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OFFICE OF THE ADMINISTRATOR
SCIENCE ADVISORY BOARD

DATE
EPA-CASAC-12-XXX

The Honorable Lisa P. Jackson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Subject: CASAC Review of the EPA’s Integrated Science Assessment for Lead (Second
External Review Draft — February 2012)

Dear Administrator Jackson:

The Clean Air Scientific Advisory Committee (CASAC) Lead Review Panel met on April 10 - 11, 2012,
to peer review the EPA’s Integrated Science Assessment for Lead (Second External Review Draft —
February 2012), hereafter referred to as the Second Draft ISA. The CASAC’s consensus responses to
the agency’s charge questions and the individual review comments from the CASAC Lead Review
Panel are enclosed. The CASAC’s key points are highlighted below.

The CASAC commends EPA for substantial revisions to the first draft ISA based upon its prior advice
(December 2011). Nevertheless, the CASAC has further recommendations for improving the document
and recommends that EPA develop a third draft of the ISA and provide it to the CASAC for a review
focused on the key changes called for in this letter.

Preamble, Preface, Executive Summary, and Integrative Summary

The organizational structure of the Second Draft ISA has been enhanced by the addition of a Preamble
containing the discussion on the causal framework and by the inclusion of an Executive Summary as
Chapter 1. However, the document still fails to consistently and transparently apply the causal
framework to the analysis of the health effects of lead (Pb). The CASAC previously recommended that a
thorough appraisal of the strengths and limitations of the epidemiological data be performed on the First
Draft ISA and finds that this has not yet been adequately performed. As per prior CASAC
recommendations, the causal determination analysis requires a substantial revision that



O©CoOoO~NOoO Ok WN P

05/16/12 Draft
-Do Not Cite or Quote-
This draft CASAC Panel report has been prepared for quality review and approval by the Chartered CASAC. This report
does not represent EPA policy.

(1) focuses on specific health endpoints as opposed to organ system effects, and (2) assesses the weight
of the evidence for causation after systematically and critically evaluating the data.

Source to Concentration

The addition of new material to Chapter 3 is an improvement, but there are still problems that need to be
addressed. There are many mistakes and issues with the interpretation of the literature, especially in
Section 3.5. Much of the discussion is still largely encyclopedic, where individual papers are
summarized rather than assessed in an integrative manner. Adding an integrative synthesis, along with
moving much of the detail to an appropriate appendix, will improve the readability of the chapter.
Although the discussion of Pb sampling methods in this chapter is improved, the larger issue of the need
to sample larger airborne Pb particles is still not addressed. This points to the need for better linkage
between Chapters 3 and 4. More information on the role(s) of different Pb particle sizes in terms of
human exposure and uptake is needed.

Exposure, Toxicokinetics and Biomarkers

The additions and edits to Chapter 4 are generally responsive to the comments provided by the CASAC
on the First Draft ISA. These changes provide a more comprehensive overview of current modeling
approaches and available data that are relevant to understanding how air-related exposure can contribute
to total Pb exposure. However, the chapter should be improved by:

e Further synthesizing the presented information and data, as well as discussing their implications
on the overall exposure assessment or understanding of relationships between exposure and
biomarkers of effect;

e Providing table or figure summaries that convey information about uncertainty in the empirical
data and model-based estimates of blood Pb / air Pb slope factors. This includes demonstration of
how the range of estimates translates into corresponding changes in the distribution of blood Pb
and specifically addressing implications of errors associated with estimates of particle size
distributions from historical total suspended particulates (TSP) measurements; and

e Adding a discussion of the implications of the alternative mathematical approaches to fitting
blood Pb / air Pb relationships, focusing on the uncertainty in describing the relationship at low
air Pb levels.

Integrated Health Effects of Lead

In general, the revisions made to Chapter 5 addressed several issues identified in the CASAC’s review
of the First Draft ISA. These include improved integration of the toxicologic and epidemiologic
literature in terms of relevant outcomes and exposures, as well as acknowledgement that contemporary
blood Pb levels (especially in adults and older children) may not directly account for observed health
effects (due to the likely contribution of previously higher or longer term exposures). For childhood 1Q,
adult nervous system effects, blood pressure, and other cardiovascular outcomes, discussion of the
evidence associating these outcomes with Pb, including analyses of consistency (or lack thereof) across
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the literature, confounding, and study design issues were improved. However, for many of the remaining
health measures, a number of important concerns identified in the CASAC’s review of the First Draft
ISA were not addressed, including:

e Inadequate critical assessment of each study reviewed to determine the strength of the observed
associations (e.g., analyses of the potential for confounding, bias, or study design limitations to
explain apparent Pb effects were incomplete);

e Lack of transparency, balance, and consistency regarding causal determination;

e Incomplete application of causal determination criteria outlined in the ISA’s preamble; and

e Lack of clarity in the description and conceptualization of outcomes (particularly behavioral
outcomes).

Although the compelling evidence associating Pb exposure with childhood 1Q decrements and adult
cardiovascular outcomes (e.g., blood pressure) is well documented in this chapter, the main consequence
of the above limitations is likely mis-specification of the weight of evidence supporting associations of
low-level Pb exposures with other health endpoints, including childhood behavior and adult renal
function.

Potentially At-Risk Populations

The expanded discussion and revisions made to the First Draft ISA better capture the intricacies
associated with “at-risk” populations. The reorganization of the chapter into related factors also makes it
more cohesive and better integrated. The revised Chapter 6 adequately defines some factors as having
limited evidence based on the strength of available evidence. However, the extent to which these risk
factors actually modify the magnitude of the impacts of lead exposure is not adequately discussed.

