mineral fibers

Nickel Compounds

Polycyclic Organic Mattér

Radionuclides (including radon)

Selenium Compounds

Delisted

2Includes organic compounds with more than one benzene ring and that have a boiling point >100°C
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sidual risks remain. There are means to collect needetission rates, and “lookup tables” to estimate
data and stimulate needed studies in current statutesximum off-site concentrations. This enormous
exposure data gap must be filled to perform screen-
ing analyses, and estimate residual risks reliably.
Sufficient toxicity and exposure data shoulBerhaps the regulated parties can generate emission
be generated to provide a scientific basis festimates from their existing facility-specific (al-
evaluating residual risks associated with hazartiough not necessarily source-specific) TRI reports.
ous air pollutants emitted from point sources. With regard to the Commission’s Risk Manage-
Both research programs and data collection efent Framework, Congress dictated the Problem/
forts are needed. EPA should proceed with TSQontext stage of the MACT process, so EPA focused
section 4 test rule proposals and with Clean Agntirely on the options stage (i.e., MACT), without
Act section 114 emissions surveys. stepping back to characterize the problem and its
context more fully or to evaluate risks. Congress
Congress required that EPA determinestablished rigorous deadlines for EPA to promul-

Recommendation

through risk-based approaches the need fyate MACT standards, yet provided limited fund-

further control of hazardous air pollutantgg for this major new responsibility, constraining
after implementation of MACT. EPA is poised tthe agency'’s ability to collect or generate data. As
start evaluating the residual risks from hazardoesiphasized in testimony received by the Commis-
air pollutants associated with source categories teain, EPA would be better positioned now had it
have implemented MACT standards, however, datiarified data gaps and initiated data development
to assess the health risks of most hazardous air dlerts.
lutants for regulatory purposes are lacking. Accord- EPA should explore partnerships with regulated
ing to EPA, approximately 40% of the 189dustries to perform the batteries of toxicity tests
hazardous air pollutants listed in the amendmeiatsd collect the emissions and exposure data needed
(one now deleted) cannot be classified as to thi&rassess residual risk. EPA's testing authority un-
cancer hazard, and a noncancer assessment cat@ofTSCA section 4 is one means for obtaining
be performed for about 60%. Furthermore, masteded toxicity data for listed chemicals. In fact,
of the toxicity data that do exist were obtained froElPA has very recently proposed a test rule under
experiments that used the oral route of administlBSCA section 4 specifying a battery of toxicity tests
tion, not the inhalation route more appropriate féor 20 chemicals chosen from the list of 188. Clean
air pollutants. Despite the fact that these most Aaf Act amendments section 114 questionnaires are
cent Clean Air Act amendments were passed sixneans for obtaining needed emissions data. EPA
years ago, additional toxicity data apparently haisusing this authority to do so. Actual emissions
not been generated. The existing toxicity data wetata are often well below the MACT standard-based
not compiled until 1996. limits.

The status of exposure data collection is no bet-By looking at hazardous air pollutants in the
ter. In 1996, EPA tried to perform case studies lafrger context of air pollution in particular geo-
potential residual risks after MACT implementatiorgraphic areas, EPA will be able to make more in-
The agency found that of the 20 source categorfeemed decisions about reducing residual emissions.
for which standards had been promulgated (Tald®A will give priority to those sources that contrib-
7.2), adequate data existed to perform even the mast most to overall risk.
preliminary exposure assessments for only seven
of them. Those preliminary assessments relied
solely on stack heights, distances to fence lines,
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MACT Partnership Program MACT standards and by yielding starting points
Finding for residual risk determinations.

In carrying out its hazardous air pollutant prdntegrated Permitting
gram, EPA has used a decision-making mechanigmding
that involves the regulated parties at the very early o )
stages of the process. This mechanism, referred td"12ny emissions sources can be subject to mul-
as the MACT partnership program, is intended '€ MACT standards, as well as to additional
increase the amount of knowledge, skills, and rel€an Air Act provisions (such as those address-

sources devoted to the development of a MACRY control of ozone and particles in ambient air),
standard so the impact of multiple regulatory require-

ments must be considered.

Recommendation .
Recommendation

The partnership program should continue and EPA should continue its efforts to integrate
be expanded as a stakeholder-based approacmtdtiple permitting requirements into a work-
setting MACT standards, including health anable licensing system. It should consider adopt-
environmental organizations and communityng some regulatory flexibility for sources with
representatives. EPA should establish an evahultiple compliance schedules. This flexibility
ation process for the partnership program. Tkbould focus on maximizing the cost effective-
Commission recommends a similar approachness of pollution control measures within a rea-
facilitate decision-making related to residual riskonable time frame. It should also focus on the
determinations. pollution reduction benefit that a more compre-

hensive regulatory program could achieve.

The hazardous air pollutant provisions of the

Clean Air Act require EPA to promulgate stan ontrol of individual pollutants should not

dards for 174 source categories over a clea be considered in the absence of an overall
defined timetable (Table 7.2). The goal of EPA regulatory context. Because MACT ad-
partnership program is to reach decisions aboditesses existing sources, consideration should be
MACT standards through a consensus-based deen to the effects of multiple control requirements
cision-making process. Participants in this pron the sources operating within a facility. Generic
cess hope that decisions can be made in a mpo#ution standards for individual processes might ne-
timely and effective manner, and that points glect how the processes interact with other sources
disagreement can be identified and reduced. Twighin a facility. They might also neglect the logisti-
Commission was told that use of the partnershapl problems that can arise when particular processes
program to facilitate decision-making showare modified. More sophisticated policies for deter-
promise in this regard, although a formal evalmining regulatory compliance are needed to address
ation of the program is lacking. pollution control issues associated with complex

Conceptually, the partnership approach apeurces. Emphasis should be given to applying MACT
pears to be preferable to other decision-makittgoughout a facility, with control technology require-
models that fail to include stakeholders. It iments and time lines set to optimize both the effec-
important to determine whether the decisioniveness and the efficiency of pollution reduction
making mechanism actually is improved, howneasures. The partnership program should help fa-
ever, both by expediting the promulgation dfilitate an integrated approach.

@
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Controlling Indoor Air Pollution In addition, specific indoor air pollution prob-
lems have been identified or better appreciated over
Finding the last two decades. They include the effects of

Compared with extensively regulated outdoor dffPacco smoke, radon, asbestos, lead, and indoor

pollution, indoor air pollution can pose a substafllérgens (e.g., mold and dust mites). Exposure to
tial risk to human health, yet, it receives little afn0se pollutants is associated with clearly defined

tention and remains largely unregulated. Efforfgalth effects, such as lung cancer and asthma; in-

by EPA, Occupational Safety and Health Admini§le€d, the incidence and severity of asthma has in-
tration, Consumer Product Safety Commission, aftfased markedly in recent years. Unregulated uses
other agencies to develop coordinated strategiesbpPesticides, cleaning chemicals, deodorants, and
addressing indoor air pollution reportedly hay@missions from gas and wood stoves generate high
been thwarted by the lack of agreement on the fNcentrations of potentially toxic air pollutants.
ture of the problems and their solutions, by théifgionellae and other infectious agents can live in

lack of statutory authority, and by the fact that j@if conditioning ducts and other indoor, moist
risdiction over elements of indoor air pollution i§iches and cause outbreaks of infections, possibly

shared by several regulatory agencies. in combination with chemical exposures.
) CPSC has taken an active role in conducting re-
Recommendation search on indoor air quality in order to protect con-

Congress and the administration should dsumers. CPSC’s accomplishments include: a ban
velop legislation mandating a coordinated strain asbestos in consumer products; a voluntary stan-
egy by EPA, OSHA, CPSC, and other federdhrd to limit formaldehyde emissions from particle-
agencies to address the growing problem of ineard and wall paneling; studies of exposures and
door air pollution. health effects of biological pollutants in residences,

conducted as part of the Harvard Six Cities Study;

ver the last two decades, public health dabeling of methylene chloride-containing products;

tention has been drawn increasingly to trend many others.

problem of indoor air pollution. The en- No regulatory framework exists for addressing
ergy crises in the 1970s led to a lowering of frestdoor air pollution concerns, and there are essen-
air ventilation rates recommended by the Ametially no enforceable standards. Due to their com-
can Society of Heating, Refrigeration and Air Complexity, indoor air pollution problems may not be
ditioning Engineers. Many building owneramenable to tradional command-and-control regu-
responded by lowering the amount of fresh air clation. EPA's regulatory attention is focused mainly
culation through buildings and adding insulatioon outdoor air despite research findings on total
to the walls. Meanwhile, increasing quantities ekposures. The attention of OSHA is focused
products containing volatile chemicals were introrainly on industrial environments, and CPSC ad-
duced into buildings, such as plywood products adcesses materials as consumer products. Mean-
carpeting. A number of studies have shown thahile, many problems in offices, public buildings,
the concentrations of many contaminants in air aaed homes remain relatively unrecognized and un-
higher in homes and other buildings than outdooesidressed. All of these agencies recognize the grow-
NIOSH has reported many complaints, mainly afg importance of the problem, but none has the
nonspecific symptoms such as headache, nausegulatory mandate to address it fully. There is an
and eye irritation. The lack of a clearly distinguishrteragency task force, but it, too, lacks a statutory
able constellation of symptoms and the many causesndate.
within indoor environments led to use of the term Approaches to indoor air pollution assessment
“sick building syndrome.” and education are fragmented at both the federal
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and state levels. EPA's Office on Radon and Indaaress this wide array of contaminated sites. Many
Air Quality provides educational materials, and EPgtates now administer voluntary cleanup programs
coordinates indoor air research efforts on an intttat can efficiently return contaminated lands to
agency and interagency basis. NIOSH continug®ductive reuse. In particular, there is a focus on
to be active in surveillance. Much political opposfbrownfields” that can be restored and employed
tion to the development of a regulatory program the local economy.
remains, however. The Commission was told that Over the years, EPA has identified more than
recent OSHA public hearings on restricting smok0,000 potentially contaminated sites in its Com-
ing in the workplace and developing basic ventilarehensive Environmental Response, Compensa-
tion requirements was dominated by the tobaction, and Liability (CERCLIS) database. The shadow
industry and various building-owner organizationsf liability under the Superfund statute hangs over
Indoor air quality problems are often compleall those sites. In 1996, EPA announced that more
and vary widely from one building to the nextthan 28,000 of those need no further federal atten-
Despite the differences, however, some guidanoen—a step that should assist in removing them
exists that can help to address these problems. EfAn the liability shadow. The federal government
has produced excellent documents that can provadel the states continue to study, design, and carry
useful information, including a kit called “tools foout cleanups at the remaining 13,000 sites on the
schools” that provides schools with much need€ERCLIS data base. To date, about 1,300 of the
assistance in addressing indoor air quality problem8,000 have been placed on the National Priorities
The agency could gain valuable risk managemanst (NPL) for federal attention, and more than 30%
expertise in this area as it provides technical as$-the 1,300 have completed cleanup. Although
tance to building committees organized to addressch of the last two years has produced more com-
indoor air quality concerns, especially if the agenpyeted cleanups than the entire first decade of the
conducts evaluations of the effectiveness of thgs®gram, progress is slow. With an average cleanup
activities. cost of more than $20 million per site, it is also
very expensive. As Clean Sites, Inc., president Toby
Superfund Clark has testified before Congress, usually some-
When Congress enacted the original Superfunde is happy when Congress causes billions of dol-
statute (Comprehensive Environmental Responk®s to be spent; almost everyone, however, seems
Compensation, and Liability Act, or CERCLA) irdisappointed with Superfund, for diverse reasons.
1980, few were aware of the extent of the problem The 1990 amendments to the Superfund Na-
created by years of inappropriate or inadequate haanal Contingency Plan (NCP) addressed the com-
ardous waste disposal practices. Many thought tpating goals of the 1986 Superfund Amendments
the program would need to clean up just a few huamd Reauthorization Act (SARA) by establishing a
dred sites, and expected the initial authorizationgife-specific decision process. Under this process,
$1.6 billion plus reasonable expenditures by pidleanup options must satisfy the threshold criteria
vate companies to be sufficient and the cleanupaoprotecting human health and the environment
be quick. Today, we recognize that we must stdhd comply with the applicable or relevant and
address several hundred thousand contaminaa@gropriate requirements (“ARARS”) of other fed-
sites, a legacy of an earlier industrial era. We alemal and more stringent state environmental laws.
recognize that most of those sites are not so higiihadeoffs among options that meet the threshold
contaminated or complex as to require the attesriteria are then balanced with respect to seven
tion and active management of the federatditional criteria that reflect the SARA's mandates
Superfund program. EPA, states, and others #&veutilize permanent solutions and treatment tech-
working together on a range of approaches to amogies to the maximum extent practicable and to
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be cost-effective. Neither SARA nor the NCP prée comply with land disposal restrictions and more
scribes in detail how to ensure “protection” or hovecent regulations governing Corrective Action
to compare or match options for the protection Mfanagement Units (CAMUS) help, but compliance
health and the environment. Indeed, cleanup deisistill too complex.

