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Chapter 4

Strategies for Setting Cleanup Goals

INTRODUCTION

Establishing goals for cleanup by Superfund,
the States, and private parties will depend on
scientific, technical, economic, and legal anal-
yses. Ultimately, however, the answer to “How
clean is clean?” will be a major policy judgment
that must strike a delicate balance among cer-
tain and uncertain health and environmental
risks, available resources, technological capa-
bilities, and public concerns. OTA’s analysis
does not produce a simple answer to this key
question. However, one approach has emerged
that offers a way to choose among several proc-
esses for determining cleanup goals; it is based
on a classification of sites according to their
present and future use.

When a site has been identified as a poten-
tial source of dangerous chemical releases, de-
cisions are made on how to respond.1 Removal
actions are short-term responses to immediate
threats. Remedial actions are long-term re-
sponses designed to provide permanent rem-
edies and are the focus of this chapter. A criti-
cal component of the Superfund program is
determining the extent of cleanup that is re-
quired at sites, i.e., defining the residual level
of contamination or exposure that is accept-

I (” n [;{JI]  t r(~l I ed release of (. hem i ca]s from ,Superfu  n d SI tes pre-
sents  the ~jote n t i a I for various types  of damage. Some rclea ses
(:an harm people  di rcctly,  otbers  prima ril} affect the eni’i ron-
rnt; nt, Some damage  ma} be imme(iiately  ohscr~rahle  while other
harm ma~ maniff; ~t itsf; lf only after jears of exposure; .

able. Unfortunately, it is possible to know that
a site poses significant threats, but not know
precisely what those threats are or what con-
stitutes a safe level of cleanup.

While certain criteria, such as the necessity
of fund balancing and use of cost-effective
remedies, are present in the Comprehensive
Environmental Response, Compensation, and
Liability Act (CERCLA) and the National Con-
tingency Plan (NCP), they do not actually pre-
scribe a course of action. This lack of clear
direction has led to problems.

The current methods for determining the ex-
tent of cleanup at Superfund sites may not meet
statutory goals of public protection. Current ac-
tions appear to be ad hoc and inconsistent; no
national goal on the extent of cleanup has been
defined. Without specific cleanup goals [with
which to confirm cleanup), the selection, use,
and evaluation of cleanup technologies will be
difficult and contentious. Moreover, goals can
help determine whether a technology is tech-
nically feasible and guide the development of
new technologies.

The chapter begins by examining the current
institutional framework within which goals are
now structured, It then discusses six factors
to evaluate alternative approaches to establish-
ing cleanup goals and outlines seven alterna-
tive approaches. Finally, the chapter the clean-
up goals issue might be resolved.

CURRENT INSTITUTIONAL FRAMEWORK

CERCLA: Summary of Key Provisions Removal actions are short-term responses to
prevent or mitigate immediate threats. Reme-

CERCLA, or Superfund, was enacted to ad- dial actions (the focus of this chapter) are
dress the problem of uncontrolled releases of longer term responses designed to provide per-
hazardous substances into the environment. manent remedies, The statute does not provide
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explicit guidance on how to decide on the ex-
tent of a cleanup. The statute does, however,
impose constraints on the choice of removal
and remedial actions. Removal actions are lim-
ited to $1 million or 6 months unless certain
statutory conditions are met,

Remedial actions are restricted by fund-
balancing and cost-effective requirements. The
fund-balancing requirement limits the selection
of a remedial action to one that provides a bal-
ance between the need to protect public health
and welfare and the environment at that site
and the availability of Superfund money for re-
sponse to other sites. The NCP is directed to
require that remedial actions be cost effective
over the period of potential exposure to the haz-
ardous substances or contaminated materials.
It is commonly accepted that cost effectiveness
pertains to a fixed goal that different approaches
may meet.

National Contingency Plan:
Summary of Key Provisions

The NCP establishes the process for deter-
mining appropriate removal and remedial ac-
tions at Superfund sites. The NCP can be re-
vised periodically, which was last done on July
16, 1982. EPA proposed revisions to the NCP
on January 28, 1985, pursuant to a settlement
agreement reached in Environmental Defense
Fund and the State of New Jersey v. EPA.

The existing NCP authorizes two types of re-
moval actions: immediate and planned. EPA
is empowered to conduct immediate removal
actions when it determines such actions are
necessary to prevent or mitigate an immediate
and significant risk to human life or health or
to the environment. There is no explicit pro-
vision establishing the required extent of clean-
up. Immediate removal actions are considered
“complete” when there is no longer an imme-
diate and significant risk to human life or
health or to the environment, and the contami-
nated waste materials have been treated or dis-
posed of properly offsite.

Planned removals are authorized when the
Environmental Protection Agency (EPA) deter-

mines that continuing an immediate removal
action will result in a substantial cost savings
or that the public or the environment will be
at risk if response is delayed at a site not on
the National Priorities List (NPL). As with im-
mediate removals, there is no explicit provision
establishing the extent of cleanup for planned
removals. They are “terminated” when the risk
to the public health or the environment has
been abated.

The current NCP provides extensive guid-
ance for choosing an appropriate remedial ac-
tion plan. There is a process EPA uses to eval-
uate the nature and extent of contamination at
a site; propose and evaluate possible remedial
alternatives; and select a remedial action plan,
As with removal actions, the NCP does not pro-
vide explicit guidance on what degree of clean-
up must be achieved by a remedial action. The
appropriate extent of remedy is determined by
selecting the most cost-effective remedial alter-
native (i. e., the lowest cost alternative that is
technologically feasible and reliable and which
effectively minimizes damage to and provides
adequate protection of public health, welfare,
and the environment). As with CERCLA, the
NCP requires that the need to respond to other
releases with Fund monies be considered in de-
termining the appropriate extent of remedy,

Applicability of Other Laws to Determining
Extent of Cleanup at Superfund Sites

The proposed draft revisions to the NCP in-
corporate EPA’s policy on CERCLA compli-
ance with the requirements of other environ-
mental statutes. For removal actions, EPA
proposes to meet applicable or relevant stand-
ards of other Federal environmental and pub-
lic health laws to the maximum extent prac-
ticable, considering the exigencies of the
situation.

For remedial actions, EPA proposes to com-
ply with applicable and relevant standards of
other Federal public health and environmental
laws, with limited waivers. Specifically, the
draft revisions would require that the appro-
priate extent of remedy be determined by se-
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lecting a cost-effective remedial action that ef-
fectively mitigates and minimizes threats to
and provides adequate protection of public
health and welfare and the environment. In
particular, the remedy must, at a minimum, at-
tain or exceed applicable or relevant existing
Federal public health or environmental stand-
ards. Applicable standards are those standards
that would be legally applicable if the actions
were not taken pursuant to Section 104 or 106
of CERCLA. Relevant standards are those that
are based on scientific or technological con-
siderations that are similar to conditions at the
site.

Where two or more alternatives achieve com-
parable levels of protection of public health and
welfare and the environment, the most cost-
effective alternative will be selected; one which
provides the most favorable balance between
cost and protection. Selection can consider the
reliability of the remedy, available technology,
administrative concerns, and other relevant
factors. According to EPA, an alternative that
does not meet applicable or relevant standards
may be selected for one of the following reasons:

fund-balancing;
the selected alternative is not the final
reined y;
technological infeasibility;
unacceptable environmental impacts; or
overriding public health concerns,

Thus, it is not clear that EPA’s approach nec-
essarily leads to a cleanup decision consistent
with the level of protection originally intended
for a site.

