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THE ADMIMISTRATOR

Honorable Lee M. Thomas
Administrator

U.5. Envirommental Protection Agency
401 M Streer, S.W.

Washington, D.C. 20460

Dear Mr. Thomas:

The Hazard Ranking System Review Subcommittee of the Sclence Advisory
Board has completed its review of a number of issues related to the
Superfund Hazard Ranking System (HRS). The Hazard Ranking System is the
principal mechanism used by EPA to determine whether an uncontrolled
waste site should be placed on the National Priorities List.

Resides evaluating the questions referred by the Office of Emergency
and Remedial Response {(0ERR), the Subcommittee has also chosen to address:
the overall algorithm for the HRS, the inclusion of exposure in the HRS,
how the HRS could be evaluated in the future, and work which could be
done to provide better documentation for the next revision of the HRS.

The Subcommittee has suggested changes that will allow the HRS to
provide a more accurate and scientifically based estimate of the relative
risk of candidate uncontrolled waste sites. Ideally, the HRS scores
should accurately assess the relative degree of risk at a site. However,
we recognize this is not always feasible due to scientific and data
limitations and to value and policy decisions implicit when congidering -
and balancing human health and environmental impacts. A revised HRS,
better designed to evaluate sites by relative risk, will provide am
improved mechanism for determining which sites should be included on the
National Priorities List (NPL), and can potentially provide useful input
to the subsequent prioritization of NPL sites. However, the Agency must
continue to base thisz prioritization on many factoers in additiom to the
HRS. Most of the changes needed to improve the current HRS are changes
in the risk variables assessed and in the overall algorithm, not changes
with vast new data requirements. ‘

) The Office of Emergency and Remedial Response referred three issues
to the Subcommittee: the types of toxicity the HRS should address and
how it should do 50; distances from an uncentrolled hazardous waste
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gite that are relevant when considering air pollutants from the site;
the feasibility of including waste concentration in the HRS and whether
large volume waste sites had been treated differently than other sites
by the HRS.

The Subcommittee finds that all the options OERR proposed for revising
the toxicity factor ate improvements over the current approach. The
Subcommittee believes, given the diffieculty of asmbient air monitoring,
that the inclusion of potential release via the air pathway is an important
improvement to the HRS. The Subcommittee also believes that improved
characterization of the source and of exposure/mobility will improve the
functioning of the HRS for all sites, not just large volume waste sites.

With respect to the three issues posed to the SAB, the Subcommitree
reconmends the following:

1+ In order to improve the discriminating power of the HRS, the
currently used Sax rating scale should be replaced by multiple umeasures
of toxiecity. In addition, exposure measures need to be improved.

2. Modificacion of the HRS to include the potential for air release
seems both approprlate and possible. A scoring system that weights
population exposure in concentric rings 1Is recommended,

3., FEPA”s experience in applying the HRS to mining sites has not
proven biased agalnst such gites, that is, it has uot treated such sites
with systematic error; however, it has that potential. OQur recommendation
for improvement includes incotrporating hazardous—constituent concentration
in a tiered system, modifying the toxiecity factor to reflect metal speciation,
incorporating a mobility factor, and adding additional transformation
factors.

The Subcommittee also recommends that more attbempts be made to learn”
from subsequent experlence so that when the HRS is next revised, a better
bacis for those revisions will ba available., These recommendations are
detailed in Appendix 6,

The Subcommittee”s evaluation of these and other issues, and its
conclugions and recommendations, are discussed ip greater detail in the
attached report. Because of their cross cutting nature, certaln issues,
such as exposure and the overall algorithm, appear in more than one area.

The Subcommittee would like to c¢all to your attention the high
quality efforts of the staff from the 0ffice of Emergency and Remedial
Response that briefed and worked with the Subcommittee, ‘They were
professional, well-prepared, and responsive to the Subcommittee”s
requests for information.

o
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We appreciate this opportunity to present our scientific views and
look forward to an official written response fram the Agency concerning
the caments and recommendations in the attached report,

Sincerely,

Norton Nelson, Chairman

Executive Comittee
Science Advisory Board

-

Raymo Ipehyr, Chairman
Hazard Ranking System Review Subccommittee
Science Advisory Board ‘

cc: W. Porter
H. Lorgest
T. Ycsie
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NOTICE

This report has been written as a part of the activities of the
Science Advisory Board, & public advisory group providing extramural
selentific information and advice to the Administrator and other officials
of the Environmental Protection Agency. The Board 1s structured to
provide a balauced expert assessment of sclentific igsues related to
problems facing the Agency. This report has not beeén reviewed for
approval by the Agency and, hence, the contents of the report de not
necessarily represent the views and policies of the Environmental
Protection Agency, not of other agencies In the Executive Branch of
the Federal government, nor does mention of trade names or commercial
products constitute endorsement or recommendation for use.
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EXECUTIVE SUMMARY

The Hazard Ranking System (HRS) is the prinecipal mechanism used by
EPA to determine whether an uncontrolled waste site should be placed on
rhe National Priorities 1ist (NPL)., The Office of Emergency and Remedial
Response (OERR) requested that the Science Advisory Board (5AB) raview
certain aspects of the technical basis for revising the HRS. The major
isgues identifled by OERR dealt with the toxicity factor, alr target
distance, and large volume wastes. (See Appendix 7 for the full text of
this request).

Overall, the Subcommittee is generally supportive of the changes
OERR presented and found no fatal flaws in the approach to the HRS that
OERR presented; however, the Subcommittee has made recommendations in
this repert that would furthey improve the HRS.

Toxicity Factor

Toxicity should be 2n important component of a site ranking schene,
Recause the toxieity factor in the current HRS makes virtually no distine-
tions among sites listed or proposed to be on the NFL, and because EPA
did unot present evidence that it had examined the ability of the various
factors to diseriminate between sites ——including sites not on the NPL-—the
Subcommittee questions whether the existiung toxicity factor has the power
to diseriminate "very toxic" from "not so toxic" sites. The Sax chemical
toxieity ratings are a crude basis for setting prioriries since they
address only the acute toxiclty of one constituent of the waste. The
Subcommittee recommends replacing Sax ratings and using multiple measures
of toxicity for ranking sites. All of the optlons presented by OERR are
substantial improvements, These options are described in OERR"s
Discussion of Options for Revising the Hazard Ranking System (HRS) Toxicity

Factor (12).

Scientific techniques exist which would permit the HRS to considet
gseveral endpolnts that are revelant to human health and the environment.
Multiple measures of toxicity should be considered, any one of which, if
suffliciently severe, could, by placing the site on the NPL, trigger a
more detailed evaluation. By multiple measures, the Subcommittee means
acute human health effects, human cancer, non—cancer chronic disease in
humans, and impact on the non-human natural environment. However, a
system of welghting the severity of different health endpoints, as ig
done in the Raportable Quantities (RQ) approach, is not encouraged because
a single composite score obscures the value judgments implicit in such an
approach.

It 1z possible.that sites containing hazardous chemicals whose
toxicities are not well or widely known might be omitted from the NPL,
thus creating false negatives. Measures to counter this problem ineclude
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the continued development of toxicity profiles on additienal chemicals and
the keeping of good records so that sites can later be re—-evaluated when
additional toxiclity data become available,

Alr Target Distance

The Subcommittee supports efforts to modify the air pathway so that
it considers the potential for release instead of relying only on a score
for observed releases. Air emissions are often episodic and/or narrowly
focused along a particular wind direction and, therefore, are difficult
to detect. Furthermore, time and site activities (such as excavation in
the course of site remediation) car markedly change the potential for air
emissions,

Methods are currently available which can be simplified to calculate
approximate, order-of-magnitude emission rates for impoundments and
landfills. Using them requires information on the chemlcal identiries
at the site, When such information Is torally lacking, it is impossible
to even estimate the quantity of the chemical preseat, and volatile air
emisgions can not he predicted. The subsequent consideration of ailr
" exposure routes is very weak., A minimum data requirement which mandates
contaminant ldentification by record review or direct sampling (either
within contalmment structure or of emissions) would greatly improve the
HRS" validity in all pathways. In the absence of an inventory, direct
sampling methods such as soll gas analysis or contained surface sampling
complement estimared emissicns and provide a more affective gstimate than
the estimated emissions alone. Such methods normally will yvield samples
of much higher concentration than amblent air samples, and chemical
analyses will be more informative.

The Subcommittee recommends that the Agency derlve a scoring system
which weights the number of exposed people in a "ring" according to the
distance from the site at which they live, (This approach 1s described in -
greater detail in Appendix 2 and illustrated by the figure on page A2-12.)
The widths of the rings can be determined to account for the decrease in
air concentrations with distance.

This ring-welighting method does not account for risks to the
maximally exposed individual (MEI), but it does explicitly account for the
higher exposures that will occur closest to the site. The Subcommittee
does not consider a separate or additional evaluation of MEI ailr risks
as part of the HRS to be necessary. The recommended ring-weighting
mekhod will essentially serve the same purpose by weighting most heavily
the nearest and most exposed population.
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The ring-welghting method should be calibrated on the basis of the
variation of concentration with distance. The influence of pollutants
borne on particles will likely be coucentrated at lesser distances which
would change the ring weights, but would not often lead to martkedly
different scores.

Large Volume Waste

The issuezs before the Subcommittee were the "applicability of the
HRS in scoring mining waste sites” and the "feasibility of using waste
concentration data in a revised HRS."

The Subcommittee finds that the studies conducted thus far regarding
the adequacy of the HRS listing process.for mining sites have been limited
and incounclusive. Sufficient evidence based on experience has not been
evaluated and presented to show an inadequacy of the HRS in regard to
mining sites. However, the present scoring system has a potential to
treat mining wastes with systematic ervor,

The Subcommittee believes the present HRS is not well suited for
scoring potential releases from minlng site wastes because mobility is
not included. TImptoved ways of considering the concentration {often
low), toxielty release (mobility in various matrices), and information
on the trangport and transformation of chemicals would make the HRS more
accurate. '

Mobility 18 a more discriminating concept for both inorganic and
organic substances than is persistence in the subsurface, especially
with respect to inorganiec compounds. The Subcommittee reconmends that,
during the development of a structured-value representation of the mobility
concept, a means of imcorporating important matrix characteristics be
explored, Significant matrix characteristics are extreme acidity or -
alkalinity (as expressed by both high and low pH), crystalline phase
modifications of mining wastes that differ from native geologic materials,
and the sorptive capacity of surrounding geologic materials {influencing
migration tendency). ‘ '

In regard to the surface water route, EPA Is consideting kaeping
persistence as the parameter to include with toxicity in the waste
characteristics portion of the HRS, but would consider other transformaticn
parameters along with the current use of blodegradatioen. Inclusion
of these additional parameters would improve the existing HRS because
it would more closely correspond with what happens in the real world,

It appears from the presentations that OERE would also include
mobility in the air route scote. Mobility and waste quantity are important
factors in determining exposure. Because of this importance, the basic
approach of including mobility in the HRS should be pursued. (See also
Appendix.2,) ' :



Modifying the current HRS to incorporate factorg which capture some
measure of both the physical-chemical characteristics of the hazardous
constlituents and the waste matrix, as well as those site characreristics
responsible for risk, is clearly an lmprovement,

EPA presented two approaches for Incorporating concentration inta
the HRS. While the direct measurement approach provides the soundest
scientific basils for the HRS, in most cases, it will not be practical—-—
because of safety and cost consideratiens--to require waste constituent
concentration data for every site at the site inspectlon stage. In
contrast, the tiered approach used hazardous constituent concentration
data where available and default valueg where they were not., The Subcommittee
supports the use of the tiered approach because it encourages the gathering
and use of concentration data and provides for the use of indirect estimates
where data gathering 1s impractiecal.

Both approaches translate waste constituent concentration data ianto
an estimate of the total mass of a hazardous constituent at the site,
which is then used te compute the waste quantity score for the HRS. The
approach that uses the "total mass" of hazardous constltuent, without
relevant information on metal speciation and mobility, would produce
false positives for some large volume wastes and pathways.

For the ground water pathway, the total concentratlon or maszsg
of a constituent is of much less importance than the leachate concentration
produced at the site. Consequently, more emphasis should be placed on
the partitioning of hazardous constituents between the s0lid waste and
the leachate. Actual or estimated leachate concentration should then be
factored into the waste quantity term in the HRS. For wastes that are
In liquid form, total contaminant mass quantity should continue to be
used.

Ex905ure

The Subcommittee believes that toxicity issues are integrally linked
to dose, f,e,, migration and exposure (see Appendix 4).

Consideration of expasure in the evaluation of relartive rigk is
vital. If there i3 no exposure, there is no risk and where there is
exposure, risk varies with exposure. While the cutrrent HRS gives some
consideration to exposure, often through the use of proxies such as
persistence, distance to nearest well and target populations, the
Subcommittee concludes that additional chemical-specific consideration
of routes of exposure, particularly with respect to the Toxicity Factor,
wouid strengthen the HRS. '

The Subcommittee 1g mindful of the difficulties in characterizing
expasures to chemicals at waste sites that have undergone only preliminary
investigation. It does not propose the implemention of expensive and
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time-consuming sampling programs to measure actual concentrations in

ambient media where pollutant levels may be near or below detection

limits., However, additiomal surrogates for exposure-—e.g,., a calculation of
quantity estimates with mobility consideratioms—-will provide better
rankings than does the current system. Without appropriate estimates

of mobility, consideration of toxicity in the algorithm is tantamount to
assuming that the exposures to every detected chemical at every waste

. gite are equal. The Subcommittee recommends adoption of a tiered approach
for exposure similar to Option W3 EPA developed for concentration
(discussed 1n Appendix 3 of this report).

Algﬂrithm

Revisions to the HRS should begin with the development of a chain of
logic, without regard for the ease or diffieculty of ¢ollecting data, thar
would lead to a risk assessment for each site. This framework, but not
the underlying logic, would be simplified to account for the very real
difficulties of data collection.

This chain of logic, which is termed the algorithm in this report,
should lead to & situation in which an increased score reflects an increased
risk presented by a site. Without this consistency in the meaning of a
score it is impossible to assess the relative degree of risk posed by a
gite,

The Subcommittee places special emphasis on the algorithm issue
because it 1is imposgible to review the components of the HRS without
considering how the components fit together., 1f the HRS is to evaluate
sites by relative risk, then the HRS must be consistent with the underlying,
quantitative relationships of the factors involved. Specific recommendations
concerning this issue are presented in Appendix 3.

Congistency in terms of relative risk and score does not exist
betwean sites im the current HRS, although for a single site a larger
acore represents a larger risk., <Changes in the HRS algorithm mean that a
secore of 28,5 in a revised HRS will almost certainly mean something
different than a score of 28.5 in the current HRS.

Recommendations‘To fvaluate and Improve the HRS

Grappling with a difficult problem like the HRS clarifies the need
for additional data, studies, and evaluations. The Subcommittee assumes
that the HRS will again be revised. Results from the followling would be
most helpful at that time. Peer review of the plans for ‘such studies is
recommended.

0 The evaluation of the relative risk of sites as estimated by a
HRS score should be compared with the results of risk assessaents
based on the Remediazl Investigation/ Feasibility Studies (RI/F5).
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Advance planning is needed so that additional RI/FS-like data

is gathered on some sites with scores below 28.5: these can be
selected using an s priori sampling scheme. Similarly, since

the success of the HRS at ranking by relative risk depends, in
part, on the consistency and completeness of the secoring, at

least some sires scoring above 28.5 may requilre additional

data gatherimg. Such work would provide the basis for a meaningful
retrospective study of the HR5 and a better understanding of

the basic parameters that are important in the use of the HRS
scoring model,

EPA should determine, based on results of RI/FS studies, whether
the health risk assoclated with a site was likely to be dominated
by one or a few chemicals (for each pathway) or by a larger
number of chemicals. Such a review would provide an objective
basis for recommending how many chemicals should be selected

for toxlecity (or site) ranking. The two Agency studies of this
issue presented to the Subcommittee were limited in the number
and types of sites evaluated, and the sites studied were not
selected for representativeness, but for convenlence. A better
evaluation 1s warranted.

EFA should consider, how the scores through the various pathways
relate to relative risk., With this information, the algorithm
can be calibrated appropriately.

A vigorous effort should be made to improve the overall quality of
andlytical data collected at sites, Standardized ecollection and
laboratory methods currently exist for only a small fraction of
substances potentially present, Expanded chemical characterization
of all media, coupled with a strong laboratory certification program
will improve not only the HRS but all aspects of the Suparfund -
procass.,

Screening models like the HRS must be simple. They do not have
much resolving power and therefore, some false positives and
false negatives are inevitable. Because of this limitation,
HRS scores should not be overemphazized., A process should be
established either to review sites subject to scoring or to
review HRS scores in an attempt to spot false positives and
negatives, Such a seclentific review process could involve the
use of additional models; in many cases, however, obvious false
negatives or positives might be best handled by a "manual” review.
The important point is that the system be flexible enough to
allow for a varlety of appreoaches to be used, as needed, during
the scientific review process.
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INTRODUCTLON

The Curtent Hazard Ranking System: Purpose and Prior Reviews

The Hazard Ranking System (HRS) is the principal mechanism used by
FPA to determine whether to place sites on the National Priorities List
{NPL). The HRS was made available for public comment on two occassions.
On March 12, 1982 a draft of the current version was placed in the Superfund
Docket and a notice was published in the Federal Register. EPA summarized
the public comments and addressed them in the preamble to the final HRS
rule on July 16, 1982. On April 9, 1987 EPA published an Advance Notice
of Proposed Rulemaking in the Federal Register regquesting comments and
{nformation related to revising the current HRS. The Agency subsequently
held a two-day public meeting to solicit public testimony. The issues
referred to the Science Advisory Board (toxicity facter, air target
distance, and concentration) are ounes that the public had previously
idencified.

Required Revisions to the Hazard Ranking System

Section 105(e)(1) of the Superfund Amendments and Reauthorization
Act of 1986 (SARA) requires that the-Agency modify the Hazard Ranking
System so that, "to the maximum extent feasible, it accurately assesses
the relative degree of risk to human health and the environment posed by
sites and facilities subject to review." The amendments require an;

o Assessment of the human health risks assoclated with contamination
or potential contamination of gurface waters, either directly or as
the result of run—off from a site.

o Evaluation of the damage to natural rasources which may effect
the human food chain and which is assoclated with any release or
threatened release,

-

o Assessment of the contamination or potentizl contamination
af tha ambient air which is associated with a releasze or
threatened release.

Saction 125 of SARA also requires that for certaln wastes generated
primarily from combustion of coal, EPA consider the following:

"(1) The quantity, toxiecity, and concentrations of
hazardous constituents which are present in such
waste and a comparison with other wastes; ,

(2) The extent of, and potential for, release of such
hazardous constituents into the environment; and

(3) The degree of risk to human health and the
environment posed by such constituents.”
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Section 1187 requires that EPA give a high priority to facilities where
the trelease of hazardous substances has resulted in the closing of drinking
water wells or has contaminated a prineipal drinking water supply.

Sclience Advisory Board Review

Three memoranda from the Office of Emergency and Remedizl Response
constitute the rtequest for the review., (Appendix 7 contains copies
‘of these memoranda,) In response to the first memorandum requesting an
independent outside scientific review of the technical basis supporting
revisions of the HRS the Executive Committee of the Science Advisory
Board formed the Hazard Ranking System Review Subcommirree, (The Subcommitteeo
roster appears at the beginning of this report.) The members were chosen
for their special expertise and experience in the hazardous waste area.

The Subcommittee first met May 19-20, 1987 in Washington, DC for
background briefings oa the Superfund program and on the current HRS.
OERR provided the Subcommittee and Work Group with briefings on the
toxielty factor and air target distance issues, ilssue papers, and key
references. At the July 16-17, 1987 Subcommittes meeting in Washington
the 0ffice of Policy Planning and Evaluation (OPPE) orally presented its
Site Ranking Panel Study, four ranking systems and expert panel to rank
20 hazardous waste sites.

The Subcommittee formed three work groups to address 1lssues
referred by the OERR. These were the Toxicity Factor Work Group, the
Alr Target Distance Work Group and the Large Volume Waste Work Group.
(Rosters for these Work Groups can be found In the front of Appendices 1,
2, and 3, respectively). Each work group reviswed documents on that
Lssue prepared by OERR and reported to the full Subcommittee. (Review
and Important background documents are listed in Appendix 8.)

The Toxicity Factor Work Group met June 29-30, 1987 in Washington, DC
to review Discussion of Options for Revising the Hazard Ranking System
(HRS) Toxiecity Factor (12). The Work Group reported its conclusions
and recommendatrions to the full Subcommittee July 16=17, 1987.

The Alr Target Distance Work Group met-July 27-28, 1987 in Washlngton
to review Analysis of the Air Target Distance Limit in the Hazard Ranking
System (9).

The Large Volume Waste Group met August 20-21, 1987 in Denver
to review two documents, The Superfund Hazard Rankiq& System (HRS):
Applicability to Mining Waste Sites, and The Superfund Hazard Ranking
System (HRS): Feasibility of Using Concentration Data in a Revised HRS (13,
14). OERR briefed the Large Volume Waste Work Group. Two members of the
public were invited to give presentations to the Work Group. Dr. Ishwar
Murarka of the Electric Power Research Institute presented EPFRI"s utility

i
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waste Tesearch program (1, 2, 3, 4, 5, 6, 7). Mr. William Bluke of CH2M
Hill spoke on his experiences at Superfund mining waste sites. Two
members of the public, Dr, Brian Murphy of Gradient Corporation and Ms.
Susan Sawtelle representing the Edison Electric Institute and other
utility organizations, provided oral comment.