Ecological Effects of Lead

Although new information has been added to Chapter 7, it is not summarized and integrated into a
meaningful synthesis and little technical evaluation of extant data is provided. Detailed data should be
provided in an appendix and summarized in tables in the text of the chapter. The CASAC also
recommends the following: consistent expression of exposure dose throughout the chapter; considering
survival, growth, and reproduction the most relevant endpoints; discussing sub-organismal responses in
the context of secondary responses; and clarifying whether the causal determinations are based on air
deposition of Pb or laboratory exposures.

EPA Presentation on Lead Air Sampling
During the meeting, the EPA made a presentation on the development of a new Pb air sampler. The
CASAC had previously, on numerous occasions, made the recommendation to replace the high-volume

(Hi-Vol) total suspended particulates (TSP) air sampler and is encouraged by and supportive of the
development of a new Pb air sampler. As the development of the sampler progresses, the CASAC

3
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recommends that the EPA seek out advice and review from the CASAC’s Air Monitoring and Methods
Subcommittee (AMMS).

The CASAC appreciates the opportunity to provide advice on the ISA and looks forward to reviewing
the third draft of the ISA.

Sincerely,

Dr. Jonathan M. Samet, Chair Dr. H. Christopher Frey, Chair
Clean Air Scientific Advisory Committee CASAC Lead Review Panel

Enclosures
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NOTICE

This report has been written as part of the activities of the EPA's Clean Air Scientific Advisory
Committee (CASAC), a federal advisory committee independently chartered to provide extramural
scientific information and advice to the Administrator and other officials of the EPA. The CASAC
provides balanced, expert assessment of scientific matters related to issues and problems facing the
agency. This report has not been reviewed for approval by the agency and, hence, the contents of this
report do not necessarily represent the views and policies of the EPA, nor of other agencies within the
Executive Branch of the federal government. In addition, any mention of trade names or commercial
products does not constitute a recommendation for use. The CASAC reports are posted on the EPA
website at: http://www.epa.gov/casac.
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Consensus Responses to Charge Questions on
EPA’s Integrated Science Assessment for Lead
(Second External Review Draft — February 2012)

Preface, Preamble, Chapters 1 (Executive Summary) and 2 (Integrative Summary)

The CASAC panel offered a number of recommendations to enhance the organization and presentation
of the evidence in the ISA. An Executive Summary has been prepared and is included as Chapter 1. As
part of the development of the Executive Summary and restructuring of the integrative overview chapter,
Chapter 1 materials have been revised and moved, specifically: (a) the more general sections on the
development of the ISA and the causality framework are being placed in a Preamble that can support all
ISAs; (b) the introductory sections specific to this ISA describing the ISA development and scope are
placed at the beginning of Chapter 2; and (c) sections on legislative background and history of previous
reviews are contained in a Preface in the front matter of the ISA. The intent was to bring the integrative
overview discussion to the front of the document, thus making it more accessible to the reader, and to
streamline the ISA organization.

Please review and comment on the effectiveness of these revisions. Please comment on the extent to
which Chapters 1 and 2 comprise a useful and effective approach for presenting this summary
information and conclusions. Please recommend any revisions that may improve the scientific accuracy
or presentation of these summary sections and the conclusions therein.

In addition, please comment the extent to which the discussion of the health effects evidence in Chapters
1 and 2 reflects the revisions to Chapter 5, which were designed to characterize the weight of the
evidence for specific endpoints as well as the strengths and limitations of the studies.

The organizational structure of the 2™ External Review Draft of the Integrated Science Assessment for
Lead (2" Draft ISA) has been enhanced by movement of the general description of the ISA
development process and the causation framework to a Preamble, and by the inclusion of an Executive
Summary as Chapter 1.

Preface

The subsection within the Preface entitled “History of the NAAQS for Pb” should be improved by
adding a discussion of aspects of the pre-promulgation history, notably the contribution of public
interest lawsuits and court decisions to the initiation of the National Ambient Air Quality Standard
(NAAQS) process. It will also benefit from a discussion of lead being a multimedia pollutant, which is
unlike other criteria pollutants. Hence, although regulating lead air exposure reduces total lead exposure,
other sources and pathways can still affect Pb intake.
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Chapter 1 (Executive Summary)

The revisions made to Chapter 1 (moving material to the Preface and Preamble) and making it an
Executive Summary are appropriate. Some further improvements that should be made to this chapter
include: mentioning that the main pathway of Pb intake for most people is Pb ingested from dietary
sources; adding a statement to Section 1.3.1 that there is uncertainty in whether health effects are
reversible or permanent (some effects like interruption of the heme pathway are reversible, but nerve
damage appears to be permanent); and stating that Pb occurs naturally at certain levels in soil, and hence
biota have evolved in a way which accommodates Pb at these levels.

Chapter 2 (Integrative Summary)

Chapter 2 includes a summary of the other chapters of the ISA. The CASAC’s comments and
recommendations for the respective chapters are detailed in the consensus responses and should also be
reflected in the summaries in Chapter 2.

A major conclusion of the CASAC’s review of the 1% Draft ISA was that the document failed to
consistently and transparently apply EPA’s established causal framework to the analysis of the health
effects of lead. A thorough appraisal of the strengths and limitations of the epidemiological data was
recommended, and it was suggested that summary tables of the relevant literature include a column that
specifically highlighted these features. These same major concerns and shortcomings continue to apply
to the causal determination analysis that appears in the Executive Summary, Chapter 2, and Chapter 5 of
the 2" Draft ISA. As per prior CASAC recommendations, the causal determination analysis will benefit
from a substantial revision that (1) focuses on specific health endpoints as opposed to organ system
effects, and (2) assesses the weight of the evidence for causation after systematically and critically
evaluating the data for:

e Strength of study designs (in accordance with the standard epidemiological hierarchy:
prospective cohort study, nested case control, case control, cross-sectional, etc.);

e Consistency in terms of the nature and strength of the observed associations;

e The extent to which associations arising from chance, bias, or confounding have been ruled out
with reasonable confidence;

e Demonstration of a dose-response relationship, focusing particularly on the presence of effects at
current or former environmental lead doses (i.e. blood lead levels < 25 ug/dL);

e Biological plausibility of effects at low doses demonstrated by findings from toxicological
investigations; and

e Findings that might identify the cumulative lead dose or temporal pattern of blood lead
concentrations at which the causal impacts may occur.

