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Dear Ms. Browner:

On March 1-2, 2000, the Science Advisory Board's (SAB's) Residua Risk Subcommittee of
the SAB Executive Committee conducted a peer review of an Agency case study of the resdud risk
assessment methodology, described in its Report to Congress (USEPA, 1999), as applied to the
secondary lead smelter source category (USEPA, 2000). The review of the seven-volume set of
materid focused on eight specific questions that are addressed in detall in the accompanying SAB

report.

In short, the Subcommittee concludes that the Agency has devel oped a useful, self-described
"work-in progress'. The methodology used in this interim workproduct, as far asit currently goes, is
consstent with the methodology described in the Report to Congress. Further, the assumptions used
are consstent with current methods and practice. The case Sudy provides a vauable example of how
the approach presented in the Report is going to be implemented.

However, because the Subcommittee has not yet seen afull resdud risk andysis and, thus, is
unable to comment on the complete process, a number of important concerns were identified that
should be addressed. Specifically, thisinterim andysis does not include the following important
elements. an ecosystem risk assessment; a hedlth risk assessment that includes population risks; afull
andysis of uncertainty and variability; a computer modd for assessng multimedia trangport and fate that
has been adequately evaluated; nor a clear description of the process and how the assessments link to
the eventud risk management decisions. The attached consensus report contains adiscussion of a
number of additiona issues related to the specific gpproaches taken in the interim analysis.

Looking to the future and the 173 other source categories to be addressed in the resdua risk
program, the Subcommittee is concerned about the data gaps thet are likely to be even more of a



problem than they are in the case of secondary lead smdlters. Both the Agency and the Congress need
to recognize this problem in order to ensure that there is an adequate data base to support the residua
risk andyss program.

During the review by the Executive Committee, a number of important concerns were raised
that will be the subject of a subsequent SAB Commentary. In addition, the Hedlth and Environmental
Effects Subcommittee (HEES) of the SAB's Council on Clean Air Act Compliance Analyss
(COUNCIL) and the Agency will host a June, 2000 workshop on dedling with hazardous air pollutants
(HAPs). Theworkshop and its outcomes could prove useful ingghts that are gpplicable to the
implementing of the Resdua Risk Program.

We appreciate the opportunity to provide advice on this effort. The Agency staff was open,
collegid, cognizant of shortcomingsin the document, and accepting of the Subcommitteg's suggestions.
Given the incomplete state of the document at this time and the precedent-setting nature of this -- the
first of 174 -- resdud risk analyses, we conclude that a peer review of the final Agency Report on
secondary lead smeltersisin order. Welook forward to your response.

Sincerdly,
IS IS
Dr. Morton Lippmann, Interim Chair Dr. Philip Hopke, Chair
Science Advisory Board Residud Risk Subcommittee
Science Advisory Board



NOTICE

This report has been written as part of the activities of the Science Advisory Board, apublic
advisory group providing extramura scientific information and advice to the Administrator and other
officids of the US Environmenta Protection Agency. The Board is structured to provide balanced,
expert assessment of scientific matters related to problems facing the Agency. This report has not been
reviewed for approva by the Agency and, hence, the contents of this report do not necessarily represent
the views and policies of the US Environmental Protection Agency, nor of other agenciesin the Executive
Branch of the Federd government, nor does mention of trade names or commercid products congtitute a
recommendation for use.

Distribution and Availability: This Science Advisory Board report is provided to the USEPA
Adminigrator, senior Agency management, appropriate program saff, interested members of the public,
and is posed on the SAB website (www.epa.gov/sab). Information on its availability isaso provided in
the SAB's monthly newdetter (Happenings at the Science Advisory Board). Additiona copies and
further information are available from the SAB Staff.
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1. EXECUTIVE SUMMARY

On March 1-2, 2000, the Science Advisory Board's (SAB's) Residua Risk Subcommittee of the
SAB Executive Committee conducted a peer review of an Agency draft case sudy of the resdud risk
assessment methodol ogy, as described in its Report to Congress (USEPA, 1999), as applied to the
secondary lead smelter source category (USEPA, 2000). The SAB understands that the Agency plans
another iteration, including additiond data collection and andysis before the results are consdered for use
in aregulatory contexts. The review of the seven-volume set of materid focused on eight Specific
questions that are addressed in detail in the accompanying SAB report.

In short, the Subcommittee concludes that the Agency has developed a useful, self-described
"work-in progress’. The methodology used in thisinterim workproduct, asfar asit currently goes, is
cong stent with the methodology described in the Report to Congress.  Further, the assumptions used are
congstent with current methods and practice. The case study provides a vauable example of how the
gpproach presented in the Report is going to be implemented.

However, because the Subcommittee has not yet seen afull resdud risk andysis and, thus, is
unable to comment on the complete process, a number of important concerns were identified that should
be addressed. Specificdly, thisinterim andyss does not include the following important dements: an
ecosystem risk assessment; a hedlth risk assessment that includes population risks; afull analyss of
uncertainty and variability; a computer mode for assessng multimedia transport and fate that has been
adequately evauated; nor aclear description of the process and how the assessments link to the eventua
risk management decisons. With respect to the specific approaches taken in the interim andysds, a
number of questions are discussed in detail in the attached consensus report.

One of the grestest shortcomings of the case sudy in itsincomplete Sateisthat only the first stage
screening andysi's has been done for the ecologicd risk assessment. While the Office of Air Qudity
Panning and Standards (OAQPS) recognizes that afull risk assessment is needed, the Subcommittee is
disappointed at the pace a which the assessment is being developed and implemented for ecology and
natural resources. It would appear that a more concerted and scientifically sound andysisis needed in
order to meet the mandate of the Clean Air Act Amendments (CAAA).

Regarding the health risk assessment portion of the case study, the Subcommittee finds that,
within the limitations of data and resources, the gpproaches employed by the Agency were able to
quditatively identify potentidly high human hedth risk Stuations. However, the Subcommittee a'so
concluded that the currently available science is insufficient to be comfortable with the quantitative values
estimated by these models. In particular, the andyss calsinto question the ability of the modd to rdiably
quantify the amount of the deposited contaminant that is transferred to the food chain. In addition, the
current risk assessment will have to be further developed in order to include population risks if it isto
meet the needs of the Agency.



The lack of a more rigorous trestment of uncertainty and variability may lend an aura of precison
to the risk estimates in the case study that may not be warranted and could, thereby, be mideading for
Agency decison makers. In particular, the uncertainty analys's does not consider the propagation of
uncertainties of the modd parameters throughout the andysis.

In the case of multimedia computer models, the Subcommittee is concerned about the extent to
which such modds were gpplied without due consideration of the plausibility of the assumptions and the
physica meaning of the results. There should be an iterative process in which implausible results flag
problem areas, S0 that the Agency can make gppropriate revisonsin the modd and/or itsinputs, and the
model run again. A number of plausibility checks were described by the Subcommittee and in public
comments that would provide checkpoints in the analyss and, thereby, indicate the need for dternative
assumptions and recalculaion. Inclusion of these checkpoints would be helpful to both the Agency and
the reader.

Findly, an overarching comment is that the case study should provide more details of what was
done, how it was accomplished, and how the results link to the eventua risk management decisons. Itis
critica that the process be described as clearly as possible, especidly articulating why particular choices
were made a various decison pointsin the risk analysis. The current document is lacking in this regard.

Moving beyond the gtrictly technical aspects of the document on which the SAB has been asked
to provide advice, the Subcommittee would like to comment on what it understands is the Agency's
intention to make decisons based on these results. Specificaly, the Agency is mandated under Section
112(f) of the Clean Air Act to conduct the residua risk assessment and to make a decision about
whether or not further regulation is necessary in order to protect public hedth and the environment. In
particular, asstated in the Agency's response to the previous SAB review of the Report To Congress
(SAB-EC-98-013), “the decison made with the results of the screening andysisis[ether] no further
action or refine the andys's, while the decison made with the results of the more refined andlyssis
[either] no further action or consider additional emissons control.”  As discussed above, the
Subcommittee concludes that, as the currently presented, the results of the refined andysis provide the
same answer astheinitid screening anayss, that is, they will not suffice as abasis for risk-based
rulemaking, and, therefore, an even more refined analyssis needed. Therefore, the case Sudy, at this
stage, has not achieved its decision objective, and another level of andysis or iteration isneeded. A
better-informed decison will be possbleif the results of the case sudy more fully reflect the inability to
define the risks more precisdy.

Outside the bounds of this particular andysis, the Subcommittee expressed two broader concerns
regarding future assessments. Firgt, the present source category, secondary lead smelters, isrelatively
data-rich. Because of the existence of the lead National Ambient Air Quality Standard (NAAQS) and
the concern for blood lead levelsin children, there are more datain the vicinity of facilities of this source
category than are likely to be available for other HAPs from other types of sources. For many or most
other source categories, the number of HAPs and the number of source types, coupled with the limited



data on emissions and quantitative information on hedth and ecologica effects, makesthe resdua risk
task subgtantid.

Second, while the basic Congressiona approach of imposing controls and assessing residua risk
of remaining HAPs emissons makes sense, in concept, it gopears that there have not been sufficient
resources provided to collect and assess dl of the pertinent data from statefloca air quaity and public
health agencies that could be fruitfully brought to bear on this problem. There are certainly not sufficient
resources to permit the testing of specific HAPs for thelr toxicity if those dose-response data are not
dready avalable. 1nthe case of secondary lead smdters, only seven of the 50 identified HAPs were
excluded from the residual risk assessment due to the lack of dose-response data. However, lack of data
will likely pose much greater problems when other source categories are addressed in the future. Such
data gaps could lead to the omission of compounds from the assessment, resulting in a subsequent
underestimation of the resdud risk. Appropriate recognition of this problem is needed by both Congress
and the Agency in order to devel op an adequate data base to support the resdua risk analysis program.



2. INTRODUCTION
2.1 Background

Section 112(f)(1) of the Clean Air Act (CAA), as amended, directs ERA to prepare a Residua
Risk Report to Congress (RTC) that describes the methods to be used in assessing the risk remaining,
(i.e, theresdud risk) after maximum achievable control technology (MACT) standards, gpplicable to
emissions sources of hazardous air pollutants (HAPS), have been promulgated under Section 112(d).
The RTC was intended to present EPA’s proposed strategy for deding with the issue of resdud risk and
reflected consderation of technical recommendations in reports by the National Research Council
["Science and Judgment”] (NRC, 1994) and the Commission on Risk Assessment and Risk Management
(CRARM, 1997). Asasdtrategy document, the Agency's RTC described generd directions, rather than
prescribed procedures. The announced intent was to provide a clear indication of the Agency's plans,
while retaining sufficient flexibility that the program can incorporate changes in risk assessment
methodol ogies that will evolve during the 10-year lifetime of the resdud risk program.

In 1998, the SAB conducted aformal review (SAB, 1998b) of the draft RTC (USEPA, 1998)
and its proposed methodology. In their review, the SAB noted that it was difficult to assess the Agency's
methodology without first seeing it gpplied to a specific case.

In the summer of 1999, the Agency asked the SAB to provide advice on the application of the
resdud risk methodology to the specific case of lead smelters. This source category was sdected since it
was rdativey smadl (fewer than 30 facilities nationwide) and datarich.

2.2 Charge

In the months leading up to the SAB mesting, the Agency and the Board negotiated a Charge
conggting of the eight questions below.

a) Ovedl -- Isthe methodol ogy that the Agency applied in this risk assessment consistent
with the risk assessment approach and methodol ogy presented in the Report to Congress?
(EPA-453/R-99-001)? Are the assumptions used in this risk assessment consistent with current
methods and practices?

b) Modd Inputs -- Are the methods used to estimate emission rates, and the method used to
estimate species at the stack appropriate and clearly described?

c) Modds -- Does the risk assessment use appropriate currently available dispersion
models both at the screening level and at the more refined level of analysis? Are the models
applied correctly? Given the state of the science, does the risk assessment use an appropriate
multi-pathway model? The assessment uses the IEM-2M model, with some modifications. Isthe
I[EM-2M model appropriate for usein thisregulatory context? With regard to the modification
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and application of the model, did the EPA appropriately modify the model for usein thisrisk
assessment, and did the Agency apply the model correctly? Isthere another model or another
approach that is available at this time that EPA should consider?

d) Choice of Receptors -- The Agency identifies the home gardener as the appropriate
receptor to estimate risks to the residential population and the farmer to embody high end risks.
Are these receptors appropriate for this task?

€) Ecologicd Risk Assessment -- Given currently available methods, are the models used for
the ecological assessment appropriate? Are they applied correctly? Are the ecological
benchmarks appropriate?

f) Hedlth Risk Assessment -- Section 3.4.1 of the Report to Congress identifies several data
sour ces that the Agency would draw upon for choosing dose-response assessments to be used in
residual risk assessments. The Report also states that EPA will develop a hierarchy for using such
sources. Given available dose-response information, is the hierarchy presented in this assessment
appropriate (see especially footnote #6, section 2.2.1)? For each chemical included in the
assessment, is the choice of dose-response assessment appropriate? Are the dose-response
assessments appropriately incorporated into the assessment?

g) Uncertainty and Variability Assessment -- Did the assessment use appropriate currently
available methods to identify the variables and pathways to address the uncertainty and variability
assessment? Are the methods used to quantify variability and uncertainty acceptable? Arethere
other, more appropriate methods available for consideration?

h) Presentation of Results -- Does the Agency's document clearly present and interpret the
risk results? Doesit provide the appropriate level of information? Do the figures and tables
adequately present the data? Do the formats provide for a clear understanding of the material ?

The Charge guides an SAB review, but it does not congtrain the range of comments that the
Subcommittee members can legitimately offer.

2.3 SAB Review Process

The SAB Subcommittee was recruited following nominations received from SAB Members and
Conaultants, the Agency, and outside organizations. The group met in public sesson on March 1-2,
2000 at the main auditorium of the USEPA Environmenta Research Center in Research Triangle Park,
NC. Written comments prepared before and after the meeting by Subcommittee members, and made
available a the meeting, form the bass for thisreport. Individua comments are included in Appendix A
for the edification of the Agency as an illustration of the issuesidentified by the Subcommittee members
and of the range of views expressed. Those comments are not a part of the consensus report. A more
detailed description of the SAB process for this review can be found in Appendix B.



3. RESPONSESTO SPECIFIC CHARGE QUESTIONS

3.1 Charge Question 1: Overall

Is the methodol ogy that the Agency applied in this risk assessment consistent with the risk
assessment approach and methodology presented in the Report to Congress
(EPA-453/R-99-001)? Are the assumptions used in this risk assessment consistent with
current methods and practices?

The methodology presented in this report is consistent with the Report to Congress, asfar asit
currently goes, and many of the assumptions are cong stent with current methods and practice. However,
the Subcommittee has not yet seen afull resdud risk andysis and is unable to comment on the complete
andyssprocess. More specificdly, thiswas an interim analysis that did not include such important
elements as an ecosystem risk assessment, a health risk assessment that includes population risks, afull
uncertainty and variability (U& V) andys's, a computer modd for assessing multimedia transport and fate
that has been adequately evauated, nor a clear description of the process and how the assessments link
to the eventud risk management decisons. At thisinterim stage, it looks only at four of the 23 sources
from the secondary lead smdlters category. Nonetheless, the report does provide a va uable indication of
how the approach presented in the Report to Congressis going to be implemented in practice. With
respect to the specific approaches used in the case study, there are anumber of questionsthat are
discussed in detail in response to the specific charge questions below.

A genera comment is that the case study should provide more details of what was done and how
it was accomplished. Itiscriticd that the process be as clear and fully articulated as possble. More
details are needed on how each model has been modified from prior use. For example, it is not clear
how the IEM-2M model was modified from its prior usein the mercury assessment in order to be used
for the secondary lead smelter emissions. The interested and knowledgeable reader should be able to
follow what changes were made and understand why such modifications were made.

Thereis dearly asgnificant problem with how fugitive emissons are being treted. In this
andydss, much of the resdud risk results from fugitive dust emissons. However, thereislittle direct
information in the Agency's document on how these emission rates were modded. In the Agency
presentations at the meeting, four approaches to modifying the fugitive emissons were provided.

It should be possible to utilize exigting data to help refine the emissons estimates. At many or
most of these facilities, there are ambient monitors generating data to determine compliance with the lead
(Pb) National Ambient Air Quality Standard (NAAQS). These data should provide an opportunity to
estimate the routine emissons around the plant and potentially observe the differences in concentrations
before and after whatever steps were implemented to comply with the fugitive part of the MACT
sandard. Information on the frequency and extent of upset conditions at these plants could be used to
supplement monitoring data from routine operations. Anytime data are available to provide ground truth,



the Agency should compare those data to the model results. This feedback approach would mitigate
againgt the generation of results that appear unreasonable.

A number of concerns were raised about the manner in which the models appear to have been
applied without adequate consideration of the plausibility of the assumptions or the physica meaning of
theresults. An iterative processis needed in which, even in the absence of external comparison data,
when implausible results are obtained, the model inputs can be gppropriatdy revised and the model run
agan. For example, when excessvely high blood lead levels are estimated (e.g., 200 pg/dL), the andyst
should reexamine the modd inputs and make gppropriate modifications. Similarly, where excessively low
breast milk contaminant levels were estimated, the analyst should aso reexamine the modds. A number
of such plaushility checks were described by the Subcommittee or in public comments that can provide
checkpointsin the analyss to indicate the need for dternative assumptions and recdculation. The
resulting discussion of these implausible results and the changes made to the cd culation would be a useful
modification to the current approach.

Only the first stage screening for potentia hazard was available for consderation of the ecologica
risk. It isrecognized by OAQPS that afull assessment of ecologica risk is needed, but the rate of
progressin this direction has been dow. The methods and supporting assumptions made are generd, at
best, and would need to be more definitively treated in arefined ecologica risk assessment (See Charge
Quedtion 5 for more details). The Agency should devote sufficient effort and resources to insure a
credible ecologica risk assessment for this prototypic case study.

One of the critica problems for future resdud risk analyses will be the availability of data.
Secondary lead smelters emit lead and other HAPs. Emissions and related ambient monitoring deta for
lead are generdly available. Data on the other HAPs are less available, making future assessments of
resdua risk associated with these other HAPs more of achdlenge. Even when data are availaole, the
datawill need to be evauated to determine their appropriateness for ground-truthing risk estimates. In
addition, thereis a ggnificant question about how available are the critical input data needed to credibly
characterize the resdud risks from the other 173 source categories. In the present anadlys's, missng
information, such asthe toxicity of a number of HAPS, led to those compounds being excluded from the
andyss. There may be molecular modeling approaches (e.g., Quantitative Structure-Activity
Reationships (QSAR)) that would permit estimation of relative toxicity of the organic HAP compounds
for which data are not available and a screening andysis of their likely effect on the overdl risks could
possibly be developed.

The Subcommittee felt that, within the limitations of data and resources, the approaches adopted
were able to identify potentia high human hedlth risk Stuations. However, they dso fdt that the scienceis
insufficient to be fully confident in the quantitative values estimated by these moddls. There are Sgnificant
concerns regarding the nature of the full ecologica risk assessment because a complete analys's has not
yet been presented. There is concern that the gpparent precision of the resulting risk estimates may be
overstated and that more effort is needed to present results that better reflect the uncertainties and
vaiability inthe andyss. The review materid did not give aclear picture of how the results of the



andysiswould be used in the risk management process. Such information would have helped the
Subcommittee to comment more precisely on the adequacy of the andytic results to support the decison
making process.

In any event, it is recognized that at some point management decisons will have to be made
basad on results semming from analyses of thistype. The Agency is mandated under Section 112(f) to
conduct the resdud risk assessment and to make a decison to implement further regulation or to make a
decison that no further regulation is needed. In response to the previous SAB review (SAB, 1998b) of
the Report to Congress, the Agency responded that, "the decison made with the results of the screening
andyssis[ether] no further action or refine the analys's, while the decision made with the results of the
more refined analyssis[ether] no further action or consider additional emissons control.”  As discussed
above, the results of the more refined andys's provides the same answer asthe initia inhalation screen;
that is, an even more refined analysisis needed. Therefore, the case study, in its current state, has not
achieved the decision objective, and another levd of andlysis or iteration would be needed. The case
study needs better quality input datalestimates on fugitive emissions, a more in-depth and refined andysis,
a clearer presentation of the steps taken in the andysis and the results produced, and a more serious
effort to fully integrate uncertainty and variahility into the anadyss. In summary, a better-informed decison
will be possibleif the results of the case sudy more fully reflect the ingbility to define the risks precisdly.

3.2 Charge Question 2: Mode Inputs

Are the methods used to estimate emission rates, and the method used to estimate species
at the stack appropriate and clearly described?

3.2.1 Inhalation Screening

The fundamenta equations used by the Agency to estimate the specific inorganic and organic
hazardous air pollutant (HAP) emission rates for process and process fugitive emissons are described by
Equations 1 and 2, respectively. These equations provide atechnically sound methodology for estimating
specific HAP emission rates based on the metal HAP and hydrocarbon emissions data provided in the
Background Information Document (BID) (USEPA, 1994). Although the Subcommittee can support
the Agency'sinitid decison to employ the AP-42 based fugitive HAP emissons estimates in the inhdation
screening study, the combined effect of using these conservative data with a conservative air pollution
concentration modd has clearly resulted in an overestimation of ambient HAP air concentrations. On the
other hand, "upset” conditions were not assessed with any datain this assessment, and considerable lead
may be emitted from these facilities under such circumstances. This could lead to an underestimation of
ambient HAP air concentrations. To ensure that the use of SCREEN3 will result in redigtic predictions of
ambient ar pollutant concentrations, the Agency should evauate the underlying assumptions adopted in
the area source emissons dgorithm, aswell asthe qudity of emissons deta, to determine if they warrant
further refinement.



