September 26, 2000

EPA-SAB-EHC-LTR-00-007

Honorable Carol Browner
Adminigtrator

U.S. Environmenta Protection Agency
1200 Pennsylvania Avenue, NW
Washington, DC 20460

Subject: Review of the Draft Report to the Congress “ Characterization of Data Uncertainty and
Variahbility in IRIS Assessments, Pre-Pilot vs Filot/post-Pilot”

Dear Ms. Browner:

The Environmentd Hedlth Committee (EHC) of the US EPA Science Advisory Board (SAB)
met on August 30, 2000, in Washington, DC. The purpose of the meeting wasto fulfill a
Congressiond directive to review (and to provide advice and comment on) the Agency’s study of the
Integrated Risk Information System (IRIS).

The IRIS data base contains EPA’ s consensus scientific position on potentia adverse human
hedlth effects that may result from chronic exposure to specific chemicd substances in the environment.
Firg publicaly available in 1988, the earliest IRIS assessments provided the results of the EPA
deliberations culminating in consensus health hazard conclusons. With the passage of time, the
assessments gradudly included more detailed data and information on the process leading to the
reported conclusons. As a consegquence of andyzing the IRIS program and responding to comments
received about IRIS, the Agency decided to test some improvements through a Pilot Program. The
Pilot primarily addressed the assessment, documentation, peer review, and Agency consensus process
that precedes IRIS data base entries. EPA developed (or updated, for existing entries) IRIS
assessments for ten Pilot substances. The Filot process consisted of @) acall for technica information
on the eleven substances from the public via a Federal Register Notice [April 2, 1996], b) a search of
the current literature, ¢) development of draft IRIS summaries and support documents, d) internal peer
review (i.e, within EPA), €) externa peer review (outsde EPA), f) anew Agency consensus review
process, and management gpprova, g) preparation of find IRIS summaries and support documents,
and h) entry of the assessment into the IRIS data base.

In response to the directive in the October 1999 report from Congress (HR 106-379)
regarding EPA’s gppropriations for FY' 2000, EPA undertook an evaluation of the documentation of



data variability and uncertainty in IRIS assessments devel oped before, and after, the Filot program (The
specific language in the Congressiond report is provided in Enclosure A).

EPA’ s Office of Research and Development (ORD) Nationa Center for Environmental
Assessment (NCEA) consulted with the SAB Executive Committee (EC) on November 29, 1999,
about their proposed gpproach to this study. At this Consultation, individua Members of the EC
provided comments, but, following SAB standard procedures, no consensus report was generated.
The proposed approach involved assembling ateam of independent, qudified individuas, externd to
EPA, who would evaluate a representative set of IRIS assessments. One particular comment
suggested to ORD/NCEA was that it might maximize the number of assessments reviewed in-depth, by
limiting the number of independent reviews per assessment to three. In thisway, there would till bea
range of opinions, given the experts range of subject areaexpertise. The Sudy, as ultimately
undertaken, reflected the adoption of this, and other, comment(s) recelved from various EC Members.

The extent of documentation of variability and uncertainty in IRIS assessments was established
in two geps, through a stratified random sampling procedure. Thefirst step wasto classfy arandom
10% sample of pre-Filot IRIS assessments (52 of 522), and al assessments carried out after1995, into
3 categories of documentation: none/minimal, some/moderate, or extensve.

The second step was to sdect arandom sample of IRIS assessments for an in-depth
examination of thelr trestment of variability and uncertainty. The in-depth review then focused on 16
IRIS assessments, subdivided into 8 from the pre-Pilot assessments and 8 from the assessments
developed after 1995 (* Pilot/post-Pilot’ assessments). Within these 2 subsets the assessments were
randomly selected to represent the some/moderate and extensive documentation categories as evenly
aspossble. ORD/NCEA arranged for a contractor to select this sub-sample.

ORD/NCEA’s contractor assembled and coordinated a set of independent expertsto carry out
the in-depth review. These experts were sdlected on the basis of their familiarity with EPA’s human
hedlth risk assessment methodologies, with IRIS, their knowledge of current practices for evauating
and documenting uncertainty and variability in data used in health assessments, and their expertisein
how these factors reate to sendtive subpopulations including children. They represent arange of
professond effiliations and of health science backgrounds among cancer and non-cancer toxic
endpoints. The experts evauated the documentation of uncertainty and variability in assessments on the
basis of the data available at the time each assessment was conducted, focusing on the presentation of
avalable dataand variability in that data, discussion of confidence and uncertainty, including any
uncertainty factors gpplied. The find report comprises the individua and collective findings and
conclusons of the Six evauators, aswell as ORD’s summary and conclusions.



