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SECTION 1: THE HAZARD RANKING
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A. Purpose of the Hazard Ranking

1.0 INTRODUCTION

1.1 Background:

Title III of the 1990 Clean Air Act amendments establishes a
control technology-based program to reduce stationary source
emissions of hazardous air pollutants (HAP). 1In section 112(b) of
the Act, 189 HAP or chemical groups are listed for the purposes of
regulation. Section 112(g) establishes control technology
requirements for new, modified, or reconstructed major sources of
these pollutants. Modifications are defined as a physical change
at a major source that increases emissions above a de minimis
level. Increases in a HAP’'s emissions from existing sources are

not considered a modification if those emissions can be cffset by

decreases in emissions of more hazardous pollutants. Furthermore,
under secticon 112(g} pollutants are designated as either
"threshold" or '"non-threshold" since emission increases in

pollutants for which "“ne safety threshold for exposure can be
determined” can only be offset by corresponding decreases in
emissions ¢f similar pollutants.

Within 18 months of enactment {(November 15, 1990), the EPA
must issue guidance that assigns, to the extent practicable, the
relative hazard to human health of each HAP listed in the section
112(b) of the Act. This report describes the methodology and

supporting data for developing a hazard ranking and offsetting
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provisions for pollutants under section 112(g) of the Clean Air Act
Amendments of 1990.

1.2 1Issues . for Ranking Hazard:

Developing a relative hazard ranking is a large undertaking in
which several issues need to be considered. A fundamental issue is
the objective of the ranking. It can be envisioned that the
ability to rank pollutants by hazard has application tc several
problems. However, no one single ranking can be designed to fit
the many different purposes for which the idea of ranking for
hazard or risk might be considered. For this reason, rankings need
to be specific to their intended use. The use to which the hazard
ranking of section 112(g) is designed for is the determination of
relative hazard between pollutants in order to provide an offset
(emissions decrease of some HAP) which will have a great
probability of reducing hazard produced by the emission increase of
another HAP. Thus, the structure of the ranking with its attendant
offsetting guidance is designed to provide that outcome.
Assumptions and pelicy decisions are incorporated into the ranking
methodology for the purpose of making a relative comparison between
pollutants and not for instance, as is the case for Reportable
Quantities wunder CERCLA, to establish brcad categories for
reporting requirements. For the ranking of hazard used in CERCLA,
the actual difference in hazard between pollutants is not a
paramount consideration, but rather a general determination of

hazard for assignment into broad bins.
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Given the placement in the Clean Air Act, a ranking of
inhalation hazards is o¢f primary interest in the section 112(g)
rulemaking. In certain cases, such as metals which can deposit in
media other than air, the oral route also becomes important. The
task, thus becomes more complicated since two exposure routes need
tc be considered. One approach would be to develop two rankings (a
ranking for each exposure route). The demand for high quality
exposure data and dose-response data is great with this approach.
Alternatively, the ranking could be one based on hazard data from
the most sensitive route or the integration of data from both the
inhalation and oral routes. In the case of the hazard ranking for
section 112 (g), inhalation routes of exposure have been generally
assumed to be most representative of hazard from HAP but oral data
has been used when appropriate and in the absence of inhalation
data.

Another question concerns which chemicals should be considered
in the hazard ranking. Section 112(g) identifies 189 chemicals and
chemicals classes. This list could be broken down into subclasses
for chemicals with similar properties. For example, a metals or
organic solvents subclass could be used for such purposes.
However, several different rankings of chemical subclasses, would
result in more restrictive offsetting requirements since
equivalence determinations would be difficult.

The last issue concerns the ability to characterize true
differences in hazard between pollutants. Uncertainties exist with

any ranking. For evaluations of carcinogenicity, a broad variety



5

of data have been used by the EPA in the past. For example, data
range from screening studies which were designed to quickly
identify carcinogenic hazards to well-designed 2-year chronic
bicassays and epidemiologic studies. For noncarcinogens the
differences in quality of the available studies, as well as
endpoint studied, varies widely. Based wupon available data,
determinations of hazard will be unequal due to varying quality.
Other uncertainties exist such as measurement differences between
the risk descriptors or surrogates which are used tc rank
pollutants. The task 1is made particularly difficult by the
magnitude of the 1list (189 pollutants, 17 of which are multi
pellutant groupings and the varying degrees of knowledge concerning
the health effects caused by exposure to these HAP. The aggregate
of uncertainties, differences in data, and scope of HAP to be
ranked results in difficulty in making explicit distinctions
between pollutants. Thus rankings such as the one developed for
section 112(g), need to be robust and should. be considered to
portray relative differences and not absolute differences in
hazard.

1.3 Methodology:

The reguirement tc identify the relative hazard of the 189 HAP
and the requirement to provide offsetting guidance for determining
whether an emission decrease is "more hazardous" present a
formidable challenge to the EPA. 1In developing an approach to the
"more hazardous" finding, legal, policy, scientific, and practical

judgements must be made. From a legal standpeoint, the approach
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must be consistent with the statutory language. From a scientific
standpoint, the approach should maximize its use of the currently
available science and data and should be consistent with the EPA’'s
overall goal of incorporating the best scientific information
available for decision-making. From a policy standpoint, any
approach must: (1) ensure that offsets are unlikely to increase the
overall hazard to public health and (2) ensure consistency with the
EPA‘s overall goal of providing the regulated community with
flexibility and incentives to seek emission reductions that are
environmentally beneficial and cost-effective. From a practical
standpoint, the approach must be implementable by applicants and by
the State and local permitting authorities, and thus not be overly
complex. Therefore the overall gocal of the hazard ranking and
offsetting guidance for section 112(g) should strike an appropriate
balance between the objectives described above.