Although the Agency should be commended for its crestive and resourceful use of exigting datato
esimate specific HAP emission rates, the Subcommittee identified severa opportunities for the Agency to
improve its generd description and use of the reported data sets. Firdt, the Agency should provide a
better and more complete description of the data elements contained in TablesB.1.1and B.1.2. A
reviewer of these tables would find it difficult to discern what statistical measurement is actudly being
reported; i.e., mean, median, or upper confidence limit (UCL). Secondly, the Agency should explore
using means as inputs to the HAPs emission rate estimate methodol ogy, since the means of these likely
skewed digtributions would provide a quick screening tool that is more conservative than the median and
less conservative than the 95th percentile upper confidence limit (UCL). The concern isthat smply using
of the 95" percentile UCL would screen out very few, if any, sources. Countering this concern, of
course, is the unknown impact of upset conditions, as noted above, whose andysis also needs attention.
Findly, to provide areviewer of the methodology an opportunity to reproduce any or dl of the emisson
rate estimates, the Subcommittee recommends that the Agency provide an example within the document
that illustrates the proper use of Equations 1 and 2.

As noted in the response to Charge Question 7 below, the Subcommlittee found that the analysis
of uncertainty and variability was incomplete in severa respects, thereby depriving the risk manager of
important information when making these important decisons.

3.2.2 Multipathway Risk Assessment

To estimate the specific HAP emisson rates from both the process and process fugitive emisson
sources, the Agency employed site-specific HAP emissions information from facility compliance reports,
aswell asinformation from the BID database, where necessary, in the multipathway risk assessment.
Although the Subcommittee commends the Agency for demondrating resourcefulness in employing the
best available ste-gpecific data to generate HAP emission rates, there is concern over the generd
approach used by the Agency in employing secondary data to estimate Site-specific HAP emission rates
in the multipathway risk assessment.

To improve the scientific defenghbility of both the stack and fugitive HAP emission estimates for
the multipathway risk assessment, the Subcommittee devel oped severa recommendations for
congderation by the Agency. Firdt, prior to usng secondary data for Ste-gpecific emisson estimates, the
Agency needs to evauate the qudity of the individua data sets using a clear, easy-to-follow, and
well-documented methodology. Development and implementation of atechnicaly sound data qudity
evauation methodology will provide the Agency with aframework for establishing the minimum data
quality criteriafor usein resdud risk estimates. Secondly, to leverage limited time and resources, the
Agency should collaborate with itsindustrid partners to identify and collect additiona Site-specific
monitoring data for use in estimating process and process fugitive HAP emission rates. Third, because of
its relative importance in characterizing human hedlth and ecologica risk, exigding ar monitoring data,
where avalable, should be employed by the Agency for the groundtruthing of site-specific fugitive HAP
emisson edimates. Information on the frequency and extent of non-routine, or upset, conditions must be
consgdered. Findly, to assgt areviewer in reproducing any or al of the find risk assessment numbers, the



Agency should present adetailed example illudtrating the basic process by which a data eement
contained in a NESHAP secondary lead smelter compliance report is used to generate find human hedlth
and ecologica risk estimates.

3.3 Charge Question 3: Models

Does the risk assessment use appropriate currently available dispersion models both at the
screening level and at the more refined level of analysis? Are the models applied
correctly? Given the state of the science, does the risk assessment use an appropriate
multi-pathway model? The assessment uses the IEM-2M model, with some modifications.
Isthe IEM-2M model appropriate for use in this regulatory context? With regard to the
modification and application of the model, did the EPA appropriately modify the model for
use in thisrisk assessment, and did the Agency apply the model correctly? |sthere another
model or another approach that is available at this time that EPA should consider?

3.3.1 Doestherisk assessment use appropriate currently available dispersion models
both at the screening level and at the morerefined level of analysis?

Both the SCREEN3 and Industrial Source Complex Short Term 3 (ISCST3) models have
become widdly accepted tools-of-the-trade and probably are the most suited for this point source
category. However, there are minor shortcomings in the models that need to be clearly articulated. The
consarvative screening nature of SCREENS is designed to "capture” dl facilities that may need further
investigation. Asaresult, the output should result in many false positives which may reduce the credibility
of the modd.

In the current assessment, the Agency uses the IEM-2M modd for its multipathway andysis.
Although it is the only multipathway modeling tool that the Agency has readily available for use, there are
anumber of concerns regarding the modd that are discussed esewherein this Advisory. Inthe
meantime, it should be noted that OAQPS isin the process of developing the Tota Risk Integrated
Mode (TRIM) as aflexible, state-of-the-art model for evauating multimedia chemical fate, transport, and
risk of HAPs. A recent review of this effort by SAB's Environmental Models Subcommittee found TRIM
to be promising and innovative, while providing a number of recommendations for further improvement
(SAB, 2000). When TRIM becomes available, it should provide an improvement over the modeling
framework used in the current report.

While understanding the need for the Agency to move ahead with the Resdua Risk Program, the
Subcommittee is concerned that the IEM-2M mode, as currently employed, is not able to provide the
level of technica information that is needed for making scientificaly sound regulatory decisons.
Conceptudly, the TRIM mode is a significant improvement over IEM-2M. However, TRIM faces
development challenges of its own that will require resources to address. Therefore, the Agency faces
the difficult near-term choice of trying to improve an inferior model or committing to complete a superior
model. The Agency needs to develop a plan for how and when they will use these models and how they
will effect atrangtion from one to the other.
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3.3.2 Arethe models applied correctly?

A number of assumptionsin mode execution can affect the outputs. For example, it was
assumed thet al emissons come from the center of the facility, when, in fact, the exact location of
emission source -- currently unknown -- should have a strong influence on predicted downwind exposure
levels. Locations of stacksin reation to buildings and building Sizes can dso result in an incorrect
estimation of exposurerate. Also, usng meteorological data from the nearest reporting meteorological
gation is an gpproximation commonly employed. However, risk assessors and risk managers need to be
aware of the suitability of this gpproximation in some locales, such as those with complex terrain and/or
long distances between the facilities and the gtation..

A magjor issue which must be addressed is how to consider historical lead and other persstent
chemica contamination at the site which was deposited prior to the promulgation of the MACT standard
but which may nonethel ess substantially contribute to on-going exposures pos-MACT. A residud risk
analysis that does not add exposures to basdline contamination to the estimates of on-going contamination
may vastly underestimate the hazard quotient at the Site and incorrectly conclude that the on-going
releases pose risks & less than threshold levels.

The Agency chose four cases with relatively high projected risks as illudrative examples, including
both urban and rurd settings. The Subcommittee understands thet the terrain in each of these four cases
was unremarkable, and, consequently, it was reasonable to modd them in that way. In thefind resdud
risk assessment for this source category, al of the facilities in the category will be modded individudly,
and complex terrain, downwash, and other modd adjustments will need to be incorporated into that
anayds, as appropriate.

Other issues raise questions that should be addressed in subsequent reports. For ingtance,
classfication of metas as perdastent, bioaccumulative toxicants (PBTS) is problemétic, since their
environmentd fate and transport cannot be adequately described using models for organic contaminants.
Also, hazard indices for the ingestion pathway were developed separatdly from those for inhdation, and
the impact of this trategy on the non-cancer results is unknown.

3.3.3 Given the state of the science, doestherisk assessment use an appropriate
multipathway model? The assessment usesthe |EM-2M mode with some
modifications. Isthe [EM-2M appropriate for usein thisregulatory context?

The IEM-2M modeding was performed as a set of linked Excd spreadsheets. Although pertinent
equations were given in Appendices, the implementation of the modeling effort needs to be carefully
examined. The spreadsheets were not provided to the Subcommittee in time for substantive review by
the members, and implementation of complex spreadsheet models can often lead to unsuspected errors.
Therefore, the Subcommittee was unable to verify the figures and can only encourage the Agency to
carefully examine the quaity control gpplied in the construction of the spreadsheets. Further, the
spreadsheets should be available to the public.

The Subcommittee understands that use of the IEM-2M modd for the case of mercury (Hg) has
benefitted from some limited peer review. However, adaptation of the mode to address HAPs other
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than Hg does not appear to have been rigoroudy evauated (Rimer, 2000). In view of the unique
environmenta chemigtry of mercury, extragpolation of the model to other metas must be made with
extreme caution.

Through application of the modd to anumber of source categories and anumber of pollutants
with different behaviors, the Agency will have the opportunity to evauate the moded, a least in part.
While human exposure data are rare, data.on environmenta concentrations of pollutants in various media
are more widdy available. In many cases, smply knowing that the mode estimates are within an order of
magnitude of measured environmenta concentrations would provide much greater confidence in the
model as an andytic tool. In particular, it would be important for the Agency to show that the
multipathway mode produces approximately correct estimates results for the concentrations in food of
dioxing/furans and mercury, two important and difficult to mode pollutants. If the evauation exercises
indicate that the modd is a variance with redity, the mode will have to be revised and previous results
may need to be recalculated.

At the same time, the Subcommittee recognizes that the Agency is moving toward fina
development and implementation of the TRIM computer model, which would replace the IEM-2M
modd. Therefore, the Agency will have to balance the competing needs of making significant
improvements to the old modd vs. completing development and evauation of the next generation modd.

In its present form, the modd can be used to show that there may be ardationship between
atmosphericaly deposited HAP and the total burden of the particular contaminant in a target ecosystem.
It cannot reliably quantify the amount of deposited HAP expected to be transferred to the human food
chain. While some of the problem could arguably be related to an overestimate of fugitive emissons, it is
clear that missing process consderations in the modd severdly limit its ability to smulate the movement of
materias in the environment. For example, the transfer coefficients have been estimated without
consdering the effects of biogeochemica processes on contaminant reaction rates, speciation, and
bicavailability. By ignoring the physicd and chemicd drivers, the IEM-2M modd may have yielded
grosdy unredligtic concentrations of some contaminants in environmental contaminants. Table 6.8 (p.
160, Val. I) provides an excdlent example of the modd inadequacy. The ca culated concentrations of
lead in surface water near a secondary lead smelter is reported as 103 to 106 ug/L, which isahigh
enough concentration of lead to Serilize the water. These unredigtic estimates should be identified as
such, and appropriate adjustments made. In red life, most of the deposited |ead would be adsorbed onto
particulates and removed to the sediment. This scavenging remova could readily reduce the dissolved
lead concentration to the measured vaue of 0.002-2.0 ug/L. Exaggerated concentrations, aswell as
unredigtic risks that have been reported for other contaminants, might likewise be traced to model
deficiencies. Thisisan example of how the results of the moded can be compared with what can be
reasonably assumed about the functioning of awater system. The consequence of this comparison should
be areevauation of the results so that the estimated concentrations are brought into line with what would
be reasonably observed in red ecosystems. A smplere-scaling of the fugitive emissons estimates, aone,
isnot likely to solve some of these obvious problems.
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The I[EM-2M has a number of limitations of which the decisonmakers need to be aware. The
model does not differentiate between naturd and anthropogenic fractions of a contaminant in agiven
environmenta medium. It estimates the incrementa |levelJeffects without consdering the level Seffects of
the contaminant that have aready been built up in the environmenta medium. The Subcommittee
suggests that the Agency discuss how incluson of basdline concentrations (thet is, contributions from
natura plus anthropogenic sources other than the post-MACT facility) would affect estimated tota and
attributable risks. The model does not insure mass balance, nor does it account for feedback
mechanisms between environmental media. While the IEM-2M can be used to estimate individua excess
risk, itisnot a al clear from the documentation thet it can provide the spatiad and tempord ditributions
of exposure that will be needed to provide the link to distributed populations. Therefore, additiond
refinement made be needed o that the model can be used to estimate the population risk.

Uncertainty andlys's, a critica adjunct to risk analys's, is not included in the IEM-2M modd. In
view of the uncertainties and assumptions in the modd, ground-truthing should be an essentid aspect of
the modd andyss.

3.3.4 With regard to the modification and application of the modd, did the EPA
appropriately modify the mode for usein thisrisk assessment, and did the
Agency apply the model correctly?

The IEM-2M model should be regarded, at best, as awork-in-progress. The Subcommittee
understands that the IEM-2M will be replaced by the TRIM modd, referenced above, once the latter
has been sufficiently well-developed. In the meantime, in light of the limitations noted about the IEM-2M,
its results must be regarded with informed caution.

3.4 Charge Question 4: Choice of Receptors

The Agency identifies the home gardener as the appropriate receptor to estimate risks to
the residential population and the farmer to embody high end risks. Are these receptors
appropriate for this task?

The home gardener and the farmer are acceptable receptors for this task, but their assumed
exposure scenarios need to be modified in order to provide amore redistic estimate of the risks to typica
members of thelocad community. Specificaly, the input assumptions for both scenarios may be
unredigticaly high compared to the red exposures of the locdl resdentia and farm communities,
particularly regarding inhaation and food preparation activities. The inhaation exposures assume thet the
receptor is exposed to outdoor concentrations 24 hours per day. The food ingestion pathway assumes
that home-grown produce is not washed. The risk modd results are very sengitive to these assumptions.
Moreover, these exposure assumptions make it epecialy difficult to check the modd results through
comparison with data. Existing and potentiad data on human exposure levels are likely to be from people
in nearby communities who do not have these high-end exposure behaviors. For these reasons, the
Subcommittee recommends that the Agency dso model the exposure of home gardeners who are not
outside al the time and who do wash their home-grown produce.
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Further, the case sudy assumes continuous exposure over alifetime for inhaled HAPs but
exposure over shorter periods for ingestion of soil, water, and produce containing HAPS, i.e., 12 years
for ahome gardener and 17 yearsfor afarmer. The reason for this apparent incongstency should be
made clear.

The overd| characterization of the risks to the loca community needs to be clarified when the
population exposure assessment is completed.

3.5 Charge Question 5: Ecological Risk Assessment

Given currently available methods, are the models used for the ecological assessment
appropriate? Arethey applied correctly? Are the ecological benchmarks appropriate?

3.5.1 General Statement

In the previous SAB review of the resdud risk issue (SAB, 1998b), the Subcommittee strongly
encouraged the Agency to devate the prominence of ecologica risk and to establish a commitment to
ecologica concern that was more nearly co-equd to that of human hedth. The recommendation was
driven by the neglect of ecological and natural resources consderations in the draft Report to Congress
(USEPA, 1999).

At the March 1 briefing, the Agency stated that the risk to ecologica and natura resources will
not be addressed at thistime in other than a screening level andysis, i.e., a hazard assessment, rather than
arisk assessment. This postion is unfortunate, even for adocument that is admittedly a work-in-
progress, since this shortcoming was strongly identified in the Board's earlier report (SAB, 1998). Such
aposition would be unacceptable in the find document in that it would ignore the legal mandate to avoid
"an adverse environmenta impact” that is"sgnificant” and "widespread” and likely to result in the
"degradation of environmental qudity over broad areas’ (CAAA Section 112(a)(7)). By pursuing a
hazard assessment for secondary lead smelters rather than arisk assessment, the Agency will likely
generate alarge number of "false positives' that will make the task of the risk manager more difficult. It
could also have the unwarranted effect of setting a precedent for using hazard assessment for ecologica
and natura resources andysisin lieu of arisk assessment for future residud risk anadyses.

3.5.2 Given currently available methods, arethefor the ecological assessment
appropriate?

Asamatter of first importance, the document should indicate whether the ecologicdl risk
assessment presented here is being devel oped in accordance with the Agency's Ecologica Risk
Assessment Guiddines (EPA, 1998). These guidelines have been developed over severd years, have
involved many experts from the ecologica science community, and have been endorsed by the SAB
(SAB, 1997).

The ecologicd risk screen is underpinned by five concatenated models, with the term "mode”
used loosely to include both formally constructed code, as well as more smple spreadsheets. The
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source, dispersion, deposition, and multipathway models are the same as those used to conduct the
human hedth characterization. Thefifth and last model -- and the one unique to ecology and natura
resources -- is the spreadsheet to screen for ecological effects using the Hazard Quotient (HQ) and
Hazard Index (HI) methodologies. The only two models

that are specificaly relevant to ecology and natura resources are the multipathway and ecological effects

modds.

a)

b)

Multipathway Modds - The multipathway modd is appropriate for the task of
characterization of exposure and supporting arisk assessment. The modd hasthe
necessary features to handle the transport, transformation, and fate of organic and
inorganic compounds in multiple media; i.e,, soil, water, ar and biota. In light of the
results from both human hedlth and ecology analyses, the "screened risks' gppear to result
from afew critica parts of the code, most notably soil-to-plant uptake, atmosphere-to-
plant deposition and accumulation, biocaccumulation in the food chain, and trangport in
aquatic environments. Because these processes are 0 indrumentd in the overal risk
andysis and because the model's vaidity was repeatedly questioned, it is recommended
that these critical subcodes be peer-reviewed to assure that the mathematical formulation
is reasonable, current, and scientificadly defensible. However, as noted above in Section
3.3.3, the Agency needs to balance efforts to improve the IEM-2M model against the
need to develop and implement the next generation modds, such as TRIM.

Although multipathway methods are more than adequate for the task of screening and are
certainly the gppropriate method for a risk assessment, it is not necessary to use
multipathway modelsin theinitid screening assessment. Traditiondly, multipathway
models are reserved for those compounds that are perdstent and bioaccumulative
toxicants (PBTs). Unlessthe entirelist of HAPs is made up of PBT chemicds, it would
be more efficient to screen using smple fate and direct exposure modds. If aPBT
compound were to pass the toxicity screen (HQ < 1.0), the hazard of direct contact
would likely be indggnificant, and the Agency could decide if the compound warrants a
review of higher trophic considerations based on size and spatid distribution of the
industry source category, plus the dispersion potentia of the HAP. If the sources were
many, large, and widdly distributed, it might pass the test of being "widespread" and likely
to result in "degradation in environmenta qudity over broad aress’. Otherwise, only
compounds with HQ>1.0 would be the subject of the multipathway anadysis.

Ecologica Risk Screening (i.e. Hazard) Modd - The Agency provides a rudimentary
hazard ranking or screening process for culling through the HAPs associated with
secondary lead smelters source category. The method is based on the generation of
Hazard Quotients (HQs) which are smple ratios of environmental concentrationsto
effects-based environmental benchmarks. The benchmark is a concentration level in a
medium at which little or no potentid exigts for an hazard. Asa screening tool, this
aoproach isvdid, dthough it necessarily results in a high number of "fase pogtives'.
Screening ecologica hazards with this gpproach is well-established for use in ranking and
prioritizing hazards associated with chemicals; e.g., new product design and approva,
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risk-based corrective actions a contaminated sites, and prioritization of resourcesin
regulatory programs.

Asiswdl-gated in the case study, this conservative methodology is only used ether to
remove chemicals from further risk management consderation (i.e. therisk is acceptable)
or to indicate that there is aneed for further anadysis. The HQ approach with such
consayvative effects benchmarksis redlly amed at protecting dl individuasin the
ecosystemn and, by inference, to protecting the structure and function of the ecosystem in
which that individud lives.

3.5.3 Arethey (the models) applied correctly?

Given that thisandydsis a screening exercise (i.e., hazard assessment) and not arisk assessment,
the models are applied correctly, with the exception of the summeation of HQs, as discussed below.
There are severd key aspects of the gpplication for a screening exercise that warrant the Agency's

dtention;

a)

b)

Top Carnivores - Thisfunctiona group is omitted from the modd in terrestrid
ecosysems, yet it islikdy to be the most respongve functiona group for PBTs. The
rationade for not including this functiona group (i.e., "Daaare not availabl€") is contrary
to what can be done in a screening exercise.

Background Concentration - For ecologicd systems, the inclusion of geochemica
background concentrations is more important than for human hedlth, particularly for those
chemicas that have a natura source; e.g., manganese, mercury, and nickel. The naturd
background issue should be re-evaluated in order to address the risk to ecologica and
natural resources.

Summation of HQs- Generating an HI by summation of HQs for chemicasin different
classes (e.g., metals and organics) or for obvioudy different organics (e.g. phthalates and
PAHS) goes beyond current good practice in screening ecologicd risks.  The resulting

HI is possibly mideading. Summation of HQs should be limited to chemicas that operate
viathe same mode of action on the same target organ or system.

3.5.4. Aretheecological benchmarks appropriate?

It is not possible to completely answer this question from the information given. The selected
benchmarks represent the current state of the practice for screening assessments, many of which have
been developed for use a contaminated Sites as a means of focusing management action on only the
chemicals of greatest concern. For some of these Stuations, especidly those involving water and
sediment, there may be different benchmarks for freshwater and marine systems, and it is not clear which
was used in this case.
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What is clear is that these numbers should not be used in a sophigticated risk assessment. The
data behind these criteriamay support arisk assessment, but the fina "criteriavaue' can only be used to
eliminate chemicas of concern. AsHQs are refined, the exposure estimate should be refined to reflect
Ste-specific conditions, and the characterization of effects should aso advance from a general benchmark
to an estimate of atoxic threshold, based on dose-response data for a representative or surrogate

Species.
3.6 Charge Question 6: Health Risk Assessment

Section 3.4.1 of the Report to Congress identifies several data sources that the Agency
would draw upon for choosing dose-response assessments to be used in residual risk
assessments. The Report also states that EPA will develop a hierarchy for using such
sources. Given available dose-response information, is the hierarchy presented in this
assessment appropriate (see especially footnote #6, section 2.2.1)? For each chemical
included in the assessment, is the choice of dose-response assessment appropriate? Arethe
dose-response assessments appropriately incor porated into the assessment?

The Agency has used a reasonable gpproach to summarize the toxic effects and the
dose-response vaues for the HAPs included in the multipathway andlysis. The document succinctly
summarizes a tremendous body of information and accurately describes the endpoints upon which
reference doses are derived. The important information related to each is adequately summarized.