The Charge for this review, and the EHC' s findings on each eement follow below.

Thefirst of thethree elements of the Char ge asked the Committee to comment on how
well the study conformed to the study plan developed after consulting with the SAB EC.

The Committee agreed that the Agency did a good job implementing the study plan laid out in
the July 19 NCEA report (Nationd Center for Environmental Assessment Study Plan.
Characterization of Data Uncertainty and Variability in IRIS Assessments. 2000. Pre-Filot vs.
Pilot/Post-Pilot. Post-SAB Consultation and Update. Environmenta Protection Agency), in terms of
the number of reviewers evaluating each IRIS chemical assessment, randomized process for selection
of chemicas, number of chemicals evaluated, selection of reviewers and overal scope of the review.
The standardized questions asked of the reviewers and the methodology used to evaluate, summarize
and report results were consistent with the NCEA study protocol.

One sgnificant deviation from the NCEA plan was in the number of IRIS substances sdlected
with “extengve’ and “some’ documentation of uncertainty in the “pre-pilot” and “ pil ot/post-pilot”
groups. The Rilot program reviewed ten IRIS substances in order to test improvements in assessmernt,
documentation, peer review, and the Agency consensus process (EPA, 1996). Considerable effort
was taken to describe uncertainty in pilot and subsequent RIS assessments, and, as aresult, al but one
of the 15 available “ pilot/pogt-pilot” assessments were found in the interna Agency review to have
“extensve’ documentation of uncertainty. In contrast, only 3 of the 52 sdected “pre-pilot” assessments
were found to be in this category. According to the NCEA study plan, the 8 pre-pilot and 8 post-pilot
assessments chosen for in-depth review were each to have an equal number with “some’ and
“extendve’ documentation of uncertainty. Since thiswas not possible, the contractor sdlected al 3 of
the 8 pre-pilot assessments, and 7 of the 8 pilot/post-pilot assessments, from the extensive category.
The EHC found this to be a reasonable deviation from study plan.

Although the study conformed to the generd guidance laid out in the NCEA plan, the
Committee would like to highlight afew points regarding its implementation:

a) The study’ sdefinitions of “variability” and “uncertainty.” Although the definition
of “uncertainty” used for the study followed that used by the risk assessment community
(National Research Council. 1994. Science and Judgment in Risk Assessment. NRC,
Committee on Risk Assessment of Hazardous Air Pollutants, Nationd Academy Press,
Washington, DC; National Research Council. 1996. Understanding Risk: Informing
Decisonsin aDemocratic Society. NRC Committee on Risk Characterization,
National Academy Press, Washington, DC.), the definition of “varigbility” did not. Ina
grict sense, uncertainty refersto lack of knowledge, while varigbility refersto the
changeable nature of redity — for example, with time, space, and the perspectives of
individuals. Variability as used in the report was seen to encompass “any aspect of the
risk assessment process that can have varying results, including the potentid



b)

interpretations of the available data, the availability of data collected under different
experimentd protocols, and the availability of different modds and methods’ (NCEA
Study Plan). Thus variahility, as used by the study, covered both uncertainty and what
istraditiondly covered by variability. The importance of kegping the two terms distinct
when assessing and describing risk has been emphasized in a Congressondly mandated
review of EPA risk assessment activities conducted by a Nationa Research Council
Committee (National Research Council. 1994. Science and Judgment in Risk
Assessment. NRC, Committee on Risk Assessment of Hazardous Air Pollutants,
Nationa Academy Press, Washington, DC).

Although the definition of variability used in the study may be seen as overly broad, it
may have resulted from an interpretation of the Congressona language calling for an
evaudion of the IRIS documentation of “the range of uncertainty and variahility of the
data.”