The EPA consulted an independent panel of scientific experts
for input - into the considerations that should be made in
identifying the "practicable" limitations in methodologies and data
for the relative hazard ranking. This panel of the EPA's Science
Advisory Board (SAB) was apprised of the EPA's draft outline for
hazard ranking in a public meeting held on October 28 and 29, 1991,
The consultation meeting provided members of the SAB an opportunity
to provide verbal feedback on several approcaches. Cne of the
concerns the SAB expressed was comparing the hazard between
carcinogens and pollutants which are of concern for chronic or

acute exposures. The creation of the "high-concern" category in
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the hazard ranking is an attempt to address this issue. Another
concern for the SAB was that there be an appeal process for offsets
since no system can be error free. Such a process is mentioned in
the preamble of the proposed rule. Finally, the SAB suggested that
possibly a "matrix" approach may be considered for the comparison
of relative hazard which employed all aspects of a pollutants
potential hazard (i.e. neurotoxicity, carcinogenicity,
developmental toxicity, and general toxicity from chronic and acute
exposures, etc.). Furthermore the SAB suggested that offsets only
be allowed between pollutants whose matrices of information showed
that hazard was decreased for all aspects of toxicity for the
pocllutants. The approach proposed by the EPA does not employ a
"matrix approach" for the determination of relative hazard between
pcllutants for the following reascons: there is a lack of data to
£ill out the matrix of information needed for such a system; and
the attending offsetting guidance would be too complex to
implement.

Section 1l1l2(g) requires that the EPA distinguish between

pollutants, for which "no safety threshold for exposure can be

determined," and other listed pollutants for the purposes of
offsetting. Consequently the peollutants must be at a minimum
categorized as either "non-threshold" or "threshold." Under EPA’'s

proposed approach, the first step in the relative ranking of the
pollutants is to assign the pollutants to one of four categories
and to establish the relative hazard between the categories.

Pollutants which are not identified specifically as "non-threshold"
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pollutants are categorized as "threshold" pollutants. As a second
step the EPA separated out pollutants which are of "high-concern"
for short term exposure and chronic toxicity. Such pollutants are
assigned to the "high-concern” category. Finally pollutants with
insufficient data to be placed in the "non-threshold," "threshold,"
or "high-concern" category are considered to be "unrankable'".

1.4 Determination of "More Hazardous:"

The EPA reviewed several alternatives for determining the
relative hazard between pcllutants for the propeosed rule. One such
approach is to develop an ordinal ranking of potency estimates for
cancer and non-cancer endpoints. Such a ranking would treat the
potency estimate for each pollutant as a discrete value and would
ignore the uncertainty of that estimate. For example, a potency
value of 10 would indicate a greater hazard than a potency value of
9.5. The EPA believes that for the purposes ¢of the ranking, such
fine scale distinctions should not be made when the uncertainty in
the hazard estimate is taken into account. Additionally, this
approach could prompt frequent reordering of the ranking as new
scientific data becomes available and potency estimates change.

Another approach the EPA considered would subdivide potency
estimates into groupings or "bins." This approach increases the
stability of the ranking, because for any given pollutant, small
changes in the potency value would probably not cause a change in
the bin assignment. This approcach may also have advantages in the
treatment of multiple-pollutant streams (it may be easier to

evaluate and compare the hazard of pollutants by their bin
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assignments). However, this approach does not adequately reflect
the differences 1in hazard for pollutants especially those
immediately adjacent to the borderline of the bins (the "borderline
effect"). For example, using bins of 1-10, 11-100, and 101-1000,
a pollutant with a value of 101 would be treated as more hazardous
than a pollutant with a value of 99, while a pollutant with a value
of 99 would be treated as equally hazardous as ancther pollutant
with a value of 1.

The EPA's proposed approach separates the HAPS into four
categories and then attempts to assign the relative hazard between
the four categories. For individual pollutants in each category,
if possible, a "range of equivalent hazard" is established for
individual pollutants so that the relative hazard between
pollutants can be established. Thus this hazard ranking
methodology tries to appropriately take intc account the
uncertainty in the hazard estimates of each pollutant and minimize
the "borderline effect."®

1.5 Definitions:

Definitions used in construction of the proposed ranking are
given below.

(1) Hazardous air pollutant. - The term "hazardous air pollutant®
refers to any air pollutant listed in section 112(b) of the Clean
Air Act Amendments of 19S0.

(2) Carcincgenic effect. - Unless revised, the term "carcinogenic
effect" shall have the meaning consistent with that of the EPA

under the guidelines for Carcinogenic Risk Assessment (1) as of the
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date of enactment for potential evidence for carcinogenicity.

(3) "Non-threshold" pollutants. - For the purposes of the proposed
ranking, hazardous air pollutants with a weight o¢f evidence
classification pertaining to the potential human carcinogenicity of
either Group A (known), B (probable), or C (possible) are
considered to be "non-threshecld" pollutants. In addition, the EPA
identified several pollutants which have been classified by the
International Agency for Research on Cancer (IARC), but which have
not been formally reviewed by the EPA. These pollutants are
categorized by the IARC as Group 1 (agents carcinogenic to humans),
Group 2A (probable human carcinogen and Group 2B (possible human
carcinogens) . The EPA currently takes the position that unless
there is adequate evidence to the contrary, the assumption should
be made that carcinogens have "noc safety threshold of exposure,"
i.e. any level of exposure carries with it some risk of cancer,
albeit wvery small in many cases. The EPA recognizes that the
definition of "non-threshold" effects is not straightforward and
may include other endpoints besides cancer. Therefore non-
carcinogens may be assigned to the category of "non-threshold"
pollutant if adequate evidence exists consistent with current EPA
guidelines (1-2).