The latter two work groups reported their conclusions and
recommendations at the final, full Subcommittee meeting held on September
14~15, 1987 in Washington, DC.

Materials given to the Subcommittee were made available to the
publie through the Superfund bocket, All wmeetings were announced in the
Federal Register and opportunity for both written and aral public comment
was provided at each meeting.

The Subcommittee”s report was approved by the Executive Committee of
the Science Advisory Board on January 14, 1988 prior to transmittal to
the Administrator,

. Srrueture and Practice of the Current HRS

The current HRS uses a technique called structured value analysis
(or scoring) to rank sites. In the HRS structured value analysis, a set
of rules is developed which parallel what is thought to be occurring in
the real world. The rules address what factors should be considered, and
how they should be scored and combined. The combination ruleg for the
current HRS have been adjusted on the basis of professional judgment—-that
is, weights have been introduced to make the HRS output match a subjectively
ranked test set of sites.

The current HRS, described in Uncontrolled Hazardous Waste Site
Ranking System: A Users Manual (8), assigus three scores to a site. Two
are used primarily to identify facilities requiring emergency attention.
These are the score for Fire and Explosion and for Direct Comtact. The
third, or Migration score, is.the primary basis for inclusion on the
NPL. | - C

Three pathways (ailr, surface water, and ground water) are considered
in developing the Migration score. For each pathway, various facrors are
conslidered, These fall into three broad categories: likelihood of release,
waste characteristics, and targets. The actual factors considered can
vary with the pathway. For example, distance to the nearest well applies to
the ground water pathway but not to the air pathway.
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After a numerical value ig assigned to each factor, it iz muleiplied
by a weight to obtain a factor score. Factor scores within the sanpe
category are added. Scores for the categorles are multiplied together,
This procedure yields a scare for the pathway, The pathways are then
combined rhrough a merhod called quadratic averaging. Each step in rchis
process affects the final score and, therefore, how well the HRS discriminates
between sires of greater and lessar risk to human health and the environment,

EPA and the states use the HRS to calculate a site score, from O to
100, based on the actual or potential release of hazardous substanceg
from a site through air, surface water or ground water that may affect
people. This score 1s the primary technical factor used to decide if a
hazardous waste site should be placed on the National Priorities Ligt.

EPA, the states and other public agencies have used the HRS to
evaluate several thousand sites. The scores and supporting documentation
of these sites are submitted to EPA Headquarters where they are reviewed
to ensure correct and consistent application of the system, Sites having
scores above 28.5 are proposed in the Federal Reglster for the National
Priorities List. Based on public comment and all available information
EPA develops a final score for each site and places it on the NPL if the
score 1s stil]l above 28.5,
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SUMMARY OF THE ISSUES

Toxiecity Factor

The Subcommittee believes that toxicity to human health and the
environment is an important consideration in site ranking, To be useful ,
' the toxielty factor should discrimate between "very toxic" and "not so
toxic” sites., If the objective of the HRS is to generate estimaresg of
relative risk, it must ‘address both toxicity and exposure, Although
toxicity Is part of the current HRS, the toxicity factor makes distinctions
among only a few of the 951 sites listed or proposed for the NPL.

The Sax chemical toxicity ratings have provided the current HRS
with a crude basis for prioritizing sites. The Sax system is insufficient
because (a) 1t focuses on acute adverse outcomes instead of the range of
toxicologic endpoints that need to be addressed in the HRS, and (b) it
does not provide citations go that toxzicologic ratings can be reevaluated
and verified for the purposes of the HRS. All of the options (El, E2, E3)
discussed in Discussion of Options for Revising the Hazard Ranking System .
(HRS) Toxicity Factor (l2) represent improvements ovar the Sax rating
method.

The Subcommittee recommends the Sax rating method be replaced with
2 toxieity factor which addresses multiple wmeasuras of toxicity because
most known toxic chemicals are associated with a range of health and
environmental effects, Therefore, to protect human health and the
environment, the HRS needs to incorporate the potential for a wide range
of adverse effects. A high score for any of these endpoints could motivate
a more detailed evaluation of a site at the RI/FS stage,

To the extent that scientifically legitimste techniques exist for
the consideration of various toxic effects in humans and in nature, the
decision of which endpoints to address is more of a policy rather than
a sclentific choice, Nevertheless, hecause there are so many endpoints
relevant to human health and the environment for which good methods exist,
the Subcommittee encourages EPA to address multiple endpoints as part of
the toxicity factor. The multiple measures of human toxicity EPA should
consider addressing with the revised toxicity factor include carcinogenicity,
other chronic health endpoints used to establish reference doses, and
acute toxlcity.

The three options presented in EPA”s Discussion of Options for Revising
the Hazard Ranking System (HRS) Toxicity Factor (12) make use of essentially
the same data bases for toxicity, and none of the options is overwhelmingly
superior to the others. However, because there is no scientifically
credible basis for weighting the severity of differeat health endpoints,
as 1s currently done for caleculating Reportable Quantities (RQs), the
Subcommittee discourages use of the RQ method., S$Such weightings are subjective;
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subsequently, the subjectivity may be obscured by the final numerical
score, The strengths and weaknesses of the options are summarized here
(see Appendix | for more detail).

For acute toxlecity, the Subcommittee prefers use of rhe Reglstry of
Toxic Effects of Chemical Substances (RTECS) method rather than the
Reportable Quantity (RQ) method, because RTECS facilitates route-specific
toxieity ratings and closer attention to the raw toxiciey data.

For non-cancer chronie effects, the Subcommittee prefers use of the
Reference Dose (RfD) method because the RQ method involves welghting the
severity of various endpolints, and the modified ADT method has not received
extensive review and may differ from the RfD method in rating individual
chemicals,

For carcinogenic potency the Subcommittee sees litrle difference
between the two options presented (q1* vs. ED10) and suggests that other
measures, e.g., ED(l)and ED{0.1l), be lnvestigated.

EPA addressed the question, "How Many Chemicals Should Be Evaluated?"

‘Based on information presented to the Subcommittee orally and in writing (10)

it appears that the studies of this topic, while generally indicating
only a few chemicals would dominate the health risk assoclated with a
site, were limited in the number and type of sites evaluated and the
sites were selected for convenlence rather than representativenessg,
Because of this, and the fact that toxicological information is mizging
or scanty for many chemicals, the Subcommittee cannot recommend a fixed
number of chemicals for OERR to examine at each site. A study to address
this question is one of the Subcommitrtee~s recommendations (see page 6).

The Subcommittee recommends that EPA consider the risk represented
by the numbers of chemicals known to be present. All things being equal,
and because the toxicologlcal effects of so many chemicals are unknown, a *
site with more chemicals should receive a higher priority in the Preliminary
Assessment/Site Investigation (PA/SI) stages for further evaluation,
Another approach is the assignment of discretionary points (see Appendix 5).

The Subcommittee could not formulate an absolute recommendation on
the question of whether Separate toxicity ratings for a chemical should
be developed for various exposure routes. Such a route-specific approach
has appeal because toxicity is known to vary by exposure route for some
chemicals. However, this toxielty question cannot be addressed independently—-—
it is inextricably tied to how the HRS deals with migration and exposure
i1ssues, If the revised HRS aggregates route-specific exposure scores,
this total exposure score could be multiplied by a net toxicity score
which weuld not need to be toute-specific. (The cruder the scheme, the
less need for route-—specific factors,)
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Alternatively, a more accurate analysis would independently evaluate
risks by route before aggregating. Route-specific toxiecity factors would
improve the accuracy of such an approach. Although such toxicity factors
are not yet avallable for a large number of compounds, differences in
toxicity between routes is potentilally important. EPA may find consideration
of route-specific toxicity on an exception hasis to be a practical solution
.especially applicable to compounds such as agsbestos where a particular
route, in this case inhalation, is well known to be of great importance.
Whether or not route—specific toxielty iz addressed in the HRS, it is of
potential utility im the subsequent RI/FS stage because the more detailed
information supports more realistic analyses of risks,

The Subcommittee has discussed the need for two additiomal steps in
the NPL process. First, some type of consistent methodology or guidelines
15 needed to select chemicals during the preliminary assessment and site
investigation for use in the site ranking process, Second, the option
of using more detailed risk information, if available, could be used as
a supplement to the HRS process (see Appendix 5).

Alr Target Distance

The basis for this section of the review was Analysia of the Alr
Target Distance Limit in the Hazard Ranking System (9).

The Subcommittee is very supportive of OERR"s efforts to modify
the air pathway so that it considers the potential for releases, instead
of relying solely on a score for observed releases.

The alr pathway in the current Hazard Ranking System evaluates
population risks to derive a score for "air targets" using a matrix of
populatioen versus distance for four concentric circles with radii of
1/4, 1/2, 1, and 4 miles.

The Subcommittee vecommends that EPA consider altermatives to the -
use of 3 single alr target distance limit for all sites and derive a
scoring system which uses site-specific population rings, The widths of
these rings may vary by size and type of site to account for the decrease
in air concentration with distance. (See Appendix 2, especially the
illustrations in Attachment B,) The Subcommittee favors such a refinement
because the ring-weighting method relates more directly to risk at a
site than doeg the current alr target approach., The ring weighting
method should be able to address risk more accurately because it considers
both the population exposure experienced near the gite and the toxicity
factor.

In the ring-weighting approach, information on the chemicals present
is used to estimate emissions factors, These emissions factors and information
about the health effects that can be expected to occur at various levels of
exposure can be used to develop ring=widths that relate to the exposure
people living in those locations can expect to experience.

]
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Although this method does not evaluate maximally exposed individual
(MEI) risks per 8e, it does explicitly account for the higher exposuras

that will oecur within the ring closest to the site. These higher exposures
would recelve an appropriately weighted score.

The Subcommittee was asked to address approaches to assessing health
risks from airborae ¢ontaminants and has suggested a variety of approaches
for EPA"s consideration. All of these approaches employ the following
assumptions: carcinogens are non-threshold contaminaunts; there are thresholds
for other toxic effects; concentrations of contaminants decrease with distance
from the site; this decrease is more marked for particulates than for
volatile chemicals; and acute toxicity and toxle effects from direct contact
with particulates are the over-riding health concerns in the area clogest to

an uyncontrolled waste site,

Acute effects are addressed by Superfund”s emergeney program and by the
current HRS toxlecity factor which is based on the Sax ratings (see Appendix 1),
The Subcommittee favors a toxicity factor which includes multiple endpoints
of toxicity including acute effects because some nearby populations
around uncontrolled waste sites raport symptoms consistent with acute
toxlcity (headaches, nausea, irritation, and resplratory effects) and
because of the possibility of acute effects occuring in the event of a
catastrophic release. Because of the weight given the inner-ring such
acute effects could be well addressed with the ring-weighting approach
or by a ring-weighting approach modified to account for the gxistence of
a threshold concentration below which no acute effects should occur.
However, other scientifically supportable options include: considering
acute toxicity Iin a separate assessment outside the HRS (such as under
the emergency program); assigning digscretionary points to the HRS score
for the confirmed presence of local odors or health effects reasonably
assoclated with materials found at the site; a separate assessment of
the probability of a release of materials from a catastrophic event; and
treatment of acute effects in a direct-contact pathway.

Chronic non-cancer effects could also be addressed with the ring-weighting
approach or by one modified to account for the existence of a threshold
concentration below which no chronic effects should oceur. 1In the modifiaed
ring-welghting approach this threshold concentration can be converted to
a distance from the site beyond which no adverse chronic effects would
be expected. Chronic effacts, particularly of particulate pollutants,
could also be treated in a direct contact pathway.

Carcinogens are dealt with in a reasonably precise manner by the
ring-weighting approach, given the usual assumption that risk is directly
related to average lifetime concentration in atr. While the Subcommittae
favars this approach, 1t is complex and EPA may want to evaluate the
effects of different diameters to see if the use of a single diameter for
all sites is reasonable.
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The ring-weighting approach described in Appendix 2 is best suited
to carcinogenic effects of volatile chemicals. While concentration of
patticulates decreases more sharply with distance than does the concentration
of volatile chemicals, thé Subcommittee believes that this difference is
not large enough to require separate estimation methods for volatile and
particulate emissions in the HRS.

In assesslng exposure, consideration of each media patiway is
recompended, including air, water, food and direct contact. Measurement
of exposure should also consider the route of exposure through which
substances exart their effects, While the relationship between exposure
level and the biologically effective dose is different for different
pathways, not all compounds are toxicologically well characterized. As
a result, EPA may only be able to deal with route-specific toxzicity on
an exception basis; e.g., in the case of asbestos, inhalation is more
important than ingestion.

Many of the Subcommittee”s recommendations hinge on knowing the
identities of the chemicals at the gite, A minimum data requirement
which mandates contaminant identification by record review or direct
sampling would greatly improve the validity of the HRS in all pathways
and is particularly helpful in estimating exposures to air pollutants
and in addressing toxicity. For example, when the chemical identitieg
are known, 1t should be possible to modify and simplify the Treatment
Storage and Disposal Facilities (TSDF) procedures to calculate an
approximate, order-of-magnitude emission rate for impoundments and
landfills.

Both the identity of chemicals at the site and emission rates can
be confirmed using other investigative techniques, the most obvious of
which is air concentration measurement. Because ambient monitoring is
subject to the problem of dilution, to detect the presence and amount of
emissions 1t is desirable to analyze at the soutce, or as close to the
source as possible, There is, thus, an incentive to use methods of
"probing" sources using such techniques as soll gas analysis.

Large Volume Waste

The large volume waste issues before the Subcommittes were the
applicability of the HRS in scoring mining waste sites and the
feasibility of using waste concentration data in a revised HRS.

OERR provided The Superfund Hazard Ranking System (HRS):
applicability to Mining Waste Sites (13) and The Superfund Hazard Ranking

System (HRS): Feaslbility of Using Concentration Data in a Revised HRS (14)

as the basis for the review.
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There are twoe ways to evaluate the applicability of the HRS to
mining sites. The Superfund Hazard Ranking Syatem (HRS): Applicability
to Mining Waste Sites (13) presents EPA"s experience in ranking mining sites
with the HRS system in terms of False positives and false negatives and
then distinguishes between the sites according to potential danger {determined
by other means). 1In its evaluation, the Subcommittee coupled this approach
with an examlination of the scientiflc 1issues independent of the HRS
experience.

In addressing large volume waste {LVW) issues, it is useful
to note that clear qualicative differences exist between many LVW and
the more numerous hazardous waste sites containing mixed synthetie
organic/inerganie hazardous constituents in both liquid and solid form.
LVW monofills are materials of a single type., Specific sites may have
multiple types of wastes (e.g., mill tailings, smelting slags, ete.).
Sites where these wastes are spatlally separate are more easlly characterized
than sites where they are mixed. LVW are commonly contain low
concentrations of hazardous trace elements (HTE) in the waste matrix
which are released by very specific geochemical processes and subject to
mlgration constraiats that are increasingly better understood.

With respect to the question of the applicability of the current
HRS to mining waste sires, the Subcommittee finds that the studies conducted
regarding the adequacy of the HRS listing process for mining sites have
been limited and inceonclusive. The reports tveviewed included the TRC (27, 28,
29) and MITRE (24, 25) reports contained in The Superfund Hazard Ranking
System (HRS): Applicability to Mining Waste Sites (13) as well as EPA”s
own studies. Sufficient experiential evidence has not been presented to
show an inadequacy of the HRS in regard to mining sites. The present
system has possibly rated mining sires no worse than other waste sites.
Some of the findings supporting this conclusion follow.

{1) While the TRC (27, 28, 29) and MITRE reports (24, 23) reported
that mining waste sites scored higher in waste quantity compared
to non~mining sites (as sxpected given the lartge volume of
wastes generated by the mining industry), TRC did not conclude
that this blas caused false positives or false negatives for
mining sites, Both sets of raports found that waste gquantity
contributed relatively little to the Final HRS secore,

(2) Although the TRC reports (27, 28, 29) suggested the degree of
information available was a major factor in NPL listing of
mining sites, they presented no data showing that the relatively
larger data bases for certain mining sites resulted in unfair
scoring.’

(3) The TRC reports (27, 28, 29) also suggested the final HRS score
for mining sites could be predicted by popularion alone. Since
+ the TRC reports only addressed mining sites, they could not
prove a bias agalnst mining waste sites,
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Nevertheless, the Subcommittee believes the present HRS is not well
sulted for scoring potential releases from mining site wastes because
mobility and concentration are not included. Therefora, the present
scoring system has a potential to treat mining wastes with systematic

" ErToT.

For the ground water pathway, the concentration of a constituent in
a waste is of much less importance than the concentration of that constituent

' in the leachate produced at the site. Consequently, more emphasis should

be placed on the particioning of hazardous counstituents between the
waste and the Jleachare, Leachate concentration or interstitial pore
water concentration, either known ot estimated, should then be factored
inte the waste quantity term in the HRS, For wastes which are not in
solid form, total contaminant mass quantity should continue to be used,

Improved ways of considering the concentration, toxicity (inorganics
have special characteristics), release (mobility in various matrixes),
and infotmation on the tramsport/trangformation of chemicals would make
the HRS more accurate. The area of contact of the site with the environmental
compartments (air, water, humans, ete.) is also an important factor.

The issue of wmobility is especially important at mining sites because
the large volume of mining wastes often means large masses of the contaminant
are avallable for release., ' However, certain conditlons amust exist for these
releases to occur, The current HRS does not address specific ionic form
of inorganic metals, and ion form affects mobility.

Because'mobility 1s 2 more diseriminating concept than persistence
in the subsurface, the Subcommittee suggests that QERR explore meams of
incorporating important matrix characteristics in a revised HRS. Such
characteristics include extreme acidity or alkalinity (as expressed by
both high and low pH), any crystalline phase modifications of mining -
wastes that differ from native geologle materials, and the sorptive
capacity of surrounding geologic materials, The latter influences

‘migration tendengy.

With respect to the feasibility of using concentration data in the
revised HRS, the Subcommittee finds that including hazardous constituent
concentration is desirable because both the geverity of observed releases
and the risk of potential releases are related to concentration.

EPA has proposed two options for modifying the HRS to account for
the concentration of hazardeus constituents. Both approaches translate
waste constituent concentration data into an estimate of the total wmass
of a hazardous condtituent at the site, which is then used to compute
the waste quantity score for the HRS. Even the approach which uses
"total mass" of hazardous constituent could contribute to produce false
positives for some large volume wastes and patrhways,

»
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The Subcommittee”s preferred approach (Option 3) encourages the use
of concentration data and provides the flexibility ro substitute indirect
estimates such as default concentrations to estimate a constituent”s
total mass when direct measurements of concentrations are not available.
While the direct measurement approach {Option W2) provides the szoundest
sclentific basils for the HRS is most cases, 1t may not be practical, due
to safery and cost considerations for every site at the site inspection
stage. The Subcommittee suggests the direct use of concentration rather
. than conversion to a mass value,

A method of determining & "representative concentration" for a site
based on a stratified sampling strategy would be useful, TIn this approach,
a complex site could be subdivided into a set of more homogeneous regions
or strata, and a representative value for each stratum determined through
limited sampling. Statistical techaiques exist for manipulating stratified
data, which could then be recombined with appropriate weighting into a
final single HRS score for the site,

Exgosure

To the extent that the HRS is intended to assess relative risk, it
must address both toxicity and exposure sufficiently.

Exposure gccurs when there Is contact between pellutants and receptors.
It is important to address exposure when there are toxic chemlcals present
in order to determine whether there i3 any actual or potential risk to
healcth or the environment. Where there are no toxic substances or where
there is no exposure, there i no risk, even though there may be release
or contamination. (However, determining the existence of a release or of
enviromental contaminarion 1s often the first step in evaluating actual
exposure,) Where there is incomplete information on either toxicity or
exposure, tisk cannot be fully assessed. Risk can be evaluated by -
assessing four parameters: (a) the presence of chemicals, (b) their
potential for release and mobility, (c) the probability of contact wich
humans, plants or animals and (d) their intrinsic rtoxicity.

Much could be gained by adding a chemical-specific exposure score
that could be combined with chemical-specific toxicity scores to evaluate
which chemicals dominate the risk at a single sire and how the risk
might compare across sites that are otherwlse similar,

Gilven some minimal information about a site and its chemical inventary,
1t may be possible to make crude estimates of partitioning among environmental
media and, therefore, of emissions by route which could be used to generate
part of a chemical-specific exposure score. The following information would
support development of a chemical-specific exposure gcora:

l. An estimate of the total mass or source concentration
~of impartant chemicals at the site.
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2. A description of the site-specific factors influencing
release, e.g.; impoundment vs. landfill.

3. Partition factors applicable to the chemical, e.g. Henry s
Law constant and organie cavrbon partition coefficient.

Some- characterization of the potential for migratiou also allows
better consideration of time as a factor in site management ,

Environmental pathways include air, water (both ground and surface
water), soil, and plants and animals that become part of the human food
chain. The potential for release and mobility of chemicals through
these pathways affects risk estimates., Chemicals behave ‘differently in
different environmental pathways, so all pathways need to be evaluated
te estimate risk effectively.