Thisissue led some SAB Committee Members to express concern that the sudy did
not fully address what may have been (or, to speculate, perhaps should have been) the
underlying concern of Congress. Congress asked about "uncertainty and variability of
thedata” However, Snce neither the Congress nor the EPA study plan provided a
completdy satisfactory definition of those terms, EPA chose to interpret the
Congressiond request to gpply mainly to the information underlying the IRIS values,
not to the vaues themsdves. An dternative and more sdient interpretation would
focus on the extent to which the IRIS documentation provides a) a reasonable
description of the intringc uncertainty in a given human hedth risk assessments, and b)
an edimate of the extent of variability of humanrisk. For example, it might be possble
to sate that the IRIS RfD was thought to be below the individua threshold for adverse
hedth effects for 99.99% of the population, and that an RfD ten times higher was
thought to be protective for only 99% of the population.

The study’sreview of |RIS documentation of human variability in responseto
exposureto the IRIS substance. Vaiaility in risk, particularly among individuds, is
recognized as an important factor to consider in making decisions about risk (see, eg.,
the previous NRC references). The study was not implemented to review adequately
IRIS quditative or quantitetive descriptions of interindividud differencesin
susceptibility. Evauation of IRIS descriptions of individud susceptibility and variability
in risk with different life stages would have been conggtent with the study plan.

Therepresentativeness of the sample. Thefar greater proportion of pilot/post-
pilot substances evauated over pre-pilot substances was appropriate given the
underlying study gods of gauging improvements in uncertainty descriptionsin IRIS
documents, and identifying examples of “good’ assessments.
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d) The guiding questionsfor reviewers. Although there were differencesin the way
each reviewer approached the questions asked, there seemed to be reasonable
consgency on generd points. Defining some of the generd terms and providing
gructure for the reviewers may have resulted in greater consstency in the reviewers
findings on IRIS trestment of uncertainty. Asking reviewersto grade assessments could
have reduced the opportunity for misinterpretation of reviewers findings.

€) Bias. The contractor reported that a process was followed to ensure that the
reviewers were “free of bias or conflicts of interests’ (Versar, Inc. 2000.
Characterization of Data Uncertainty and Variability in IRIS Assessments. Pre-Filot
vs. Pilot/Post-Pilot. Prepared for EPA Nationa Center for Environmental Assessment.
(p. 12)). Althoughit is possibleto avoid conflict of interest, avoidance of biasis
probably not possble. All scientists carry bias due, for example, to discipline,
affiliation, and experience. Oftentimes discussions of expert committees are initiated
with abias disclosure and discusson. Fuller disclosure of sources of reviewer biasin
this study (e.g., beyond Table 2-1 in the contractor’ s report) would have provided
useful information in interpreting sudy results. [n addition, having more reviews would
help to insure the balance.

The second eement of the Chargeinquired asto the whether the EHC concurred with
the findings of the external reviewer s concer ning selected agentsincorporated in the IRIS.

The Committee agreed that the reviewers had followed their mandate and reached overdl
conclusions that were reasonable. The Committee noted that the findings of reviewers on specific
points varied, in severa cases consderably, even when the discussons of uncertainty were extensive.
Thiswasto be expected. Thereis not currently any scientific consensus on how uncertainty in risk
should be described, and practitioners of risk assessment differ on what congtitutes agood and
adequate discussion of uncertainty. Still, the Committee concurred with the generd conclusion that the
description of uncertainty could be sgnificantly improved for most pre-pilot chemicals, and that such
descriptions have improved sgnificantly since the initiation of the pilot program. The Committee dso
agreed with generd recommendations for improvement of characterizations of uncertainty and
variahility (see the recommendations addressed in the third eement of the Charge, below). Thelr
comments were by and large ingghtful, and contained severa useful suggestions for improvement.

In summarizing the content of the reviews, it should be noted that the reviewers had a number
of positive thingsto say about the IRIS reports, especialy those that have been written since 1995.
The Committee concurs with the overal summary from the outsde reviewers report that “ Thereis no
question that EPA’ s years of labor in providing biologicaly-based, consensus IRIS toxicity valuesto
the scientific community has been of inestimable vaue, at the very least because the process has been
indrumentd in clarifying issues and suggesting research needs in the developing field of risk assessmen.
IRIS isindeed a ussful tool for public hedlth risk assessment.”