As discussed further below in the consensus response on Chapter 5 and the individual comments of

several panel members, particular concerns exist regarding the causation analysis of behavioral effects in

children, and renal effects in children and adults. With respect to behavioral effects in children, the

analysis summarized in the Executive Summary and Chapter 2 will benefit from a critical appraisal that
10
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acknowledges: (1) inconsistency in findings observed within the published literature (particularly
notable if older, high quality, prospective studies omitted from the current ISA are considered); and (2)
the potential for observed associations to have been subject to confounding or bias as a consequence of
the limited extent to which many studies have been able to adjust for parental behavior or
psychopathology. Behavioral outcomes in children should be distinguished from effects on cognitive
function, and the authors should reconsider the frequent tendency for the narrative to refer to the impact
of lead on both of these endpoints as if they occur jointly or with equal causal weight.

With respect to renal effects, the narrative should offer a more balanced assessment in which causal
inference is tempered by:

e Inconsistency in the literature (underscored by the existence of studies that observed no
significant relationship or a relationship in which increasing blood lead levels were associated
with improved renal function);

e The potential contribution of reverse causation; and

e The paucity of toxicological studies that identify a nephrotoxic mode of action of lead on the
kidney at the low doses in which a reciprocal relationship between blood lead and glomerular
filtration rate (GFR) may have been observed.

The uncertainty that characterizes the relationship between lead exposure and asthma and allergy should
be acknowledged, as only one or two epidemiological studies of each of these endpoints have been
discussed in the document, and those are subject to methodological limitations.

The terminology utilized in the ISA to characterize causal relationships between lead and various health
endpoints often merits revision. For example, in several instances the narrative states “the weight of the
evidence supports associations” (e.g., see Table 2-10 section on neurobehavioral effects; page 1-7, line
12; and many places in Chapter 5). This phraseology is ambiguous with respect to causal assessment,
because an epidemiological “association”, however strong, is by itself insufficient to establish causation,
particularly if bias and confounding cannot be ruled out with reasonable confidence.

The new subsection in Chapter 2 on “Public Health Significance” (section 2.9.1) is a positive addition to
the document. This chapter appropriately notes that the magnitude of change observed in certain
parameters in epidemiological studies (e.g., decrements in 1Q or increases in blood pressure) may be of
limited clinical impact in any one individual, yet nonetheless signify a substantial public health impact
on the population as a whole. It would be prudent for this section to focus on the impacts of lead on
cognitive functions in children, and blood pressure and cardiovascular disease in adults, and to curtail or
eliminate discussion of other endpoints (such as behavior, immune dysfunction, and renal dysfunction)
for which the effect of lead at low dose is less well established. With respect to the discussion of the
public health impact of lead on 1Q in children, it should be noted and discussed that the validity of
Figure 2-1 is predicated on the incremental dose response of lead on 1Q being of similar magnitude in
children with low and high intelligence. The sentence on page 2-54 line 20 should be rephrased to note
that there is “no level of lead exposure shown to be without deleterious effect” rather than refer to “no

11
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safe level of exposure”. A consideration of the level of exposure to a hazardous substance that is
considered “safe” involves risk management issues that are beyond the intended scope of the subsection.

Chapter 3 — Source to Concentration

Revisions made to Chapter 3 in response to CASAC comments include elaboration of changes to the
National Emissions Inventory between the 2006 Pb AQCD and the ISA (Section 3.2), discussion of the
limitations of the current total suspended particulate federal reference method sampler and available
alternatives (Section 3.4.1), removal of questionable data presented for particle size Pb comparisons
(Section 3.5.3), addition of a background Pb section (Section 3.5.5), and supplementation of studies to
elucidate the relationship between air Pb and Pb in soil (Section 3.6.1).

Please comment on the adequacy of these and other changes to the chapter and recommend any
revisions to improve the discussion of key information. Is material clearly, succinctly, and accurately
provided? Where appropriate, please provide guidance that may refine the scientific interpretation
and/or improve the representation of the science.

This chapter is improved from the prior version with substantial new material, but there are still
problems that need to be addressed. There are many mistakes and issues with interpretation of the
literature, especially in Section 3.5. Much of the discussion is still largely encyclopedic, where
individual papers are summarized, rather than providing an integrated assessment of the science. Adding
an integrative synthesis, along with moving much of the detail to an appropriate appendix, will improve
the readability of the chapter (especially Section 3.5). A concise list of key Pb source types (aviation,
smelters, dirt, etc.) and exposure context would be useful. Chapters 3 and 4 have some common
elements that will benefit from more direct cross-chapter linkage between exposures and Pb-air
measurements. One example is wood smoke (3.2.2.5 and 4.1.3.1).

