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I. INrnooucrroN

In thc context of potentially toxic substances, risk is the
likelihood that an adverse outcome will occur either in a pefson,

a group ofpeople, or a natural resource, ifexposure to a particu-
lar dose of a hazardous substance occurs.l Risk can be
expressed in quantitative terms by taking values from zero, cet-
tainty that ha-rm will not occur, to one, iertainty that harm will
occur. All human activities carry some degree of risk; however,
the risks associated with various chemical substances often can'
not be recdily assessed and quantified and are, therefore, the
focus of risk assessment methodology.

Risk assessment is the process of identifyrng haratds and
either quantifying or describing the degree of risk they pose for
.*po."d inaiviarils, populatio-ns, or r&ources. It may also be
deicribed as the assembly, evaluation, and interpretation of all
pertinent scientific information about the toxicity, human _expg-
rience, environmental fate, and exposure to a particular chemi-
cal or physical agent.2 The procedure is especially useful in
organizini and exlressing information about risks tha! are n9!
su6ject tidirect obt.*uiion and measurement, but which stiil
may pose a threat to human health or the environment.

Congress has addressed the regulation of potentially harm-
ful substances in a multitude of statutes, which delegate the reg-
ulatory rcsponsibilities to a number of federal agencies. Yet,
none of these statutes specifically provides for "risk assessment."
Neverthelcss, the risk assessment process has become the basis

for determining how potentially hazardous substances should be
regulated.

Authority for risk assessment comes, implicitly, from the
provisione of various statutes that mandate the regulation of sub:

1. The tcrrns, "toxicity" and "hazard," are also commonly used in the field of risk
assessment. Toxicity is an inherent property of any substarice and simply refers to the

ability ofa subetance to cause an adverse effect ifgiven in a large enough dose' The term
*haz.ard- merns the capacity of a substance to cause a particular adverse efect.

2. D.J. Prustenbach, A Sumey of Heakh Risk Assessment, in T'lE. RISK ASSESSMENT

Or ENvrnoxxexrel HazenDs 27 (D. J. Paustcnbach ed., 1989).
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stances posing a significant risk to human health or the environ-
ment.3 In determining that a significant risk exists, there must
necessarily be an assessment of the risk of harm to the exposed
individuals or resources. Over time, the process of risk assess-
ment has evolved to address this necessity.4 For example, the
Environmental Protection Agency (EPA), before taking enforce-
ment action against parties responsible for a hazardous waste
site, must make a legal determination that a substantial endan-
germent to public health or the environment exists as a result of
conditions at the site. To satisfy this legal necessity, an endan-
germent assessment is made using general risk assessment proce-
dures.5 There is, however, no uniform risk assessment
methodology in the federal government. Differing approaches to
risk assessment make it difficult for parties affected by regulatory
decisions to determine the extent of their responsibility as well as
their potential liability.

Risk assessment has also become the subject of heated
debate. Some argue that the assumptions it uses are too con-
servative, resulting in the setting of levels of exposure to certain
contaminants at an unrealistically low level. Others argue that
there are so many unknowns in the risk assessment process that
extremely conservative assumptions are necessary, if only to pro-
tect human health and the environment. A need for a consistent

3. Various statutes articulate the issue in different ways. For example, under $ 109 of
the Clean Air Act, EPA is to establish the highest level of various air pollutants that will
not harm human health and set air quality standards at or bclow that level. 42 U.S.C.
$ 7409 (1988). Additionally, these statutes often have emergency provisions for dealing
with hazardous releases that pose an imminent and substantial endangerment to human
health and the environment. Section 7003 ofthe Resource Conservation and Recovery Act
(RCRA) gives EPA authority to pursue civil actions or issue administrative orders as
necessary to protect health and the environment "upon receipt ofevidence that the past or
present handling, storage, treatment, transportation or disposal of any solid waste or
hazardous waste may present an imminent and substantial endangerment to health or the
environment . . . ." 42 U.S.C. 6973.

4. Federal regulatory actions are in fact based on two distinct processes; risk
assessment and risk management. According to the definitions developed by the National
Academy of Sciences, risk assessment is the charapteization of the probability of
potentially adverse efects from exposures to environmental hazards, while risk
management is the process of evaluating alternative regulatory actions and selecting among
them. The risk management process is guided by risk assessment information and by other
considerations. CoMMrrreB oN THE lNsttturroNel MEANs FoR AssEssMENT oF RIsKs
ro Pugtrc HEALTH, Nettoxer AcaoeMy or ScteNces, RrsK AssEssMENT IN THE
Fepenar GovBnNueNr: MaNacrNc rHs Pn@Ess 18-19 (1983)[hereinafter NAS].

5. ENvTRoNMENTAL PRorEcrroN Acercy. I Penr A Rrsr Assr,ssurNr
GurnaxcB Fon SupsnruND, HUMAN HeA,r-rH EvlrueuoN MANUAL 2-9 (1989)

[hereinafter RAGS].
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methodology that can be used by the regulated community to
predict agency response to their activities does exist, and several
iuggestions to that efect have reccntly been made.6

However, even in the absence of such uniformity, there are
many risk assessment principles that are regulary used. The
purpose of this article is to present, in nontechnical language'
some of these principles for those who must deal with various
types of risk assessments. A simplified form of risk assessment'
the recently revised lJrarard Ranking System (HRS) for scoring
Superfund sites under the Comprehensive Environmental
Response, Compensation and Liability Act of 1980 (CER-
CLA),? will be used to provide examples of how some risk
assessment decisions are made.

II. A Brrsn Hrstonv oF THE Rrsr AssnssMENT Pnocesss

The Food and Drug Administration (FDA) was the first
government agency to formally incorporate risk assessment into
regulatory decisionmaking. Risk assessment is used by the FDA
as a basis for regulating substances added to or contaminating
food. In 1958, Congress passed an amendment to the Federal
Food, Drug and Cosmetic Act that has become known as the
Delaney Clause. The Delaney Clause prohibits human or

6. Frprler Focus lxc., Towlnp Couuorq MsAsurEs: RrcouuBxplrroxs ron
A PREsrDENTrrL Exscuflve Onpen ON Envlnoruexrer Rrsx ASSESSMENT AND

R$r Mexnocvnxr Portcv 10348 (1991).

7. 42 U.S.C. $S 960l-7s (re88).

8. It stnrld be pointed out, at this juncture, that most of the discussion about the
history of risl csessment deals with how 

"*ious 
agencies have dealt with the treatment of

substances wbch may be carcinogens, even though risk assesernent principles are also used

to regulate rncarcinogens. The basic reason for this is that regulatory agencies have

traditionally looked at noncarcinogens differantly than carcinogens aod have regUlated

them on the numption that there was a threrhold for their efects. According to the
regulators, o53 tle threshold was identified, by the use of experimentally derived no'
observed+fea cxposure levels, the permissible lcvel of exposure (ie. acceptable intakes),
could be set bdow that tlreshold, using some criterion for a "margin of safety," and that
exposure levd would, by definition, not be harnful. See NAS, supra rniote 4, at 52'53.
Thus, for exople, the Federal Food, Drug and Cosmetic Act provides:

In dctcrmining . . . whether a proposed use of a food additive [which is non-
carcinogrnic] is safe, the Secretary shall consider. . .

(A) The probable consumption of the rdditive . ' . .

(B) The cumulative effect of such additive in the diet of man or animals . . . .

(C) Safety factors which in the opinion of experts are generally

recognid as appropriate for the use of animal experimentation'

2l U.s.c. $ 3a{c[5) (1e88).
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animal carcinogens in food additives.e ln 1962, the Act was
amended again to allow the use of substances like diethyl-
stilbesterol (DES) as food animal growth promoters, so long as
"no residue" of the substance remained in the animal product
intended for human consumption.ro Yet, it soon becarne appar-
ent that there was no such thing as "no residue." Even if it
could not be measured, the residue remained, and as analytic
measurement techniques continued to improve, the residue even
became measurable. The FDA, therefore, interpreted the "DES
Proviso" to mean that no residue could be permitted above a
level posing "no significant increased risk of cancer in
humans."ll

Using a risk assessment methodology published in 1961, the
FDA proposed that a lifetime carcinogenic risk of an extremely
low number was acceptable. That number was originally one
excess cancer case in one hundred million people. This proposal
"established the notion that some very low level of cancer risk
would not pose a significant public health threat."tz Although
the maximum acceptable lifetime risk was later increased to one
in one million ana the risk assessment methodology was
updated, risk assessment became firmly lodged as a regulatory
tool of the FDA. Today, the FDA's position has evolved to the
standard that a carcinogen can be considered safe as long as
exposure to it is restricted to levels posing insignificant risks.l3

Another important milestone in the adoption of risk assess-
ment principles for use in federal regulatory decisions ocurred
when the United States Supreme Court ruled on the validity of
the Occupational Safety and Health Administration's (OSHA)

9. 2l U.S.C. $ 3a8(cX3XA). The Delaney Clause provides: "no additive shall be
deemed to be safe if it is found to induce cancer when ingested by man or animal . . . ."

lO. Id, That section provides, in pertinent part:

[T]his proviso shall not apply with respect to the use of a substance as an
ingredient of feed for animals which are raised for food production, if the
Secretary finds. . . that no residue ofthe additive will be found . . . in any edible
portion ofsuch animal after slaughter or in any food yielded by or derived from
the living animal.
ll. NATIoNAT- RessA,ncH CouNcrr, RecurerrNc Pesrrcrpes w Foop: Tsr,

DeraNny PARADoX 38 (1987).
12. Joseph V. Rodricks, Origins of Risk Assessment in Food Safety Decision Making,

J. Au. C. Toxlcol-ocy 541 (1988).
I 3. However, in a recent case involving color additives, which are subject to the "zero

risk" requirement of the Delaney Clause, the court rejected the FDA's argument that
insignificant risks were the practical equivalent of Congress' zero risk mandate. Public
Citizen v. Young, 831 F.2d ll08 (D.C. Cir. 1987), cert den. sub nom., Cosmetic, Toiletry
and Fragrance Assn. v. Public Citizen, 485 U.S. 1006 (1988).
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effort to lower the permissible exposure limit to benzene in the
workplace.ta OSHA is the federal agenc], -wit_\ thlnrimaV
responsibility for assuring worker safety and hea!!._fu &cu-
pafional $afety and Health Actl5 provides that OSHA may set

safety and health standards. With respect to toxic substanses,

OSHA spocifically provides:

The Secretary, in promulgating standards dealing with toxic
materiels . . 

-. 
shafl set tfie standard which most adequately

''assures,, to the extent feasible, on the basis of the best avdilable
evidence, that no employee will suffer material impairment of
health or functional capacity even if such employee has regular
exposure to the haz.ard dealt with by such standard for the
period of his working life.r6

When OSHA revised the benzene standard,u it did not use

risk assescment principles. Instead, the Agency stated that the
section of the ,q,"t qdt.d aUove ttq"it"A ii to iet this standard
either at a level demonstrated to be safe, or at the lowest level
that was technologically fasible, whichever was higher. Since
OSHA acknowledged benzene as a human carcinogen; and ginc€

OSHA's position regarding carcinogens was that there wS nq
level of a carcinogen that did not present some increased risk of
cancer,ls OSHA concluded that there was no safe level of expo-
sure to bcozene. Therefore, the permissible exposure level nust
be zero, unless that level was not feasible. As OSHA found a
standard of zero was, in fact, not feasible, it set the standard pt

the lowet feasible value, one part per million.te
The Supreme Court rejected this approach. Th9_Qo$ hgld

that anothei section of the Occupational Safety and Health Act
provides that standards must be "reasonably necessary or apprg--
priate to provide safe or healthful employment and places of

14. Indn. Union Dep't., AFL-CIO v. Am. Petroleum Inst.,448 U.S. 6€'7 (1980)'

15. 29 U.S.C. $ 651-78 (1e88).

16. rd. c 655(bx5).
17. Thc rcvised standard, among other things, lowered the permissible exposure limit

to benzene frcrn l0 part per million, to I part per million, on an 8 hour time weighted

average (TWA) basis. 29 C.F.R. $ 1910.1028(c) (1979).

tt. "enlougtr these [benzene] studies, for the most part involve high exposure levels,

it is OSHA'r view that once the carcinogenicity of a substance has been established

qualitatively, rny exposure must be considered to be attended by risk when considerhg Any
given popul*ion. OSHA therefore believes that occupational exposure to benzene at low
te*tr por"s I carcinogenic risk to workers." Occupational Exposure to Bonzene' 43 Fed.

Reg. 5918, 5932 (1978).

19. Indu. Union Dep't., AFL-CIO v' Am. Petroleum Inst., 448 U.S. @7,634'37
(re80).

51
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employment."nTherefore, the Act requires, before any standard
is promulgated, a determination that a "significant risk" exists
and that the proposed standard will reduce that risk.2r The
Court's description of what amounts to a "significant risk" has
been embraced by numerous federal agencies:

First, the requirement that a "significant" risk be identi-
fied is not a mathematical straitjacket. It is the Agency's
responsibility to determine, in the first instance, what it consid-
ers to be a "significant" risk. Some risks are plainly acceptable
and others are plainly unacceptable. Ifl for example, the odds
are one in a billion that a person will die from cancer by taking
a drink of chlorinated water, the risk clearly could not be con-
sidered significant. On the other hand, if the odds are one in a
thousand that regular inhalation of gasoline vapors thatare2Vo
benzene will be fatal, a reasonable person might well consider
the risk significant and take appropriate steps to decrease or
eliminateit....