Use of Hazard Ranking System

Sites that are included on the NPL are ranked
by the Hazard Ranking System (HRS). The
score assigned to each site is intended to re-
flect the relative potential of the hazardous sub-
stances present to cause damage, the rapidity
with which the damage will occur, and the
magnitude of the impact. Three scores are com-
bined to produce the final rank. These scores
reflect the potential for harm by chemicals that
have migrated away from the facility and are

found in the groundwater, surface water, or
air. If the final priority score is equal to or
above 28.5, the site is placed on the NPL and
is eligible for remedial action.

The HRS addresses the possibility that a site
will cause harm. Since it neglects actual expo-
sures and effects, however, it does not provide
a qualitative assessment of the risk presented
by the site. Moreover, sites where data are lack-
ing may have lower scores than appropriate be-
cause zero is generally assigned for any spe-
cific points lacking data (see chapter 5).

Some of the factors used in the HRS model
indicate the types of concerns that should be
addressed in determining cleanup goals. The
model estimates hazard based on limited data
and can lead to scores which other informa-
tion could increase or decrease. For example,
an increasing number of points are given for
decreasing distance to surface water, buildings,
or local populations. The current model can-
not incorporate additional knowledge that
would substantially affect the danger posed by
the site, e.g., whether the geologic conditions
are likely to allow the chemicals to contami-
nate the surface water, whether the buildings
are occupied, or whether the activities of the
local population cause frequent contact with
the site. The presence of an observed release,
an unusual smell, or a large number of drums
or tanks increase the score in the model. Thus,
some parts of the current model address issues
of concern for determining extent of cleanup,
but not all important issues are considered. The
model was not designed to and is not used to
determine extent of cleanup and, as currently
structured, is inadequate for this purpose. But
a revised, improved model could be used to de-
termine, at least partially, the extent of re-
sponse, even if only the initial response (see
chapter 2).

Use of Cleanup Goals

At the four sites OTA examined closely, all
the remedial strategies were based primarily
on waste containment and groundwater treat-
ment, rather than waste removal and treat-



106 . Superfund Strategy

ment.   Several factors seemed to influence these
decisions. Costs required for complete site
cleanup appeared to be important factors at the
Love Canal and Seymour sites. At  Stringfellow,
incorrect assumptions regarding the permea-
bility of underlying bedrock formed the basis
for remedial action decisions that have proven
ineffective. Little consideration was given to
the long-term effectiveness of containment,
continually increasing operating and mainte-
nance costs, possibilities of containment fail-
ure and continuing groundwater contamina-
tion, and practical problems resulting from the
very long times (hundreds or thousands of
years) required to manage these hazardous
waste sites.

At three of the sites (Seymour, Stringfellow,
Love Canal), initial actions were required prior
to remediation.  These actions were short-term

solutions to immediate problems, and in some
cases may have actually worsened the problem.
At these sites, there was also a lack of specific
cleanup goals specifying acceptable residual
levels of contamination.

The Sylvester site was the only one where
environmental goals were set prior to remedial
action. The specific cleanup goals involved a
hundred-fold reduction in the offsite release of
contaminants in groundwater, compliance with
EPA water quality standards at Lowell drink-
ing water intakes, and compliance with certain
EPA air quality criteria at a nearby trailer park.
In particular, the goals were aimed at meeting
standards for several contaminants in water
and chloroform in air emissions. The cleanup
goals did not consider other sources of toxic
chemicals entering the water supply.

APPROACHES TO ESTABLISHING CLEANUP
GOALS OR STANDARDS

This section will evaluate some alternative
approaches to establishing the extent of clean-
up at Superfund sites. No attempt has been
made to consider all possible approaches. The
approaches selected were those that appear
most reasonable given current knowledge and
past experience with remedial actions at Super-
fund sites.

The analysis of each approach will consider
six major factors that define the nature and ex-
tent of cleanup that is possible at Superfund
sites: 1) inherent hazard of the chemical wastes
found at the sites;  2)  site-specific considerations
and exposure; 3) assessment of risks to human
health, environmental biota, and natural re-
sources; 4) available technologies and remedial
action alternatives; 5) resource limitations; and
6) institutional constraints. While many of
these factors involve scientific and technical
issues, it is important to recognize that the
choice of a cleanup goal or standard is ulti-
mately a policy decision.

Factors for Evaluating Alternatives

Inherent Hazard of Chemical Wastes
Found at Superfund Sites

The inherent hazard of the chemicals present
at a site determines their potential to cause
harm to human health or the environment.
When inherent hazard is combined with po-
tential exposure, the potential risk (i.e., the pos-
sibility of an adverse effect) for harm to human
health or the environment can be assessed. In-
herent hazard of chemicals can be evaluated
by the type of damage they cause, the amount
present as compared to existing standards and
acceptable levels, the extent of reliable knowl-
edge about them, and the mixture of hazard-
ous substances present at the site.

Several types of hazard can occur from the
release of chemicals into the environment. For
example, some chemicals are likely to ignite
or explode, causing both the danger of physi-
cal damage and the potential for the chemicals



to be spread over a large area. The corrosive
properties of chemicals can directly damage
human health or the environment and can af-
fect the stability of the site by causing a breach
of natural or engineered barriers, The chemi-
cals can also present a toxicological risk to peo-
ple or local flora and fauna.

Each chemical can present one or several
types of toxicological hazards. The compound
can be acutely toxic, i.e., exposure for minutes
or hours can produce an effect that is general-
ly observed within a very short period of time.
Somewhat longer exposures may also produce
adverse effects, either a more severe conse-
quence or an entirely different effect, including
cancer. Certain more sensitive populations
may be affected by lower levels of exposure
than the general population, For instance,
some chemicals are most toxic to developing
fetuses in utero but cause little harm to the
pregnant woman, Still other effects may be ob-
served in young children or the elderly,

Adverse health effects range from reversible
effects, e.g., skin or eye irritation, to irreversi-
ble damage, e.g., malfunction or cancer of vital
organs. A chemical may cause predominantly
one effect or may cause several diverse toxic
reactions. Moreover, each chemical can pro-
duce a variety of effects depending on the level
of exposure. While  all chemicals can produce
an adverse effect at some level of exposure, the
le~el  of exposure ttrill determine both the type
of damage and the severity of the harm. Thus,
low levels of some chemicals will produce diz-
ziness or headaches while higher levels may
cause unconsciousness or death. Similarly, a
dilute acid ma} cause skin irritation while a
more concentrated solution will burn the skin.
Knowledge of both the inherent toxicity of the
chemicals present at the site and levels of po-
tential exposure is, therefore, necessary to de-
termine what hazard exists.

Standards or levels that have been deemed
acceptable exist for some of the chemicals
found at Superfund  sites. Some standards,
which have had some peer and public review,
and other established levels (e. g., judicially es-
tablished action levels) can be used to evaluate
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inherent hazard. Care must be taken to ensure
that the standard or other acceptable level is
appropriate for the Superfund site. Standards
are usually developed for one medium and one
route of exposure. For example, a standard of
1 part per billion of dioxin in soil has been set
for Superfund sites, but not for water or air.
A standard developed for one medium is fre-
quently inappropriate for another since the
medium may determine the extent and route
of exposure. The severity and type of toxicity
of a chemical can also vary with route of ex-
posure. Furthermore, some standards are for
acute (short-term) exposures while others are
for chronic (long-term] exposures. Occupation-
al standards for exposure assume a limited time
exposure for healthy adults. Other standards
may be partially based on cost or available tech-
nology and should not be considered a meas-
ure of inherent toxicity.