The main difficulty of dealing with exposure directly is that we
are dealing with potential exposure as well as actual exposure, There
are two aspects of exposure to be considered-=the concentration of contaminants
in the environment around the site and the number of people potentially
exposed to these concentrations. Agtual release may be demonstrated hy
environmental sampling. Potential release may be addressed by cousidering
properties of the site and characterisitics of the chemicals pregant,
such as distance to ground water and volatility. Similarly, the number
of people (receptors) present and actually exposed today can be counted,
while rhe number of people who might be present at the location in the
future can only be estimated from studies of population dynamics.

Measurement of exposure may be person-based or commpnity=based.

While estimates of individual person—based exposures can he developed
from biological samples, from personal household gamples, from self-reported
exposures, and from self-reported symptoms, each approach has its limitations.

Community-hased exposures can be developed from ambient pathway
measurements, from site measurements, and from wodeled exposures, Numerous
assumptions about targets and behavior are needed to impute exposure
from ambient pathway measurements, However, even more agsumptions gre
needed to impute exposure from site measurements.

Incorporating concentration and mobility could produce a more
comprehensive site assessment procedure. One way to do this 1s by using
concentration as a weighting factor for the waste quantity. The resulting
effective waste quantities for low volumes of high concentration waste
might be similar to those for large volumes of low concentration wastes.
Similarly, the scores for toxicity/persistence and for effective waste
quantity could be adjusted by considerations of mobility.

]
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Algori thm

Improving the algorithm could potentially do more to improve rthe
RRS than fine—tuning individual components.

The Subcommittee has recommended changes thar will allow the HRS to
provide a more accurate and scientifically based estimate of the relativa
risk of candidate sites. To the extent possible, the HRS scores should
corregpond to an objective analysis of relative risk at sites. However,
this is not always feasible due to both scientific and data limitations,
as well as the value and policy decisions implicit when considering and
balaneing human health and environmental impacts.

A tevised HRS, better designed to evaluate sites by relative risk,
will provide an improved mechanism for determining which sites should be
included on the NPL, and can potentially provide meaningful input to the
gubsequent prioritization of NPL sites, However, the Agency must continue
te base this prioritization on many factors in addition to the HRES. Most
of the changes needed to tramsform the current HRS into a system more
reliably related to risk are changes in the overall algorithm and not
changes with vast new data requirements,

Internal consistency is important. Making rules that are comnsistent
requires little up-front investment and no additional costs in the scoring
of specific sites. These changes can be more cogt-effective than some
improvements to portions of the HRS alone, especlally omnes requiring
additional data collection.

The way that various components of the score are combined should
reflect how their real world counterparts interrelate, The approach for
accomplishing this is to begin with a physically-based exposure assessment
model for each exposure pathway, structured to properly translate expected
or potential releases into envirommental concentrations and subsequent
exposures and effects. These models would, of necessity, be highly
slmplified for a screening assessment. Even a simplified exposure assessment
model may not be feasible given the time, resource and data limitations
associated with the HRS process. However, the manner in which the pathway
scores are estimated and combined should be consistent with the fundamental
material balance and exposure principles of such an underlying model. This
can be accomplished in the context of the structured value approach used
in the ¢urrent HRS aystem.

When there 1sn"t "enough" data for the HRS, it is necessary to have
a default value that encourages data collection (also termed misging
value replacement). Lacking complete information on chemical inventory
and concentration dt a site may well be the rule rather than the exception,
Therefore, a minimum data requirement will reduce the inconsistencles
that are otherwise inevitable when different people perform the zecoring.

i
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One concern with the use of default data is that the fact of data
limitations could indicate that the site might be different from otherwise
comparable sites. The definition of comparable gites is crucial and may
depend on the scoring component,

When data are available that exceed whdt is needed for the HRS,
there 1s the question of how to use all of it. The defaulr or tiered
approach OERR presented on concentration iz one mechanism for using
additional data in the revised HRS. Another approach is the assignment
of discretionary polnts. The Subcommlttee discussed several scenarios
where discretionary points could be assigned including sites where:

a very large number of chemicals were identified, the preseance of the
toxic materials in the surrounding population had been demonstrated, and
toxic particulate air emissions were anticipated. For the HRS score to
reflect relative risk, the extra points assigned must be proportiomal to
the extra risk the gsituation presents. (See Appendix 5,)

Recommendations to Evaluate and Improve the HRS

The current HRS is appropriate for the original purposes QERR has
-described because most of the factors scored are related to risk, and
higher scores for these factors reflect higher risks. Thus, the current
HRS ig plausible, However, 1t 12 both possible and desirable to revise
the HRS to relate more closely to the relative risk posed by uncontrolled
waste sites.

The HRS performance should be judged by an empirical retrospective
evaluation of how successfully the HRS predicts risk or on how successfully
its components predict phencmena (such as release) which contribute to
risk. This evaluation should be based on an in~depth technical review.
Whatever the definition of risk, the HRS should be judged on how well it
approximates that definition, not on how well it matches a2 subjective
notion of the relative importance of the sites in a test set, -

The Subcommittee recognizes the possibility that sites containing
hazardous chemicals whose toxtcity is not widely known will be omitted
from the NPL listing, thus possibly creating false negatives. Measures
to counter this problem include continuing to develop toxicity profiles
on more chemicals and keeping good records so that sites with currently
unsgtudied chemicals can be re-evaluated as toxlcity information on these
chemicals becomes available,

The Subcommittee recognizes the need for some flexibilirty in the HRS
to allow for the wide range of physical and chemical characteristics of
sites, Being flexible is compatible with reducing the possibility of
error in the HRS. FEPA must reduce this possibility of error in each
component (or "factor") of the system and, even more importantly, in the
algorithm used to relate these components into a score that is intended
to reflect relative risk,.

)
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To adequately evaluate the current or modified HRS, la-depth studies
should be comducted to derermine the effectiveness of the HRS to assess
risk and to identify areas for improvement. One goal of these studlaes
would be to improve the algorithm so that it can he defended as risk-related.
Another goal 1s to to determine at least a ecrude method for estimating
the quantity of specific chemicals present. Any HRS evaluation studies
should be thoroughly peer reviewed before their iniciation,

Future evaluation of the HRS should consider the possibilicy of
incorporating detailed numerical geochemical transport/fate models which
are currently under development., The advantage of using such models in
a future HRS is the explicit inclusion of quantirative representation of
specific processes and mechanisms reponsible for the release, transport,
transformation, and retention of hazardous compounds. In comparison to
structured value (or "scoring") approaches, the models incresse data
requirements, but can yield less amblguous, more detailed simuylations
appropriate for pathway calculations and, ultimately, exposure estimates.

As mentioned in the Other Cowments portion of Appendix 3, EPA should
develap studies both to review large-volume waste sites ranked under the
-model and to examine basic parameters of the model.
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GENERAL COMMENTS

The Toxicity Factor Work Group reviewed Discussions of Options for
Revision of the Hazard Ranking System (HRS) Toxiclty Factor (12},

The Toxicity Faetor Work Group believes that toxicity 1is an Ilmportant
consideration in assessing sites because, if the ohjective of the HRS is to
generate estimates of relative risk, the HRS must deal with toxlecity and
exposure. The toxicity factor {n the current HRS makes distinctions
among only a2 few of the 951 current and proposed site on the NPL. By
pathway, fully 85% (ground water), 87% (surface water}, and 97% (air) of
these sites received the maximum toxiclty/persistence score, Because
the Agency did not present information on sites that are not on the NFL,
the Work Group was unable to determine whether the current toxieity
factor {s adequate to distinguish between "very toxic" and "not so toxic"
siteg., Not only 1s 1t unlikely that the most toxic substances at different
sites are equally toxic, it is inconceivable that they ccecur at equal
concentrations even 1f total quantity of waste is identical, Therefore,
in revising the HRS, the EPA should consider approaches that would
better discriminate between sites of differing toxicities and subsequently
examine how well the new toxicity factor actually performs,

Some toxlcity decisions are made in the Preliminary Assessment/Site
Investigation (PA/SI) stage., For example, specific chemicals are selected
for scoring in the HRS, while other chemicals are dropped from the process,
The bases for these selections do not appear to be strandardized at this time.
As a result, while the toxicity data that is handled by the HRS is already
a subset of the full information, additional {perhaps important) toxiceloglc
data are not part of the quantitative process. The exposure factors are
addressed in various ways in the HRS and most are handled quantitatively
in the HRS, Consequently, the HRS score actually reflects a dispreportionate
amount of information on exposure and less on toxieity, thus deemphasizirg
toxicity in the final secore, Therefore, EPA should consider the development
of some type of consistent methodology or guidelines for evaluating the
toxicity of chemicals ar a site during the PA/SI stages.

The Toxicity Factor Work Group reviewed the following methods (12) for
evaluating the toxicity of individual chemicals:

o Chronic Toxieity (Noncancer)
-~ Reference Dose Method
- Reportable Quantity (or Composite Score) Method
. — Modified Acceptable Daily Intake (ADI) Method
o Carcinogenicity
- Cancer Potency Factor Method
~ Reportable Quantitites (RQ) or Effective Dose)y Method
= EPA Weight+of-Evidence Method
o Acute Toxielty .
— Reportable Quantities (RQ) Methed
- Reglstry of Toxic Effects of Chemical Subarances
(RTECS) Method
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The Sax chemical toxicity ratings have provided a very crude basis
for prioritizing sites because they are largely based only on the acute
toxicity of one constituent of the waste. The Sax system is insuificient
becaugse 1t foeuses on acute adverse outcomes instead of the range of
toxicological endpoints that need to be addressed in the HRS and beacause
it does not provide citations so that toxicologlc ratings can be reevaluated
and verified for the purpose of the HRS.

OERR presented three options for evaluating and scoring toxicity in the
revised HRS (12). These are a reportable=quantities-based optionm (El}, an
option based on reference doses and potency facters (E2), and an option based
onn modified acceptable daily intake and welght-cf-the—evidence approaches.
Each of these options takes into account several types of toxicicy and uses
quantitative measures of gsubstance potency, whereas the Sax method is
unidimensional and developad for protection against poisoning. The
three options presented by OERR are much better than the Sax rating
method, and the Work Group recommends that EPA replace the Sax method,

Because OERR”s three options make use of essentially the same data
bases for toxicity (although the data are processed differently), the
Work Group does not believe any of the options is overwhelmingly superior
to the others. The options do have different stremgths and weaknesses,
however, and the Work CGroup has addressed these below in (page Al-5).

Although this is really a policy decision rather than a sclemntific
one, the Work Group does not encourage a system for weilghting the severiry
of different health endpoints, as is currently done for caleulating
reportable quantities (RQs), both because such weightings are subjective,
and because they are subsequently obscured by the final numerical score.

Similarly, to the extent that scientifically legitimate techniques
gexist for the consideration of varlous toxic effects in man and in nature,
the decision of which endpoints to address is primarily a science policy -
decision rather tham a purely scientific one., WNevertheless, because
there are many endpoints relevant to human health and the environment
for which good methods exist, the Work Group encourages the Agency
to address multiple endpoints as part of the HRS toxiecity factor.

The Work Group”s efforts to review the toxicity issues were complicated
by the followlng factors.

o It is difficult to translate the objectives of the HRS {that
is, a scheme that separates sites into those with risks greater
or lesser than an arbitrary threshold, with a desire to avoid
false negatives [false placement of high risk sites-into the
low risk category}, and to the extent possible, that ranks all
sites by their relative risk) into cperational criteria to
design the scheme.
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o The Agency has presented the toxicity lssues in a somewhat
theoretical manner. Few real world examples and few test cases
such as example rankings of chemicals or sites, were presented
to the Work Group.

o Lastly, and probably wost important, the Work Group believes
that toxicity 1ssues are integrally linked to dose (i.e., migratian
and exposure) issues., The existing HRS system deals with exposure
by using surrogates to address the question of whether people
{receptors) will be exposed, and if so, how many will be exposed,
and to what concentrations, via ground water, surface, and alr routes,

RESPONSES TO SPECIFIC TOXICITY ISSUES POSED BY OERR

The full text of the specific questions can be found in the
attachment te this report. They are repeated in abbreviated form
here for the convenlence of the reader.

How Many Chemicals Should Be Evaluated?

A review of past Superfund risk assessments were undertaken by OERR
{(10) ro determine whether the health risk associared with a site is
likely to be dominated by one or a few chemiecals (for each pathway), or
by a larger number of chemicals. The study, which was limited in the
number and type of sites considered and because sites were selected for
convenience rather than for representativeness, generally indicated that
only a few chemicals would dominate at any given site, However, the
Work Group did oot review this study Iin detail and cannot recommend a
fixed number .of chemicals for OERR to examine at each site, Instead,
the Work Group offers the following general guidance.

EPA appropriately considers toxlcity early in the site evaluation
process. Tldentification of known toxic substances occurs in the PA/SI |
stages prior to the HRS evaluation., Indeed, only sites containing toxic’
substances currently identified by the Superfund Laboratory Program are
likely to be candidates for HRS evaluation and listing, In addition,
the chemical receiving the highest score in the toxieclty-persistence
matrix (8) is selected by fleld staff for scoring purposes in the HRS,
The Work Group has concerns about the procedure now used to ildentify
chemicals in the PA/ST stages and to select a single "most toxic”
chemical for the HRS evaluation,

Because so few chemicals have been toxlcologlcally well characterized,
the Agency should consider a factor for sheer numbers of chemicals known
te be present (in addition to developing sceres based on a smaller number
of chemicals of knewn toxicity). All things being equal, a site with
more chemicals should receive a higher priority for further evaluation,
most probably in the RI/FS. (See digscussion of discretionary points in
Appendix 5 of the HRS Subcommittee”s report.)
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Should Separate Toxicity Ratings for a Chemical be Developed for

Various Exposure Routes?

Because this question i1s inextricably related to how the HRS deals
with migration and exposure isgues, the Work Group has chosen to discuss
the advantages and disadvantages of three approaches rather thanm to make
a sirgle recommendation.

{ne approach is to aggregate route—specific exposure scores into a
net (total) exposure score for a site. This total exposure score could
be multiplied by a net toxicity score. The toxiclty score may not need
to be routa-gspecific because the cruder the scheme, the less the need
for route-spaclfic factors.

A more accurate analysis would independently evaluate route-specific
risks before aggregating. Because the relationship between exposure level
and the blologically effective dose is different for different pathways,
route-specific toxicity factors would improve the accuracy of such an
approach.

A third approach, which recognizes that route-specific toxiecity
factors are not yet available for a large number of compounds, is to use
route~specific information when it is available and relevant—-such as in
the case of asbestos where the inhalation route has far greater blological
ef fect than the ingestion route——and to aggregate exposure scores where
such information 1s lacking or the route-specific differences are small.

Whether or not route-speclfic toxicity is addressed in the HRS, it
should be considered in the Remedial Investigation/Feasibility Study (RI/FS)
stage because the more detailed information supports more realistic
analysis of risks.

How should potential carcinogens, noncancer effects and acute toxicity -

be evaluated as part of a scoring system used to determine listing om

the NPL?

The Work Group concludes that multiple measures of toxicity should
be used in the process of evaluating waste sites because a variety of tozie
ef fects may be experienced by the exposad human and natural populations.
Which endpoints are of concern to EPA is primarily a secience policy
decision, However, sclentific techniques exist which would permit the
HRS to comsider several endpoints which are relevant to human health and
the environment.

The Work Group believes the importance of acute effects in the HRS
should be decreased relative to chronic effects because, given the likellhood
for long-term low-level exposures around uncontrolled waste sites, chronic
effects appear more relevant., Futhermore the Work Group understands that
EPA has a separate emergency response program to respond quickly to those
uncontrolled waste sites where acutely toxic exposure levels are thought
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possible. As a result, the Work Group recommends replacing the 3ax method
with any of several OERR-daveloped approaches which include measures of
chronie toxicity,

Acute effects are important when they cccur, and some Subcommittee
members conclude that, since the emergency program suffices to address them,
acute effects need not be considered in the revised HRS. However, because
of reports of acute effects such as odors, nausea, headache, and respiratory
irritation around unremediated and uncontrolled hazardous waste sites and
because of the potential for catastrophic releases, or releasesg during
remediation which may result in exposures sufficient to cause acute
effects, the Work Group recommends thar the revised HRS include acute
effects among the multiple endpoints considered.

Besides carcinogenicity, the health endpoints should include

those used to establish reference doses (including at a minimum, fetokoxic,
teratogenlc, and neurotoxic effects); and acute toxicity (including not
only lethality, but endpoints such as irritation, allergic sensitization,
and neurotoxicity). The major concerns for most sites will be for chronic -
health effects (cancer and non-cancer), While acure toxicity should be
examined, 1t will generally be less ilmportant than chronie toxicity in

the site ranking process. Any of the variety of health and enviromnmental
endpoints considered could motivate -2 more detailed evaluation of a site.

For acute toxics, the Work Group prefers the Registry of Toxic
Effects of Chemical Substances (RTECS) method to the Reportable Quantity
(RQ) method because RTECS facilitates route-specific toxicity ratings
and closer attention to the raw toxicity data, If a more sophisticated
use of the taxicological data is envisioned, use of the RQ evaluations
of RTECS may be helpful to ldentify the preferred animal studies for
toxicity ratings. Use of Threshold Limit Values (TLVs), which are
contained in RTECS, may be one means of expanding the acute toxlcity,
including not only lethality but also other endpoints, ;

For non-cancer chronic effects rhe Work Group prefers the Reference
Dose (RfD) method because the RQ method {nvolves Subjectively weighting
the severity of various endpoints and the modified ADI method has not
recelved extensive review and may differ from the RfD method in rating
individual chemicals.

For carcinogenic potency the Work Group does not perceive much
gross difference between the two options presented (q1* vs. EDIO). Other
measures (e.g., ED {1) and ED [0.1]) should be investigated because they
refer to a more realistically meaningful risk range for human exposures and,
where the dese-response is known to be concave upwards, they would offer an
dutomatic correction to potency for this fact., Tn evaluating relative risk
for carcinegens, both welght-of-evidence and potency should be considered
In determining relative risk for carclinogens,

The Work Group judges that the Ageney”s procedure in the RQ calculation
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for combining weight-of-evidence and potency information is reasonable for
purposes of ranking different carcinogens.

Are There Scientific Advantages/Disadvantages to Basing a Toxicity
Ranking Method on a No-Adverse-Effect Level?

The Work Group chose to address the advantages and disadvantages of
the optlons presented rather than enter into an abstract discussion on
NOAELs and alternatives. For non=-cancer chronic effects the Work Group
prefers the Reference Dose (RfD) method to the Reportable Quantities
(RQ) method (which involves weighting the severity of various endpoints),
and to the modified Acceptable Daily Intake (ADI) method (which has not
recaived extensive review and way differ from the RfD method in rating
individual chemicals),

Ts it Necessary to Attempt to Develop Default Values for Rating a
Substance”s Toxicity When its Toxicity Data Base is Limited?

- The Work Group has no recommendation on this issue, Having little
patience with "invented toxicology" the Work Group wishes to encourage
the Agency to develop data rather than relying on default values. In
cases where toxicologlcal data become available after a site has been
scored, the Work Group encourages the Agency to re=evaluate the site in
the light of the new findings.

What Quantitative Procedures are Most Reasonable for Combining
Individual Toxicity Ratings for Multiple Substances at a Site?

The Work Group does not encourage a system for weighting the severity
of different health endpoints, as is currently done for calculating
Reportable Quantities (RQs). The Work Group believes that a variety of
endpoints should be used to rank sites for further study. In the context
of an on/off switch, any health effect may be an adequate criterion for -
further study of a site.

- OQTHER COMMENTS

Flexibility and Common Senge

The HRS is designed to be a simple, workable, mechanistic procedure
that generates reliable estimates of relative risk. However, considering
the state of information available at the PA/SI stage, the complexity of
risk, and the variability smong sites, this may be an impossible goal.

In light of these uncertainties, there are many opportunities for
errorz in both overestimating and underestimating relative risk, Thus,
the Work Group believes that any system nust offer flexibilicy and the
opportunity for common sense,
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Genaral Suppert for a Structured Value Approach to the HRS,

Even though, in the Work Group™s view, 1t may not be possible ro
develop an HRS that provides rellable estimates of relative rigk, the
Work Group 13 supportive of a HRS concept and role which attempts to
rank sites by relative risk. That is, the Work Group supports: the use
of a structured value analysis that includes {even if erudely) factors
related to risk., The estimates generated by such 2 scheme may be simply
one mechanism for evaluating sites,

Two Additional Steps in the NPL Process

The Work Group has discussed the need for two additional steps in
the NPL process: (a) some type of consistent methodology or guildelines
to select chemicals during the preliminary assessment and site Investigation
should be developed for use in the site avaluation process, and (b) the
option of using more detailed risk infermation, if available, should be
considered as a supplement to the HRS process. One approach, for example, -
1z to allow adjustment of polnt scores to take into account gpecial
“nowledge, as discussed in Appendix 5 to the Subcommittee”s repart.

Migration

Migration of pollutants from a site to a receptor {considering both
time and kinetics) is an important part of the eXposure assessment,
Where there i3 no contact between pollutants and receptors, there is no
risk. The current HRS does not evaluate mobility at all and does not
sufficiently evaluate migration (which the current HRS addresses in the
ground water, surface water-and air pathways) and, thus, can be axpected
to misgclassify some sites with respect to relative risks.

Dose

Dose information is included in the HRS evaluation only through the
very crude surrogate of total waste quantity. Concentration information
for spacific substances, 1f available, is not used in the HRS. The Work
Group is concerned about dose as it relataes to the types and severity of
effect. It is an important element for predicting risk, but it is not
apparent that any effective surrogates exist to address 1t in the current
HRS.