Second, OSHA is not required to support its finding that a
significant risk exists with anything approaching scientific cer-
tainty. Although the Agency's findings must be supported by
substantial evidence, 29 U.S.C. g 655(0, $ 6(bX5) specifically
allows the Secretary to regulate on the basis of the "best avail-
able evidence." As several Courts of Appeals have held, this
provision requires a reviewing court to give OSHA some lee-
way where its findings must be made on the frontiers of scien-
tific knowledge. Thus, so long as they are supported by a body
of reputable scientific thought, the Agency is free to use con-
servative assumptions in interpreting the data with respect to
carcinogens, risking error on the side ofoverprotection rather
than underprotection.22

The Supreme Court also noted that, in determining whether
a particular level of risk was "significant," the Agency could use
such methods as "dose-response curves," even when the levels of
exposure were below the doses associated with adverse effects.23

While the FDA essentially arrived at the conclusion that,
except for cases which fell squarely within the Delaney Clause, it
would not regulate a substance in the absence of a significant

20. 2e u.s.c. $ 652(8).
21. Industial Union Dep't.,,148 U.S. at 642.
22. Id. at 655-56. In an accompanying footnote, the Court stated, "while the agency

must support its finding that a certain level of risk exists by substantial evidence, we
recognize that its determination that a particular level of risk is 'significant'will be based
largely on policy considerations." Id. at 655-56, n.62.

23. Id. at 656 n.63, 657 n.64.
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24. Id.
25. NAS, supm nota4, at 57-58.

26. Hedth Risk and Economic Impact Arsessments of Suspected Carcinogens, 4l
Fed. Reg. 2l&2, 21404 (1976). ,See also, NAS, supra note 4, at 57-58.

27. 7 U.S.C. $ l36a(CX5XC) (Supp. I 1990) provides that a pesticide mav bc

registered if, among other things, "it will perform its intended function without
unreasonable tdverse efects on the environment.- 40 C.F'R. $ 162.1I(lXiXF), (iiXF) and

(iii)(D) (1987) provide that exposure to the pesticide must not have "adverse efects on the
physiology . . . of nontarget organisms." With limited exceptions, unregistered pestieides

may not be dbtributed, sold, shipped or received. 7 U.S.C. $ l36a(a) (1988).

53

risk of hatrm, the Supreme Court held that regulation could not
occllr unkss there is a significant risk of harm, at least in the
context of the OccupatioiA Saftty and Health Act's $tatutory
language.x Although statutory language varies considerably,
most agetrcies' regulatory mandates adopt this rationale, and the
agencies use risk assessment principles to gurde that
determination.

EPA's first foray into risk asscssment took place as a conse-
quence of its analysis of several pesticides in the 1970s. As a
result of the testimony of expert witnesses in the administrative
hearing @ncerning the pesticides, attorneys for ETA set forth
what ierc referredto as "cancer principles," conveying the idea
that the only acceptable degree of regulation would be a total
ban on erposures to the pesticides. In response to the criticism
from the ccientific community, the private s@tor, and Congress
on this zcro-risk standard for a lrrrge number of economioally
important chemicals, the Agency adopted forqal guidelines
embracing a two-step process of risk assessment. Indeed, b.y so

doing, EPA became the first federal agency to adopt formal risk
assessmert guidelines.2s In those guidelines, the Agency first
determinod whether a particular substance constituted a cancer
risk (hazerd identification) and then made a determination
whether regulatory action should be taken to reduce that risk.
As part of itris process, the Agency explicitly endorsed the useof
quantitative riJk assessment as the method of determining the
extent of the impact of a potential human carcinogen on public
health.26

EPA engages in risk assessment in regulating the myria'd
hazardous substances falling under its jurisdiction. Risk as€€ss-

ment methods are dictated by the wording of various statutory
mandateg. For example, under the Federal Insecticide, Fungi-
cide, and Rodenticide Act (FIFRA), EPA is required to perform
a risk/baefit analysis in regulating carcinogenic pesticides.2T It
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appears in most FIFRA cases that EPA has used a lifetime can-
cer risk of one in one million as a guide to significant risk
decisions.28

Section ll2 of the Clean Air Act provides for the promul-
gation of National Emissions Standards for Hazardous Air Pol-
lutants.2e In assessing the risk from these hazards, EPA looks to
two estimates, individual risk and population impact, to deter-
mine the overall health risk from hazardous air pollutants. Gen-
erally, the maximum cancer risk found to be insignificant by
EPA is one in one hundred thousand over an average lifetime of
seventy years of exposure.3o

EPA's interpretation of the Safe Drinking Water Act3r pro-
vides for a zero exposure goal for carcinogens in drinking water.
Therefore, EPA's Drinking Water Office rejects as unsafe, at
least in principle, any risk of carcinogenesis. In reality, however,
technical limitations have forced EPA to accept carcinogen con-
tamination limits greater than zero. As a result, the Agency has
proposed Maximum Contaminant Levels (MCL) based on con-
sideration of technical feasibility. MCLs are to be reduced
whenever it becomes technically feasible to do so. Thus, this
notion rejects any use of risk assessment beyond the hazard iden-
tification stage, because any release of a carcinogenic chemical
into drinking water would pose an unacceptable risk.32

No clear standard has emerged regarding cleanup of
Superfund sites under CERCLA. EPA generally seeks cleanup
levels that achieve a residual risk between one in ten thousand
and one in one million for carcinogenic contaminants at
Superfund sites.33 However, "[d]ecisions on cleanup goals at
most Superfund sites appear to be based in part on risk analysis,
but the magnitude of risk reduction achieved at Superfund sites
as a function of cost is not readily identifiable from agency deci-
sion documents."3a

As a consequence of the divergent risk assessment practices
among the various regulatory agencies, the National Academy

28. Joseph V. Rodricks et al., Signifcant Risk Decisions in Federal Regulatory
Agencies, T RBc. Toxrc & PHenu. 307, 310 (1987).

2e. 42V.5.C. $ 7412 (dxl) (1e88).
30. Rodricks et al., supra note 28, at 312.
31. Id. at 316.
32. Id. at 316.
33. 40 C.F.R. Pt. 300 National Oil and Hazardous Substances Pollution Contingency

Plan (1990).
34. Rodricks et al., supra note 28, at 312.
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of Sciences (NAS) was authorized by Congress3s to assess the
merits of scparating the "analytic functions" in developing risk
assessmentg from the "regulatory functions," to consider the fea-
sibility of cstablishing a "single organization to do risk assess-

ments for all regulatory agencies," and to consider "the
feasibility of developing uniform risk assessment guidelines for
use by ail regulatory agencies."36

The NAS's finding was that a standardized risk as$es.sment
procedure using uniform guidelines would be benefcialrto rogu-
latory agencies. Along with the problem of divergent standarde
and procedures among the various agencies, the Committee
found other difrculties in the risk assessment process. It con'
cluded thrt clear definitions of the terms "significant'? and
"insignificrnt" risk had not been established by any consistent
analytic approach, despite the wide usage of the terms. The
problem of uncertainty, caused by a lack of scientific data on the
extent of cxposure or health effects associated with ctemical
agents, terded to make conclusions based on direct evidence of a
threat to human health rare. In most cases, agencies simply
noted that the predicted risks were likely upper limits and that
the actual risks may be lower. Other problems included deter-
mining the proper background risk against which the potentially
harmftrl atpnt should be compare4 and determinfng whcther
significant risk decisions should relate to individuals, the lar.ger
populatioq or both.37

III. Pnrxctrres or Rrsr AssessueNr

A. Introduction

Althotrgh many of the NAS's recommendations have not
been implerrented, one of the very useful things the NAS Com-
mittee accomplished was to define the process of risk assess-
ment, so that a standardized language and approach could begin
to be used. According to the Committee, there are four steps in
every complete risk assessment: hazard identification, dose-
response modeling, exposure assessment, and risk characteiza-
tion. Thesc terms have been defined as follows:

35. Appropriations - Agriculture, Rural Development, and Relatd Agencies
Program - Fiso.l Year 1981, Pub. L. No. 96528, 9l Stat. 3095 (1980);.ree a/so NAS,.tizpfq
note 4, at letter of transmittd, 3/l/83.

36. NAS, supra note 4, at 2.

37. ENvnoN. Conr., ELelreNTs or Toxrcolocy AND CuElarcar Rrsx
Assrssurxr 6l-62 (Rev. ed. July 1988).



56 TULANE ENVIRONMENTAL LAW JOURNAL [Vol. 5

Hazard identification - this is the process of determining
whether human exposure to an agent could cause an increase in
the incidence of an adverse health effect or whether by expo-
sure, a nonhuman receptor, e.9., birds, fish or other wildlife,
might be adversely affected. In other words, hazard identifica-
tion involves characteizing the nature and extent of the evi
dence of causation.

Dose-response assessment - this process charactenzes the
relation between the dose of an administered agent and the
incidence ofthe adverse health effect in the exposed population
and estimates the incidence of the effect as a function of expo-
sure to the agent. Factors such as intensity and age pattern of
exposure, gender and lifestyle are considered. The estimation
of the magnitude of the risk associated with thehazard usually
requires extrapolation from high to low doses and extrapola-
tion from animals to humans, or to another species of animal.
A determination is then made of the relation between the mag-
nitude of the exposure and the probability of occurrence of the
health effect in question. Dose-response relations may vary,
depending on the conditions of exposure - for example, the
form of the chemical, the particle size, or the dose rate. The
dose-response assessment should describe and justify the
method of extrapolation and should charactenr-e the statistical
and biological uncertainties of those methods.3s

Exposure assessment - this step measures the intensity, fre-
quency, and duration of human or animal exposure to an agent
in the environment or estimates hypothetical exposures that
may arise. Some very complete exposure assessments describe
the magnitude, duration, schedule, and route of exposure; the
size, nature and classes of human, animal, aquatic or wildlife
populations exposed, and the uncertainties of all the estimates.
Theoretically, the exposure assessment can be used to identify
feasible prospective control options and predict the effects of
available control technologies for controlling or limiting
exposure.

Risk characteization - this process estimates the incidence
of a health effect under various conditions of human or animal
exposure. It is performed by combining the dose-response
assessment and the exposure assessment. A summary of the
uncertainties of the steps should be included at this stage and
the issues dealing with groups with different exposures or spe-
cial sensitivities should be dealt with.3e

38. This aspect of dose-response assessment is frequently ignored or deemphasized in
risk assessments.

39. NAS, supra note 4, at l9-?-O; see also Paustenbach, supra note 3, at 3O,32.
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In simple terms, assessment of health hazards posed by
workplaces, hazardous waste sites, air, water, soil, or food pollu-
tants, is depcndent on the potency ofthe agent and the level of
exposure.€ Each of these aspects of risk assessment wiil be dis-
cussed belmr.

B. Hazardldentification

The hezards of chemicals or physical agents have tradition-
ally been evaluated in two ways: laboratory studies of toxicity
and epidemiological studies of human populations.ar Because
epidemiology studies humans, the information gained from these
studies is often said to be more useful for determining whether a
substance is potentially hazardous than is the information
gained from animal studies. However, epidemiological studies
have a number of shortcomings as well. Some of the shortcom-
ings of epidcmiology include:

1. Study results may not be consistcnt: that is, the result may
not be able to be replicated, or different investigative
approachcs may not produce similar results.
2. Therc may be an association between an agent and an
effect, but that association may not be very strong.a2
3. Therp may be no temporal relationship (ie., the presumed
cause mly not precede the alleged cfect).
4. The results may just not be biologically plausible.
5. Therc may be positive bias.a3
6. Therc may be positive confounding.e
7. The rssociation may be due to chance alone. Statistical
techniqucs that establish "statistical significance," are impor-
tant here, but not conclusive.

zt0. Paustolbach, supra note2, a|29.
41, SmB X)nNxrNc Weren CoMM., NAT'L AcADEuy or ScrBrcns, I DnrNxrxc

iWeren aNo ftrtrrrH 19 (1977) [hereinafter I DrrxxINc Waren nxo Hr^lrlrr].
t 42. The stnngth of an association may be expressed in terms of relative risk or an
odds ratio. Mary scientists argue that an odds ratio of less than 2 (e.g. ,4 cases expected, 8

found), or 3 (e.g, l0 cases expected, 30 seen) are not ofmuch significance.
43. Positirc bias means that factors in the dcdgn or the execution ofthe study lead

erroneously to . more strongly positive association between an agert and disease than, in
f,act, exists. An example of positive bias in a casc control study would be more nearly
icomplete ascertrinment of exposure to the agent in the cases studied than in the controls,
A,n example of pcitive bias in a cohort study would be nearly complete detotion of cancer
in individuals eryoeed to the agent than in individuals not exposed to the agent.

,14. Confornding refers to the extraneous iniuence of factors, other than the one
$ought to be msured, in the association with thc risk of disease. Pocitive confounding
refers to the sluation in which the association between the agent and the disease is
rendered more $rongly positive than it really ig as a result ofan association between the
agent and anotLcr agent which either causes or prcvents the disease.
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8. There may be a strong, statistically significant association,
but the data may not show a dose-response relationship.a5

In addition to problems associated with epidemiologic stud-
ies in general, there are also problems associated with "case-con-
trol" (retrospective) and "cohort" ftrrospective) studies. In case-
control studies,6 for example, the subject's recall of earlier
events may be distorted by knowledge of the disease; controls
may be poorly selected; there may be a lack of information,
either by lack of recall or loss of,records.aT

In light of these problems with epidemiology, many scien-
tists have advocated the use of laboratory animals as a way to
test substances for their hazardous qualities. These scientists
point to the very long experience with testing noncarcinogenic
chemicals on animals. They also note that, with respect to can-
cer, a very large percentage of chemicals that are said to be
human carcinogens also cause cancer in some species of labora-
tory animals. In addition, laboratory animal experiments are
performed on genetically similar animals, under standardized
conditions, with environmental factors controlled, and with the
only difference between animal groups being the actual exposure
to the agent being tested.a8 According to its supporters, animal
testing provides reasonably precise and reproducible information
about the toxicity of a particular substance.ae Indeed some
scientists even argue that since humans are genetically diverse,
with susceptible, as well as resistant, individuals and are exposed

45. David Schottenfeld & Joanne F. Haas, Carcinogens in the Workplace, CA -

CANcER J. non Crrr*IcIeNs, May-June 1979, at 1441, Identification, Classification and
Regulation of Potential Occupational Carcinogens, 29 C.F.R. pt. 1990 (1980).