The toxic effects and dose-response andys's information are derived from multiple sources
according to the following hierarchical structure: Integrated Risk Information System (IRIS), Agency for
Toxic Substances and Disease Registry (ATSDR) toxicology profiles, Hedth Effects Assessment
Summary Tables (HEAST) and State of Cdifornia Environmenta Protection Agency (CAEPA) values.
However, the document does not provide the rationae for the specific ranking. The clarification provided
at the March 1 meseting should be a part of the document, including the intent to make
chemical-by-chemica decisions about which database to use and the often higher qudity of information in
the CalEPA database (CAEPA, 19...) than isfound in the older HEAST compendium (USEPA, 1994).

The resdud risk exercise emphasizes, once again, the importance of having accurate, current
information in the Agency's IRIS database. Asit has been stated in the past (NRC, 1994; USEPA,
1999), the SAB continues to encourage the Agency to create and maintain acredible set of datain IRIS.
Another SAB pand will review a Congressiond-directed study of IRIS later this year.

While the case study has employed methods that are routindy used at the Agency, the
Subcommittee has some concerns.  The gpproach appearsto utilize the default assumption that al hedth
effects described are of comparable severity and concern. For example, risk estimates derived for some
of the HAPs compounds are based on rather vague endpoints, such as body weight lass, which are not
explicitly associated with any disease process, wheress, in other cases, the assessment may center on
effects, such as pulmonary or neurotoxicologica effects, that are of a more grave character. This
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gpproach is another example of the conservative stance taken through much of the analysis. However,
the risk assessor and the risk manager need to recognize and appreciate these differencesin potentia
severity of hedth effects when comparing and combining the results of the andlyss.

Another supposition which may ultimately prove problematic is the assumption that effects of
mixed exposures are additive. In redity, mixtures may produce effects that are additive, synergistic
(potentiated), or even attenuated. The current default assumption is necessitated by the absence of any
information with which to more precisly modd such effects and, therefore, represents a conservative
approach.

A related point is the difference in confidence with respect to cancer potencies calculated from
human vs. experimenta anima data. Unit risk estimates based on human data are generadly maximum
likelihood estimates cd culated from studies that, if anything, have biases towards underestimating human
incidence of carcinogenicity because they are usudly based on worker populations, not children, who are
arguably more susceptible. Exposure estimates in this case usudly have substantial uncertainties that tend
to bias comparisons of more vs. less exposed workers towards the null and, therefore, towards lower
edimates. On the other hand, animal-based unit risk estimates include a number of procedura
assumptions that are thought to usudly lead to overestimates of risk, such as the use of 95% confidence
limits, choice of the most sensitive species for projection to humans, etc.

The Subcommittee is concerned about the potential problems associated with aresidua risk
assessment that must omit HAPs in assessments of the risk of noncancer endpoints due to the fact that
there are no dose-response data on these compounds currently available and that Agency policy dictates
againg using probabiligtic vaues. For example, in the case of secondary lead smdters dioxins/furans are
omitted from consderation as a non-cancer risk due to the lack of data. While the Agency indicated at
the March 1 meeting that dioxingfurans would be included in the next iteration of the process, other
compounds are, and presumably would continue to be, omitted due to the lack of data. The document
needs to address this limitation directly and indicate how the decision making process will take these
vulnerabilitiesinto account. As one possible way to address the problem, the Subcommittee
recommends that the Agency explore the use of quantitative structure-activity rdationships (QSAR) to
assess whether any of the organic HAPs with insufficient dose-response information might, in fact, bea
sgnificant concern that is currently being overlooked. While QSAR would not play a definitive role in the
andyss, it could identify potentia problem compounds thet are otherwise ignored entirely in the current
case study.

The Subcommittee understands that the Resdud Risk Program is following current Agency
guidance by caculaing hazard quotients (HQs) for non-carcinogens, with the implicit assumption of a
threshold in the dose-response curve. However, the HQ approach is not atrue risk assessment (i.e, a
probabilistic estimate of the likelihood of harm), is not based on a biologicaly compelling foundation, and
does not explicitly address the possibility of low-dose effects above or below the reference dose (RfD),
even for highly non-linear dose-response relaionships. Asapart of its overal effort, the Agency should
continue work on developing and implementing a more scientificaly based risk assessment procedure for
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non-carcinogens that would lead to improved risk assessments. For example, some reports now suggest
that the dope defining Pb effectsis actudly steeper at blood lead levels below 10 ug/dL than aboveit.

As noted above, the Subcommittee is concerned about how some of the results of thisandyss
will betrested. In particular, while the generation of hazard index (HI) vaues can be useful, despite its
implicit limiting assumptions (e.g., additivity of al effects), there is no indication in the document of how
these vaues will be used in the find decison making process. Without some indication of how they will
be used and for what purpose, the Subcommittee is unable to comment effectively on the gppropriateness
of Hisin this case.

Also, as discussed above, it is clear that the resdud risk andysis resultsin an estimate of
incrementa exposure and, in the case of cancer, incrementd risk of disease. However, it isnot clear how
the Agency plans to use the incrementa exposure estimates in the case of non-cancer effects, when these
additiond exposures (that is, in addition to dready existing exposures from other sources) might subject
some elements of the population to alevd-of-concern”; eg., HI>1.

Two examples are included in the document that relate the derived HQs to anticipated
conseguences of human exposures: the cases of lead and dioxingfurans. The lead case dlows some type
of human hedlth risk assessment, since blood lead levels associated with specific human hedlth effects
have been well documented. However, in both cases, the outcome suggests problems with the models.
Specificaly, the derived blood lead vaues are so high that they would be associated with gross toxicity;
e.g., acute encephalopathy and even mortality. If such effectsarered, it is quite likely that the problem
would have dready been discovered by the loca medica community. Therefore, these derived blood
lead values are a clear indication that the multipathway moded has problems and needs to be revised.

As noted above, the Agency indicates that some of these problems may not be problems of the
model per se, but rather problems associated with overestimates of fugitive emissons. While the
Subcommittee agrees that overestimates of fugitive emissons may play arole here, thereisno indication
of the extent of that role. On the other hand, it is quite clear that the modd fails to consider biophysica
chemica processesthat definitely play an important role and that the moded has not benefitted from a
rigorous peer review. (The model was not amgor focus of the SAB review of mercury (SAB, 19983).)
In fact, some congderation should be given to using the TRIM modd in itsincomplete verson rather than
continuing to use IEM-2M. A more integrated and complete uncertainty and variability andysis would
help to clarify these matters.

Additiondly, Table 6.9 compares modeled concentrations of dioxins/furansin human milk with
measured concentrations in human breast milk. It shows that modeled concentrations are notably lower
than those measured in human milk. These findings are interpreted as indicating that emissons of
dioxing/furans from secondary lead smelters are a minor contributor to overdl dioxins/furans nationwide.
An dternative interpretation (namely, that dioxin is not adequately modeled in the resdua risk assessment
paradigm) is not even considered, which clearly seemsto be an oversight.
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Findly, at this stage in the of development of the assessment, the Agency has not generated any
population risk estimates. The Subcommittee would like to emphasize the fundamenta importance of
generating such estimates in the final document. Currently, there islittle discussion of how this critical step
will be taken.

3.7 Charge Question 7: Uncertainty and Variability Assessment

Did the assessment use appropriate currently available methods to identify the variables
and pathways to address the uncertainty and variability assessment? Are the methods used
to quantify variability and uncertainty acceptable? Are there other, more appropriate
methods available for consideration?

In short, the uncertainty and variability (U& V) assessment is one of the weekest parts in the draft
case sudy and appearsto be arather peripherd afterthought to amain andysis, rather than an examplein
which U&V consderations are fully integrated into a project. As noted above, this concern was
mentioned prominently in connection with the multipathway exposure modd results.

Thefact isthat U&V analys's has advanced sgnificantly over the past ten years. The combining
of traditiona point-estimates of parameters, together with and their separate ranges of uncertainty, hardly
qudifies as even a"quick-and-dirty" analyssthese days. Insteed, readily available computing power and
increased experience with distributions for various quantities (e.g., EPA Exposure Factors Handbook
(USEPA, 1997) have combined to made distributiond andysis of U&V, even smple Monte-Carlo
andysis, much more the standard expectation for the field. These techniques have by no means reached
the level of being "cookbook manipulations'. Rather, they do require skilled, knowledgesble judgments
on a case-specific bases. However, they are being applied with much greater frequency, providing the
bad s for much more informed decisons, particularly in Sgnificant decision making contexts, such asthe
resdud risk program under discussion here (Cullen and Frey, 1999; Thompson, 1999; Hattis and
Froines, 1992; Hattis and Burmaster, 1994; Hattis et al, 1999).

In the firgt ingtance, the terms "uncertainty” and "variability" need to be clearly defined and
consgtently used. Variability refersto red differencesin things or people that would be seen even with
perfect measurement or estimation techniques; e.g., the differences in the body weights of the individuas
in an exposed population around alead smdter. Uncertainty, by contragt, refers to the imperfection in
our knowledge of the vaues of a gpecific parameter; eg., characteristics of the throughput of materid at a
particular lead smelter. Generdly, uncertainty can be reduced by gathering better information, but red
variability will be unchanged, dthough it can be better characterized by better information.

The fallure to distinguish variahility from uncertainty in the present andyss dmost guarantees
confuson. Variability and uncertainty are different things and require different techniques for estimation.
For example, soil type may vary from fadility to facility, but it may be rdatively uniform a any one facility.
If the soil typeis not known at a particular facility, the distribution that describes variability among facilities
where s0il type is known can be used to congtruct an uncertainty distribution for the particular facility.
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Without understanding the ditinction between uncertainty and variability, arisk manager cannot
make a fully informed decision based on the results of the U&V andyss. A properly prepared analyss
of uncertainty and variability analyss should help arisk manager to answer the question, "What actions
must | take in order to assure that no more than Y percent of the population exposed incurs arisk greater
than X, with confidence Z?" In other words, the risk manager should be able to understand not only how
risk might vary from person to person, as described by X and Y, but aso how sure we are about our
estimates, as described by Z (cf., Hattis and Anderson (1999), and Hattis and Minkowitz (1996)). That
kind of god for the U&V andyssis not made explicit in the Agency's case study.

Although it is chdlenging to carry out an andyss that fully separates congderations of uncertainty
and variability, and athough it is sometimes a matter of perspective whether a given digtribution describes
uncertainty or variability, the Subcommittee did not find the Agency's judtification for combining thetwo in
itsanalyss convincing. For example, consumption rates of water and food redly do vary from person to
person, and the corresponding cal culated risks due to any specific smdter's emissonswould adso vary
accordingly. On the other hand, the distribution used for the annud average emissions of the smdlter is
dominated by uncertainty, Snce so few data are available from post-MACT facilities. However, thereis
little expectation that annuad average emissons (in g/sec) would vary subgtantialy from year to year.

The Agency chose to use digtributions for emissions and for some elements of the exposure
andysis, but not for the parameters of the fate and trangport models or of the toxicity andyss. Whilethe
Subcommittee undergtands that it is currently Agency policy not to undertake distributiona anayses of
toxicity information, the Agency should reconsider this policy. Some members of the Subcommittee
believe that omitting the uncertainties in the toxicity data from the assessment vitiate much of the benefit of
performing the U&V andyss, and that the literature does contain early illudtrative efforts to estimate
uncertainty and variability for risks of both cancer and non-cancer endpoints (Hattis et a. (1999); Hattis
and Barlow (1996); Crouch (1996)). Moreover, omitting any distributiona treatment of the transport
and fate module makes any conclusons from the U&V andyss suspect. Although the Subcommittee
agrees that iterative caculations using the full ISCST-3 and IEM-2M models would be computationaly
intractable, it does not seem unreasonable to introduce some overal uncertainty distribution to represent
the uncertaintiesin risk introduced by dl of the assumptions and parameter choices embedded in those
models. The governing notion is that the while distributions based on data are certainly preferred, the use
of subjective digtributions -- fairly (unbiased) developed, technicdly rationdized, and clearly presented --
can provide useful and valuable insights that can credibly inform the decision making process.

In this case, the Subcommittee also found that the description of how some of the ditributions
were derived to be incomplete, even for the parameters that were included in the anadlyss. Althoughin
many cases the Agency simply took distributions that had aready been described for other Agency
purposes (e.g., the Exposure Factors Handbook (USEPA, 1997)), in othersit seemed to arrive a a
digtribution with very little evident rationde. For example, the document states, "we assumed that annua
lead emissons follow alog-normd digtribution, with the emission rate falling within two orders of
magnitude of the value given in the compliance report 95% of thetime" (later corrected to 99% of the
time). Although the document isfar from clear on this point, in ord presentations EPA representatives
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indicated that this assumption was based on some analysi's of emissions observations by a knowledgeable
contractor, Dr. Christopher Frey -- which was useful, reassuring information. In the next iteration of the
document, this analysis should be presented in detail and, to the degree possible, the andysts should
consder the need for adjustments in observed emissons data across plants to account for differencesin
throughput characteristics, among other relevant factors. To the degree that day-to-day and/or
plant-to-plant variations in emissions can be explained on the bass of factors such as throughput, the
edimate of uncertainty in annua average emissions may be reduced.

Another mgor problem isthat the current andlysis does not follow existing EPA guidance on the
documentation and presentation of distributiona andysis (USEPA, 1997). Specificdly, that guidance
emphasizes that the modd itsdf and derivations of distributions used in the andysis must be transparently
presented in sufficient detall that a reviewer can reproduce them. Therefore, the case study itsdlf should
have included, as an gppendix, both the extensive display of results for each stack, aswell asthe
Spreadsheet modd equations and the mathematica form of the distributiona assumptions that were used.
The Subcommittee believes that any report of the results of aU&V mode must include documentation of
the model spreadshect itself, the dependencies among parameters that are or (in the case of
independence assumptions) are not built into the modd, and the precise mathematica form of the
digtributiond assumptions. For example, from the current presentation it is not clear if corrdations have
been built into the emissions of lead and other HAPs from different stacks that might reflect different
processing rates on different days, or whether these are considered as independent.

Findly, the Agency's treetment of "upset conditions' isnot clear. While there is a description of
the assumptions made to account for such occurrences, the explanation/judtification of the assumptionsis
lacking. Since emissions associated with upset conditions can, in some cases, outweigh the impact of
emissions during norma operation, it is especidly important thet this Stuation be directly addressed and
clearly explained.

In summary, the Subcommittee was unconvinced by the rationae for the sdlection of varigbles
and pathways to address in the U&V assessment and found the methods for quantifying the U&V suspect
in a least some respects. The Subcommittee recommends that the Agency redo the andyss sarting with
aclearly stated management objective, incorporating a better degree of separation of variability from
uncertainty, and generating a more comprehensive trestment of the most important sources of uncertainty
and variability.

3.8 Charge Question 8: Presentation of Results
Does the Agency's document clearly present and interpret the risk results? Doesit provide
the appropriate level of information? Do the figures and tables adequately present the

data? Do the formats provide for a clear understanding of the material ?

This Charge Question addresses the important issues of @) risk characterization, which goes
beyond numericad presentations of results to qudifications and discussons of uncertainty and data
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limitations (USEPA, 1999, p. 70), and b) risk communication, which conveys those resultsin easly
accessble terms to interested and affected parties. The focus of the discussion here is on the presentation
of the results. The mgority of Subcommittee views on the various aspects of the results themselves are
found in response to the earlier Charge Questions.

3.8.1 Initial Screening Analysis

According to EPA, the screening andysisis designed to obtain preiminary inhaation risk
edimates for the 23 facilities and 50 HAPs. In the course of the andysis, many other smplifications and
conservative assumptions are made, such as generic assumptions about releases of HAPs from smelter
facilities. The default release characteristics used in the SCREEN3 modeling are clearly presented in
Table 2.2. The Agency hasindicated that dl of the assumptions used in the initid screening andyssare
not conservative and that best estimates (Smplifying defaults) are used. A sengtivity andysis or other
qualitative discussion of the effect of these selections on the results should be included in order to give the
reader a better gppreciation of the robustness and the conservativeness of theinitid screening andysis.

In some cases, the report identifies areas in which information was not available, eg.,
housekeeping procedures for fugitive emissons. During the Agency presentation at the meeting, four
possible gpproaches to estimating fugitive emissions were presented: back calculating from lead
monitoring data, theoretical modeling, extrapolating from another source that has conducted fugitive
emisson testing, and direct measurement. These gpproaches should be identified in the report, along with
generad methods for deding with missing data, to help the reader understand what would be required to
gather thisinformetion.

The discussion of the screening (Section 2.2.4) portrays easily readable risk results for each HAP
for cancer/non-cancer risk. It presents maximum and minimum risk vaues for each individua organic and
metd HAP. The table should include an explanation of the maximum and minimum vaues, i.e, they are
amply the range of estimates determined for dl of the facilities. The text discusson clearly indicates the
bottom line (risks above one-in-amillion) and the fact that some of the HAPs are associated with higher
vaues. Proceduresfor arriving a the risk estimates and identifying where overestimates occurred are
clearly presented.

Uncertainty estimates are not presented in the tables, nor are they discussed in this section. This
should be explained in the results section. The text should expand on the potentia impact of the
discussion in footnote 8 concerning the lack of dose-response vaues for the ten HAPs that have not been
consdered in the case study due to alack of available dose-response information.

The form in which numbers are presented in Tables 2.3 and 2.4 (i.e., as exponents) is not essily
communicated to the public, and perhaps an dternative means should be considered. The Agency should
keep thisform for the Tables, but should consider usng congstent cancer risk expressons in the narrative
of the case sudy, avoiding the use of different expressons for cancer risk. For example, the use of the
expression 8-in-10,000 should be changed to 800-in-a-million. Thiswill dlow the lay reader to place the
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results into the common context of the less than one-in-a-million expresson which gppearsin the CAAA
and throughout the case study.

Section 2.2.4.2 identifies alarge set of defaults and assumptions, without providing an explanation
or raionde. More discussion of these defaults and assumptions is warranted, including statements about
how they affect thefind result. If the effects of the assumptions are unknown (as identified in this
section), some discussion of why thisis the case should be included.

The conclusion section for the initid inhaation screening analys's (parts of Section 2.2.4.3), are
troublesome because of their lack of specificity with respect to the chemicas being discussed and the
sources. For example, in the statement "Metal HAP risk results exceed these levels', the identity of the
metd HAP isunclear. Furthermore, any conclusions for this section are questionable since, asis pointed
out in the report, the largest source is fugitive dust emissions which are very uncertain due to uncertainties
in emission rates and the failure of the estimates to agree with NAAQS measurements made in the vicinity
of these facilities.

Section 2.4 (Overdl Summary of the Initia Screening Analyss) is very brief and would benefit
from adescription of the organization of the initid screening andysis and how it leads to the multipathway
screening andysis. The sdection of facilities for the refined andyss needs to be placed into some type of
risk management framework. These facilities were obvioudy selected since they represented the highest
risk (e.g. cancer risk > 9000-in-amillion and HQ > 70). However, adefined process is needed for
sdecting which fadilities will be included in the refined andyss. For example, if the 100-in-a-million
cancer risk vaue were used only two of the 23 facilities would pass the screening criteria. The use of this
cancer risk range would be conggtent with the benzene decison and the Commission of Risk Assessment
and Risk Management (CRARM) recommendations by having the total cancer risk from the facility being
in the range of less than one to one hundred in amillion for the screening assessment. In addition, if a
hazard quotient of 10 isused as an action leve for the screening assessment, as recommended by
CRARM, then adecison to diminate facilities 6, 9, 12, 20, 25 and 29 for further analysis of noncancer
hedlth effects can be made. A section entitled 2.X Initid Screening Andyss: Sdlection of Facilities for
Refined Multipathway Andysis should be added in the Chapter 2 results section in order to present this
rationale more clearly.

Section 2 needs to provide a better description of the 23 facilities that have undergone theinitia
screening anadlyss. Thisinformation would include a generd physicd description of the facility Sze,
location (urban, suburban, rura or indudtria) and terrain, the annua amount of materid throughput, the
degree of facility enclosures (total or partia enclosure of fugitive sources), and, perhaps most importantly,
the current HAP emission inventories for these facilities.  The inventory information could be obtained
from the 1996 or more current Nationa Air Toxics Assessment (NATA) project that the Agency is
working on or HAP emission statements filed with State environmental agencies. Some of this
information is readily available from the "L ocating and Estimating Air Emissions from Sources of Lead
and Lead Compounds' (USEPA, 1998). Thisinformation would be very useful for the risk manager
when evduating the initid screen inputs and results and would serve as a check on those facilities which
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would be sdected for further refined analyss. The brief discusson contained in the case study is
inadequate.

3.8.2 Multipathway Analysis

Section 3.3 (Results and Key Issues of the Multipathway Anayss), is much too long for aresults
and issues section. The heart of this materia is on pp. 94-96, so areorganization of this portion of the
report would be in order.

The Subcommittee found a need for a discussion about afew key issues, in addition to those
dready listed in Section 3.3.2. Specifically, these are the lack of consideration of background
concentrationsin the risk andysis and the effects of the adjustment of the nickel inhdation unit risk
estimate which reduces the conservatism of the cancer risk estimates.

The Report to Congress (USEPA, 1999) discusses the need to include background risk and the
difficulty associated with this specific issue. The case study does not address background risk issues
around any of the 23 facilitiesin the human hedth and ecological risk assessment. Thisis serious omisson
from the case-study, and the Agency should address thisissue a a minimum from a
qualitative/quantitative point of view, well beyond the comparisons made in Chapter 6. The absence of
an assessment of background risk serioudy impacts statements about the conservative nature of the
refined screening assessment.

The use of only 25% of the inhdation unit risk estimate for nickel subsulfide needs to be explained
in greater detail, snce it will have alarge impact on the total cancer risk estimates in the case study.

Some Subcommittee members thought the tables and figures were clear and comprehendible;
othersfelt they could be clarified. For example, the plots and bar charts presented as a part of the
Agency's briefing on March 1 were very helpful and could be added to the document.