sions often have to satisfy competing criteria in t
statute and the NCP, such as long-term effecti guture Land Use
ness and permanence of remedy; reduction of téxading

icity, mobility, or volume; short-term risks The Superfund program has struggled with many
(especially to workers); and costs. Acceptability ifficulties. One has been the inconsistent consid-
states and communities are two relevant criteriagration of future land uses and of realistic exposure

In the years since promulgation of the NCP, ERfsenarios. Recently a number of administrative
has put into place several rounds of administrati¥Banges have significantly improved the operation
reforms to achieve a “faster, fairer, more efficienif the program. In addition, the highly successful
program and address “worst sites first” under tRénergency removal actions of Superfund are not
constraints of the current law. In the last few yeaige|| appreciated, despite their timely and major

EPA has emphasized the importance of using regntribution to reduction of public health and eco-
sonably anticipated future land use in site-specifiggic risks.

risk assessments and cleanup decisions; issued sev- _
eral important ground water guidance statemeff§commmendation
to implement recommendations of the National Re- Risk assessments and remedy selection should
search Council; acted to protect small parties, ptwe based on reasonably anticipated current and
spective purchasers, and innocent landowners fréuure uses of a site. As EPA's Land Use Directive
liability; instituted a risk-based priority-settingof 1995 states, reasonable assumptions about
scheme for funding cleanup actions; and acceléuture land uses should be developed early in a
ated cleanups through, for example, presumptigeocess of seeking consensus with local officials
remedies and the Superfund Accelerated Clearand community representatives. Congress should
Model. It has also initiated the Brownfields Actioencourage reuse of brownfields by providing li-
Agenda and its pilot program, which seeks to embility protection to prospective purchasers who
power states, communities, and other stakeholdaggee to provide access to the property by gov-
through economic redevelopment, safe cleanup, ardment authorities and do not exacerbate or add
sustainable reuse of contaminated properties. E®Athe contamination. In addition, prospective
faces the challenge of implementing these improyairchasers who remediate a site should pay a
ments and goals consistently in its 10 regions amemium to a fund that would cover the costs of
in states, territories, and tribal jurisdictions and @iture changes in cleanup standards.
meeting reasonable expectations for cost effective-
ness. and use and other resource use assumptions
There is also a critical link between Superfuncl play a critical role in determining how clean
the cleanup program for hazardous waste sites a site must be for adequate protection of
longer in use, and the Resource Conservation drehlth and the environment, which is a primary
Recovery Act (RCRA), for management of wastesiterion under the Superfund NCP. A playground
currently being generated. Designing Superfuatd an industrial warehouse are associated with very
cleanups and corrective actions to comply withfferent potential exposure scenarios and therefore
applicable requirements for the treatment, storageed different remedial approaches with potentially
and disposal of RCRA hazardous waste has befiffiering costs to achieve the same estimated level
difficult. Guidance on using treatability variancesf health protection. EPA's administrative actions
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and pilot projects to promote the reuse @fevented.
brownfields include guidance documents about

early consideration of future use, extensive coor isk-Based Cleanup Standards

nation with communities and other stakeholdersinding

deferral of NPL listing determinations while states gpa peeds additional guidance about choosing
oversee response actions, voluntary cleanup pygk-pased cleanup standards. Remedy selection and

grams, and model agreements for purchasers. cjeanup standards are sometimes complicated by

Inclusion of affected communities from the stagypflicting relevant and appropriate state or fed-
as partners in the investigation and remedy selggz| requirements.

tion processes can improve the likelihood that the )
choice of remedy will reflect reasonably anticipatégecommendation
uses of the site and the wishes of the community. EPA should continue to use its-4@ 104 risk
Involving community members should also reducange as a guide for site-specific risk-based
the dissonance and long delays that often ocacleanup goals, related to future land use. Site-
when EPA proposes solutions before discussiapgecific data from the Remedial Investigation/
goals and costs with stakeholders. Such a procEssasibility Study process should be used to re-
is consistent with the Commission’s Risk Managéne default assumptions when available. Because
ment Framework. a risk estimate is a result of many assumptions
Use of enforceable institutional controls caand judgments, it is wise for Congress to eschew
make it feasible to protect health and the envirosetting specific risk levels, leaving that decision
ment reliably into the future at cleanup levels thad EPA and the states. The Commission prefers
are less stringent than those mandated for residgunalitative language in legislation, such as “rea-
tial levels. For example, thoroughly cleaning up sbnable certainty of no significant harm.” The
a former industrial site in an urban area to a stakpplicable or Relevant and Appropriate state or
dard safe for young children would be unnecessather federal Requirements (ARAR) provision of
and might be so expensive as to preclude the tlee Superfund law should be amended to delete
development that might provide economic deéhe “relevant and appropriate” language, because
velopment opportunities in depressed areas asfdthe wide differences in interpretation that
save pristine areas elsewhere. To overcome impetise.
ments to waste site cleanup, innovative approaches
being developed at the state level should be caT he risk range is being used productively by
fully evaluated. Liability protection for prospective EPA. We recommend realistic high-end ex-
purchasers, with appropriate safeguards for accesl posure scenarios for screening assessments
and exacerbation of contamination, is one approanind descriptive or probabilistic distributions or
worth considering. A premium could be levied faranges of exposure for refined risk assessments (see
a fund that would cover the costs of future changeésposure Assessment on page 72).
in cleanup standards. Assurances for non-NPL sitesToo much confusion and conflict over the ARAR
that brownfield development under qualified staprovision has persisted and consequently the ARAR
programs will protect cooperating prospective pwwaiver clause has not been used efficiently. The state
chasers from Superfund liability must be accompand federal regulations that can serve as ARARs were
nied by a continuing monitoring program so thaiften not written for conditions at Superfund sites
potentially hazardous migration of contaminantnd greatly complicate remedy selection and imple-
from the sites can be predicted, detected, and ramentation. We support retaining applicable state
edied. Hazardous on-site exposures due to changied federal requirements so long as they do not
in land use or failure to control access must also d@nflict with the risk-based goals tied to future land
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use, as recommended in the preceding section.high cost remedies and often are resisted by local
. communities anxious about the numerous truck
Choice of Remedy trips needed to haul away contaminated material
Finding or fearful of incineration and incineration malfunc-
Many difficulties in implementing the balanciion. Parties must be encouraged to negotiate phases

ing criteria of the National Contingency Plan fo?f cleanup, especially when even expensive reme-
Superfund have arisen. For example, the requiFjéal actions are inadequate for some aspects of the

ments introduced in SARA in 1986 to “utilize per\si_t_e. On-site technologies that reduce toxicity,_mo-
manent solutions and . . . treatment technologféty; Or volume should be used when appropriate.

to the maximum extent practicable” have been ap?€y should be identified as EPA has begun to do,
plied inflexibly at some sites. Interruption of expd?S "Presumptive remedies” for appropriate sites and
sure pathways and other controls might be mdr€anups. Responsible parties should be given op-
appropriate than treatment at some sites, parti&g)_rtunltles to propose and select alternative rem-

larly non-residential ones. edies if those remedies can meet overall cleanup
) objectives—including risk-based or residual con-
Recommendation taminant or exposure levels—agreed on through a

The mandate to use permanent solutions “poocess open to public scrutiny. Cost effectiveness
the maximum extent practicable” should bghould be a factor; multiple health and ecologic
changed to the assurance of long-term reliab@fects might also need to be balanced, as might
ity of protection of health and the environmentommunity cultural, social, and political factors.
Treatment options to reduce toxicity, mobility, One aspect of the law that makes implemen-
or volume of highly hazardous material shoulgtion of Superfund cleanups especially difficult
be used to ensure long-term reliability anid RCRA land disposal restrictions, which have
should be overridden when no effective treatiscouraged intrasite movement of wastes for less
ment remedy is available. EPA should continuetensive—yet efficient—on-site treatment. EPA
to develop better coordinated mechanisms fbas taken steps to reduce the problem via its
proper compliance with RCRA hazardous was@AMU Rule and will do more through its Haz-
standards at Superfund and RCRA corrective ardous Waste Identification Rule for contami-
tion sites, such as the Hazardous Waste Identifiated environmental media. Enactment in April
cation Rule for contaminated media. A desigtP96 of H.R. 2036, the Land Disposal Program
team approach, including states and responsiBlexibility Act, provides a platform for comple-
parties, should be encouraged to accelerate thenting RCRA remediation reforms.
remedial design phase of the cleanup. Remedies
should be chosen to be most cost-effective Revising Remedy Selection

meeting necessary protective cleanup levels.
Finding

and citizens often are timid about applyingentified as the Superfund cleanup program
n-site remedies that reduce toxicity, mobiprogresses. In addition, changing policies on con-
ity, or volume of contaminants—incinerationsideration of future land use could make it pos-
solidification, vapor extraction, and bio=sible to alter the remedy in favor of less reduction
remediation—and about restrictions on site uss.contamination to reach the same cleanup stan-
Remedies involving removal to “elsewhere,” usutard, due to different exposure scenarios.
ally landfills or off-site incinerators, generally are

EPA, the states, potentially responsible parties, Better and less expensive remedies are being
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Recommendation tivities. The Superfund program should make

EPA should expand and implement its ne@reater use of EPA's own Scienpe_Advisory Boe_lrd.
policy directives to allow revisions of selectelf> @ expected, more responsibility and funding
remedies. for site-specific decision-making are delegated

to the states, research and public health assess-
PA should establish procedures to provide ament functions should continue to have high
Eropriate and efficient redress of remedidéderal priority.
ctions in existing RODs in certain limited

cases, such as land use restrictions, developm espite extremely challenging deadlines and
of important new scientific information, or techDinadequate data at many sites, ATSDR has
nologic advances. Companies and communities t made a valuable contribution to the
invested in cleanup of NPL sites during the first Superfund program through its toxicological pro-
years of a steep learning curve for EPA and the fiides of various common contaminants at Superfund
tion should receive the benefits new informatiosites, its public health advisories (in collaboration
and new technology can bring. For example, reasith local and state health departments), and its
sessment of 30 to 50 years of pumping and treatesgablishment of several exposure registries. That
of groundwater after initial reduction in contamiwork should continue. The Superfund basic re-
nation levels seems appropriate for reopenisgarch program administered by NIEHS under the
RODs. The Commission is encouraged by EPAuperfund appropriation has mobilized highly rel-
“remedy update” reform currently being impleevant interdisciplinary research at 17 universities.
mented administratively. This effort is targeted prif Congress and citizens want risk estimates and
marily at bringing older groundwater RODs up teemedies that are based on sound science, not just
date with current science and technology regadefault assumptions, support for research programs
ing appropriate cleanup objectives for differems critical and is a federal responsibility. Good sci-
types of contamination problems. Revising a RO&hce does not of itself lead to application; Congress
should not become an excuse for stopping or slomust also support EPA's research activities. Simi-

ing down cleanup action. larly, worker training and worker protection for the
relatively high risks involved in the cleanup of sites
Research and Training are continuing responsibilities.
EPA's Technology Innovation Office has a private-
Finding public partnership program coordinated by Clean

There is a continuing need for information ang!t€S, Inc., involving major companies with
education on the toxicity of various chemicalsuperfund re_sponS|b|I|t|es, vendor_ companies with
physicochemical characteristics of contaminanf€W or not widely used technologies, DOE or De-

sources of exposure, and effectiveness of remedRartment of Defense facilities, and state regulators.
The program’s demonstrations provide objective

Recommendation comparative assessments in real world circum-
Congress should continue to support essestances. They should be expanded, and their find-

tial support programs for Superfund—thags should be widely disseminated.