The expanded description of the Pb Total Suspended Particulates (TSP) Federal Reference Method
(FRM) and related Pb sampling methods in Section 3.4.1 has substantial new and helpful content in
response to comments on the 1% Draft ISA, especially on the current FRM high-volume (HiVol)
sampling method. A limited discussion on the possibilities of and need for a better alternative FRM has
been added, but still ends with “...there is a continued need to assess the feasibility of a revised TSP
sampler design...” without discussing how to move forward towards a revised FRM TSP sampler.
Although it may not be within the traditional scope of an ISA, an expanded discussion on the state of the
aerosol science supporting possible alternatives to the HiVVol TSP FRM would be useful to address the
many and long-standing CASAC comments on this topic. EPA should consider addressing what might
be acceptable (from an exposure perspective) and practical for sampler performance (e.g., d50 cut size,
cut curve shape / sharpness (geometric standard deviation), and wind speed dependence). EPA should
discuss whether the measurement of very large airborne particles is meaningful, useful, or desired given
the indirect nature of the dominant exposure pathways. EPA should also discuss whether a modest
decrease in design value concentrations from a robust larger particle FRM sampler would be important,
considering the relatively large uncertainty in all other aspects of the relationship between air lead
concentrations and health outcomes. This is a topic that is closely related to exposure and dose. The

12
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Integrative Summary states that “the Pb-TSP indicator was retained in 2008 in recognition of the role of
all PM sizes in ambient air Pb exposures”, but relatively little information is presented (in Chapter 4 or
elsewhere) on what the role(s) of different Pb particle sizes in terms of human exposure and uptake.

In Section 3.5.3, Size Distribution of Lead-Bearing PM, EPA should consider further broadening the
scope of this topic beyond studies in the peer-reviewed literature; all data on Pb size above 10 um are
useful given the limited literature on this topic. The summary of Air Quality System (AQS) data in
Table 3A-13 (ambient air Pb particle size information) in the appendix of the first draft should be
revised (not removed) to include only concurrent, paired samples above the method detection limits
(MDLs). Again, improved linkage to Chapter 4 will be helpful; for example, Table 4-3 will benefit from
information about the size fractions measured in these studies.

In Section 3.5.4, Lead Concentrations in a Multipollutant Context, use of Spearman rank r alone to
describe associations with other pollutants may not be sufficiently informative. EPA should consider
also presenting or evaluating Pearson or another parametric r, and should justify what was used. Some
filtering of results to those that are meaningful for use in source identification would make the material
more accessible.

In Section 3.5.5, Background Pb Concentrations, the issue of how to define “background” should be
further discussed. In the first paragraph, the policy relevant background (PRB) is defined as “those
concentrations that would occur in the U.S. in the absence of anthropogenic emissions in continental
North America.” This definition contrasts with the more scientific definition of a “natural” background,
unaffected by any anthropogenic sources. Both are difficult to assess, but the natural background is
probably easier to evaluate. In any event, the section does not come to a conclusion on what the
background levels might be; the section is comprised of several paragraphs explaining why it is difficult
to estimate PRB levels. It should be possible to bracket a range for background airborne, soil, and
aquatic Pb concentrations.

Chapter 4 — Exposure, Toxicokinetics and Biomarkers

The exposure section of Chapter 4 includes additional discussion of the relationship between airborne
Pb-particle size distribution and exposure by inhalation and ingestion (e.g., hand-to-mouth). Cross-
referencing to Chapter 3 further emphasizes measurement errors and uncertainties that may affect
exposure assessment for air Pb. A new section on exposure assessment methodologies was added that
includes discussion of exposure representation within the IEUBK model and exposure modeling
techniques.

The revised toxicokinetics section of Chapter 4 expands discussion on the effects of both past and
current Pb exposure on blood Pb levels. Studies that followed blood Pb levels in individuals following
cessation of high Pb exposure occupations and in children over the first several years of life were
added. The section on bone Pb measurement was expanded. Air to blood slopes were reevaluated across
the range of air Ph concentrations available in a given study with an emphasis on the central tendency
of air Pb concentrations in each study.

13



OO ~NOoO Ol WDN P

34

05/16/12 Draft
-Do Not Cite or Quote-

This draft CASAC Panel report has been prepared for quality review and approval by the Chartered CASAC. This report

does not represent EPA policy.

With consideration of these revisions, please comment on the accuracy of the interpretation of the
science. Are uncertainties and limitations of relevant data, methodologies and approaches adequately
discussed? Where appropriate, please provide specific recommendations to refine the scientific
interpretation and/or improve the representation of the science.

The additions and edits to Chapter 4 are generally responsive to the comments provided by the CASAC
on the 1% Draft ISA. These changes provide a more comprehensive overview of current modeling
approaches and available study data that are relevant to understanding how air-related exposure can
contribute to total Pb exposure. However, there are several areas where the chapter can be improved.

Additional synthesis and summary of information is needed on the following:

Section 4.1 — Section 4.1.3.3 (Dietary Lead Exposure) — The information is factual, but the
reader will benefit from more interpretation, context, and summary. The chapter should include
additional discussion to explain the importance and impact of the reviewed data to the ISA. This
recommendation can be generalized to all chapters of the ISA document — EPA should review
each section and determine if, in addition to summarizing the information/data available, the
implications of this information also are conveyed.

Section 4.1.1, p. 4-6 — The additional paragraph is helpful at presenting quantitative estimates of
percent contribution of air Pb to blood Pb. A table that summarizes this information should be
included which distinguishes between estimates based on modeling (e.g., IEUBK) and empirical
studies. Text should be added to synthesize/summarize this information with specific focus on
the importance of changes in these percent contribution estimates over time, or as a function of
the low-end versus high-end blood lead levels.

A section should be added that relates estimates of blood Pb / air Pb slopes to the original goals
of the ISA as presented in the Integrated Review Plan, which called for an uncertainty analysis
that provides a foundation to review the NAAQS. For example, the ISA can demonstrate how a
particular slope factor translates into a corresponding change in blood Pb at the geometric mean
(GM) and 95™ percentile of the distribution, assuming a lognormal distribution with geometric
standard deviation (GSD) of 1.6 (which is adopted in the IEUBK model).