(4} "Threshold pollutants”., - For the purposes of proposed
ranking, "threshold" pollutants are those pollutants which either
have a weight of evidence pertaining to potential human
carcinogenicity of Group D (not classified as to human

carcinogenicity) or Group E (evidence of non-carcinogenicity for
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humans) according to the Guidelines for Carcinogenic Risk
Assessment {l1) or which have not been evaluated for carcinogenicity
by EPA oxr IARC, These pollutants are considered to have a
"threshold of safety" unless there is adequate evidence available
to the contrary consistent with current EPA guidelines (1).
(5) HBazard. - Section 112(g) requires that pollutants are to be
ranked by hazard tc human health. The EPA interprets this phrase
to mean that only potential human health effects should be
considered in the ranking and not an assessment which includes
exposure, residence time, or ecotoxicology. These factors are
considered elsewhere in the Act.
(6) "High-concern" pollutant. - The EPA is assigning peollutants to
this category which are of high concern for toxicity from long- or
short-term exposures at relatively low exposure concentrations.
{(7) De minimis level. - The EPA is proposing to define a de
minimis level for each pollutant to be an emission for which "the
burdens of regulation yield a gain of trivial or no value" (3).
Specifically, the EPA uses the guidance provided in sections 112 {c)
and 112 (f) of the Act to help define a de minimis level based on
protection of human health. Therefore, a de minimis emission of a
hazardous air pollutant is one which would likely result in: (a)
less than a lifetime risk of cancer of one in a million to the
maximum exposed individual or (b) a level below which public health
is protected with "an ample margin of safety for a lifetime

exposure" to a non-carcinogen.
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1.6 Legislative Language:

Section 112(g) - The modifications provision for emission of
hazardous air pollutants listed in section 112(b) is given below:
"(g) Modifications. -

"(1) offsets. -

"(A) A physical change in, or change in the method of

operation of, a major sources which results in a greater than

de minimis increase in actual emissions of a hazardous air
pollutant shall not be considered a modification, if such
increase in the quantity of actual emissions of any hazardous
air pollutant from such source will be offset by an egqual or
greater dJdecrease in the quantity of emissions o©f another
hazardous air pollutant (or pollutants) from such source which
is deemed more hazardous, pursuant to guidance issued by the
administrator under subparagraph (b). The owner or operator
of such source shall submit a showing to the Administrator (or
the State) that such increase has been offset under the
preceding sentence.

"(B) The Administrator shall, after notice and
opportunity for comment and not later than 18 months after the
date of enactment of the Clean Air Act Amendments of 1990,
publish guidance with respect tc implementation of this
subsection. Such guidance shall include an identification, to
the extent practicable, of the relative hazard to human health
resulting from emissions to the ambient air of each of the

peollutants listed wunder subsection (b) sufficient to
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facilitate the offset showing authorized by subparagraph (A}.

Such guidance shall not authorize offsets between
pollutants where the increased pollutant (or more than one
pollutant in a stream of pollutants) causes adverse effects to
human health for which no safety threshold for exposure can be
determined unless there are corresponding decreases in such
types of pollutant(s).

1.7 Interpretation of Legislative Language

Under section 112(g) (1) (A) the language contained in the
first sentence is subject to two interpretations as it describes a
"more hazardous decrease" in emissions. Therefore, two approaches
may be used to construct guidance for the determination of "a more
hazardous emissions decrease" for an acceptable offset. The EPA
will propose one approach in the hazard ranking guidance and ask
for public comment.

The EPA's proposed approach allows for an equal or greater
quantity of "a more hazardcus" pollutant or a set percentage of the
emissions increase of a "more hazardous quantity" of an "equally
hazardous" pollutant to be an acceptable offset. Under this
approach an attempt is not made to determine the magnitude of

difference in hazard between pollutants.

B, Methodology for Ranking "Non-threshold" Hazardous Air

Pollutants Under Section 112(g), Clean Air Act Amendments of 1990
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1. INTRCDUCTION

1.1 BACKGROUND

Under section 112(g), peollutants are designated as either
"non-threshold" or "“threshold" since emission increases in
pollutants "for which no safety threshold for exposure can be
determined"” can only be offset by corresponding decreases in
emissions of similar pecllutants.

For the purposes of section 112(g), a "non-threshecld"
pollutant is defined as one in which some hazard is presumed to
exist with any level of exposure. However, sufficient data on
which to base such mechanistic arguments are lacking for all HAP at
the current time. Data currently being developed on dioxin appears
most promising for making inferences regarding important elements
associated with dioxin's observed toxicities.

The EPA presumes, in the absence of relevant biolegical
information to the contrary, that some risk of cancer is associated
with exposure to a carcinogenic agent. This assumption
acknowledges that if the agent acts by adding to or accelerating
the same carcinogenic process that 1leads to the background
occurrence of cancer, there is an absence of a no-effect level (1).
In addition, it 1is assumed that the added effect of the
carcinogenic agent at low doses will be wvirtually linear (4).