Future Studiesg

Some members of the Work Group are concerned that sites contalning
hazardous chemicals whose toxicity is not widely known will be omitted
from the NPL listing, thus creating false negatives. Measures to counter
this problem include continuing te develop toxielty profiles on more
chemicals and record keeping so that sites with "unknown chemicals™ can
be re—evqluated as toxlcity information on these chemicals becomes available.
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The lack of toxicological information on many chemicals is hardly a
problem unique to the Superfund program and the Work Group does not

wish to imply that this difficulty can be solved by Superfund, or indeed
the Agency, alone.



SPECIFIC QUESTIONS FOR THE SCIENCE ADVISORY BOARD

This section lists a few specific unresolved questions about
sclentific issues involved in the development of a revised toxicity
factor for the HRS. EPA belleves that these questions are significant
and need to be addressed before a revised toxicity factor can be developed.

(1) How many chemicals per site (or exposure medium)
should be evaluated to sarve as the basis for an
overall toxicity factor score? If less than all
chemicals detected, how should they he selected?
Should selection be based on the mosr toxic
substances, the most frequently detected, or those
that appear to be present in the greatest quantities?

(2) Should separate toxicity ratings for a chemical be
developed for various exposure routes (i.e., should
chemicals have three or four different ratings,
depending on exposure route?) , or is a gingla
route-independent toxicity rating adequate for HRS
ranking purpose? [Note: If is assumed thar separate
media-specific toxicity factor scares would be
developed for a site under any HRS revision option
based on the chemicals evaluated for thar medium,
regardless of whether route specificity is accounted
for in individual chemical roxicity ratings. |

(3) Should potential carcinogens be evaluated for
~ noncancer effects also, or can it be assumed that the
carcinogenicity potential should dominate the overall
toxicity rating?

(4) Is it advisable to imclude acute toxicity evaluation
as part of a scoring system used to determine listing
on the National Priorities List (NPL)? TIf so, how
should it be welghted?

(5) Should more specific noncancer toxicity types, such as
teratogenicity and mutagenicity, be broken out and
rated separately? If 3o, how should they be welghted
relative to other effeetr types so that single
overall rating could be derived for each chemical?

(6) Are there scientific advantages/digsadvantages to
basing a toxicity ranking method on a noweffect level
NOAEL, such as 1in Optious E2? and E3 versus an effect
level (MED, such as im Option E1)?



(7}

(8)

-2 -

It is necessary to attempt to develop default values
for rating a substance”s toxicity when its toxicicy
data base is limited, or should site scores be
developed based only on chemicals having "better”
toxicity data?

What quantitative procedures are most reasonable for
combining individual toxicity ratings for multiple
gubstances at a site?
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GENERAIL COMMENTS

The Air Targed Distance Work Group teviewed OERR™ s Analysis of the Air
Target Distance Limit ip the Hazard Ranking System (9).

The air pathway in the current Hazard Ranking System (HRS) uses an
evaluation of exposed population at risk to derive a score for "air targets,”
The scheme uses a matrix of population versus distance for four concentric
circles (with radil of 1/4, 1/2, 1, and 4 miles). Public comments have
Suggested that the four wmile distance may be too large. EPA studies, by
contrast, have suggested that, for sites with large emission rates of
carcinogens, individual lifetime risks may remain above 109 for even
greater distances. The Work Group considered this and other questions
related to the air pathway (see Attachment A). :

In general, there may not be significant air risks at many potential
Superfund sites, but the HRS needs to address them when they are present.
The Work Group is very supportive of OERR”s efforts to modify the air ’
pathway so that 1t comsiders potential releases, lustead of telying
solely on a score for observed releases. Because air emissions are
often episodic or narrowly focused along a particular wind direction,
they are difficult to observe, In addition, there can be a declining or
changing risk depending on the nature or integrity of countainment or the
site type. There may have occurrdd a significant release early in a site“s
history which has resulted in a loss of contaminants and decreasing
emissions at the time when sites are evaluated and scored. Lastly,
future activities at a site (such as excavation) may create the potential
for new air emissions. For these reasons, inclusion of a potential for
release 15 an important modification of the HRS.

Ideally, if comprehensive information was available, air emission
models developed for other purposes could be used to estimate potential -
releases., These estimations, however, may require information which is not
available to the Agency during the preliminary assessment/gite lovestigation
(PA/S1) stage. With information on the identities of chemicals present, an
emission rate cdn be caleculated for volatile chemicals or the presence
of volatile emissions established on a crude yes/no basis. When such
Information is lacking, volatile air emissions cannot be predicted at
all, and the subsequent consideration of air exposure routes is very weak.

If the identities of chemicals are known, it should be possible to
modify and simplify the procedures for modeling air emisslons from hazardous
waste transport, storage and disposal facilities (TSDFs) to calculate an
approximate, order-of-magnitude emission rate for impoundments and landfills,
Other investigative techniques could be used to confirm emission rates,
the most obvious of which 1s air concentration measurement in the immediate
vicinity of the source. Because of the dificulties in measuring variable
low=level ambient alr concentrations, wmore direct sampling, such as seoil
£3s analysis or "inverted dish pan" surface sampling, should be considered.



A2~2

COMMENTS ON THE ISSUES RATSED BY OERR

The full text of the issyes raised by OERR can be found in Attachment A,
Abbreviated versions are usaed here for the convenlence of the reader.

An Alternative to the [sze of a Siqg}e Target Distance Limit at All sites,

The Work Group recommends thar EPA consider an alternative to tha
use of a single air target distance Hmit for all sites,

To evaluate the exposed population at risk more accurately, the Work
Group recommends that the Agency derive a Scoring system that will ptoperly
welght the numbar of exposed people according to the distance from the
site at which they live. The welghting factor should be proportional to
individual risk, as detarmined by concentrations that decrease with
distance from the szite, In other words, the system should uge population
rings that are based on distances from a site at which air concentrations
decrease by a constant factor. These distances may vary by size and type
of site. For 1llustrarive PUTrposes a method of developing these rings
is presented in Attachment B. Although this method does not evaluyate
maximally exposed individual (MEI) risks per se, 1t does explicicly
account for the higher exposures that will oceur within the ring closest
to the site, Therefore, the Wark Group concludes that a separate oy
addirional evaluation of MET risk$ as part of the HRS is unnecessary.

These rings could bhe incorporated into the‘scoring system as a
simple refinement of the current matrix, as illustrated in Table 1.
Table |

Suggested Matrix for Air Pathway Population Scoras

Generalized Target Distance Score
Distance from Center of Site

Population a-ba EE:E%E .R%E:EQE ‘E3EZE§E
106~107 10 9 8 7
109-106 9 8 7 6
104-105 8 7 6 5
103-10% 7 6 5 4
102-103 6 5 4 3

101192 5 4 '3 2

:
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The matrix is interpreted as follows. The distance "a" is the
radius of the site irgelf, (In practice, sites will not be circular and
"a" must be taken asz a typical dimension--derived, for example, by
taking "a" as equal to the square root of the area of the site divided
by pi.) The dimensionless constant "b" Is a multiplier of the order of 2
to 4, determined as shown in Attachment B. For example, if the site
was 200 yards in diameter (aboyt 1/9 mile), and the multiplier was 3,
the rings would be 1/9 to 1/3 mile, 1/3 to I mile, 1 to 3 miles, and 3
to 9 miles. The population used ie that in each annular ting (between
“"a" and "ba", ete.), determined to one significant figure. Once scores
are assigned for each ring, the largest score is taken as adequately
representing the site. The scores are all logarithmically related to
population risk, so that they should be added to other scores representing
logarithms of variables thar enter risk linearly, such as the carcinogenie
potency or the quantity of waste or emission rate,

As shown, the scores for a large site (™a" 1igs large) will be greater
than for a small site ("a" is small) for the same population distribution
because each of the four rings will be larger and incorporate more population.
The population in each ring will increase as s » 830 if a increases by a
factor of 3, the population will expand by a factor of 9, and the score will
g0 up by one point. This behavior implies 1ncorgoratiun of a factor related
to emission strength (in turn, proportional to a ) in the score. This may
aot be appropriate, Perhaps it would be better to defipe 4 standard value
for a, taken from a typical site,

After deriving such a ring-weighted system, the Agency may want to
evaluate the effects of different diameters to see if the use of a single
diameter for all sites is reasonable because a ring width that varies
between sites, based on their diameters, may be too complex for the HRS,

To place the scores from the ring-welghting process oa the same scale
as other scores in the HRS with which they might be combined, the scores
could be increased in direct proportion by multiplying by a conmstant.

For example, if one wishes to have a score of 30 in the top left corner,
one can multiply 211 the scores by 3 thus obtaining, for example, 3 in
the lower right corner and 12 in the lower left cormer. But if thiz 1is
done, an order of magnitude change in carcinogenic potency should also
be representad by 3 points change in score, and so on.

The above scoring system is reasonably precise for cancer for _
which individual risk, given the usual assumption that risk is directly
related to average lifetime concentration in air, is directly related to
average lifetime concentration in the air, For noncancer effects,

EPA ordinarily assumes a threshold of concentratlon for any damage to
occur, Thus, outside some critical distance (different for sites with
different emission rateg or different threshold toxicities), no effects
will oceur, and ingide that distance one could assume conservatively
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that 100X incidence of the effect accurs, There seems to be no gimple
Scoring scheme to take rhis property inte account in a population score,
but the practical effect is thar population beyond perhaps one mile (for
example) 12 simply irrelavant to the alr target score for noncancar
endpoints, If, in the toxicity score, a noncancer effect 1s reaponsible
for the greater part or the score, then the chaice of points from Table |
should be restricted to the rwo left columns (for example). As before,
the degree of danger for an individual in these two rings will have
already been captured in the toxicity score and whatever scora 15 used

45 a surrogate for exposure,

Approach to Asgessing Health Risks

As implied above, toxicity considerations may also be differant for
the air parhway than for surface or ground waters. An exclusive evalyatioq
of a contaminant from the atandpoint of carcinogenicity is inadequatea,

Many compounds detected at contamination sites are not currently considered
carcinogens or suspected carcinogens, Acute toxicicy is generally meant

to be considered inp emergency or interim response procedures prior to

HRS scoring., 1In reality, sites wmay not pass some threshold of acute
toxicity congidered in this way and, yet, still exhibit some subacutae

or chronic health effect. This is particularly true for the late-history
slte, where average emissions may be celatively low, but-—with breaching

of a2 few drums, deterioration of a bullding, or removal of cover—--a
short-term, acute emissien ig again possible. If acute toxicity conditions
were discovered ar a sire during site inspection or HRS gcoring, the site
s5hould be autamatically referred to emergency response, This seemingly
would eliminate the need for congidering acute toxlcity in the HRS., It
does not appear that this complete separation is appropriate, however,
given che threshold naturse of emergency response or changeable site
conditions, .

In addition, other subacute or chronilc effects of noncarcinogens gust
be considered, Neurotoxicity and chemosansory effects of air pellutants,
whila occurring at differing levels of concern, are real responses to
airborne contaminants, and environmental toxicity i3 occasionally important.
The public is 2lso often concerned about nuisance effectz, such as odor
Or nausea. .

The Work Group favors separate congideration of acute toxielity in a
direet contact pathway. However, acute toxieity could i1nstead be included
among the multiple measures of toxlelty in a revised toxicity factor, 1In
additlon, rhe exposure of the near-site population exposure to air contaminantsg
could be separately assessed, or discretionary points could be added to the

some suitable manner). The direct contact pathway may be especially
useful 1f EPA wishes to eliminate or reduce the importance of scoring
acute toxicity for the surface and ground water pathways,
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In assessing exposure, consideration of each mediz pathway is
recommended including air, water, food, and diresct contact. Measurement
of exposure should also consider the route of exposure through which
substances exert their effects., For example, inhalation i3 more important
than ingestion in the case of ashestos.

Applicabllity or Air Emissions Information from TSDFs to Superfund Sites
and the Range of Emissions Estigates Calculated

Because alr emissions are often episodie or narrowly focused along
a particular wind direction, they are difficult to detect., For thia
reason, inclusion of a potential for release is an important priocrity
for modification of the HRS. The procedures given in the Analysis of
the Air Target Distance Limit in the Hazard Ranking System (6) for
estimating air emissions from Surface impoundments and landfills at
Superfund sites are based on model equations developed for RCRA Facilities
(TSDFs). These procedures are appropriate for the purpose to which they
are applied: to determine the range of possible (long-term) emission ratas
at Superfund sites. The model equations represent the state~of-the-art
in this relatively new area of environmental science.

There are, however, some limitations 1dentified below and suggestiong
for additional analysis that can result in a clearer and more defensible
analysis. These inelude the need ro illustrate previous validation
studies of the models, particularly those presented in peer-revi ewed
scientifie journals, the need to better illustrate the model comparisons
at existing landfills, and better identification of the potential
applicability of the models to particular sites.

Despite the difficulties in data collection, validation studies
with the surface impoundment and landfill models have been attempted. -
Using these studies in the documentation for proposed changes to the HRS
would provide the user with a sense of the reliability and accuracy
of the procedures, which we suspect 1s about one-half to one order of
magnitude. These studies have. heen prasented 1in peer-reviewed articles
in journals such as Environmental Progress and the Journal of the Air
Pollution Control Association,

In addition, the comparison of predicted and measured emission
rates (in Seetion 4.4.1.6 of Anal 812 of the Air Target Distance Limit
in the Hazard Ranking System, July 6, 1987) would be strengthed by ineclusion
of a plot of predicted vs. observed rates, This comparison may indicate
gignificant variability on a site=by-site basis, This variahility is,
in part, due to the simplifications inherent in the models, but is also
largely a result of the difficulties in ldentifying model parameters at
4 glven site, even for the most basic of inputs, such as the identification
of chemicals i{n the waste. These difficulties are pertinent to the use
of these, or related model equations, as part of an HRS scheme that
considers’ potential air emissions.
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Ideally, 4{f comprehensive information was available, the emission
models for TSDFs could be used. A brief review of these procedures {ig
presented below in order to highlight important variables,

Emiszions from surface impoundments depend on the concentration of
chemicais {in the water, Methods to estimate such emiss{ans apply the
tradicional "twe phase resistance” transport equations which inelude an
estimate of the chemical“s air-water partition coafficient or Henry“s Law
Constant, The resistances depend on factors such as wind speed, fetch,
diffusivities, and the Presence of olly films but, to a first approximation,
it would probably be deceptable to adopt mean values of the reslstances
and apply them to all chemicals. The key irems of information are chemical
identity, chemical Henry”s Law Constant, and chemical concentratians.

In the long-term the chemical will %e depleted from inactive siteg unlesgg
there is wigration from sediments to replace ir,

Alr emissions from landfills depend on the resiastance to transfey
frem the soil cover depth and porosity, coupled to the chemical”s vapor
pressure as the driving force for diffusion. The key items are chemical
ldentity, chemical vapor pressure, and soil cover depth and porosity,

Emission rates can he estimated readily for tanks and drums Ziven 3
knowledge of rhe geometry and contents., Waste piles and other aceumulations
of waste will require separata treatment. In all cases, the key varigbles
to estimate volatile emissions are chemlical identity and Vapar pressure.

Information on the chemical identities is valuable because it allows
the presence of emissions to be established and the calculation of emissian
rates for volatile chemicals. When such information is lacking, air
emissions can not bhe predicted and the subsequent consideration of air
exposure routes is Iimpossible Thega may be evidence of emissions as a
result of odors, for example.

If the chemical identities are known, 1t should be possible to
wodify and simplify the TSDF procedures to calculate an approximate,
order-of-magnitude emission rate for lepoundments and landfills. A
Score could then be assigned based on the logarithm of the emission
rate. The population distance matrix discussed earlier includes the
effects of dispersion,

Other investigative techniques could be used to confirm the emission
rates, the most obvious of which 1s air concentration measurement.
Ambient monitoring, however, 1s subject to the problem of dilution, as
the three examples on the next page show. '
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‘ If we conmaider a site 100 m by 100 m emitting 100 kg/year into a
wind of average speed 5 w/s, and assume that the air 13 well mixed ar
the downstream sampling site to a height of 5 m, then the concentration
at that site will be C g/m3 given bhy:

100 kg/yr x 1000 g/kg = Sm/s x 100 m x 5 a x 31.5 x 106 s/yr x ¢
or € = 1.3 x [0~ g/mwd or 1.3 ug/m3,

This low concentration may be difficult te detect quantitatively,

For surface impoundments, it ig preferable to measure the watar
concentration and infer an emission rate. For example, in the above
case an emission of 100 kg/yr over 104 2 would raquire a concentration
of 0.023 g/m3, assuming an overall water mass transfer coefficieut of
0.05 w/h, :

1.4, 107 g/y = 10* n2 x 0.05 w/h x 8760 h/yr x 0.023 g/m3.
This concentration 1s a factor of 18,000 greater than the air concentration,

Likewise, 1f the emission is from s0il]l and we assume an effective
diffusivity (corrected for porosity) of 0.01 cml/s or 0.0036 m2/h and
a2 path length of | m and area 10% m » then the effective diffusion
volume exchanged 1s 0.0036 m2/h’x 104 ?/1 m or 36 m3/h. Thisg is
essentially the volume of soil pore vapor relaasad per hour. If the
emission rate was 100 kg/yr the concentrations would be 0,32 g/m3,

l.e., 107 g/y = 36 m3/h x 8760 h/yr x 0.32 g/m3,

Again, this concentration is a factor of 250,000 greater than in the
ambient air and is wmuch gasier to measure, ‘

Based on thesa examplas and the Work Group”s experience, to detect
the presence and amount of emissions ir is desirable to analyze at the
source, or as close to the source as possible. Once the chemical mixes
with the amblent air, it suffers a concentration drop by a factor on the
order of 104 to 100, This may produce ambient concentrations below
detection limits,

Thus, there is thus an incentive to use methods of "probing"
sources by using, for example, soil gas analysis or "inverted dish pan"
surface emigsion samples., We believe that valuable confirmatory data
would be obtained at quite modest cost, These investigative techniques
could give direct measurements of emissions tates. :
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Site investigations of soil, ground water and surface water have
been alded by the prior existence of sound analytical protocols for
sample collection, storage, and analysis. Tt appears that insufficient
ef fort has been devoted to developing protocols which are appropriate
for air sampling at waste gltes, The traditional high volume sampler s
often ef fective, but 1t 1s, to an extent, misapplied, More effort should
be devoted tg developing more subtle, economic and useful air sampling
procedures which are specific to the condicions prevailing around waste
sites,

Other Factors Affecting the Potential for Releage

The following additional factors should be considered in developing
the air pathway component of the HRS:

l. The type of containment, il.e,, impoundment vs, tanks, and
drums vs, encapsulation, should be considered. Also included
should be an assessment of the extent to which the containment
is likely to be disturbed as part of the remediation process
at the site. Sites where more excavation and handling of
wastes are required may present a higher potential for air
releases,

2. Catastrophic releases may create alr emissions. This categovy
could ine¢lude the Susceptibility of the site to flooding,
the seismic activity of the area, and the frequency of
severe weather, e.g., extremely high winds which can lead tg
fugitive particulate emissiong,

3. Reported incidents by surrounding residents, such as complaints -
concerning odors, eye irrication, or nausea, may result from ajr
emissions., While, {n the agbsence of air monitoring data, thage
Teports may not be sufficient evidence of a “eonfirmed" release,
such sites should be scored for their potential-to=release,

OTHER COMMENTS

Relationship of Air Pathway to the Rest of the HRS

As part of its revision of the HRS air pathway, the Work Group
recommends that QERR assure that the scores assigned for peopulation and
distance are consistent with one another and with other scores with
which they must be combined, for example, scores for toxicity, waste
quantity, or release potential. [f the HRS is to represent the relative
risk of sites, it must be consistent with the underlying, quantirative
relationships of the factors evaluated. Weighting the risk among pathways
on an a prioril basis where, for example, the air pathway might be worth
one-half the ground water pathway, 1is not scientifically justified.

4
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Two aspects of risk need to be addressed. First, risk may be
declining or changing depending on the nature or integrity of contaimment
or the site type. There may have been a significant release early in 3
site”s history which has resulted in a loss of contaminaunts and decreasing
emissions in later history (which often coincides with site evaluation
and scoring). This earlier reslease may have been of an acute nature
which no longer is detectable or representative of the site.

The second aspect is that the near-gsite population wmay be considered
to be at greater risk from the air pathway than from the water pathways.
3ecause of the nature of migration of air contaminants (speed of mpovement
and plume entrainment) the populatiou at highest risk may change as
atmospheric conditions change,

There may be a need to consider the near-site population as exposed
fo an independent direct-contact pathway rather than as a subset of the
alr pathway because acute rather than chronic toxicity may be more relevant
and because of the known presence at some sires of chroniec toxicants in
the form of particulates (such as duscrs containing lead). Exposure to
the larger respirable particulates cam be s very near=-site phenomenon,
which may be de=-emphasized by inclusion in the air pathway with its
focus on greater distances, On-site workers (not ¢cleanup staff, but
employeaes at active manufacturing or landfill sites) are also at risk in
manners different from long distance populations. Exposures may last for
fractions of days but be intense when they occur. Near=site populations
are continually exposed to a variety of routes in comparison to single
Youte exposure of remote populations,

Exposure also changes with the nature of contaminant migration,
Near a site, the contaminants are more varied as well as at greater
concentrations, and there are wmore routes of exposure. Volatile organié
compounds are present and are subject to inhalation. In addition, parti-
culates containing either metals or adsorbed organics tend to deposit
near site boundaries and are subject to ingestion and dermal absorption
4s well as inhdlation., Remote from the site, concentration and variety
of contaminants are less, and exposure is more limited to the volatile
compounds and the inhalation route. :

Determination of Actual Release

One of the important scoring factors in the current HRS iz an on=off
switch for the presence of actual release of hazardous material into the
ambient air., The determination of actual release ig usually based on a
limited amount of -air monitoring, The data provided by the program
office Indicate that 14.2% of the 951 NPL sites have shown observed
release, compared to 41.6% for surface water and 73.0% for ground water,
These statistiecs may be aigleading and could result from differences in
detection efficiency rather than true dominance of the water routes,
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The differences {n detectian efficiency are also thought to result ig a
reluctance to collect data for this route, a problem which could be
addressed by a minimum data requirement for the HRS.