HAPs that were not included in non-cancer endpoints should be clearly identified, together with
an explanation of why they were omitted.

3.8.3 Uncertainty and Variability Analysis

Asindicated in Section 3.7 above, the Subcommittee had serious concerns about the handling of
the U&V assessment. The comments below pertain primarily to the format and presentation, rather than
the adequacy or completeness, of the underlying andysis. In short, the Subcommittee finds that the
presentations (e.g., graphical and tabular displays) are conceptualy sound and effective. However, many
of the procedures used in the assessment are not as well-laid out as they need to be.

The tables and figures used throughout Section 4 provide a concise and well-thought out
gpproach for the presentation of variability for each scenario evauated. They dlow the reader to
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eva uate the broad spectrum of risk and the impacts of the various exposure parameters used in the
refined multipathway risk assessment. These tables and figures sgnificantly enhance the comprehensibility
of the variability assessment results. For example, the use of a13.3 m3 inhadation rate in the
multipathway anaysis (Table 4.3), when cross-referenced with Table 4.4, indicates that the inhdation
vaue used is between the 25th and 50th percentile and is redlly not that much of an extreme conservative
assumption. When the inhdation rate is coupled with the 70-year duration of exposure and the fraction of
the day a home, the find risk estimate fdls into the 95 percentile for inhdation risk. Thisis conastent
with the recommendations contained in the NRC (NRC, 1994) and the CRARM (CRARM, 1997)
reports and the language in the 1990 CAAA to estimaterisk for "....the individual most exposed to
emissonsfromasource......" This presentation format alowed the reader to understand in arather
ampligtic manner the amount of conservatism that was used in the refined multipathway risk andyss for
each exposure parameter. S0, if the risk manager wanted to observe theimpact of setting each
parameter (maximum inhalation rate, maximum exposure duration, maximum ingestion rate , maximum
time spent outdoors, etc.) and the impact it hason therisk estimates, it can be done rather quickly.

The incluson of the point estimatesin Tables 4.5 and 4.6 is an excdlent way to concisdy present
information to the risk manager. The use of alarge circle to identify the final cancer risk estimates on the
probability figures (Figures 4.2a - 4.7b) that would be used by the Agency to characterize the risk for the
find risk management decision would significantly enhance the presentation of the results and make them
easer to interpret. The tables and figures provide the risk manager with the ability to view the broad
spectrum of risk predictions, which includes risks to the average exposed individua (AEI), the maximum
individud risk (MIR) and the maximum exposed individud (MEI).

The use of digributiond analyssis unclear. The technique was used for some stepsin the risk
assessment, but not dl. For example, the digtributiona analysis was clearly used for exposure estimates,
because data from the Agency's Exposure Factors Handbook (USEPA, 1997) were used. However, it
is not clear whether the same data source was used for the emission estimates.

Asnoted in 4.8.7 above, the sdection of variables and methods of quantifying variability and the
distinction between uncertainty and variability isnot clear. Such a discusson should be firmly grounded in
the Agency 's risk management goas and a clear understanding of how these results will be used to help
achieve those gods.

3.8.4 Risk Characterization

In Section 5.7 the focus is whether the HQ vaues are above or below 1. The Agency should
condder the robustness of such "bright line" decisionsin light of the uncertaintiesinvolved. Section 5.8
was clear and acceptable to the group.

3.8.5 Summary and Discussion
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Keeping in mind the limitations and problems identified with the methodology above, this section
presents agood summary of results. Tables 6.1 and 6.2 provide a good overview summary of the final
results for the refined multipathway risk assessments. The presentation of results could be greetly
enhanced with the addition of more site-specific information to the case study. The collection of
additiona data should not be an overwhelming task. The Agency should consider the importance of such
arefinement before the case study becomes a public document.

The discussion in Section 6.2.1.1 should be expanded. The pre-NESHAP monitoring data from
New Y ork indicates that the NAAQS for lead can be exceeded and that the stringent control of fugitives
can result in adramatic lowering of ambient concentrations of lead and probably other metd HAPsin the
vicinity of secondary lead smdlters.

Section 6.2.1.5 needs to be expanded since it provides information on an excellent biomarker for
potentia exposure; i.e, blood lead levels. The inclusion of this type of information would greetly enhance
the case study. The Center for Disease Control and Prevention (CDC) and State Hedlth Departments
should be consulted to find out if thereis any other information on blood lead levelsin children who reside
in communities that are in close proximity to secondary lead smelters.

Table 6.7 should be modified by including the distance to the monitors, as well as a brief
discusson of Sting issues (e.g., predominant downwind or upwind monitoring locations) before any
comparisons are made. The same point can be made for the comparisons of the surface water
concentrations. However, the Agency does appropriately acknowledge that the comparisonsin Table
6.8 are not meaningful.

In summary, the informetion in the report is generadly well-presented in some instances and could
be significantly improved in others, as noted above. However, it isimportant to gather and evauate more
ste-gpecific information, using the risk assessment tools presented in the case study, before any fina risk
management decisions are made for this source category.
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APPENDIX A

WRITTEN COMMENTS OF SUBCOMMITTEE MEMBERS

Each member of the SAB's Residud Risk Subcommittee prepared written comments, centered
on the Charge Questions. These materials were available at the meeting March 1-2, 2000. Asaresult of
the public meeting, some of the Members dtered their origind drafts and asked that the revised versons
be included in an Appendix to the Subcommittee's consensus Advisory. Other Members chose not to
submit their comments for incluson in the document.

Therefore, this Appendix contains the find written comments from those Subcommittee Members
who chose to submit them for this purpose. These materids are included in this SAB document so that
the Agency and the public can @) benefit from the specific comments and b) gppreciate the range of views
represented on the Subcommittee.

Whiledl of these satements are commended to the Agency for careful consideration, unlessa
comment is addressed explicitly in the body of this SAB Advisory, it should be viewed as a satement
from an informed individua, not as the collective view of the Subcommittee,

The comments are induding in the following order:
1. Dr. Biddinger
2. Dr. Brown
3. Dr. Cory-Slechta
4. Mr. Gentile
5. Dr. Hattis
6. Dr. McFarland
7. Dr. Middleton
8. Dr. Taylor
9. Dr. Zimmerman

A-1



1. Dr. Gregory Biddinger
Exxon-Mobil Company
Fairfax, VA

General Comments

1. A Risk Assessment strategy should be designed in alignment with arisk management
process.

Although this may seem like an obvious and generic point, | fed it isvery rdevant to make a the
onset of these comments. It became clear during the review of this case study that the linkage between
the ecologica risk assessment (ERA) and risk management process is weak and this weaknessis likdy
dueto alack of clear definition on how the risk management process will proceed. | bdievethislack of
clarity asto how the ERA will be used to support any risk management decison makesiit difficult to either
design an ERA process that goes beyond a screening step or to define what are the Next Steps for ERA
in this specific case sudy.

Recommendation: The footnote on Page 34 of Volume 1 indicates that OAQPS isworking on
developing arisk management decison framework for the residua risk program. That framework should
be presented to the SAB review group to evauate dignment between the risk assessments and the risk
management process. If the srategy is not find, revisons to the case study should be deferred until the
framework is available.

2. With regardsto Ecological Risk assessment, the Agency needsto define what is meant by
the management goal of ensuring that HAP emissions do not result in " an adverse
environmental effect”.

In order to evauate the Questions associated with Charge 5, which is fundamentally, were the
appropriate models used correctly, it is essentid to understand what environmenta attributes are being
protected and a what spatid scale. In section 5.2.1 the agency sites Section 112(8)(7) of the Clean Air
Act Amendments (CAAA) to say it is"any significant and widespread adver se effect, which may
reasonable be anticipated to ... or significant degradation of environmental quality over broad
areas'. Thekey and operative terms in these statements, which require clarification, include 1)
significant, 2) widespread 3) adverse 4) environmental quality and 5) broad areas. Without aclear
definition of what the agency believesis the intent of these wordsin the CAAA, it isnot possible to assess
the correctness of the agencies actions. Based on an assessment strategy that uses hazard Quotients
(HQ's) and conservative ecotoxicologica screening benchmarks, | would have to assume the Agency's
god isto protect individudsin dl populationsand in dl places.

Recommendation: The Agency needs to provide the appropriate clarifying discusson in Section 5 of
Volume 1 or through the development of atechnica policy statement which can be cited in this section.
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This exercise should not be viewed as a philosophical exercise. In developing this clarifying andyssthe
Agency should identify some practicd rules or decison logic which can reasonably be used to diminate
source categories from ecologicd risk. Some (but not the only) possible rules for not doing an ERA
indude:

a) Source categories with afew smadl facilitiesin different regions
b) Source categories with afew large facilities but no persstent or bicaccumulative HAPs.

c) Facilities in source categories where the primary releases (e.g. downwash, etc) are contained
to the ste

3. The Ecological Risk Assessment provided isa screening risk assessment and clearly isnot
intended to be used for risk management decisions other than " No Action " or Further
Analysis'. But the recommendation(s) of the assessorsfor any follow-up options are missing.

The Agency isto be commended for so clearly stating in anumber of placesin the case study that
the environmental hazard assessment undertaking is not adequate for making afinad risk management
decison that would require controls or other actions to mitigate ecologica risks. This reviewer isleft with
the question "What will the Risk manager be able to do with thisandyss?' If the assessors felt that more
sophigticated or detailed analysis was necessary than they should have at least said S0, evenif they
believed performing that analyss was not in the scope a this point in the andyss. The case sudy is
incomplete with the ERA as provided because the next steps are not clear. It would not & dl be a
breach of the risk assessor and risk manager roles for the assessors to provide some further definition of
what they could do to explore the significance of some of the High HQ's for various aspects of exposure
to key metdls (e.g. Antimony) from the Fugitive emissons a facilities 3,4 and 13.

Recommendations: The case study needs to include a section on Next step options with
recommendations for the risk manager to consider.

4. The sour ces of uncertainty in the ERA are under stated.

In section 5.7.3 the report reviews the sources of uncertainty associated with the screening leve
risk assessment. This review on uncertainty doesn't completely account for the uncertainty associated
with the exposure estimates. Although it does identify incluson of assumption of bioavailability and the
excluson of some pathway it does not account or refer back to any analyss of the uncertainty associated
with the disperson and fate. The uncertainty reviewed in section 4 associated with emission rates,
disperson, environmentd fate and pathway andysis could easily overwhelm the uncertainty described in
section 5.7.3.

Recommendation: Section 5.7.3 should recognize the uncertainty passed through from the dispersion,
fate and pathway models.
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Charge Question 5: Ecological Risk Assessment

1. Given Currently Available M ethods, Arethe models used for the ecological assessment
appropriate?

In addressing this question it is important to consder my generd comments listed above. The
method of using Hazard Quotients (HQ's) and their summeation, Hazard Indices (HI's) to screen
ecologicd hazardsis well established for use in ranking and prioritizing hazards associated with chemicas.
The method has had significant use in new product design and approval, Risk-Based Corrective Actions
at contaminated Sites and prioritization of resourcesin regulatory programs. Asiswell sated in the
document such a consarvative technique is only used to remove chemicas from further risk management
congderation (i.e. the risk is acceptable) or to indicate that thereis a need for further andyss. What this
case study does not do is take or even identify the next steps to refine the analysis of those chemicals that
fdl above an HQ or HI of 1.0. One would have expected that some refinement of the exposure and
effects characterization for metals with the highest HQ's would have been explored. If only to seeif less
conservative or ste-specific modifications to the exposure characterization or full use of dose-response
data for relevant surrogate species might have brought the HI exceedances into acceptable ranges. Asit
dands now we are left with some significantly high HQ'simplying to an unsophisticated audience that a
serious problem exigts but without any framing of an gpproach to vdidate or refute such an implication.
Asarisk assessor, | recognize that thisis only the first step and that these HQ's can drop orders of
magnitude when they are refined, but any lay audience reading this review and seeing HQ's of 400 with
no action recommended is likely to be darmed.

Recommendation: The Agency needs to have a process that goes beyond the initid step of ecologica
risk assessment that is taken in this draft case study and either a) refines the hazard screening process by
improving the estimates of exposure and sdecting more appropriate Toxicity Reference Vaues (TRVS)
or b) movesinto arisk assessment process that is based on more complete and relevant profiles of
exposure and effects

2. Arethe (available methods) applied correctly?

For the most part yes but one particular aspects of the gpplication of the HQ approach goes
beyond current good practice, that is the summing of HQ across dl chemicas. Summation of hazards for
chemicas which are operating with the same mode of action on the same target organ or system may be
acceptable. But summarizing across an array of benchmarks which are based on avariety of endpoints,
some of which are NOAEL s and some are LOAEL 'sis not consarvative it ismideading. | can't see any
way that metals and organics could be consdered additive to ether the individua or at the population.

The only dasses of chemicdsin this case sudy which might dlow such a summing technique
would be the summation of HQ's for Dioxin/furan congeners and the summation of PAH's. But for
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PAH'sit would il be necessary to bresk the summations into high and low molecular weight categories.
If this were being done for assessment of acute hazards | would be more accepting but with chronic
toxicity criteria the endpoints could vary across growth, development, reproduction and survivorship

3. Arethe ecological benchmarks appropriate?

It isnot redly possble to completely answer this question from the information given. The
benchmarks that were selected represent the current state of the practice for screening benchmarks.
Many of these benchmarks were developed for use at contaminated Sites to focus management action on
only the serious chemicas of concern. For some of these lists especidly the water and sediment
benchmark series there may be different benchmarks for freshwater and marine systems. Which were
used? The lower of the two? Which ever was available? For screening purposesthisis not likely going to
be a problem or certainly any error of application could be caught in the next round of refinements.

What is clear is that these numbers should not be used for any sophisticated risk assessment. The
data behind these criteria may well support arisk assessment but the find "criteriavalue' can only be used
for what has been done here which isto eiminate chemicas of concern. AsHQ's are refined not only
should the exposure estimate be refined to reflect Site specific conditions, but also the characterization of
effects should advance from a generd benchmark to an estimate of a toxic threshold based on dose-
response data for a representative or surrogate species.

Recommendation:: If the Agency is going to do 174 source categories, it isworth the effort to develop
amatrix of Toxicity Reference Vaues (TRV's) for various receptors and endpoints for each of the HAPs
that could be used as screening vaues. If the complete dose-response relationships are available, then
the same data could be used for @) screening (NOAELS), and b) first risk gpproximations (EC10 or
EC20) and ¢) complete risk distributions (Sope of the dose-response curve). Although thisis not asmal
task, such afront-loaded effort could stream-line much of the subsequent source category andyses. If
the Agency were to embark on such atask, | recommend leveraging this effort with interested industry
coditions.

Section Specific Comments.

Section 5.1

The language in paragraph 1 of page 130 is confusing. Suggest discussing hazard potentid rather
than potentid risks.

Aredl of the cited EPA documents are available to the public? Is EPA 1999d available? If not
should it be cited?

Section 5.2.1
As previoudy stated in generd recommendation #2, this section should be expanded to give the
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agencies interpretation of the management god from the CAAA. Thiswould require defining such terms
a&s

1) Sgnificant,

2) Widespread

3) Adverse

4) Environmental Quality and

5) Broad Areas.

Section 5.3

This section isweak because of the lack of interpretation of the management god in section 5.2.1.
It should be more clearly stated that the assessment endpoint is No or limited adverse effects to individua
members of sendtive populations. Thereisno read congderation of impacts to Sructure or function. It is
only asmple extragpolation to suggest that if no individud is adversdy affected than neither will the service
of its population or the ructure and function of communities and ecosystem it livesin be affected. This
assessment is being done in afashion to protect individuas; there is nothing wrong with thisif that isthe
agency'sinterpretation of adverse environmenta effects. | would suggest it isabit stringent but for a
Screening assessment not atypica. But ultimately the assessment of resdud risk should be a aleve of
population or higher.
Table5.1

Citations for Suter et.a. and Will, M.E. et.d. arein conflict with the reference lig.
Section 5.7.2

The discussion incorrectly states that al facilities had HQ's >1 for metds. Facility 2 was not
reported in section 5.7.1.1 or in gppendix E to have HQ's > 1 with or without fugitives emissons. This
inconsistency needs to be corrected.

Section 5.8

As gated previoudy, this section should address recommendeations to the manager about the need
for follow-up actions.

Sec. 2.3 Theuse of liststo identify Persistent and Bioaccumulative compoundsis
inappropriate.

Recommendation: The Agency needs to specifically design or adapt a process to support a Residua
Risk process.
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2. Dr. Stephen L. Brown
Risks of Radiation Chemica Compounds (R2C2)
Oakland, CA

These comments are submitted to aert the Subcommittee members to some issues | will want to
discussin our meeting on points OTHER than on my main assgnment--the uncertainty and variability
andyds. Along with my co-discussant, Dde Hattis, | will be submitting aformd, dthough priminary,
writeup on that subject.

Overall Effort

Overdl, | have mixed fedings about the case study. On the one hand, its overal structure and
components are Smilar to those in many of the risk assessments conducted in the past few years by or for
USEPA and other environmenta agencies such asthe Cdifornia EPA. It features some standard and
generally well accepted models such as ISCST-3 aswell as adetailed multipathway modd, IEM-2M. It
uses values for many of the needed parameters that can be found in standard sources such asthe IRIS
data base of toxicity information and the Exposure Factors Handbook. It features a screening level
andydis prior to the main andysisthat is designed to help the latter focus on the most important HAPs
and facilities. 1t includes a variability/uncertainty analyss and arisk characterization section that are both
recommended in recent EPA guidance on the conduct and presentation of risk assessments. Many of its
assumptions are Smilar to those in other EPA risk assessments and therefore cons stent with them.

On the other hand, it shares most of the deficiencies of those same comparison risk assessments
and seemsto introduce afew of itsown. The conservative assumptions inherent in most Agency risk
assessments are repeated here, and are not adequately balanced by the supposedly less biased
uncertainty anayss. Many of the case-gpecific assumptions are inadequately described, let done well
judtified, in the text supplied to the Subcommittee. Some of the predictions of the assessment are truly
astounding (e.g., the blood lead levels caculated when fugitive dust emissons areincluded in the
assessment), yet there seems to have been little attempt to identify and correct the problems that might
have led to such conclusons. Even though the case study is not supposed to be afina assessment for the
secondary lead smelter category, it should have included more thorough qudity control to demonstrate
how such an activity would beincluded in afind assessment.

In reviewing the assessment, | was struck by how smilar the Structure was to assessments
conducted under AB2588, the Cdifornia statute titled the Air Toxics Hot Spots Act. Thet act is
specificaly designed to evauate the risks from emissonsto air by sationary sourcesin Cdifornia. In that
case, the risk assessments are conducted by the facility itself usng guidance provided by the State, and
the assessments are reviewed by the local air digtrict for conformity with that guidance and accuracy of
inputs and outputs. The facility may submit an dternative assessment with more Ste-specific information
and less consarvative assumptions, including a digtributiona analysis in some cases, but the loca authority
is not obligated to review those assessments. The standard assessment is usudly conducted with the aid
of acomputer mode such as ACE2588 or HRA96 that was designed to follow the guidance precisdly.
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Users are dlowed to use some site-specific information, such as stack characteristics and the location of
actua water bodies used as drinking water sources. The modd s include not only direct inhdation
exposures via concentrations calculated by 1SCST-3 but also via multimedia pathways smilar to thosein
I[EM-2M (dthough IEM-2M features a more detailed water partitioning model because it was designed
specificdly for mercury). Another smilar multimedia risk assessment modd designed for emissonsto ar
is TRUE, developed by the Electric Power Research Indtitute for assessing fossil fud power plants.
TRUE includes amercury modd similar in designto IEM-2M. TRUE is generdly less consarvative than
the AB2588 models, but is still described as conservative by its authors.

I will now provide comments by Section of the Case Study, more or lessin page order.
Introduction

| was disappointed not to see aclearly articulated description of the decision that this type of risk
assessment isto serve. Although the obvious application is to the residud risk requirements of the
CAAA, itisnot dear that EPA knows how it will interpret those requirements in evauating the outputs of
the risk assessments. For example, how will risksto highly exposed individuas be weighted in
comparison to the population risks for the whole exposed population? How will a highly exposed
individual be defined? Some fixed percentile of adigtribution? A qualitative representation of such a
percentile, such asthe RME? A hypothetical maximally exposed individua or MEI? What are the
quantitetive criteriathat will trigger further risk reduction actions? Will those actions be applied to only
those facilities whose caculated risks are above the criteria, or will the whole category be affected?
What leve of assurance will be demanded that the criterion is met in order to State that the resdud risk
requirement is met? Without knowing rather well what questions will be asked, the Agency may not
provide useful answers.

In the Introduction, the concepts of the unit risk estimate (URE) and the reference concentration
(RFC) are introduced for inhalation risks. Although it is clear that both of these numbers are applicable to
continuous lifetime exposure to a congtant concentration in air, it is not clear that caculated concentrations
may need to be adjusted for exposure duration before being used to determine risk using the URE or
RfC. Thislack of clarity isnot entirely digpelled in the later section on Dose Response. One stakehol der
commenter believes that the duration adjustment was appropriately made for ingestion exposures but not
for inhdation exposures. More generdly, the document could use considerable improvement in the
exposition of what was actudly donein the risk assessment.