Agency for Toxic Substances and Disease Regis- : . .

try (ATSDR), the National Institute of Environ- Office of Pre_ventlon, Pesticides and

mental Health Sciences (NIEHS) Superfund Basic Toxic Substances

Research Program at universities, NIEHS pro- The authority and mandates of the Office of Pre-

grams for training hazardous waste workers, anention, Pesticides and Toxic Substances (OPPTS)

applicable EPA research and demonstration are included in the Pollution Prevention Act, the
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Federal Insecticide, Fungicide and Rodenticide Arelgistration decisions. That approach does not ac-
(FIFRA), the Federal Food, Drug and Cosmetic Acommodate consideration of the potential effects
(FFDCA), and the Toxic Substances Control Adf exposures to several chemically different pesti-
(TSCA). The subject of pollution prevention is diszides with similar effects or of multiple exposures
cussed in Risk Management Options: Alternativés chemically similar pesticides. EPA considers
to Command and Control on page 49 of this rewltiple exposures and multiple risks when it evalu-
port. This section focuses on issues related to #ies pesticides for the purpose of reregistering them,
toxicity and registration of pesticides and on toxlout it does not yet do so during the evaluation of
substances. new pesticides.

Delaney Clause Recommendation

Finding EPA should establish an integrated approach

In August 1996, Congress passed the Food Ql}gl_the registration process to evaluate multiple

ity Protection Act, modifying the pesticide residu sks "?‘”d exposures to multiple agents. Risks and
provisions of the Delaney Clause. Other applic enefits associated with alternatives should also

tions of the Delaney Clause were not modified (s & compared. Furthe_rr_nore, to encourage devel-
Food and Drug Administration on page 136). TiPment of safer pesticides and reduce the use of

standard of protection specified in section 408bET(;re hazardous alternatives while avoiding mar-

FFDCA was changed from zero risk to “reasona % ddlsru_pilor;_, EPA ShOUIdf extphand 'tz a(icetlﬁr-t
certainty of no harm” in keeping with the Food ang cd registration program tor the products tha
eet rigorous and well-defined criteria for high

Drug Administration’s well established statutor health and ) tal safetv st
language. At the same time, the safety standard an heaith and environmental safety stan-
fards. Products that meet the high standards

improved to allow for advances in scientific unde ]hould be permitted to carry EPA-approved la
standing and by requiring explicit consideration . ) i
g y1ed g &xp els to communicate to the user that they meet

potential risk for highly exposed populations, paj-
ticularly young children. These changes are wholl jgh safety standards.
consistent with the Commission’s recommendatio

in our June 1996 Draft Report. PA has avoided using an integrated approach

o registration, because of the potential for
Recommendation erious disruption of market forces, such as
None. The Commission appreciates Congress$iortages due to the loss of minor use labels im-
responsiveness to the recommendations includeattant to fruit and vegetable growers and pesti-
in our June 1996 Draft Report. We note, howeveide resistance problems as the number of pesticide
that because the new statute was effective immaatieducts on the market is reduced. Instead, the
ately, EPA was allowed no transition time for malkagency has encouraged the substitution of biologic
ing the adjustment to the new procedures and Ipgsticides for more hazardous chemicals and the
experienced a difficult time, especially with so manyse of formulation changes and equipment modifi-
pesticides already in the middle of the approvedtions to decrease exposure. It has canceled some
process. of the uses of pesticides that are particularly haz-
: . . ardous, such as parathion. And it has established a
Multiple Risks From Pesticides restricted use category for needed but highly toxic
Finding pesticides to ensure that they will be used only by

Historically, EPA has made its regulatory decRest control operators and agricultural workers

sions chemical by chemical, including pesticidgualified by training and experience to use them
properly. To improve the rational use of pesticides
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and minimize their adverse effects by establishimgplementation and to seek consensus on the the
an integrated approach to evaluation of multipbest ways for EPA to obtain and interpret needed
risks and of exposures to multiple agents, the agemoyicologic data, especially as related to sections
should introduce the new approach on a demahand 8.
stration basis, to avoid disruption.

EPA has a longstanding commitment to devel-
oping safer pesticides and alternatives to chemi85'|- SCA occupies an important position among
pesticides. By creating a safer pesticide registrationj the numerous health and environmental stat-
and pesticide labeling program, EPA can encour-B utes. Itis the only law that provides EPA with
age development of safer alternatives and elimirthe authority to regulate new and existing chemi-
tion of highly hazardous materials. A pesticideal substances not otherwise regulated by other stat-
registration and labeling policy would give manuites (such as the laws governing regulation of
facturers an incentive to develop safer alternativiessticides, drugs, foods, and cosmetics). It autho-
and and give consumers information on which tzes EPA to gather chemical use, exposure, and
base informed choices. The marketplace can opgrxicologic information; require testing; and regu-
ate to reduce or eliminate exposures without tlee unreasonable risks.
disruption and spot shortages that can be causedt a 1996 conference marking the 20th anniver-
by an integrated approach. sary of TSCA a divergence of views emerged about
. : how well the processes of testing new chemicals,
Updating the Toxic Substances Control ACt yoqq ting findliongs of toxicity andgpotential risks,
Finding and making information available to the public were

working. Lynn Goldman, EPA Assistant Adminis-

In recent years, toxicologic testing and reviEW ator for Prevention, Pesticides and Toxic Sub-

requirements for new chemicals have made impaQr- . . o
o o . Stances, informed the Commission that judicial
tant contributions to a lower incidence of findings : : :
ihterpretations in response to suits over the 20-year

of carcinogenicity and other adverse effects amoH%tory of TSCA have severely limited the agency

new chemicals marketed. The Toxic SubstancesS ~ °. . 2
X . InIssuing requirements for minimal data sets. The

Control Act (TSCA) has not been reauthorized since B " .
ency faces a “catch-22” in that the courts require

!ts enactment in 1976, alth_ough I ha}s been_s A to have extensive information to justify a test-
jected to numerous court interpretations, prima- , .
. . Ing request, yet EPA can only obtain such informa-
rily over the process EPA must follow in order t L .

lon by issuing a testing request.

request or require testing by companies. EPA andThe Environmental Defense Fund (EDF) has
several consumer and environmental organizatiqrg\s

: . udicidFen evaluating the extent to which information is
consider the provisions of the law and the judicial’ _. S :
available for quantitative risk assessments of the

interpretations of those provisions as constraining. . . ) )
Industry, on the other hand, believes that much prox'f“a“?'y 2,900 .chemlcals In the TSCA high-
roduction inventory; apparently not more than a

the information already requested is of little re}-
evance ew percent have adequate data for such assess-

ments. INFORM (1996) has performed a study of
Recommendation information publicly available through the Substan-
tial Risk reporting program of section 8(e), which
TSCA should be updated to reflect advancesquires chemical manufacturers, processors, and
in toxicology and regulation over the past 2@istributors to submit information to EPA concern-
years. Given the differences in views among ka&yg “substantial risks” posed by substances used in
parties, the Commission recommends a focuseaimmerce within 15 days of learning of such risks.
stakeholder process to review the act and B&ce 1977 EPA has received 13,000 such notices.
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According to INFORM (1996), such findings arand better tests are developed.
not submitted in a standard reporting format, are OPPTS and EPA’s Office of Research and Devel-
often protected very broadly by Confidential Busepment should work together to define criteria for
ness Information provisions, lack information oscientifically sound weight-of-evidence reviews of
uses and exposures, and are not readily availadlidand new data submitted under sections 8(e) and
to the public. EDF objects to the presumption th@&d). These agencies are cooperatiing in address-
chemicals for which data are not available shoulty the 1996 Congressional mandate to develop
be considered free of risks. testing protocols and requirements for detecting the
The Chemical Manufacturers Association pr@ffects of chemicals on endocrine functions. At the
vided testimony to the Commission, in responseftost meeting of this Commission in May 1994, Theo
our Draft Report proposal that Congress considéolburn discussed observations in wildlife, fish, and
amending TSCA, that no fundamental flaws exisumans of changes in reproduction, gender-specific
in the law, that it provides EPA with the authoritpehaviors, sperm count, and incidence of anoma-
and flexibility needed to protect human health athiés of the genitalia. The terms “endocrine disrupt-
the environment from unreasonable risk, and thes” and “endocrine modulators” have emerged as
problems in its administration and implementatiatescriptive of a wide range of such effects (Davis
are being addressed regularly by the agency, indasd Bradlow 1995, McLachlan and Korach 1995,
try, and other stakeholders. Colburn et al. 1996), although the National Acad-
The underlying problem is that section 8(e) doesny of Sciences committee that is evaluating these
not require companies to conduct tests, only to effects (see below) uses the term “hormonally ac-
port risks that they do discover through their owtive agents.” Some, but certainly not all, are medi-
testing programs. The result, as noted by Dawated by or attributed to compounds that bind to
Sigman of Exxon Chemical, representing thestrogen receptors. Some are chlorinated com-
Chemical Manufacturers Association, is that theppunds, but many others, such as alkylphenolic
are disincentives to conducting tests, especiadthoxylate plasticizers, are not.
exploratory tests. Those companies that do not testA recent study of combinations of chemicals with
avoid reporting, while those that do extensive tegstrogenic activity performed using cultured yeast
run the risk that any adverse data reported will bells containing the human estrogen receptor re-
given undue weight when the overall “weight of thgorted synergistic interactions at low concentrations
evidence” should indicate that such adverse finid-vitro (Arnold et al. 1996). A great deal of scien-
ings are unlikely to be correct or plausible. tific, regulatory, and public concern about the po-
EPA would like to clarify under both TSCA 8(e}ential adverse environmental and human health
and FIFRA 6(a)(2) what studies and human advergapacts from synergistic estrogen responses ensued.
event reports must be submitted to the agency. Aldgre recent studies conducted at four different in-
EPA is awaiting results from voluntary participastitutions have attempted to reproduce those results
tion by U.S. chemical manufacturers in an OECID the yeast cell system, in human cells, and in mice
exercise aimed at testing and reviewing test resyldotal of ten different estrogen-responsive assays)
for some 500 high-production chemicals, as pgRamamoorthy et al. 1997a,b). All of the studies
of a screening inventory. OECD has recommendkdled to reproduce the original results, detecting
a basic set of testing requinents, intended to fa-only an additive response, which suggests that the
cilitate decisions about testing in member coupublic attention was premature.
tries and to generate comparable data for variousMany scientific issues related to hormonally ac-
chemicals. The Commission endorses timelie agents are just being framed. This topic stands
completion of this cooperative effort. Such listat the hazard identification stage of the Risk As-
of tests will need to be amended as additionsgssment Framework (Section 1) and the Problem/
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Context stage of the Commission’s Risk Manag€uyahoga River in Ohio caught fire because it was
ment Framework (Section 2): How do agonists (e polluted. Water quality has improved substan-
trogens) and antagonists(antiestrogens) interagtly since then; nevertheless, about 35% of
How predictive are the complex endocrine assaysMerica’s surveyed rivers, lakes, and streams still
How do we estimate risks associated with exposwe not meet standards for their designated uses
to very low doses of environmental estrogen{©ECD 1996). Point sources of pollution have been
chemicals when dietary doses of naturally occurentrolled to a great extent; now state water qual-
ring estrogenic compounds (phytoestrogens, sughmanagers have identified nonpoint sources, such
as flavonoids) are so much higher? Still higher dosesurban and agricultural runoff, as the largest con-
of estrogenic chemicals are ingested in the formtoibutors to water quality problems.
oral contraceptives and post-menopausal hormoneThe Clean Water Act regulates point-source and
replacement therapy. The National Research Comonpoint-source discharges of pollutants to the
cil has established a Committee on Hormone-Reaters of the United States. States establish water
lated Toxicants in the Environment to assess thgurality standards based on the designated use of a
known and suspected modes of action and thedater body—such as providing fish for consump-
potential impacts on wildlife and humans. EPABon, agriculture, or drinking water—and on the
Health Effects Research Laboratory has been wodkrantitative or narrative water quality criteria that
ing to identify those modes of action for some yeaes,e required to support a particular use. Point
and the Chemical Industry Institute of Toxicologgources obtain permits for discharges based on avail-
has announced that a portion of their budget hatsle treatment technologies and on the quality of
been reallocated to initiate a program of reseaittle water receiving the discharge and its designated
on endocrine effects. The Commission suppouse. Effluent guidelines for a particular point source
giving priority to the scientific assessment of thare based either on available technology or on wa-
potential toxicity of this class of chemicals. ter quality. Technology-based effluent guidelines set
Given the divergent views about the situatiom, consistent, industrywide level of control and are
the history of litigation, the advances in the worldhposed at the point of discharge; if they prove to
of testing and toxicologic interpretation, and thee inadequate to meet the water quality standards
willingness of all parties to engage in dialogue, ther a particular body of water, additional controls
Commission recommends that EPA, industrgre implemented to meet effluent limits based on
academia, and worker, consumer, and environmevater quality. Effluent limits have been established
tal organizations be convened in a sustained stat@-over 100 pollutants discharged by 51 catego-
holder process to review TSCA and itges of industry and are based on the best available
implementation, to propose criteria for developingchnology that is economically achievable. For
test batteries, to seek consensus on making weigtdnpoint sources of water pollution, states use
of-evidence judgments about such data, to defigeants from EPA to develop control programs, usu-
criteria for making data more accessible to the pudly providing for mplementation of best man-
lic, and to consider analogies to the FDA adveragement practices.
drug reaction reporting scheme. The Safe Drinking Water Act of 1974, most
: recently amended in August 1996, requires EPA
Office of Water to set drinking water standards to protect hu-
The EPA Office of Water has responsibility foman health from both naturally occurring and
protecting the nation’s surface water and groumehthropogenic contaminants, and it specifies re-
water and ensuring the supply of safe drinking watguirements for water treatment. Standards have
for the public. The Clean Water Act was enactedlireen formulated for more than 80 contaminants.
1972, soon after the dramatic incident in which thfes a result of the 1996 amendments, EPA must
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establish a priority list of unregulated contamstakeholders and other appropriate federal, state,
nants and gather information on the magnitudad local agencies.
of their risks and their occurrence in the water
supply. Every five years, EPA must set standar ver the last 25 years, pollutant discharges
for at least five of the unregulated contaminan into the nation’s rivers, lakes, estuaries,
that have been listed and studied. The new la coastal waters, and wetlands have been
also requires the agency to prepare a benefit-cgstatly reduced. Much of the success has been
analysis, and benefits of new standards must juschieved through the control of municipal and in-
tify their costs unless the agency determines thtstrial point-source discharges into water bodies
the risk to human health outweighs the cost jusader programs established by the Clean Water Act.
tification. As recommended in the Commission’she health of an aquatic ecosystem can be affected
testimony to the Senate and citied in the Senai@ only by point sources of pollution but also by
Committee report accompanying the 199onpoint sources such as urban and agricultural
amendments, the act also recognizes that costoff, as well as by activities that disturb the land,
and risk are not the only factors that need to imeluding logging and grazing, construction (espe-
considered in evaluating environmental praially of dams and reservoirs), diversion of surface
grams and that other factors, including valuegater and ground water flows for domestic and ag-
and equity, must also be considered. The impaoicultural uses, overfishing, introduction of exotic
tance of safe drinking water was brought honspecies into water bodies, and deposition of air
to the general public in April 1993 wherpollutants. Russell Jim of the Yakama Indian Na-
Cryptosporidiain the Milwaukee water supplytion spoke to the Commission about the contribu-
caused an epidemic, resulting in deaths and sen of several of such phenomena to the decline of
vere intestinal disorders throughout the city. salmon populations in the Pacific Northwest. The
The following recommendations are intendedean water programs take a fragmented approach
to build on the important improvements of th those problems and do not provide for integrated
last 25 years in surface water, groundwater, aedvironmental management of the watershed eco-
drinking water. system. As noted in comments to the Commission
from Michael Evans, general counsel for the Senate
Integrated Watershed Management Approa%h]\vironment and Puglic Works Committee, a mul-
Finding timedia approach to watershed management has