Alr releases are often intermittent, with a substantial temporal
variation, Let "r" denote the fraction of days during which a release
cccurs at a site. If r>0, the site should be classified (in the current
HR5) as having an actual release, Strictly speaking, both the release
fraction and the Presence of actual release ara relative to the time
frame under consideration. TIf longitudinal air monitoring 1s available
for a long time period, and measurement errar 13 negligible, the release
would be observed, In the absence of longitudinal wonitoring, there can
be a substantial probability that a site with intermittent release would
not show an observed release., If ope assumes that air monitoring is
conducted for one day, such as the day of site inspection (chosen randomly),
For a site with release fraction,"r", (aay 40%) the probability of nor
observing the release 13 l-v, ar 60%. Therefore, the prevalence of afr .
release for the NPL sires can ba substantially higher than the value of
14.2%, which 1s based on the avallable data on observed air releases,

For example, 1f the release fraction for all NPL sites with actyal release
12 40%, the prevalence of air releases would be about 357 (14.2%/40%),
among which only a small fracrion 1s identified by the avallable data aas
showing an observed releass, It 1s likely that air releases can be
Substantially more prevalent than what the available data indicate,

One possible remedy for the underestimation of actual releases is
to Ilncrease the frequency of air monitoring., For a site with relezsa
fraction = 40%, If air monitoring 13 conducted for three Instead of
one days, chosen randomly (because of possgible intertemporal correlation,
three consecutive days cannot be regarded as being random), the probability
of not observing the release would he 21.6X instead of 60%. However,
the amount of resources required to increase the air monitoring frequency
would be substantial, and might not be cost effective,

As discussed above, alternative sampling methods such as soil gas
monitoring may be easier than ambient alr monitoring,



ATTACHMENT B

Derivation of the Air Targer Score

suppose population N is distributed uniformly
iIn a ring between distance x and bx, The
population density is given by

N N
D = =
W(bx)2 -7 %2 (b2-1)Tr %2

Suppose further that concentration, averaged over all
directions, declines as an inverse power of distance:

C = k/c

If excess risk 1s proportional to concentration (as usuvally assumed for
carcinogens), the proportionmality constant is P, and excess risk=PC=p(k/c0),
then the papulation risk in the ring is given by
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Assuming the same population, N, the population in the next larger ring is given by

2-n
Ry ™ ..2_P k N (be"Hal)

| (2 = n) (b2 - ) x0pn
The ratio of the two risks 1ig

n 1 this works for n = 2 alse)
Row/Rx = L

If we want this ratio to be 1/10, then
B = 10 and b = -~ 0/10

For example, {f n = 2, b = 3,16. Note that if D is constant from ring
Lo ring, the ratlo of population risks is

. -
Rpg/By = B0

and will be greater than 1 if a L 2, implying that there is no "uwatural™
limit for the air target distance.



Both atmospheric diffusien theoty, available data, and current
diffusion mrdeling practiced by EPA support a value for n of less than
or equal to 2 for ground-level sources. At closze-inp digtances, legs
than [0 km for example, the decay in the ring-averaged concentration 1s
loversely proportional to the square of the radial distance from the
gource for average meteorological conditions. At distances greater thagp
!0 km, the decay for average meteorological conditions ig slower than
quadratic, EPA models used in performing risk assessments, such as rthe
Human Exposure Model (HEM), use formulas for diffusion that have the ting-
averaged concentration decaying approximately as r“1-7, for distances
out to approximately 10 km for average meterological conditions.

AS an example, one can refer to the table when a = 0.09 mile and
b = 3.33 (n is about .9), Figure B-1 shows the rings for these assumptionsg
and Table B-| shows the matrix of scores,

TABLE B-1
Alr Target Score for b = 3,33

Ring Boundaries (miles)

Population 0.09 - 0.3 0.3 = 1.0 1.0 = 3,3 3.3 - 11.T
106 - 107 10 .9 8 { 7
102 - 106 9 8 7 6
104 - 105 8 [ 7 ! 6 5
103 - 104 7 6 5 4
102 - 103 6 5 4 3
10l ~102 5 4 3 2
100 « jol 4 3 2 1

{The scores above the line imply population densitcies Ereater than
BO.OOO/miZ, which are rare.)

[f one assumes that population is uniformly distributed at density

D = 1,000/mi, then the popularions in the rings are about 260, 2900,
32,000, and 390,000 people. Each ring would scare § points; the overall
score would, therefore, also be 6.

The decline in individual risk per ring is by definitianq one order=
of-magnituda, Therefore, if one arbitrarily defines risk ro equal 10-3
for the innermoat ting, then the corresponding population risk ‘
2 260 x 1073 = 0.26 (less than one case in a lifetime).. In ring 2 it
Ls 2900 x 107 or 0.29, 1n ring 3 1t is 0.32 and in ring 4 it 1s 0.39.
Thus, total population risk continues to increase as long as the population
density remains consgtant. Practically, individual risk has declined tg
1076 in ring 4 and would be negligible (1077) in a fifth ring.




FIGURE B-1
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BACKGROUND

Mr. Henry L. Longest, Director of the Office of Emergency and Remedial
Response (OERR), referred tha large volume waste issue, "whethey large
volume wastes should be considered differently from other wastes," ta the
Science Advisory Board for review in his June 25, 1987 memorandunm (22, The
Issues as stated mora specifically in the July 28, 1987 memorandum (20) of
Mr. Stephen A, Lingle, Director of the Hazardous Site Evaluarion Division
(OERR) are:

"1) Applicability of the HRS in scoring mining waste siteg; and
2) Feasibility of using waste concentration data in 4 ravisaed HRg,"

This memorandum also states, "we (QERR) believe that the Subcommittee
findings will bhe equally applicable to both mining and fly ash sites,”

The Work Group concentrated on mining sites and assume OERR will translate
its findings to utility waste sitesg,

The primary EPA document addressing the first issue, The Superfuynd
Hazard Ranking System (HRS) : Applicab{ility to Mining Waste Sitresg (13) was
reviewed act the Work Group”s August 20, 1987 meeting. Besides providing
background on the HRS, it presents an overview of mining waste site
characteristics, summarizes five ‘previous studies on the application of
the HRS to mining waste sites, and provides an assessment of "potential
dangers" at six such sites rated by the HRS,

In the overview of mining waste sire characteristics, four major
categories of wastes from rthe extraction of ores and minerals were
dddressed: mine waste, mill tailings, dump and heap leach waste, and
mine water. (The Work Group had the Office of Solid Wastes” Management
of Mining Wastes (17) and chapters 1-5 of the Draft Report to Congress:
Wastes from the Combustion of Coal by Electric Ut11ity Power Plants (16)
a8 additional sources of information on the characteriscics of large
valume wastes), Metals, radionuclides, asbestos, and cyanides {but not
organics) were identified as the contaminantg of concern at large volume
waste sites, The acidity (pH) was identified as a key factor in the
mobility of metals, and the ground water and surface water pathways were
those usually of concern at these sires,

Three of the five papers summarized and evaluated in the ig5ue
Paper were prepared by TRC Enviroumental Congultants, Inc, for the American
Mining Congress (27, 28, 29). The other twe were Agency contractor reports
developed by MITRE Corporation (24, 25) 1in response to issues raised by
TRC. The TRC papers assert that the HRS does not adequately discriminate
risks posed by various mining waste sites as well as 1t does for non-mining
sites; the MITRE papers respond that TRC”s conclusions are not supported
by their analysis, or by further MITRE analysis,

)
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QERR briefed the Work Group on itg comparisen of scores for =ix
actual mining waste sites with the results of an asgessment of the
qualitative overall risk to human health and the environment (potential
danger) at those sites (11). Ratings for four pathways were derived:

- ground water, surface water, air and direct contact. For these six
study sites, higher HRS scores were associated with higher potential
danger ratings. ' ‘

In its July briefing of the Subcommittee, the Office of Policy,
Planning, and Evaluation reported that its Site Ranking Panel (an
in-house group of EPA personnel with varying degrees of expertised
on Superfund issues), using a different group of sites and experts,
apparently found virtually no correlation between the experts” ranking of
gites and the HRS scores (18), Since the unpublished OPPE study (23)
was not reviewed by the Subcoumittee nor otherwise peer-treviewed, the
Work Group 1is unable to judge what credence may be placed upon 1ts Eindings.
Taking the study at face value, it would appear that because most of the
sites chosen were already on the NPL, this may indicate that the HRS
discriminates poorly between listed sires, but does not necessarily mean
- the HRS does not discriminate between those that should be and should
not be ldsted, . ‘

There are two ways to evaluate the applicability of the HRS to

mining sites. The July 22, 1987 i3sue paper, The Superfund Hazard Rauking
System (HRS): Applicability to Mining Waste Sites, uses the approach of
evaluating the experience in ranking mining sites with the HRS gystem in
terms of false positives and false negatives and differentiating according
to the potential danger as determined by other means. In its evaluation,
the Work Group coupled this approach with an examination of the secientific
issues independent of the HRS experiance,

The second issue paper ig The Sugerfund Hazard Ranking System (HRS):”

Feagibility of Using Concentraticn Data in a Revised HRS, July 27, 1987,
Besides providing general background om the HRS, the paper discusses the
{(non)use of waste concentraticn in the HRS, describes the use of waste
concentration data in other site ranking models, and presents three
options for using waste concentration in a revised HRS.

Basically, the inherent difficulties of sappling and analyzing
hazardous wastes, the haterogeneity of waste sites, cost, and the need
to quickly develop a NPL dissuaded the Agency from including concentration
in the original HRS. Four systems which address concentration in various
ways were described: the Site Ranking System (SRS), HARM II, Site Assessment
System, and Remedial Actionm Priority System (RAPS). OERR viewed the SRS
approach, a linear scoring system which falls just short of being a
quantitative risk model, as having components of potential utility, but
cautioned that any of the systems rely heavily on the professional judgement
of field parsonnel.
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The three options presented by the Agency for using waste concentration
data in the tevised HRS are:

Wl Retaln the cyrreat HRS appreach where waste concentration data
are uged only to identify the most toxie waste constituent,

W2 Mandate the use of waste concentration at all sites ro de termine
a total mass of constityent to be used in the reviged HRS,
much as the waste quantity score is currently applied.

W3 Adopt a tiered approach to encourage the usze of constituent
concentration data, where available, and reliance on default
values of concentration fo estimate the total mass of 2
constituent at other sites,

The detailed questions posed to the Work Group on large volume
wasle lzsue are presented in Attachments A and B,

RESPONSES TO ISSUES/QUESTIONS RAISED BY OERR

Applicability of HRS to Mining Waste Sites

The full text of the questions posed by OERR can be found in
Attachment A. An abbreviated form is used here to assist the reader.

Bias Against Mining Sites Not Demonstrated, The TRC and Mitre
reports showed that mining waste sites scored higher in waste quantity
compared to non-wining sites. Thig 13 expected given the large volume
of wastes generated by the mining industry. TRC did not show thia blas
caused false-positives or false-negatives for mining sites. Both TRC
and Mirrve found wasre quantity contributed relatively lirtle to the
final HRS score,

TRC addressed whether the degree of site information avallable was
a major factor in NPL listing. Since some wining sites have more extensive
daca bhases than do others, TRC concluded that these may be more likely
to have higher scores and, therefore, to be placed on the NPL, compared
with sites of equal risk hut with less available informatfion, Mos £
major industrial faciliries also will have more extensive data basesg
than smaller sites (especially "orphan chemical dumps"), Extensive dara
bases and a regulatory history way highlight major industrial sltes
before others, Moreover, more frequent and "densar" monitoring has a
better chance to find environmental problems and observed releases; also,
sites with serious problems may be more thoroughly studied, In any
évent, no data were presented by TRC showing that the relatively larger
data basas for mining sites resylted in unfair scoring. On the contrary,
smaller data bases coyld theoretically be biased. Use of default values
for scores where data are wlssing would be a better solution to the
alleged underscoring of sites with lesser data bases.
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Analyzis of the relative weights of components in the Hazard Ranking
System may suggest bias if one kind of waste, such ag mining wastes, always
scores high Iin an important component irrespective of enviroomental hazard.
TRC stated the final HRS score for mining sites could be predicted by
population alone. Since the TRC studied only mining sites, it did not
prove a blas against mining waste sitas. Also, the more complets Mitre
analysis indicated that population is the second-most lmportant factor
(after observed release) for scoring of all types of waste sites and,
therefore, is a critical factor for all gites, not just wining sites,

In two areas, the Work Group concurs with TRC. First, inorganic
metals have cerrain characteristics not addressed in a system that does
not take into account differences in mobility between specific iounic
forms. The Work Group assumes that ORRR will consider these differences
in the revigions to the toxicity/persistence score. Second, the large
volume of mining wastes often means large masses of the contaminant are
avallable for release, but certain conditions must exist for these releases
to occur, )

In summary, while the TRC analysis identified some important ranking
priorities of the HRS system, its findings do not present a strong argument
indicating a blas against mining sites.

Inadequacy of the HRS for Mining Site Evaluations Not Proven. After
reviewing the TRC and MITRE studies as addressed in Che July 22, 1987
issue paper The Superfund Hazard Ranking System: Applicabflity to Minin
Waste Sites, the Work Group finds that the studies conducted regarding the

HRS listing process are preliminary in that they have examined only small

subsets of the data base, and are inconeclusive. Therefore, sufficient
experiential evidence has not accumilated and been presented to show an
inadequacy of the HRS in regard to mining sites. The OPPE study (18)
presentation at the July i6th Subcommittae meeting, "Preliminary Analysis-
of Alternative Models to Support Revisions of the CERCLA, Hazard Ranking
System," also provided some data, That gtudy involved mining sites

and 16 nonmining sites and usged a ranel of in~house EPA personnel (with
varying degrees of expertise in Superfund issues) to evaluate risk

for comparison with the various existing ranking models, Within its
limited study, OPPE found no consistency between its panel”s ranking of
tisk and ratings from any of the models, iacluding the HRS model. This
data set for mining sites seems limited and cannot support a conclusion
about the adequacy of the HRS scoring system.

In summary, sufficient evidence was not presented to the Work Group
to conclude that the current HRS has been adequate or inadequate for
wining sites (or even for non-mining sites).
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Inappropriateness of the Existing HRS for Mining Sites Not Demonstrated,
But Has That Potential. Ag stated above, the Work Group was unable to -
find sufficlent evidence thac the HRS has treated mining sites wirh
Systematic error. Furcher, although only a small subsat of mining sites
was avallable for analysis, the Work Group was unable tpo idencify any
sites currently listed that should not have been on the NpPL, The present
system has possibly rated mining sites no worse thap other waste sites.

However, the present scoring system hag a potential to treat mining
wastes (and others) with Systematic error, The vast majority of listed
mining sites and, to a slightly lesser degrae non-mining sites, have
observed releasas, Since TRC reported (25, page 9) that 952 of listed
mining sites had an observed release and sipce observed raleases require
less judgement in scoring, there was a lower risk of false positives,

The Work Group believes the present HRS 1s not well suited for
scoring potential releases frog mining waste sites bacause mobllity 1is
not included, as discussed balow,

Factars to Modify to Make the HRS for Large Volume Wastes. 1In regard to
improving the HRS, the following polnts should be considered:

o Mine wastes (one of four ty¥pes of wining wastes) tend to be solid
rather than liquid, and contaminants may be losgg moblle.

o Where mining wastes contain low concentrations of hazardous subgtances
in large waste volumes only partially isolated from the environment,
enviromeental conditions Instead of the extent of isolation may
control contaminmant telease,

o Natural geochemical Processes are of ten required to mobilizae -
hazardous substances in mining wastes, such gzs acid generation
by the blochemical oxidation of meral sulfides,

o The concentration of hazardous substances and the potential for
releage can often be estimated for mining wastes, i.e., acid mine
drainage (AMD) potential and leaching tests. More generally, the
HRS does not adequately consider the nature of the source, release,
trangport, and transformation.

Improved ways of considering the concentration, toxicity
{inorganics have special characteristics), release (mobility 1in various
matrices), and transport/trans formation factors would make the HRS more
accurate, '

The concentration issue ig addressed in the latter part of this
report and Appendices | and 2 address the toxicity {ssue. OERR"s3 briefing
of the Work Group August 19-20, 1987 in Denver indicated that it 1is
considering ways to incorporate mobility factors within the HRS that may
have considerable promise (26).
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Revislons of the HRS then under consideration by OERR ineluded
substituting a mobility factor for the persistence factor in the ground
water and surface water pathways. In the ground water pathway parameters
representative of the tendency for contaminant mobility and the sorptive
capacity of the geologic media would replace the pergistence parameter,

The Work Group supports such changes because mobility is a more
diseriminating concept for both inorganics and organiecs than is persistence
in the subsurface, especially with respect to igorganle compounds,

The Work Group recommends that, duting the development of a
structured value representation of the mobility concept, OERR should
explore a means of incorporating important matrix characteristics. These
1nclude extreme pH, any crystalline phasa wodifications of mining wastes
that differ from native geologic materials, and the sorptive capacity of
surrounding geologic materials (influencing migration tendency),

Extreme pH is a particularly attractive characteristic because it ig
meaningful and because the pH of mining wastes can be determined relatively
slmply and accurately, Mining wastes tend to be highly buffered, either acid
or alkaline. All fluids on a mining sites could be tested for pH and solids.
could be tested for paste pH, particularly near the surface (30). The pH
of pathway media and receiving waters are more difficult te determine
4ccurately, However, even here, samples should be obhtained and measurad
for pH in borh the field and the laboratory.

In regard to the surface water route, OERR favors retaining
persistence as the parameter to couple with toxlcity in the waste
characteristics portion of the HRS, but would consider four additional
transformation processes along with the cutrent blodegradation one. The
Work Group concludes that inclusion of these additional factors would
improve the existing HRS because it more closely corresponds with what
happens in the real world. ' -

Mobllity would be included in the air toute; a gas mobility facror
value and a particulate mobility factor value would ke combined. Details
were unavailabla, but the hasic approach of including mobility should be
pursued due to its importance along with wasta quantity in the exposure
potential scenario, (See alsc Appendix .2 on exposures through the air.)

Feasibility of Using Concentration Data in a Revised HRS

The full text of the questions posed to the Subcommittes by OERE
can be found in Attachment B, Abbreviated versions are used below.

Value of Incorporating a Concentration Factor. The followling discussion
assumes that the structured value model construct of HES will be maintained
in the short-term.
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Modifying the current HRS to Incorporate facrors which capture sepe
measure of both the physical=~chemical characteristics of the hazardous
constituents and the natyre of the waste matrix, as well as those sita
characteristicg responsible for risk, i ¢learly an improvement, Modifica-
tions relaring to the form and concentration of the hazardous constiltuents
(HC) would add a degrae of sensitivity to the HRS apd Possibly caprure
S0me measure of mobility and potential for exposuyre, Pogsible factors
include HC concentration in the waste Baterial, total mass of the HC,
potential for relsase of rhe HC, mobility of the HC in the ground water,
and concentration of the HC in the ground water.

flexibllity to dccommodate a range of site data quality and quantity, {ig
Lo augment the HRS with a multi-tiered defayle approach for use of HC
concentrarion or quantity data. Suych a muiti-tiared Structure would
Provide alternative routes for use of dara differing in quality and
quantity, as well asg provide the opportunity for inclusion of a decisaion
polnt on the question of acquiring new, additionsal darg for the HRS
scoring process, :

Perhaps the concept of using che most appropriate tier for a specific
sttuation {s more important than assuming that the top tler 1s best, ang
only defaulting to a lower tier. ‘That 1s, far solid and gsemiwsoclid
wastes at mining sites toral quantity of hazardous waste makes little
sense 1in the absence of mobility factors; rather, the concentration of
the contaminants is important, For drum and other 1liquid wastes, the
total quantity of hazardous material is probably luportant.

Desirablity of Including Hazardous Constituent Concentration Data
1n the HRS., Because both the impact of ohserved releases and the risk
of potential releages are related to soyrce concentration, particularly
for the direct contact and air pathway, including hazardoys constituent
concentratlion in the HRS would be desirable.

At present, the HRS ig only a gcreening tool used by CERR, in
combination with other science policy considerations for dEciding if
detailed (RI/FS) studies are required. SARA encourages the development
of a more accurate and comprtehensive ranking system, Addition of
concentration data could lmprove the dccuracy of the HRS.