Although the inherent toxicity of several
chemicals has been studied in depth, a recent
study by the National Academy of Sciences
concluded that most chemicals have not been
adequately examined for all potential toxic ef-
fects.2 Based on an examination of randomly
selected compounds, the report estimates that
no toxicity information is available on 76 to 82
percent of chemicals in commerce included on
the Toxic Substances Control Act Inventory,
38 percent of pesticides and inert ingredients
of pesticides formulations, 56 percent of cos-
metic ingredients, 25 percent of drugs and ex-
cipients used in drug formulations, and 46 per-
cent of food additives. Less than 18 percent of
the chemicals in these categories were esti-
mated to have a sufficient data base to provide
a complete health hazard assessment. The lack
of data is a particular concern for chemical
wastes, i.e., chemicals that are unwanted by-
products of chemical synthesis or other man-
ufacturing process. Until recently, there has
been little economic incentive to study the po-
tential toxic effects of such chemicals. More-
over, there have been few studies on health ef-
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fects associated with actual uncontrolled sites,
and those completed have generally posed sig-
nificant scientific uncertainties.

Finally, few waste sites contain only one
chemical; thus, chemical and toxicological in-
teractions need to be considered. Chemical re-
actions can result in new compounds whose
physical, chemical, and toxicological proper-
ties differ significantly from those originally at
the Superfund site, Chemical reactions can also
cause fire or explosions. The potential of toxi-
cological interactions is poorly understood.
While some chemicals have been shown to en-
hance or interfere with the toxicological effects
of another (e.g., synergism or antagonism), only
a few such mixtures have been examined. In
the absence of knowledge, the hazards of com-
binations of chemicals is generally ignored and
may present a large uncertainty in the assess-
ment of the site.

Site-Specific Considerations and Exposure

For chemicals to pose a hazard to health and
the environment, people, flora, and fauna must
be exposed to them. Geology, geography, and
weather conditions are some of the factors that
will affect the routes and levels of exposure.
Thus, site-specific factors will affect which
media are contaminated and the routes and ex-
tent of potential exposure.

Site-specific factors will determine the prob-
ability that chemicals will leach into ground-
water, drain into rivers, or evaporate into the
air. For example, soil with high organic con-
tent will tend to retain hydrophobic chemicals
such as polychlorinated biphenyls (PCBs) while
soils with less organic content will tend to re-
lease these chemicals into the groundwater or
air. Soil composition and permeability will in-
fluence the rate at which contaminants leach
from the site, which in turn can affect the rate
and extent of exposures, e.g., via drinking wa-
ter wells or via contamination of nearby sur-
face water. Weather, including temperature,
amount and type of precipitation, and wind
strength or direction can affect the movement
of chemicals and their transfer among media.
Conditions that affect the route of exposure,

e.g., exposure to contaminated soil via dermal
contact versus inhalation of dust particles, can
affect the amount absorbed into the body and,
thus, the extent of exposure.

Models can be used to predict environmental
fate and potential levels of exposure by vari-
ous routes. Confirmation of the accuracy of en-
vironmental fate models is limited by the pau-
city of data on the actions and reactions of
chemicals in the environment. For example,
predictions of a chemicals’s movement for sev-
eral decades is often based on data collected
over several months. Small errors in initial
measurements or in assumptions can be com-
pounded for long-term predictions.

Modeling potential exposure will also de-
pend on the ability of the assessor to estimate
human activity. Route and level of exposure
will depend on the activities of the local pop-
ulation, e.g., digging in soil, swimming in or
drinking of water. Inhalation exposure levels
will vary with breathing rate which, in turn,
depends on factors such as age and level of
activity. The average exposure for a population
can differ significantly from the exposure of
a person whose habits or occupation cause
more or less contact with the site. Exposure
models also make assumptions about the ex-
tent to which an individual’s activities will
change over a lifetime and the likelihood that
people will remain in their current residence
and/or occupation.

The size and sensitivity of the local popula-
tion and the nature of the flora and fauna will
determine the extent of the effects of exposure
to the chemicals. The size of the local popula-
tion and its proximity to the site will determine
the number of people potentially exposed. The
presence or absence of particularly sensitive
populations (e.g., children, the elderly) needs
to be known to adequately assess the level of
exposure that will produce an adverse effect,
Knowledge of activities on or near a site will
indicate potential routes of exposure and allow
reasonable estimations of durations of expo-
sure, e.g., children at Love Canal faced poten-
tially high exposure because of the location of
their school and playground.



A Superfund site should not be examined in
a vacuum, Other factors in the surrounding en-
vironment can affect the nature and extent of
remedial action at a site. Naturally occurring
chemicals can present a hazard when combined
with residual levels from a cleaned site. Even
if a Superfund site is cleaned to a level that is
acceptable by itself, the background level of
some toxic chemicals, such as heavy metals,
may be sufficiently high that exposure to the
background levels combined with the residual
contamination can raise exposure to an unac-
ceptable level. Local sources of pollution need
to be considered when determining the poten-
tial risk to an exposed population. Some of
these other sources may cause concomitant ex-
posures, especially if they contaminate the
same resource, e.g., the same aquifer. Other
sources may cause exposure to the same chem-
icals but by different routes, for instance, or-
ganic solvents may be in the drinking water or
in the air.

Assessment of Risks to Human Health,
Environmental Biota, and Natural Resources

An assessment of a site’s potential health and
environmental risks is based on the inherent
hazard of the chemicals present and the routes
and levels of potential exposure. Risk assess-
ment is the use of available data to estimate the
potential effects of exposure to particular haz-
ardous materials or situations on an individ-
ual, species, or populations. Results of risk
assessments are frequently expressed as the
probability of the occurrence of a particular ef-
fect under specific conditions. The National
Academy of Sciences has identified four proc-
esses that comprise a risk assess ment:3

Ž Hazard identification: The determination
of whether a particular chemical is or is
not casually linked to particular health
effects,

● Dose-response assessment: The determina-
tion of the relation between the magnitude
of exposure and the probability of occur-
rence of the health effects in question.
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● Exposure assessment.. The determination
of the extent of human exposure before or
after application of regulatory controls.

● Risk characterization: The description of
the nature and often the magnitude of hu-
man risk, including attendant uncertainty.

The first three issues were discussed during
considerations of inherent hazard and site-spe-
cific conditions. Risk characterization is dis-
cussed below.

Risk assessments should explicitly consider
the uncertainties in knowledge about the inher-
ent hazard of the chemicals at the site and the
routes and levels of exposure. Thus, if the tox-
icological data limitations were greatest for
chemicals that would be expected to volatilize
easily and if the greatest exposure were ex-
pected to be by inhalation, a greater uncertain-
ty factor might be incorporated into the risk
assessment to account for these compounds’
potential toxicity, Similarly, if the toxicity of
the compound that poses the most significant
risk at the site were estimated from incomplete
data or from experiments that were inadequate-
ly performed, a greater uncertainty factor
would be included in the risk assessment or,
alternatively, the next most toxic chemical
might be used for the evaluation,

A site-specific risk assessment is comprised
of a series of such assessments: for each route
of exposure, for each duration of exposure (i.e.,
acute, short-term, or chronic), and for various
adverse effects (e. g., cancer or organ toxicity)
for each organism (e.g., human, animal, or
plant) potentially affected. Usually the expo-
sures producing the highest risks based on pre-
liminary assessments for the populations of
concern are more carefully evaluated.