The theory behind presuming cancer as a "non-threshold"
process derives from the understanding that cancer may result, in

part, from a single event such as a change in DNA resulting in
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mutation or some other change resulting in a heritable event.
Changes in the transformed cell may become amplified through
replication resulting in a large colony of altered cells that may
become cancerous as the final result. Although the body contains
processes that repair damage, it can be hypothesized that some
probability exists that these processes may fail and that the
probabilities for failure add to that prcbability associated with
"hackground”. Under this framework, any level of exposure may be
associated with an effect with the inference of an increasing dose-
response function for neoplasia.

Alternatively, chemicals indicating effects other than cancer
are considered "threshold" air pecllutants since no-effect levels,
in contrast, are generally presumed for systemic effects. Such
toxicity can be thought to result from disruption of a collection
of cells or a tissue. For example, damage to one cell is not
thought tco induce physiclogical aberrations to an organ system,
However, damage to an aggregate of cells potentially leads to
dysfunction and physiological change, e.g., a systemic effect.
Thus theoretically, there is some threshold of exposure before such
an aggregate of cells is affected.

For the hazard ranking of section 112(g) a weight-of-evidence
classification of either Groups A, B, and C is used to identify, in
the absence of other information concerning mechanism, hazardous
air pollutants as "non-threshcld." The EPA considers the data to
be sufficient on carcinogenicity in humans and/or animals under

these categories to provided adequate support for conseideration of
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a HAP as a likely human cancer hazard. Furthermore, although there
is not specific direction in the statutory language of section
112(g) to identify such peollutants as "non-threshold”, there is
congressional testimony indicating that Congress at a minimum
intended to include HAP with a weight-of-evidence of Group A, B, or
C as "non-threshold" pollutants. Approximately 115 pollutants and
pellutant classes, listed as hazardous air pollutants under the
Act, are identified as "non-threshold" pollutants. Currently the
designation of "non-threshold" is based on carcinogenicity for all
cases.

The possibility of a "non-threshold" mechanism has been raised
for the neurobehavioral effects associated with lead. These
effects are seen with current environmental exposure levels (13).
Thus the apparent absence of a "no-effect level" for lead indicates
that current environmental exposures are above any "threshold"
level, if such a level exists. In addition, a susceptible period
during organogenesis is thought to exist and that any exposure to
lead dQuring this critical period will result in a developmental
effect. However, the identification of the mechanism of toxicity
as "non-threshcld" for such noncarcinogenic effects has not yet
been established.

Exceptions to these generalizations are expected. Some
chemicals may be found to engender carcinogenic effects through
"threshold" mechanisms and other chemicals may engender noncancer
effects through "non-threshold" mechanisms. Thus, the designation

of "non-threshold" will not necessarily be limited to agents with
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toxicities other than carcinogenicity where sufficient evidence
exists to make such a determination.
1.2 Approaches to Ranking the Hazard of Carcinogens

An evaluation of carcinogenic potential consists of an
examination of many factors, one of which is the quantitative
description of the relationship between does and response. Other
important QUalitative factors include the demonstration of
tumorigenesis in multiple species and sexes, the ability to produce
tumors at multiple sites, and whether tumors are rare or have a
high background incidence. ©Of additional importance are factoré
such as physical-chemical properties, structural relationship to
other chemicals rendering carcinogenic effects, and depth of
understanding of the cellular and molecular interactions and
processes in which a carcinogenic effect may be engendered. The
weight-of-evidence evaluation appreoach currently employed by the
EPA attempts to integrate many of the above factors inte a
classification system. Besides these risk surrogates, secondary
criteria such as biodegradation, hydrolysis, and photolysis can,
also, be factored into a ranking.

Several approaches may be used for ranking the hazard of
pollutants which produce carcinogenic effects. One approach is to
base a ranking on only one parameter of risk or hazard. Typically,
the surrcgate has been a measure of potency (or its inverse). The
ranking scheme developed by Ames and colleagues (5-6) is one
example of this approach. Ames and colleagues (5) propocse the use

of the Human Exposure Dose/Rodent Potency dose (HERP) as an index
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of possible hazard from a specific exposure. Human exposure levels
are compared to the dJdose associated with an increased tumor
incidence of 50 percent (TD,,) in rodents.

For the hazard ranking of carcinogens under section 112(g) the
EPA has chosen to use a related measure of potency, the ED,,, or
estimated dose associated with an increased cancer ihcidence of 10
percent as the surrogate for carcinogenic potency. a hazard
ranking based on such a system does not depend on any particular
exposure scenario as it is based only on the inherent hazard of the
HAP. A 10 percent increased incidence is <chosen because
environmental exposures are expected to be much lower than those
associate with risks of 50 percent Wartenberg and Gallo (7) point
out that the rank order of pollutants can change cver a reasonable
range of doses. Each pollutant has its own distinct dose-response
function, thus, a comparison or relative ranking between pollutants
at doses associated with a 50 percent increased tumor incidence may
be different than a ranking using doses associated with say a 10
percent increased tumor incidence. Consequently, approcaches which
only capture one dimension of a pollutant’s ability to elicit a
carcinegenic potential cannot fully portray the multidimensional
nature of carcinogenicity.