EPA has proposed two options (W2 and W3) for modifying the HRS ro
account for the concentration of hazardous conztituents, Both approaches

total mass of a hazardous constituent at the site, which 1s then used to
compute the wagta quantity score for the HRS. Both approaches represent
lmprovements over the current HRS. However, {f mobility is not addressed,
even the approach which uges "total mass" of hazardous constituent could
coatribute to produce false posirives for some large volume wasras and
some pathways,



A3-8

For the ground water pathway, the concentration of a constituent
in 2 solld waste is of much less importance than the concentration
that counstituent may attain in the leachate migrating away from a site,
Consequently, more emphasis should be placed on the partitioning of
hazardous constituents between the solid waste and the leachate.
Leachate concentration (at least estimated) should then be factored
into the HRS waste quantity term. For wastes that are not in solid
form, total contaminant mass quantity should comtinue to be used.

Options for Incorporatiqg Concentration Data In the HRS. Option W2
would require that waste constituent concentration data be collected at
4 site before it could be scored. In contrast, Option W3 (the Work
Group”s prefarred approach) is a tiered system that would encourage the
use of concentration data, but would also provide the flexibility to use
indirect estimates, or default concentrations, to estimate 3 constituent”s
total mass when direct measurements of concentrations are not available.
The direct measurement approach of option W2, modified for solid wastes
Lo account for partitioning between water and solid, would provide the
soundest scientific basis for the revised HRS. 1In most cases, however,
1t will not be practical due to safety and cost considerations to require
waste constityeut concentration data for every site at the site inspection
stage. Furthermwore, the Work Group recommends the direct use of
concentration rather than conversion to a mass value for wastes in solid
or semi-solid form. - '

One of the most difficult tasks will be to decide which tier to
use. In the case of option W3, there 13 a need to decide whether
to use measured concentrations or indirect estimates of mass, Tt is
likely that economic and safety considerations will determine tha
decision as to which tiler will be used, If a sice 1s relatively
uniform and sufficient waste constituent data can be obtained at
reasonable cost to characterize the waste, tier one (concentration)
could be used. On the other hand, if a site is non-uniform and costs
of obtaining the necessary concentration data (or time and safety
requirements) are prohibitive, it would be reasonable to use a higher
tier. In effect, this approach may effectively distinguish between
inorganic (mining and utility) and organic waste sites because of the
greater heterogeneity of organic wastre siteg and the large expense of
organic analyses. Inorganic analyses are relatively inexpensive (assuming
speclation 18 caleulated, not measured); therefore, this approach would
encourage the collection of waste constituent concentration data at
mining sitea, where concentration data is often a critically important
factor, as discussed above,

In conjunction with using concentratiou data in the HRS, a method of
determining a "representative concentration" for a site based on a stratified
sampling strategy would be useful. In thig approach, a complex site
could be subdivided into a set of more homogeneous regions or strata,

i
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dnd a representative value for each stratum determined through more

limited sampling. Statistical techniques exise for manipulating stratified
data, which could rhen he recombined with appropriate weighting into a
final single HRS score for the site.

To define a factor for converting quantity of hazardous constituents
to quantity of hazardous waste, from a sclentific point of view, the
median concentration obtained in frhe September 1986 MITRE repart by
Arlene R. Wusterbarth, Hazard Ranking System Issue Analysiyg: Relacionship
Betrween Waste Quantity and Hazardous Constituent Quantity (32) should be
used. OERR reported orally that this median concentration of al] HCs
at all sites 1s 450 mg/kg, but there was wide variation, This value
relates to aggregates of constituents and only materials on certain
lists of hazardous constituents were sought. Hence, risk matagement
or policy considerations might cause EPA to select another value for the
default concentration. One alternative is to convert HC to toxicity units
(concentration times a relative toxicity factor) rather than concentration.,

A specific rule for moving between levels (tiers) in option W3
might be considered, The first level (total amount or concentration of
hazardous constituent) shoyld be used where data are sufficlent to support
an estimate of hazardous waste constituent quantity. This would oceur
where there are data to determine the hazardous waste quantity accurately,
What data are available clearly ghow the quantity is significantly
above the amount necessary to receive the maximpum score, or significantly
below the amount necessary for the next-to-minigum score,

Where the quantity of hazardous congtituent(s) is not known, scores
could be calculated using the procedures of each of the first threa
levels, Then, scores for level l and level 2 would he compared., If the
scores were within 257 of one another, the score for level | would be
used. If the scores were greater than 25% apart, the score from level 2¢
would be compared to that from level 3. If level 2 and level 3 scores
were withia 25% of onae another, then the level 7 score would bhe used; if
not, the level 3 score would be used in the HRS. The final level 4
score would be used where data on waste quantity were virtually absent
(especially for well flelds).

Other Cotments on Concentration. The Work Groyp commented on five
additional fssues related to the use of concentration data in the HRS.

le Some Technical and Practical Considerations. OERR"s issue
paper on the feasibility of using concentration (14) addresses
only waste concentration data, The Work Group recommends
that concentraticn in the receiving environment, and perhaps
population densities, also be considered as discussed in the
Wolfinger report (31). Data on receiving water concentration
data would aid in scoring observed releases. Fish bloagsay
data may be useful at rimesg in ranking toxicity of releases in
the absence of , or in addition Lo, chemical concentration dara.
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Sites will have data basas of differing completeness and
dccuracy, as occurs now in site evaluation., Modified scoring
gyatems must use large data bases effectively to produce more

accurate scores while handling with equal fairmess sites with
fewer data.

Some toxic contaminants, such as metals, can be measured
in both solids and liquids at reasonable cost, ALl site

inspections at mining sites could gather valuable data on the

quantity of metals in the liquid and solid phases of the waste,

Evaluation Techniques. The revised HRS should be tested

for both high strength concentration/low volume wastes
(drums) and low strength concentration/high volume wastes
(wine tailings), with both observed releases and potential
releases of contaminants.

The sensitivity of the new ranking svstem to concentration
should be tested to determine the importance of concentration
in listing on the NPL and, thus, the need to obtain more complefe
and accurate hazardous waste cousitituent data. The analysis
would also be a first step in examining possible false positives
and false negatives. ’

'WE/WB Modification. A non=linear scale such as that currently used

for waste quantity may be appropriate. Such a scale would give low
scores to small, less significant sites, whila not unduly penalizing
large gites, In a properly conmstructed algorithm, sites which are
less gignificant in terms of risk will score lower than those sites
which present greater risks.

For unknown waste quantities, the default scheme suggested by
Kushner in Hazard Ramking System Issue Analysis: Sites with =
Unknown Waste Quantity (19) is prefered over a ainimum default

value,

uality of Waste Concentration Data. Sampling guidelines could
be developed for each waste type (i.e, drums, tanks, tailings,
impoundments, etc.). These could be modified by site inspection
staff based upon site specific factors, but 2 minimum sampling
scheme should be identified.

Perhaps a relatively large aumber of samples could be
collected, but only a limited number analyzed initially. The
Initial results and calculated HRS scores could be used to
decide on the need for additional analyses, This approach
would apply only to contaminants that could be presaerved.
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More data may be required for sites with no observed releage
because they are more likely to score below the 28.5 boundary,
and waste concentration data are eritrical in assessing the
risk of potential releasas,

Composite samples should be obtained to reduce the numbe r
of analyses, while providing estimates of average waste
cencentration,

5. sampling Risk. Waste sampling schemes should be developed
based on a thoreugh review of existing data on hazards to
sampling personnel. Description of the waste, anecdotal
evidence, and data on rhe receiving environment should indicate
the hazards posed ro site investigarors, 1In suspected high-rigk
sites, the sampling schene should begin around the perimeter
where less contamination is expected, and Progress towards the
areas of expected higher concentrations (this 18 also consistaent
with good sampling technique), Small rest holes and gas sampling
equipment could be used on the actual site to test for hazardous
conditions,

Data requirements could be relaxed where severe onsite
health and safety hazards exist. 1p any case, these sites
should probably be addressed by the Superfund Removal Program
for their direct contact, fire and explosion capabilities,

OTHER COMMENTS

Long-Term Congiderations

Although SARA mandates a4 re-~evaluation of the HRS, and presumably a
revision or alteracion ip a Compressed time frame, 1t {g nevertheless
useful to consider hoth the long-term and short~term requirements of the
HRS and subsequent sire evaluation process, Inp that context, these
remarks focus on the 1ssues involved in development of quantitative
reépresentation of .concepts involving contaminant concentration in the
waste materials, contaminant concentracion in ground water apd mobiliry
(a notion that combines release and transpart).

Clear qualitative differences exist between many large volume waste
(LVW) sites and the more numerous hazardous waste sites containing adwixed

selid form. LyW ®ay be segregated into monofills of a single waste type,
Some sites have multiple types of wastes (e.g.,, mill tailings, smelting
slags). Where these wastes are sparially séparate, the sites may bhe
relatively easy to characterize, Commonly, LVW sites contain low
concentrations of hazardous trace elements (HTE) in the waste matrix,
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The release of these HTE is governed by very specific geochemical processes
and is subject to migratlon constraints. Sclentists and regulators increasingly
understand the effects of these two factors on releage.

Long-term evolutlon of the HRS should include consideration of detailed
numerical geochemical transport/fate models currently under development.
The advantage of eventyally using transport/fate models im the HRS is the
explicit inclusion of quantitative representation of specific processas
and mechanisms responsible for the release, transport, transformation,
and retention of hazardous compounds. The use of these models entails
with enlarged data requirements, but can yield less ambiguous, more
detalled simulations appropriate for pathway calculations and, ultimately,
exposure estimates. Considerable time and effort will be required to
integrate these more complex transport/fate models into the overall
framework of the HRS and to test their performance.

Need for Additional Studies

The studies of large volume waste presented to the Work Group contained -
little in the way of original investigation. Looking to future improvements
in the HRS, OERR should plan thoroughly peer reviewed studies, both to
review large volume waste sites ranked under the HRS and to exaumine
baslc parameters in the wmodel. A study of the first type was suggested
by Mr. R. Walline of EPA Region VIII which could address the actual
reasons why release occurred at prohlem mining sites (reasous reportedly
are different than those Lnitially assumed). A study of the second type
wight address the characteristic(s) of mining waste that control release
(mebility) to ground water.

Search for False Negatives and False Positives

: Because it is difficult to design a system that can in all cases

make the best use of all the sitewspecific scientific information available .
the Agenmcy should consider the advantages of utilizing additional scientific
judgment outside of (or adjunct to) the HRS model in making decisions on
whether to Ilist sites ou the NPL,

Sereening models like the HRS must be simple. They do uot have much
resolving power and therefore, some false positives and false negatives
are inevitable. Because of this limitation, HRS scores should not be
overemphasized. A process should be established either to review sites
subject to scoring or to review HRS scoras in an attempt to spot false
positives and unegatives, Such a scientific review process could involve
the use of additional models; in many cases, however, obvious false
negatives or positives might be best handled by a "manual” review., The
important point is that the system be flexible enough to allow for a
variety of approaches to be used, as needed, during the scientific review
process. :
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The extent of wagte characterization dat
level 13 part of g cost/benefit caleulation,
belng falsely included or not included on the

4 to be collected ar the ST
The economic lmpact of
NPL should he considered.

SUMMARY

Studies of the experience of applying the

HRS to mining sites have
ot proved systematic error unique to such sire

S

However, the HRS has a petential to
for mining sites due to the manner in whi
transport/transformarion pProcesses are ad

Produce abnormally high scoreg

ch toxieity, mass, release, and
dressed.



ATTACHMENT A

The Superfund Hazard Ranking System (HRS): Applicability

to Mining Waste Sites, July 22, 1987, defines the issues for SAR

consideration as follows:

1. "Does the series of TRC analyses indicate that the HRS is

2.

3.

‘unfairly blased against mining waste sites (as compared to
other types of potential Superfund sites)?

"Is there sufficient evidence that the existing HRS scoring/NPL
listing procéss has been inadequate with regard to mining
sites evaluated to date (1.e., produced numerous fglse
positives or false negatives)?

"Has it been demonstrated that the existing HRS is an inappropriate
scoring system for determining whether mining waste sites

should be listed on the NPL (L.e., subjected to further
lnvestigations and analysis)? If so, what factors should

EPA consider wmodifying to make the current HRS more appropriate
for mining sites?”



ATTACHMENT B

The Superfund Hazard Ranking System (HRS) : Feasibility of Using

Concentration Data ip a Revised HRS, July 27, 1987 defines the {zzues

tor 3AB considerarion as follows:

3.

data in the HRS?

"What additional technical and practical considerations
ought to be factored fnto the decision as to whether or
not waste concentration datg should be included in the HRS?

"Can the SAB suggest any systematic quantitative or semi-
quantitative methodology for deciding whether to include
waste concentration data and for evaluating gystems that
do so in the HRS that would consider effectiveness of the
System at generating risk-based scores, the costs of dara
development, and potential improvements in decision making?

"Which of the suggested new approachs (W2 or W3) appears to
be more desireable? '

"Can the SAB Suggest amy’ changes in the structyre of optiona
W2 ot W3 that would make them more desireable (e.g., changes
In decision rules, parameter values)?

"What quality level of data on waste concentrations data
quality (what types, amounts, and lavel of precision)
should be required i{f such lnformation i3 to be used in
developing HRS scores? Is there a simple, robust way to
spacify data quality that could be easily applied by a
wide range of field personnal At a wide variety of gites?

"With regard to alternative W3: --What general advice can
be given regarding how to define rules for moving between
tiers? How “good” does waste concentration data need to
be to allow its uge?

“-Does the approach taken to defining conversion factors
(particularly the assumption of 200 ppm typical waste
concentration) appear to be reasonable? What alternatives
could be suggested?

"What approaches can be taken ro mitigating risks to field
Personnel during waste sampling? Should data requirements
be relaxed at sites where severe on-site health and safery
hazards exige?"
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EXPOSURE

Why is it Important to Address Actual and Potential Exposure

Exposure occurs when there is contact between pollutants and recaptors,
Addressing exposure is important when there are toxic chemicals present
because the determination of whether there is any actual or potential
risk to health or the environment depends on both exposure and toxicity
Where there are uo toxic substances or where there is no exposure to
them, there is no risk. To the extent that the HRS is inteaded to asgessg
relative risk, it must address both toxicity and exposure sufficiently
to determine risk, Where information on either toxicity or exposure iz
incemplete, risk cannot be fully assessed, Risk can he evaluated
by assessing four factors: (a) the presence of chemicals, (b) their
toxicity, (e) their potential for release and mobility, and (d) the
probability of human and environmental contact.

Options for Assessing Exposure

Ideally, a quantitative risk ranking system would rely on data for
all variables of the risk algorithm.. Because it is not possible to
obtain quantitative data for all the necessary varlables, semi-quantitative
approaches must be considered. Surrogates for quantitative values may
be developed through several meang. They include identifying the appropriate
measure of central tendency for the known data values, modeling values
from the few known data polats for the site of concern or for comparable
sites, using indirect measures (such as total waste volume as 2 substitute
for concentration), or simply applying points in the algorithm based on
a subjective evaluation of the available descriptive information for the
site. An example of 4 tiered approach for the use of waste quantity
information is discussed in Appendix 3. A similar strategy could be
developed which uses measured values in preference to indirect estimates -
for a varlable of exposure, When the ideal data are not available,
however, options to estimate the parameter can be used in a tiered process
that moves away from actual measures toward increasingly indirect measures,
In this manner, the maximum value of the data is retalned while the goal
of evaluating a variable is wmet.

Exposure should be assessed {n a mannér that is both chenical~specific
and pathway-specific as noted in Appendix 2. The potential for release
and mobility is related not only to the chemical of concern but also to
the environmental media through which it must travel before exposure can
occur. Without this specificity, any attempt to address exposure is
likely to result in inaccurate estimates of risk.

The most attractive option is to determine the presence of individual
chemicals of known toxicity and then assess their potential for release,
mobilicy, and contact with humans and environmental receptors. Much
could be gained by adding a chemlcal-specific exposure score that could



chemicals dominate the risk At a single site and how the risk might
compare acrods sites that are otherwise similar (e.g. 1in population
distribution, existence of valued environmental resources, hydrogeology,
meteorology, and containment). While litrle ig kKnown about the amountsg
of chemicals present and their concentrations in environmental media
after only a site inspection, the fnsights to be gained from a chemical~
and site-specific Approach are so great that it should not be lghely
dismissed,

Relationship of Source Characteristics to Emissionsg

for mobiliry of specific chepicals through specific pathways. Clearly,
detalled estimares of pollutant emisgions by pathway are not feasible

with the information and resources available for Scoring a typical
candidate site with the HRS. (Here emissions should be taken to mean
pollueant discharges generally, not just these to the air.) Given some
minimal {nformation about a sire and irg chemical inventory, however, it
may be possible to make crude estimates of partitioning among envirommental
media and, therefore, of emissions by route which could he used to generate
part of a chemical-specific @Xposure scora,

Information needed to derive-such estimates includes:

l+ An estimare of the total mass or source concentration of important
chemicals at the site,

2. A déscription of the glte~specific factors influencing release,
€.8+; lmpoundment vsa, landf11].

3. Partition facrors applicable to the chemical, e.g,, Henry“s law -
constant and organic carbon partition coefficient,

acts a3 a threshold toxicant, whereas ap immobile (but persistant)
chemical will remain a potential hazard for long periods, especlally {f
it i3 a non=-threshold toxicant, e.g., a carcinogen. Estimates of the
total mass deposited and the emission rates would permit an eatimate of
the site*s "liferime" if ol remediated, Such estimates might provide
a better appreciation of the urgency for remedial actions,

How Comprehensive Should the HRS Be ig Addressing Environmental
Pathways and Routes of Exposure? m

Both toxicity and potential for exposure depend on environmental and
blologle processes. An evaluation of environmental rathways addresses
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the environmental parameters that affect risk and an assessment of routesg
of entry provides the information needed to estimate risk to humans and
and the environment.

Environmental Pathways, Environmental parhways include air, water
(both ground and surface waters), soll and intermediate compartments
such as plants and animals that become part of the human food chain.
The potential for release and mobility of chemicals through thase
pathways affects risk estimates, Factors to conslder include vapor
pressure, time of transport from point of origin to populations at risk,
chemical transformations that may occur during that time, and the toxicity
of the chemicals that are expected at the point of exposure. Chemicals
behave differently in different environmental pathways, so all pathways
need to be evaluated fully to estimate risk. :

Routes of Exposure. Routes of exposure (entry) occur by ingeation
(through water, food and soil), inhalation (through air and water vapors),
and direet contact (through water and soil). Blologlcal processes such
as metabolism and pharmacokinetics affect the dose delivered to tissues
that may experience adverse effacts. Biological uptake, delivery to
tissues and transformation of chemlcals to more toxie chemicals within
the body are aspects of risk that can not be directly assessed in the
HRS. Az .a result, where route-specifie toxicity information exists, the
toxicity and biological fmpact of chemicals need to be estimated by
route of entry and incorporated into the toxicity factor of the algorithm.
Without a gsyntheses of these route—specific evaluations, risk may be
elther incorrectly estimated or under-estimated.

MEI and Population Risks. SARA Section 105(a)(8)(A) states that
the HRS should take Into account "the population at risk.” The Maximally
Exposed Individual (MEI) i3 not congsidered in CERCLA or SARA. While
population rigks always come into play due to the impact of collective
individual risks, some "minimal” individual risks {(such as birth defects)
associated with the ME! approach have sajor lifelong impact. Furthermore,
the MEI is a very widely used measure of risk.

The current HRS addresses MEI in consldering distance to nearest
well and population tisks in considering air target distance,.

How can the revised HRS better account for exposure, both actual and potential?

Exposure requires contact between person and pollutant with risk focused
on this point of contact. Sources; trangport and fate; and the presence,
nature,and activities of receptors are relevant to exposure.

Measurement of exposure may be person=-based or community-based.




uses the probabilicy of release (and other factors such as persistence,
waste quantity, distance ro nearest well and population affected) as
proxies for exposure.

sampling. Potent{al release may be addressed by considering propertieg
of the site and chemicals present such as distsnce to ground water and
volatility. Similarly, the number of people (receptors) prasent and
actually exposed today can be counted, while the number of people
potentially present ar tha location in the future tan only be estimateq
from studies of populatiaen dynamics,

While estimates of person-based exposures can be developed from
blological samples, from personal househald samples, from gelf~reported
eXxposures, and from self reported Symptoms, each approach has its
limitations. As a praceical matter, blological samples are rarely
available. The cost of personal or household samples are prohibitive
and would .allow only limired oppertunities to evaluate potential ambient
eXposures. Becausae subjectivity can easily enter intg self-reparted
exposures, ohjective measurements need to be used to limir the subjective
variabilicy, Subjectivity also enterg into reports of symptoms (whether
self-reported or based on medical record Studies) which serve ag 3
proxy for exposure, Nevertheless, the teporting (by nearby residents)
of physical symptoms consistent with acute effecty of contamination from
the site could be congsidered as evidence of possible, but not confirmed
releases, This is one of the situations which could be addressed by the .
dgssignment of discretionary points to the HRS score. (sge Appendix 5)

Community-baged €Xposures can be developed from ambient pathway
measurements, from site measurements, or from modeled exposyres, Numerous
assumptions about targets (such a8 animals or humans) and their behavior
are needed to impute exposure from ambient Pathway measurements. However,
even more assumptions are needed to impute exposure from sire measurements
(see also source characterization discussion above) because the manitors
are placed further from the potentially exposed population requiring
additional assumptions about the time and mobility factors thar oparate
between the source and target population. Even more assumptions are
required to model exposure from similar siteg because no two sites are
exactly the same, Modeled exposures may be based on similar sites and
can be used to predict rare events., The latter rwo approaches (gilte
measursments and modeling) are discussed further below.
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The way the current HRS addresses source characterization—nincluding
hoth the evaluwation of the mobility and fate of chemicals and the consideration
of concentration or quantity of chemicals=w<is insufficient to model
exposure.