In addition to uncertainties associated with
conditions at a site, the process of risk assess-
ment itself has inherent uncertainties. For ex-
ample, toxicological risk assessments are based
on current knowledge and assumptions about
biological processes use models that have been
developed to describe them, Often the models
are designed to overestimate rather than un-
derestimate risk. While such prudence is rea-
sonable given the limitations of toxicological
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knowledge, it must be recognized that such de-
cisions are based on considerations other than
those provided by science alone. This is one
example of the difference between risk assess-
ment and risk management.

Risk assessment is defined as the calculation
of the probability of adverse outcomes such as
injury, disease, or death. Risk management in-
corporates other considerations such as accept-
ability of risk, costs and benefits, and policy
into a determination of a course of action. Al-
though theoretically distinct parts of the deci-
sionmaking process, risk assessment and risk
management are too often interwoven. In the
case cited above, deciding which risk extrap-
olation model to use is a risk management deci-
sion, Evaluating and selecting data to be used
in the extrapolation model, as well as the ex-
trapolation process, are elements of risk assess-
ment. Decisions about what actions to take
based on the extrapolated risk are risk manage-
ment judgments. When elements of risk man-
agement are imbedded in risk assessment proc-
esses, confusion about the “scientific” or
“objective” content of policies and decisions
can result.

Site-specific risk can be compared with risk
levels that are considered to be acceptable.
Non-chronic toxic effects are thought to have
a threshold of exposure below which no tox-
icity will occur. Acceptable exposure levels for
these compounds are frequently based on a no-
observed-adverse-effect level which is lowered
by uncertainty factors that consider concerns
such as variation in individual susceptibility
and extrapolation of results from animals to
man. The resultant levels are often called ac-
ceptable daily intakes or ADIs. EPA has pub-
lished draft guidance on the use of ADIs for
assessment of the risk to human health from
nonchronic effects. *

Acceptable exposure levels for carcinogens
are usually based on the estimated increase in
an individual’s probability of contracting can-
cer. In the past, EPA has regulated carcinogens
———.——- —

4L’ .S. E;n\”ironmental  Protection Agency, Guidan(;e  and Afeth-
ods for (he Use of Acce~tabie [lai]~ intakes in Health l?i.sk As-
sessment, 1984,

at individual risk levels in the range of 104 (1
in 10,000) to 108(1 in 100,000,000). The breadth
of this range is caused by many factors includ-
ing cost-benefit analysis (when applicable under
the appropriate legislation), availability of sub-
stitute chemicals (e.g., for regulating pesti-
cides), or feasibility (e. g., ability to remove
chemicals from groundwater). In general, EPA
recommends that residual risk levels for car-
cinogens at Superfund sites be in the range of
104 to 108 before consideration of site-specific
factors,5 with a risk of 108 (1 in 1,000,000) as
the point of departure for an acceptable level.

Available Technologies and
Remedial Action Alternatives

The ability to detect the identity and levels
of contaminating chemicals and achieve clean-
up goals depends on currently available tech-
nology. Although technology continues to ad-
vance, it has limitations that cannot be
exceeded regardless of situation or intentions;
there can be no a priori assurance that even
a proven technology will work for each particu-
lar situation. Technological limitations affect
several aspects of cleanup goals and pro-
cedures.

The state of the art of sampling technology
limits the extent to which the identity and lev-
els of chemicals contaminating a site can be
determined. Sampling can represent the most
difficult problem at large sites with diverse
chemical contaminants and geologic conditions.

Analytical procedures do not exist for the un-
ambiguous identification of all chemicals that
may be encountered at Superfund sites. Pro-
cedures have been developed for some chemi-
cals, but they only detect that compound above
a certain level, As analytical procedures limit
knowledge of the presence of chemicals, they
also limit the extent to which cleanup can be
achieved with certainty. After a remedial clean-
up, the presence or absence of a compound can
at best be determined to be at or below the lim-

5[J .S. Enk.ironrnental Protection A~en(:y, hfemoran[ju~n t~l, I AX
fvl. Thomas on International Paper  A(lI,  I)~:l~lc~rlstratiO1l,  No\.
19, 1984.
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its of detection. These may be above or below
levels of concern for threats to health or envi-
ronment.

Cleanup technologies are similarly limited.
Public expectations usually ignore the limita-
tions of even the best technology to eliminate
exposure to a waste once it is released into the
environment, particularly groundwater, or to
completely prevent future releases. Current
options for handling waste chemicals include
destruction (e.g., incineration), blocking move-
ment (e. g., slurry walls), or removal (e. g., off-
site disposal). Many prospective cleanup tech-
nologies are in the R&D or the pilot plant stages
of development (see chapter 6).

The unintended consequences of the use of
any remedial technology may include transfer
of toxicants among media, transfer or risks
among populations, and residual pollution re-
sulting from the technology. Transfers of tox-
icants among media may involve the same chem-
icals (e. g., when chemicals are stripped from
water by aeration) or chemical byproducts of
processing the orginal contaminants (e.g.,
transfer of combustion products of solids or liq-
uids into air pollutants by incineration), Al-
though such processes can remove the contam-
inants from the Superfund site, the residual
risks posed by the chemicals or their byprod-
ucts in new media need to be considered.

Remedial technologies can also involve the
transfer of risks among populations. Offsite dis-
posal of waste chemicals will potentially ex-
pose additional populations during transit,
treatment, or disposal of the waste chemicals.
Risks to new and previously unexposed popu-
lations should be considered when evaluating
the effectiveness of any remedial action.

Most technologies will leave some level of re-
sidual contamination, either at the original site,
in aquifers distant from the site, or at the ulti-
mate site of treatment or redisposal. Some re-
sidual contamination results from the inability
of any process to completely eliminate a chem-
ical. Risks posed by this residual contamina-
tion should be considered when cleanup goals
are established. Other remedial processes pro-
duce new wastes (e.g., contaminated carbon

from filtration systems), While not always im-
mediately obvious, generation of such wastes
must be considered in establishing cleanup
procedures and goals.

Resource Limitations

A number of resource limitations significant-
ly affect the nature and extent of remedial ac-
tions. First, there is a finite amount of public
and private money that can be devoted to the
cleanup of Superfund sites. In addition to fi-
nancial limitations, other resources such as the
number of trained personnel, laboratories for
sampling and analysis, and equipment to
achieve the desired cleanup response are also
limited and may not be available even if money
were (see chapter 7). Similarly, decisions to use
offsite hazardous waste management facilities
assume that these facilities have sufficient
capacity,

Dividing the total available resources among
all NPL sites involves difficult decisions based
on limited data and can result in inconsisten-
cies in the extent of cleanup among sites. What-
ever the allocation of resources for any site, the
cleanup should obtain the highest level of
cleanup for resources spent. But this still begs
the issue of cleanup goals. It is becoming in-
creasingly clear that at this time the potential
number of Superfund sites is not accurately
known, nor is it known what resources will be
needed for remedial actions at those sites. Con-
sequently, the resources made available for any
single site must be carefully considered. With-
out such consideration, several intractable sites
could significantly deplete the available funds
and necessitate less extensive cleanup at seri-
ous sites that are discovered or investigated
later (see chapters 2 and 3).

Institutional Constraints

As discussed, CERCLA and the NCP as cur-
rently drafted provide little guidance about
how to determine the extent of cleanup re-
quired at Superfund sites. Draft revisions to the
NCP would require that in most cases, clean-
ups must attain or exceed relevant and appli-
cable Federal standards. It is not clear that this



112 ● Superfund Strategy

requirement would really resolve the issue of
extent of cleanup, especially in light of the ex-
ceptions incorporated in the draft provision,

The extent to which other laws and regula-
tions may define the extent of cleanup and the
manner in which the cleanup is achieved also
lacks clarity. For example, it is obvious that ma-
terial removed from a Superfund site for off-
site disposal must be handled in compliance
with the provisions of the Resource Conserva-
tion and Recovery Act (RCRA), (However, see
chapter 5 for a discussion of the problems with
RCRA facilities.) Less clear is the impact of the
provisions of RCRA if the material is to be dis-
posed, stored, or contained on site. Does the
site become a de facto RCRA facility that must
comply with all RCRA requirements? The res-
olution of these issues could substantially af-
fect the nature of remedial actions.