From the above discussion, an integration of qualitative and
quantitative elements of carcinogenic potential into a relative
ranking scheme is desirable. One such scheme is that developed by
the EPA for Reportable Quantities provisions under the

Comprehensive Environmental response, Compensation, and Liability
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Act of 1980 (CERCLA), section 102 (8), and for the Clean Water Act
(CWA), section 311. For the Reportable Quantity determinations,
bins identified as "high", "medium", and "low: were defined for
carcinogenic hazard ({9). The following matrix was employed to

determine bin assignment:

Weight- 1/ED,, per 1/ED,, per 1/ED,, per
of- (mg/kg-4) {(mg/kg-4) (mg/kg-4)
Evidence Range >100 Range 1-100 Range 1-100
A HIGH HIGH MEDIUM

B HIGH MEDIUM LOW

C MEDIUM LOW LOW

D NO RANKING NO RANKING NO RANKING
-E NO RANKING NO RANKING NO RANKING

A strength of this approach is that ranking of hazard is
suppcrted both by gquantitative and gqualitative descriptors of
carcinogenicity. Such a scheme can be expanded to examine the
hazard of effects other than cancer by developing criteria (again,
judgement based) for how different effectes may lead to rankings of
similar concern.

A limitation for wusing such a scheme to rank HAP with
carcinogenic properties for section 112(g) is that pocllutants whose

1/ED,,s approach the margins of discrete categories can have hazard

determinations very different than chemicals with the same weight-
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of-evidence classification and only a slightly different 1/ED,,.
This is discussed in a previous section as the "borderline" effect.
Another 1limitation 1lies in the inherent feature using a
quantitative adjustment for weight-of-evidence in the ranking which
may not be appropriate for assigning differences in relative hazard
between pollutants. Under CERCLA, for which this scheme was
originally developed, the determination of hazard was used to
assign carcinogens to broad-ranged bins of hazard for the

assignment of a Reportable Quantity. The goal of that exercise was

not to determine the relative hazard between pollutants (i.e., is
one pollutant more hazardous than another..?), as it is in the
hazard ranking developed in conjunction with section 112(g). Thus,

while many of the concepts used to construct the ranking under
CERCLA (a muléidimensional approach using potency and weight of
evidence to determine hazard, and use of the ED.;), are applicable
to the ranking developed for section 112(g)}, the relative hazard
between pollutants could be distorted by using broad based bins and
incorporation of a quantitation of weight of evidence to determine
hazard.

Yet another variation of the multidimensional apprcach is the
scheme developed by Nesnow et al. {10) for the International
Commissicn for Protection Against Environmental Mutagens and
Carcincgens to describe carcinogenic activity. The scheme starts
with a weighted value (in Log units) of the TD.,, in the case of é
positive bicassay, or the highest average daily dose, in the case

of a negative bicassay. Additional weights are assigned for
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factors considered important for describing carcinogenic potential,
These factors are: the ability of the chemical to induce tumors
(benign or malignant) at more than one site, whether tumors are at
sites for which the historical background incidence is over 10%,
concordance between sexes within a single species, and concordance
between species. Nesnow et al. (10) have applied this scheme to
142 chemicals tested via the oral route by the National Toxicology
Program or National Cancer Institute.

The potential advantages of this scheme are its flexibility in
regard to addition of other information (e.g., mechanistic)
important to describe the carcinogenic process and the use of
scores or weights as a way of characterizing the cumulative
evidence of two pollutants’ carcinogenic potential. Nesnow (10}
states that weight wvalues are based on scientific judgement and
intuition. Consequently, weight values should not necessarily be
interpreted as indices of carcinogenic activity (i.e., potency).
For example, the carcinogenic activity of a chemical exposure
causing increased incidence of a "low" background tumor, defined as
a background incidence of less than 10 percent, is considered twice
that of a chemical exposure causing increased incidence of a "high®
background tumcr. At the current time, an exact measure of the
difference between such chemicals is not known. Therefore, weights
assigned by Nesnow should be considered relative and not absolute.

Whether weight of evidence is used in a quantitative manner or
other "weight factors" developed to describe carcinogenic hazard,

the limitation exists as discussed by Frohlich and Hess {(11) in
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their description of the scoring system of Squire (12}. They
comment on the summation of individual scores {(or weights} as an
overall summary measure which proportedly describes the
carcinogenic behavior of a chemical. Frohlich and Hess (11)
believe the sum of the weights can not be considered an index of
carcinogenic ability since the resultant value obscures individual
difference. Since an important goal of the hazard ranking of
section 112{(g) 1is to compare the relative hazard between
pollutants, distortion of hazard by a quantitative assignment of
weight-of-evidence and other ‘'"weighting factors" should be
minimized to insure that offsetting error is alsc minimized.

Frohlich and Hess’ (11) comments signify that it is important
to understand the factors contributing to an overall summary score
for the overall placement in a ranking and to understand underlying
differences between two chemicals which may be similarly ranked.
However, judgements regarding the final placement in a ranking may
still need to be made independently of any quantitative indicator.
As with any ranking system the intended use of the ranking must
always be a primary consideration in its development, which will
help to determine the appropriate application of gqualitative
aspects of hazard.

Weight-of-evidence <classification covers a range of
conclusiveness about a likely human carcinogen and is a statement
about the compound‘'s ability to engender a carcinogenic hazard in
humans regardless of the route of exposure. A greater human hazard

concern may be inferred when an agent is believed to be a "known
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human carcinogen' or when carcinogenicity demonstrated in animals
satisfies more rather 1less of the weight-of-evidence factors
identified in Appendix A. Consequently, greater confidence of a
likely human cancer hazard can be inferred when sufficient evidence
in humans’ and/or animals exists. Conversely, a human cancer
concern has much less confidence when cancer has only been
demonstrated in animals and to a limited extent. Thus, for the
purpcses of the 112(g) hazard ranking, HAP identified as having a
weight-of-evidence classification of Group A or B are determined to
be more hazardous than those with weight-of-evidence classification
of Group C.