The outside reviewers commended the EPA for the improvement in the characterization of
uncertainty and variability. They indicated that more recent (i.e., Pilot/Pogt-pilot) assessments were
“digtinctly more comprehensive. .. and included more description and better discussion of data gaps
and end points such as reproductive/developmenta or neurological effects, as well as physicochemical
information relevant to pharmacokinetics and toxicity and more complete synopses of conclusons for
each supporting study (p.36).” They considered the Toxicologica Review documents that have
accompanied the recent IRIS reports to be vauable in that they have provided a more comprehensve
discussion of various aspects of studies that bear on variability and uncertainty than was available for
older reports.

Thelast lement of the Charge requested that the Committee comment on what
further improvements, if any, might the Agency makein IRIS documentation in response to
the study results.

In responding, the Committee noted that the draft report does not come to any overadl
conclusion about the adequacy of uncertainty and variability information in the IRIS documentation. In
the pre-pilot sample, hdf (12 of 24) of the reviewers ratings of the treatment of uncertainty and
variability were judged “negative.” One-third (8) were rated as “positive,” and the remainder (4) were
rated as“mixed.” The Committee believesthisindicates the IRIS documentation of uncertainty and
variability could be sgnificantly improved for the pre-pilot chemicas. The pilot/post pilot results were
only somewhat more encouraging (9, 5, and 10 for positive, mixed, and negative, respectively),
athough the accompanying text suggested that the reviewers may have judged the pre-pilot IRIS
documentation less harshly because it often met the standards prevaent at the time it was prepared.

Eveninits present form, IRIS could be strengthened in its characterizations of data uncertainty
and variability. Therefore, agreater effort needs to be expended in addressing this important issue.
Thus, the Committee recommends that EPA should attempt to improve the IRIS database by including
more information on uncertainty and variahility in every chemicad summary that would have been rated
less than extengve by the reviewers. Given limited resources for such atask, priority should be given to
chemicas for which controversy over the IRIS evduationsis most acute. An examination of the
reasons for discrepancies between the EPA eva uators and the expert peer panel evauations of the
study sample might help in refining the protocol.

To undertake that task mogt effectively, EPA should first develop a detailed protocol of steps
for completing an adequate documentation of uncertainty and variability and then rigoroudy train the
managers of IRIS assessmentsin that protocol. The protocol should indicate what aspects of
uncertainty and variability should, at a minimum, be discussed (e.g., interspecies and intraspecies
differences in susceptibility; uncertainties introduced by using predictive models rather than clearly
gpplicable human data). The protocol should dso present criteria for deciding whether any meaningful
discussion of uncertainty is possible with the available data(e.g., are resulltsin at least two species of



laboratory animals via relevant exposure routes needed to characterize the uncertainties due to
interspecies variability?).

The Agency should also develop a strategy for reducing uncertainties where these severdly
compromise the utility of IRIS evduations. Although it may be beyond the IRIS mandate to
recommend the development of entirely new datasets, it may be possible to improve the precison and
accuracy of itstoxicity numbers by more ingghtful use of exiging information, for example by:

a) Continuing the development of ways to use data-driven uncertainty factors rather than
default vaues

b) Refining methods for examining curvilinearity and/or thresholds in dose-response
relaionships

) Integrating information from multiple rlevant sudies of adequate qudity, rather than
using only one study as the basis for the toxicity numbers

d) Performing a balanced assessment of known human variability in susceptibility to
various classes of chemicd compounds, and using the results to improve the discussons
of human varighility for other chemicas within those classes

More broadly, the Committee recommends that EPA should investigate the feasibility of
providing more information that can hep answer the underlying question about the uncertainties and
variabilities in human hedth risk assessments based on the IRIS toxicity numbers. One proposa
suggested by some reviewers isto characterize the toxicity of chemicas through distributiona andyses
of toxicity, aswell as of exposure, in human health risk assessments. 1n essence, good environmenta
policy should be able to answer the questions *How many people might be harmed by current patterns
of exposure?,” and “Whet are reasonable limits on thisestimate? Whether the toxicity numbers should
be replaced by uncertainty/variability distributions, confidence limits on the point estimates now
presented, or Smply enhanced by presentation of quantitative or qualitative discussons of uncertainty
and variability isnot asyet clear.