Initial Screening Level Residual Risk Analysis

The idea of screening level andyses to focus further risk analyss on the facilities and HAPs most
likely to violate the resdud risk limitsis sengble. In fact, multi-level screens may be appropriate, not just
oneinitid screen. However, the screening analysis as designed could be improved. Firdt, screening on
only inhalation exposures may give afdse sense of security about some facilities or chemicasif other
pathways are in fact substantial contributorsto risk. For some HAPs emitted to air, pathways other than
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inhaation may be orders of magnitude more important to risk, particularly if the fate parameters are such
that concentrations in soil will build up over along time before plateauing as remova processes become
effective. 1t may be necessary to build in some HAP-specific screening-leve mulltipliers for multimedia
effects into the inhdation risk caculations. On the other hand, it gppears that the screen for secondary
lead smelters may have been too conservative in that dl facilities and many of the individud HAPs
exceeded the screening criteriawhen fugitive dust emissions are included. If a screen does not screen out
anything, it is not very effective.

| am aso not particularly impressed with the rationde for sdecting the HAPs to take forward into
the multipathway andyss. The occurrence on alist of “PBT” (perastent, bioaccumulative, toxic)
substancesis, in my view, aweak subgtitute for amore quantitative classfication. The actud risk posed
by a substance depends on dl three attributes, and others, in acomplex way dependent on the actual
conditions of fate, trangport, and exposure. 1t is possible to examine complex multimedia models and
create smplified models that reproduce their results in a crude fashion, preserving how the effects of half-
life, BAF/BCF, and toxicity interact. | again recommend an effort to create HAP-specific multipliers for
screening purposes to help identify the HAPs that should enter the multimedia assessment.

Multipathway Residual Risk Analysis

As dated in my overd| impressons, in many ways the multipathway andysisis equivdent to or
better than other regul atory-responsive risk assessment models, festuring awidely accepted air dispersion
model dong with ahighly detailed multimedia transport and fate modd. My reservations have more to do
with implementation than with overal concept.

Perhaps my foremost reservation is about the emissons estimates. As| understand it, no facility
has more than one set of tests (e.g., a one- to three-day measurement protocol) subsequent to achieving
MACT. Furthermore, there is no evident attempt to correlate the emissons testing results with any
explanatory input such lead throughput during that period, type of operation, or type of emisson control
equipment. (The latter two factors do seem to be used as a guide to extrapolations from one set of
measured results to a different facility, however.) The document does not discuss any inherent tempord
vaiability, such as variaion in throughput, that might make a snapshot of emissions ingppropriate for
caculating an annud average. Perhgps these points are al discussed in the underlying data sources, but
they do not appear in the current document. As dated in my preliminary comments on uncertainty, the
variability seen in the lead emissions estimates may be more representative of day-to-day variations than
to annud average variability. Thereisno evident test of correlations between lead emisson rates and
HAP-to-leed emission ratios, that might occur, for example, if lead emissions followed lead throughput
but some other source (e.g., refractory brick) were the source of a different metd. The Agency clearly
has little confidence in the fugitive dust emissons estimates--d| derived from preMACT data, as|
understand it--but still presents risk results as some sort of upper bound on risk. | contend that such an
upper bound is probably not reasonable, given the failure of monitoring data to confirm the concentrations
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of lead or other HAPs offsite.! Unlessthe Agency is prepared to undertake empirica studies of fugitive
dust emissions from secondary lead smdlters, it might be better advised not to do any quantitative
andyds, smply stating that risks might be higher had fugitive dust been included. | suspect the same may
be true for other source categories.

Another mgor concern is the seeming inconsstency between the very detalled multimedia
modeling, which includes such abstruse topics as sediment-water partitioning with BCF and BAF
adjustments to fish concentrations sde-by-side with an inability to locate stacks in relation to facility
boundaries or the assumption of home garden consumption at a nearby residence. It would seem to
entall little work to telephone the facility for information or make a Site visit in comparison to developing
al theinputs for the IEM-2M mode, yet such inexpensive efforts could improve confidence in the risk
estimates greetly.

| generdly agree with the hierarchy of choice for selecting toxicity vauesto be used in the modd.
Some commenters have questioned the use of CAEPA vaues as one of the possihilities, but as a member
of the Risk Assessment Advisory Committee, | have examined that Agency’ s methods and believe them,
on balance, to be as good or superior to USEPA's. | therefore cannot fault OAR for using the IRIS
vaues when available and ATSDR, CaEPA, and HEAST vadueswhen IRIS isslent. Nevertheless,
some of the toxicity numbers appear to affect the results markedly and should be viewed with caution. |
am especialy concerned about the vaues for antimony and for manganese. The antimony RfC is based
on irritation, for which gpplication of standard uncertainty factors may not be appropriate. The antimony
RfD is basad on toxicity endpoints that include blood glucose and cholesteral, not clinicd illness. The
manganese RfC is based on “impairment of neurobehaviora function,” an endpoint thet is probably to
some extent subjective and less severe than endpoints used to define other toxicity values. | recommend
that EPA’s Risk Assessment Forum explore ways to make the IRIS data base more consistent (perhaps
by explicitly consdering severity of endpoint) and to verify any vaues that seem to drive risk assessments.

| note the importance of particle size digtributions in defining deposition velocities and other
parameters for dry and wet deposition, which can greetly influence the overal deposition rates and risks
for the same estimated air concentration. | understand that the distribution for stack and controlled
fugitive emissions was assumed to be smilar to those observed in emissions from baghouses, and
generdly ranges downward from 10 microns. However, | did not find this assumption to be stated in the

11 am not as sanguine about the virtues of “mode vaidation” for the multimedia mode as some of the
other reviewers of the Case Study. The mode is designed to estimate media concentrations averaged
over some vaguely specified future time period after continuous operations at MACT conditions with
no prior operation. Measurements of media concentrations that can be conducted in the present,
however, will not capture the effect of future emissons, so might be underestimates, and will capture the
effect of higher preeMACT emissons, SO might be overestimates, of the desired validation quantity.
Moreover, the proper tempora and spatia averaging techniques to make modd predictions and
measured concentrations strictly comparable are not easy to specify. Perhaps the best we can hope for
isthe identification of grossinconsstencies.
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document, nor did | find information on the assumed didtribution for fugitive dust emissions or how the
particle size distributions were trand ated to deposition velocities. Generally spesking, reductionsin
particle size tend to spread deposition over agreater area but reduce peak deposition a the RME
location. However, if the particle Sze distribution is dominated by particles so large that they deposit on-
Ste, reducing the particle size may actually increase the RME deposition.

Although the actud modd inputs include a provison for chemica degradation after deposition,
this mechanism of HAP remova from soil and water is not mentioned in thetext. It should be. | dso
understand that the locations of actua water bodies were used for the drinking water and fish
concentration calculations, not some hypothetical water body co-located with the RME, but again this
procedure was not described in the text. | aso am not sure whether these water bodies are actua, or
only potentia, sources of drinking water for thelocad community. The text is aso unclear about the
fraction of dl produce consumed that is assumed to be contaminated by the smelter. In some cases, it
appears that a 100% assumption was used, whereas elsewhere, it appears that some standard EPA
assumptions less than 100% were used. | am particularly concerned that any significant part of “grain”
consumption is assumed to be locally produced, at least for home gardeners.

Non-cancer risks are represented by the hazard quotient/ hazard index structure that, with dl its
limitations, is the standard Agency method for the so-called “threshold” toxicants? The averaging period
for exposures to be used in non-cancer risk assessmentsis generdlly taken to be one year in Agency
assessments, and that practice seems to have been followed here. On the other hand, the averaging
period for exposure to carcinogensis taken to be alifetime, at least for al carcinogens treated as having
linear dose-response relationships with no threshold. That assumption implies that cancer risk varies
linearly with duration of exposureif daily exposureis held congtant. Although it isreasonably clear that
the Agency has taken duration into account in exposure averaging for the ingestion routes of exposure,
one of the stakeholder commenters has dleged that the Agency did not do so for the inhaation route,
thereby overestimating risk by the ratio of alifetime to the assumed duration of exposure. If true, this
error should be corrected. If not, explanatory text should be added.

I would have expected that lead would be the most important risk from a secondary lead smelter.
Cursory ingpection of Tables 3.13-3.16 might suggest to the unwary that it is not, because no hazard
guoctients are presented for the ingestion routes, and the hazard quotients for inhdation are not as high as
for some other HAPs. However, thisimpression is due to two facts that are not as emphasized as they
might be. Firg, the inhaation hazard quotient is calculated from the primary NAAQS for lead, which is
not purely a hedth-based number. Second, the ingestion hazard quotient is not calculated &t al, because
the Agency refuses to promulgate an RfD because of the asserted non-threshold nature of lead.

2The Agency views lead as a non-cancer risk that nevertheless has no identifiable threshold, and
treats it with the IEUBK mode. In redity, toxicity datarardly if ever identify atrue threshold and the
RfD or RfC is st asthe practical equivalent of no risk. Probably more at issue is the assumption that
risk of cancer ismore likely to vary linearly with exposure a low exposure than is the risk of non-
cancer effects.
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Therefore, the Sgnificant andlysis for lead is accomplished through the IEUBK modeling procedure
described in Section 3.3.1.4. From Table 3.23, it can be seen that predicted blood lead levels can be
quite high, especidly for the fugitive dust scenario.  Although some discussion of the lack of conformance
of these predictions with observed blood lead vaues is presented, | think that the magnitude of these
vaues casts grave doubts about the vaidity of the modeling. See, however, Footnote 1 on the difficulties
of making comparisons of model predictions with measurements.

Initial Ecological Screening Analysis

Although my expertise is not on the ecologica sde, this section struck me as more
sraightforward, polished and easier to understand than most of the hedlth risk assessment sections. |
note thet it is screening-leve in terms of the evauation of the sgnificance of media concentrations, but is
more-than-screening-level in terms of the calculation of media concentrations, asit uses the same ISCST-
3IEM-2M outputs as does the multimedia hedth assessment. The text suggests that some organics and
acid gases might be included in a more detailed assessment, but was not clear what reasons would induce
the Agency to include them.

The text States that Sngle point estimates are used to evaluate media concentrations, but does not
date at what geographic location. | infer that they are probably the RME locations used for the hedlth
assessment, but the location should be made explicit. Averages over some reasonable range for the
organisms assessed might be more reasonable.

Summary and Discussion of Results

In generd, the summary is a reasonable representation of the procedures and findings from the
preceding sections. It dso attempts to discuss a number of issues that might be troubling to a reader,
including the comparison of modeled concentrations with measured ones. However, my overdl
impression isthat the risk characterization is more optimistic about the qudity of the andysisthanis
judtified. For example, in Section 6.4, the Agency states “For any particular pollutant, pathway and
exposure scenario the resulting distributions can be used to identify the confidence or probatility that risks
will be below or above specific risk levels (e.g., acceptable risk).” Given the deficienciesin the
uncertainty analyss, let done those in the deterministic assessment, | think that is a gross overstatemen.
Nor do | think that the uncertainty anadlysisin any way vaidated the deterministic assessment, dthough
that is dso suggested here.

| dso found the section on children’s hedth gratuitous, unconnected to the main analysis, and full
of overstatement. For example, the description of newborns having a*wesker immune system” omitsthe
temporary carryover immunity from the mother. Although children est more food per unit body weight
than adults for some foods, they et lessfor others (eg., fish). And those differences are dready
captured in the exposure andysis by age. The fact that cancer risks, even if due to early-life exposures,
are expressed later in life is not mentioned, and the reader is left with the impression of a potentia
epidemic of children’s cancer dueto lead smelters.
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Finaly, | want to share one procedure that | dways followed when preparing AB2588
assessments. Because | was usually contracted to afacility owner, | wanted to be sure that the results
were not overstated through error, even if overstated through mandated assumptions. | therefore always
traced back the dominant risk drivers by pollutant, exposure pathway, and source. | often found smple
errors to be respongible, such as entering a number that was expressed in different units than needed, or
even copying errors. Sometimes the problem was more subtle, such as including aroute of exposure that
was actudly not possible for the specific facility. | am not convinced from reading the Case Study that
the Agency took similar efforts to assure qudity, and | recommend it do s0. My experience can be
extended for those who are worried about risks being understated by looking at pollutants that were
expected to show higher risks but did not.
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3. Dr. Deborah Cory-Slechta
Department of Environmental Medicine
Univergity of Rochester
Rochester, NY

1. There are two mgjor but related aspects of the resdua risk anaysis which are disconcerting.
Thefird is the extensive degree of uncertainly in the models that have been developed and the totd or
cumulative uncertainty of the overdl risk analysis. To the credit of its authors, the models are well thought
out progressions that go from an initid identification of what may be the mgor contaminants from the
ametersto a multiple pathway analysis that includes multiple sources of exposures as wdl as multiple
types of receptors. Modds for each component of these pathways feed into the overdl derivation of the
resulting HI vaues. The logic and inclusiveness of this progresson isamagjor strength of the approach. In
addition, the multiple pathway analys's gpproach includes condderation of different age groups, at least
early age groups. However, the actud derivation of the HQ and HI vauesis dmost totally dependent
upon substituted values rather than upon actua data and these are propagated through the process. Thus,
thereisredly no vaidation of the mode that has been attempted to date. Certainly no systematic attempt
to vdidate the modd was undertaken; but even the assessment against some known entitiesis not
consdered. The outcomeis redly presented in the abstract. While there is repeated discussion of the
uncertainties of the andyses, there is no discussion following either Chapters 3 or 4 of Volume | asto the
redities and or the limitations of the findings. This represents amajor weskness of the gpproach,
recognizing what may be difficulties in obtaining data for the most relevant parameters of the models.

2. Also with respect to issues of vaidating and understanding the modd, thereislittle indication of
how the actual default assumptions used dter the outcomes and any tests to look at how modifying these
assumptions changes the outcomes, or drives the outcomes. Its not clear how the vaidity of the model
can be established without understanding how its components work and influence outcomes.

3. The uncertainty analyss does little to provide additiona reassurance with respect to the vdidity
of the model. The description of the outcome of this analyssis presented but with little atention to its
conclusions and to how these conclusions relate to the validity of the resdud risk model, particularly the
multipathway anadyss. For example, the plots presented with respect to outcome are somewhat difficult
to comprehend and do not provide a straightforward assessment of uncertainty. The analyses presented
in Chapter 5 of Volume | are plotted in amanner that is not intuitively obvious and must be extracted. It is
indicated, most as an aside, that the range predicted for each cancer or non-cancer effect spans at least
two orders of magnitude. How acceptable is this range? What would typicaly be an acceptable range of
vaues from such an anadyss?

4. Some of the predicted values from the residud risk assessment suggest problems with the
default assumptions. For example, the resdud risk assessment predicts blood lead vaues from Facilities
3, 4 and 13 for infant blood lead levels of over 200 ug/dL. These are extraordinarily high, likely much
higher than even encountered in an occupationa context these days. Surely, if such blood lead vaues
were being generated, they would result in obvious toxic effects and even lethdity in infants and would be
evident.
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5. Similarly, the resdud risk assessment derives exposure vaues for dioxins and furans were
found to be condderably lower than those reported in breast milk in dl of the facilities. The resdua risk
assessment concludes that this means that emissions of dioxingfurans from secondary lead smdtersare a
minor contributor to overdl dioxin/furan emissions nationwide. Not consdered here isthe dternative
explanation that dioxing/furans may be inadequately modeled. The comments summarized in#s 3 and 4
above suggest that by the Smple potentid mechanisms of vdidating the modd, it does not work well.

6. Two mgor assumptions upon which the resdua risk assessment is based are not adequately
judtified nor explained. The assumption that cancer as an endpoint has no threshold, whereas non-cancer
endpoints do exhibit thresholds has no obvious biologica bass. It dso is not well supported by more
recent reanalyses of data suggesting that Pb exposures below 10 ug/dL (avaue used as atype of risk
threshold) may actualy produce larger effects than those above 10 ug/dl. It is dso notably incons stent
with the rest of the document, since thisis certainly not the most conservative gpproach. If this assumption
isto remain in the resdud risk assessment, then some type of rationde for it should be provided.

7. Another assumption that is problematic is that the effects of HAPs are consdered to be
additive. Thismay need to be a default assumption given the relative absence of a data base from which
to conclude otherwise. Assumptions of synergistic or potentiated effects may be overly conservative and
thus not appropriate in this case. Again, however, some rationae for the reliance on this assumption
should be provided.

8. The focus on dioxin as a cancer risk redly fails to embrace the fact that these compounds have
marked effects on the immune system, the reproductive system, and perhaps the nervous system as well.
This component of dioxin/furan effects should be included in the non-cancer effects.

9. Some of the distinctions between the subs stence farmer and the home gardener seem
somewhat arbitrary. For example, why wouldn’t the home gardener aso be ingesting animal products, in
fact those grown on the subsistence farm; loca processing and digtribution of these products certainly
ocCurs.

10. One mgor component of the document that ssems to be missing isany red discusson of the
outcomes of the multipathway anadysis with respect to known values as determined from other sources
for emissons of the various metals and organics chosen aswell as any exposure data for these
compounds in smelter workers and or groups living around smelters. How do vaues computed relate to
any known emission or exposure data?

11. A related point isthat the document does not really put the risks generated into an adequate
public health context. What do these derived risk estimates mean with respect to public hedth? The
vaues generated are presented without redlly providing any discussion of their relationship to known
toxicity levels for these compounds.

12. A minor point, but wouldn’t chicken be a better choice than pork with respect to total human
consumption in the category of anima product ingestion”?
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4. Dr. Thomas J. Gentile
NY State Dept of Environmental Conservation
Albany, NY

Science Advisory Board Review (March 1 -2, 2000)

1. Overall: Isthe methodology that the Agency applied in thisrisk assessment consistent with
therisk assessment approach and methodology presented in the Report to Congress?
Aretheassumptionsused in thisrisk assessment consistent with current methods and
practices?

The risk assessment methodology presented in the case study is consistent with the framework
described in the Report to Congress (RTC) with some significant exceptions.  Overal, the case-study
approaches incorporates the iterative approach (e.g. refine the risk assessment by reducing the
conservatiam by including ste-specific detail). It carefully identifies the assumptions and impacts of the
assumptions on the risk estimates presented. In addition, the public hedlth risk assessment is consistent
with current methods and practices. Although | have some concerns about the adequacy of the
ecologica assessment, these concerns may be due to my unfamiliarity with the current state of the science
about ecologicd risk assessment practices.

However, the case study does not go far enough in providing site-specific information to make
the important risk management decisions concerning the adequacy of the NESHAP to protect public
hedlth and the environment. There was an attempt to incorporate some Ste-specific information (e.g.
facility compliance stack test, state stack test, receptor locations, ambient measurements and local blood
lead levels), but more Site specific information (e.g. the degree of partid or tota fugitive emissons
enclosures, pecific terrain information for receptor modeling, soil sampling results for metalsin the locdl
areas) needs to be obtained by working with State and Loca Public Hedlth and Environmental Agencies
and indudtry. Thispoint is evident when a comparison is made between the screen and refined risk
estimates for inhdation only exposure (Table 1).

Tablel. A comparison between the refined and screen inhalation cancer risk estimates for the facilities
sdected for refined analyss. (All risk estimates are cases per million)

Facility | Initid Screen | Refined Screen | Refined Screen | Risk Reduction | Risk Reduction
w/o fugitives w/ fugitives wi/o fugitives wifugitives

2 6000 10 52 600 115

3 9000 5 2240 1800 4

4 6000 268 6950 22 risk increases

13 10000 16 130 625 7
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Theincrease in risk for facility 4 as aresult of the refined modeling raises concerns, which may
go beyond the lack of refinement of the fugitive dust emission estimatesin the refined andyss. This needs
to be explored in greater detail in the case-study. The obvious differences which impact the risk
assessment between facility 4 and the othersis the Sze of the facility as determined by the number of
emission points (n=13), the furnace type and the closer receptor impacts (Table 3.7 in case-study).
However, the most troubling aspect isthat Facility 4 had stack test data reported for dl of the HAPs
which were assessed in the refined screening exercise. 1t dso had the smalest incrementd reduction in
rsk (22 times) when just the process and process fugitive emissons impacts from inhaation exposure are
consdered. The other issueisthat Facility 3 aso had stack test data reported for dl of the HAPs which
were asses2d in the refined screening analysis and had the largest incrementd reduction in risk (1800
times). An in depth anadysis of these large differences in risk reductions (1800 versus 22) needsto be
examined more closely in the case study. In addition, they have probably been subject to stringent state
air toxics requirements under the Cdifornia Air Toxics Hot Spots Program. Isthere a State Air Toxics
Hot Spot Risk Assessment for these facilities? If it is available has OAQPS conducted an independent
evauation of the results and actions which were taken to reduce risk?

Thisis extremey important since the refined andysis for facilities 3 and 4 was based more Site
specific emissonsinformation. Theincreased risk observed for facility 4 in the refined analyssindicates
that the initid screening assumptions may not be overly consarvative in al cases. The only way to check
thiswould be to obtain some basic ste-specific information to insure that the parameters used in the
initia screen are dways going to be conservative for dl facilities.

In summary, a detailed site specific description of the four facilities selected for the refined
andysis should be summarized and included in volume 1. The brief discusson in section 3.1.1is
inadequate and should be expanded. This qualitative expansion should include cross references to other
sections where Site specific datais used in the refined andysis.  For example, the use of actua stack
characteridics for the refined andysswhich isfound in Table 3.3, the use of locad met datawhich isfound
in Table 3.4 and the use of actud receptor locations which isfound in Table 3.7. Thiswould place dl ste
specific or cross references to Site-gpecific information into one important place and would help the
reader conceptualize the differences between the facilities under evauation.

In context of the framework presented in the RTC, it appears that the refined andysis can not
answer the question: Is human hedlth risk acceptable ? The fugitive emissonsissue (eg. lack of
refinement) and the lack of site-gpecific information clearly result in negetive answer to the question: Are
information and analyss sufficient to evauate management options? This answer indicates that a further
refinement of the case-study or another iterative step is needed before an evauation of the risk
management options can be considered.

The Agency is mandated under Section 112(f) to conduct the resdua risk assessment and make
adecision to implement further regulation or to make a decison that no further regulation is needed. In
response to the previous SAB review of the RTC, the Agency responded that, “ the decision made with
the results of the screening andysisis no further action or refine the analys's, while the decison made
with the results of the more refined analysis is no further action or consider additional emissions control.”
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As discussed above, the results of the refined analysis provides the same answer asthe initid inhdation
screen, that a more refined analysisis needed. Therefore, the case study has not achieved the ultimate
decision objective and another level of andysisor iteration isrequired. The case sudy should do amore
in-depth refined analysis or an additiona step-wise iteration to improve the case study for risk
management decision making.