Other laws such as the Safe Drinking Water
Act (SDWA), Clean Water Act (CWA), and Clean
Air Act (CAA) regulate contaminants in the en-
vironment, Current provisions of these acts are
insufficient to define the extent of cleanup
under CERCLA. The number of chemicals reg-
ulated under each act is small compared with
the number of compounds already identified
at Superfund sites, The standards developed
under these laws consider one medium and/or
route of exposure: SDWA, drinking water (in-
gestion); CWA, surface water; CAA, air (inhala-
tion). SDWA health advisories only consider
short-term effects (1 day to 2 years) and do not,
therefore, consider carcinogenic effects. While
none of these existing standards are alone suf-
ficient to determine the extent of cleanup, they
may provide guidance for a particular medium
or route of exposure.

Hazardous waste sites have generated con-
siderable public, political, and media interest.
These concerns have focused attention on the
problem in general, and decisions about ac-
tions at Superfund sites are being examined
with increased intensity, While the high level
of interest may increase the probability that all
alternatives are examined and that appropri-
ate action is ultimately taken, this interest can
also present problems. The issues involved in

determining the extent of cleanup at any site

are technically complex and contain large un-
certainties. Oversimplification of the issues can
lead to an overstatement or understatement of
the risk that, in turn, can lead to unnecessary
concern or complacency. Public, political, or
media pressure may cause cleanup based on
notoriety rather than hazard. When the method
or extent of cleanup is well-publicized at one
site, public perception of fairness may require
that the same method or extent of cleanup be
used at another site, even if site-specific con-
siderations would suggest a different action.

Actions of the local population, media, or
elected officials can be based on calculated, po-
tential adverse effects or on their perception
of risks that may not exist, Studies of real ver-
sus perceived risk have clearly demonstrated
that the risk perceived by the public may dif-
fer significantly from the calculated risk, not
that calculated risk is necessarily a complete
indicator of actual risk, b Both perceived and
actual risks may have to be addressed in the
remedial action program, perhaps through
more effective public participation in decision-
making (see chapter 8).

One factor influencing public perception of
risk will be actions taken at other sites where
remedies have been instituted, Public reaction
may be adverse if actions that are perceived
to be less stringent are implemented at one site
as compared with another, Because of site-spe-
cific factors affecting the design of remedial
action programs, comparison of one cleanup
plan with another will be difficult and in many
cases unfair. What is ultimately important and
realistically achievable is consistency in the
process of determining what the cleanup of
sites should be, rather than necessarily mak-
ing all cleanups the same.

Discussion of Alternative Approaches

This section analyzes seven alternative ap-
proaches for determining the extent of cleanup

6F’. T. CO\’ellO, W.G. Flare m, ] .V. Rod ricks, and R.G, l’ard  iff,
‘l-he Anal~,sis of Actual  Versus f%rcei~wf  Risks (New York:
plenum  Press, 1983).
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at Superfund sites. The primary focus of four
of the approaches is to establish cleanup goals
based primarily on current scientific and tech-
nical considerations: site-specific risk assess-
ments, national levels of residual contamina-
tion, background or pristine levels of chem-
icals, or best available technology. The fifth ap-
proach, the use of cost-benefit analysis, bal-
ances the extent of cleanup at each site against
cost, with or without a site-specific resource
limitation, A potential-use driven approach is
designed around a classification system based
on present and future use of sites. Also dis-
cussed is a continuation of the current ad hoc
practices,

Continued Use of Current Ad Hoc Practices

Description of Approach.—In general, the present
reliance on ad hoc practices has not provided
a consistent explicit process for determining
goals. Nor is it likely that the remedial actions
thus far have resulted in consistent levels of
cleanup among sites posing similar threats. A
review of remedial actions at various Super-
fund sites indicates that the inherent toxicity
of the chemicals present has, in part, deter-
mined the chosen remedy. Site-specific factors,
especially as they affect feasibility, have also
been considered. Risk assessments of the po-
tential for sites to harm human health or the
environment have rarely been explicitly in-
cluded in the decision process.

Availability and presumed effectiveness of
best available remedial technologies have been
driving factors in determining the extent of
cleanup. This may be due, in part, to the com-
parative ease of analyzing the cost, feasibility,
and reliability of existing technologies con-
trasted with the difficulty of making such judg-
ments regarding health and environmental
risks. There has been some sensitivity to the
concerns of the local population, elected offi-
cials, and the media.

Analysis of Approach.—Continuation of current
practices, possibly with additional guidance,
would provide an increased opportunity to
evaluate remedial actions. One might then have
a stronger basis for deciding on the preferred

approach to establishing cleanup goals. On the
other hand, CERCLA was enacted over 4 years
ago; considerable resources have been ex-
pended and continue to be spent with mixed
results, Now may be the time to resolve an
issue which is critical to the remedial action
program.

Site-Specific Risk Assessment

Description of Approach.—One alternative a p -
proach to determining cleanup goals involves
the explicit use of risk assessment coupled with
a site-specific or national determination of ac-
ceptable risk levels. Uniform procedures and
methodologies would also need to be used. Risk
assessment would involve determining the po-
tential hazards of the chemicals at each site,
characterizing exposures based on site-specific
considerations, and calculating risks based on
the inherent toxicity of chemicals at the site
and potential exposures to humans and the en-
vironment.

Various models can be used to determine
site-specific risk. One model illustrates some
of the issues that need to be resolved in site-
specific risk assessment.7 In this model, the in-
dividual chemicals to be used in the risk assess-
ment are selected by a ranking scheme that
evaluates each chemical’s potential for toxicity
(based on ADI and/or carcinogenic potency)
and exposure (based on quantity present and
physical-chemical properties). For each se-
lected chemical, potential exposure is esti-
mated by all appropriate routes, for each re-
medial action plan considered. The risk for
each chemical for each route is calculated and
compared with the predetermined acceptable
level for the toxic effect. Remedial actions are
compared, and the appropriate response is se-
lected to achieve the maximum difference be-
tween the residual and acceptable level of risk
at the lowest cost.

For the sake of consistency and defensibility,
uniform procedures and methodologies should
be used in risk assessment; therefore, a num-

‘J.V. Rodricks,  “Risk Assessment at Hazardous Waste Disposal
Sites, ” Hazardous waste, \ol. 1, 1984, pp. 333-362.
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ber of choices must be made. A site-specific
risk assessment of human health effects can be
expressed in terms of individual or population
risk. Individual risks estimate the risk of any
person exposed under the conditions stated in
the estimate and are independent of the size
of the population exposed. Population risks are
derived by multiplying the individual risk by
the number of people exposed by that route of
exposure. If individual risks are used for set-
ting the standards for extent of cleanup, clean-
ups will be consistent throughout the country
regardless of the size of the potentially exposed
population. If population risks are used, Super-
fund sites in sparsely settled locations may
have higher residual individual risk than those
in more populated areas.