46. A case-control study is one in which the disease of interest is identified and a

population with that disease is selected and matched with another population which is
similar, in as many ways ns possible, to the study population, except that the control
population members do not have the disease.

47. Schottenfeld & Haas, supra note 45, at 148. See genemlly Junius C. McElveen,
Jr. and Pamela S. Eddy, Cancer and Toxic Substances: The Problem ofCausation and the
Use of Epidemiologt, 33 Crev. Sr. L. Rrv. 29 (1984-85) (generally discussing
epidemiology and the problems of causation, in the legal sense).

48. The inference that humans and animals (mammals) are similar, on average, in
intrinsic susceptibility to toxic chemicals and that data from animals can, in many cases, be
used as a surrogate for data from animals is the basic premise of modern toxicology.
RAGS, supra note 5, at 7-5,

49. I DnrNrrNG Wlren lNp HBerrn, supra note 41, at 3O1' see a/so Serr
DnrNxrNc WATER Courvr., Nlr'r Aclpeuv or ScrsNces, 6 DntNrrNG WATER AND
HEALTH 4 (1986)[hereinafter 6 DnrNxrNG WATER lxp Heltrn] (staling, "[i]n the
absence of data on humans, therefore, convincing demonstration that a substance is
neurotoxic in a test animal can be regarded as evidence that the agent may be neurotoxic in
humans").
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to a wide variety of environmental conditions and substance,
animal testrng probably understates the efects of particular toxic
substances.so Furthermore, since large animals have so many
more cells, e disease such as cancer, which might be produced
infrequently by a chemical in a laboratory animal, would be
likely to occur far more frequently in humans.sr

There are also a wide variety of arguments, however, that
are advanced for not extrapolating the results of animal experi-
ments to man, or, if they are extrapolated, for assuming that the
incidence of disease in the animals is much higher than that
which would be expected to occur in humans. As one treatise
points out:

When a mouse or man is exposed to a chemical, a number
ofevents clo occlrr that can greatly influence the final reaction,
which may appear as the observed toxic effect. These events
include abeorption, distribution and storage; metabolism,
excretion rnd reabsorption; arrival at the site of action; reac-
tion with the biological receptor; and interaction with other
constituents of the environment . . . . Anatomical, biochemical,
physiologl;al, pharrracologlcal, and pathological differences
and similrrities can and have been identified . . . :?

Thus, some have argued that the doees given to these animals,
which are ur,ually the maximum tolerated dose53 (MTD), are so
high that thcy overwhelm the animals' normal mechanisms for
handling such substances. The MTDs are also said to represent
quantities of the test substance that are so high that humans
could never be exposed to such concentrations. Saccharin is a
frequent example of excessive concentrations. It is said that, in
order to consume as much saccharin as is needed to produce
tumors in animals, humans would be required to drink hundreds
of diet soft drinks a day.

There are obviously other differences between lab animals
and humans As the National Academy of Sciences onc€ noted:
"a mouse is not the equivalent of a very small man; nor is a man

50. I Dnwrrxc Waren AND HEALTH, supm note 41, at 31.
51. Id.
52. Id. at 8.
53. The Muimum Tolerated Dose is usually defined as the maximum dose the

animals can tolearte, over the course of the expcriment, without having an increased
incidence of deatt from causes other than the endpoint being investigated. That dose is
justified on the brsis that the difrerence in lifespans between men and lab animals
necessitates the ur ofthese very high doses for the lifetime ofthe animals, in order to try to
simulate the much longer human lifespan experience.
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the equivalent of a very large mouse."5a These differences range
from those that are solely due to size, such as the fact that blood
circulates twenty times as rapidly in a mouse than in a man and
that the cell division rate is much greater in a man than in a
mouse,5s to diferences in anatomy and metabolism. Some of
these differences, which need to be considered in determining
whether a human health hazard exists, are summarized below:

Environmental differences - nutritional differences and the
physical environment can affect the response to certain
substances.

Absorption - the ratio of surface area to volume in the gas-
trointestinal tract, and the transit time through it, often differ
among and within species. These factors affect absorption.
Also affecting absorption is pH, whether the animal or person
is a newborn, and whether there are particular types of bacteria
in the gut.

Distribution and storage - there can be diferences arnong
species with respect to the nature and extent to which foreign
substances bind to components of the blood, for transport, and
to tissues distant from the site of entry into the body.

Metabolic diferences - there are numerous interspecies
differences in the ways the liver, lung and kidneys (the major
metabolic organs) metabolize various chemicals.

Excretion and reabsorption - there are differences among
species in the rate of excretion and the organs used for
excretion.

Differences on receptor sites - anatomical differences, dif-
ferences in active-transport mechanisms, and differences in the
cellular and intercellular membranes among species may affect
the site of action of some of these chemicals.56

Procedural recommendations for animal testing also play a
significant role in the results obtained: (l) the route and type of
human exposure should be duplicated as closely as possible; (2)
more than one species of laboratory animal should be used; (3)
doses should be selected so that acute toxic effects are not pro'
duced, and little or no weight loss or life shortening of the ani-
mals occurs as the result of the dose; (4) design considerations,
such as the number of animals used, the species and strain
selected, the number and distribution of doses, all affect the

54.
55.
56.

I DnrNxrxc WerER eNo HrlLrn, supra note 41, at 31.
Id.
Id. at 32-34; see also 6 Dnrurwc WerBn AND HEALTH, supru note 49, at 264-

66.
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quality of the experiments; and (5) statistical considerations are
also important, such as whether, in cancer experiments, benign
tumors should be counted in determining if a statistically signifi-
cant differcace exists between control and test animals.5T

The authors of the 1977 National Academy of Sciences
Report on Drinking Water and Health felt that, despite the
problems vith extripolation of animal'data to hunrans, such
extrapolatinn can, and should, be done. The report also indi-
cates that rmall animals, which are routinely used for toxicity
testing, arc often more resistant to toxic compounds than man.
The impliction is thus that small animal's systems are likely to
produce a good many "false negative"58 results, which means
that consewative assumptions should be made when extrapolat-
ing animal data to humans.se The arguments rnade in favor of
laboratory animals being more likely to show an effect than
humans include: (1) thJgreater residence time of substances in
human tissues than in laboratory animal tissues, due to the more
rapid movcment of blood in lab animals (some drugs have been
shown to heve a greater effect, per unit dose, on a weight basis,
in humans tlan in test animals); (2) the larger numter of cell
divisions in man than in lab animals; (3) the genetic diversity of
man, and the concept of the "highly sensitive individual," whose
study necersarily includes the discipline of "pharmacokinetics,"
the study of the way substances, including toxins, are metabo-
lized and how that difers arnong individuals; (4) the wide vari-
ety of environmental conditions to which man is exposed,
including actions by other toxins, which may reduce the immune
response, or multiply the effect of the agent in question;* (5)
other souroes of varialion *itryl a species, such as gender, age,
pregnancy gtatus, and disease.6t

Despi& the NAS's position, however, there continues to be
a raging ddate over the usefulness of positive results in animals
as predictors of some human discases, such as cancer. For
example, Bruce Ames and his colleagues have recently written

57. I DnnrnNG WATER axo Hearru, supm note 41, at 31.
58. The Em 'false negative" means that a tcst did not find a positive result, but if,

for example, nuc test animals, or higher doses, were used, a positive result would occur
(ie., no effect rrs found, but one exists).

59. SAFE DgNxrxc Wnrsn Couu., Nar'r AceosMy oF ScIENcrs, 3 Dnrxrwc
WATER lxo HserrH 27 (1980) ftereinafter 3 Drtlxrxo Wlren exo HelrrHl.

60. Obviauly, there is atso the possibility that certain agents act antagonistically,
nullifying the *ct of each other.

61. I DnnxtNc WATER eNn Helrrn, suprv not'r 41, at 3l-32,35-36,

6t
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that the "near toxic doses" of test chemicals administered to ani-
mals cause cancer by virtue of the cell proliferation resulting
from the effort of the body to repair the chemically induced
damage and cell death.62 In other words, mitogenesis (cell
proliferation) increases the chance for mutagenesis (DNA dam-
age), which is a necessary step in the progress of most cancers.
Needless to say, this opinion is not universally shared.

Despite the shortcomings of epidemiology and toxicology,
other efforts to classify chemicals, such as reliance on mutagenic
changes or similarities between chemical structures, are even less
successful. Therefore, it is primarily on the basis of those two
disciplines that regulators determine whether a substance is
likely to present a human health hazard.

Thus, with respect to potential carcinogens, EPA and other
agencies have developed hierarchical systems for ranking sub-
stances in accordance with these studies. EPA's ranking system,
known as the "weight-of-evidence rating," is a classification sys-
tem for characteizing the evidence which supports the designa-
tion of a substance as a human carcinogen. Under the weight of
evidence rating: Group A substances are considered to be defi-
nite human carcinogens; Group Bl substances are considered
probable human carcinogens, based on some evidence of carci-
nogenicity in humans; Group B2 substances are considered
probable human carcinogens, based on sufficient evidence of car-
cinogenicity in animals; Group C substances are considered
possible human carcinogens,.based on limited evidence of carci-
nogenicity in animals.63

C. Dose-Response Relationships

1. Introduction

Once it is determined that a substance is a potential human
health hazard, an efort is made to determine the dose that is
likely to produce ahazardous effect. In order to understand the
general approach taken in this area, it is necessary to divide
potential hazards into three categories. First, there are sub-
stances that produce effects which disappear after exposure ends
(ie., reversible effects). Second, there are substances that pro-

62. Bruce W. Ames & Lois S. Gold, Too Many Rodent Carcinogens: Mitogenesis
Increases Mutagenesis, 249 ScIeNcn 970 (1990).

63. EPA, Guidelines for Carcinogen Risk Assessment, 5l Fed. Reg. 33,992, 33,996
(1e86).
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1 DTNKING WATER aND HEettH, supra note 41, at 26.
6 DuxrrNc Weren AND HEALTH, supm note 49, at 282,
I DrhrKINc WATER AND HEALTH, supra note 41, at 37.
Id,
rd.
Id. at 24; see also 6 DntNrlxc WerBn eNo HneLtH, supru note 49, at 258.
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duce irrerarsible effects, but the efect does not progress after
exposure ccases (e.g., cell killing effects). Third, there are sub-
stances thrt produce irreversible effects which may progress
after expcure ceases (e.g., cancer).e The first two of these
groups have traditionally been thought to have thresholds below
which adverse effects would not @cur. The third group has

been assumed not to have a threshold,Ge., ther.e is,no dose

below whbh an effect could not occur).65

2. Threshold Substances

With respect to substances that cause reversible efects, and,
historically, with respect to substances that caused irreversible,
noncancenous efects, the assumption has been that there is a
threshold below which adverse effects will not occur. As the
National Academy of Sciences said in 1977:

Many ef,ccts have thresholds . . . . The curves are sigmoid, and
below a particular dose there is zcro probability of producing
the effct, because it requires many independent occurlences
and will not occur until the number of such events exceeds
some critical value.6

In other words, a diagnosable injury will not occur unless and
until the number of cells killed exceed the number, of cells criti-
cal to the functioning of the organ or tissue. The dose that kills
less than that number of cells has traditionally been considered a
"saI:e" dorc.67 Thus, even if taking one hundred aspirin tablets
were to result in a one hundred pcrcent mortality rate, taking
one aspirin does not result in a one percent chance of dyrng.s

The rpproach of regulators has been to try to demonstrate
the threshol-d for the adverse effect. This was generally done by
determining the highest dose at which no adverse efect was
noted. Once the "no observed adverse efect level" (NOAEL)69
had been dcmonstrated, certain "safety factors" were applied to
that dose level depending on the adequacy ofthe data, so that an
adequate "margin of safety" could G said to exist. As a rule, if
humln elidemiology were available to establish the NOAEL, no
"safety fastorsn' would be applied because, presuma-bly, the dose

&.
65.
66.
67.
68.
69.
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at which no adverse effects would occur in humans was known.
If animal test results were used to establish the NOAEL, several
"safety factors" might be considered for use. First, a factor of
ten would generally be applied for the extrapolation from ani-
mals to humans, on the theory that animals might be more resis-
tant to the toxic effects of the chemical than humans. Second,
another factor of ten would generally be applied to account for
differential sensitivities in the human population.To This one-
hundred fold "safety factor" would be applied to the highest
NOAEL dose measured in animal studies. The first regulatory
area in which this approach was used was that of food additives.
Thus, the term that came to be used for the acceptable dose was
the Acceptable Daily Intake (ADI).?I In more recent years,
ADI has been replaced by the term Reference Dose (RfD).
However, the way of calculating it has remained the same.

Before discussing carcinogens, a word needs to be said
about substances which produce irreversible effects that do not
progress after exposure ceases. The traditional approach to reg-
ulation of these substances has been the "threshold" approach.
In recent years, however, as biochemical research has increased,
some have argued that increasingly lower doses of these sub-
stances are producing unacceptable effects. They argue that
chemicals producing irreversible changes, such as cell death or
enzyme inhibition, should be presumed to be "non-threshold"
occurrences. This presumption should hold unless the mecha-
nism of injury is understood, and a clear threshold can be estab-
lished.72 Lead is a good example of this change in thinking.
Traditionally, lead had been considered a "threshold" substance;
however, although this is still an area of heated debate in the
scientific community, EPA has recently announced that it will
consider lead to be a substance for which no threshold exists.73

70. 3 DnrNrrxc We'rrn eNo HEarru, supm note 59, at 28, 30.
71. Id. at 3O.

72. C. S. Weil, Starrsrics v* Safety Features and Scientific Judgement in the
Evaluation of Safety for Man,2l Toxcorocy eNo Appr-rep PHlnulcorocv 45463
(re72).