Inceorporating concentration and mobility could produce a more
comprehensive ranking scheme. One way to do this is by using
concentration as a weighting factor for the waste quantity, The
resulting effective waste quantities for low quantities of high=
concentration waste might be similar to those for large quantities
of low concentration wastes. Similarly, the scores for toxieity/
persistence and for effective waste quantity could be adjusted by
considerations of mobility.

. From a selentific standpoint, exposure may be modeled by imputing
an exposure for a site based on what is known of similar but more fully
studied sites. 1If there are sufficient data on the actual exposures
from sites with similar characteristics a potential exposure for the
specific site could be imputed, but it is more difficult to define gltas
which are comparable in this context than.to define sites which are
comparable in terms of quantity and concentration., For exposure, the
sites have to be comparable in geology (especially in mineralogy) as
well,
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A5-1
ALGORITHM

Background

The Hazard Ranking System eperates through the following three steps:

l. To the extent possible, specified information regarding the
‘properties of the site and of the chemicals deposited there
is gathered and described quantitatively or qualitatively
according to the needs of the HRS.

2. The information ig manipulated, usually through comparison
to categories im tables provided in the HRS manual, to
yield a series of factor scores. The specifications of the
conversion from raw information to factor 3¢ores may be
called scoring rules,

3. The individual factor scores are combined within categories
and then the category scores are further combined to yield
route gcores and eventually an overall migration score for
the site. The specifications of how the acores are to be
combined may be called combining rules.

Together the scoring rules atd the combining rules form the overall
logic and procedure, or algorithm, for the operation of the HRS. To a
substantial extent, the methods Ffor gathering the raw data.(step 1 above)
and deciding how much effort should be expended on that step are left to
the individuals doing the scoring. The algorithm, however, is a fized
procedure that undergoes OERR sponsored quality control. Ags such, it is
the key to how well the HRS will perform in assessing relative risk,

Both the relationship of the raw dats to the factor scores and the ways
in which the factor scores are combined must be treated carefully and
consistently to optimize the performance of the HRS.

Why is it important te pay attention to the overall algoritim?

Improving the algorithm could potentially do more to improve the
HRS than fine-tuning individual components,

The algorithm should he approdched by thinking about the hest way
to assess risks for a hazardous waste site without regard to the availability
of site-gpecific information and then g¢lmplifying the rules (but not the
logic) as needed to take into account teal-world constraints ——that is,

to.identify the most important variables and then develop data (or surrogates)
and combining rules.

The overall algorithm needs to meet the intended purposes of the
HR3 as stated by SARA. SARA requires EPA to modify the HRS so that, "to

’



AS=2

the maximum extent feasible, ir accurately assess the relative degrae af
risk to human health and the environment posed by sites aund faciliries
under review.," Ip Mr, Longest”s June 15, 1987 memorandum (see Appendix
7 for full text) he stares, "OERR belleves thar the purpose of the HRS
1s primarily a Screening tool used to determine which sites will be
candldates for Fund-financed remedial response, To the degree possible,
the model also needs to Provide a stratification of sites based on the
relative risks posed to humap health and the environment.” It 1z not
clear that the current System stratifies by risk, nor thar it can serve
a5 a successful on-off screen without stratifying by risk at leagr in
the region of the cut-off Store,

At a minimum the HRS must discriminate sites into two risk groups--on
or off the NPL. Ideally, the HRS would individually rank alj sites
based on accurate ascertainments of risk-=resulting in as many relative
tisk ranks as there are sites to be ranked., While the binary ranking 1g
alinimally sufficient, it ig dpparent that programmatic concerns demand a
ranking that is more than binary. The decision about the level of ranking
was not within the scope of the Subcommittee”g review, {nastead the
Subcommittee focused on developing conclusions and recommendations for
the scientific bases of ap ef fective ranking system. The Subcommittee
broceeded to avaluate the various cowmponents and Structure of the algorithm
fo work toward a sclentifically valid approach to estimating risk.

One such component relating to risk ig the toxicity score. The
additive structure of the matrix weights the lower end of the two
components (toxicity and persistence) and thusg lmplies that any toxie
affect or perzistence i3 more important than the probablility or severity
of the effect or the degree of persistence. These baseline azsumptions
have the effact of treating toxicity and persistence in a binary manner,
but this method of assessment may not be sufficient to peet the goals of
the HRS and the Subcommittee did not find it to be an acceptable approach
1f the HRS outcome ig expected to be more than binary, In addition-~and
4% evidenced by the very high percentages of sites recelving the maximunm

and thereby to prioritize dappropriately on the bases of public health
and enviroomental protection concerns. The scoring methodology needs to
be re-evaluated in rerms of the overall purposes of the HRS,

Can the reviged HRS represent relative risk? Or can it only serve ag an
"on-off" switch? What do these choices mean?

The Subcommittee hasg suggested changes that will allow the HRS to
provide a more accuyrate and sclentifically baged estimate of the ralarive
tisk of candidate gsites. To the extent possible, the HRS scores should
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correspond to an objective evaluatfon of relative risk at sites, However,
this I8 not always feasible due to both scientific and data limitstions,
as well as the value and policy decisions lmplicit when considering and
balancing human heslth and envirommental impacts,

While recognizing that the Agency must continue to base NPL listing
decisions on many factors in addition to the HRS, the Subcommittee believes
that a revised HRS, bhetter designed to evaluate sites by relative rigk,
will provide an improved mechanism for determining which sites should be
fncluded on the NPL, and can potentially provide meaningful input to the
subsequent assessment of NPL sites, Most of the changes needed to revise
the HRS are changes in the overall algorithm and not changes with vast
new data requirements, (Pages A5-5 through A5-8 discuss desirable changes
in the algorithm.) ‘

If the HRS is to be used to set priorities based on relative degree
of risk, many factors need to be considered Systematically in setting
priorities,

Although 1t is possible to talk about an on-off switch and evaluate
the HRS by whether it rates most sites on whan they should be "on™ and
vice-versa, in fact there is a continuous range of scores with an arbitrary
cut-off level designed simply to.get 400+ sites on the original lise,
Unless the list is in reasonably good order both above and below the
cutoff, its fidelity in distinguishing high and lesser risk sites will
depend markedly on the choice of the cutoff, i.,e,, on how many sites (or
what percent of sites) are wanted on the list,

There are costs associated with misclagsification., If the HRS will
be used to decide whether or not to spend $850,000 on an RI/FS, the
economwle cost of a false positive is approximately $850,000 to the fund -
(although less to society bacause even the low=risk site might need
rewediation and would benefit from the RI/FS). The social cost of a
false positive may be reflected in decreased property values, increased
physical stress.and cowmunity concern, and in extensive time and effort
expended by public and private officials attempting to address these
concerns. The social cost of a false negative 1s the difference in
average risk between the sites that should be on and those that should
not, less any benefit of attention independent of Superfund, Unfortunately,
the average risk of Superfund sites is not known, let alone the rigk of
those that were scored but which did not make the NPL.

The difficulty remains that there has been no analysis to determine
whether the current HRS score i3 a good predictor of the risk ultimately
generated by the formal risk assessment process conducted during the
RI/FS phase. This evaluation needs to be done as a guide to future
wodifications of the HRS.

4
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The question remains, "risk of what and to whom?" To c¢reata a
risk-based HRS that evaluates sites, EPA would first need Lo reach an
dcceptable definition of risk which combines the health, ecological, and
economic damages expected over the life of the facility, The Subcommittes
favor multiple measures including a human population risk measure, The
latter is especlally important becayge quantitative techniques are available
Lo assess it, Some subjective increases or decreases in score could be
used to account for severity of human health effects and likelihood of
effects on non-human bigra,

What methods are available to develop a ranked ligt?

There are three commen wethods for developing ranked lists,

One way is to devise a highly simplified mathematical model thar
produces a number that 1s approximately proportional to the true ranking
variable-~in this case, some agreed-upon definition of rigk. (Actually,
all that 1s required is that the number increase monotonically witch
risk.) The system referred to as "RAPS" 13 such a model. Although
simplified wodeling has the advantage of being related to rlak, it hag
the disadvantage of being a very substantial departure from the current
HRS., RAPS is probably too complex to work well with the limited data
avallable for most HRS candidate sites, even though 1t has worked well
for DOE sites, )

Another method iz to devige a gseries of sereens that guccessively
divide the 1ist of all sites into categories, which are larer ordered in
some fashion that ig approximately the same order as risk.

Lo concentrate on variations of the Structured value approach because
the current HRS uses {it, Even here, two different approachas are possible.

The current HRS appears to take a go-called "empirical” approach.
That {3, a superficially plausible set of rules was developed and then
modified "empirically" to match 2 subjectively ranked test set of sites.
If the subjective ranking was truly what the HRS was supposed to achieve,
and 1f the test set wag adequately representative of all sites to be
scored, then this method is perfectly satisfactory,

The other approach, a risk dssessment approach, 1s to begin with a
clear understanding of how to rank the list quantitatively if all the
needed information and resources to process it were available., Then the
risk assessment is simplified until it is obvious how to transform it
into a scoring system. The scoring system is further simplified uncil
1t can operate at a reasonable cost on the often very sparse information

i
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available. For example, the population risk at a site might be represented
by the sum over all routes of risk by route, and each route~gpecific

risk might be represented by the sum of all chemical-specific risks by
route. Each chemical-specific risk might be represented by an integral
over population at risk of the produet of toxic potency and time integrated
eXposure,

What rules should be used to develop scores based on risk?

First of all, internal consistency is important. Making rules that
are consistent requires little up=-front investment and no additional
costs In the scoring of specific sites, These changes may be much more
cost-effective than additional data collection,

The way that the various pileces/components of the score compile
should reflect how their real world counterparts interrelate. The approach
for accomplishing this is to begin with a physically-based exposure
assessment model for each exposure pathway, structured properly to translate
expected or potential releases into environmental concentrations and
jubsequent exposures and effects. These models would, of necesgity, be
highly simplified for a screening assessment., Even a simplified exposure
assessment model way not be feasible given the time, resource and data
limirarions associated with the HRS process. Still, the manner in which
the pathway scores are estimated and combined should be consistent with
the fundamental material balance and exposure principles of such anm
underlying model. The following points discuss how this can be accomplighed
in the context of the structured value approach used in the current HRS
system. ,

In a scoring system designed to reflect relative risk, the scoras
could be added across routes and chemicals, with each scere baing 3
product of scores representing population, toxic potency and exposure -
potential. To work properly, the scores for these three factors would
have to be approximately proportional to the estimated valuez of the
factors. For population and potency the answer would be relatively
easy, hut the exposure score would probably need to be constructed from
scores representing various factors related to exposura, such as mass of
chemical deposited, contaimment efficacy, mobility, and persistence.

Exactly how this is done 1s not as important as that the rules for
scoring factors are comsistent with the rules for combining scores, and
that both are reasonably consistent with how the factor enters the risk
gquation in a risk assessment.

In contrast,.the rules for combining scores in the current HRS do
not always reflect relarive risk. Scores often rise as the logarithm of
the factor value being scored. For example, each order—-of-magnitude
increase in potency may receive an additional point, and each factor of
two or two-and-a—half increase in population at risk may receive an
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additional point. Using logarithmic scores 12 an appropriate way to
account for 3 wide variarion in magnitude of the possible valyaes for
factor scores: furthermore, logarithmic 8cores can be added to 2imulate
multiplication of the underlying factors., For example, when the HRS
d8ses55e5 a site wirh careinogens, the population at riagk can be estimaragd
by multiplying the size of the population at rigk by the risk per individual
which can he esdtimated az rhe product of the exposure of aach individyai
by the potency of the carcinogen. The combining rule should add the
logarithmic scores Corresponding to the three factors., 1In the case

clted, however, the logarithms are to diffarent bages; petency is scored
by a logarithm to the base 10, but population 1 acored approximately

te the base 2.3, Becayge (2.3)3 14 approximately equal to 10, 1t rakes

3 population points to be equivalent tg | potency point, and the potency
Scores must be multiplied by 3 (or population Scores divided by 3) before
they are added. Tn this case, the HRS "weighting factor" of 3 1s exactly
what 1s called for by the existing science, It 15 a natural outcome aof
the simplification process and not a subjective "weight". TIn the HRS, the
welghts do pot always conform to the science, and the combining rules ara
not always consistent with the scoring rules or with one another.

The use of a scoring system to place sites on the NPL ig certainly
appropriate and, as scoring systems for priority setting go, the HRS ig
already better than most. Almost all of the factors scored are plausibly
related to risk and generally one point means the S8ame Iin different
parts of each scale, usually a change of ap order~of-magnitude or a
constant factor.

However, the current HRS is net always internally consistent in rhe
number of points which relate to a change in risk, T¥or example:

1) A single point does not have the sape mathematical relationship
to the final score in onpe part of the algorithm as a single -
point has in another, This variation in scoring implies
different agsumptions about how the factors relare to risk,

2) Subjective welghting factors are included. For example,
the route scores are combined by a route peap gquare rule
g0 that when one route dominates, f{t alone ig enough to place
a site above the cut-off, (However, at many sites, the
risk through one route will usually dominate the other two,
Whether or not such welghts should be used ig debatgble,
However, if weighting is used, 1t shouyld be explicic.)

3) The rules for combining some scores ip the current HRS do
net relate properly to the observed behavior of those factars,
For example, consider the way in which the total waszta
characteriscics score 13 derived from irg components. It
1s the sum of the component scores for quantity and toxicity/
persistence (toxicity and reactivity for the air routsa).
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Technically speaking, a site with much harmless material could
be eligible for the NPL if it receives the maxigum scores for

observed releasa/route characteristics containment, quantity,

and targets,

This iz an extreme case. However, the combination of summation and
multiplication in the algorithm has problems beyond this rather artificial
example., A useful intervpretation of the current HRS would be that since
both toxicity/persistence and quantity scores appear to be logarithmic,
summing them would be correct for assessing the total waste characteristic
score on the logarithmic scale. However, the same interpretation does not
hold for other parts of the algorithm, For example, the component scores
for observed release/route characteristics=-containment, total waste
quantity characteristics, and targets -— are multiplied. If the same
logarithmic interpretation i3 to be applied to these components, then
all those multiplications should be changed to summations. Otherwise,
the summation Iin the waste characteristics score should be changed to
multiplication, The underlying question is whether the entire score
should be interpreted on the logarithmic scale.

For another important cowponent, observed release/route characteristics .

containment, the scale used for 3coqing'appears to be the probability of
release instead of its logarithm.

There are two important concepts here. First, the way the scores
are combined should reflect the way those components rslate to one another
in the real world, Secondly, the final HRS score should be on some kind
vf easily understood scale (arithmetic, probability, logarithmic,
etc.) so that the relative risks presented by various sites can be sasily
understood. '"Normalizing" scores among routes only makes sense if one
believes that 100 points implies the same risk through aach route. On
the other hand, there is no easily implemented way of interpreting
any of the scores and the equality assumptioa 1Is not disprovable,

Aggregation of Pathway Scores

A variety of methods can be used to aggregate pathway-specific
scores. If gufficient structuyral information on the pathways scores is
available, sueh information should be used in choosing the aggregation
method. For example, if the pathway scores are constructed on the
logarithmie scale, the exponential averaging method should be used. 1If
the pathway scores are constructed on the arithmetic scale, the linear
averaging method should be used,

The quadratic averaging method used in the current HRS is not
only arbitrary but, from a sclentifie viewpoint, arguably incorrect.
OPPE reported that its unpublished Site Ranking Panel study compared
three different aggregation rules: linear averaging, quadratic averaging,
and cublc averaging. The results (within the limitations of the study)
indicated that the panel”s final ranking was closest to cubie averaging.
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In the absence of sufficient strucrural information on the pathway
scores, the chofce of the aggregarion method reflects the subjective
judgment on the relarive importance of single- and multiple-pathway
sites. An ilmportant class of aggregation rules 1s the k-th power
averaging method in which the secore for each pathway is raised to the
power k, caleulating the average across pathways, and then taking the
k=th root, The linear averaging method is k = ] and k=2 is the quadratic
averaging method. Large values of k give less prominence to the pathways
with lower scores, making it easier for single-pathway sites tn get on
the NPL. Small values of k give more prominence to pathways with lower
scores, making 1t easier for multi-pathway sites to get on the NPL,

There are two other lmportant aggregation rules, The wotst case
method takes the worst of the pathway scores, The exponential averaging
method exponentiates the pathway scores, takes the average acrosg tha
pathways, then takes the log. The two methods should yield very similar
resulrs, giving little prominence to Pathways with lower scores and
making it easier for single-pathway sites to get on the NPL, Both methods
can be viewed as generalizations of the k-th power averaging method with
k approaching infinity,

How can the HRS make better use of femporal analysis?

Analyzing how long it takes to analyze a site through the various
steps between identification and remediation yields information which
has implicacions for parts of the HRS~especially the toxicity/persistence
score and in considering population dynamics, If, for example {and this
currently seems to be the rule rather than the exception), the site
remains unremediated for a long period of time, then chronic effects
become more important than acute and the HRS should address them,
(See Appendix 2 for a discussion of acute apd chronic effects at
unremediated sires.)

By analyzing information about the source and migration (and also
anything else that would remove wastes from the site, such as decomposition),
it is possible t5 estimate the length of time a site may present a problem.
Such an estimate haa implications for remediation.

Similarly demographic and other relevant changes which may be predicted
over time could alter the nature and degree of risk posed by a site.
Because such factors alter risk, the revised HRS should not ignore them.

What can be done about the quality of the data used in the HR§?

A major effort should be made to improve the overall quality of
analycical data collected at sites, Standardized collection and laboratory
methods currently exist for only a small fraction of substances patentially
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present. Expanded chemical characterization of all media, coupled with a
strong laboratory certification program, will improve not only the HRS bur
all aspects of the Superfund process,

Similarly, acceptable data collection procedures should be established
(or expanded upon) for non-analytical data (such as population estimates,
volume of wastes, etc.) so that the best quality data will be preferred.
Mechanisms which could be used to encourage the collection and use of
quality data include: a tiered data quality approach such as the one
OERR presented to the Large Volume Waste Work Group, data collection "trees"
and the weighting of final HRS scores to account for the quality of dacta
used in generating it.

What c¢an be done when there isn”t "enough data" for the HRS?

It is necessary to have a method of default (also termed missing
value replacement values) when data are limited or nonexistent for
chemicals. Lacking complete information on chemical inventory and
concentration at 2 gite may well be the rule rather than the exception.
Therefore, a standardized appreach to the circumstance will reduce the
incongistencies that are inevitable if such decisions are left to field
staff or 1f only the "batter" data are somehow selected and used,

Several approaches can he used for assigning a value to a scoring
component when data are not available. One way is to assign a zero. Thisg
would be a mistake. However, because it underestimates risk. (However,
on a logarithmic scale, agsigning a zero may, in fact, overestimate
risk, If the'risk should be very small, the logarithmic score should be
appropriately negative=-even minus infinity, 1if the risk ig zero
arithmetically.) ‘

From a scientifiec perspective, a better way is to use auxiliary
information on the gite to help impute the missing value.

One concern with this approach is whether the fact that the data
are missing might be an indication that the gite might he
different from otherwise comparable sites,

The definition of comparable sites is crucial and may depend on the
scoring component, For quantity and concentration, grosg categories of
sites could be used (as a minimum), Stratification by region is also
possible, leading to a definition of comparable sites such as thoge of
the same category in the same geographic region. When possible, comparable
sites should be defined to allow the use of the greatest amount of data.

There are two general statistical approaches for defining comparability
in this situation. First, one can develop a metric to measure how comparable
two gites are in terms of the auxilliary charactaristics, then choose a

:



prespecified number of sires closest to the Specific site in terms of the
glven metrie, Second, one can uge an empirical model to describe how the
scoring component depends on the auxilliary characteristics, then use the
prediction from the model to impute the missing value for the specifie
site,

Incorporation of 2 large number of auxilliary characterigties 1s
not a trivial task. ir might not be worth the effort to go beyond the
use of broad sira Categories and regions. The decision depends on whether
other characteristics could be powerfuyl predictors of the scoring component
belng considered,

In some situations, limited data about the site will exise, Averaging
those data {3 anp 223y measure of central tendency likely to represant
the site better rhanp any of the individual numbers. For example, if
few concentration measurements are avallable, aven if variable and of
uncertain quality, their average can be taken to show relative quantity
in the absence of better lnformation, Alternatively, dome sense of
Proportion can be gleaned from the types of wastes known to have been
deposited at a s8lte., For example, relatively low concentrationsg (compared
with average wasra materials) of all hazardous chemicals are eXpected in
£ly ash, but perals and praducts of incomplete combustion (dioxins and
furans) would be more likely present than valatile organics,

Another approach may be used when some data is availsbla. It 1s
known to statisticians as the shrinkage formula and to the actuartal
literature as the credibility method, This approach uges data both from
the site and from sites thought to- be comparable, The Subcommittee is
N0t in a position to evaluare how difficule the fleld staff would fing
implementation of this approach,

What should be done when dara dre available thar exceed what ig neaded
for the HR§ 7

One approach is the assignment of discretionary points (which the
Subcommittee hag Sometimes called the "Bump Factor"), The Subcommittee
discussed savera] Scenarios where such discretionary polnts could be
usefully assigned guch asg ip the case of a site where:

1. Many chemicals were identified {ouly some of which were data
available fop evaluating toxicity but where the presence of
other implied additional risk),

2. The presence of the toxie Baterials in rhe surrounding target
) Population had been demonstrated.

3. Acute exposures to air emizssions were pogsible fropm catastrophic
release or other changes in gite conditions,
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4. One or more contaminants were known fo he extremely toxic to
indigenous natural populations.