Since most Superfund sites contain many
chemicals, the risk assessor, for a variety of rea-
sons, including cost and expediency, may
choose to determine the risk on the basis of a
few indicator substances. If the selection of in-
dicator chemicals is based on their relative
abundance at the site, the most toxic chemi-
cals may be overlooked. If the selection is based
on inherent toxicity, compounds that have
been extensively studied may be favored since
knowledge about lack of toxicity is not always
distinguished from lack of knowledge about
toxicity. Clearly making such a choice without
doing assessments for the alternatives could
lead to results that are not indicative of the
site’s greatest risks.

Similarly, choices must be made for predict-
ing potential exposure. These choices are often
between the use of models to predict exposures
and collecting more extensive data on actual
exposure. After the site has been generally
characterized for factors such as geology,
weather, and local population, models can pro-
vide an estimate of exposure, albeit with some
uncertainty. Gathering more data can reduce
this uncertainty, but can delay action, cause
more exposure to the pollutants, and be quite
expensive.

Analysis of Approach.—By definition, a cleanup
goal determined by risk assessment must give
appropriate consideration to the inherent haz-

ard of the chemicals present at a site, the site-
specific factors affecting exposure, and the po-
tential risks to human health, environmental
biota, and natural resources. All of the previ-
ously discussed uncertainties and concerns
associated with these factors would still apply,
It is possible to structure conservative risk
assessments through a “worst-case” perspec-
tive, or to consider “average” or “likely” risks.

This approach’s sensitivity to technology and
resource limitations depends to a large extent
on whether the cleanup would need to achieve
a national or site-specific standard (perhaps
within a nationally established range of accept-
able residual risk). For example, an inflexible
risk goal for a chemical or for the total site may
not be achievable for technical reasons. The
goal may be below the limits of detection with
current analytical procedures. Technologies
may not exist to remove low levels of specified
chemicals from air, water, or soil. Alternative-
ly, the technologies may exist but may require
resources disproportionate to the incremental
reduction of risk. TO attempt to achieve a na-
tional risk goal might allow a few sites to vir-
tually bankrupt the system, unless considerable
resources were provided. A site-specific stand-
ard would be more sensitive to the particular
circumstances of a site and the resources and
technologies that are available to effect clean-
up, but does not assure national consistency
for protection at similarly contaminated sites,

In any event, performing a risk assessment
is a costly, time-consuming process that re-
quires highly trained technical specialists in a
number of disciplines. Thus, a critical issue is
how to choose when to use risk assessment,

A risk assessment approach to establishing
cleanup goals is not inconsistent with CERCLA,
Because of the uncertainties that are likely to
be associated with a particular site and the un-
certainties in the risk assessment process itself,
public acceptance of the outcome of risk
assessment is likely to be mixed. This would
be especially true when the “real” risk is quite
different from the “perceived” risk, Consider-
able effort to educate and inform the public
would need to accompany this approach, The
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choice of a national or site-specific standard
of acceptable risk (i. e., a probability) would
have a significant impact on public reaction,
A single, minimal national standard for accept-
able risk, if perceived to provide adequate pro-
tection, would be easy to explain and would
result, at least in theory, in consistent clean-
ups. A site-specific standard (even within a
range of acceptable risk) would probably result
in inconsistent cleanups and cause more pub-
lic concern.

National Goals for Residual Contamination

Description of Approach.—This approach would
involve setting new residual levels and using
available ones for all chemicals or classes of
chemicals found at Superfund sites. These lev-
els would be the same for all sites and not con-
sider site-specific conditions. A major issue
that would need to be resolved in the use of
this approach is what factors to consider in es-
tablishing new levels, i.e., inherent hazard, cost
and/or available technology, or some combina-
tion of them.

Existing standards, criteria, and guidelines
will be of limited utility in establishing national
goals. They currently exist for only a small

number of chemicals found at Superfund sites.
Most were designed for a specific environmen-
tal medium and none suit all possible routes
of exposure that may exist at Superfund sites.
Many were developed for exposures that are
not compatible with those at Superfund sites.
For example, a standard developed for an oc-
cupational exposure (the calculated risk would
be for a group of healthy adults for a daily dura-
tion of 8 hours, 5 days per week) would not
match the conditions of exposure of most Super-
fund sites,

This is not to say that existing standards, cri-
teria, and guidelines cannot be used, only that
one needs to be careful in doing so. In fact, as
discussed previously, draft revisions to the
NCP would require remedial actions in most
cases to comply, at a minimum with “applica-
ble” and “relevant” Federal standards. Under
this approach to establishing cleanup goals, for
those chemicals for which there are no existing

applicable or relevant standards, new ones
would need to be developed, or perhaps some
other approach to setting cleanup goals used.
Hence, what at first appears to be an expe-
ditious approach may be just the opposite.

Analysis of Approach.—Establishing national
goals for residual contamination would certain-
ly consider, to some extent, the inherent haz-
ard of the chemical wastes. As discussed, there
currently exists limited knowledge of the in-
herent hazardous properties of chemicals at
Superfund sites. Consequently, the establish-
ment of standards for all hazardous substances
or classes at Superfund sites would be ham-
pered by a limited data base and would involve
extrapolation of current knowledge beyond
limits of verification.

This approach would not consider site-spe-
cific conditions, and the extent to which risk
assessment is considered would depend on
how the standards were established. For exam-
ple, if the standards were established in a way
so that, under any conditions of exposure, the
resulting risks would be acceptable, then a site-
specific risk assessment would be of no addi-
tional value.

Resource and technological limitations could
be addressed in the development of the goals.
For example, the cost and/or availability of
cleanup technology could be the determining
factor in establishing a goal for particular
chemicals. Such a standard might not achieve
an acceptable level of risk. On the other hand,
goals established solely on the basis of inherent
hazard may be only theoretical benchmarks if
the resources and technologies are not avail-
able to attain them.

Establishing national goals is certainly con-
sistent with the direction that EPA is moving
in the draft revisions to the NCP and would sat-
isfy the need for national consistency. But if
this approach was based on a commitment to
develop standards for all or most chemicals
and conditions, the system would be slow to
initiate and the costs would be substantial, If
the goals are set at levels generally perceived
to protect health and the environment, public
concern would focus almost exclusively on the
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effective implementation of those goals. On the
other hand, if the driving force behind the goals
is perceived to be resource limitations, public
confidence could quickly erode.

Clean to Background or “Pristine” Levels

Description of Approach.—This approach for
establishing the extent of cleanup would re-
quire that the cleanup continue until the levels
of all contaminants were indistinguishable
from those of the surrounding background. A
variation of this approach would require that
the cleanup continue until the site were “pris-
tine, ” i.e., as if the pollution had never oc-
curred.

The first issue that would need to be resolved
with this approach is how to determine back-
ground or pristine levels. Historical back-
ground levels are not usually available for most
sites, for a diversity of chemicals and media.
Frequently, background is determined by sam-
pling nearby locations and can include pollu-
tion from other sources. In most cases, pris-
tine would be a cleaner level than background,
especially if the site is in an industrial area.

Analysis of Approach.—Cleaning to background
or pristine levels does not explicitly consider
the inherent hazard of the chemical wastes on
site. Only the environmental context of the site
is considered in determining the levels of clean-
up. This approach includes an implicit risk
assessment, i.e., it assumes that any level above
background or pristine is an unacceptable risk
and levels at or below background or pristine
are acceptable. These assumptions may not be
true. For example, certain industrial contami-
nants do not exist naturally in the environment
and the pristine levels for these chemicals
would be zero, Putting aside the financial or
technical capability of reaching a zero level of
residual contamination, it is hard to imagine
that such a result would be necessary from a
public health or environmental perspective.
Further, “background” levels might not nec-
essarily provide the desired level of protection,
especially in heavily industrialized areas with
multiple sources of industrial contamination.