73. See 55 Feo. REG. 26,460, 26,467 (1991) (to be codified at ,lO C.F.R. pts. l4l,
142). I-er'd is a little unusual, in that, at very high doses, it is reported to cause cancer in
laboratory animals. However, it is generally agreed that the neurological efects of lead
occur at lower doses than would cause cancer. Therefore. the noncancer effects of lead
always drive the risk assessments.
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3. Non-Threshold Substances

This brings us to substances that pose the risk of causing
cancer. The issue of whether a "threshold" exists for carcino-
genesis is r controversial one. Thoce who argue for a threshold
say it is irconceivable that very small concentrations can cause
cancer. They argue that the body's defenses are capable ofpro-
tecting agrinst cancer; the substance might be detoxified, DNA
repair might occur, or the mutated molecules might bo
destroyed by the body's immunological defenses.Ta Those who
argue against a threshold say that, if a change produced in a
single mohcule by a single unit of cxposure is capable of begin-
ning carcinogenesis, the substance in question canaot have a
threshold, no matter how unlikely it is that the single hit will
produce thc etrect. Furthermore, it is suspected that cancer is a
process thrt involves mutations of DNA in some way, and it is
known tht DNA mutations can occur after a single hit from a

carcinogen, such as ionizing radiation.Ts Indeed, studies show
that peoph who have a decreased ability to repair DNA have a
much highcr risk of some cancers than other groupsof people.
Therefore, in the absence of an undcrstanding of the mechanism
of cancer, it is prudent to treat substances that may cause cancer
as if they have no thresholdT6 or as if there is no level of exposure
below which cancer cannot @cur. "This means," as the
National Academy of Sciences has said,

that thcre can be no totally "safe" level ofexposure to a partic'
ular carsinogen, nor can the term "mafgin of safety" have any
meaning. Any dose of a carcinogcn must be considered to be
associatcd with a risk, and even if the risk is vanishingly small,
it must be estimated.TT

Thercdore, using the nonthreshold approach, if the dose-
response curve is visualized as a curve on a graph, with the x-
axis reprecenting dose and the y-axis representing effect, the

74. Indur. Union Dept., AFL-CIO v. Am. Petroleum Inst.,'148 U'S' 607' 636 n.4l
(1980).

75. 1 DuxxrNc WATER eNo HBnr-tn, suPra nota 41, at 37, (*So far as is known,
any dose of inizing radiation, no matter how rurall, might gve rise to cbncer or to a
genetic efect in future generations"); see also, RAGS, supm nota 5, at 1G30.

The Suprrne Court noted in the benzene deision, as this case has become popularly

known, "therc are a number of scientists and ptrblic health specialists who subscribe to

[the] view . . . that a susceptible person may contract cancer from the abeorption ofeven
one molecule of a carcinogen like benzene." Industrial Union Dept, '148 U.S. at 636.

76. 6 Drxrrxc WetEn eND HEALTII, supra note 49, at 282.

77. I DrtxxrNc Weren eNu HeetrH, supla nota 41, at 39.

65
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curve will extend from the highest doses all the way through
zero dose, because there is no dose below which an effect will not
occur. This conclusion, however, provides only part of the
answer. Another major issue remains. That issue, the extrapo-
lation of data obtained at high doses, to the potential low dose
effect, afects the shape of the curye, though not its existence. It
can also have profound effects on risk assessments.Ts

Where epidemiological studies show an association between
an exposure and the occurrence ofa particular cancer, the expo-
sure dose is usually quite high. Similarly, animal experiments
often produce tumors only at very high doses. Therefore, in
order to estimate the probability of cancers occurring at lower
doses, it is necessary to make some assumptions about what the
shape of the dose-response curve will be at lower doses.Te There
have been a large number of suggestions about what the curve
should look like, based on various theories of how cancer is
caused. However, in the absence of any generally accepted
understanding of the mechanisms of carcinogenesis by the scien-
tific community, along with a lack of understanding of factors
such as sensitive subpopulations and the effect of interactions
with other materials, the assumption has been made for risk
assessment purposes that the most likely (maximum likelihood)
estimate of low dose efects is linear.

Obviously, however, even if a dose-response curve for a sub-
stance is linear, the steepness of the slope of the line has a lot to
do with how risky the substance is perceived to be. If the slope
of the line is very steep, that signifies that the efect is much
greater than the effect of a substance with a much more shallow
slope. Once the slope of this line has been calculated, the incre-
mentally increased response can be predicted. This incremental
increase in response is what EPA calls the slope factor, or the
Cancer Potency Factor, and that factor is used by the Agency to
assess the relative potency of suspect carcinogens.so

One more point needs to be made about dose-response
curves. Even if a line exists that purports to be the "maximum
likelihood" estimate of what the dose-response curve looks like

78. Another factor, the etrect ofthe fractionation ofdose, can also atrect the shape of
the curve, but that factor is not frequently examined in risk assessments.

79. I DRINKING WATER eNo HrerrH, supra note 41, at 283.
80. Once egain, it should be emphasized that these effects are not actually

demonstrable. They are just what risk assessors predict should occur, if all the assumptions
about low dose effect are true.
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81. 1 DuNxINc WlrsR eNo HEAI-rn, supra note 41, aL 48; see also 6 DRTNIaING

Weren axp HneI-rH, supra note 49, at 267.

67

at low dccs, there is a range of values within the ninety'five
percent cmfidence limits of the "maximum likelihood" estimate,
Thus, if pu want to be ninety-five percent sure that the dose-

response curve is accurately reflectcd, it is necessary to_ encom-
pasl a rarrye of values within which the estimate 9oul9 falt Tte
upper nirrty-five percent confidence level (ie., the level below
which, even with the vagaries of random sampling, ninety-five
percent of the population are statistically sure to fall in their
iesponse to a given dose) is the level some risk assessors believe
is appropriate- to use as the risk level against which people

should be protected.8t
The rlope created by this upper ninety-five percent confi-

dence level ii used by EPA as its Cancer Potency Factor. This,
of course, results in extremely conservative risk estimates.

D. Expwures

l. Introduction

The third step in the risk-assessment process consists of
determining the types of exposures that could put humans or
environmcnts in contact With potcntially hazardorrs materials.
Although an increasing amount of attention is being paid to the
effect of pollutants on natural resource$, the bulk of exposure
assessmerit has dealt with human health hazards. Thus, that
will be thc main focus of this discussion

The major exposure pathways for hazardous subsiances are
inhalation, ingestion, and dermal contact. Thus, most risk
assessments fiist look at the potential contamination of air,
water, food, and soil or dust. Obviously, once the sources of
potential cxposure have been identified, a second question must
Le answered-: What percentage of the substance is ap! to get into
the body and cause problems? The first of these questions is gen-

erally addressed byperforming a contaminant relEase analysis,
which examines the various ways that contaminants can be

released from their sources into the air, water, food, or soil, The
second qucstion is answered by perforrnance of a two'step evalu-
ation: (i) a contaminant fate analysis is performed, which con-
siders qucstions of transport, transformaiion, and..ultimate fate
of the contaminants; and (2) identification and characterization
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of potentially exposed populations is performed.82

2. Air
a. Contaminant Release

Obviously, since very few sites have air sampling locations
built in, either sampling must be done or assumptions have to be
made. In addition, when assessing potential future contamina-
tion, researchers must replace measurements of actual concen-
trations with models of possible results. Although these models
may use some measurements, they also rely on several assump-
tions. Thus, for example, the potential for air contamination
depends mainly on the emissions of fugitive soils or dusts and
the volitilization of contaminants. Emissions of soils depend on
wind speed, the roughness and cloddiness of the surface, the
moisture content of the surface soil, the kind and amount of sur-
face vegetative cover, the amount of soil surface, and the lay of
the land.83 To the extent measurements of each of these parame-
ters does not occur, assumptions must be made about them. For
example, the soil moisture content might be estimated, using
something called the Thornthwaite Precipitation-Evaporation
Index, and estimates of soil properties may need to be obtained
from general information about area soils.8a Releases of volitiles
depends on chemical properties, the depth and type of soil cover,
and the amount of exposed area.85

b. Contaminant Fate

The dose of a substance people actually receive depends on
the substance, how much is absorbed, and the extent of their
potential exposure. Potential exposure depends on the disper-
sion patterns of airborne materials and the concentration of con-
taminants in the airborne mixture.86 The concentration
depends, in part, on whether materials are transferred out of air
or are transformed. Transformation may occur, due to photoly-
sis (breakdown because of reactions with solar energy) and oxi-
dation (breakdown because of reactions with oxidents, like

82. U.S. EPA, Surrnruxp Exposuns AssesslreNT MeNuer. OSWER Drnrqrrve
9285.5-l I (1988) [hereinafter SEAM].

83. Id. at 12-13.
84. Id. at 13, tbl.2-2.
85. Id. at 23.
86. Id. at 42,45.
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ozone, in the atmospherQ.sT Computer models are available to
arnlyze thc atmospheric fate of many substances.

c. Populations

Risk rssessors are also interested in the size and characteris-
tics of the population potentially afrccted. The risk presented by
a substanoc at a site is diminished if very few people are poten'
tially expacd. Therefore, population . data must be gathered.

Assumptims must also be made about inhalation rates, contami-
nant corrccntrations, and the length of time exposure
continues.r

3. Water

Evaluation of potential exposure to contaminants that may
be waterborne generally considers two types of potential con-
tamination: grdundwaier and surface water. Similar types of
inquiries that are made about ur are also made regarding water.
The questions "what likelihood is there that substances will get

into the wtter?" and "what likelihood is there that substances

will get into the body?" are significant. That likelihood is deter-
minJA by measurements, whEre possible, and by assumptions,
where mercurements are not possible.

a. ContanrinantReleases

i. Surfaoe Water

Some of the factors that are considered in'attempting to
determine if a substance can get into surface water include: The
potential for soil to erode, the leachability of the material
through the soil, and the speed with which that movement
occurs. Those determinations are, in turn, dependent on a vari-
ety of factors having to do with the permeability of the soil an!
the extent to which tbehazardous substance can bind to materi-
als moving through that soil.

For el,ample, soil erosion is dependent on something called
the soil erodibility factor obtained from the Soil Consefvation
Service, the length and steepness ofthe slope ofthe ground, the
type and extent of soil cover, and storm runoffvolume and flow
rates.t" Tbe degree of soil/water partitioning expected for given

Id .t 56.
Id .t ll8,122.
Id..t22-23.

87.
88.
89.
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compounds is also calculated, using a variety of assumptions,
including the partition coefficient, the density of the soil, the
quantity of material, the water capaaty, and other factors.s

ii. Groundwater

For groundwater, factors atrecting contaminant release
include rainfall, percolation rate of the soil, the solubility of the
chemicals being studied, and the area being evaluated.el

b. Contaminant Fate

i. Surface Water

The fate of contaminants in surface water depends on sev-
eral factors. The first factor to be considered is the type of
waterbody, since flowing waterbodies, such as rivers and
streams, are viewed much differently than nonmoving waterbo-
dies, such as lakes and estuaries.e2 Second, the fate of contami-
nants depends on dilution potential. That potential, in turn, is
dependent on mixing zone characteristics, the nature and extent
of decay and removal processes, stream flow, and contaminant
release.e3

ii. Groundwater

The fate of contaminants in groundwater also depends on a
number of factors. The first step in groundwater contamination
modeling is to determine the nature, depth, extent, direction,
and velocity of flow of aquifers in the area of the contaminants.
This is not easy, and well logs, characteizations by the U.S.
Geologic Survey, and other sources of information need to be
consulted' 

the direction and velocity of contaminant migration
need to be determined, along with the contaminant concentra-
tion and volume.% It should be recalled that groundwater con-
tamination results when solid contaminants are liquified or
leached by rain or other precipitation. The liquid contaminants
then percolate into an aquifer, contaminating the groundwater.
The viscosity and density of liquid contaminants affect the rate

90.
91.
92.
93.
94.

Id. at 25.
Id. at 30.
Id. at 53.
Id. at 53-54.
Id. at 63.
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of migratbn. Finally, the migration rate is afected by the per-

meability of the soil through which the contaminant mlst move

i" t 
"*t 

tn" aquifer.e5 In-addition, as has teen noted for other

contaminUtts, transfornoation and retardation can occur' which

utr""t migfation rate by either preventing the.substances from
reachingihe aquifer oi postponing that arrival for a very long

time.e6

i. Surfacc Water

The potentially exposed populations include all those who

ur. ,"*ud by a waier supply ihat draws water from a c9'ntam1-

"uiJ *ot"r'roor"., u*i itiot. who may be exposed through
potential ingestion or dermal contact. Those who paV.b9
ilp"r.J Anrlugh ingestion or dermally) in recreatiglal activi-

ti&, such as sw]mmiirg or fishingr rnust also be considered.eT

ii. Groundwater

As in the case of surface water, if contaminated ground-

water is a supply of drinking water, the population using that
."ppfy:is poientially exposei. To the eitent that occur,q,. all
pop"txiqt^r identified as potentially exp9s4 to. surface or dr-ink-

inf water contamination should be included in the population

analysis.r

4. Soil/Dust

Soil and dust are rarely ingested deliberately' They are

ingested inadvertently, however, particllarly gy thifdren w"ho

arl at play, crawl around, or put their toys iq ttt il *9olh:
Thereforc, ih" ptes"ttce of hazardous substances in.soil and dust

is one which **t u" addressed in risk assessmenls. He1e, issges

include the measurement of contaminant levels to determine

how subotances might be transported to the soil or dust. Inter-
estingly, eome risk-assessment guidance, such as the superfund
fxpolsure Assessment Manual, 

-do not genTit the, estimation by

modeling of soil contamination. Instead, soil sampling and anal-

95.
96.
97.
98.

Id. rt 68,69.
Id. at 66,67.
Id at2,66,68,72,75.
Id.
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ysis are mandated.ee
On the issue of the dose which actually reaches target

grgans,-th9 questions include: How much soil or dust is actually
ingested, how much of the contaminant in the soil or dust gets
out of its matrix in the digestive tract, and how much crosseslhe
gut barrier. In addition, the size of the exposed populations and
the amount of time they are exposed to th; contim-inent need to
be considered.tm

5. Food

There are a number of ways that risk assessors assume haz-
ardous substances can get into food. In looking at this issue,
foods are generally divided into leaf crops (lettuce), roor crops
(potatoes), fruit crops (tomatoes), and animal life (hsh, poultry,
or livestock).