The Clean Water Act regulates sources of pollg€€n & priority of Senator Max Baucus (D-MT). With
tion in a manner that has resulted in fragmentgdvatérshed management approach, ecosystems and
programs that do not adequately address the he8ifnan health could be better protected from the
of the watershed ecosystem or sufficiently invohfgimulative effects of a multitude of natural and
communities, states, and others in multfluman activities. _
jurisdictional management and protection of water 1 "€ watershed management approach is a com-

quality. prehensive, geographigal!y based app_roach thgt rec-
) ognizes all resources within a hydrologically defined
Recommendation watershed as parts of an interconnected system that

The Clean Water Act should be amended tepends on the health of the parts to sustain the
establish a comprehensive, integrated watersheghlthy functioning of the ecosystem. Ecological
management approach to provide for the deveisk assessment and the index of biotic integrity (see
opment of state watershed programs. The statge 77) can be important tools in identifying stres-
programs should be subject to EPA approval asdrs of the watershed and characterizing their im-
oversight and have substantial involvement Ipact on various plant and animal species. For
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example, ecological risk assessment case studiessogpplant technology andater quality based ap-
ing examined by the Office of Water include a widgroaches for reducing water pollutant discharges and
array of ecological organizations, such as individprotecting water quality, however.
als, communities, habitats, landscapes, and ecosys-
tems. The watersheds examined include the Sn isk assessment provides useful information
River, the Middle Platte River, Waquoit Bay, and BiRor making decisions about the best ways to
Darby Creek. ontrol water pollution. EPA uses human
Watershed management should focus on idertiealth risk assessment to derive water quality cri-
fying priorities and tailoring solutions to the speeria intended to protect human health. In contrast,
cific set of problems found in a watershed. Thaxologic risk assessment is not yet likely to afford
estuary programs in Tampa Bay and Galveston Bayequate descriptions of risks to complex aquatic
are good examples of government and citizen paystems (see Ecological Risk Assessment on page
ticipation in a process that identifies high-priority7). The impacts of endocrine “disruptors” on fish
environmental problems for the estuaries and iard on the offspring of fish-eating animals, for ex-
stitutes action to ameliorate the problems. Thoample, have not been fully assessed. As an emerg-
two programs are also good examples of a multig tool, ecological risk assessment has not yet
media approach to environmental problems, as edached the level of sophistication and reliability
mospheric deposition was found to be an importardcessary to support its use as the primary deter-
source of potential water pollution in both locationginant of effluent limits based on water quality.
Achieving greater efficiency and effectiveness
through watershed management will depend Bwinking Water Contamination
building partnerships and integrating federal, reinding
gional, state, tribal, territorial, local, and private

o Methods to assess microbial risks associated with
programs within the watershed.

drinking water are too limited for general use, and
Implementing the Clean Water Act data on risks associated with microorganisms, dis-
- infectants, and disinfection byproducts are sparse.
Finding

Regulation of water pollution under the CleaRecommendation
Water Act is generally implemented through efflu- EPA should give a higher priority to the im-
ent limits based on technology and water qualiggtovement and application of methods for as-
Ecologic and human health risk assessments pg@ssing waterborne microbial risks. The
vide information that is used to help set efflueatevelopment of data for assessing the occurrence
limits based on water quality and criteria for reef and risks from microbial contamination and
ceiving water quality. Risk assessments are also utleel relationships to the use of disinfectants that
to set regulatory priorities. form potentially hazardous disinfection

. byproducts must also be given priority.
Recommendation yp g Y y

EPA and the states should continue to use rff-  valuating drinking water quality includes as-
ceiving water quality and risk assessment resul essing both microbiologic risks and risks as-
(and other considerations) to set priorities fo ociated with disinfectants and disinfection
the development of various water pollution corbyproducts. Microbiologic contamination of drink-
trol programs. Risk assessment should also ibhg water supplies poses a clear threat to public
used, where appropriate, to establish water qulgalth when treatment is inadequate. In response
ity criteria and effluent limits based on wateto the threat, EPA is developing a risk assessment
quality. Risk-based effluent limits should not ygaaradigm for evaluating human risks associated
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with waterborne pathogens. Efforts to reduce pemployee will suffer diminished health, functional
tential health risks associated with disinfectiotapacity, or life expectancy as a result of his work
byproducts must not compromise the microbiologexperience,” and developing and promulgating oc-
guality of drinking water. cupational safety and health standards. Two agen-
A 1992 regulatory negotiation effort recentlgies were established to accomplish the purposes
produced the Information Collection Rule, whicbf the act: the Occupational Safety and Health Ad-
establishes monitoring and data reporting requimainistration (OSHA) in the Department of Labor
ments for large public water systems for EPA to uaad the National Institute for Occupational Safety
in setting various drinking water standards. Impleand Health (NIOSH) in the Department of Health,
mentation of the rule is hoped to lead to greatéducation and Welfare (now the Department of
understanding and better characterization of tHealth and Human Services).
risks associated with microorganisms, disinfectants, OSHA is mandated, among other things, to es-
and disinfection byproducts. Additional data artdblish and enforce workplace standards to effect
analysis of those risks are needed for the next gére purposes of the act. Standards promulgated
eration of drinking water standards. Because impleder the act are required to be based on the latest
menting new standards is expensive and becausevailable scientific data in the field, the feasibility
large proportion of the United States population @ the standards, and experience gained under this
exposed, research should be focused on characed other health and safety laws. This language and
izing risks related to different disinfectants and digsdicial interpretations require that OSHA standards
infection byproducts and comparing them witimust be both economically and technologically fea-
microbial risks so that the agency can target its aible and also have demonstrable benefits.
tivities toward the greatest net risk reduction. NIOSH is the only federal entity charged with
conducting research in ocupational safety and
health; developing innovative methods, techniques,

OccupaTionaL SAFETY AND HEALTH and approaches for addressing problems in occu-
ApminisTRATION AND NAaTioNAL INsTITUTE  pational safety and health; discovering latent dis-
rorR OccuraTionar SareTy aND HEALTH eases and establishing causal connections between

diseases and work; responding to employer and
An estimated 60,000 deaths every year in tharker requests to evaluate possibly unsafe or un-
United States are related to occupational diseakeslthy working conditions; exploring new prob-
and injuries. In 1994, occupational injuries alodems in occupational safety and health, including
were responsible for an estimated $120 billion those created by new technology; and training a
lost wages, lost productivity, administrative exworkforce of professionals in occupational research,
penses, health care, and other costs, althoughdbBmonstrations, and experiments to effect the pur-
annual occupational fatality rate has been redugeakes of the act.
from 18 per 100,000 workers in 1970 to 8 per
100,000 in 1993. Assessing OSHA’s Regulatory Effectiveness
The purpose of the Occupational Safety and
Health Act of 1970 is “to assure so far as possidi&'ding
every working man and woman in the nation safe Although the nation’s recordkeeping system for
and healthful working conditions.” That is to b@b-related injuries is widely accepted, underre-
accomplished by supporting reseach in the field pérting is considered substantial. Furthermore, es-
occupational safety and health, providing medicénates of the incidence or prevalence of fatal and
criteria which “assure insofar as practicable that nonfatal work-related illnesses are very imprecise,
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partly because there is no adequate national ssure of the impact of chronic diseases. Without ac-
veillance system and partly because of complexurate information on the incidence and prevalence
ties associated with discerning cause and effect. Wi@ccupational ilinesses, the effect of a regulation
economic burden of occupational injuries amoun® incidence or prevalence cannot be assessed.
to almost half the total cost of all injuries in th&ithout information on the effect of regulations, it
United States. The cost of occupational illnessessdifficult to target research and regulatory priori-
believed to exceed that attributable to injuries; fties toward the exposures and illnesses of greatest
example, the annual costs of occupational skin dencern.
eases alone including lost work days and reducedOver the last two years, a comparative risk analy-
productivity might reach $1 billion. The impact osis for priority-setting has been conducted by OSHA
occupational injuries, disabilities, and diseas®&sth strong participation from NIOSH and many
spreads in ripples beyond the affected worker asikeholders. The product of that effort, OSHA's
employer to families and society at large in waymiority-planning process, is the identification of
that are not easily measured or expressed in m&B-emerging or persistent occupational safety and
etary terms. The effectiveness of OSHA's regulatoogcupational health issues most in need of agency
activities directed towards reducing chronic occaction, both regulatory and nonregulatory. The re-
pational risks cannot be assessed in the absenceults were unveiled in December 1995; work has
adequate national surveillance data. begun on their implementation. The agenda out-
lines regulatory priorities based on objective data,
subjective judgment, and expert knowledge.
Congress should direct OSHA, NIOSH, an@hether workplace interventions based on the
the Bureau of Labor Statistics to strengthen thedentified priorities will have the desired effect on
surveillance and intervention-effectiveness reccupational illnesses needs to be assessed and,
search and evaluations. Congress should dirbopefully, verified through an effective surveillance
OSHA and NIOSH to increase the efforts thegyrogram.
devote to quantifying risks, costs, and benefits; In a similar process in 1995-1996, NIOSH led
these activities, which will require additionab00 federal agencies, industries, associations, la-
resources, should help assess the effectsbof unions, academics, and private citizens in the
OSHA's regulations on workplace health andevelopment of its National Occupational Research
safety and to guide NIOSH research and OSHX¥genda. The agenda from this stakeholder process
regulatory priorities. outlines priorities for the nation’s public and pri-
vate research in occupational safety and health. It
A substantial proportion of the estimatets intended to increase the efficiency and effective-

Recommendation

60,000 worker fatalities each year is believetess of such research by focusing efforts on the most

o result from occupational diseases assoanportant current and emerging scientific needs for
ated with exposures to toxic substances and haimproving the safety and health of workers. It is
ful physical and infectious agents. Many cases @fo an important step in efforts by NIOSH to en-
fatal, chronic, and disabling occupational diseasgage in and promote extensive research coordina-
develop over 10-30 years and are poorly countion and collaboration among organizations and
by employer reporting or worker-compensation syseientists throughout the public and private sec-
tems. For the cases that are reported, the attridats. Testimony from the stakeholders identified risk
able costs underestimate costs due to lastsessment methods as a research need of such im-
productivity and reduced earning potential; sugiortance that it was included in the final list of 21
human values as reduced quality of life are not cqriority research areas.
sidered. The lost work day is an inadequate mea-
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In both the OSHA and NIOSH priority-settinghey were more clearly informed by a regulatory
projects, information on the incidence and prevagency’s priorities and goals in risk management.
lence of occupational injuries and ilinesses was udemtecting the integrity of risk assessment and build-
to the extent available. However, both OSHA andg more productive linkages to risk management
NIOSH drew heavily on the expert judgment andere both considered essential. OSHA and NIOSH
experience of the stakeholders who participatedare clearly interdependent: NIOSH identifies health-
the open and iterative processes by which the fitased exposure limits and provides OSHA with sci-
products were developed. entific criteria and recommendations in support of

OSHA has dedicated a major effort to stimula®@SHA's mandate to set health and safety standards,
ing state-level and private-sector voluntary initidSHA uses this information to develop occupa-
tives. Priorities and data should assist sutibnal standards that reflect feasibility consider-
devolution and delegation of responsibility. ations.