Additional discussion and perspectives on the relevance of information as presented is needed:

Chapter 4 leaves the impression that from a multipathway exposure perspective, direct inhalation
of air Pb is generally a relatively minor contributor to total dose compared to soil/dust ingestion,
diet, water ingestion and other routes of exposure (although some exceptions are noted, such as
populations living in the vicinity of an airport). This may raise questions regarding the
interpretation of the blood Pb / air Pb slopes, or the potential for a reduction in NAAQS to have a
meaningful effect on blood Pb. Chapter 3 provides a more explicit discussion of the
correspondence between air Pb and multiple exposure media (beyond air itself). There needs to
be a better linkage between Chapter 3 and Chapter 4.

14
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The discussion in Section 4.2.1, p. 4-30, lines 24-28 needs to be expanded to include the concept
that time-integrated blood Pb reflects an aggregation of the biological processes that includes
both recent Pb bioavailability/absorption as well as inputs from soft tissue and bone.

The simulations in Figures 4-8, 4-9, and 4-11 are very informative and help to illustrate the
temporal profile of Pb in blood, bone, and overall body burden. The text (p. 4-63) indicates that
the simulations represent an exposure scenario in which a child experiences *“a constant Pb intake
(from age 2-5) via ingestion...followed by an abrupt decline in intake.” Additional details
regarding the exposure/dose will be useful - specifically what constant Pb intake was
administered, and when intake was abruptly reduced — was this set at zero or some non-zero
baseline? Further clarification on the relevance/interpretation of the time averaging would be
useful since it is unclear how the reduction in variance attributable to the averaging can be
related to the experimental data. The EPA should consider removing the time-weighted average
blood Pb panel.

Figure 4-22 is a very helpful addition to demonstrate the various slopes, particularly to
emphasize the differences in the model selection (e.g., log-log, log-linear). The shapes of the
response curves are very divergent at low air concentrations. Given that the focus of the NAAQS
is at the low end of the air Pb range presented, EPA should (1) comment on the challenge of
estimating the low-end of the curves (i.e., < 0.2 ug/m?) from data collected, and (2) comment
specifically on the magnitude of difference in estimates and representativeness of the statistical
models applied to empirical data. EPA should conduct an independent analysis of the underlying
studies and determine if a common model can be used to describe all the datasets. Then, the EPA
should relate this back to estimates of expected change in blood Pb associated with change in
NAAQS (see third bullet under additional synthesis above).

The ISA presents a range of blood Pb / air Pb slope factors without pinpointing a subset of
estimates that may be more relevant to the objectives of the REA. To the extent that the EPA has
already identified a “best estimate” of a slope factor, or a range of best estimates, this
information should be included in the ISA, accompanied by a discussion of the rationale that
supports the selection.

The EPA should discuss the importance of errors associated with estimates of particle size
distributions from historical Pb TSP measurements. How does this uncertainty likely contribute
to (1) estimates of air Pb / blood Pb slopes; (2) estimates of predicted blood Pb from
epidemiological data; and (3) corresponding uncertainty in predicted change in blood Pb
associated with reduction in air Pb (see third bullet under additional synthesis above).

Section 4.1.1 presents the conceptual model for a multi-pathway assessment. Page 4-6 (lines 8 to
34) discusses the relevance of particle size distributions for inhalation and soil/dust ingestion
exposure pathways. The first sentence (line 8) states that particle size of Pb-PM is relevant to
transport through various media leading to exposure. This should be restated or the introduction
should be expanded to emphasize that all particle sizes are relevant to lead exposure assessment
in general, and to understanding the air Pb / blood lead relationship specifically, with
explanations of why.

The historical perspective on the change in Pb sources over time associated with the change in
blood Pb remains somewhat biased towards the phase-down of gasoline Pb (e.g., Section 3.7.1;
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Section 4.4.1, p. 4-78, introductory paragraph). It should also emphasize the role of reductions in
emissions in the vicinity of point sources as presented subsequently (e.g., pp. 4-84 to 4-86).

The following contradictions need to be addressed:

e The text on clearance rates for blood Pb (e.g., 4-62) suggests that the rate of change may be slow
following cessation of exposure, such that blood Pb will remain elevated years after exposure
ends. Yet, the narrative discussion at the top of page 4-67, and the model simulations in Figure 4-
11 (ICRP modeling) suggest exactly the opposite — a rapid decline in blood Pb following
cessation. EPA should provide more description regarding model assumptions (e.g., how
baseline exposure was factored in), and comment on whether this relationship may differ for
higher blood Pb that corresponds with adult occupational exposure. If available, the document
should discuss literature that provides empirical observations for the change in blood lead
following cessation of exposure that resulted in moderate elevations (e.g., blood Pb in the 10 to
25 pg/dL range) for various time durations.

e Pages 4-39 (line 23) and 4-120 (line 22) report that 1% of the lead body burden is in blood,
whereas page 4-49 (line 12) reports that 5% of the lead body burden is in blood.

Chapter 5 - Integrated Health Effects of Lead

In Chapter 5, the integration/synthesis of evidence between epidemiologic and toxicological studies and
across related outcomes has been expanded throughout the text and in summaries of individual
endpoints. In the summary and causal determination sections, we have described more explicitly the
weight of evidence for each endpoint within a broad outcome category and specified the particular
endpoints that contribute most heavily to the determination of causality. We have noted, where
applicable, uncertainties regarding the specific Pb exposure periods, levels, frequency and duration that
contributed to epidemiologic observations and included additional details and discussion of study
limitations.

Please comment on the extent to which the revised discussion of the evidence and the causal
determinations accurately reflect the weight of evidence for endpoints within a major outcome category
and the strengths and limitations of studies (e.g., study design, control for potential confounding,
statistical analysis) that comprise the evidence base.