An examination of theinitid screen results indicates thet it has provided important information
about which hazardous air pollutants (HAPS) need to be considered in the multipathway and refined
andyss. However, the results from the above Table are disconcerting. How can the refinement and the
remova of consarvative assumptions and HAPs from consideration result in an increased inhdation risk
for receptors around facility 4? It isimportant to narrow the scope and refine the residud risk analysisin
the first step, however, extreme caution must be exercised when diminating HAPs and facilities from
condderation as aresult of theinitid screening. It isclear that the use of post NESHAP emission ratesin
theinitid screen would provide a better starting point for the case studly.

The impact of consolidating emisson pointsinto a centroid emission point needs to be carefully
consdered and andyzed. The Office of Air Quality Planning and Standards (OAQPS) should evauate
the work that has been conducted with the Office of Pollution Prevention and Toxics (OPPT) on the Risk
Screening Indicators Model concerning the use of centroid emissions locations versus the use of facility
specific stack and location parameters.  An analys's conducted by OPPT found that the impacts in the
area close to the facility fence lines was underestimated by afactor of three to seven when the centroid
was used to estimate emission impacts. As distance from the fecility increased the centroid modeling
provided more consistent predictions when compared with the modd using actua stack emission
parameters and location characteristics. Therefore, some of the conservatism of theinitid screening and
the refined screening exercises may be questionable if receptors are in close proximity to the facility
fencdines

The sdlection of facilities for the refined andysis needs to be placed into some type of risk
management framework. These facilities were obvioudy sdected since they represented the highest risk
(e.g. cancer risk > 9000 in amillion and HQ > 70). However, adefined processis needed for seecting
which facilities will be included in the refined andyss. For example, if the 200 in amillion cancer risk
vaue was used only 2 of the 29 facilities would pass the screening criteria The use of this cancer risk
range would be consstent with the benzene decision and the Commission of Risk Assessment and Risk
Management (CRARM) recommendations by having the tota cancer risk from the facility being in the
range of less than one to one hundred in amillion for the screening assessment. In addition, if a hazard
quotient of 10 is used as an action level for the screening assessment as recommended by CRARM, then
adecisonto diminate facilities 6, 9, 12, 20, 25 and 29 for further andyss of noncancer hedlth effects
can be made. One can congtrue from the sdection of only four facilities that adecision of no further
action may be made for the other 19 facilities based on the initial screening assessment.

In summary, there is aneed to gather more site specific information for the initid and refined
anayses than what was gathered and presented in the case-study.
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The RTC discusses the need for including background risk and discusses the difficulty associated
with this specific issue. The case study does not address background risk issues around any of the 23
fadilitiesin the human hedth risk assessment. Thisis serious omission from the case-study and thereisa
need to attempt to address thisissue at a minimum from a quditative and quantitative point of view, well
beyond the comparisons made in Chapter 6. No assessment of background risk serioudy impacts
satements about the conservative nature of the refined screening assessment.

| disagree with the statement on page 134 of the case-study that any attempt to include
background concentrations in the ecological assessment “.... were beyond the scope of this assessment.”
Thisisacriticd part of the ecological risk assessment since these facilities have been probably impacting
thelocal ecosystems for along time prior to the addition of NESHAP controls. An assessment of
background risk in addition to the screening level assessment is absolutely necessary before any decisions
can be made about the sSgnificance or conservativeness of the ecological risk assessment.

The RTC aso discusses the assessment of acute effects from short-term HAP exposure.
The case study contains no discussion or assessment of acute effects from HAP emissons for this source

category.

2. Modd Inputs: Arethe methods used to estimate emission rates, and the method used to
estimate species at the stack appropriate and clearly described?

The methods used to estimate emission rates for the initid screen and refined andyss are clearly
described. However, there is a concern that the emission rates used for the lead to metal HAP ratiosin
theinitial screen are biased low based on the actual stack test results from facilities 3 and 4. A
comparison of the lead/HAP meta ratios used in the initial screen and refined anadlyss are presented in
Table 2.

Table2. A comparison of the lead to HAP metd ratios used in the initid and refined screening andyss.

Metd HAP Initid Screen Refined Initid Screen Refined

( Process) (Process) Process Fugitive | Process Fugitive
Arsenic 0.09 0.31 0.03 0.035 - 0.098
Chromium 0.05® 0.00048 0.01 .00013 - 0.0014
Cadmium 0.02 0.031 0.01 0.02 - 0.045
Nickel 0.08 0.179 0.06 0.13-1.99

(1) - Theratio for theinitid screenistota chromium and for the refined analysisit is hexavdent
chromium. An adjusment of the initia screen tota chromium values using the 1% assumption as
hexavdent provides amost the same vaue used for the refined process and process fugitive emissons.
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The differences between the arsenic and nickel ratio vaues used in the initid screening andys's
and the refined screen andys's dearly undermines the consarvativeness of theinitid screen risk results
presented in Tables 2.4aand 2.4b. If the stack test results from facilities 3 and 4 are post NESHAP,
then a decison should have been made to use those resultsin the initid screen versus the median values
estimated from Background Information Document (Table B1.3 - Appendix B).

The Agency should consider requesting stack emissions test for process and process fugitive at
some of the facilitiesin order to obtain better emisson estimates for use in the screening assessment case-

study.

The Agency carefully needs to reeva uate the fugitive emissions rates since the mode ed annua
concentrations of lead with fugitivesin Appendix C are unredidticdly high for facilites3and 4. Thereisa
need for Ste specific information on the effectiveness of fugitive emissions contral after the implementation
of the NESHAP housekeeping sandards.  Fugitive emissons from this source category are an issue and
need to be carefully evaluated. In 1987, there were two exceedances of the Nationa Ambient Air Qudlity
Standard (NAAQS) for lead (1.5 ug/m3) in the vicinity of a secondary lead smelter. The levated lead
concentrations ( 2.46 and 1.61 ug/m3) a the monitor were the result of mafunctioning emissions control
equipment and fugitive emissons from the plant. Monitoring of lead around the plant wasincreased by
the addition of two downwind monitors. The plant upgraded the process emission controls, but the
concentrations of lead were till eevated, but below the NAAQS when compared to other monitoring
dtesinthe State. Further investigations concluded that fugitive emissions from the plant were a problem
that needed to be addressed. The entire facility was enclosed and placed under negative pressure.

HEPA filterswere ingaled on al air exchange units and other housekeeping practices were required.
Thisfacility currently has 16 emisson points. The annua geometric mean of lead & one monitoring Site
dropped from a high of 0.71 ug/m3 (1987) to 0.06 ug/m3 (1993) after dl of the facility upgrades werein
place. The highest quarterly average measured at the two remaining monitoring site in 1996 were 0.06
ug/m3. These two monitors are located 275 meters from the facility fence line. Thethird site was
shutdown &t the end of 1995.

Theincorporation of thistype of information into the case sudy and the refined screening andyss
will result in amore informed risk management decison for this source category.

3. Models: Doestherisk assessment use appropriate currently available dispersion models at
the screening level and at the morerefined level of analysis? Arethe models applied
correctly? Given the state of the science, doestherisk assessment use an appropriate
multipathway model? The assessment usesthe IEM-2M model, with some
modifications. Isthe |[EM-2M model appropriatefor usein thisregulatory context?
With regard to the modification and application of the mode, did EPA appropriately
modify the model for usein thisrisk assessment, and did the Agency apply the mode
correctly? Isthereanother model or another approach, that isavailable at thistime that
EPA should consder?
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The decison to use facilities 2,3,4, 13 because these represented facilities with the highest excess
cancer rate and highest hazard index based on the initia screening produced a situation where only smple
terrain would be used in the refined anadlysis. This process could have biased the modding results to
underestimate impacts at other facilities, with complex terrain, which were not designated for refined
andyds. The Agency should reevauate if any of the 29 facilities are in areas of complex terrain.

The exposure inputs into the IEM-2M and IEUBK mode are conservative which is clearly
acknowledged by the Agency throughout the case sudy. The Agency should continue refine the risk
assessment using Ste specific information as discussed in many of my other comments. There is a strong
need for another iteration to refine the case study which is acknowledged by the Agency in section 6.7.
The case sudy should remain a Pre-Decisiona Document until the next iterative refinement is conducted.
OAQPS should work diligently with State and Locd Hedth and Environmental Departments, the Agency
for Toxics Substances and Disease Registry, Industry and the EPA Regionsto further refine the case
sudy. Thisstep is absolutely necessary before any decision about unacceptable risk is made for the
majority of the facilities identified in the case-study. The uncertainties associated with the fugitive emisson
parameters are the driver for amore detailed risk assessment within the source category. Thisneed is
discussed by CRARM on page 23 of the RTC.

4. Choice of Receptors. The Agency identifiesthe home gardener asthe appropriate receptor
to estimaterisk to theresdential population and the farmer to embody high end risk
estimates. Arethesereceptorsappropriatefor thistask?

The receptors identified by the Agency are appropriate and adequately represent the maximum individual
risk (MIR) concept which isdiscussed in the RTC.

5. Ecological Risk Assessment: given the currently available methods, arethe models used for
the ecological assessment appropriate? Arethey applied correctly? Are the ecological
benchmarks appr opriate?

The case study does not include a discussion of other ecologica stressors (e.g. criteria pollutants) which
may have an impact on the surrounding ecosystem. The effect of this omisson on reducing the
conservativeness of the ecologica risk screen is mentioned on page 147. However, any refined andysis
of ecologicd risk is going to have to account for these additiona ecosystem stressors, especidly the
effects on terrestrid plants exposed viadirect contact with criteria pollutants (in this case sulfur oxides) in
the ambient air.

6. Health Risk Assessment: Given available dose-response information, isthe hierarchy
presented in the assessment appropriate (see especially footnote #6, section 2.21)?

A-21



The hierarchy presented in the assessment is appropriate. | agree with the use Cdifornia
Environmental Protection Agency vaues over HEAST vauesfor dl of the reasons outlined in footnote
#6.

For each chemical included in the assessment is the choice of dose response assessment
appropriate?

Overdl, the choice of the available dose-response data used in the case study is appropriate. |
have concerns about the dimination of HAPs from consideration in the case sudy if they have no
available cancer or noncancer public hedth values. Seven organic HAPs are diminated from
condderation in the case dudy. It isdifficult to assessthe impact of the dimination of these organic
HAPs from the case sudy. However, the effect may be negligible Snce emisson rates in Appendix B for
the organic HAP emissions omitted from congderation are low. The Agency should consider the
development of default or surrogate values based on the available toxicity information or structure activity
rel ationships with other HAPs which have dose response data. .

Why ispropanol identified asaHAP in the case sudy? | can not locateit on the list of 188
HAPs identified by the Clean Air Act.

The gpplication of the use of risk ranges for benzene and 1,3-butadiene in the initid screen needs
to be discussed. Do the cancer risk results presented in Table 2.3 use the high or low end of the range?

The use of only 25% of the inhdation unit risk estimate for nickel subsulfide needs to be explained
in greater detail, snce it will have alarge impact on the total cancer risk estimates in the case-study.

Arethe dose response assessments appropriately incor porated into the assessment?

Y es, the available dose response assessments are appropriately incorporated into the assessment,
with afew exceptions as noted above.

7. Uncertainty and Variability Assessment: Did the assessment use the appropriate currently
available methodsto identify the variables and pathways to address the uncertainty and
variability assessment? Arethe methods used to quantify variability and uncertainty
acceptable? Arethereother, more appropriate methods available for consider ation?
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8. Results Presentation: Doesthe document clearly present and interpret therisk results?
Doesit providethe appropriate level of information?
Do thefigures and tables adequately present the data?
Do the formats providefor a clear under standing of the material?

It isvery difficult to present such alarge amount of information in aclear and concise manner.
The case study doesagood job of presenting and interpreting the risk results. The discussion of the
initid inhaation screening results should indude a discusson of how the maximum and minimum risk
vaues presented in Table 2.3 were defined. The Agency should indicate that they are smply the range
of estimates determined for al 29 facilities.

The Agency should condder using aconsistent cancer risk expressons in the narrative of the
case study. The lay reader will be confused by the constant interchangeable expressions of cancer risk.
For example, the use of the expression eight in aten thousand should be changed to 800 in amillion. This
will dlow the lay reader to place the resultsinto the context of the less than one in one million expresson
which appears in the Act and throughout the case study.

The identification of the key issues and assumptions are clearly identified in the result sections of
the theinitid inhdation screen, the refined multipathway screen , the variahility and uncertainty andyss,
and the ecologica screening assessment. The addition of a discussion about afew key issues concerning
the lack of abackground risk analysis and the effects of the adjustment of the nicke inhaation unit risk
estimate could be added to the key issues identified in Section 3.3.2.

The tables and figures used throughout Section 4 provide a concise and well thought out
approach for the presentation of variability and uncertainty for each scenario evaluated. They dlow the
reader to evauate the broad spectrum of risk and the impacts of the various exposure parameters used
in the refined multipathway risk assessment. These tables and figures significantly enhance the
comprehendability of the variability and uncertainty assessment results. The inclusion of the point
edimatesin Tables 4.5 and 4.6 is an excellent way to concisaly present information to the risk manager.
The tables and figures provide the risk manager with the ability to view the broad spectrum of risk
predictions, which includes the average exposed individua (AEI), the adjusted maximum individua risk
and the maximum exposed individua (MEI).

Tables 6.1 and 6.2 provide agood overview summary of the fina results for the refined
multipathway risk assessment. | have some concerns about Section 6.2.1 Comparison of Modeled
Concentrations with Measured Environmental Concentrations. As discussed through out my comments
this section can be greatly enhanced and another iterative refined multipathway risk assessment step
which relies on more site specific information should be added to the case study.

The effort which will be needed to gather the rlevant information for this next step should not be

considered overwhelming or beyond the scope of the case sudy. 1t should be consdered as a necessary
refinement which needs to be conducted before the case study becomes a public document. The
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discussion in section 6.2.1.1 needs to be expanded. The pre-NESHAP monitoring data from New Y ork
indicates that the NAAQS for lead can be exceeded and that the stringent control of fugitives can result in
adramatic lowering of ambient concentrations of lead and probably other metd HAPsin the vicinity of
secondary lead smdlters. Table 6.7 should be modified by locating the distance to the monitors and
include a brief discusson of Sting issues (e.g. predominate downwind or upwind monitoring location)
before any comparisonsaremade.  The same point can be made for the comparisons of the surface
waters concentrations. However, the Agency does appropriately acknowledges that the comparisonsin
Table 6.8 are not meaningful.

Section 6.2.1.5 needs to be expanded since it provides information on an excellent biomarker for
potential exposure (e.g blood lead levels). Theinclusion of thistype of information would greatly enhance
the case sudy. The CDC and State Hedth Departments should be consulted to find out if thereis any
other information on blood lead levelsin children who resde in communities that are in close proximity to
secondary lead smelters.

In summary, there is a strong need to gather and evauate more Site specific information using the
risk assessment tools presented in the case study before any find risk management decisions can be made
for this source category. The case study should undergo another iteration before being released to the
public.

Editorial Notes:
The overview presented in section one the case study is very good

Section 2.2 needs to include the chemical abstract service registry numbers and the identity of the
chemicals asthey are primarily identified in Section 112 (b) of the Clean Air Act (e.g. 2 -methyl
phenal isidentified by 112 (b) as o-creosol, iodomethane should be identified as methyl iodide,
etc.)

Table 6.8 - the units (ug/l) are missing.
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5. Dr. Dale Hattis
Clark Univergty
Worcester, MA

Below are my updated responses (following discussion at the mesting) to the questions posed to
the Secondary Lead residud risk review Subcommittee:

Charge Question 1. Overall--Is the methodol ogy that the Agency applied in thisrisk
assessment consistent with the risk assessment approach and methodol ogy
presented in the Report to Congress? (EPA-453/R-99-001)? Are the assumptions
used in this risk assessment consistent with current methods and practices?

| have very consderable difficulty making an gppropriate response to the firdt part of this
question. | was not provided with a copy of the Report to Congressthat is specificdly referred to. Fairly
recently, | was sent acopy of asubstantia earlier SAB review of that document from which | can make
some inferences about the risk assessment approach and methodology that was presented in the Report
to Congress. However there does seem to be very significant commentary in the SAB review of the need
to “vaidate’ models, and to conduct appropriate anayses of the population variability of regulated risks
and give afair estimation of the uncertainty in the varigble risk digtributions. The current documert,
though very extensve in many ways, does not seem to reflect a serious effort to assemble and andyze a
subgtantial body of post-MACT emissions and exposure (e.g., community blood leed) information that
could be juxtaposed with the emissions estimates made in the early 1990’ s when the MACT standards
were set. The documents do not gppear to describe a systematic search for such information, do not
present the specific emissons information that was collected, and do not document in nearly adequate
detail the specific andyses that were done with the emissons information. Thereisno vishble attempt to
juxtapose modd projections of either emissions or exposures (e.g., for blood lead) with such data and to
form the bases for an updated set of distributional exposure and risk projections.

Thereisagreat ded of discusson in the SAB review, and in the EPA residud risk assessment, of
the need to conserve scarce EPA resources by limiting the andyss in various ways (by structuring the
andysisin a series of tiers beginning with generic consarvative assumptions, restricting the HAPS covered,
the facilities examined in detall, etc.). Sadly the implementation of this gpproach does not seem to have
leed to an economica analysis that can be said to have succeeded in producing meaningful ingghts into
thelikely levd of risk posed to red people in the immediate vicinity of these facilities. Thereis no more
expensve andysis than an analysis that does not produce results that can meaningfully inform public
policy choices. The screening level analysis asit stands probably is adequate to focuses EPA’ s attention
on lead and afew metallic HAP' s, and away from the great mgority of organic HAP's, but that result
probably could have been foreseen with considerably less work than appears to have been devoted to
thisproject. Certainly something is serioudy amiss when the document can show projections of
essentidly letha blood lead levels (200 ug/dL and above) for the case where fugitive emissons are
included—and very sgnificant blood lead levels (68 ug/dL) even without fugitives for one of four modeled
facilities—without that leading to some attempit to pursue the issue with blood lead observations or some
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deeper conclusion than that the fugitive emissions estimates are probably “conservative’. Maybethey are
“consarvative’, but then to blithdy exclude both the fugitive emissions and dl exposuresto lead entirely
from the “variability/uncertainty anadysis’ without further regppraisa of the source of the apparent
estimation problem seems to turn the screening results on their head. Any “tiered” andys's procedure that
leads the investigators to exclude such amagor source of concern as lead from important parts of the
secondary lead samdter analyss has a serious fundamenta problem, at least asimplemented here. Thisis
particularly true in the light of the fact that emissions of the other HAP sthat areincluded in the
variability/uncertainty analyss are estimated asratios to lead.

The context of thisresdud risk andysisis along term possble congderation of the need for emissons
control measures that go beyond the available control technol ogy-based standards that were mandated in
the first round of controls following the passage of the 1990 iteration of the Clean Air Act. Almost by
definition, when you are building the informationa basis for congdering the need for technology-forcing
measures, you need to have data that would be sufficient to support decisions that might involve very
Substantia technical and economic restructuring of an industry. At the same time, the context also
involves consdering the possihility that gppreciable resdua risks remain for people in communities
surrounding these facilities that mean that the promise of the 1990 Act to provide an ample margin of
safety for hedth protection is still not being fulfilled ten years after the promise was made. This context
demands that EPA take the time and devote the resources needed to fairly assess the current public
hedlth problem posed by these facilities. Otherwise no actions based on such an anadysis are likely to
aurvive Congressond and Judicia oversight.

Charge Question 2. Model Inputs--Are the methods used to estimate emission rates, and
the method used to estimate species at the stack appropriate and clearly described?

Briefly, no. The primary data should be provided in the document and the detailed andys's steps
should be given in sufficient detail to alow an informed reeder to reproduce the andyss. My
understanding from the extra documents that have been provided to me in the context of the
variability/uncertainty analysisis that the exigting data base is not extensve—consisting gpparently of three
“runs’ (of undetermined duration) measuring Lead, Arsenic, Cadmium, and Nickd emissions from
various stacks at two different facilities—condituting in adl about 168 separate measurementsiif | have
counted correctly. For alarge number of other HAP s and other facilities my understanding is that there
is some additiona information available from recent (post 1990) measurements for four facilities, but that
the primary sources of estimates of emissonsis the 1994 Background Information Document for setting
the MACT dandards. The bases of these estimates and their gpplicability to current conditions is not
discussed.

In addition, the authors should take a more crestive gpproach to assembling other types of data
relevant to emissions than they have gpparently consdered. For example, to estimate fugitive emissions,
one clue might be air exposure levels measured for workersin thisindustry by OSHA indugtrid
hygienigts. [Some helpful background on the history of air and blood lead levelsin the industry can be
found in a couple of past reports | helped do for the Office of Technology Assessment—Gobleet d.,
(1995, 1983)]. Such air levels, when combined with genera ventilation assumptions and baghouse
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capture efficiencies, should provide some basis for new estimates of at least some process fugitive
emissions, as should ar measurements from environmenta monitoring conducted near the facilities, and
children’s blood |ead measurements that are routinely collected by agenciesin severd states, and which
may therefore be avallable for communities near the facilities under sudy. In addition, it should alow
some estimation of fugitive emissons from other parts of the process than the battery breaking and
materids handling steps that are presently included as contributing fugitivesin the current process flow
diagram. What happensto the air around the workers working at other steps than the first two? Isit
captured and treeted to remove some dust? With what efficiency? Additiondly, it would seem sensble
to make systematic comparisons of observed community air levels with those predicted from the
disperson models.