) The risk assessment and risk management re-
Improved Cooperation Between OSHA and sponsibilities of OSHA and NIOSH are closely
NIOSH linked, so it is important that they ensure an effec-
Finding tive interaction. The interagency task force formed

The Occupational Safety and Health Act institd® conduct the priority-planning process and the
tionalized the clear separation of health reseaf@ffhange of senior staff, who serve as full-time liai-
(NIOSH) and science-based policy decisior$®ns within the agencies’ directors’ offices, are good
(OSHA). Although it is important that OSHA anc¢tePS-

NIOSH have dis_tinct responsibilities, it_ is a_llso Critis yidelines for Risk Assessment

cal that these interdependent organizations work

closely together. For example, OSHA and NIOSHNnding

have recently coordinated their regulatory and re- OSHA seems to have relied upon a case-by-case
search agendas through the OSHA Priority Plasmpproach for performing risk assessment and risk
ning Process and the NIOSH National Occupatiordiaracterization in support of risk management
Research Agenda. policy decisions. Its 1980 “cancer policy” is rarely
used and was written before the many scientific
_ __advances of the 1980s and 1990s. Its risk manage-

OSHA and NIOSH should continue to faciliyhent targets—for example, reducing cancer risk to
tate effective collaboration so that OSHA'S regyags than one case per 1,000 workers exposed—

latory needs guide NIOSH's research efforts apgect the difficulty of demonstrating technical or
NIOSH's contributions to OSHA are well targetedonomic feasibility at lower risk levels.

toward OSHA's regulatory and science policy )

needs, as well as towards serving private-sectcommendation

worker protection programs. Conversely, NIOSH OSHA should publish, after appropriate pub-

research findings and risk assessments shouldibénvolvement and review, one or more sets of

a strong influence on OSHA priority-setting foguidelines that lay out its scientific and policy

regulatory and other interventions to addresigefaults. At a minimum, the guidelines should

workplace safety and health. cover an explicit rationale for choosing the de-
faults and an explicit standard for how and when

A: the 1994 National Research Council repdd modify them; methods for assessing risk for

Recommendation

Science and Judgment in Risk Assessamant noncancer health effects of concern in occupa-
hasized, science policy judgments madetional settings; methods for quantifying and ex-
the course of risk assessment would be improvegitessing uncertainty and individual variability
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in risk; and a statement of the magnitude of itdpdating Workplace Permissible Exposure
dividual risk that it considers negligible for th&imits for Air Contaminants
various adverse health effects. The guidelin%ﬁ.|ding
should help OSHA decide how extensive a risk
assessment is needed in different situations. Fi-OSHA's limits for chemical exposures (permis-
nally, OSHA should explain and justify its acsible exposure limits, PELS) are out-of-date, not
tions when it evaluates or regulates a substameadily updated, and not sufficiently protective of
differently than other federal agencies that regworker health for millions of American workers.
late the same substance. The OSHA PEL update process has been slowed to
a crawl by a series of legal challenges. A
isk assessment guidelines have served EB#emical-by-chemical PEL-setting process, based on
R/ell over the years, with guidelines evolvingntensive assessments of toxicity, exposure, risk, and
s knowledge is gained (see, for example, theasibility, has proved impractical for any but the
1996 Proposed Guidelines for Carcinogen Risk Alsighest use chemicals. A more constructive and
sessment). OSHA has similar needs but its analysagamlined process is needed for regulating work-
are too different to adopt EPA's guidelines or th@dace exposures to a large number of air contami-
recommendations &cience and Judgment in Riskants.
AssessmeriNRC 1994a). In their testimony befor%%ecommendation
the Commission, Adam Finkel, director of OSHA'S
Directorate of Health Standards Programs, andLabor, industry, and OSHA should develop a
Frank White, vice president of Organization Rescience-based stakeholder process for updating
sources Counselors, Inc., agreed that articulated ngdrkplace PELs and for developing new PELSs for
assessment guidance is urgently needed. They @socontaminants. The process should begin by
agreed with the testimony of Frank Mirer, directdsringingthe PELs up to date with the changes that
of the Health and Safety Department of the Intdrave been made over the last 30 years in consensus
national Union of United Auto Workers, that OSHAstandards. Then, a longer phase of selecting high-
risk assessment procedures should not be unifgernority substances for more thorough analysis, us-
but consistent with the magnitude of effect ang analytical methods chosen in consultation with
controversy that a particular standard is likely to gestakeholders, could begin. Congress should pro-
erate. To be useful, OSHA's guidelines must recogniziele authorizing language required to give stand-
that OSHA cannot treat each risk assessment withitihg to the process and the PELs so chosen.
same degree of rigor and detail, particularly as it seeks
to make up the ground lost in a 1992 court decisi hen the Occupational Safety and Health
vacating more than 400 permissible exposure IimWAct was enacted in 1970, the new Occu-
(PELSs). Because of the large number of PEL risk a: pational Safety and Health Administra-
sessments that are needed and the fact that substammepromptly adopted existing workplace thresh-
regulated via PELs will not be subject to the numestd limit values (TLVS) as permissible exposure
ous ancillary provisions of OSHA's substance-specificnits (PELs). Those TLVs had been established by
rule-makings (such as medical surveillance and workkee non-government organization known as the
training), OSHA should outline a less exhaustive rigkmerican Conference of Governmental Industrial
assessment template for this category of analysis.Hygienists (ACGIH) in 1968, based on
then-available scientific information and best pro-
fessional judgment. The ACGIH TLV Committee
periodically re-evaluates and updates the TLVSs,

@
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based on professional judgment and new informaeged to be technologically and economically
tion, but uses no explicit risk-based or feasibilitfyeasible.
based methodology. Phase Il would consist of selective attention to

In 1986 OSHA mounted a PEL update projedhose substances, in groups of 10 to 30 chemicals,
with considerable industry support for the adopthere estimated risks, known exposure levels,
tion of consensus exposure limits, again largelidespread use, or other considerations justify a
based on TLVs, for over 400 industrial chemicalbigh priority for further exposure reduction. This
The extent of the scientific evidence supporting tipeocess is similar to OSHA's recent effort with the
TLVs was highly variable, however, and no uniformet of 20 chemicals and would allow labor, indus-
criteria for choosing them could be cited. Manyy, OSHA, and NIOSH to have an opportunity to
academic and labor occupational health specialiatgee on the criteria for nomination and selection
criticized the TLVs for permitting too much expoef chemicals and on a template for risk and feasi-
sure. When the PELs were proposed in 1989, litiity analysis. OSHA and its stakeholders should
gation was filed by several industry groups and Isgek agreement on a template for analysis. Perhaps
labor. A court ruled in 1992 that this rulemakin@MB and the Small Business Administration could
was flawed and unacceptable, due to inconsistassist with guidance on how best to meet their cri-
and unclear determinations of risk and insufficienttgria for reviews under Executive Order 12866 and
elaborate assessments of feasibility. However, stimder the Small Business Regulatory Enforcement
gent requirements for detailed toxicologid;airness Act of 1996, respectively.
epidemiologic, exposure, cost, and feasibility infor- This two-phase process should begin by trying
mation to support many specific rulemakings woutd generate consensus about phase | and exploring
far exceed available budgetary and staff resour¢ke need for legislation authorizing the adoption of
of OSHA and of NIOSH. current TLVs. Similarly, recommendations to Con-

In 1996, OSHA identified a subset of about 2@ress might emerge for the phase Il process to fa-
substances for the first phase of a new PEL updeii@ate negotiated rulemaking and the necessary
and held a public meeting for comment. Industrgviews.
criticized this renewed effort, preferring a labor/ We believe Congress would prefer that such
management/OSHA advisory process and offeristakeholder consensus emerge before Congress
to provide exposure data as part of such a processves into what have been minefields. The prece-
Labor has been skeptical about such an arrandents include the process that led to modification
ment, fearing industry domination. of the pesticide residue provisions of the Delaney

The Commission believes that the tension belause in the Food Quality Protection Act of 1996.
tween the amount of scientific, engineering, ale have made a similar recommendation for a
economic analysis required and the need for timeltakeholder process to define desired legislative
updates and new standards could be resolvedaation for updating the Toxic Substances Control
two phases. Act.

Phase | would consist of updating the original It should be noted that PELs are distinct from
OSHA PELs (based on the TLVs of 1968) with cuBSHA's comprehensive health standards, such as
rent TLVs established by the ACGIH. To do so mdkose for asbestos, benzene, and recently proposed
require legislation to overcome the criticisms of tHer methylene chloride. The comprehensive stan-
court about the previous PEL update. Presumaldigrds include a PEL but may also include imple-
there could be a rebuttable presumption that tmentation requirements such as monitoring,
current TLVs are not unduly stringent and have begaining, and use of protective equipment. About

o



3

25 chemicals have been regulated by OSHA witlausing chemicals when FFDCA was enacted in
comprehensive standards. Candidates for compt858, but it is inconsistent with modern ana-
hensive standards have been chosen primarily dgtec detection methods and current scientific
result of petitions from stakeholders and also é&nowledge. The Delaney Clause illustrates what can
the basis of considerations of toxicity, exposure, andppen when Congress legislates scientific judg-

number of workers exposed. ments, however well intentioned, in a manner that
cannot evolve with advances in scientific
knowledge.

Foop Anp DRUG ADMINISTRATION _
Recommendation

The Food and Drug Administration (FDA) pro- The language of the Delaney clause should be
motes and protects the public health by regulatingpdified to permit consideration of the quanti-
a wide variety of consumer and medical care pro@tive risk that a covered food additive or color
ucts. FDA is responsible for ensuring that humadditive might pose, specifying that direct or
food, animal feed, and cosmetics are safe and trutidirect addition of carcinogens to foods should
fully labeled; that human and animal drugs, medie prohibited to the extent needed to provide
cal devices, and biologics are safe, effective, argasonable certainty of no harm, in keeping with
truthfully labeled; and that radiation from x-rayell-established FDA statutory language.
equipment and electronic products (such as televi-
sion receivers and microwave ovens) does not The Delaney clause, inserted in 1958 into sec-
ceed acceptable limits. FDA is now exercising its tion 409 of the FFDCA specifies that “no
responsibility to protect minors from chemicals in [food] additive shall be deemed to be safe if
cigarettes. Thus, a wide array of safety issues is cdns found to induce cancer when ingested by man
sidered, with a broad spectrum of benefits. FD&r animal”; equivalent language in section 721
also conducts research on risk assessment metrspecifies that “a color additive shall be deemed
and mechanisms of adverse health effects. In thissafe .. .” In fact, definitions of food additives are
section, the Commission offers recommendatioastremely complicated. Excluded from the category
about food safety, drug approval, and dietaof food additives under the Delaney clause are uses
supplements. of substances generally recognized as safe (GRAS),
ingredients sanctioned before 1958 (such as sodium
The Delaney Clause nitrite and BHA in some uses), and pesticide resi-
Finding dues on raw agricultural commodities. All inten-