The request from the Congressindicates that it is driven by “...concern about the accuracy of
information inthe IRIS database...” It is recognized both within and outside of the Agency that the
magor problem with IRIS isthat most evauations are at least 10 years old and that they fail to reflect
more recent improvements and Agency practicesin risk assessment. The evauation of the adequacy of
the uncertainty and/or variability analysis for representative agents responds to the specific language in
the congressiond request but it does not fully address the more important quaity issue. In order for
IRIS to be of greatest vaue to the Agency, the database must be current, and there should be a
mechanism for the IRIS data to be subjected to external scientific and independent peer review and
cgpable of timely and continuous revision. Another criticiam of IRIS is that is does not include data for



many of the agents for which information is needed within the Agency offices. The mandate for adding
new agents, plus the need to revise the documentation on the current agents, exceeds the resources
alocated by the EPA to thistask. Becausethe IRIS database is critical to the Agency and extremely
important to outside stakeholders, the Congress should consider alocating resources which are
earmarked for this specific purpose. In the interim, the Agency should consider collaborétive efforts
with outsde ingtitutions, such asthe Nationa Academy of Sciences to expedite the generation of IRIS
files Tofacilitate this, EPA could provide Internet as well asthe Federd Register listings of the current
datus of updates and prioritization information.

Many of the pre-pilot RIS documents provide information on the specific toxicologica and/or
epidemiological studies that support the IRIS recommendations, whereas most of the post pilot agents
have more extengive toxicologic reviews. The reviews cover the issues of ancillary studies,
transparency and uncertainty/variability evauation in more detail and they are scientifically more
informative. Thereis consderable overlap between IRIS toxicology review and the Agency for Toxic
Substances and Disease Registry (ATSDR) Toxicology Profiles, the International Agency for Research
on Cancer (IARC) cancer documents, the EPA’ s Acute Exposure Guiddine Level program
documentation, the documentation for nationd and international occupationa exposure leves, and the
World Health Organization and the Organization for European Community Devel opment databases as
well as those created and maintained by state governments, environmental groups, industry, and other
list generating groups. The IRIS gtaff should make the best possible use of the IARC, ATSDR, and
other documents so as to avoid duplication of effort and make their own reviews easer to conduct, and
should aso seek to cross-reference these other reviews. In thisway, EPA could focus on improving
the qudity of input data, diminating redundant compilations of the same data and developing single
“gold slandard” evauations for dl important compounds. This long term god may be difficult to
achieve. Inthe near term, efforts should emphasize the development of IRIS documents on chemicals
with significant environmenta exposures that are not currently on IRIS, or for which the IRISis
believed to be inaccurate, out-of-date, or non-informative.

IRIS could provide an evauation of the epidemiologic and toxicologic data, and these
evauations could be used by dl stakeholders as the basis for their recommendations for regulatory,
occupationd, or environmenta levels. One suggestion to enhance the qudity of the toxicologic
evauationsis to make the IRI'S process open to public stakeholder review in amore forma manner.
This could be amilar to the process the EPA OPP Specid Review and Regidration Divison and the
USDA Office of Pest Management follows for re-registration of pesticidesin which an open mesting is
held to discuss the risk assessment documents. The purpose of such amesting isto make sure that key
information and data that impact the fina risk assessment are available to EPA. Non-profit
organizations such as ILS or Toxicology Excdlence for Risk Assessment could be involved in
organizing the panels to debate and uncover the range of scientific opinion and critica data that impact
the risk assessment. The EPA SAB or NAS/NRC could provide peer review.



The Committee noted aso that the qudity of the EPA’s interpretation of the weight of evidence,
and the use of thisinformation to select gppropriate uncertainty parameters or quantitative risk
assessment gpproaches, are critica to the success of the IRIS database in aiding regulators and industry
in adequately protecting the public. However, these factors are very difficult to measure, and they were
not the primary focus of the IRIS study. Instead, the emphasis was on documentation of the scientific
evidence supporting the decisons that were made. The IRIS Study isindeed an important step
forward in making the process more transparent. SAB agrees with the reviewers that, in generd,
pilot/post-pilot IRIS assessments were more detailed and provided more chemical-specific information.
However, there were severd casesin which individua reviewers from the IRIS study as well as SAB
Members were aware of critical data that were not included in the IRIS risk assessment discussion. It
is not the expectation that every reference associated with the chemica should be cited in order for the
IRIS database to be considered complete. It isaso understandable that the budget and time
congraints make it difficult to thoroughly evauate the large amount of published data often available on
each chemicd. However, key studies of high quaity that have impact on interpretation of the weight of
evidence and risk assessment need to be discussed and considered.