For childhood 1Q, adult nervous system effects, blood pressure, and other cardiovascular outcomes,
discussion of the evidence, including analyses of consistency (or lack thereof) across the literature,
confounding, and study design issues were improved. However, for most of the remaining health
measures, a number of concerns identified in the CASAC’s review of the 1% Draft ISA remain
unaddressed.
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These unaddressed concerns include:

Incomplete critical assessment of each study reviewed to determine the strength of the observed
associations. The review did not systematically address the adequacy with which epidemiologic
studies have ruled out the potential influence of bias, confounding, or other study design
limitations on findings and the extent to which multiple high quality studies have reached
consistent and replicate findings. This critical approach would mean not necessarily accepting
study authors’ conclusions for a number of studies but this was done infrequently, if at all. There
was rarely a distinction made between associations observed in cross-sectional versus
longitudinal studies despite important differences in inferences possible from these two study
types. Differential weighting of cross-sectional and longitudinal studies should be done but
generally was not. Most, if not all, of the epidemiology studies of Pb and immune function were
cross-sectional but the implications of this (such as reverse causality) were not acknowledged.
Lack of transparency and consistency regarding causal determination. A balanced analysis of the
strengths and weaknesses of the literature (see the previous bullet above), consistency (or lack
thereof) across the literature, and causal determination criteria outlined in this ISA’s Preamble
were not applied consistently across the chapter’s sections. For some outcomes, null studies or
studies that do not support the conclusions were not reviewed or were reviewed in a cursory
manner. For example, the null associations of Pb with child neurodevelopment noted after
adjustment for Home Observation for Measurement of the Environment (HOME) score and other
covariates in the Ernhart et al. (1987, 1988, 1999) prospective studies were briefly described in
the text but absent from relevant figures (Figure 5-2), tables (Tables 5-3, 5-4), and conclusions.
Similarly, two prospective studies of Pb and attention-related measures that did not show
consistent findings were not included in reviews of the Pb-behavior literature (Wasserman et al.,
2001; Canfield et al., 2003). As a final example, a recent review contending that the available
published literature does not support the conclusion that low level Pb exposure causes renal
dysfunction (Evans and Elinder, 2011) was not cited in the chapter. There might be good reasons
for excluding or down-weighting these studies but, absent any rationale for doing so, it appears
that non-confirming studies may have been given insufficient attention. As a consequence,
EPA’s causation criteria pertaining to “consistency” and “replication” by multiple high quality
studies may not have been adequately addressed with respect to a number of endpoints.

For some outcomes, the approach to causal determination needs to be revisited to consistently
include the adequacy of study design (see the previous two bullets above), toxicologic support,
and biological plausibility. The phrase “the weight of evidence supports the association” is used
throughout the chapter primarily to describe consistently observed associations but this does not
address the requisite elements of a “weight-of-evidence” causal determination. In the
epidemiology literature, consistently observed associations, however strong, are not sufficient to
establish causation particularly if non-causal explanations for the associations (e.g., residual
confounding or bias) cannot be ruled out with reasonable confidence. An example is the
possibility that confounding by maternal (parental) psychopathology, particularly an attention
deficit hyperactivity disorder (ADHD) diagnosis or subclinical deficits in attention, may explain
apparent associations of Pb with ADHD. This is a major limitation in studies of ADHD in
particular, where family history may reflect both heredity and parenting behaviors contributory
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to ADHD risk. For studies of Pb and ADHD or ADHD-related behavior that were reviewed,
credible information about maternal (parental) diagnosis was not available.

e Example consequences of the above limitations in the weight-of-evidence analysis include: (1)
the weight of evidence relating Pb with childhood cognition versus behavior is not the same but
the text implies it is; (2) this draft addresses some previous concerns and is more measured than
the 1% Draft ISA in its presentation of renal effects but still does not adequately address major
concerns with the Pb-renal epidemiologic literature. These include the potential for reverse
causation, inconsistencies and uncertainties among studies, and absence of a plausible
mechanism for renal effects at low blood Pb levels.

e For some health measures, the weight-of-evidence analysis was undermined by lack of clarity in
the description and conceptualization of outcomes, particularly behavioral outcomes. For
example, behavioral check lists or formal psychometric tests of attention should not be equated
with a clinical diagnosis of ADHD. The evidence associating Pb with ADHD is limited
(essentially all cross-sectional studies) whereas there is more substantial support for an
association of Pb with inattention. This important distinction is unclear in the document. In
general, behavioral outcomes were considered superficially without careful characterization of
differences among different study endpoints. Based on the review of the chapter, it was
sometimes difficult to determine the strength of Pb’s associations with child behavior since
distinct outcome measures were often blurred or intermixed. Comparable behavioral assessments
are necessary for meaningful comparison of findings across human studies. If not done already,
utilizing experts in psychometric assessment (for both clinical diagnosis and research purposes)
and animal behavioral testing might help promote a more rigorous approach to comparing the
complex and diverse behavioral measures in the literature.

Please comment on the adequacy with which evidence has been integrated between toxicological and
epidemiologic studies, in particular: the increased emphasis on toxicological findings most relevant to
Pb-associated effects in humans; the discussion of results from homologous or parallel tests (e.g.,
response inhibition, blood pressure, renal function); and discussion of evidence describing modes of
action for Pb-associated health effects. Has the coherence of findings among related endpoints been
sufficiently described? Please comment on the effectiveness of the integration of scientific evidence both
within sections for specific endpoints and summary sections.