- First, the substances may be deposited on the surface of the
food. This can be accomplished by air deposition, for leaf or
fruit crops, or by soil deposition, for a root crop. Second, con-
tamination might be absorbed by the food item. bne such exam-
ple of absorption is the buildup of the pesticide DDT (a water-
unsoluble solid, used as an insecticide) in fish and other marine
organisms.lot Harm, such as the potential danger to birds and
other wildlife from eating contaminated fish,- small animals,
grasses' leaves or fruit, is often considered in this portion of the
risk assessment as well.

E. RiskCharacterization

Risk characterization is the process of estimating the occur-
rence of particular health effects resulting from the virious expo-
sure pathways discussed in the previous section. It is performed
by c_ombining the exposure and the dose-response asiessments.
As the expression of the risk derived at this siep will be used by
the regulators'when weighing the risks and the benefits of thl
hazardous substance, it is particularly important. At this step, it
is necessary to summarizethe uncertainti-es which have attended
the process. Issues to consider include statistical uncertainties,
biologic uncertainties, which dose-response and exposure assess-
ments should be used and why, and which population groups

99. Id at 31.
l00. Id. at l2O.
l0l. Id. at 93-94, ll9.
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should be evaluated and why.tot

IV. Tne Hazano RaNxINc SvsreM ron SupenFUND Srres

A. Intduction
To put some of these risk assessment congeptg into perspec-

tive, it migtrt be helpful to consider a nther simple approach t9
risk assdment recently promulgated by EPA: The revised

HazardRanking System (HRS). This is a simplified risk assess-

ment approach-because it is designed only t9 provi{e- relative
rankingJof hazardous waste sites that are being considered for
inclusi6n on the National Priorities List (NPL) of superfund
sites, undcr the Comprehensive Environmental Respolse, Com-
pensation and Liability Act of 1980 (CERCLA). fhe- HRS.is
besigned to be sort of a "quick and dirty' pProryh to the

assismeot of the potential hsks of a site. Thus, the relative
ranking can be acco-mplished in fairly short order and those.sites

that dJ present substantial potential hazards can then begin to
be subject to a more thorough risk assessment process. As has

been notod above, the essenJe of risk assessment is determining
the potercy of a substance and the possible levels of exposur.€,lo3

1.hii is besically what the revised HRS seeks to do. As will be

seen, the HRS tends to de-emphasize the characterization of
hazardsrnd the dose-response cilculations, by referring the user

to already developed EPA guidelines and regulations on permis-

sible levils of exposure to various chemicals. Generally, it onl{
considerr, for evaluation purposes, the most hazardous chemical
in a pathway, and it strongly emphasizes the possible exposur6
which rrtay occur at the sites.

B. History of the I/R,S

CERCLA provided, in Section 105,104 that the President
was to identify the four hundred hazardous waste sites in the

United States ihat .uttattted the highest priority for remedial
action. CERCLA also furnished some guidance on the factore
to be considered in prioritizing the sites. First, by requirinq.that
prioritiec be based on the relative risk to public lrealth' welf,are,

br the environment; and second, by mandating that certain fac-
tors be considered, as follows:

l02.
103.

104.

NAS, szpra note 4, at 20,28,33,36.
Prustenbach, supra note 2, at 29'
42 U.s.c. $ e605(aX8XB).
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The population at risk, the hazard potential of the hazardous
substances at such facilities, the potential of contamination of
drinking water supplies, the potential for direct human contact,
[and] the potential for destruction of sensitive ecosystems . . . .
t()5

EPA, to whom the President had delegated the duty to
identrfy those sites, obviously had to devise fway to rank iites
91 lt. degree of hazard they presented. Therefore, in July of
1982, the Agency promulgated a scoring system designed to
assess the actual threat of a release, or i potential reliase, of
hazardous substances from waste sites.r6 That system was
called the Hazard Ranking System. The HRS was published as
Appendix A to the National Contingency Plan (NCp),rot and it
was to be used to evaluate "the relative potential of uncontrolled
hazardous substance facilities to cause human health or safety
problems, or ecological or environmental damage."ros

The 1982 HRS assigned a score to a facility, based on three
"hazard pathways": (1) migration of hazardous substances
away from the facility by groundwater, (2) migration of those
substances by surface water, or (3) transfer ofthe substances off-
site by air.r@ while the threat of fire or explosion of hazardous
substances and direct contact with hazardous substances at the
facility were also evaluated to determine a need for emergency
action, those evaluations did not enter into the decision to place
the site on the NPL.11o

The score for each of these "hazard pathways" was
obtained by evaluating and assigning numerical values to a set of
factors characteizing the potential of the facility to cause harm
by.thpt pathway. These factors included such things as charac-
teristics of the site, attributes of the waste, ana people or
resources actually or potentially exposed. Those factor values

tos. 42 U.s.c. $ e6o5(a)(8)(A).
106. National oil and Hazardous substances contingency plar.,47 Fed. Reg. 3l,lge

31,187 (1982) (codified at ,{o0 C.F.R. pt. 300).
rc7' Q c.F.R. pt.300. The National contingency plan is a regulation, originally

promulgated pursuant to the Federal Water pollution Control Act of 1972 (Clean Water
Act)' which sets out guidelines and procedures for responding to releases and potential
releases of oil and hazardous substances.

108. 40 C.F.R. pt. 300, app. A, g 1.0.
ro9. Id.
ll0. Hazard Ranking System For Uncontrolled Hazardous Substances Releases;

Appendix A of the National oil and Hazardous substances contingency plan; proposed
Rule, 53 Fed. Reg. 51,962,52,w (1988) (codified at,f0 c.F.R. pt. 300) [hereinafter 

-I{RS,

Proposed Rulel.
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lll. 40 C.F.R' Pt. 300, aPP. A' $ 1.0.

ttz. Id"
ll3. HnS, Proposed Rule, 53 Fed. Reg' at 51'965'

, l 14. S.pertund Amendments and Reaulhorizatioi Lct of 1986, Pub. L. No. 99'499,

lOO Stat. 1613 (codified at 42 U.S.C. $$ 9601-7J)'

rts. 42 u.s.c. $ 9605 (c)(l).
116. 42 U.s.c. $$ 9605(aX8XA), (cX2).
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were then combined within three factor categories: -"likelihood
of release," "waste characteristics," and "tar!ets;',' aftel tlt I*
ues within a pathway were combined, they were then {iy*{ PV
the maximum possible score for that pathway and multiplied b:
one hundrcd.lll This formula put all scores oI a zeto to One

hundred rcale. The final HRS score was obtained by Sguaring

each of thc pathway scores, dividing by !he-1yq!e.r oipathways'
and taking the square root of that value.rl2 This_!'root mean

;A;;;' itcutati|t t"*J to emphasize th9 highest.scofrn*

;;fi"y. if a facility scored highei than 23.50, it was listed.on

in" NpL; according to EPA, tlis was not because such a cutoff
representod any unacceptable risk, bu! U*u*. it was, originally,

thi score abovl which ih"t. were at least four hundred sites.rl3

In 1986, CERCLA was amended by the Superfund Amend-

menrand Reauthorization Act of 1986 (SARA Amendmqrts).tto
These Amendments directed EPA to revise the HRS, to "assure

to the maximum extent feasible, that the harard ranking sy8t9ry

accurately assesses the relative degree of tit-k 19. luma?.tmalth
and the 

-cnvironment 
posed by Jites and facilities subject tq

review . . . .,,rr5 In furtherancl of the goal, Congress directed

EPA to consider several additional faitors in iis ranking of
hazards. Those factors included:

1. Arrcssment of the human health risks associated with con-

taminetion or possible contamination of surface waters

(directly, or as tie result of runoff). Recreational values and

ior.iUfi migration to downstream drinking water sources

should also be considered.
2. Arsessment of potential damage to natural resources that
might affect the food chain.
3. Assessment of potential contamination of the ambient

air. I l6

In addition to the SARA Amendments providing that sites

already wred under the old HRS would notPt t1Sgtqd accord-

i"g irit" r"* HdS, iequired revisions of the HRS to address

sit-es that contained'substantial amounts of certain types of
wastes regulated under the Resource conservation and Recov-
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ery Act, such as fly ash, bottom ash, slag wastes, and flue gas
emission control wastes. uT

. FPA published a notice of proposed rulemaking for HRS
revisions on December 23, l98g.rr8 After consideiing com-
ATtlt^{fA published the revised HRS on Decemder 14,
1990.tte The effective date of the new HRS was March 14,lggl.
The revised HRS evaluates four pathways: groundwater migra-
tion, surface water migration, air migratioi, and exposure to
soil. The groundwater and air pathways use iingle thrfat evalu-
ations:. peo-ple exposed or potentially ixposed tJ contamination
migrating from the site by those pathways. The soil exposure
pathway evaluates two threats: resident population and nearby
population. The surface water pathway ivaluates three threatj:
drinking water, human food chain, and environmental. Those
three threats are each evaluated for two separate migration fos-sibilities: overland, flood migration and grbundwatei to surface
water migration.r2o

^ Each pathway score is still based on combining the three
f19!or categories of the original HRS: "observed ielease" or
"likelihood of release," "waste characteristics," and ..targets."
Ftach palhway score it tE product of these three factor catego-
ries, divided by 82,500. The overall site score is still calcuhled
by computing the root mean square of all the pathways.r2r

with a few exceptions, evaluations of the 'iwaste iharacter-
istics" and "targets" categories are common to all pathways.
These two categories each- consist of a "potency" facior and a
"potential for exposure" factor. The "reliase" o-r "likelihood of
release" factors, which deal only with the "potential for expo-
!1t"" aspect of risk assessment, are evaluated for each pathway.
However, the criteria for an "observed release" are quite uol-
form throughout all pathways.

rr7. 42 U.S.c. gg 9605(c)(3), 9618,s62s.
ll8. HRS, Proposed Rule, 53 Fed. Reg. 51,962.

.^119. Hazafi Ranking System, Final Rule, 55 Fed. Reg. 51,532 (1990) (to be codified
at 4O CF.R. pt. 300) [hereinafter HRS, Final Rule].

l2O. Id. at 51,587, g 2.1.
r2l. Id. s2.r.r.
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122. CEnCLA hazardous subatances are those which are defined in Section l0l(14)
of CERCIA, 42 U.S.C. $ 9@l(14), and include a very broad range of sub6tssc€$

including thc designated-or listed as hazardous pursuant to several provisions of t'he

Cban .{r Act, the clean Water Act, the Rcsource Conservation and Recovery Act'

77

C. Waste Characteristics ' A Combination of Hazard
Identification, Dose'Response lssessment and
Poteniial Exposure Factors

l. Toxicity/Persistence/Bioaccumulation

As has been noted, the first step of any risk assessment is

the identification of substances thtt may be potentially hazard-

ous. In thc new HRS, that task is simplified for the risk assessor

because .'hazardous substances" ati defined to include only
those substances identified in CERCLA as hazardous,rn arfr
only thor to which the potential for exposure exists'rx

One of the ways thl HRS shortcuts more traditional n1k

assessmeot approacires is that, for each exposure pathway' only
the potentially most hazardous substance in that palhway is

evaluated for scoring purposes.rza To determine what the poten-

tially mat hazardoii.otirt*ce is for a pathway, a value called

the :'toxicity-factor-value" is obtained.
T'he toxicity factor represents the potential for l gubltance_

to cause adversi health effects. It is basically a combination of
hazard information and some docc-response data:

1. For cancer, Cancer Potency Factors Glope factors)-are
combind with the weight-of-evidence ratings for the carcino-
genicity of the substance. This determination, accomplishg{ by

itt" ur of a table in the Rule, results, as would be expected, in a

very high score being given to a substance which is both pgt-eTt

(ie., hL a high "ioi". 
potency factod, and is a protable

io*- carcinolen. If a cancer potency factor is n9t available,

the nrlc directJthat an estimate be made, using the EDro for
the substance. (The EDro is the cstimated dose associated with
a lO% increase in an endpoint - here, cancer - between test

CERCLA itrclf, and the Toxic Substances Cmtrol Act.
123. Tbc potential for exposure exists if, for any pathway (gloundwater, yft"e

water, air, A coil) either an observed release hrs occurred or the source has a containrnsrt

factoi gfeatrr than zero (ie., there is some potentid for the substance to escape). HRS'

Final Rule, 55 Fd. Reg., at 51,588.

124. Tb use of only the single most hrzardous substance in a pathway to scofe

toxicity war criticized by a numbeiof commctrtefs to the rule, as being too conservativ€'

Ho*"r.., BPA indicated that any other approch would be too complicated for a screening

system. Hor"o.r, it did do some analyses and conclude that the use ofthe single substance

approach rnrally resulted in an assigned valuc within. one order of 
_ma_Snitude 

of whal

would have boer1 assigned if more chemicals were considered, Id. at 51,543,
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animals and control animals.)r2s
2. For noncancer chronic toxicity, reference dose (RfD) val_
ues are used, again, with very low reference doses resulting in
the highest score.
3. For noncancer acute toxicity, acute toxicity parameters,
such as LD56 or LC5q are used.l26

- If bolh a slope factor and an RfD are available, the values
for each from the appropriate table should be assigned, and the
higher one selected. If either a slope factor or an-RfD is avail-
able, the value for that parameter should be assigned. If neither
is available, the value for acute toxicity shouid bJassigned. If no
values are available, another hazardous substancl must be
selected.r2T

There are six possible toxicity factor values: 10,000, l,(X)0,
100, 10, 1, and 0. Ifall substances at the site are assigned zero
for.a p-articular pathway because insufrcient toxicitf data arc
available for all the substances, a default value of oni hundred
must-be assigned. If hazardous substances have usable toxicity
data for multiple exposure routes (e.g., inhalation and ingestion),
all exposure routes must be considered. After all the ro-utes are
considered, the highest assigned value must be assigned as the
toxicity factor valug regardless of exposure route.r2'

For HRS pulposes, asbestos and all compounds of lead
must be assigned a toxicity factor value of 10,000.r2e For
radionuclides, a slightly different human toxicity factor
approach applies:

l. All radionuclides are to be evaluated only on the basis of
carcinogenicity, and all are to be assigned to weight-of-evidence
Group A.
2. The human toxicity factor must be assigned on the basis of
the Cancer Potency Factor (slope factor). 