Under the EPA’s current practices, the route of exposure is
not taken into consideration in weight-of-evidence evaluations.
This may change as the EPA attempts to revise the guidelines for
assessing carcinogenic hazards.

The International Agency for Research on Cancer (IARC) has
evaluated the carcinogenicity evidence on several compounds that
the EPA has not yet evaluated. For purposes of section 112({(g),
IARC classifications of Group 1 "carcinogenic to humans" and group
2 (2A) "probably carcinogenic to humans", and group 2B "possibly
carcinogenic to humans" are considered to be "non-threshold"
peollutants. For the present time, the EPA considers the IARC

summaries are sufficient for distinguishing "non-threshold" versus
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"threshold", however, the relative hazard of these chemicals and
those with an EPA weight-of-evidence assignment cannot Dbe
determined as EPA evaluations do not as yet exist.

Weight-of-evidence 'classification should Dbe considered
qualitatively in the determination of relative hazard between HAP
for several reascns. First, one cannot determine how much more
hazardous a classification of Group A is that of a Group C. A full
knowledge of a pollutant’s ability to engender a carcinogenic
hazard is not known for all HAP. Various levels of information
exists on these pollutants.

Second, even though several pollutants may have the same
overall weight-of-evidence classification, it is important to keep
in mind the factors providing the greatest contribution for
rendering the classification. This is the comment of Frohlich and
Hess (11) as discussed previously.

Within each of the weight-of-evidence classifications
categories (Groups A/B, and C) in the section 112(g) ranking, a
second criteria upon which to base relative hazard determinations
is used. This criteria is based on potency and utilizes the
estimates of the 1/ED,, which is expressed in units of (mg/kg-day)*.
The reciprocal of the ED10 is used as the potency factor for the
relative ranking. The more potent the pollutant, the smaller the
ED,, and the larger its inverse will be. Thus, more potent
pollutants will be considered "“more hazardous" based on 1/ED,,'s.
The potency value assignment to each HAP should be considered

relative and for comparative purposes as the estimate of the 1/ED,,
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is not an absolute value. Uncertainties associated with making
inferences about potential human risk by a particular route, data
quality constraints, and the variation in dose-response curves of

individual HAP all preclude its use as an absoclute value.

2. INFORMATION SOURCES

A work group organized by the Office of Air Quality Planning
and Standards and composed of representatives from the Offices of
Research and Development (ORD); Pollution Prevention and Toxic
Substances (OPPTS); Policy, Planning and Evaluation (OPPE), and
Air, Noise and Radiation (OAR) developed criteria which serve as
the basis for the data needs of the hazard ranking of HAP with
carcinogenic effects. A hierarchal scheme of information sources
is proposed to identify the toxicity of "non-threshold" HAP's: (1)
the Integrated Risk Information System (IRIS), (2) ORD documents
such as Reportable Quantity (Evaluations of the Potential
Carcinogenicity of <<chemical name>>) or like documents such as
Health Assessment Documents {(HADs), their updates, any Science
Advisory Board Comments; Health Effects and Environmental Profiles
(HEEPs) and Health and Envircnmental Assessments (HEAs). and (3)
IARC documents.

These documents are chosen as providing the background for
identifying carcinogenic potential since they have undergone some
sort of peer review, Some data in the HEEPs and HEAs, such as

evaluations from the perspective of making risk inferences about
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oral exposures, are outdated due to the age of the document, and
newer information has been subsequently reported. When such data
are incorporated into a more recent evaluation (one which resulted
in a document other than those identified above), memorandums are
considered sufficient documentation. Additionally, data in HEEPs
and HEAs are considered less reliable since the documents either
have not received an Agency-wide peer review, such as chemicals
identified in IRIS, or, if discussed by the Carcinogen Risk
Assessment Verification Endeavor group, issues were raised and have
yet to be resolved.

IARC documents contain high quality information, but are
listed last since their classification scheme for carcinogenicity
does not always have a parallel under the EPA’'s weight-of-evidence
scheme. The IARC summaries are used qualitatively for inferring
potential  hazard. Chemicals identified as having IARC
Classifications of Group 1 (carcinogenic to humans) or Group 2
(including 2A, probably carcinogenic to humans; 2B, possibly
carcinogenic to humans), which have not been evaluated by the EPA,
are identified as "non-threshold" HAP based on the existence of
limited or sufficient animal and/or human evidence of
carcinogenicity (as specified in the IARC summary). The EPA is
presently evaluating the data cited by IARC in order to make its
own welight-of-evidence determinations and, possibly, to make
gquantitative inferences that may be wused to place them

appropriately in the hazard ranking.
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SECTION 3. METHODOLOGY

As discussed previously for the ranking of "non-thresholgd"
pollutants, a scheme which incorporates qualitative and
quantitative elements is desirable since it attempts to capture the
multidimensional aspects of carcinogenicity. As such, a reference
peint was the scheme developed for CERCLA Reportable Quantities
which was based on weight-of-evidence classification and potency
(1/ED,,) . The use of weight-of-evidence and the 1/ED,, as
components for supporting a hazard ranking is rational since these
elements are readily at hand, are in common use, and are understood
by the regulated community as well as by risk assessors and risk
managers both inside and outside the EPA.

The approach recommended for ranking the "non-threshold" HAP
which have evidence of carcinogenicity is to use both the weight-
of-evidence classification and the inverse of the ED,,. Appendix A
contains a description of the data supporting a:weight-of-evidence
evaluation and the methods and assumptions for estimating the ED,,.