The Delaney clause of the Federal Food, Druionally added substances and uses not excluded
and Cosmetic Act prohibits FDA approval of foo@re covered, such as artificial sweeteners and pesti-
additives (section 409) and color additives (se¢ldes that concentrate in processed food. Pesticides
tion 721) that have been shown in appropria®curing in raw or processed foods have now been
studies to cause cancer in laboratory animals @f€mpted by the 1996 Food Quality Protection Act.
humans). Exactly what is covered by the De|ang}plor additives, covered separately from food ad-
clause is very complicated. Pesticide residu@iives, may be added to foods, drugs, cosmetics,
that are considered food additives were recen@ijd even devices. Indirect additions to the food
exempted from the Delaney Clause by the 1958Pply are covered by the Delaney clause, includ-
Food Quality Protection Act (see EPA Office ofnd chemicals that migrate into foods from packag-
Prevention, Pesticides and Toxic Substances if# Or other food contact surfaces. Although FDA
page 124). Prohibition was an appropriate preas been a leader in developing methods for quan-
cautionary response to unknowns about canchtative risk assessment of carcinogens, under the
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prohibition of the Delaney clause the methods cami-an additive would be deemed safe. Quantitative
not be used. risk assessment methods are applied routinely to
In 1962, Congress enacted an amendment to tledermine acceptable concentrations of natural,
Delaney clause known as the diethylstilbestrahavoidable food contaminants (such as aflatoxin
(DES) proviso. This amendment permitted the usepeanuts and corn, or mercury in swordfish) or
of carcinogenic compounds as animal feed addi-trace contaminants of food and color additives,
tives and veterinary drugs so long as “no residueasfd to determine the urgency of regulatory actions.
the additive shall be found by methods approved To its credit, adoption of the Delaney clause
by the Secretary by regulation in any edible poralled attention to substances that might cause can-
tion of the animals after slaughter or in any foazkr and to the importance of caution when knowl-
such as milk or eggs yielded by or derived froedge is limited. The Commission has concluded
living animals.” To define no residue, FDA develfrom various testimony, however, that the direct
oped a quantitative, negligible risk standard knovmpact of the Delaney clause on reducing cancer
as the sensitivity-of-method standard. The FDwsks for the public has not been large, partly be-
commissioner is authorized to specify which anaause most food protection decisions are governed
lytic detection method should be used to chardwny other strong provisions of the food safety laws
terize concentrations of additives. The methodsd partly because the clause has been invoked
chosen typically have a sensitivity correspondimgcisively only a few times. Furthermore, FDA's ef-
to detection of a concentration associated with forts to regulate sodium nitrite in 1979 (under
upper-bound lifetime incremental cancer risk of omeultiple provisions of FFDCA) highlighted the need
in a million (10°). to balance risks and benefits at different concen-
The Delaney clause does not define what is foutrdtions when a chemical has major health benefits
to induce cancer and therefore does not invite € this case, prevention of potentially lethal botu-
ceptions for substances that induce tumors in tsm from stored meats).
dents by mechanisms that are not relevant to humarDebate about the role of food additives and pes-
cancer risk (see Using Rodent Tests to Predict Hicide residues in relation to the role of other di-
man Cancer Risk on page 64). Even in 1958, hoetary factors that increase or decrease cancer risk
ever, Delaney required the FDA to determinled to the National Research Council repGer-
whether evidence of carcinogenicity in animals hathogens and Anticarcinogens in the Human NRC
been obtained in “appropriate studies,” with emd996b). That report concluded that calories, fat,
phasis on feeding studies for obvious reasons of @hd fiber are more important for overall cancer risk
evance. Because the clause focuses on the potentthéy individual food constituents, whether synthetic
carcinogenic properties of additives, it does not caor naturally occurring.
sider risks of other adverse health effects that can
far outweigh risks of cancer—such as risks of dgate of Drug Approval
velopmental or neurologic toxicity—although thos?inding
risks do get full attention from FDA under other
authorities. Nevertheless, the requirement under theDespite acceleration of the drug approval pro-
Delaney clause to reach a decision on animal ca@gss, especially for HIV-AIDS and cancer treatment
nogenicity and appropriateness of studies makeg&gents, and despite providing guidance to pharma-
disproportionate claim on agency and petitionégutical and biotechnology firms during various
resources, which might better be spread over Btages of drug development, FDA is often criticized
vestigations and reviews of all serious health effedty patient groups eager for access to new agents or
and over decisions of whether any proposed uggents approved in other countries. At the same

@
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time, FDA bears a heavy responsibility to assueéit and risk criteria and with different degrees of reli-
the public that the risks of serious adverse effe@sce on postmarketing surveillance cannot automati-
have been fully investigated, properly evaluated bglly lead to approval by FDA. More attention in this
disinterested experts, and weighed against the bemuntry to off-label use and postmarketing surveil-
efits of the drug. lance of both benefits and risks would be desirable.

Recommendation Regulating Dietary Supplements

FDA should sustain its efforts to provide earl?’findin
guidance on appropriate studies and to complete g N _ )
reviews and necessary inspections expeditiously. The Nutrition Labeling and Education Act of 1990
Accelerated reviews and approvals should BgtUpaframework forjustifying health claims on food
linked to rigorous postmarketing surveillanca@bPels, including those for dietary supplements. This
In keeping with its counterpart agencies in Othgamew_ork requires significant scientific agreement
countries, FDA should update criteria for toxic2nd review and approval by FDA. FDA published the
ity testing and clinical trial protocols so thafandated regulatl_ons in January 1993 and approved
properly documented studies meeting those cseveral health claims. Soon thereafter, however, the
teria in other countries can be used as eviderdgtary Supplement Health and Education Act of 1994
for FDA review. Also, FDA should continue tdDPSHEA) changed FDAs authority to regulate the
work with other countries to harmonize proce@fety and labeling of dietary supplements. The agency
dural and paperwork requirements, as well 88W has the burden of proving that a dietary supple-

the protocols. Such efforts should include afentis adulterated before it can act to protect public
classes of therapies. health. DSHEA also created a presidential commis-

sion that was directed to reconsider what evidence

n inevitable tension exists between carefwould be necessary to make health claims for vita-
Agremarketing assessment before regulatdfyns and other dietary supplements. Today, dietary

pproval of drugs, vaccines, and other med@upplements can carry FDA-approved health claims.
cal products and the desire to make important &ISHEA also permits manufacturers to make state-
vances in patient care available to patients. Thents of nutritional support without prior approval
Commission supports FDA efforts to accelerate thi@m FDA. A Keystone Center dialogue report (1996)
review process, use fee-based enhancement of Fphealth claims for foods and dietary supplements
staff resources, and give guidance to firms and the&ipported the 1990 act and the 1993 FDA regula-
clinical and biostatistical investigators. Moving totions and made additional suggestions.
wards accelerated approvals must be accompaniedRecent evidence of hazards from herbal supple-
by requirements for effective postmarketing surveients promoted among young people for a “natu-
lance, perhaps including restriction of early préal high” illustrates the consequences of allowing
scribing rights to qualified and certified specialisiologically active substances on the market with-
who must closely study their patients’ side effec@!t adequate evidence of safety. Also, evidence from
and report them promptly. clinical trials indicating probable harm from beta-

In this global economy, FDA is building on mangarotene supplements in smokers at high risk of

years of public and private international partnershil#g cancer and heart disease without any corre-
seeking harmonization of testing protocols and riskonding benefit illustrates the importance of as-
assessment methods to make appropriate use of stdding that health claims are supported by sound
ies and documentation from other nations that mé&éience before they are used to promote the sale of
mutually agreed-on regulatory standards. Nevertigoducts.
less, approvals in other countries with different ben-

@
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Recommendation Development of Regulations

FDA's authority to require scientific evidencd=inding
to justify manufacturers’ claims of safety of and
health benefits from nutritional supplement'%
should be reaffirmed and strengthened.

ORACBA has the statutory authority to review a
ajor regulation before it is submitted to the Secre-
tary of Agriculture.

itamin supplements, herbs, and “natural” f00q$. .o rmmendation
are increasingly marketed with claims of health

benefits, reflecting preliminary data from ORACBA should become involved in the regu-
epidemiologic analyses or medical testimonials. EVatory development process as soon as the impe-
dence from clinical trials is rarely available. Since 1994s for a regulation is identified.
overwhelming evidence has been published that one
of the most popular and most promising supplement, t does not make sense to wait until a regulation
beta-carotene, previously considered anticarcinogent, has been under development for a year or more
does not reduce risks of lung cancer and heart dk-and is virtually complete to determine whether
ease; instead, beta-carotene is associated with incredsegets risk and cost criteria. Considerations of
in those risks in people at high risk (ATBC 1994o0ntext, as well as risk and cost, should be included
Omenn et al. 1996). In light of the public’s and sciem the regulation development process from the start
tists’ desire to prevent cancer, heart disease, and otlret, to the extent that they are consistent with stat-
major diseases, we should strengthen the scientifte, should help guide it. Risk and cost evaluations
basis of public health advice, regulatory approval, apdrformed only when a regulation is almost com-

product marketing. plete are unlikely to be useful because too much
time and too many resources will already have been
DEePARTMENT OF AGRICULTURE invested in the outcome.

The U.S. Department of Agriculture (USDA) OfPeer Review
fice of Risk Assessment and Cost-Benefit Analysis
(ORACBA) was established by the Federal Crop IRinding

surance Reform and Department of Agriculture Reor-
USDA has no formal procedure for external peer

ganization Act of 1994. The office’s primary roleisto e )
ensure that major human health, safety, and envirBaY/€W of its risk assessments or economic analyses.

mental regulations proposed by USDA are based RBcommendation

sound scientific and economic analysis. A major regu-

lation is one that is projected to have an incrementalORACBA should establish formal guidelines
economic cost of at least $100 million per year. Tler peer review of the procedures, practices, and
office is responsible for providing technical assistanggoducts of risk assessment and economic analy-
for coordinating risk-analysis activities across USDAijs at USDA.

and ensuring that the statutory requirements of the

act are met. Risk analysis activities take place in man s noted in Section 6 of this report, peer re-
USDA agencies, including the Food Safety and Inspe view is an essential part of the regulatory
tion Service, the Animal and Plant Health Inspecti rocess. Peer review should encompass re-

Service, the Agricultural Research Service, and thiew of the raw technical data that underlie a risk
Economic Research Service. This section offers sagsessment or benefit-cost analysis, the models and
eral recommendations that should be consideredaasumptions used and their interpretation, and how
the office’s activities take shape. those data were cited in regulatory decisions. In-

@
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volving independent peer reviewers in the regula- key responsibility of USDA is protecting the
tory process can help to clarify the objectives arAzation’s food supply from microbial
scope of rulemaking and verify the quality of th ontaminants, together with FDA. USDA's
technical information considered. It can also emeat and poultry inspection program and FDA's
sure that the information evaluated at the startfobd inspection program were not designed to pre-
the process has been used in a technically defe@nt food safety problems, however. Inspections
sible manner. More detailed recommendatioirs/olve visual reviews of operating procedures, with
about the role of peer review panels in regulatdlittle knowledge of conditions prior to the inspec-
decision-making are in section 6. When USDAson or ability to predict future conditions. Agen-
regulatory actions involve some types of pesticidges and industries have been expanding their use
or food safety issues, it might be appropriate ¢d the concept of hazard analysis and critical con-
coordinate their peer review with EPA or FDA. trol points (HACCP). Pathways for contamination
are identified, controls are designed and installed,
Microbial Risk Assessment monitoring is supposed to be performed, and
records are made available for audits. Problems are
expected to stimulate a feedback to critical control
In January 1993, pathogenkE. coli caused at points and control measures. This program is a
least four deaths, dozens of cases of kidney fail@gunterpart to manufacturing aspects of Respon-
in children, and over 600 illnesses in one outbregiple Care in the chemical industry; combining this
linked to undercooked, contaminated ground begfeventive approach with an effective public health
This toll would have been far greater had an excslirveillance scheme could raise public confidence
lent public health science base and surveillance andhe safety of our food supply domestically and
investigation activity not been in place at the locgk|p set an international standard for safe food. For
and state health departments and at the Univergifample, beginning in 1995 all seafood exported
of Washington’s School of Public Health, which reg the European Community had to be produced
lied on modern genetic techniques for detecting anfder standards certified by the exporting country
tracing contaminatioralmonellaorCampylobacter and accepted by the EC as equivalent to their
contamination of chickens or eggs has also ledHACCP standards. At the state level, HACCP plans
fatal ilinesses. Those and similar incidents focusgge being used to update and unify ordinances re-
public attention on the protection of our food sugarding retail food handling and sanitation, together
ply from microbial contamination. However, th&yith such industry groups as the National Fisher-
methods currently used by USDA and the food ifes Institute, the National Food Processors Asso-
dustry to assess microbial risks for the purpose@tion, public health agencies, and consumer
evaluating and regulating food safety are rudimegroups. As emphasized by Michael Taylor, formerly
tary, conflicting, and based on inadequate data.of FDA and now at USDA, the key elements of pre-
vention are anticipation of the problems and de-
sign of appropriate preventive methods. These
USDA should develop and improve method®quire a useful knowledge base and continuous
for assessing microbial risks for food safety evalseientific progress from research on such topics as
ation. It should also develop information androwing microorganisms that have not yet been
data reporting requirements to gather data ¢altured, biofilms that harbor microorganisms
support those risk assessments. shielded from sanitizing techniques, emerging
foodborne pathogens, and conditions that affect the
virulence (hazard) of potentially pathogenic micro-
organisms. Also, there is need for more informa-