-

a. For each radionuclide the higher of the inhalation or
ingestion slope factors is to be used.
b. If only one slope factor is available, it is to be used.c. If no slope factor is available, the radionuclide should

125. Id. at 51,589, tbl.2-4.
126. The original HRS had essentially considered only the potential acute effects of

hazardous substances and had utilized the National Fire Protection Association rating
99feme and the toxicity ratings developed by N.I. Sax., ztO C.F.R. pt. 300, app. A. The new
HRS focuses much more on chronic effects, both cancer and nori"-"".. Gly if evidence
on chronic efects is not available are acute efects data used.

127. HRS, Final Rule, 55 Fed. Reg. at 51,5g9 tbls. 6, 7.
128. Id.
r29. Id.
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be usigped a r.eto, and anothcr radionuclide should be

used.
d. If all radionuclides have a value of 7'ero, a default
valrrc of 1,000 is to be assigned.

3. If a site contains mixed radioactive and other hazardous

wastes, the toxicity factor. mrrst bc.elaluated seParatelY-for
each, ivcn if they are physically or chemically combined.r

Once toxicity-factor value has been determined, the HRS-

makes an cfrort to combine that value with some indication of
how likely exposure is to occur by looking atjlctoqthat affect

the longevity and mobility of the substanie. These factors that
affect tf,osc-aspects vary according to the pathway, so a very
brief description of eac[ wil be given below.

& Groundwater

The najor issue considered for groundwater is poterltial
mobility. In order to understand thc potential for substances to
move to, and through, groundwatet, a gteat many factors come

into play. Among them are information about the concentra-
tions-of anions, cations, dissolved organics, pH, redox potential
(Eh) ;e 

-ebsorption 
characteristiciof the geologic ryut914i

ito*.y9t, it is not feasible to get all that information at the HRS
stage.r3r

Theref,ore, in the HRS, mobility is simplified. Mobility is

evaluated for all hazardous substances capable of migrating to
groundwatcr and moving in the aqueous phase. Any substance

ihut ir part of an observid release would^be assigned lhl mal-
mum viluc because its presence is an indication that it is suffi-
ciently mobile. For subitances not a part of an oteerved release,

a mobility factor based on water solubility of the substance and
the distribution coefficient, which is the measure of the extent of
partitioning of a substance between geological materials and
fuater, and referred to as Kd, is assigned. If the substance is
present as a liquid, the water solubility is deiermined 

abV 
that

iact. For metals or metalloids, the overall range of water
solubilitiec for all compounds of the substance, not just those
present at the site, are ditermined and the geometric mean of the
iowest and highest solubilities are calculated and used as th9
water solubilif. For other hazardous substances, their actual

130.
l3l.

Id .t 51,6&.
Id n 51,566.
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water solubilities are used.r32
Groundwater mobility is never assigned a value of zero.r33

The purpose of this is to prevent the understatement of the risk
at sites that have a large volume of highly toxichazardous sub-
stances with low mobility.

b. Surfoce Water

i. The Drinking Water Threat

For surface water used for drinking, the measure of longev-
ity is persistence, or how long the contamination is apt to last.
In both the proposed rule and the final rule, the measure for the
tenacity of the contamination is "half-life."r34

The HRS persistence factor contains four decay processes:
biodegradation, hydrolysis, photolysis, and volatilization. Once
the halflife of the substance has been determined, the persis-
tence value is assigned, based on the half-life of the substance
and the type of surface water, which together represent the time
thehazardous substance would take to travel through the water.

In addition, a sediment absorption factor has been added to
account for contaminants sticking to sediment as the water trav-
els away from the site.r35 Like groundwater mobility, surface
water persistence is never assigned a value of zero. Since persis-
tence is now multiplied by toxicity and quantity, a value of zero
could understate the risk posed by a site with a large quantity of
highly toxic hazardous substances with low persislenie.

ii. The Human Food Chain Threat

Threats to the human food chain, toxicity and persistence
of hazardous substances are calculated as previously described,
with one exception. The water category used to assign the per-
sistence factor is based on the type of water between the piob-
able point of entry of contamination into the water and the
nearest fishery, which is the HRS's one-step effort to approxi-
mate the human food chain.r36 In addition, for this thieat the

132. Id. at 51,ffi1-02
r33. Id.
134. Half-life is a concept most people are familiar with in the context of

radioactivity. It means the length of time which must elapse, assuming natural radioactive
decay' before half of the amount of the element (e.g., uranium) has decayed away,
However, half-life can also be applied to other biological processes.

135. HRS, 55 Fed. Reg. at 51,612.
136. Id. at 51,617.
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additional factor of bioaccumulation is added.

The data used to determine bioaccumulation potential is, in
order of preference: bioconcentration factor (PCn- {ata for
aquatic hnman food chain organisms, the logarithm of the octa-
nol-water partition coefficient, and water solubility. Bioconcen-
tration value assignments are made based on either Water

Quality Criteria documents or on peer-reviewed literature.
Whether the water body is fresh water or salt water is also an
important factor when- assigning bioconcentration values. If
data on birrconcentration are not available, the log octanol-water
partition coefficient has been shown to have a statistically signifi-
cant linear correlation to the log of the bioconcentration factor
for organic chemical compounds. Water solubility also-has a
statistically significant correlation with bioconcentration factors
for organics.t3l

iii. The Environmental Threat

For this threat, persistence is evaluated based on the type of
water between the probable point of entry of contamination and
the nearerf, sensitive environment. Bioaccumulation potential is

evaluated in accordance with the method used for the human
food chain threat, except: (1) BCF data should be used for all
aquatic organisms, not just human food chain organisms, &trd,

(2) BCF dita should be used that corresponds to the types of
water bodia in which the sensitive environment, not fisheries,
are locatsd.r3s

c. Air
For air, the potential exposure parameter again returns to

simple mobility. Mobility is calculated diferently for gases an{
pariiculatcs, ai follo*s, (t; For gases: (a) a mobility factor of
bne is asrigned to gases that meet the criteria for an observed
release, (b) a mobility factor from a table is assigned' based on
vapor pretsure, if gaseous hazardous substances do not meet the
criteria for an observed release; (2) for particulate substances:
(a) a mobility factor of 0.02 is assigned to particulate hazardoua
substances that meet the criteria for an observed release, (b) a
mobility factor is assigned from a figure and based on the site's
locatioi, for each paiiculate hazard-ous substance that does not

137. Id.
138. Id tt 51,622.
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meet the criteria for an observed release, (c) for sites near the
boundaries of the locations on the map, and for locations not on
the map, a formula is used, based on mean average wind speed
and the Thornthwaite P-E Index.r3e

d. Soil

There is no mobility or longevity factor in the soil exposure
pathway because the assumption is that soil doesn't have to go
anywhere in order for exposure to occur.

2. Hazardous Waste Quantity - Another Way of Estimating
Potential Exposure

Once the toxicities and mobilities/bioaccumulation attrib-
utes of various chemicals have been determined, the HRS directs
that a hazardous waste quantity factor must be calculated for
each of the three migration pathways - air, water, and soil. The
quantity factor reflects the amount and duration of potential
hazardous substance releases from the site.

The revised HRS provides that hazardous waste constituent
concentration may be used to determine quantity, if that infor-
mation is available. Otherwise, hazardous wastesiream quantity,
volume, or surface area of the site must be used, in that order.rc
The hazardous constituent concentration represents the actual
quantity of hazardous substances deposited, which amounts to
the total mass of all CERCLA hazardous substances in, and
releases from the source or area of observed contamination for
the soil exposure.rar

The wastestream quantity factor represents the quantity of
hazardous substances potentially deposited, based on available
information about the nature and quantity of wastes that actu-
ally were deposited on the site. This factor consists of the mass
of hazardous wastestreams plus the mass of any additional CER-
CLA pollutants and contaminants, either allocated to the source
or released from the source or area of observed contamina-
tion.ra2 The volume of the source or, if that cannot be deter-
mined, the area of the source represents the quantity of
hazardous substances potentially deposited on the site based on
available information about the amount of hazardous substances

139. Id. at 51.655.
Ifi. Id. at 51,590.
l4l. Id. at 51,99O-92.
142. Id at 51,591.
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the site couH have received.ra3

For each of the sources in a pathway, values for the concen-

tration, wastcstream, volume, or area are assigned based on for-
mulas set out in the rule. Once that has been done, the highest
value assignod to the source or area of observedcontamination is

assigned i" tn" source hazardous waste quantity vafue. Theoe

vahies, for ell the sources in the pathway, are then added

together. B$ed on that number, a hatardous waste -quantity
faJtor value is selected from Table 2-6 in the Rule. If sources

contain both radioactive and non-radioactive substances' quan'
tity factors for both must be calculated and they must b
summed. The HRS Final Rule assigns the maximum value to
hazardous substance quantities in excess of 1,000,000 pounds.le

For all but two pathways or threats, the waste-characteris-
tics-factor-crtegory value will be the product of the toxicity
value and thc hazardous-waste-quantity-factor value, subject to
a maximum of 1X 108. For the surface water human food chain
threat and the surface water environmental threat, the gt4xi1

mum prodrrct is lX 1012, due to bioaccumulation potentialls
Thus, in a rcnse, the waste characteristics score is a mini'risk
assessmeRt combining factors of potency (ie., toxicity).-pa.
potential for exposule (Le., waste quantity and mobiltty/
bioaccumulrtion).

Howertr, it is unlikely that a large quantity of relatively
hazardous noaterial may be released oi, if it is, that it would
affect many people. Therefore, since use of a multiplicative rela-

tionship Uifi,eeit hazardous waste quantity, toxicity, an! other
waste charecteristics could produce a disproportionately large
influence of the waste characteristics category relative to the
likelihood of release and the target categories, EPd generally

limits the values assigned to waste characteristics to one hqn..

dred, to limit its efecf on pathway scores. The excepttol lo t!'it
is that the characteristic icore can go to one thousand in the
human food chain threat and in the environmental threat of t|g
surface watcr pathway, so as to account for bioaccumulation.ffi

143. rd.
14r'.. Id. at 51,591-92 tbl. 2-6.

145. Id. at 51,592 tbl.2-1.
146. Id" at 51,542.
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D. Targets - Another Effon tu Combine Hazard ldentification,
Dose-Response Assessment and Exposure

As is the case with the waste characteristics category, the
targets category combines features of hazard, identification, dose-
response assessment, &rd exposure evaluation. Each of these
features will be discussed below.

1. Hazardldentification

The hazards to be evaluated vary depending on the pathway
of potential exposure. The hazards are as follows:

a For the Air Pathway:

i. Substances for which National Ambient Air Quality
Standards (NAAQSs) have been set, under sections 108 and
109 of the Clean Air Act.
ii. Substances for which National Emissions Standards for
Hazardous Air Pollutants (NESHAPs) have been set, under
section ll2 of the Clean Air Act.
iii. Substances that are potential carcinogens by
inhalation.
iv. Substances for which an inhalation RfD has been
established.

b. For the Groundwater Pathway:

i. Substances for which Maximum Contaminant Levels
(MCLs) or Maximum Contaminant Levels Goals (MCLGs)
have been set, under section l4l2 of the Safe Drinking
Water Act.
ii. Substances that are potential carcinogens, by ingestion.
iii. Substances for which an oral RfD has been
established.taT

c. For the Soil Pathway:

i. Substances regulated under the Uranium Mill Tailings
Radiation Control Act.
ii. Substances that are potential carcinogens by
ingestion.ra8

147. Id. at 51,593.
148' For radionuclides, two measurements are made. one is for ingestion, the other

is for gamma ray exposure through the skin. Id. at 51,663-64.
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iii. Substances for which an oral RfD has 9"*
established

d. For tlp Surfoce Water Pathway:

i. Ihinking water threat:
(a) Substanies for which MCI"s and MCLGs have been set.

@) SuUstances that are potential carcinogens by ingat-ioq.
(c) Substances for which an oral RfD has been established.
ii. Human food chain threat:
(a) FDA Administrative Action Levels (FDAALs) for fish
or shcllfish.
(b) Substances that are potential carcinogens by ingestion.
(ci SuUst*ces for which an oral RfD has been established.
iii. Environmentalthreat:
(a) Ambient Water Quality Criteria (AWQC) for protec-
tion of aquatic life, set under $ection 30a (aXl) of the Clean
Watcr Act.
(b) Ambient Aquatic
(AALAC) for acute
organisms.rae

Life Advisory Concentrations
or chronic toxicity to aquatic

2. Dose-ResponseAssessment

The dose-response assessment has already been performed
in the HRS in thesense that levels of exposure have been estab-
lished for the various hazards, and the score for each pathway is

determinod by reference to where the concentrations of hazatd'
ous substrnces fall, with respect to those levels. These levels are
known ag "benchmarks," and they are, as follows:

a.
b.
c.
d.
e.
f.