This approach to establishing a cleanup goal
is not particularly sensitive to resource limita-
tions or available technologies. In general, this
approach would be expensive and difficult to
implement.

Because this would likely be the most expen-
sive approach, its successful implementation
would be significantly constrained by the fund
balancing provision of Superfund. Public ac-
ceptance of this approach could be expected
to be mixed. There would be inconsistencies
among cleanup of sites with similar wastes de-
pending on where they are located. Moreover,
because this is a costly approach, fewer sites
could be expected to be cleaned up at any one
time.

Technology-Based Standard: Best Available
Technology or Best Engineering Judgment

Description of Approach.—This approach would
involve examining all available remedial tech-
nologies that address the chemical contamina-
tion at a Superfund site, A remedial action plan
would be developed that used the best avail-
able technology to minimize exposure to the
waste chemicals at the site.

Analysis of Approach.—A detailed analysis of the
inherent hazard of the chemical wastes found
at a site would not be an integral part of this
approach, However, it might be important to
at least identify the wastes of major health and
environmental concern at a site as a guide to
the designers of remedial action. Site-specific
factors would be critical. Knowledge of the
quantity and identity of wastes present; of the
geology and geography of the area; of the iden-
tification of potentially affected natural re-
sources and local populations; and of the routes
and levels of exposures would be essential to
reach a best engineering judgment as to what
remedial measures to take,

A risk assessment would not need to be per-
formed. Implicit in this approach would be the
assumption that, by using the best available
technology, the risks from the site would be re-
duced to the lowest level that is technically fea-
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sible. (It may be suggested that technical fea-
sibility is a practical limitation of any approach
to establishing cleanup goals for remedial ac-
tion, However, delaying cleanup or taking
other risk management actions can be consid-
ered also.)

A technology-driven approach would be sen-
sitive to the strength and weaknesses of cur-
rently available remedial procedures, The less
confidence there is in existing technologies, the
less satisfactory is this alternative, Since risk
assessment is not an integral part of this ap-
proach, concerns about the transfer of risks
among populations and the risks associated
with residual pollution from the disposal tech-
nology would not be central to the decision-
making process.

Unless limits were imposed on cleanup costs,
this approach could be perceived as providing
a blank check for those in the cleanup business.
The designers of the remedial action program
should employ a cost-effective use of resources.
But can this be done without pre-established
cleanup goals? Without some assessment of the
risks, significant resources could be spent on
a site that posed little or no risk. Unproven
technologies might be used with little protec-
tion obtained, The incremental public health
or environmental protection provided by a
technology that is substantially more expensive
than the second choice might be insignificant,
but this could not be evaluated without a risk
assessment. How would one know exactly what
constituted a complete cleanup, or when to
cease operations such as groundwater treat-
ment? Moreover, advances in technology could
raise the possibility of subsequent expensive
retrofits to achieve higher levels of protection.

This approach would make it difficult to
make informed decisions under the fund-bal-
ancing provision of CERCLA. Public reaction
is likely to be mixed. A policy that Superfund
sites will be cleaned up using the best available
technology is initially appealing and appears
to offer the best that can be provided. Realisti-
cally, limited resources are available to devote
to cleaning up uncontrolled hazardous waste
sites. This approach might create enormous

pressure to be among the first sites where re-
sources are spent, without attention to the
uncertainties of cleanup effectiveness and the
benefits of waiting for different technology or
specific goals more related to exposures. Com-
promises would need to be made that would
likely result in inconsistent cleanups.

Cost-Benefit Approach

Description of Approach.—A quantitative cost-ben-
efit approach to establishing cleanup goals
would require that the costs of any initial or
incremental remedial measures be compared
with the benefits (reduction of potential
adverse effects to health and the environment)
to be derived from such expenditures. Only if
the (total or incremental) benefits are greater
than the (total or incremental) costs would the
expenditures be made. All this assumes that the
benefits are measurable and the unit of meas-
urement is comparable to costs. Benefits and
cleanup goals are variables weighed against
available funds. A less formal cost-benefit anal-
ysis based on articulation rather than quanti-
fication also could be used,

Analysis of Approach .—This approach requires an
understanding of the benefits to be derived
from remedial measures at a site, i.e., the re-
duction in risk to public health or the environ-
ment that those measures are likely to produce,
To determine this, an analysis of the inherent
hazard of the chemical wastes on site, a con-
sideration of site-specific factors, and a risk
assessment would be required. All of the uncer-
tainties about the hazards of the materials of
concern, the site-specific conditions, and the
process of risk assessment would need to be
recognized in a quantitative approach, espe-
cially when uncertain additional health or envi-
ronmental protection would be compared with
certain expenditure of resources. The more un-
certain the benefits, the more dubious the re-
sults of the analysis. An assessment of risk and
reduction of risks would need to be determined
on a site-specific basis, This approach would
not use national standards for residual risks,
If there were national goals for residual risk
levels, a cost-benefit analysis would be super-
fluous.
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Calculating the benefits of a reduced risk is
difficult, In the first place, regulatory decision-
makers are generally unwilling to assign dollar
values to human lives, additional cases of can-
cer, or even the value of natural resources.

The evaluation of costs would need to be
done carefully. Not only should the initial costs
associated with a remedial measure be in-
cluded but its impermanence and long-term (of-
ten uncertain) costs associated with the moni-
toring and maintenance of the technology need
to be included in the calculation as well.

This approach would certainly be consistent
with the fund-balancing provisions of CERCLA.
However, public reaction is likely to be mixed,
Attractive in theory, this approach would cause
decisionmakers at individual sites to be tested
publicly, especially when the uncertainties and
value judgments implicit in this approach be-
came apparent. Inconsistent levels of cleanup
among sites could result unless very specific
national procedures and policies were used.

Site Classification: Determining Cleanup Levels
by Present and Future Use of a Site

Description of Approach.—To date, little attention
has been given to what will happen to a site
after it is cleaned. Under this approach, the ex-
tent of cleanup would be based on the present
and future use of a site and its surrounding
area, as determined by local government and
communities. How a particular site is classified
as to its present or future use (i. e., restoration,
rehabitation, and reuse) would be the driving
force in the selection of a remedial plan.
Classes could be established early in the pro-
gram, for example, when a site is placed on the
NPL. For purposes of classification, the site
would include any land or waters already or
likely to be contaminated.

A classification system based on current and
potential use has been recommended as part
of EPA’s groundwater protection strategy.8 In
establishing this strategy, EPA considered its

‘U.S. Environmental Protection Agency, A L’roundwater Protec-
tion Strategy for the Environmental Protection Agencj’, August
1984.

inability to protect all groundwater from con-
tamination, its fundamental purpose of protect-
ing human health and the environment, and
the cost and difficulty of monitoring and clean-
ing groundwater. These same considerations
apply to NPL sites. In EPA’s groundwater pro-
tection strategy, three classes of groundwater
are recommended. Class I includes special
groundwater, so designated because it repre-
sents irreplaceable sources of drinking water
or ecologically vital areas, e.g., contamination
would destroy a unique habitat. Class II in-
cludes current and potential sources of drink-
ing water. Class III includes groundwaters that
are not a potential source of drinking water and
are of limited beneficial use, e.g., with total
dissolved solids over 10,000 mg/l or already so
contaminated that they cannot be cleaned by
methods reasonably employed in public water
treatment.