Charge Question 3. Models--Does the risk assessment use appropriate currently available
dispersion models both at the screening level and at the more refined level of
analysis? Arethe models applied correctly? Given the state of the science, does
the risk assessment use an appropriate multipathway model? The assessment uses
the IEM-2M model, with some modifications. |sthe IEM-2M model appropriate for
use in thisregulatory context? With regard to the modification and application of
the model, did the EPA appropriately modify the model for usein thisrisk
assessment, and did the Agency apply the model correctly? Isthere another model
or another approach, that is available at this time that EPA should consider?

These questions cannot be fairly answered from the information provided. Therewas just not a
aufficient presentation of the assumptions inherent in the IEM-2M modd for meto evduateit. | was
provided with very large spreadsheets of the model, but without a grest deal more time and appropriate
documentation of the structure and assumptions built in to the modd it is just impossible for meto make a
sensble evduation. | don't know and cannot easily infer, for example, how it differs from other
multimedia modd s thet are available, such as CALTOX.

Charge Question 4. Choice of Receptors --The Agency identifies the home gardener asthe
appropriate receptor to estimate risks to the residential population and the farmer
to embody high end risks. Are these receptors appropriate for thistask?

I’'m not a al convinced of this. My impression isthat the chief pathway responsible for
transferring gasoline air lead to children when gasoline lead was till alowed was a dust-hand-mouth
pathway. It ssemsto me that this pathway, together with more recent information on the efficacy of
community soil cleanups in reducing blood lead levels, needs to be evauated as part of any fuller andyss
of theissue. | understand EPA’s desire to exerciseits IEM-2M moddls, and this should certainly be one
part of the analyds, but key issues need to be addressed, such as the persistence of dust contaminated
with lead and other metallic HAP s in neighboring communities, rates of exchange between outdoor dust
and indoor dust, and the magnitude and duration of exposures that result from emissions and deposition of
indestructible metallic compounds in urban and other communities.

A-27



Charge Question 5. Ecological Risk Assessment  Given currently available methods, are
the models used for the ecological assessment appropriate? Arethey applied
correctly? Are the ecological benchmarks appropriate?

Thisis not my area of expertise, and | have not evauated this portion of the document.

Charge Question 6. Health Risk Assessment--Section 3.4.1 of the Report to Congress
identifies several data sources that the Agency would draw upon for choosing dose
response assessments to be used in residual risk assessments. The Report also
states that EPA will develop a hierarchy for using such sources. Given available
dose-response information, is the hierarchy presented in this assessment
appropriate (see especially footnote #6, section 2.2.1)? For each chemical included
in the assessment, is the choice of dose response assessment appropriate? Arethe
dose response assessments appropriately incorporated into the assessment?

| do not have the cited Report to Congress, and | have not thoroughly evauated this aspect of the
document. However | would suggest thet at least for lead, where there are quantitative estimates of
relationships between children’ s blood lead levels and 1Q, that the results be taken to estimate likely
individua and population aggregate impacts in quantitative terms—how much relaive deficit for how
many kids. Additiondly, | believe that cancer impacts can and should be evauated in population
aggregate terms as well asin terms of risks to particular percentiles of the estimated exposure
digtributions. Thiswould alow decison makersin Congress and EPA to assess the public hedlth
productivity of investments made under the residud risk provisons of the Clean Air Act.

Charge Question 7. Uncertainty and variability assessment--Did the assessment use
appropriate currently available methods to identify the variables and pathways to
addressin the uncertainty and variability assessment? Are the methods used to
guantify variability and uncertainty acceptable? Are there other, more appropriate
methods available for consideration?

Although there are some glimmers of creative andyds of datain the uncertainty/variagbility portion
of the effort (e.g. the attempt to calculate meta HAP/lead ratios over alonger time period than covered
by the directly observations), the current andysisis very disgppointing in numerous ways. Firs, the
scope and objectives of the andygsfdl far short of what any sensble decison maker will wish to havein
order to make informed choices under the residud risk mandate of the 1990 Clean Air Act. To fulfill the
mandate of the Clean Air Act, EPA needsto not only be confident that it has addressed the most
sgnificant hazards posed by the industry under study, but to define what it means by an “ample’ or
“adequate margin of safety” in digtributiona terms, (e.g. X leve of probability of harm of a particular type
or severity for the Yth percentile of the exposed population with Z degree of confidence—See for
example Hattis and Anderson, 1999; Hattis and Minkowitz, 1996). EPA then needsto develop an
andyssthat addressesthe likely red variability and fairly gppraised uncertainty for a least the HAP sand
exposure pathways that are thought to pose the greatest potentid for public hedth harm for the industries
sudied In the present context, omission of the variability and uncertainty of lead exposures and risks, and
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omission of some andysis of the uncertainty in fugitive dust emissions and exposures means that the
andydgsis subgtantidly irrdevant to some of the most important concerns that arise from the earlier
screening and multipathway efforts.

Thefailure to distinguish variability from uncertainty in the present andyss dmost guarantees
confuson. Variability and uncertainty are different things and require different techniques for estimation.
It isashame that the individua variagbility in estimated exposures is essentidly completely neglected even
though exigting disperson modding techniques, combined with data on the population distributions
around the studied facilities, could readily produce such information. This information would seem centra
to the required andyss. Thefact that it is not undertaken, at least at this stage in the devel opment of the
project, suggests that the current variability/uncertainty analysisis largely a placeholder for some later
effort that, it is hoped, will be planned as a more centra part of some future analysis.

A second mgor problem isthat the current andlysis does not follow existing EPA guidelines on
the documentation and presentation of distributiona analyss. Those guidelines, drawvn up in part at
workshops that | attended, emphasize that the modd itsdf and derivations of ditributions used in the
andysis must be trangparently presented in sufficient detall that a reviewer can reproduce them. | have
recently received severd spreadsheets that contain portions of the modd, but in the very limited time
avalable | have not been able to get them running sufficiently to even examine the mode structure,
digtributiona assumptions, and correlation/dependency assumptions made. The document itself should
have included as an gppendix not the endless display of results for each stack, but the spreadsheet model
equations, and the mathematica form of the digtributional assumptions that were used.

In summary, in the present effort, the uncertainty/variability analys's gppears to have been an
afterthought, perhaps undertaken a alate stage in the development of the principa results. Unless
andyses of variability and uncertainty are undertaken integrated into the warp and woof of the primary
sudy, they will likely continue to be unsuccessful and unsatisfactory in illuminating the mgor issues
involved in the evaluation of the red choices facing EPA decison makers, Congress, and the public.

Some more technical suggestions can be made for pursuing the probabilistic analyssin future
work:

a) In ng the digtribution of metd HAP to lead ratios, the andysts should explore the
possibility that some ar exhaust streams might be systematicdly different than others. In
particular arsenic, which is more volatile than the lead and most other inorganic HAP's
may appear in larger concentrations relative to lead in some air streams than others
depending on the temperature of the process and exiting gas. The data should be
examined to seeif such mechanism-based expectations are borne out in the available
observations. If so, then some meta HAP to lead ratios could be varied across process
streams (and perhaps across facilities) to reflect the mechanism-based associations.

b) In representing the interindividud variability of exposure factors such as consumption of
different kinds of produce and fish, the andysts should seek data to quantify variability
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observed on different time scales than the 1-3 days that are typica for direct dietary
sudies. Some downward adjustment clearly needs to be made to cdculate variability
over longer time scales from shorter term data. However, because some dietary
preferences are likely to be relaively conagtent characterigtics for individua people, it is
not reasonable to estimate long term dietary exposure variability either by smply
assuming that each separate 1 or 3-day period is arandom draw from an observed
population digtribution of consumption. Some data bearing on the difference in effective
vaiahility in fish consumption inferred for longer- vs shorter time framesisreviewed in
Hattiset a. (1999).

C) In Section 4.4 the document should clearly explain the implications of the assumptions
that are being made. For example, the statement is made on p. 127 that because of data
insufficiency, no analysis of correlaion among emisson parameters and exposure factors
was undertaken. The statement should be clarified to say that the correlation could not
be undertaken because the data wasn't available for it.

Charge Question 8. Results Presentation--Does the Agency's document clearly present and
interpret the risk results? Does it provide the appropriate level of information? Do
the figures and tables adequately present the data? Do the formats provide for a
clear understanding of the material?

As discussed above, the presentation of the basic inputs and methodology is very far from being
adequate to provide a document that is even trangparent enough for a thorough review, let donea
document that appropriately assess the uncertainty and variability for decison-maker and the dependence
of the results on key sets of assumptions. Without documentation of the derivation of the results and their
uncertainties, the results cannot be appropriately conveyed to decision makers and the public. Moreover
the neglect of red population variability in both exposures and risks deprives the reader of important
information that is needed to arrive at risk management judgments.
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6. Dr. Michad J. McFarland

Engineering Department
Utah State University
River Heights, UT

Resdud Risk Assessment
Secondary Lead Smelter Source Category

SAB Charge Question # 1

Are the methods used to estimate emission rates and the method used to estimate species at the
stack appropriate and clearly described?

Initial Inhalation Risk Screening

FINDINGS

The method used to estimate the HAP emisson rates involve the use of severd data sets from the
Background Information Document from which the MACT sandardswereinitidly derived.  Thefirgst data
set (TableB.1.1) includes estimate emission rates (in metric tons/year) for each of the three emission sources
induding: 1) process stack emissions (both organic and metal HAPS), 2) processfugitive stack emissionsand
3) fugitiveemissons.  Thesecond dataset (Table B.1.2) includesratios of specific organic HAP emissions
to total hydrocarbon emissions from the stacks of three (3) types of secondary lead smelter furnace types.

Thefind data set includes the median metal specific HAP to lead ratios (Table B.1.3) as well asthe tota
metal HAP to lead ratio for each of the three emission sources that include: 1) process stack emissions, 2)
process fugitive stack emissons and 3) fugitive emissons.

Although Table B.1.3 indicated that the reported data were the median metd (total and specific)

HAP tolead ratios, it isunclear whether TablesB.1.1 or B.1.2 were dso reporting median vaues or another
datistical measure (e.g., mean or average) of the samplingdata. Moreover, Sincethe purpose of theinitia

inhaation screening analysis was to employ alower tier conservative agpproach to screen those HAPs that
did not pose a sgnificant human hedlth risk, it would seem more appropriate to use the upper limit of a
confidenceintervd (e.g., 95%) of the HAP ratios for estimating emisson rates rather than mean (or median)

vauesto edimate inhdation risk.  Given the wide range in HAP ratios found in the data tables, use of an
upper confidence limit would provide greater protection from deletion of speciesthat may, in fact, represent

aggnificant human hedth and/or ecologicd risk.  The same argument can be gpplied to the use of amean
or mediantotd HAPemissonrate(TableB.1.1) for estimating specific HAPemissonrates. Thelargerange
in reported data suggests that amore defensible risk screening evauation would be achieved by selecting an
upper limit of aprescribed confidenceinterva of emisson ratesfor input into the generd inha ation risk model

rather than the use of an average emission rate.
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Another concern regarding the inhdation risk model inputs was the specific management of the acid
gasdata. Both chlorine (Cl,) and hydrogen chloride (HCl) emissons were included in Table B.1.2 and
treated as organic HAPs in the emisson rate calculations.  The concern with regard to the acid gas data
gems not only from the placing of the inorganic acid gas emissionsin the table for organic HAPs (i.e., Table
B.1.2) but, it is also unclear asto whether the totd organic HAP process emission rate data (Table B.1.1)
includes the contribution from the acid gases.

Although there are some concerns regarding the input data qudity for the initia inhalation risk
screening, the mathematical equations used to estimate the specific HAP emission rates are fundamentaly
sound.  The specific metd HAP emissonrates (E»p) from each of thethreeemission sources(i.e., process
gack emissions, process fugitive stack emissons and fugitive emissions) were estimated by subdtituting the
estimated totd metal HAP emission rates (metric tonslyr) for each emisson sources (Ery,, - Table B.1.1),
the median metal HAP to lead ratio (Ryap — Table B.1.3) and the total metd HAP to lead ratio (Ryyy —
Table B.1.3) into Equation 1.

Biar = (Ermn)/Rrmn) (Riiap) Eq. 1

where
E.ap = Individud metd HAP emissions (i.e.,, antimony)
Ervn = Totd metd HEP emissons
Rrun = Ratio of totd metd HAP emissonsto lead emissons
Ruap = Ratio of individud metd HAP emissons from lead emissons.

ThespecificorganicHAPemissionrate(E, oc) from the process stack emission source was estimated
by subgtituting the estimated tota hydrocarbon emission rate (metric tonslyr) from Table B.1.1 (Erc) and
the ratio of specific organic HAP to hydrocarbon emissons (R, oc — Table B.1.2) into Equation 2.

Evoc = (Ernc)(Rvoc) Eq. 2
where
Evoc = Individud organ HAP emissions
Ernc = Tota hydrocarbon emissons
Ryoc = Ratio of individud organic HAP emissonsto totd hydrocarbon emissons.

RECOMMENDATIONS

Although the data input descriptions were, in generd, well written, there are severd areas where
sgnificant improvement could bemade.  The specific recommendationsfor this section of thereview include
the following:

Thedatain Tables, B.1.1 and B.1.2 can beimproved by explicitly Sating the satistical measurement
parameter being reported.

Congderation should be given to the use of upper confidence limits (of the HAP ratios) asinputsto
the inhaation risk modd.
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The text should provide greeter clarity asto how the acid gas data are being managed.

To provide clarity in the use of the mathematica relationships, quantitative examples should be
inserted into the text that illugtrate the use of Equations 1 and 2.

An example should be provided (perhaps in an gppendix) illustrating how raw emission data from
each emission source (i.e., process stack emissons, processfugitive sack emissonsand fugitive emissions)

Is managed to generate find risk numbers.

Multipathway Analyss

FINDINGS

The method used to estimate emission rates for the multipathway analysis included the use of
compliance reports from stack tests for specific facilities(i.e., Facilities2, 3, 4and 13— Table C.1.1) aswdll
as the EPA database developed in the Background InformationDocument (BID).  The MACT standards
require that facilities report, a a minimum, both the total lead and total hydrocarbon emisson rates. For
Facilities3 and 4, additional compliance testing was conducted that allowed specific organic and metd HAP
emissons to be estimated. These facility-gpecific emisson estimates were then used to generate specific
emisson ratiosincluding: 1) organic HAP to tota hydrocarbon ratio and 2) metd HAP to totd lead ratio.

To edtimate specific organicHAPemiss onsfor Facility 2, theorganicHAPtototd hydrocarbonretio
generated from Facility 3 data was multiplied by the tota hydrocarbon emission rate from Facility 2.
Smilaly, to estimate specific organic HAP emissons for Facility 13, the organic HAP to total hydrocarbon
ratio generated from Facility 3 datawas multiplied by the total hydrocarbon emission rate from Facility 13.
Since diethylhexyl phthalate and naphthalene were not measured in Facility 3-stack test, EPA database
information was used to generate the organic HAP to total hydrocarbon ratio for these species for Fecility
2and 13.

To estimate specific organic HAP emissons for Facility 3 and 4, averages fromthree (3) stack test
measurements for each facility were reported (adjusted for nondetects). Since diethylhexyl phthaate and
naphthaene were not measured in Facility 3-stack test, EPA database information was used to generate the
organic HAP to total hydrocarbon ratio for these species. It was not possible to estimate diethylhexyl
phthalate and nephthaleneemissonsin Fecility 4 sncethe MACT standardsdo not requiretota hydrocarbon
measurements for reverbatory furnaces.

To edtimate specific metd HAPs for process emissonsfor Facility 2, the meta HAP to totd lead
ratio developed for Facility 3 was multiplied by the lead emisson rate found in the Facility 2 compliance
report. Similarly, for Facility 13, the metd HAP to total lead ratio developed for Facility 3 was multiplied
by thelead emisson ratefound in the Facility 13 compliancereport. Facilities3 and 4 reported specific meta
HAP emission rates for process emissons. It should be noted that Facility 3 did not test for antimony and
Facility 4 did not test for manganese or mercury. The emissions of these metal specieswere estimated using
EPA database information to devel op the meta to leed ratio, which was then multiplied by the leed emission
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rate from the facility compliance report.

To edimate specific metd HAPs for process fugitive emissions for Fecility 2, the average of the
fugtive metd HAP emissons to totd lead ratio developed for Facility 3 and 4 was multiplied by the lead
emission rate found in the Facility 2 compliance report. Similarly, for Facility 13, theaverage of the fugitive
metd HAP emissonsto totd lead ratio developed for Fecility 3 and 4 was multiplied by the lead emission
rate found inthe Facility 13 compliancereport. Facilities 3 and 4 reported specific metd HAP emissonrates
for fugitive process emissons. Findly, the Background Information Document (BID) estimates for fugitive
emissons used in theinitid inhadation screening were employed in the multipathway andysis.

Withregard to meta speciation, 99% of the chromium emissionsisassumed to be Chrome (I11). This
assumption was based on one furnace measurement and the fact that the secondary lead smelters operate
under areducing environment. For mercury speciation, it was assumed that dl of the evaluated mercury was
in the form of divdent particulate mercury (HgO).

Although the multipathway analyssemployssite-specific data, it isunclear whether the comparability
of the data been evaduated. In other words, in many cases, EPA database information isused in conjunction
with Site specific data to generate specific HAP emission rates with no verification that the data sets contain
eements of equivaent or smilar quality. The abosence of dataqudity eva uation leadsto severd fundamentd
questions that are summarized asfollows

Wheat criteriawere used to determinewhen Facility 3 datashould be used for estimating organic HAP
emissons from Fecility 2 and 13 versus EPA database information?

Are emisson estimates provided in Table C.1.1 averages, median or upper limits of a confidence
interval?

How many samples comprise the emission valuesreportedin Table C.1.1? Can rangesor standard
deviations be given?

Do the state compliance stack permits specify the number of samplesto be taken? In other words,
are dl data of aknown qudity?

Descriptions of Facility 3 and 4 stack tests indicate that three stack test were conducted to
esimate organic HAP emissons. Does this mean three samples?

It isunclear asto why the average of Facility 3 and 4 process fugitive metd HAP emissions were
used to derive a specific metd HAP to total lead ratio for Facility 2 and 13.

RECOMMENDATIONS

Since HAP emission rates were generated using various facility data sets aswell asthe EPA
database, the most important genera recommendation is that the Agency verifies the comparability of the
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data In other words, use of data of varying quality in the risk assessment models would generate find
risk numbers of questionable value.  Therefore, the qudity of each data set should be compared and
documented prior to having its dements used in the risk assessment.  Secondly, since there is no specific
protocol employed for estimating the HAP emissions from each of the four fadilities, it is strongly
recommended that quantitative examples be inserted into the text that illustrate each unique approach.
Findly, additiona recommendations regarding data inputs to the multipathway modd include the
fallowing:

a. Specify the type of satistica measurement being reported in Table C.1.1 (i.e., means, median,
upper confidence limits, etc.).

b. Specify the number of samples that comprise the emisson vaues reported in Table C.1.1 and
provide both ranges and standard deviations.

c. Provide an explanation as to why the average of Facility 3 and 4 process fugitive meta HAP

emissons were used to derive a specific metal HAP to total lead ratio for Facility 2 and 13
rather than some other statistica measurement.
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7. Dr. Paulette Middleton
RAND Center for Environmenta Sciences & Policy
Boulder, CO

1. Linksto Other Key EPA Activities Dedling with HAPs

Other EPA activitiesthat have direct bearing on the residua risk assessments should be noted in the
document. Theseactivitiesdemondratethat EPA isactively improving on the current framework. Whilethe
current gpproaches used in the document under review here are acceptable in the current timeframe, many
of their shortcomings may be addressed as a
result of these other ongoing efforts. Acknowledgment of thiscould be done upfront in theintroduction where
discussion of modd appropriateness and future assessments are mentioned. They also could be placed at
the end of the report where next stepsare sited and whereit isnoted that SAB commentswill be considered
in next seps.

2. TRIM

Inparticular, it should be noted that EPA/OAQPS isdeveloping TRIM asaflexible, state-of-the-art
system for evauating multimedia chemicd fate, transport, exposure and risk of HAPs. The recent SAB/
Environmental Models Subcommittee review of thiseffort found it to be effective and innovative and outlined
anumber of recommendations for improvement. When
TRIM becomesavailable, it should providean improvement over themodeling framework used inthe current
report.

3. SAB/EPA Workshops on the Benefits of Reductionsin Exposure to Hazardous Air Pollutants

As gtated in the description of these up and coming workshops, "HAPs have been the focus of a
number of EPA regulatory actions, which have resulted in Sgnificant reductionsin emissonsof HAPs. EPA
has been unable to adequately assess the economic benefits associated with hedth improvements from these
HAP reductions dueto alack of best estimate dose-response functions for health endpoints associated with
exposure to HAPs and also due to alack of adequate air quality and exposure models for HAPs. EPA is
conducting two workshops to develop a proposed methodology to generate estimates of the quantified and
monetized benefits
of reductions in exposure to HAPs. The first workshop will focus on developing best estimates of
dose-response functions that relate changes in HAP exposure to changes in headlth outcomes. The second
workshop will focus on (1) integrating these dose-response functions with appropriate models of HAP
concentrations and human exposure and (2) trandating these
into economic benefitsthat would estimate changesin health risks resulting from regulationsthet reduce HAP
emissons” The results of these workshop discussions, in particular the reviews of modds and methods,
could well provide additiond vauable input to this ongoing evauation of the resdud risk review and
development of next steps.

4. Questions and comments on the current study
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a Missing HAPs

Have dl of the potential important HAPsbeenincluded in the screening andyss? Can understanding
of the processes be used to better substantiate the list of HAPs considered for screening?