MCLs and MCLGs (greater than zero).
FDA Administrative Action Levels.
Ambient Water Quality Criteria levels.
Ambient Aquatic Life Advisory Concentrations.
National Ambient Air Quality Standards (NAAQS).
National Emission Standards for Hazardous Air Pollu-

tantr (NESHAP).
g. Uranium Mill Tailings Radiation Control Act
(UMTRCA) standards.
h. The concentration that corresponds to the 1-6 individ-
ual cancer risk for inhalation exposures (air migration path-
way) or oral exposures (groundwater migration pathway,

149. Id Et 51,593.
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drinking water and human food chain threats in the surface
water migration pathway, and the soil exposure pathway).
i. Screening concentrations for noncancer toxicological
responses corresponding to the RfD for inhalation expo-
sures (air migration pathway) or for oral exposures
(groundwater migration pathway, drinking water and
human food chain threats in surface water migration path-
way, and soil exposure pathway).lso

3. Exposure Evaluation

Regardless of the pathway, there are four types of targets
evaluated by the HRS. All targets have some evaluations in
common, but there are some pathway-specific-target issues. The
commonalities will be discussed first. Then, each pathway will
be reviewed, briefly, for specific issues.

a, Common Features

For all pathways, four types of targets are examined:. Potentially Maximally Exposed Individuals. The name
of the factor varies by pathway and threat, (e.g., nearest
drinking water well, nearest surface water intake, nearest
fishery).
r Human populations.
o Resources, which vary by pathway and threat.o Sensitive environments, which exist for all pathways
except groundwater migration. rsr

The value assigned to each type of target depends on whether
the target is subject to actual or potential contamination, and
whether the actual contamination is Level I or Level II, as the
HRS defines those terms.

Actual contamination is established by direct observation
or sampling that meets the criteria for an "observed release," as
defined.r52 Level I concentrations for contaminants are those

150. rd
l5l. Id. at 51,592.
152. A release may be'observed" by direct observation (ri.e., material from the site

must be seen entering the mridium being evaluated or that material must be known to have
entered the medium through direct deposition, and that material must contain one or more
hazardous substances including, where applicable, radionuclides). A release may also be
"observed" by indirect observation. such a release is established when a hazardous
substance sample measurement equals or exceeds the sample quantitation limit (SeL) for
that substance and is at least three times the background level for that substance (The SQL
is the quantity of a substance that can be reasonably detected, given the limits of detection
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concentrations that are above the specific benchmark values.
Level II concentrations are levels below benchmark values but
above the lcvel for an "observed release."rs3

Though the approach varies slightly, according to the vari-
ous pathwiys, foiihe Maximally Exposed Individual, the fol-.
lowing factor values are assigned: (l) Fifty points are assigned if
any individual is exposed to Level I concentrations, (2) forty-five
points are rssigned if any individual is exposed to Level II con-
centrationr, ana (f) a maximum of twenty points is assigned if
any individual is subject to potential contamination. The value
assigned ir then multiplied by the distance or dilution.weight
appropriatc to the pathway.l54

For populations and sensitive environments, the following
factor valucs are assigned:

1. Lcvel I targets are summed and multiplied by:ten.
Level I is not used for sensitive environments in soil expo-
sure ud air migration pathways.
2. Lcvel II targets are, summed.r55
3. Potential taigets are multiplied by distance or dilution
valuec, summed, and then divided by ten.
4. The values for the three levels of exposure are:s[mfted.
For reeources, resource value points are assignod within all

pathways for welfare-related impacts (e.g., impacts to agr19ul.
tural land) but do not depend on whether there is actual or
potential ontamination.

for the method of analysis and sample characterirtics which may atrect quantitatioor for
example, dilutlxl or concentration). The availrble information must also zuqport the
attribution of ome portion of the increase to the site. The background sample should be

chosen to reiG the concentration of the hazardotrs substanc6 in the medium exclusive of
the contributio of any possible reteases from thc site.

Ifno bactground concentration is detected (ie., the background level is below the
analytical detrtion limits), an obcerved releasc occurs when the sample measurement

equals or excds the SQL. If the sample quantitrtion limit is not known, EPAfs contract-
required quar*itation limit (CRQL) or the detection limit may be used. Radionuclides are

treated somewlrt ditrerently, depending on whethcr they occur natUrally or are ubiquitous
in the envirorncnt, are man-made and not ubiquitous, or (for the soil expocure pathway),

are gamrna-ray cmitters. Evaluations of the potential for radioactivity to be released fro'm a

site are based o the physical and chemical properties ofthe radionuclides, not thsir level of
radioactivity. /d at 51,589, 51,563.

153. Id. rt 51,592.

154. See, ag., id. at 51,60243, 51,613.
155. Id. rt 51,603, 51,614.
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b. Pathway-SpecificFeatures

i. The Groundwater Pathway

The groundwater-target-factors category reflects the human
population and resources potentially at risk from the actual or
potential release of hazardous substances to an aquifer. The
1982 HRS evaluated two factors: a use factor and a factor that
combined distance to the nearest well with the population served
by the groundwater. Under the 1982 Rule, the use factor con-
sidered four uses for the water drawn from the aquifer within a
three mile radius of the site: (l) drinking water with no
unthreatened alternate source; (2) drinking water with alternate
sources, and commercial, industrial, or irrigation uses without
alternatives; (3) commercial, industrial, or irrigation uses with
alternatives, or without, used but usable water; and (4) unusable
water; the groundwater use with the highest factor was used to
assign the value to that factor.r56

The revised rule considers the four factors: "Population,"
"nearest wellr" "resourcesr" and "wellhead protection atea,"r'7
In addition, the Rule establishes a "target distance limit," for
determining which targets are to be included; that limit is either
four miles from the site or the distance of the farthest well con-
taining contamination attributable to the site, whichever is
farther.r5s

The "population" factor is an indicator of the number of
people actually or potentially at risk from exposure to hazardous
substances in drinking water. The original HRS gave equal
weighting to all the people who lived within three miles of the
site, combining that population with distance to the nearest well,
in assigning a factor value. As noted, the new rule expands this
area to four miles.

When determining the size of the population, residents, stu-
dents, and workers who regularly use the water are to be consid-
ered. If population estimates are made based on the number of
residences, each residence must be multiplied by the average
number of persons per residence for that county. If water from
wells in the target area is blended with water from other sources,
the populations are to be apportioned, in accordance with

156.

t57.
I 58.

,m C.F.R. pt. 300, app. A., $ 3.5 (1990).

HRS, Final Rule, 55 Fed. Reg. at 51,551.

Id. at 51,595.
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requirements set out in the rule.rte The population served by
water from each point of withdrawal is evaluated using either
the Level I or II, or potential contamination concentrations, as

discussed rbove.
The risk to the Maximally Exposed Individual of the HRS

Proposed Rule was replaced in the HRS Final Rule by the
"nearest wll" concept. The concept, however, is essentially the
same. For the "nearest well" factor, if a release is directly
observed for any well within the target distance limit, that well is
assigned Lcvel II concentrations. However, if one or more sarn-
ples meet the criteria for an observod release, the determination
must be mrde as to whether Level I or Level II concentrations
exist. The nearest well factor is then computed, as follows:

1. If one or more drinking water wells has Level I concen-
tratims, the highest value fifty is assigned.
2. If one or more drinking water wells has Level II con-
centretions, a value almost as high as forty-five is assigned.
3. If no drinking water wells have Level I or II concentra-
tions, but a karst aquifer underlies any part of the source,
and a drinking water well draws from the karst aquifer, a
value of twenty is assigned.
4. If no drinking water wells have had Level I or II con-
centretions, and there is no karst aquifer, the distance to the
well lcarest a source with a groundwater containment fac-
tor grcater than zero is measured and converted to a value,
using e table in the rule.r@
In tb new rule, a "resources" factor assigns a value for

certain bencficial uses that are within the target distance limit.
These user include irrigation for commercial crops, watering of
commerciel livestock, use as an ingredient in commercial food
preparation, or supply for a water recreation area. The value is
also assigncd if the water in the aquifer is usable for drinking
water, evcn if there are no wells within the target distance
limit.t6t

A ner HRS factor increases thc target score if the source or
its contamination are within a Wellhead Protection Area, desig-
nated undcr section 1428 of the Safe Drinking Water Act (Le.,
the area surrounding a well or wellfield supplying a public water
systan), and that source has a groundwater containment factor

Id .t 51,@3.
Id rt 51,fi243.
Id. rt 51,ffi.

159.

160.
161.
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value greater than zero.t62

The Surface Water Pathway

The Drinking Water Threat

The new rule considers three factors: "population," "near-
est intake," and,"resources." The concept of the Maximally
Exposed Individual is essentially incorporated into the "nearest
intake" category.r63 To evaluate the "nearest intake" and "pop-
ulation" factors, the level of actual or potential contamination at
the target surface water intakes must be determined. Contami-
nated sediments are evaluated using Level II concentrations.
The nearest intake factor is computed like the "nearest well"
factor of the groundwater pathway.ra

The new rule tracks the rules for groundwater in determin-
ing the population factor. The population factor is an indicator
of the number of people actually or potentially at risk from
exposure to hazardous substances in drinking water. To deter-
mine the population factor, residents, students, and workers are
evaluated; residential population estimates must be based on
population per residence for that county; if water is blended, the
population can be apportioned; and the dilution-weighted popu-
lation values for potential contamination are based on the type
of surface water body (ie., size and flow of streams and rivers,
depths of oceans and Great Lakes). Lakes, agun, are treated
separately.r6s

b) The Human Food Chain Threat

The human-food-chain-threat category reflects the threat to
people from consumption of aquatic food chain organisms.
Since it is impossible to count the people who may eat fish in a
potentially contaminated area, EPA initially proposed to esti-
mate this number based on the amount of food chain products
harvested from the water body and the bioaccumulation of the
hazardous substance.l66 The Final Rule, however, took a similar
approach to the groundwater and drinking water pathways, and
provides for a "food chain individual" and a "food chain

t62. Id.
163. Id. at 51,613.
t6/'. Id.
165. Id. at 51,614.
166. Id at 51,620.
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To ernluate the food chain individual and population fac-
tors, the lcvel of actual or potential contarhination at a fishery
must be dctermined. If one or more fisheries are subject to
actual food chain contamination, the determination must be
made as to which parts of the fisheries are subject to Level I,
Level II, and potential contamination. If the contamination is
based on direct observation, it should be evaluated using Level
II concentrations. However, if contamination is based on tissue
samples from aquatic food chain organisms, those values should
be used.r68 Once the determination of Level I or II fshery con-
tamination is made, the population value factor is based on
annual production by the fishery.t6e

c) The Environmental Threat

The Final Rule expands the types of environments to be
evaluated from wetlandi and endangered species in the original
HRS to include, among several others: National parks, wilder-
ness areas, seashore recreational areas, national or state wildlife
refuges, wild and scenic rivers, certain feeding areas and migra'
tory pathways, and small areas important to the maintenance of
unique biotia communities. Furthermore, all sensitive environ-
ments will be considered, not just the highest scoring one.
Scores will differ, depending on actual or potential contamina-
tion. The Final Rule also adds a wetlands factor to the score'
based on the amount of wetlands acreage continguous to surface
water bodies.

iii. The Air Pathway

In the Final Rule, the targets category is based on four fac'
tors: neartst individual, population, resources, and sensitive
environmcnts. Only those targets within four miles are to be
considere4 unless an observed release is established beyond the
four mile limit. As in groundwater and surface water, the indi-
vidual and population factors are based on whether the target
populations are subject to Level I or II concentrations, or poten-
tial contamination. To determine the population factor, resi-
dents, students, and workers regularly present are considered.rTo

167. Id. rt 51.638.
168. Id
169. Id tt 51,62o21.
t70. Id. il 51,661.
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Commercial agriculture or silviculture and major recreation
areas are counted as resources, but they must be present within
0.5 miles of a source at the site having an air-migration-contain-
ment value greater than zero.r7l

Sensitive environments are evaluated based on either actual
or potential contamination.r7z As in the surface water pathway
for sensitive environments, a wetland factor, based on acreage of
the wetlands, is also added.r73

iv. The Soil Exposure Pathway

The Final Rule considers five factors: the resident individ-
ual, the resident population, workers, resources, and terrestrial
sensitive environments.rTa For resident individuals, the highest
score is assigned if at least one resident is in an area subject to
Level I concentrations. There is a conversion table for
workers.rT5

Target populations include a "nearby-individual-factor"
which is based on the population within a one-mile travel dis-
tance of the site. The nearby individual factor is based on the
distance from the nearest residence or school to the source of
contamination. The resident population factor is calculated by
counting residents and students within the specified distances
from the site. Unlike in the groundwater and surface water
pathways, workers are not counted.rT6

A value is assigned to the resources factor if commercial
agriculture, silviculture, livestock production, or livestock graz-
ing are present on an area of observed contamination at the
site.r77 A value is assigned to the factor from a table that lists
terrestrially sensitive environments if such an environment is
located in an area of observed contamination.rTs

E. Likelihood of Release

l. Introduction

The "likelihood of release" portion of the HRS is strictly a

t7t. rd.
172. Id. at 51,662.
173. Id at 51,662 tbl. Gl8.
174. Id. at51,647.
175. Id. at 51,647 tbl. 5-4.
176. Id. at 51,647-48.
177. Id at 51.647.
178. Id. at 51,&7-48.
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measure of the potential for exposure. Therefore, it is appropri-
ately consllered as a part of the exposure assessment portion of
the risk assment process.

In all pathways, the "likelihood of release" category is
divided into two subcategories. The first, and the one which
generates the highest "likelihood of release" score in all path'
ways, is "oboerved release." The ways an observed release is to
be establirhed have already been discussed. If there is no
"observed release," the HRS directs that the "potential to
release" bc evaluated. The factors that affect the "potential to
release" arc pathway specific, so each pathway w{lbe discussed
in turn.

2. The Choundwater Pathway

In the original HRS, the "potential to release" was evalu-
ated by onsidering what the "route characteristics" were.
Those iharacteristici included: (l) The depth to the aquifer of
concern, (2) the net precipitation, (3) the permeability of the
unsaturatod zone, (4) the physical state of the materials on the
site, and (5) the containment at the site.l7e

The proposed HRS would have evaluated four factors: con-
tainment, nei precipitation, depth of aquifer,/hydraulic conduc-
tivity and absorptive capacity.te Although the proposed
revisions to the HRS in this area were those that might be seen

in a full blown risk assessment, they were really far more compli-
cated than would have been appropriate for a screening system.
For example, the proposal would have combined the'ldepth to
aquifer" factor with the "thickness-weighted" hydraulic conduc-
tivity of all the layers of geologic material between the contami-
nant sourc and the aquifer. The purpose of this approach was
to provide an indication of the relative travel time required for
migration to the aquifer. Aquifer depth would be measured
down to 8(D feet, instead of the 1982 HRS's 150 feet, and out to
a distance of two miles. The thickness weighting would not
apply to krrst layers of material, in which water moves through
openings in the rock caused by dissolution of the rock itself'
(e.g., limertones). Information regarding possible aquifer inter-
connectiom (such as literature, well logs, pump tests, and
observed nigration) was to be used to characteize the aquifers,

179.
180.

