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I. INTRODUCTION

Inadvertent exposures of populations to hazardous chemicals make it necessary
for public health officials to have immediate knowledge of the severity of
potential effects and the doses that cause the effects observed. A hazard
index has been developed in response to the need to establish a rating scheme
to characterize hazardous chemicals according to the severity of disease and
the associated hazards, and to prescribe quantities of hazardous chemicals
which, when spilled, must be reported to the U.S. Environmental Protection
Agency. About 200 potential carcinogens and 200 chemicals associated with
other diseases have been evaluated, The hazard index for pbtential carcinogens
couples the weight of evidence indicating potential carcinogenicity with the
potency of the chemical to rate the relative cancer hazard, Similariy, the
hazard index for chemicals that may cause other diseases couples rating factors
for the severity of disease with the dose which causes the onset of disease to
rate the relative hazards of these chemicals. These hazard indexes and the
data for the chemicals thus far evaluated may have more general applications in
assessing chemical risks to the public in response to accidental exposures.

Toxicity indexes, such as lethal dose for 50% of animals (LDgsg) and no-
observed-effect-level (NOEL) can be used in the setting of permissible levels
of harmful substances in the environment or for setting priorities of concern
of harm to human health or the environment. Hazard index can be defined as the
overall 1ndicator of potential harm of a hazardous substance to humans and the
environment. Hazard indexes can be estimated by taking into consideration all
parameters related to the fate, effects, and dose-response characteristics of
the hazardous substances. Thus the chemical structure; physicochemical properties;

mechanisms of action; chemical, biological and environmental transformation and
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transport; and toxicity indexes are important parameters for estimating hazard
indexes of chemicals in the environment.

Some of the above parameters can be estimated from experimental data, while
others may have to be estimated using statistical techniques. The extent and
the form of hazard indexes depends on the purposes for which they are used.

This paper describes the use of a systemic (chronic) toxicity index and a
carcinogenicity index in setting reportable quantities (RQ) under Section
101(14) of the Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA or "Superfund") of 1980. Section 103 of CERCLA requires immediate
notification from any person in charge of a vessel or an offshore or onshore
facility who releases an amount of a hazardous substance equal to or greater than
its RQ. Under CERCLA Section 102(b), the RQ of any hazardous substance designated
in Section 101{14} is one pound unless a different RQ has been established
pursuant to Section 311(b)(4) of the Federal Water Pollution Control Act.

These are statutory RQs for the CERCLA Section 101(14) hazardous substance
unless and until the Administrator of EPA promulgates regulations establishing
different quantities to be reported when released. CERCLA also permits EPA to
establish a single RQ for each hazardous substance, regardless of the environ-
mental medium into which the substance is released.

The Emergency Response Division of the Office of Emergency and Remedial
Response proposed to use "Selected Criteria Processing” (SCP) to adjust the
statutory RQs. SCP includes ignitability, reactivity, carcinogenicity, aquatic
toxicity, acute mammalian toxicity (oral, dermal, inhalation) and chronic
toxicity as the six primary criteria for adjusting RQs. The RQ for each hazardous
substance is the lowest numerical value of all applicable RQs derived from the

primary criteria. The RQ 1s then readjusted using biodegradability, hydrolysis,

and photolysis as secondary criteria,
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IT. TOXICITY INDEX OF POTENTIALLY CARCINOGENIC SUBSTANCES

Hazardous substances suspected of carcinogenic potential can be ranked
using as toxicity index the level of evidence in support of their carcinogen-
icity and the strength (potency factor)} they exhibit in inducing carcinogenic
responses, Three types of evidence can be used to evaluate a substance's
carcinogenic hazard potential. They are: (1) epidemiologic evidence; (2)
experimental evidence derived from long-term animal bioassays; (3) supportive
or suggestive evidence from short-term tests, metabolism and pharmacokinetics,

and structure-activity correlations,

{1). The Weight-of-Evidence Approach to Evaluating the Evidence for Carcinogenicity

The weight-of-evidence can be defined as the strength of evidence indicating
potential carcinogenicity, not relative carcinogenic activity or potency of the
agent. Thus, an overall decision as to whether an agent may pose a carcinogenic
hazard to humans should be based on a careful evaluation of all relevant scientific
data, 1ncluding the design and conduct of the study and the nature and type of
responses, In the most complete form, a weight-of-evidence determination should
be made from a consideration of the strengths and weaknesses of each piece of
evidence, including epidemiological investigations, Yong-term animal studies, and

supporting information.