Why are the acid gases not included in the andysis?
Organicsarenot considered beyond the screening.  Can thisscreening result be better substantiated?
b. Emisson rates

The development of emission rates for individual HAPs needs to be more clearly described. Here
are some outstanding questions that need to be answered before providing a reasonable evauation of
appropriateness of the emissions estimates used in the modeling (both screening and multi-pathway).

What exactly was measured at the representative sites and how were the measurementsdone? How
vaid are the extragpolations of representative measurements to annual averages?

How vdid are the extrapolations to other facilities?

Are the processes leading to the emissons fairly constant throughout the year?
How varigble are the fugitive emissons & a given Ste?

5. Modding

The modd choices have been defended reasonably well. However, as noted above, improvements
are needed and may be forthcoming with TRIM. Modeds seem to have been gpplied appropriately.
However, several concerns are noted below regarding the assumptions in the modeling that could have an
impact on the overdl andyses.

6. Screening

There needs to be more convincing discusson of the representativeness of the building and
meteorology generd parameters chosen.

Are the facilities being consdered reasonably represented by the generd building and stack
configurations assumed? Stack height and building heights are particularly important variables.

Is the meteorology of the Sites being screened adequately represented by the standard worst case
meteorology? Wind speeds and directions relative to the selected receptor Sites are particularly important
variables.

7. Multi-pathway
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Again, arethe assumptions about standard building parameters reasonable? The assumptions about
building parameters are retained in the multi-pathway andyss. Thisis probably reasonable provided the
actud facilities are Smilar in condruction.

What particle parameters and Sizes are assumed in the modding? Thisiis very important to darify
sncethel SCST3 does show different resultsfor assumptionsabout larger particlesizes. If dl of the particles
considered are assumed to be less than 10 microns, then | doubt there is
any difference in deposition and concentration patterns from those for the gases. This needs to be clarified
since the exposures are senditive to assumptions about particle Size and particle versus ges.

8. Receptors

A suggestion. The ISCST3 can produce patterns of concentrations and deposition at regular
distances from the source. It might be helpful to provide these patterns as well as analysis at specific
receptors. Petterns help provide an assessment of where risks might be important in
the future. Isthistype of anays's thought to be beneficid to the overall resdua risk assessment?
9. Modd/measurement comparisons

The results presented seem to be reasonable for the ar models. However, the other comparisons
are difficult to understand and are being discounted. The way that these comparison are being presented
detracts from the work and tends to make one more skeptical of the findings.
10. Uncertainty

It would be helpful to even more explicitly tie uncertainties to well-defined next steps.
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8. Dr. George E. Taylor
Biology Department
George Mason University
Fairfax, VA

General Comments
G.E. Taylor, Jr.

A Case Sudy Residual Risk Assessment Secondary Lead Smelter Source Category

The SAB review of the draft Residual Risk Report to Congress was a chadlenge in light of the report
being framed in very generd way. In my participation of that review, | was uneasy about the review
solely because | was unable to see the trgectory for the andysisin a quantitative sense.

The Secondary Lead Smelter Source Category andyssisagiant sep forward and helps me be more
confident that the analyses will be quantitatively based and linked to the literature on human heelth and
ecology. The Agency is commended for pursuing that tack.

There are anumber of generd issuesthat are of concern however in the draft document and the
presentations at the meeting. These generd issues are outlined. Collectively, these suggest to me that the
current draft iswdl short of being scientifically defensible with respect to natura resources and ecology.

1. Attention to Ecology and Natural Resources

The atention to ecology and natura resources was amgor concern in the Residual Risk Report to
Congress, and | strongly encouraged the Agency to place ecology at parity with human hedth in this
effort. Some assurances were made in that review exercise that ecology would be given more
attention.

In the case of the Secondary Smelters, the case for ecology and natura resources is again diminished
by the Agency. The effort is clearly well behind the andlyss being conducted for human hedth and is
not at a stage where this reviewer can be comfortable with a postive review. In short, while we have
made some progress, there is insufficient analyss conducted to meet the legal mandeate of the CAA.

Thisissue isamgor one and warrants high vishility. My recommendation is for the committee to
exhort the Agency to be more forthcoming with resources in order to get the task donein a
scientifically sound manner.

2. Not a Risk Assessment But a Risk/Hazard Characterization
The title of the Agency’ sreport is A Case Sudy Residual Risk Assessment: Secondary Lead

Smelter Source Category. Risk Characterization. Following the origind review of the draft
Residual Risk Report to Congress, this reviewer was expecting an andyss that was more nearly a
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risk assessment. What was presented was a hazard characterization for ecology and natura
resources, and the analysis was preliminary at best. Moreover, the Agency Stated that no further
work toward arisk assessment would be conducted for ecology and natural resources.

As a consequence, the current analys's does not meet the legal mandate of the CAA.
3. Ifthisisthefinal product for this source category...

Because this report establishes a methodology for andlyzing 179 source categories, it isvery
important that this report be doneright. In light of the Agency’s commitment to a preliminary hazard
characterization in lieu of what isthe legd mandate, | am concerned that this document will establish
aprecedent for al subsequent analyses so that ecology and natural resources are poorly addressed.
Asit now stands, the methodology produces a high number of false positives and fails to incorporate
some pathways and receptors that are the most sengtive ones in an ecosystem with respect to
persstent and bioacccumulated chemicals.

The proposed methodology is not likely to be of vaue in assessing the resdua risk to ecology and
natural resources and is likdly to leave the risk manger with aformidable problem in handling the
purported risks.

4. Linkage to Risk Manager

The shortcomings of the current report are presented above and are worthy of attention. Above and
beyond these shortcomings is the linkage of the risk assessment to the task of the risk manager.
Thereisno discusson of how the risk manager islikely to use this assessment.

It is recommended that a framework for the risk management be made a part of thisreport. The
same recommendation was made for the previous report (Residual Risk Report to Congress) by the
SAB.

5. Conclusion That the Analysisis Conservative

Thisassertion is stated throughout the report, and | am not in full agreement with that distinction with
respect to ecology and natural resources. My rationdeistwofold. Most importantly, the omisson of
fish eating birds (top carnivores) removes one of the top predators in terrestria/aguatic systems and
one of the receptors that is highly valued (charismatic megafauna). In my andysis of the report,
mercury would easily have been identified as arisk had this trophic level been included; it probably
would have been the dominant risk. The argument that predatory fish are included does not suffice
since predatory birds consume predatory fish, so there is an additiona trophic leve for
bioaccumulation. The argument that data do not exist to evaluate this receptor is not accurate.

The second point is more tangentid. The andysis for ecology identified a number of HAPs with
concern in the screening exercise. Mog, if not dl, of these are likely to be “false postives’. For
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example, antimony is screened as arisk, but | have never read a paper dedling with ecotoxicology to
plants of antimony. The citation for the benchmark is an old paper published in an agriculturd setting.
The point is the false pogitives are dmogt to the point of being “slly” and can be easily discounted by
the risk manager. This“slliness’ might establish a precedent for ecology and natura resources that
would permeate al 179 andyses.

| would much prefer to see a screening exercise that covers the potentiad seriousrisks (e.g.,
bioaccumulated HAPs in top carnivores) than margina risks, and | think that is the objective of the
legd mandate.

6. HAPs That are Persistent and Bioaccumul ated

Thetenet is Sated that any HAPs that is persistent and bioaccumulated is automaticaly carried to the
next level (multipathway not refined andyss?). | think those terms are confusing (eg., if itis
bioaccumulated, by definition it is persstent; some persstent HAPs may not be bioaccumulated). |
am not certain what this satement means.

Most HAPs by definition are persistent. Lead, Ni, Hg, etc...are dements and by definition are
persstent. Most of the HAPs are a'so accumulated to some extent Smply because many are
lipophilic either as eements or in the complexes they form. So, there must be athreshold for
bioaccumulation. Does that have to be a trophic enhancement factor of 2?

7. Background Concentrations

Thisissue was raised in the previous review and | encourage the Agency to re-think its pogtion.
While there may be some rationde for assuming a zero background concentration in the screening
exercise, there are some mgor liabilities even at thisleve for pursuing this line of reasoning.

Even more difficult is the next level of andyssin which exposure-response functions might be
generated. Given that many of the HAPs are  ements and are common geochemicd condtituentsin
the crugt, not addressing thisissueislikely to undercut the conclusions significantly from a scientific
basis.

Specific Comments

This review supplements the forgoing andlys's, which ismore generd. The comments herein are more
specific and ether supportive of the above or individudidtic.

1. Morerefined andyss. The argument is presented often about the next iteration, whichisa
refined andyss. The structure and refinements to be done in that analysis are not presented. Is
thisto be afull risk assessment?

2. Screening for chronic effects protects for acute effects. While | can gppreciate why shortcuts are
used, | am not certain that this position istrue. | can think of severd cases where chronic
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exposures would not protect againgt acute exposures. For example, if you had afugitive emisson
of atoxic chemica with ahigh 1 hour exposure, over the course of the season that exposure
would not be significant but may very well compromise some receptors (e.g., radiochemicals,
ozone). Can you provide a citation that supports the position?

. Background concentration. Thisissue was raised in the previous review, and | am not in favor of
the position being taken in the report. While the screening exercise may opt to assume that the
background concentration is zero, thisis NOT a conservative decison. Infact, it may
sgnificantly negate many HAPs (particularly those that are dements common in the earth’s crust)
from ever accumulating enough to exceed athreshold.

| recommend that the Agency re-consder its position on background exposures, particularly as
one moves on to more refined andyses. From my perspective, this omission negetes the
Agency’s position that the analyssis conservative. Moreover, | do not think you can conduct a
more refined andyss without including a background exposure for either human hedlth or
ecology. But, inthe case of the latter, it isclearly critical.

. Modifications to the multipathway modd. It is noted that the analyss used the multipathway
modd in the Mercury Report to Congress for this modeling effort but that the model was
modified on a HAPs-specific bass. Those modifications are important to state since they could
underpin the andyss.

. Disperdon modeing. The report uses adisperson modd (Gaussan) to handle the off-Ste
trangport of HAPs. The guts of the modd are not presented and key aspects are missing that
might help skeptics relate to the code. s deposition velocity (Vg) the operative parameters for
driving deposition? If so, what nonlinear rdationship isbeing used? Is particle 9ze a part of the
emission data? If not, then Vg cannot be used.

. Fgure 3.1 ismissng but discussed in the text.

. Plant Characteristics. Plants gppear to be one of the critical parts of the model as the exposure to
humansis preceded by deposition to leafy vegetable. This part of the code needs to be reviewed
for such features as leaf areaindex, Vg, seasondity of phenology, yield, foliar leaching, etc. My
suspicion is that none of these factors are part of the modd, so it is unclear that the modd handles
the amosphere-leaf transfer very well.

. Fgure3.3. Itiscustomary in compartment model diagrams to show compartments/state
variables as boxes and transfers as ovas or some other geometric shape. They mean very
different things. Also, isthe haf-life (T1/2) part of the modd for HAPS? If so, atableof T1/2's
should be published. Thisis an important parameter.

. Theargument is presented that the mercury concentration in fish is afunction of the mercury
concentration in water. Isthat true? | do not see how this could be coded into an aquatic model
with multiple trophic levels? The mercury concentration in water must be processed through
severd intervening trophic levels before it gets to fish and thereefter it is bioaccumulated as a
function of the trophic leve.

10. The summary for al sectionsis not asummary. The summearies rel ate the methodology but not

the summary of using the mythology for this exercise on lead smdters

11. What are the endpointsin ecology and natura resources? In human hedth it is the farmer and his

family. Clearly gate the endpoints for this hazard characterization.

12. It is sated that the structure and function of the ecosystemsis an endpoint. | have difficulty with
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13.

14.

that pogtion.

It is stated that rare and endangered species are an endpoint. Again, | have trouble with that
position.

Are receptors the same as assessment endpoints?

15. Why are carnivorous terrestriad wildlife omitted? These are likely to be the “charismatic

16.

17.
18.

megafauna’ of most interest and the ones at greatest risk form HAPs that are bioaccumulated.
EC50 derivation. The argument is presented to derive some benchmarks from EC50's by
dividing by afactor of 10. | am not certain that isjudtified. | would prefer to smply leave the
benchmarks as sated in the literature rather than deriving some. Thiswill diminate anumber of
fdse positives and will help add credibility.

Summing HQ's. As noted above, this gpproach needs to be done with extreme caution.
Bioaccumulation. It is stated that bioaccumulation is assumed to be 100%. | am not sure what
that means. Does that mean 100% of the HAP in the system is biocaccumul ated to the next
trophic level? If so, what BAF is used?

19. All chemicaswithout data are analyzed further. Thisisdifficult to imagine. But, if there are

20.

21.

22.

insufficient data to conduct a screening andysis, how could there possibly be enough datato do a
more refined andyss?

Fugitive Emissons. While | understand that fugitive emissions can be important, | am skepticd of
the methodology that shows the entire assessment being driven by fugitive emissons. From my
knowledge of ecology and human hedlth, that Smply does not compute.

False postives for ecology. Thisiswhere | think the methodology suffers, and | recommend that
some remediation isin order. The ecology risk section concludes that several HAPs —antimony,
chromium, and nickd- are asignificant enough risk to warrant further sudy. |1 am not aware of
any report for antimony in plants that would warrant that conclusion and probably the same for
chromium and lead and nickel. The creetion of many fase pogitions that are unredigtic will be sdif
defedting in thelong run.

Fase negatives for ecology. In contrast to the above concern, there are some HAPs that are
missing for methodologica reasons. The most notable is mercury, which can be traced to the
absence of top carnivoresin terrestrial ecosystems.

23. Appendix F, Table F.2. The equation for caculating dry deposition smply does not work as

portrayed. The units do not cancel out to arrive a the correct units.

24. Appendix E. The hazards with fugitive emissons are an order of magnitude higher than those

25.

without fugitive emissons. This seemsinordinatey high.

Distance for dispersion. The distance used for dispersion and assessment needs to be defined.
Clearly it is not the distance traveled by the HAPs after emission, which for some of these (e.g.,
mercury) isglobd.

26. Air dagnation events. How are air stagnation events handled in the model ?
27. Criteria pollutants. While | understand some of the legd mandate for this andysis, | suspect that

some of the most significant residud risk from these categories will be the impact of the criteria
pollutants, notably ozone and PM2.5. Thisliahility is best presented up front so the caveets are
well articulated.
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9. Dr. Rae Zimmerman
Robert Wagner Graduate School of Public Service
New York University
New York, NY

Bassfor Case Study salection

The rationde for the choice of secondary lead smelters as a case that will become a prototype
isonly briefly described and should be expanded. Why isit Sgnificant and prototypica? Isit like other
industrial emission sources?

The change in capacity or use of these smdters might be one reason for their being a sgnificant
case. The discussion on p. 5 dludes to areduction in the number of lead smelters nationwide in 1999
over 1993-1994 levels. Capacity isredly key, however. Has the capacity of the remaining smdters
increased? |s the need for them changing, i.e., what is the quantity of lead-acid batteries needing
recyding?

One very strong reason for its salection isthat it is centra to the debate over eectric cars (see
debate in Science, 1995). The contribution of lead smeltersto air pollution in the course of recycling
lead-acid batteriesis part of the overall assessment of the relative environmenta impact of eectric cars
over the conventiona automobile. Thus, the reative risk associated with secondary lead smdlters
addresses amuch broader health debate.

Methodological 1ssues

A number of methodologica issues need greeater explanation or some references to judtify

methodol ogica approaches and choices.

a p. 6 —the expediency of usng a surrogate standard for al metasis clear, but why was lead
selected?

b. p. 9—what is the judtification for using inhdation andyssfor al HAPs rather than the
ingestion route dso, e.g., via oil depogition and subsequent entrainment in exposure
areas? p. 14 dso notes that inhdation pathway is the maost important route of exposure,
which needs a short explanation.

c. Decisions are made throughout the analysis, and should be explained. For example:

d. p. 9 How isthe subset of facilities sdected — just high emission rate rather than mix of
HAPS? In other words a facility with a high emisson rate may have low concentrations
of HAPs.

e. p. 10 Receptor locations chosen as the point of maximum air concentration —wasthis
regardless of the number and type of HAPS?

f. p. 10 How were the three HAPs and three pathways sdected for the variability and
uncertainty analyses?

g. Isthere any way of identifying which of the HAPs present in the emisson siream are likely to
react with one another to increase or reduce resdud risk?

h. The rationale behind the use of very numerous assumptions/defaults at any given point in the
assessment is difficult to evauate, e.g., p. 24, 32. On p. 24, for example, there are
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numerous Smplifying assumptions for the inhaation screening andyss. How do these
assumptions interact with one another and affect the results?

i. In areas where information is not known, can’t the Agency undertake some scenario building
to at least identify some of the boundaries? For example:

1) Geographic differencesin the location of the smdters and the effects of this variation
on exposure are not included, but need to be factored in somehow into the
anayses. For example, p. 24-25 the building downwash or terrain options for
SCREEN3 were not used because site specific information was not available.
Thisisimportant, however, since the report specificdly identifies that the use of
such options can result in higher vaues for air pollutants. What about using
locationa scenarios?

2) Where information on d/r for HAPs was not available the HAPs were excluded from
the andysis (p. 33) — Does the uncertainty andysis a least include the fact that
“HAPs for which quantitative d/r assessments are not available’ were excluded
from the quantitetive andyss?

J. p- 30 The technique for aggregating cancer risksis additivity. The drawbacks of this yet the
need should be clearly stated, aswell as how additivity islikely to affect the results.
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APPENDIX B

A MORE DETAILED DESCRIPTION OF THE SAB PROCESS

The SAB Staff recruited Dr. Philip Hopke, Chair of the Chemistry Department at Clarkson
University, to serve as Chair of the Subcommittee. Working with the Chair, other SAB Members and
Consultants, Agency Staff, and submissions from the American Industrid Health Council (AIHC) and the
Natural Resources Defense Council (NRDC), the SAB Staff compiled alist of over 30 scientists and
engineers who were subsequently surveyed for their interest in and availability for participating in the
review. The Char and SAB Staff made the find sdlections for membership on the Subcommittee and
assigned different members lead and associate responsihilities for each of the Charge Elements.

The Agency transmitted review materids to the Subcommittee membersin late January. In
mid-February SAB Staff convened a conference cdl with Agency saff to identify gaps in the information
sent to the Subcommittee and to identify areas that the Agency should be prepared to clarify at the face-
to-face meeting.

In addition, public comments were received from the follow parties and distributed to the
Subcommittee Members before the meeting:
a Association of Battery Recyclers and the Lead Industries Association:
Robert Steinsurtzel and Michael Wigmore — Swidler Berlin Shereff Friedman (Counsd
for Association of Battery Recyclers)
Jane Luxton and Cynthia A.M. Stroman -- King and Spading
(Counsd for Lead Industries Association, Inc.)
Dr. Teresa S. Bowers -- Gradient Corporation
Russdl S. Kemp -- Lake Engineering
b. Cambridge Environmenta Inc:
Dr. Edmund Crouch and Dr. Stephen Zemba
c. Indiana Department of Environmenta Management
Mr. Michael Brooks
d. Resdud risk Codlition:
Dr. Elizabeth Anderson -- Sciences International, Inc.
e. Sanders Lead Company, Inc:
Mr. Billy Nichols, Dames & Moore

On March 1-2, 2000 the Subcommittee convened in the Main Auditorium of Environmenta
Research Center at the USEPA laboratory in Research Triangle Park, NC. Minutes of the meeting are
available. Each member of the Subcommittee submitted written comments on the Charge questions for
which he/she had lead respongbility. Two members of the public (Dr. Elizabeth Anderson and Dr.
Teresa Bowers, see aand d above) provided comments on the technica issues under discussion.
Following afull day of discussion, Subcommittee members drafted and reviewed responses to the Charge
questions.
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The Subcommittee members were given the opportunity to refine their pre-meeting comments
for thair inclusion in the Appendix A to the Advisory. These written materias formed the basis of this
Subcommittee Advisory that was drafted by the Chair and the SAB Staff and subsequently
modified/approved by the Subcommittee. [An SAB "Advisory" isaterm-of-art used to denote review of
an Agency document thet is till undergoing development, in contrast to an SAB "Review” of afind
Agency product.] The Subcommittee-approved draft was sent to the SAB Executive Committee (EC)
for action during a publicly accessible conference call on May 1, 2000. At that meeting the EC gpproved
the Advisory, subject to find gpprova by designated vettors, Dr. Kenneth Cummins and Dr. Linda
Greer.
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AEl
ATSDR
BID
CaEPA
CAAA
CDC
CRARM
HAPs
HEAST
HI

HQ
[EM-2M
IRIS
ISCST3
MACT
MEI
MIR
NAAQS
NATA
NESHAP
NRC
OAQPS
PAHs
QSAR
PBTs
RfD
RTC
SAB
TRIM
TRVs
u&v
USEPA

APPENDIX C

GLOSSARY

Average exposed individud

Agency for Toxic Substances and Disease Regisiry
Background Information Document

Cdifornia Environmenta Protection Agency
Clean Air Acts Amendments of 1990

Centers for Disease Control and Prevention
Commission on Risk Assessment and Risk Management
Hazardous air pollutants

Hedth Effects Assessment Summary Tables
Hazard index

Hazard quotient

Indirect Exposure Methodol ogy

Integrated Risk Information System

Industrial Source Complex Short Term model
Maximum achievable control technology
Maximum exposed individud

Maximum individud risk

Nationd Ambient Air Qudity Standard
Nationa Air Toxics Assessment

National Emisson Standards for Hazardous Air Pollutants
Nationa Research Council

Office Air Qudity Planning and Standards
Polyaromatic hydrocarbons

Quantitative Structure-Activity Relationships
Persstent biocaccumul ative toxicants

Reference Dose

Agency's 1998 Report to Congress

Science Advisory Board

Totd Risk Integration Mode

Toxicity Reference Vdues

Uncertainty and variability

United States Environmentd Protection Agency