Analysis of Approach.—Implicit in the develop-
ment of such a classification system is the pol-
icy decision that the extent of and the initia-
tion of cleanup would differ among sites. Con-
sequently, some of the cleanup approaches pre-
viously described could be used with such a
system, For example, certain sites might be
classified as so valuable as present or future
resources that the goal would be developed
through use of a site risk assessment. Other
sites might not require any cleanup. Based on
a cost-benefit analysis, the provision of an alter-
native water supply or the relocation of nearby
residents might comprise the remedial (risk
management) response.

For sites where only minimal remedial meas-
ures are taken because of limited future use
(e.g., a site “paved over” and used for an air-
port runway or a large parking lot), methods
such as deed restrictions must be used to com-
municate these decisions to future generations
so that these contaminated resources are not
unknowingly used for unforeseen purposes.
The uncertainties in future land use must be
weighed against the costs of more extensive
cleanup. Transfer of liability to future land
users or developers might be effective in en-
forcing land use restrictions.
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The development of a classification system
would be consistent with the fund-balancing
provision of CERCLA.  In many ways, it would
be the most nationally cost-effective approach
discussed in this chapter. Public reaction

would be mixed depending on the classifica-
tion system developed, the proposed response
at individual sites, and the degree of local par-
ticipation in deciding on land use.

CONCLUSION

On the basis of its analysis OTA finds that:

There is a need to raise the cleanup goals
issue to the highest levels of policymaking
and to have open, public debate on it. The
effectiveness of the Superfund program
and private and State cleanups depend on
an equitable and technically sound resolu-
tion of this issue.
What is ultimately important and realisti-
cally achievable is consistency in the proc-
ess of determining what the cleanup of
sites should be, rather than necessarily
making all cleanups the same.
In setting cleanup levels, it is necessary to
examine whether the remedial technolo-
gies under consideration can lead to un-
intended consequences, including trans-
fer of toxicants among media, transfer of
risks among populations, and residual pol-
lution.
It is no longer acceptable to continue
cleanups under the current ad hoc ap-
proach. As a large number of sites enter
the program, dealing with each site as a
unique case is inefficient and there is in-
creasing likelihood that sites with similar
problems will not be cleaned to compara-
ble levels of environmental protection,
Pursuing a strategy of establishing cleanup
levels on the basis of background or pris-
tine chemical levels does not make envi-
ronmental, technical, or economic sense,
This approach does not assure protection
of health and the environment, in many
cases is not possible to achieve, and it
would cost excessive sums.
Although seemingly attractive and exten-
sively used, best available technology or
best engineering judgment do not offer en-

vironmental protection comparable to the
likely high costs of implementation. This
approach does not directly address actual
or potential exposures threatening health
and the environment.

● Although the use of existing standards,
risk assessment, and cost-benefit analysis
approaches pose considerable problems
and have substantial limitations, they
could be used.

The most important conclusion is that a
cleanup strategy based on site classification
could be the most beneficial approach to pur-
sue. The present and future use of an uncon-
trolled site is now sometimes considered prior
to cleanup decisions. What this approach
would do is to explicitly and uniformly incor-
porate a decision about site use as the key ele-
ment of a policy framework. To do this, how-
ever, means that a decision about land use must
be made. Such a decision would generally need
to be made at the local level. This is crucial to
proceeding with this approach. It is consistent
with the need to have public participation in
cleanup decisionmaking (see chapter 8).

Developing a classification based on site use
also presents an opportunity to have a hierar-
chy for establishing priorities for site response.
It can provide a policy framework that objec-
tively decides what process is used to set clean-
up levels for a site on the basis of the most im-
portant site-specific consideration—how the
site is or will be used and, hence, what expo-
sures must be considered to determine health
and environmental effects.

An illustration of how this approach might
be used is given in table 4-I, Under this classi-
fication, the most technically sophisticated but
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Table 4-1 .— Illustration of a Site Classification System for Selecting Cleanup Goals

Classes of NPL sites
(established when site
placed on NPL)

1. Known or likely exposures to people
or sensitive ecological elements re-
quiring restoration of site (for possi-
ble rehabitation or reuse), including
cleanup of contaminated ground-
water if technically feasible,

II.

Ill.

Known or likely exposures exist, but
limited number of people and sensi-
tive environments. Clear alternatives
to site cleanup such as relocation
and use of alternative water supply;
site restoration or reuse not critical,

Site not likely to lead to exposures
to people and not situated near sen-
sitive environment. No site restora-
tion or reuse anticipated,

Cleanup goals For comparison purposes,
for remedial cleanup EPA classes of
set by Likely course of action ground watera

—
Site risk 1. High-priority initial re- 1. Special groundwaters vul -
assessment. sponse to recontrol site nerable to contamination

2.

3.

using HRSb information,
Obtain necessary data and
perform risk assessment.
High-priority full-scale per-
manent cleanup when
technology available to
meet cleanup goals.

and: a) i replaceable
source of drinking water
to substantial popula-
tions, or b) ecologically
vital,

Cost-benefit 1.
analysis. 2.

Applicable and rele- 1.
vant environmental
standards, 2.

Initial response. Il.
After cost-benefit analysis
choose risk management
opt ion.

Current and potential
sources of drinking water
or have other uses.

Low-priority initial Ill. Not potential source of -

response. drinking water and of
Reevaluation every 5 limited use,
years to assess need for
remedial cleanup.

au s Environmental protection Agency, Grourrd-Wafer  Protect/on  Strategy, August 1984k
‘Assume an Improved Hazard Ranking System

SOURCE Off Ice of Technology Assessment, except as noted

expensive process of risk assessment is used
for the highest priority sites. These sites un-
equivocally require a remedial cleanup, the ex-
tent of which depends on the exact nature of
the site’s use. The next category of sites are
those where site use suggests risk management
options that would allow delay of a remedial
cleanup, or a less complete cleanup, or con-
ceivably no cleanup. For example, the risk
management options could be relocation of res-
idents, supplying alternate water, and creating
an area where all use is prohibited. For this cat-
egory, therefore, it is reasonable to use a cost-

benefit process to establish cleanup levels in
a context that allows comparison to non-clean-
up alternatives.

Lastly, the third category of sites are those
where exposures and damages are minimal.
For this category, existing standards might be
used to set cleanup levels; indeed, it might be
unlawful or unacceptable to do otherwise.
However, cleanup may not be necessary or it

may be delayed. Also shown in the table, for
comparison, are the analogous categories
established by EPA in its groundwater protec-
tion strategy, However, it must be emphasized
that cleanups of uncontrolled sites often in-
volve much more than dealing with contami-
nated groundwater.

The table also shows site management deci-
sions other than cleanup that could be associ-
ated with the site categories. For example, deci-
sions concerning initial responses and timing
of cleanups could be consistent with the hierar-
chy based on site use,

This discussion pertains to remedial clean-
ups that are expected to be effective in the long
term, There is also a parallel question concern-
ing actions known in the current program as
immediate removals (comparable to initial re-
sponses in OTA’s suggested two-part strategy).
These actions are acknowledged to be tempo-
rary. Such actions must proceed quickly on the
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basis of limited information. Hence, a practical
approach might be to establish generic stand-
ards to direct actions based on: 1) reducing the
immediate threats to health and the environ-
ment by blocking or preventing releases of haz-
ardous substances into the environment; and
2) assuring that the site, exposed to known en-
vironmental conditions, would not deteriorate

further over a substantial period of time, per-
haps some years before it could receive reme-
dial cleanup. Such standards would not imply
that the site is cleaned, but rather that it is iso-
lated, stabilized, and decontrolled. A generic
standard could also require continued moni-
toring and/or inspection consistent with the
nature of the site and the likely exposures.

3 8-7 4 5  0  -  8 5  - 5