5. Human effects had been confirmed and those effects could be
reéasonably linked to exposure to particular chemicals from
the site,

6. Nulsance levels of chemicals in the air around the site wera
identified of and their presence confirmed (best analytically,
but possibly by smell).

Thig approach could also be used to take better account of non-human
receptors, The idea is to assign extra points which are proportional
to the extra risk the situarion presents.

Caveat

If the algorithm is changed, then the 28.5 cut=off score should be
re-evaluated. The threshold Sps» Which determines whether a gite is
eligible for the NPL, needs to ke adjusted when either the algorithm is
changed or when more routes are incorporated because the same score
will not necessarily have the same meaning. For routes already used in
the HRS, OERR should investigate from exlsting data what alternative
threshold should be used in order to yield a pre=specified propertion of
sites on the NPL, if the algorithm is changed.






APPENDIX 6

RECOMMENDATIONS TQ EVALUATE AND IMPROVE THE HRS

BY THE

HAZARD RANKING SYSTEM REVIEW SUBCOMMITTEE

OF THE

SCIENCE ADVISORY BOARD



AB-1

RECOMMENDATIONS TO EVALUATE AND IMPROVE THE HRS

How Good Is the HRS?

The HRS is appropriate far the purpose for which ir is intended,
45 a scoring systems for priority setting, it 1s batter thap most, The
factors scored (with possibly one or two exceptions) are related tro risk,
and higher scores for them reflect higher risks, Thus, the current HRS
is plausible. The recommendations concerning the algorithm discussed in
Appendix 5 should greatly improve ic,

HOW CAN EPA LEARN FROM EXPERIENCE TO BETTER PREPARE FOR THE NEXT REVISTONS?

OPPE Study. 1In considering the HRS as a predictor for a comprehensive
risk agsessment, 1t is natural to clarify how well {t performed in the
past. The unpublished OPPE Sits Ranking Panel study (18, 23) did not
address this question but focused entirely on subjective evaluation,

For parts of the HRS (route characteristics and contalnwent), additional
data are available, It should be possible to conduct an empirical
evaluation using RI/FS and/or other dara to evaluate the HRS score both
for sites on the NPL and for those that did not score high enough forx
the NPL,

Empirical Evaluation., The HRS performance should be Judged by an
empirical retrospactive evaluation of how successfully the HRS predicts
risk or by how successfully 1its components predice phenomena (such as
release) which contribute to risk. This evaluation should be based on
an in-depth technical review. Whatever the definirion of rigk, the HRS
should be judged on how well it approximates thar definition, not on how
well it matches some subjective notion of the relative importance of the
sites in a test set,

With respect to empirical evaluations, the route characteristics
and containment scoresg are estimates for the probablity of release when
actual release 1s not detected. Two distinct probabilities need ro be
considered: {(a) the probability that current releases are not detected,
and (b) the probability that such releases will occur in the future,
For the latter, the time horizon also needs to bhe considered, For the
sites with sufficient RI/FS and/or data from studies by the states or
other partias, it should be possible to search for the best way to
predict release from the components of route characteristics and
contalnment scores,
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Comparisen of Data and Scores for the Same Site. Given the screening
nature of the BRS, as a sereening tool, it doas not appear cost-effecrive
to attempt to eatablish confidence intervals rigorously, However, some
sefinition of uncertainty would be useful for interpreting the scores,

If re-evaluations are available for some available for some sites, it
would be useful to compare the data obtained from the separate
inspections of the site., State data, frequently used in HRS scoring,
might also be used for this purpose.

What Kinds of Data Should the Agency Collect and What Xinds of Studies
Should it Conduct to Support Future HRS Revisions?

There are two goals for such studies. First, the Agency should
lmprove the algorithm to be defended 28 risk-related and, seécond, the
studies should develop at least a crude way to estimate the quantity
of specific chemicals present. The planning of any evaluative studieg
should be carefully peer-reviewed before being implemented.

As mentioned in the Other Comments portion of Appendix 3, EPA alse
should develop studies to review large volume waste sites ranked under
the model and to examine bhasic parameters of the model. A study in the
first category suggested by Mr. R. Walline of EPA Region VIII could
address the actual reasons why release occutrred at problem mining sites
(reasons reportedly are different than those initilally assumed) and a
study 1n the second category might address the characteristic(s) of
mining waste that control releage (mobility) to ground water.
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MEMORANDUM

SUBJECT: Science Advisory Beoard Review
of Hazard Ranking Systam

FROM : denry L. Longest tI, Director
Office of Emergency and Remedi/¥m sﬂonse

TO: Dr. Terry Yosie, Director
Science Advisory Board

BACKGROUND

The HRS is tha orincipal mechanism ysed hy EPA to determine
whether to olace $sites on the National Prioritiaeg List (NPL),
promulgated under Section 105 of the Comprehensive Environmental
Response, Compensation and Liability Act of 1980 (CeRCLA). The HR3
was promulgated on July 16, 1982 (47 Fr 31219), as Appendix A of
the National Contingency Plan (NCP). The current HRS evaluates
the relatjve potential of Uncontrolled hazardous substances to
cause human health ne safety problems, or ecological or environ-
mental damage, hy taking into account "pathways® to human or
environmental eXposure in terms of numerical scores. Those sites
that score 28.50 Or qreater on the HRS, and which are otherwisa
eligibla, have been placed on the NPL., 14 gite must he on the NPL
for it to be eligible for remedial action financed by the CERCLA
truse Eund-

promulgate changes to the HRS 18 months After enactment, The
amendments require EPA to modify the HRS go that, "to the maximum
extent feasible, it Accurately assesses the relative degree of
risk to human nealth and rhe environment posed by sites and
facilities sSubject tn review," Specifically, the amendments
require:



® An ‘asgsessment of the human health rigks associated with
contamination or potential contamination of suyrface watersg,
either directly or as a result of the run=off of any hazardous
substance, pollutant OrC contaminant. Thig assesament
should take intn Account the use of these waters faor
recreation and the botential migration of any hazardoys
substange, pellutant or coneaminant through surface water
Lo downstream sources of drinking water

° An evaluation of the damage to natural resources which may
affect the human Food chain and which is associated with
any release or threatened release

Section 125 of sara requires EPA in its revision of the HRS,
to specifically assess thoge wastes described in section :
3001(b}(3){A)(1) of the S0lid Waste Dispogal Act. These wagtes |
include fly ash waste, hottom ash waste, slag waste and flue gas_E
emission control waste Jenecated primarily from the combustion of
coal or other fossil fuels. The amendments require EPA to consider:

(1) The guantity, toxicity, and concentrations of
hazardous constituents which are present in such
waste and a comnarison with other wastes;

(2) The extent 2f, and potential for, release of such
hazardous sonstityents into the environment; and

(3) The degree of risk o human health and the environment
posed by such conatikuents. -

Additionally, section 118 of the SARA states that EPA shall

substances or pollutants or contaminants has resulted in the
closing of drinking water wells, or has contaminated a pringipal
drinking water supply.

In the amendmants to CERCLA, Congress has stated its intention
that the HRS remain a screening tool to enable EPA to list gites
on the NPL as expeditiously as possible, using data from the
Preliminary Assessment (PA) and Site Inspection (S1). The
legislative history of SARA makes clear that Congress did not

risk assessments; rather, it was intended to he consisgant with
the limited purpose of the NPL--gcreening sites that might, after
further study, warrant Fund=financed remedial action.

In order to imprava rhe accuracy of the HRS, the Agency is
considering expandin rhe data collection performed before a sitae
s proposed for the 27, t9 pravide data to implement a revised
HRS. To maximize r'ia use of these limited resources, EPA must



target itas data collection activities to those specifije areas
that would moat increase the accuracy of the HRS,

ISSUES FOR REVIEW

Based on the publie comments received during the Tulemakings
for the initial Ncp (47 FR 31180, July 16, 1982), the origjinal
NPL (48 FR 406583, September 8, 1983), ang the subsequent Npr,
updates, as well ag the intent of Congress ang Program éxperience,
CERR has begun a reviaw and revision of the HRS. In conjunction
with this review, OFRR hasg analyzed the HRS and developeqd technical
issue papers on selected aspects of the ranking scheme.

Specific isgsues we would like the Science Advisory Boarg to
review at thig time include:

* An evaluation of tha way the HRS evaluates waste
characteristics, particularly as it relates to
mining waste 8ites, a critique of several reports
on mining waste issues, and a review of a technical
paper exploring the Potential use of concentration
data in the HRS.

An examination of the toxicity ranking scheme
employed in the existing HRS ang OERR's suggestions
for modifying this scheme.

An analysis of the distance used to determine
the target population potentially affected by
the release of hazardous substances to the air,

OERR will outline each specific issye more fully to better
focus the Science Advisory Board's review in a memo accompanyina
2ach report,

Review of Thae Scientifie Factors in the HRS

We would 1lik
current HRS and those specific factors that make up each scoring
Pathway. Ag part of this review, we are requesting that the
Science Advisory Board rank thae existing HRS factors in order of

hazardous substances. We would also like the Science Advisory
Board to evaluate the appropriateness of the weighting factors
currently used in the HRg and recommend how these might be
modified to enhance the effectiveness of the HRS. The intent of
this is' to help JERR focus oyr HRS revisions effort, as well as
our expanded data "~ lection activities.



In the existing HRS, the score for a Facility is hased on
the potential for harm to humans or the environment from migra-
tion of a hazardous substance from a facility by routes invalving
ground water, surface water or alr, It is a composite of separate
scores for each of the three routes. The score for each route
is obtained by considering a set of factors that characterize the
potential of the facility to cause harm. Each factor ig assigned
a2 numerical value (on a scale of 0 to 3, 5 or 1) according to pre-
scribed guidelines. This value is than multiplied by a weighting
factor yielding the factor score,

Waste Characteristics/uining Waste Isgyes

In scoring a site using the current HRS, EPA considers the
quantity of hazardous waste deposited, rather than the guantity
of hazardous constituents within these wastes. EPA also does not
consider the quantity of hazardous constituents released into the
ground water, surface water, or air, but only whether that releage
is significantly above background, When EPA developed the HRS,
the Agency believed that determining the quantity of hazardous
constituents would require a significant amount of sampling and
analysis that would resule in substantial delays in the ranking ¢
of sites, .

In its various rulemakings on the NPL, EPA has raceivaed
public comments on this aspect of the HRS and how it isg used to
evaluate mining waste sites. The commenters have stated that the
HRS is biased against high=volume, low=-toxicity wastes, such asg
mining wastes, hecayse it does not take into account guantity,
toxicity and concentration of the hazardous constituents, and

that EPA is unable to provide evidence that the HRS is a rational

HRS in light of these criticisms, and to review Hoth a technical
Paper. on the HRS developed by TRC, Inc. for the mining industry,
and a critique.of the TRC mining renort conducted by OERR'sS con-—
tractors. As part of thig review, we would like the Science
Advisory Board to examine the validity of the mining industry's
concerns. and to recommend areas for revision of the HRS, if
warranted, to address rhesge concerns, keeping in mind the use

of the HRS as a Screening tool for further studies,.

In addition, we woulAd like the Science Advisory Board to
review a technical naper developed by OERR that explores the
use'nf concentration .jata in 2valuating hazardous waste sites.
This review should faocus on the feasibility 2€ including waste
concentrations in the HRS, the data requirements and resource
implications of implementing sueh a change, as well as the
reliability o€ sampling lata to Accyrately detarmine the
quantity:of hazardoas donstituents contained in wastas.



radius of the sitas. This population is used as anp indicator of
the population which may he harmed should a hazardous substance
be released to the air,

QERR has analyzed the distance used to determina the target
population Potentially affecteg by a release of hazardous sSub-~
Stances to the air and Prepared a technical report detailing itg
findings. The report presentg conclusions on the general level
of cancer rigk arising from uncontrolled waste Sites and examines
the implications of the analysis for the distance factor of the
air Pathway. The study used an Epa model called Human Exposure
Model (HEM) tg make thesge estimates. ’

target distance limis used in the ajr Pathway of the existing

ARE and review the techniecal Paper developed an this subject. As
part of this revisw, we would like ap Assessment of the general
methodology used i1 the technical paper and the implications of
these findings on the alr pathway factor of A4 revised HRS, 1Ip
addition, we would welcome any suggestions concerning general

9N acute toxicity. Several‘technical issues have been raised by
commenters that 3uggest the possible need for modification of the
HRS is in order LO improve itg ability to discriminate among
sites whose wastes have different toxicity characteristics.

A3 a result of these comments and the intent of Congress to
make the HRS as dcCurate as passible, OERR hasg evaluated the methad
currently used in the HRS for #stimating the relative toxicity of
substances at hazarious waste sites and the methods employed by
Other ranking Systems to evaluate toxicity. Based on the review,
QERR has Suggested [mprovements to the HRS toxicity factor that
incorporate measures of acuyte, sub=chronic and chronic toxicity.

We would like rhe Science Advisory Board to evaluate the
toxicity-ranking 8Che~e emplayad in the exizting HR3, to review
JERR'g technical nyne- 21 this subject, and to suqggest improvements
Lo the HRS that wn., - 0ER Aaczyrately assess the toxicity of a
hazardous substan.- -




SCHEDULE

The specific technical reporcts for Science Advisory Board
review will be made available to you 30 days in advance of the
Science Advisory Board meeting. We would be more than happy to
meet with the Science Advisory Board to brief them on the existing
AR3, if appropriate.

Thank you for your help in this project., TI€ you have any
questions concerning OERR's véquests, please contact Jane Metca]fe
at 382-7393. We look EForward to working with you on the HRS
revigsions effore,

'l"‘..'r-'
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MEMORANDUM

SUBJECT: Scienca Advisory Review of the HR

FROM: Henry L. Longest II, Director
Qffice of Emergency and Remedi sSponse
TO: Dr. Terry Yosie, Director

Science Advisory Board

In December 1986, I requested the Science Advisory Board.
(3AB)'s assistance in reviewing several issues related to
OERR's efforts to review and revigse the Hazard Ranking System
(HRS) as directed by Congress in the Superfund Amendments and
Reauthorization act of 1986 (SARA). 1In response to this
Fequest, an Ad Hoc HRS Subcommittee was formed by the saB.

This Subcommittee met for the first time on May 19 g 20,
1987. By this memorandum I" wish to 9Xpress OERR's appreciation
to the Subcommitteze and SAB staff for their responsiveness to

Purpose of the HRS

During the initial meeting on May 19 s 20, many members
of the Subcommittee posed questions concerning the purpose of
the HRS. As pointed Out, the purpose of the HRS is a major
determinate of the Structure and function of a model. Such a

to public health and the environment posed by hazardous

waste sites. OERR believes that the purpose of the HRS is
primarily;n-ucreening tool used to determine which sites

will be o#ndidates for Pund-financed remedial response. To

the degree possible, the model] also needs to provide a
Stratification of sitaesg based upon the relative risks posed

to human health and the environment. QERR does not helieve
that the HRS ig intended to a3sess absolute risk, since it

is to be applied early in the remedial site evaluation process.
OERR intends to reviga the HRS to the maximum extent feasible,



to estimate more acgurately the risks associated with a site,
In conducting these revisions, however, OERR will balance

the benefits of increased accuracy against the associated
¢costs, avoiding revisions that would require far more extensive
data and, in so doing, impede the ability of the HRS to
function expeditiously.

QERR's Objective on Seeking SAB Review

Congress, through SARA, requested that in our review of
the HRS, we assess several specific areas. 1In reviewing these
areas, OERR is particularly concerned that our decisions
concerning the approaches used in revisions be supported by
sound technical and scientific analyses. Peer review of the
technical or scientific issues under consideration will provide
essential support for any proposed revisions.

Specific Issues For SAB Review

QERR requests that the Subcommittee examine three specific
HRS revision issues: 1) the method(s) used to assess toxicity,
2) the air target distance limit and 3) whether large volume
wastes should be considered differently from other wastes.
These igsues are described briefly 'in the December 9, 1986
memorandum and will be developed more fully in issue papers
to be presented to the Subcommittee according to the schedule
agreed to at the May 19 & 20, 1987 Subcomittee meeting.
As I understand, the follewing schedule has been agreed to by
all parties:

l. Toxicology Panel =-- June 29 & 30
2. Meeting 2 of Subcommittee == July 16 §& 17
3. Air Panel -- July 27 & 28 (issue paper to
be mailed July 1) ‘
4. Large Volume Waste Panel -- Aug. 19 & 20
(issue paper avajlable July 17)
5. Final Subcommittee Meeting -- Sept. 14 & 15 (tentative)

In my December 9, 1986 memorandum, I requested SABR review
of the fourth issue involving the review of scientific factors
in the HRB. The scope of that review was to prioritize the
various sémking factors in terms of their importance to
assessi:iifilk and evaluate the appropriateness of the
waighti Assigned to those factors.

As explained by Craig Wolfe during the May 19 & 20, 1987
SAB meeting, OPPE has assembled a group of Agency officials
to discuss the importance and weighting of various risk
related factors and rank order 20 hazardous waste sites. I
believe that the work of this expert panel will be most
satisfactory in answering the questions related to the factors
and weightings in the current HRS. Consequently, I believe
it would be duplicative to continue my request to the SAB for
such a review and therefore, I withdraw this part of my
request for review to the SAB.



concerning use of the 3AB, and can be addressed ag discrete
lssues. While we intend to provide updates to the Subcommittes

QERR looks forward Lo continuing the open and focused
review effort which was initiated at oup first meeting. TIf
YOu have any questions please contact Ms, FPenny Hansen, Deputy
Director of the Hazardous site Evaluation Division at 475-8600.

P

T
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MEMORANDUM

SUBJECT: Science Advisory Board (SAB) Review
of Mining Waste/Concentration Iss:;i?r
‘IJ. . 3 ’1'
FROM: Stephen A. Lingle, Director f§ . !h“:%ﬁbl
Hazardous Site Evaluation Divigion ,

TO: Terry Yosie, Director
Scieng¢e Advisory Board

Thank you for the opportunity to introduce the mining
waste and concentration issues to the full subcommittes.
Mr. Richard Conway, chairman of the High Volume Waste Panel
expressed his desire to have QERR further define the issues
for SAB consideration. The purpose of this memorandum is to
provide this clarification. :

As esented in the July 16, 1987 subcommittee meeting,
the two Lssues related to mining waste sites are:

1} ipplicability of the HRS in scoring mining waste
sites; and

2) Feasibility of using waste concentration data in a -
revised HRS.

The first issue has been raised by the mining industry
during public comments on various NPL rulemakings. The
commenters have stated that the HRS is biased againat high=-
volume, low concentration wastes, because it does not take -
into account quantity, toxicity, and concentration of the
hazardous constituyents, The commentators also stated that
EPA is unable to provide evidence that the HRS is a rational
basis by which to rank mining sites for inclusion on the NPL,

OERR would like the SAR to evaluate the HRS in light of
these comments, and to review three technical papers on the
HRS developed by TRC, Inec. for the mining industry, and twe
reports prepared by QERR's contractors. As part of this
raview, we would like the SAB to examine the validity of the
mining industry's concerns with respect to high volume waste
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sites such as mining sites, Although the Papers discusgeq
in the first isgye pertained to mining waste, OERR beliaveg
that the issue g equally relevant to Siteg containing other
high volume wastes such as fly ash.

The 3econd issue ig related Lo the first as it addresses
the feasibility of using the concentration of the hazardous
constituents of wastes, In response to Public comments thae
concentration data are not used in the current HRS to determine
the quantity of hazardous waste, and the requirements of SARA
Section 125(a), EPA developed an cption that specifies thrae-
tiered methodology that allows the U$e® of waste concentration
data. This methodology is described in the concentratiasn
issue paper presented to the SaB.

In revising the HRS, Section 125(a) of SARA requires
EPA to address quantity, toxicity and concentration of hazardous
constituents for RCRA Section 3001(b)(3)Y(A)Y (i) special study
wastes (fly ash, bottom ash wastes, and flue gas emission
control waste generated primarily from the combustion of coal
or other fossil fuels), Although, SARA Section 105(g) does
not require revisions to the HRS, it does require that EPA
consider the same factors {quantity, toxicity, and concentration)
in the decision to Propose new mining waste sites to the NPL
using the current HRS until the HRS is revised. EPA believes
that the methodology described in the third option of the

Consequently, we believe that the subcommittaee findings wil}
be equally applicable to both mining and fly ash sites.

I hope that this discussion provides the desired .
clarification of this issue. In addition, we are in the
process of gathering available information on cosats of waste
sampling and analysis at large volume waste sites, This
information will he provided to the SAB members a3 soon as
possible,

OERR appreciates the time and effort the subcommittee
members have expended and we look forward to our next meeting
in Denver. If you have any additional questions, please
contact Agnes Ortiz of my staff, at {202) 475~9700,

Attachments

cc: Kathleen W. Conway
SAB Subcommittee Members
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