Finding

Recommendation



RECOMMENDATIONS FOR SPECIFIC
RecuLATORY AGENCIES AND PROGRAMS
P Y

9

tion about food processing, packaging, and distE- coli 0157:H7, and possiblyibrio). The Public

bution techniques. Health and Science Program has also begun to de-
Risk assessment should play a key role in thislop refined models for quantitative risk assess-

activity, but methods of evaluating risks associatetsents and is presently working in collaboration

with microbial contaminants are in their developwith others inside and outside USDA to develop a

mental stages and require more rigorous appliegmamic fault tree model for the risk presented by

tion and evaluation. Many microbial risk problemE. coli0157:H7 in ground beef.

require the development of new methods and mod-President Clinton has highlighted in public pro-

els, particularly for early stages of food productiamouncements the need for more vigilant food pro-

where pathogen prevention might occur. In addection and use of modern scientific methods. His

tion, there are no databases on microbial diseasescern resulted in increased fiscal year 1997 fund-

and risks comparable with those on chemical haag of the Sentinal Sites Surveillance Program and

ards. More detailed recommendations on the de#her FDA and USDA hazard identification and risk

velopment of microbial risk assessment methods assessment research programs.

found in Risks From Microorganisms on page 84.

Collaboration with the EPA Office of Water, whos&Valuating the Benefits of Conservation

Information Collection Rule establishing monitorPractices

ing and data reporting requirements for public Watlefnding

supply systems might be a good model for a similar _ _

USDA rule, would be appropriate (see page 130). There is no formal plan to monitor and_evaluate
The Food Safety and Inspection Service of the benefits of all the g:o_nservatlon practices man-

USDA has recently developed the Public Health a@ig€d or encouraged within USDA, whether on pub-

Science Program, which includes a quantitative ridk Or private lands.

assessment capability and has made significggdcommendation

progress in this area. One of the goals of that pro-

gram is to aggressively develop data to be used inUSDA should develop and implement meth-

microbial risk assessments and models for perforads for monitoring and evaluating benefits of all

ing those assessments. The National Microbiologienservation practices managed under the aus-

cal Baseline Data Collection Programs were begpites of USDA. These include programs managed

in 1992 to collect data on microbiological profileby the Forest Service as well as the Natural Re-

of inspected carcasses and ground product. Basesioarces Conservation Service and Farm Services

data have been collected for steers and heifers, céwggncy.

and bulls, broiler chickens, market hogs, ground

poultry, ground turkey, and ground beef. Those dat key responsibility of USDA is assuring natu-

have been used to establish performance criteAal resources are conserved through a vari-

and standards for raw products in the HAACP fin ty of programs. This includes assuring that:

regulations. The Public Health and Science Program

has also initiated, in collaboration with the CentessI'he natural resources necessary for food and

for Disease Control and FDA, the Sentinel Site Sur- fiber production are conserved in a way that

veillance Program. That program is tracking farming can continue indefinitely into the

foodborne diseases of public health significance in future.

five states. It is expected to provide, for the ﬁr§tThe effects of farming do not degrade the

time, a goo.d estimate of the mcu;lence Of.Sporad'Cnatural resources which we all share and need
foodborne illness due to the major enteric patho-

gens SalmonellaShigellg Yersinig Campylobacter
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in our daily lives, nor do they threaten the Risk-Based Nuclear Weapons Site
public health. Cleanup

« The use and management of the national fore&igding

and forest lands do not jeopardize the other The massive program of cleanup of nuclear
resources or the future health of the forests weapons production and waste sites has histori-
and lands. cally lacked a risk-based approach. Since late

Assessing whether these programs are achievi 3, DOE has established a process thatis com-

their goals is essential to USDA's accountability ald ted to relating risks and risk reduction to

to ensuring the wise use of scarce resources. As Hilégget and programmatic priorities. DOE’s En-

cussed in Section 2 of this report, the Commissio?f‘gonmema| Management Program (DOE/EM)

Risk Management Framework emphasizes the iﬁ]s:tablished six strategic goals: to address truly

portance of the Evaluating Results stage of rigkgent ”S.kls’ t% ?.“S‘”e_ vlvorket:r slatfett))/, to assurrtle
management. Plans for evaluation should be pdignageria tag tlnfanua CO? roh, OI ecgme ?u )
into every program’s overall implementation plaﬁOme oriented, to Tocus on technology develop-

to specify when evaluation will be conducted,ngem’ and to become more customer and

will conduct it, and what will be evaluated. With_stakeholder oriented. The effort is experimental

out evaluation, the success or failure of a progrﬂ’ﬂd ISt a h'ghlf dedswable mpgt to the annual
cannot be determined, its cost-effectiveness can H{jge request and appropriation.
be assessed, and future programs cannot bengfitommendation

from lessons learned. The 3 1/2-year initiative of DOE/EM, stimu-
lated by Congress, to learn to assess and man-
DEPARTMENT OF ENERGY age the entire environmental program from a risk
perspective should be continued and should be
examined as a model for the EPA Superfund pro-
The Department of Energy (DOE) manages :
one of the largest environmental programs in t ram. Stakeholder related efforts, such as DOE’s

world, including 130 sites and facilities in ove?'e[e'Sloecnclc advisory boards, require long-term

30 states and territories, the legacies of Worll)éjOIgetary support.
War Il and the Cold War. The purpose of envi-
ronmental management at DOE is to reduL'EI-he DOE sites are large, numerous, and com
health, safety, and ecological risks associatedf plex; they include radioactive wastes, diverse
with radioactive and hazardous waste and con-B chemical wastes, mixed radioactive and
tamination resulting from the production, devekhemical wastes, and contaminated and dilapidated
opment, and testing of nuclear weapons. Rigkcilities, and they have special nuclear materials
assessment for radiation sources has been a tbat need to be decommissioned. The program is
developed and effectively used by DOE, thene of the largest “discretionary” federal budget
Nuclear Regulatory Commission, and their pré&ems, having grown from $2.3 billion in FY 1990
decessor agencies for many decades (see Ri®k$6.5 billion in FY 1994 before “downsizing” to
From Radiation Hazards on page 82). This se®5.7 billion for FY 1997. It is complicated by signed
tion offers recommendations on the use of coragreements with numerous states and EPA (tri-party
parative risk for prioritysetting and budgeting.agreements) and signed agreements with American
Indian nations that have treaty rights to large areas
of particular sites. Those agreements, a legacy of
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the Bush Administration, used technical expertigisk Debate: Searching for Common Ground, The First
of the time and empowered the states to make gdep(DOE 1995) in timely fashion. The DOE Envi-
tent claims on federal responsibility. All parties aconmental Management Advisory Board endorsed this
knowledge that there remain major uncertaintidsaft risk report as an important first step in linking
about the nature, extent, and remediability of mask data with compliance considerations for use in
jor components of those sites, let alone a final dmsdget decisions; it also recommended improvements
lection of a permanent nuclear waste repository sitedata quality, review, public involvement, and con-
DOE Secretary Hazel O’Leary, at Hanford Sunsistent interpretation of data in light of future land-
mit | in September 1993, committed the depamse planning and long-term cost projections.
ment to complying with occupational and DOE/EM followed up in late 1995 and early
environmental requirements of sister federal agelB96 by substantially reworking its risk data sheet
cies (OSHA and EPA) and to taking dramatic steppproach and then integrating it with the EM 1998
to override the 50-year history of secretive operaddget process. Risk data sheets rank the signifi-
tion of the nuclear weapons program. She and Asince of each DOE activity in terms of seven con-
sistant Secretary Thomas Grumbly called on thelerations, of which the first three are specific risk
scientific community to join the effort with freshfactors: public safety and health; site personnel
ideas and capabilities. Grumbly reiterated that rgafety and health, environmental protection; com-
quest at a National Research Council workshppance with applicable laws and regulations; mis-
commissioned by DOE to determine whether theyon impact; reduction of the “mortgage”of
needed to identify new institutional mechanismiemaining cleanup obligations; and social, eco-
to develop “objective, neutral, systematic, and momic, and cultural impacts. For every activity, each
erative risk-based analysis” for their sites. Withiof the seven considerations is ranked high, medium,
60 days, a National Research Council committee low; definitions of those evaluations are some-
issueduilding Consensus Through Risk Assessmemhat uncomfortable and cumbersome. DOE re-
supporting the DOE plan (NRC 1994b). The regional and site managers developed the rankings
port highlighted the inclusion of cultural, socioand data to support the 1400 risk data sheets, but
economic, historical, and religious values in a nesubstantial efforts to involve stakeholders in both
risk-based approach that incorporated public iariteria definition and risk data sheet quality assur-
volvement at each step. Eventually, DOE funded thece are evolving. The entire risk-ranking process
Consortium for Risk Evaluation With Stakeholdeis being reviewed externally and internally at DOE.
Participation (CRESP) and several smaller acader@iongress, this Commission, and most others regard
groups and consulting firms to work with all stakehis unprecedented process as a worthy start. DOE
holders, including DOE. Commissioners Goldsteghould balance the need to formalize the process
and Omenn are among the founders and leadergwitkly with the need to keep it fluid until its ele-
the consortium. ments became coherent. Many suggestions for im-
At the same time that this long-term institutiorprovement are being assessed for incorporation. A
building was occurring, the conference report sfistained evolutionary effort is needed.
the Energy and Water Development Appropriations
Subcommittee for FY 1994 stated that DOE “neeggorker Safety at DOE Sites
to develop a mechanism for establishing prioriti .
among competing clean-up requirements” and Sﬁqdmg
mit a report to Congress by June 30, 1995. DOE DOE sites represent an important opportunity
mobilized a major effort to describe and charactde evaluate potential risks to workers from
ize its major activities on risk data sheets and sugmediation activities. Worker safety is an impor-
mitted its summary of the results Risks and the tant responsibility of DOE and its contractors.
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Recommendation at Fernald). Backlogs, planning time, and work-

DOE should actively develop means to intd9 time have been reduced substantially as well.
grate and evaluate worker risk into their decl-N€Se savings have resulted from the exchange

sion-making process concerning the choice affexpertise, improved communication, and in-
timing of remediation options. creased up front health and safety professional

and worker involvement. Nevertheless, exten-
istorically, DOE’s approach to managingive efforts are still needed to build an informa-
H worker health and safety risks has sufferadve database on all workers, including
from problems of fragmentation. Worksubcontractor employees, and to link job haz-
planning had typically been a sequential processd analyses, industrial hygiene, radioactivity
involving many levels of review and delays. Safetyonitoring, health surveillance, and occupa-
and health professionals were simply one of matignal medical services for worker protection and
inputs to the reviews, which often produced coprogram evaluation.
flicting comments or work plans that were discon- Integrating community and remediation
nected from actual conditions. Workers were rarelyorker risks provides challenges. For example,
involved in either preparation or review of workhe risk to those who remove hazardous chemi-
plans, so problems that could have been avertads and radioactive wastes occurs only between
because of the workers’ extensive experience aheé time that the work begins and the end of their
unique knowledge of work conditions were not disifetimes, while the risk to community members
covered and corrected until after a plan was mxtends into future generations if remediation
leased. As a result, most workplace deaths amhales not occur or is ineffective or insufficient.
serious injuries at DOE sites over the past five yednsaddition, much worker risk is due to injuries
can be attributed to inadequate hazard identifiand occurs in early adulthood, while much of
tion and control within the work planning processhe risk of mortality in the community is due to
Over the last two years, DOE has launched aancer or other diseases occurring late in life.
enhanced work planning initiative that brings tdntegrating analyses of worker and community
gether all the personnel who need to provide ingwtalth risks thus presents the challenges of ac-
to the work planning process as an integratezhunting for different health and safety effects,
multidisciplinary team to develop, review, and amlifferent periods of exposure occurring at dif-
prove the work plan in one step. Health and safégrent times in a lifetime, and different percep-
considerations are identified by professionals sutbns about the risks and benefits of remediation
as health physicists, industrial hygienists, safetptions and cleanup standards.
engineers, and occupational medicine specialists,
who participate in the team along with mana£ ,
ers, planners, and maintenance and operatidPEPARTMENT OF DEFENSE
supervisors. Workers also participate as mem-
bers of the team, ensuring timely input and the The Defense Environmental Restoration Program
benefit of their hands-on experience. Demonstnaas established by Congress in 1984 to evaluate
tion pilots of the enhanced work planning iniand remediate sites that were contaminated as a
tiative have shown exceptional results: increasessult of Department of Defense (DOD) activities.
productivity, greater awareness of health afthe Commission received testimony from the of-
safety, decreases in safety and health incidefite of the Deputy Under Secretary of Defense (En-
(e.g., a 61% drop in recordable incidents aironmental Security) about DOD’s strategy for
Hanford Tank Farm), and cost savings (e.g.,irmaplementing a relative risk-based sequencing pro-
greater than 25:1 dollar savings per dollar speredure for setting priorities among the sites that
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were to be addressed. This section discusses Mayall DOD components to evaluate the relative risk
briefly DOD’s efforts to establish remediation priposed by a site in relation to other sites. It should
orities among its contaminated sites. not be equated with more formal risk assessments
: . . : conducted to assess baseline risks. Relative risk site
Risk-Based Priority-Setting at DOD Sites evaluations are required for all sites at active mili-
Finding tary installations, base realignment and closure in-

Not all of the contaminated sites that DoD &tallations, and formerly used defense properties
required to clean up pose major risks to health @t have fu.ture funding requirements that are not
the environment. DOD has developed a relative rigssified as:
ranking procedure to facilitate the process of prior- Having all remedies in place
ity-setting among contaminated sites.