Promction of the Environment, zl0 C.F.R. pt. 300, app. A, $$ 3.2, 3.3.

HRS, Proposed Rule, 53 Fed. Reg. at 51,984.



94 TULANE ENYIRONMENTAL LAl|l JOURNAL [Vol. 5

vertically and horizontally. t8l

EPA also proposed to add an absorptive capacity factor to
the groundwater "potential to release" category. This factor
would have measured the potential of different types of geologic
materials to absorb contaminants and therefore retard their
migration to aquifers. The absorptive capacity would be evalu-
ated based on the clay and organic carbon content of the geo-
logic materials.rs2

The Final Rule is simpler. It still requires evaluation of
possible aquifer interconnections. It eliminates, however,
absorptive capacity altogether, makes "depth to aquifer" and
"travel time to aquifer" separate categories, and eliminates the
requirement to consider all geologic layers between the hazard-
ous substance and the aquifer in determining the travel time to
the aquifer.rs3 The "depth to aquifer" is measured within two
miles or as far out as contamination attributable to the site
extends. Three depth ranges are evaluated: less than2l feet,21-
250 feet, and greater than 250 feet. If the necessary geological
information is available for multiple locations, all values must be
used.r8a The "travel time" factor, the depth to aquifer/hydraulic
conductivity factor in the proposed rule, is now based on the
layer with the lowest hydraulic conductivity at least three feet in
depth and greater than ten feet below the source. This value
may be taken from a table in the rule or it may be measured. If
more than one layer has the lowest hydraulic conductivity, they
may be summed. The highest travel time factor value must be
used. r85

Karst layers that underlie the site are still given special con-
sideration regarding "depth to aquifer" and "travel time."
When determing depth, karst layers are not considered. If all
layers between a site and an aquifer are karst, the soil is consid-
ered to have no ability to retard the flow of contaminants.r86

In the new rule, there is a net precipitation factor value that
is designed to indicate the amount of water available for infiltra-
tion to groundwater. The new rule simplifies the method used to
compute precipitation. Now, net precipitation factor values can

t8l. Id
182. Id at 51.984-85.
183. HRS, Final Rule, 55 Fed. Reg. at 51,553-54.
184. Id. at 51,600 tbl. 3-5.
185. Id. at 51.600.
186. Id.
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be taken directb from maps in the Rule or a calculation can'be

made of annual precipitation and converted to a net precipita'
tion factor value by the use of a table.187

There is a ..containment" factor considered under both the

old and thc new rules. This factor measures the means taken to
minimize or prevent the release of hazardous substances from a

site to the gfoundwater. However, the new rule is_more compre-
hensive thin the original rule. It discusses surface impound-
ments, land treatm"ni-ru., containers, tanks and Other squrges.

Only sources that meet the minimum size require-ment (L9., \ha!
have a source hazardous waste quantity value of 0.5 or higter)
are used in assigning containment factor values. this .is-to
ensure that very Jmaf uncontained sources do not unduly infu-
ence the scoreitt For example, a site might have a large, but
well-contained source and a very small, uncontained sgurcgt

Without a minimum size requiremcnt the "potential to releas€"

could be essigned based on ihe very smal source, which co-uld

overestimrte ihe hazard posed by the site.

The potential-to-release factor value is the sYT 9f -n9t 
p1e-

cipitation, depth to aquifer, and travel time, multiplied by the
containmant factor.

3. The Surface Water Pathway

The likelihood-of-release factors are the same for all three

"threat" evaluations, under the surface water pathway (Le.'

drinking water, human food chain, and environmental). Undel
the original HRS, a release was scored if it was demonstrated
that a iit. hud released hazardous substances to surfage wafer,
Aquatic, bcnthic, sediment sampling, -oriirec! gUlgluttg" "9"q
be used to demonstrate the release.lse The old HRS ealculated
the potential to release by multiplying route characteristics by
the iontainment. Route characteristics included the slope of the

site; the slope of intervening terrain; the one-year, twenty-fo9r'
hour rainfall; the distance to the nearest surface water; and the
physical ctate of the waste.reo

The new HRS replaces the potential-to-release factors with
two new ones: overland flow or potential-to-release by flood and
groundwater-to-surface-water migration. With respect to both

187. Id. at 51,596.

188. Id et 51,595-96.
189. 40 C.F.R. pt. 300, aPP. A' $ 4.1'

l9O. Id at $ 4.2.
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of these migration components, the migration ..path" is defined
to include both the overland segment and the in-water segment
hazardous substances would take as they migrate awaffrom
sources at the site.ler

As is the case with other pathways, an "observed release"
for the surface water pathway is established by direct observa-
tion or by chemical analysis. For direct observition of overland
flow, it is necessary to have seen a material that either contains
one or more hazardous substances enter the surface water
$rough migration or is known to have done so through direct
deposition. For direct observation in the flood situation, it is
necessary that the source area have been flooded and thathaz-
ardous substances have been in contact with the flood waters.
Finally, when evidence supports the inference of a release,
demonstrated adverse effects associated with that release can be
used to establish an observed release.

To obtain a chemical analysis, surface water, benthic, or
sediment samples may be analyzed. Samples, however, must be
compared to similar types of background material. For benthic
samples, comparisons should be limited to sessile organisms.re2

Overland flow is the sum of the runof and the distance to
surface water factors, multiplied by the overland containment
factor.re3 A "rainfalllrunoff" value would be obtained from a
table comparing soil group with two-year, twenty-four hour
rainfall. That number would then be compared to the drainage
area value, to get the runoff factor value.rea

As noted, these runoff and distance-to-surface water sub-
factors would be multiplied by the overland containment factor
value. This factor is a measure of the means taken to minimize
or prevent the release of hazardous substances to surface water
and is set out in detail in Table 4-2 of the rule. If one or more
sources is physically located in surface water, even if the source
is a sealed container, the maximum value is assigned. Again,
only sources that meet the minimum size requirement (i.e., those
which have a source hazardous waste quantity value of 0.5 or
higher) are used in assigning containment vatrues.res

The old HRS did not score for potential-to-release by flood.

l9l. HRS, Final Rule, 55 Fed. Reg. at 51,605.
192. Id. at 51,609.
t93. Id.
r94. rd.
t95. rd.
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Under the new rule, each sogrce on a site is evaluated separately

for the floodplain in which it is located. The value is calculated
by multiplying the flood frequency by the flood containment
u"lo". fhe highest value calculatcd is the one used for the
potential-release-by-flood factor.

4. The Air Pathway

The criteria used to score an observed release are the same

as those discussed for water: diret observation or chemical
analysis of samples.l% When evidence supports the inference of
a reiease, demonstrated adverse effects may be used to establish

an observod relea5e.reT Potential releases are scored in response

to a mandate in SARA.
In thc Final Rule, the potential to release is separately eval-

uated for a gas potential to release and a particulate potential to
release for eactr,source at the site. This is to avoid the problem
of having a high score assigned to gas because of its high mobil-
ity value. th- nighest potential-to-release value, either gas,or
particulata that his been calculated for any of the sources evalu-

at"a is thc value assigned as the site potential-to-release factor
category.rs

Gas potential to release should be considered for every

source thit contains gaseous hazardous substances with a vapor
pressure grelrter than 10-e torr. Three factors are to be evqlu-
atedt gai containment, gtls source type, and gas migration
potential.re

Maximum gas containment factor values are assigned if
there is evidence of a biogas release, if there is an active fire
within the source, or if ihere is little soil cover and poor
vegetation.2m- 

The gas source type is assigned a value based on whether it
meets thJminimum size requirement. The size requirement is
based on the source-hazardous-waste-quantrty value. If the
source hao hazardous waste which islssigned a quantity value of
0.5 or more, it meets the minimum size requirement. There are

a number of source types, which are also used for particulates.
These include fire areas, containers or tanks, contaminated sOil,

196. Id. rt 51,651.

197. rd
r98. Id
t99. rd
2ffi. Id. et 51,652.
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landfarms, landfills, piles of various sorts, and surface impound-
ments, which inay have been either buried or backfiiled or
neither.20r

Gas migration potential is measured by the use of the vapor
pressure and Henry's constant (the meter-kilograrn-second unit
of inductance, equal to the inductance of a ciicuit in which an
electromotive force of one volt is produced by a current in the
circuit that varies at the rate of one ampere per second). The
qiglatiol potential is derived by averaging the migration poten-
tial for the three gases having the highest migration poteniial.rot

- The gas potential-to-release value is determined by sum-
ming the gas-source-type-factor value and migration-poiential-
factor value and multiplying that sum by the gas-coniainment-
factor value.2o3

The particulate potential-to-release value is evaluated for
those sources with particulate hazardous substance (ie., those
with a vapor pressure less than or equal to l0-r torr). As with
gases' the particulate potential to release is based on three fac,
tors: containment, source type, and migration potential.2s

The containment factor values are set out in a table.2o5
Only sources that are completely covered either by liquid or by
impermeable, regularly inspected, and maintained-cov-er receivl
the lowest score. Values for particulate source types are to be
assigned in the same manner as those for gas root"".. Migration
potential is determined by reference to a table or by calculation
of a value, based on the Thornthwaite p-E Index, the mean
monthly precipitation and the mean monthly temperature.26

. 
The particulate potential-to-release value is calculated by

adding each particulate-source-type-factor value and particulate-
migration-potential-factor value and then multiplying by the
particulate-containment-factor value. 2o7

5. Soil Exposure Pathway

a. The Resident Population Threat

The resident population threat resulting from surface con-

201.
202.
203.
204.
205.
206.
207.

Id. at 51,652 tbl. 6-4.
Id at 51.652.
Id. at 51.653.
Id.
Id. at 51,653 tbl. 6-9.
Id. at 51,653-55 tbl. 6-10.
Id. at 51.655.
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tamination could be documented by analytical evidence of haz'
ardous subctances. If the hazardous substance is not present on

the surface, the threat could also exist if the hazardoussubstance

ilnJ ;;";; with less than two feet of cover material, q"l":.t
that material is essentially impenetrable. For contaminated soil,

areas between contaminaLd sampling should also be considered

to be conteminated areas, unless available evidence indicates

otherwise. The soil exposure pathway need not have a release

potential component, as do the other pathw-ays, because no

irigration is necessary.2o8 Samples of pote-ntiall-y contaminated

urJu, would be taken at specified d"pthr below the surface. The

Proposed Rule indicated that, if surrounding properties w.ere

contaminated, it may be possible to infer onsite contamination,
even in thc absencs of sbil sample contamination. The FiIPI
Rule, however, specifies that the resident populali91 threat will
be evaluattd onty it contamination is observed within the prop-

erty boundary oi *ithitt 200 feet of a residence, school, day carg

".ritrr, 
or workplace; within the boundaries of a natural

resource; or "wiihin the boundaries of a sensitive terrestrial
environment."2oe

b. The Nearby Population Threat

The Final Rule includes in nearby populations only those

who live or go to school within one mile of the observed contan-
ination. It ilso replaces the Propooed Rule's concept of "acces-

sibility/froquency of use" with a simpler 'l{tragtiv3ness/
u""6iibility" fuctot measured as part of the likelihood of expo-

sure, alont- with the area of contamination.2ro

A dcsignated recreation ara would have the highest

"attractivcnJss,/accessibility" score, and one regularly used for
;;;;4i"" would have the next highest score. Only if it were

physically inaccessible to the public would it be scored a zefo.
Th" nearby population titetihooa-of-exposure-factor lalue
would be a tomparison of the attractiveness/accessibility-factor
value and the aria-of-contamination-factor value.2rr

2O8. Id. rt 51,646.

2A9. Id
2lO. Id. et 51,648.

2ll. Id. rt 51,648 tbls. 5-6, 5-8.
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V. CoNcrusroN

The risk assessment process, despite its widespread use by
lederal agencies, remains a complex and difficult procedure. Al
has been shown, the lack of a consistent methodology for risk
assessment among the diferent agencies makes it difficult for the
r_egulated public to determine the regulatory consequences of
their behavior.

_ Our exploration of risk assessment procedures within the
framework of the Hazard Ranking System is but one approach
to making the process comprehensible. It should be noted that,
gtlen the limited objective of this article, the discussion of many
of the components of risk assessment was superficial. Each of
the components could themselves be the focuj of lengthy analy-
sis and discussion.

By far the most problematic aspect of risk assessment meth-
odology is that, in reaching a conclusion, agencies often pile
uncertainty atop uncertainty. critics of this procedure cliim
that this practice results in standards that are 1oo conservative
and subject parties to burdensome requirements that are in no
way based on a realistic appraisal of the pertinent risks. Sup-
polters of the current methodology allege that glven the
unknowns and the potential for irrevocable harm, it iJ better to
err on the side of caution.

Due to the complexity of the terrain, therefore, the risk
ass€ssment process has spawned something of a scientific cottage
industry, devoted exclusively to analyzing and evaluating t[e
various choices available at every step of the process. Not
ruprisingly, these efforts have resulted in even morl complexity.
They have also served to create adversarial relationships among
the government, states and localities, site and facility owners and
t!9 nublic, when the use of more realistic assumptions, by all
sides, might have produced workable solutions. Sa-dly, this iitu-
ation does nol ?ppear likely to change in the near future. Hope-
fully, this article helps to explain how risk assessment works,-so
that those involved in decisions that employ the process may
better evaluate how best to present their position.