A. Primary Sources of Information

1. Epidemiology Studies

Human information can provide direct evidence of the association
of increases in tumor incidence or mortality in humans with exposure to chemicals.
Well designed and conducted analytical epidemiology studies, especially case-
control and cohort investigations, are of prime importance; descriptive studies

and case reports provide ancillary information.
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Important elements in interpreting the likely causality of epidemiological
observations include the magnitude of the risk estimates (strength of the
associations); the likelihood of their being due to chance (statistical
significance); the rigor of the study design to avoid various kinds of bias,
including those related to selection, confounding, classification, and measurement;
the dose-response relationships; the temporal relationships between exposure
and disease; the specificity of the associations; their biological plausibility;

and the reproducibility of the findings.

2. long-Term Animal Studies

Confidence in the results of animal experiments is gained when
carcinogenic effects have been confirmed in repeated experiments, in different
animal strains or species, or in different dose groups or sexes within a given
study. Other measures include demonstration of a highly significant increase
in tumors, the presence of tumors at multiple anatomical sites, the histological
types of tumors present, and the shortening of tumor latency in treated groups
as compared with controls. Dose-response relationships also support a conclusion
of carcinogenicity.

In reaching an overall evaluation of the experimental animal evidence,

each Tong-term study needs to be reviewed with regard to the following factors:

a} tumor incidence

b) tumor development

¢) preneoplastic lesions
d) target-organ toxicity

e} other relevant biological and chemical information.



75

B. Supportive Information

1. Short-Term Testing

Appropriate in vivo and in vitro short-term tests provide ancillary

empirical and potentially mechanistic information bearing on the carcinogenicity

of an agent.

2. Biological Test Results

Many toxicological, physiological, and biochemical observations,
such as comparative metabolism and pharmacokinetic studies and certain mechanistic
investigations, can contribute to a determination of carcinogenicity.

3. Structure-Activity Relationships

General information bearing on the biological reactivity of compounds
chemically related to the agent under investigation is useful in the evaluation

of the carcinogenicity of the agent.

(2). Summarizing the Weight-of-Evidence for Carcinogenicity Using the International

Agency for Research on Cancer (IARC) Criteria

After the data have been evaluated, the weight-of-evidence for carcinogenicity

may be classified according to the I[ARC criteria (see Appendix I).

Weight-of-Evidence Statement Using the IARC Criteria

Level of evidence from experimental animal studies
Level of evidence from human studies
IARC grouping

(3). Potency Factor Estimates

After the decision has been made that a compound has the potential for
causing cancer 1n humans, attempts will be made to estimate a potency factor F

defined as 1/EDjg. EDjg is the estimated dose associated with a lifetime cancer
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risk of 10%. The potency factor F will be used together with the qualitative
weight-of -evidence for carcinogenicity in the ranking of the carcinogenic hazard
potential of the chemicals.

Dose-Response Data That Can Be Used For Potency Factor Estimates

Animal Data
Human Data
The potency factor F is used 1n place of the potency factor qI*, which
the Carcinogen Assessment Group {CAG) normally uses in the estimation of risk,
because the objective here is to rank chemicals for their potential to cause
carcinogenic harm and not to estimate risk associated with a particular level
of exposure. Furthermore, it is advantageous to use the potency factor F
because it can be estimated without the use of the many assumptions that are
required for calculating and/or using q;. This is possible because the dose
associated with a lifetime cancer risk of 10% is usually within or close to the
experimentally observable range.
Other advantages of the potency factor F are:
a. It is relatively insensitive to the choice of the dose-response extrapo-
lation model.
b. The point estimation of EDyg, which has some optimal statistica)
properties, can be used to calculate F. Therefore, it is not

necessary to use the upper-bound estimate, which is more stable for

estimating risk at very low doses.

* - . .

T qy 1s the upper confidence limit for the linear coefficient in the
muit1stage.model. See Appendix 1I, Description of the Quantitative Rish
Extrapolation Models Used by the U.S. Environmental Protection Agency.
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(4). Potency Factor Grouping

The potency factor estimates are indicators of relative magnitude (potency)
to cause carcinogenic harm. These numerical values are useful tools for
setting toxicity indexes.

When the relative potency factors are estimated by the procedure outlined in
(3) above, they can be aggregated into four groups. Those chemicals with the
highest potency factor can be placed in group 1, intermediate potency factor
chemicals can be placed in group 2, low potency factor chemicals can be placed in
group 3, and the lowest potency factor chemicals can be placed in group 4. The
method used for grouping 192 chemicals for the RQ project ® to place chemicals
with potency factors (F) above 100 into group 1; chemicals with potency factors
from 10-100 into group 2; chemicals with potency factors from 1-10 into group
3; and chemicals with potency factors below 1 into group 4. The major disadvan-
tage of this method is that the grouping of chemicals with borderline potencies
between groups is arbitrary. While toxicologic information could be used to
aid 1n placement, the process would still be somewhat subjective. Another
method of grouping is analysis for clustering in addition to potency numerical

value cut-off points.