Of the "non-threshold" pollutants, quantitative inferences may
be made for 83 HAPs, thus, 1/ED,, estimates exist for these
peollutants. Data sets supporting an estimate of the inhalation
unit risk identified in the Integrated Risk Information System
(IRIS) were also used to support and estimate of the 1/ED,,. Thus,
these 1/ED,,’s can be considered relevant to inhalation exposures.
It must be noted that for many of the pollutants for which

quantitative estimate exist for the inhalation route, inferences
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about inhalation hazards are based on data from chronic oral
studies and route-to-route extrapolations, with their asscociated
uncertainties. Additionally, estimates of the 1/ED,, have been
made for chemicals not found on IRIS, In these cases, when
inferences are made from studies via the inhalation route,
resultant estimates of the 1/ED,, may be considered relevant to
inhalation exposure.

In the absence of inhalation data or route-to-route
extrapolation, estimates of the 1/ED,, have been supported using
data from the oral exposure route. The use of oral data carries
much greater uncertainty for making references about inhalation
hazards. However, as mentioned previously, oral exposure may be an
important secondary exposure concern.

The system developed by the EPA to relatively rank the
carcinogens for the purposes of section 112 (g) is a
multidimensional approach which can best be described as a
combination of criteria being used to determine the relative hazard
between pollutants. Another way to describe it is as
stratification of the weight of evidence with a substratification
of the estimate of potency. For two "non-threshold" pollutants to
be considered different in hazard, for the purposes of offsetting
under section 112(g), they must be assigned weight of evidence
classifications and potency estimates which meet the criteria set
forth in the offsetting guidance of the rule. Therefore a
determination of hazard is dependent on a combination of hazard

determinants. This approach does not assign a weighting factor to
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weight of evidence or use "fixed bins" of hazard (other than the
four main categories, "non-threshold," "threshold," etc.) thus
avoiding, as much as possible, distortion o¢f the hazard
determination for each HAP within each category.

Under the hazard ranking of section 112{g), two conditions
must be satisfied for one "non-threshold" pollutant to be
considered "more hazardous" than another. First, a more hazardous
peollutant must have a weight of evidence which is not considered to
be less hazardous. As stated above, Group C carcinogens are, as a
group, considered to be 1less hazardous than Group A or B
carcinogens.

Second, the more hazardous "non-threshold" pollutant must have
a potency estimate (1/ED10) that exceeds that of the less hazardous
"non-threshold" pollutant by a factor of 3. To attempt to account
for uncertainty in the estimation of hazard, the EPA is making a
policy decision to create a "range of equivalence" a half an order
of magnitude (approximately 3 times) below or above the potency
estimate. Therefore under the hazard ranking of section 112{(g) for
two pollutants differ significantly enough in potency for one to be
designated as more hazardous, the potency estimate of the more
potent pollutant must exceed the "range of equivalence" of the less
potent pollutant. Consequently, if the potency estimates of two
"non-threshold" pollutants fall within each other’s 'range of
equivalence" (within a factor of three of each other) and the
pellutant being decreased does not have a weight of evidence

classification considered to be less hazardous than that of the



30
pollutant being increased, then the two '"non-threshold" HAP are
considered to be equally hazardous.

The application of "range of equivalence" does not have the
same effect as incorporating weighting factors in the hazard
assessment. The "range of equivalence" around each estimate of
potency is designed to address the uncertainty in the estimates
when relative comparisons of hazard are made. Used in this
fashion, they do not distort the estimate as adding a quantitative
weighting factor to the estimate itself would do. Thus, mistakes
in coffsets due to uncertainty in potency estimates is minimized
with the "range of equivalence" approach rather than increased as
is the case by direction application of weighting factor,

For the purposes of this rule, if a peollutant has no potency
estimate but is categorized using EPA’'s Guidelines for Carcinogen
Risk Assessment as either a known, probably, or possibly
carcinogenic to human or is categorized by IARC as having
sufficient animal or human.studies, it is considered to be a "non-
threshold”" pollutant. However, due to the lack of a potency
estimate, its relative hazard cannot be compared among the other
"non-threshold"” pollutants. Therefore it can not be relatively
. ranked with the other "non-threshold" pollutants and could not be

coffset or allowed to offset other "non-thresheold" pollutants. The
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weight-of-evidence and potency estimates (expressed in terms of
1/ED10) wused for ranking the "non-threshecld" pollutants are
presented in Table 1.

One advantage of the proposed ranking approach 1is its
simplicity for making determinations of "more" or "less" hazardous,
which is considered very important teo facilitate trades between
pollutants. However, no insight can be obtained with respect to
the validity of such determinations. A policy decision was made to
consider "non-threshold" pcllutants as being more hazardous than
"threshold" pollutants. The relative hazard between "non-
threshold" an "high-concern' pollutants was not considered to be
determinable (see discussion in later sections).

There are a number of limitations however to the proposed
approach. First, although carcinogens which are identified as
causing severe non-cancer toxicity from short-term exposure have
additional trading restrictions from their placement into the
"high-concern" category, this approach does not consider, in depth,
the non-cancer health effects associated with pollutants possessing
some evidence of carcinogenicity. The EPA is currently assessing
the database for the HAPs identified as carcinogens to determine if
there are data to support a finding of a noncarcinogenic endpoint
rather than cancer as the endpoint to be ranked for such HAPs.
Second, the treatment of noncancer effects (which have no weight-
of-evidence) which are engendered through "non-threshold"
mechanisms is not clearly specified. With respect to these last

two points, it is not advisable to infer from the ranking that the
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effects of cancer are considered "more sericus" than other health
effects. However, language in the Clean Air Act implies that the
increases of a "non-threshold" pollutant may not be offset by the
decreases of a "threshold" pollutant.