* Response complete

Recommendation . . . .
_ _ _* Lacking sufficient information
DOD should continue its efforts to establish

risk-based remediation priorities among its cofi- Abandoned ornance
taminated sites in collaboration with community DOD and DOD components are using the rela-
advisory groups and state and federal regulatdrye risk site evaluation framework as a tool to help
authorities. sequence work at sites and as a headquarters pro-
gram management tool. As a program management
isting procedures for the Superfund Nation&bol, the framework is being used to periodically
LPriority List establish entire DOD installationsdentify the distribution of sites in each of three
as single sites for the purpose of listing. DOERelative risk categories—high, medium, and low. A
installations are generally large and varied, howeries of discrete relative risk site evaluations pro-
ever, with locations of potentially high risk and lovides headquarters program managers with a macro-
cations of potentially low risk within a singldevel view of changes in relative risk distributions
installation. Since 1984, DOD has identified almostithin DOD over time. The relative risk site
20,000 potentially contaminated sites on somegaluation framework and resulting data also
1,700 current installations and about 8,000 poteprovide DOD with a basis for establishing goals
tially contaminated sites at formerly used installand performance measures for the environmen-
tions in the United States. Given the large numbet restoration program.
and diversity of contaminated sites, DOD needed aThe relative risk site evaluation concept catego-
means to focus remedial activity that is consistentes sites as high, medium, or low risk on the ba-
with relative risks to health and the environmergis of three factors: hazard (a ratio of contaminant
Although cleanup of contaminated sites on closimgncentrations in an environmental medium to
bases is important, the total number of contantiemparison values or standards), migration path-
nated sites is so large that there is a need for settivay (a measure of movement or potential move-
cleanup priorities. ment of contaminants away from the original
DOD is promoting the use of a risk managemesource), and receptor (an indication of the poten-
concept to evaluate the sequence of work at tied for human or ecological contact with site con-
environmental restoration program sites in conjun@mination). A site’s category can change because
tion with the regulatory agreement status of eaohnew or additional information or as a result of
site. The scheme was subjected to review by ttleanup activities.
National Research Council and was compared with As in the Commission’s Risk Management Frame-
other hazard ranking schemes. The relative risk siterk, the rankings are performed in collaboration
evaluation framework is a qualitative method usedth community advisory groups at the sites. In
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practice, decisions about which sites should be &idn for use in determining the sequence in which
dressed first include considerations in addition sites will be addressed. A risk assessment is per-
the rankings, such as the statutory and regulatéoymed as an integral part of site characterization,
status of a particular installation or site, public cohowever. In addition to human exposure assess-
cerns, program execution considerations, and eowents, biological and ecological impacts must be
nomic factors. Cleanup practices and communitpnsidered in the risk assessment. The information
involvement are given special priority at sites ateveloped in the risk assessment provides the ba-
the base closure list. sis for developing and evaluating remedial action
DOD’s ranking procedure does not involve a@lternatives, focusing on specific contamination
tual assessments of health risks, nor does it addmi@ssblems at the site, and refining the relative risk
the decision of whether work is necessary at a sk®aluation.
The procedure only provides relative risk informa-
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acceptable daily intake (ADI)

affected parties

alternative compliance

antagonistic interactions

aquatic ecosystem

attainment area

benchmark

benchmark dose

benefit-cost analysis (BCA)

bioassay

biologic markers

bright line

brownfields
carcinogen

central tendency

chronic health effects

collaborative stakeholder involvement

command-and-control regulations

Common Sense Initiative

comparative risk analysis
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GLoSSARY

A routine approach of FDA and other U.S. and international governmental and nongov-
ernmental organizations to set safe levels of oral intake for chemicals by dividing the no-
observed-adverse-effect-level (NOAEL) by safety and uncertainty factors of two to four
values of 10 (100 to 10,000).

Individuals and organizations acted upon by chemicals, radiation, or microbes in the envi-
ronment or influenced favorably or adversely by proposed risk management actions and
decisions.

A policy which allows facilities to choose among methods for achieving emission-reduc-
tion or risk-reduction specifications instead of command-and-control regulations that
specify standards and how to meet them. An example of alternative compliance is the use
of a theoretical bubble over a facility to cap the amount of pollution emitted while allow-
ing the company to choose where and how within the facility it gets to or stays below the
cap.

An adverse effect resulting from exposure to two or more chemicals that is less than that
predicted by adding their independent effects together, often due to interference with each
other’s action.

A water ecosystem, such as a stream, lake, or bay.

A geographical area, such as a city, state, or regional airshed, that is meeting EPA clean air
standards.

Astandard of evaluation.

An exposure level that corresponds to a statistical lower bound on a standard probability
of an effect, such as 10% of people affected.

Aaconomic method for assessing the benefits and costs of achieving alternative health-
based standards with different levels of health protection.

Evaluation of a chemical’s toxicity using laboratory animals or other test organisms.

Changes in the characteristics of a biologic sample, such as changes in enzyme levels or
mutations in specimens such as blood cells, that reflect a particular environmental expo-
sure, a particular human or animal disease process, or evidence of increased or decreased
susceptibility to adverse effects from such exposures.

Specific levels of risk or of exposure that are meant to provide a practical distinction be-
tween what is considered safe and what is not.

Idle, contaminated urban properties.
A cancer-causing agent.

The mean (average) or the median ( midpoint) of a range of relevant risk estimates for a
particular situation, exposure, or chemical hazard.

Diseases occurring as a result of repeated or persistent exposures.

Engaging interested and affected parties in the substantive work of risk management,
through all 6 stages of the Commission’s Framework.

Specific requirements prescribing how to comply with specific standards defining accept-
able levels of pollution.

A current EPA initiative that convenes teams of stakeholders in six major industrial sec-
tors—automobile manufacturing, computers and electronics, iron and steel, metal finish-
ing, petroleum refining, and printing—to find comprehensive and feasible strategies to
reduce pollution.

The process of comparing and ranking various types of risks to identify priorities and

influence resource allocations.



comparisons of risk

contaminants

context
cost-effectiveness analysis (CEA)

cumulative
cytotoxicity
disease incidence

disposition

dose-response relationship

ecological risk assessment

economic analysis
end-of-the-pipe

environmental accounting

environmental audits
environmental indicators
environmental justice
epidemiology

equity

exposure assessment
exposure descriptors

exposure pathway
extrapolation

gavage
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Using two or several more-or-less similar or equivalent risks to assist in communicating
information about risk estimates.

Chemicals, microorganisms, or radiation found in air, soil, water, or food that are not
normally constituents of these environmental media or are found at increased concentra-
tions due to human activities.

Here refers to public health and ecological assessment of the contribution of any particular
environmental hazard to health, safety, or the environment.

Aoonomic method to identify the least costly way to achieve a particular health protec-
tion goal.

Enlarging or increasing by successive addition.
Causing harm to a cell.
The prevalence of new occurrences of a disease.

The transport and fate of chemicals, microbes, or other agents in the environment and
inside living organisms, including humans.

The relationship between exposure level and the incidence of adverse effects.

A process used to estimate the likelihood of adverse effects on plants and/or animals from
exposure to stressors, such as chemicals or draining of wetlands. The process includes
problem formulation, characterization of exposure, characterization of ecological effects,
and risk characterization.

Used here to refer to an analysis in monetary values of the costs and benefits of various
actions to protect health or the environment.

Relying on technologies, such as scrubbers on smokestacks and catalytic converters on
vehicle tailpipes, to reduce emissions of pollutants after they have formed.

Incorporating all costs involved in design, production, use, disposal, and reuse of resources
contrasted with traditional methods of accounting in which energy costs are assigned to
overhead, and effects on and uses of air, water, and soil are ignored.

An examination of records or accounts relating to corporate or public sector activities that
may adversely affect or protect the environment.

Measures reflecting the health of the environment locally, nationally, or internationally.

Concern about the disproportionate occurrence of pollution and potential pollution-re-
lated health effects affecting low-income, cultural, and ethnic populations and lesser cleanup
efforts in their communities.

The core public health science, investigating the causes and risk factors of disease and
injury in populations and the potential to reduce such disease burdens.

Just, fair, and impartial treatment of all people and population groups, including low-
income, cultural, and ethnic populations potentially more affected by pollution.

Determination of the sources, environmental transport and modification, and fate of pol-
lutants and contaminants, including the conditions under which people or other target
species could be exposed and the doses that could result.

Characteristic parameters measured, estimated, or assumed in assessing how much a popu-
lation is exposed to contaminants. Breathing rate, daily food consumption, and contami-
nant concentrations in environmental media are examples .

The path from sources of pollutants via air, soil, water, or food to reach people and other
potentially affected species or settings.

Making inferences about the unknown by projecting or extending known information,
using models and assumptions.

Introduction of material into the stomach via a tube through the mouth.
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genotoxic
hazard

high-end exposure estimate (HEEE)

hyperplasia

industrial ecology

interdependence

interlocutory appeals

international harmonization

iterative process

judicial review

life-cycle analysis

lognormal

lower (and upper) confidence interval

lowest effective dose (LED)

margin of exposure

margin of protection

maximally exposed individual

maximum-available-
control technology (MACT)

maximum tolerated dose (MTD)

measures of dispersion

mechanisms of action

mechanistic data

Capable of altering the structure of DNA and causing mutations.
A source of possible damage or injury.

Exposure levels at the higher end of a range of actual or estimated individual exposures,
such as the 90th percentile level.

A nontumorous increase in the number of cells in an organ or tissue with consequent
enlargement of the affected part; sometimes a precursor to tumor formation.

The analysis of an industrial system in which all materials, energy, and wastes are ac-
counted for. An ideal system would reuse all materials, release no wastes, and minimize
energy requirements.

Mutual dependence.
Legally challenging a regulatory rulemaking before that rulemaking is final.

Agreement across nations, as for toxicity testing protocols, clinical trials of pharmaceuti-
cals, and even risk reduction requirements.

Replication of a series of actions to produce successively better results, or to accommodate
new and different critical information or scientific inferences.

Acceptance by the courts of litigation challenging statutes and regulatory actions or pro-
posals; the judicial branch check on legislative and executive branch actions.

Tacking a product through all stages of its development, from extraction of fuel for power
to production, use, and disposal.

A logarithmic function with a normal distribution.

Statistical parameters for a dose or a risk estimate indicating likely range ofpialues, ty
cally 95% range.

The lowest dose of a chemical that produced a specified level of an adverse effect when it
was administered to animals in a toxicity study. For example, thg liEhe lowest effec-
tive dose that produced an effect in 10% of the exposed animals.

A ratio defined by EPA as a dose derived from a tumor bioassay, epidemiologic study, or
biologic marker study, such as the dose associated with a 10% response rate, divided by an
actual or projected human exposure.

A ratio of the estimated risks associated with two doses, such as the risk associated with a
no-observed-adverse effect level compared to the risk associated with an estimated human
exposure level.

A hypothetical person w