(5). Cancer Hazard Ranking Based on Combined Qualitative and Quantitative Assessment

The culmination of the hazard ranking process described in this study is
accomplished by combining the qualitative weight-of-evidence for carcinogenicity
with the potency group placement to arrive at a final carcinogenicity index for
each chemical. Substances are ranked as posing a high, medium, or low cancer

hazard according to the foliowing scheme:
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Carcinogenicity Indexing for Reportable Quantities under CERCLA

Potency Group

[ARC Group 1 2 3 4
F>100 F = 10-100 F=1-10 F<1
1 HIGH HIGH MEDIUN LOW
2A HIGH MEDIUM MEDIUM LOW
28 HIGH MEDIUH LOW LOW

3 Cannot Be Ranked in General*

The hazard rankings for about 200 suspected carcinogens are presented in

Table 1 (page 12).

ITI. TOXICITY INDEX FOR SUBSTANCES WITH SYSTEMIC {CHRONIC) TOXICITY POTENTIAL

The toxicity indexes on chronic toxicity reflect two primary attributes of
each chemical:
1. The minimum effective dose (MED) levels for chronic exposures {mg/day
for a 70-kg man) via alternative environmental media (air, water, etc.).
2. Type of effect (liver necrosis, teratogenicity, etc.).

(1) The Minimum Effective Dose (MED)

The dose rating for a given chemical is based upon the MED transformed to
values ranging from 1-10 using the graph in Figure 1 (page 27). Substances having
an effect at a low dose (i.e., those that are more highly toxic) will be given a

high rating on this graph, while those requiring a high dose (less toxic) will

* The group 3 ;a;egory includes chemicals for which the evidence from animal
studies is limited or inadequate, and for which there is no human evidence.

For those studies with reliable dose-related data, a potency estimate is
determined and a hazard ranking is performed.
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be given a low rating. The rating values range from 1 to 10.

(2) Rating Potentially Hazardous Chemicals According to the Severity of

Disease
The eriect rating for an individual chemical will range from 1 to 10 depending
on severity (Table II, page 28), with 10 being the most severe. These values
must be assigned on a chemical-by-chemical basis.

(3) Toxicity Hazard Ranking Based on the MED and the Severity of Disease

A final Composite Score (CS) which is the chronic toxicity index is deter-
mined by multiplying the dose rating by the effect rating. The possible range
of CSs is thus 1 to 100. Using this scheme, only those compounds inducing what
are judged to be the most severe effects at low levels of exposure would fall
inlo the high toxicity index category.

The following step-by-step text gives additional details for this procedure:

1. Identify subchronic or chronic no observed adverse effect levels (NOAELs),

Towest observable effect level (LOAELs) or frank effect level (FELs)
based on animal or human data from the available literature. Note the
dose/exposure and the effect,
2. Convert all NOAELs, LOAELs and FELs to units of mg/kg/day.
Inhalation, dietary or drinking water exposure data will be
converted to units of mg/kg/day doses based on the methods
outlined previously (U.S. EPA, 1980).

3. If the NOAEL, LOAEL or FEL 1s based on subchronic exposure, a
corresponding chronic value will be estimated by dividing the
subchronic value by 10 or less.

4. The MEDs based on animal data will be converted to human MEDs

using the cubed root of the body weight ratio approximation,



and the subsequent value will be multiplied by 70 kg to put the
MED in units of mg/day for a 70 kg man.**

5. Assign a dose rating value (RV4) to the dose associated with
the MED as described in Figure 1.

6. Assign an effect rating value (RVg) to the effect associated
with the MED as described in Table II.

7. Calculate the SC as:

CS = RVg4 x RVe

8. If more than one MED can be used to calculate a CS for a route
of exposure (oral or inhalation), the MED for the route of
exposure which will be considered in setting the RQ will be
selected by the following criteria:

o If adequate chronic data are available, disregard MEDs
based on subchronic data,

o If more than one MED remains, select the MED which 1s based
on the "best" data.

o If considerations of data quality do not 1ead to the selection
of a single MED, the MED resulting 1n the highest CS for a
given route will be used,
9. Having selected a single MED and derived a CS for each route of

exposure, the MED used to determine the RQ will be the MED from

the route of exposure with the highest CS.

**This is based on the assumption that metabolic rate is a function of body
weight to the two-thirds power. Thus, the human dose, assuming a body weight
of 70 kg, is equal to:

animal dose x 70 kg 2/3,
animal weight

This equation can be rearranged so that the human dose in mg/day equals:

animal dose x  animal weight 1/3 x 70 xgq.

74U kg
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10. The reportable quantities (RQs) are then assigned based on the

following relationship to CS:

Composite Score RQ (1bs}
{or chronic toxicity index)
81-100 1
41-80 10
21-40 100
6-20 1000
1-5 5000

The composite scores for about 200 potentially hazardous chemicals are

presented in Table III (page 29)}.
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