Finally, the Committee noted that the reviewers only occasondly discussed whether or not the
IRIS files cited children as a subpopulation that might be more sengtive than the generd population, and
that the ORD/NCEA summary did not mention thisissue at al. Thisissueis centra to whether or not
the uncertainty factors assigned for intraspecies (human) variability are sufficient to cover such potentia
childhood sengtivity. EPA should relatively quickly decide how it will ded with the concern that
children might be at greeter risk from certain environmental chemicals than adults. Pesticide risk
assessments are required by law to include an “extra’  uncertainty/safety factor of three to ten-fold
whenever there are toxicologica concerns or when data on the safety of a peticide for children are
lacking. Some observers believe that a smilar factor should beincluded in every IRIS assessment
lacking childhood-specific data, whereas others believe that the current uncertainty factor for
intragpecies (human) variability isadequate. The correct answer is undoubtedly chemical-specific, and
the Agency needs to decide whether, and if so, how, to modify IRIS toxicity numbers for potentia
childhood sengtivity.

Although not part of the formal Charge, the Committee wished to comment on severad other
issues. Firg, the Committeeis of the opinion that the report should be prefaced by some statements
that will assst the reader in understanding the IRIS review process, and it should also cite the SAB’s
report on the extent to which these assessments document the range of uncertainty and the variability of
the data.

Lagtly, we recommend that EPA establish protocols for the whole IRIS process, not just the
uncertainty and variability parts noted above. Having such protocols would contribute to
three important goals EPA should work towards:.



a) making the total process by which dl the available information isintegrated to arrive at
the toxicity numbers presented in IRIS more transparent, e.g., why certain studies were
sdected for inclusion over others

b) ingtituting a sandardized approach to determining what information will be consdered
inthe IRIS evauations (eg., theinclusion of unpublished studies or studies not fully
conforming to good laboratory practice in addition to those that fully meet current
criteria)

) developing a standardized process to determine which agents should be added to the
IRIS database, perhaps using some of the following criteria

1) likdihood that alarge population is exposed

2) high likelihood that a large population of children is exposed

3) judgment that the agent is hazardous a low doses

4) judgment that the agent is not being considered by other public hedlth entities

5) pertinent to the cy's overdl miss that sgnificant exposures are likely to
occur viaenvi réngg& igﬁﬁ.
6) extant toxicity findings in two or mor.

7) extant clinica or epidemiology studies of sufficient power and quaity showing a
trend in toxicity

We appreciate the opportunity ﬁr :L\ﬁi@gu@@ forward to your response.

Dr. Morton Lippmann, Interim Chair
Science Advisory Board

Dr. Mark Utdl, Chair
Environmental Hedth Committee
Science Advisory Board
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ENCLOSURE A

Report Language from the Senate A ppropriations Committee accompanying the EPA budget for FY
2000:

"The Committee is concerned about the accuracy of information contained in the Integrated Risk
Information system [IRIS] data base which contains hedlth effects information on more than 500
chemicas. The Committee directs the Agency to consult with the Science Advisory Board (SAB) on
the design of astudy that will @ examine a representative sample of IRIS hedlth assessments
completed before the IRIS Pilot Project, as well as a representative sample of assessments completed
under the project and b) assess the extent to which these assessments document the range of
uncertainty and variability of the data. The results of that study will be reviewed by the SAB and a
copy of the study and the SAB's report on the study sent to the Congress within one year of enactment
of thisAct."

A-1
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NOTICE

This report has been written as part of the activities of the Science Advisory Board, a public
advisory group providing extramurd scientific information and advice to the Adminigrator and other
officids of the Environmenta Protection Agency. The Board is structured to provide balanced, expert
assessment of scientific matters related to problems facing the Agency. Thisreport 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 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.

Digribution and Avallability: This Science Advisory Board report is provided to the EPA
Adminigtrator, senior Agency management, gppropriate program staff, interested members of the



public, and is posted on the SAB website (www.epagov/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 avallable from the SAB Steff.