The EPA recognizes that "non-threshold" pollutants may produce
a variety of health effects in addition to cancer, including non-
cancer toxicity from acute, sub-chronic, and chronic exposures.
EPA's proposed approach ranks carcinogens primarily by their
carcinecgenic potency. Inclusion of additional offsetting
restrictions on carcinogens because of concern for chronic toxicity
is hampered by inadequate data on such effects and by the increased
complexity of the current scheme, both which may make

implementation of the program difficult.

4. UNCERTAINTIES IN THE DATA AND THEIR IMPACT ON A RANKING

Several uncertainties regarding the gqualitative and
quantitative aspects of a cancer hazard arise when using data from
animals for making inferences regarding inhalation hazards for
humans. These uncertainties are more pronounced when only oral
data are available from which to make these inferences. In most
cases, inhalation data are lacking sco that oral data support the
cancer hazard and dose-response inferences. Furthermore, the
quality of data on any particular pollutant varies. In scme cases
a rich data base on the pharmacokinetics of the pollutant exists

and consequently this information has been used to address
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uncertainty associated with differences in metabolism over
experimental doses, in animal-to-human extrapolations, and in route
extrapolation. Unfortunately, more frequently inhalation data do
not exist and only oral data are available for which to make
qualitative inferences of hazard asscciated with inhalation
exposure. A further complication arises in that dose-response
relationships are inferred from administered doses in a dietary or
gavage experiment. First-pass and dose-rate effects may be
important considerations when making extrapolations from the gavage
route to the inhalation route. Thus, uncertainty is greater when
using oral rather than inhalation data resulting in the possibility
that for some pollutants oral exposure may be a poor predictor of
inhalation risk.

For the hazard ranking of section 112(g) EPA made several
assumptions for making inferences of human health hazard from oral
data. First , it is assumed that carcinogenicity is a property of
the pollutant and not of the route or rate of exposure. Second, in
the absence of human data, an assumption 1is made that human
sensitivity may be as great as the most sensitive responding
animals. That is necoplastic response at any site in animals is
presumed to be a gqualitative and quantitative predictor of a
potential human carcinogenic response via any exposure route.
However, site concordance is not presumed to hold across species
resulting in an animal response that may differ from humans
regarding the site of tumor .development. While all chemicals

identified as "human carcinogens" have also produced carcinogenic
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response in animals, the specificity of rodent bicassays for
predicting the human experience is not really known. As stated
previously, a potential human concern contains more confidence when
carcinogenicity has been demonstrated in twoc animal species.

A number of factors are important for determining the
association between dose and the degree of toxic reaction
engendered {(14). Such factors influence uncertainty of the hazard
estimate and include differences between exposure routes: (a) in
tissue distribution; (b) in the rate of delivery which can lead to
different concentration profiles; (c) in the degree of metabolism;
and (d) across species and among target tissue concentration in the
amount of toxic reaction caused by the agent at its site of action.
These factors have both gqualitative and quantitative influences
with respect to extrapolating observed response in animals to a
ranking of inhalation human health hazard.

_Differences in the pharmacokinetics of a pollutant, i.e., the
abscrption, metabolism, distribution, and elimination, is expected
between exposure routes and between species. Once a pollutant
becomes absorbed, i.e. it becomes available systemically, then the
proportionality between the exposure route and the target tissue
becomes important. Differences across species and across exposure
routes may exist. Additionally, the influence of route of
exposure on quantitative inferences has only been accounted for in
a limited way. When route extrapolations have been made, i.e.
inhalatieon unit risks (in IRIS) are based on oral data, in almost

all cases, lacking information, an assumption of 100 percent
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absorption from both an inhalation and oral exposure route is made.

Only for bromoform was a different assumption made; absorption via
inhalation 50 percent that ¢f gavage exposure.

Some information on pharmacokinetics differences between
species is taken into account in the estimation of the 1/ED,, for
four other HAP. Absorption differences between species (for
perchloroethylene and trichlorocethane) or between high and low
exposure (for perchloroethylene, trichlecrcoethane, and 1,3-
butadiene) are included in the dose-response estimates. This
approach is limited since absorption via inhalation exposure is not
constant with time. A more rigorous accounting of disposition is
included in the estimate ED,, for methylene chloride where a
rhysiologic pharmacokinetics model was used to examine differences
between high and low dose and between species.

’ Questions arise as to the inhalation hazard and the
pollutant’'s placement in the ranking when the only available data
indicate portal-of-entry and not systemic effects wvia oral
exposure. This question needs further examination; it may be that
an oral-related portal-of-entry effect may be qualitatively
predictive of an {(untested) inhalation portal-of-entry effect.

In addition, the rate of delivery of the compound may have an
important influence on the observation of a neoplastic response.
Inhalation exposure is expected to be chronic, exposure occurring
over a protracted period of time. Much of the data supporting the
ranking, however, is from gavage exposure which is episodic. Large

peak blood concentrations are expected with gavage administration.
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If toxicity depends on the on some critical concentration, this has
significant bearing on both the qualitative and quantitative
determination of a cancer hazard. For the "non-threshold" HAP, the
relationship between exposure pattern and subsequent tumor
development is not yet clearly known.

Species differences in the presumed mechanism of action will
also introduce errors into a hazard ranking. Recent research shows
that the development of kidney tumo