The revised Chapter 5 includes better integration of the epidemiology and toxicology literature with, in
most cases, a clearer focus on comparing (or acknowledging) homologous tests and exposure routes in
animal and human studies, an improved discussion of the relevance of mode of action studies to human
health effects, and a more explicit description of the relevance of exposure levels used in the toxicology
literature to human exposure and/or modes of action. However, in some cases, homologies between
animal and human tasks were over-extended or ambiguous. For example, in the section on nervous
system effects, homologies between the Morris Water Maze and Cambridge Neuropsychological Test
Automated Battery (CANTAB) were over-extended. Furthermore, the CANTAB is not a specific test so
stipulation of the relevant test in CANTAB is needed in any comparison with animal tests. Similarly, in
animal models where “overall FI rate” is designated “a hyperactive behavior” (see page 5-92), it is
unclear how this characterization might be homologous to ADHD-like behaviors in children which are
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largely related to issues of distractibility and impulsivity, rather than movement. Also, for some
outcomes (e.g., some immune effects), the most robust associations with Pb are seen in the toxicology,
but not the epidemiology literature. This distinction and its implications are not made clear.

Please comment on the extent to which conclusions regarding the blood and bone Pb levels with which
various health effects are associated in epidemiologic studies accurately reflect the weight of evidence
given the study designs and statistical methods employed and populations examined (e.g., school-aged
children, adolescents, adults without occupational exposure, adults with occupational exposure). Are
inferences regarding the specific Pb exposure scenarios (e.g., level, timing, frequency, and duration)
that contributed to the observed associations consistent with the evidence?

The revised chapter is consistent in acknowledging that contemporary blood Pb levels in adults (and
older children) may not directly account for observed health effects because of the likely contribution of
previously higher or longer term exposures. In this context, the chapter is correct to note uncertainty
with respect to the precise Pb dose associated with an outcome. Nevertheless, for the endpoints of blood
pressure, hypertension, and cardiovascular mortality, secular trends in blood Pb and bone Pb data would
allow the EPA to reasonably conclude that decades of blood Pb concentration in the range of

10-25 pg/dL likely bears a causal relationship with elevated blood pressure and increased cardiovascular
mortality in susceptible populations. The epidemiological data support this finding by virtue of
consistent findings in multiple high quality studies that have adequately controlled for bias and
confounding. In addition, toxicological and clinical data offer evidence of plausible biochemical
mechanisms at this level of exposure. In contrast, among studies of children, acknowledging
“...uncertainty regarding the frequency, timing, dose...of Pb” associated with an outcome may be
appropriate for a number of populations but is less of an issue for studies of most U.S. children growing
up in recent times when blood Pb levels have been lower and less variable.

Some exposure characterizations need refinement. For example, characterizing prenatal or early infancy
exposures in humans as “short duration” could be misleading since short duration exposures in the
toxicology literature are typically on the order of hours.

The document is inconsistent in its approach to exposure timing. For example, critical exposure periods
are discussed in detail in the nervous system section but, at least for human data, there is minimal, if
any, discussion of this issue for immune system effects.

Lastly, in discussions of non-linear dose-response relationships, the distinction between supralinear and

U-shaped dose-response curves is not always clear. Lack of effect at high levels may be observed with
U-shaped, but not supralinear, dose-response.
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Additional Comments
In addition to the above charge questions, key comments on this revised Chapter 5 include:

e A new section on the public health significance of nervous system effects is informative and
adds to the weight of evidence presented. However, this discussion alludes to a figure on page 2-
55 that is based on a statistical model rather than observed data. This needs to be clear since,
with all models, findings are predicated on assumptions that may or may not be true.
Specifically, the figure and related inferences are based on assumptions about both the baseline
distribution of population 1Q values and expected changes in that distribution associated with Pb
exposure.

e In some places, the chapter is difficult to read due to run-on sentences, repeated text, lack of
transitional text, and factual errors. In the extreme cases, the intended meaning of some sections
of the chapter cannot be deciphered (as an example, see the discussion of the potential for
differential survival time to bias Pb’s association with Amyotrophic Lateral Sclerosis on page 5-
164).

Chapter 6 - Potentially At-Risk Populations

The introduction to Chapter 6 has been revised with expanded discussion to better capture the
intricacies associated with characterizing populations potentially at greater risk for Pb-related health
effects. Please comment on the adequacy of these revisions to clarify the consideration of potential at-
risk populations, and recommend any revisions to improve the characterization of key findings and
scientific conclusions.

In addition, please comment on whether the designation of some factors as having limited evidence
adequately reflects the knowledge base considered and strength of evidence available.

In general, the expanded discussion in the revised chapter better captures the intricacies associated with
“at-risk” populations. The reorganization of the chapter into related factors also makes it more cohesive
and better integrated. The revised chapter adequately defines some factors as having limited evidence
based on strength of available evidence.

Some issues still remaining include the extent to which these risk factors actually modify the magnitude
of the impacts of lead exposure. As currently constructed, there is no way to discern which of these risk
factors is most critical and certainly a better understanding of magnitude of the impact would be of
assistance for risk assessment and management.

The CASAC has the following recommendations for improving the chapter:

e Given the differences between maternal self-esteem (how was it actually measured) vs. stress
imposed in rat models, such a homology should certainly be limited or at least qualified.
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e The statement regarding the impact of arsenic on Pb bioavailabity (p. 6-3, lines 33-35) should be
re-checked for accuracy because the cited study (Wang and Fowler, 2008) does not support the
statement.

e There are statements in Chapter 2 suggesting interactions between Pb and fluoride and co-
exposures. There appears to be additional information related to this, and a discussion of Pb and
fluoride should be added to Chapter 6, including limitations and uncertainty.

Chapter 7 - Ecological Effects of Lead

The causal statements for ecological effects discussed in Chapter 7 have been reevaluated as advised by
CASAC. There are now separate causal determinations for terrestrial and aquatic biota for each
endpoint under consideration. In addition, the chapter now incorporates additional findings from the
2006 Pb AQCD on the effects of Pb on ecosystem receptors, an enhanced discussion of bioavailability
and bioaccessibility, and separate discussions of marine and freshwater toxicity in the aquatic
ecosystem section.

Please comment on the adequacy of these various revisions and other changes to the chapter and
recommend any revisions to improve the discussion of key information.

This chapter has been greatly improved by reorganization and the inclusion of additional material.
Sections have been clarified with the addition of concise introductions, by reference to previous Air
Quiality Criteria Documents (AQCDs), and the inclusion of brief summaries of sections, where
appropriate. More recent information on Pb exposure, toxicity, and effects to ecological receptors has
been included in separate sections for terrestrial, freshwater, and marine ecosystems. Although the
revised ISA contains new information presented in an organized manner, the information is not
summarized and integrated into a meaningful synthesis and little technical evaluation of extant data is
provided. Summary tables listing media-based exposure concentrations (soil, freshwater, marine),
nominal or measured, with their respective responses and key abiotic modifying factors (e.g., pH,
organic carbon, cation-exchange capacity (soils), water hardness) will help in further organizing the data
to facilitate a synthesis. A detailed table should be provided in an appendix (e.g., 2006 Pb AQCD) with a
summary of the most relevant data presented in the ISA to guide the discussion. An initial discussion
should include the relevance of responses observed at very high Pb levels that may not be expected in
most environmental scenarios. In a similar manner, Pb exposures and effects related to very low levels
also should be addressed, especially where Pb levels appear to be below analytical detection limits.
Discussion could then conclude with an evaluation of how the ranges of Pb found in various media (see
Table 2-1) overlap with experimental concentrations. Although some discussion of bioavailability is
provided, integration of this concept into the discussion of observed effects of Pb exposure in different
media should be attempted.

Throughout the chapter, the consistent expression of exposure dose will help facilitate comparisons of

exposures within and among studies. Exposure doses should be expressed on a mass basis (e.g., mg/kg,
mg/L) for all exposures, except for comparisons between or among metals, where exposure should be
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expressed on a molar basis (e.g., uM). Nominal concentrations and exposures in non-standard media
(e.g., hydroponic, agar) should be identified.

The EPA’s Office of Water utilizes the endpoints of survival, growth, and reproduction for the
development of water quality criteria. Lead that is subject to atmospheric deposition and results in
ecological effects would ultimately be present in water, sediments, or soils. Survival, growth, and
reproduction should be considered the most relevant endpoints, and sub-organismal responses should be
discussed in the context of secondary responses.

The nature of the question that is asked in causal determinations as related to ecological responses needs
to be clarified, i.e., What is a “relevant pollutant exposure” (Preamble, page Iv)? Are causal
determinations related to aerial deposition of Pb or are they only considered in relation to laboratory
exposures even though relevance to ecosystems is unclear?

There is a need for consistent linkage of terms for causal determination with chapter 2.
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Mr. George A. Allen

General Comments

Revisions to Chapter Three generally address the panel’s comments on the first ISA draft. Some sections
have been reorganized and expanded, and there are several new subsections. Some of the new material,
especially in section 3.5, may not been carefully reviewed internally; there are many mistakes and issues
with interpretation (or lack thereof) of the literature discussed. Chapters 3 and 4 have some common
elements that would benefit from more direct cross-chapter linkage. Chapter 4, section 4.4.1 notes the
Miranda dx.doi.org/10.1289/ehp.1003231) 2011 study of blood lead in children living in the vicinity of
GA airports. This study’s results imply that inhalation may be a major pathway of exposure to GA
airport Pb, but there is no discussion of this in section 4.1.3.1, Airborne Lead Exposure.

HERO continues to be useful, especially for material that is not in the published literature.
Specific comments on Chapter 3:

Section 3.2.2.5, “Description of air Pb emissions from wood burning” discusses the contribution of this
source to air Pb, primarily from wildfires, as a “potentially uncontrollable source.” There is still no
meaningful discussion of avoidable Pb exposures from residential space heating woodsmoke; this may
be the primary air exposure pathway for “new” Pb in rural or small valley towns where woodsmoke PM
concentrations can be high for much of the winter. Chapter four cites one limited study (Molnar, 18
woodsmoke samples) on these exposures with minimal discussion because p=0.06; despite the p-value,
this is a notable result given the small sample size.

Section 3.4.1, Ambient Lead Monitoring Techniques, has substantial new content in response to
comments on the first draft ISA, especially on the current FRM Hi-Vol TSP sampling method. A limited
discussion on the possibilities of and need for a better alternative FRM has been added. While it may not
be within the traditional scope of an ISA, an expanded discussion on the state of the (aerosol) science
supporting possible alternatives to the Hi-Vol FRM would be useful to address the many and long-
standing CASAC comments on this topic. It would be useful to have some discussion here and/or in
chapter 4 on an acceptable FRM particle size cut from an exposure perspective; is a “TSP” measurement
that has well characterized under-sampling of large particles at higher wind speeds sufficient to assess
exposures to Pb in the context of NAAQS-relevant exposure pathways? Is measurement of very large
particles meaningful or useful given the indirect nature of the dominant exposure pathways?

Section 3.5, Ambient Air Lead Concentrations, has been substantially expanded and revised in the
second draft. Overall the changes are an improvement, but some of the new material needs more careful
proofing and editing; this section can be difficult to read and understand at times. There is a tendency to
present material but not synthesize it in the larger context of this section or chapter. Sometimes data are
presented without noting the sampling method; this is difficult to interpret since measurement of larger
particles depends on the sampler. 3.5.1.2, Intra-urban Variability, has several new subsections: near-
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roads, airports, and urban-rural that provide additional useful detail. Section 3.5.3, Size Distribution,
appears to be a nearly complete re-write of this important topic and would benefit from additional
editing to make the information more readily accessible. Section 3.5.4, Multipollutant Context, also has
a large amount of new material that needs cleaning up. Section 3.5.5, Background Concentrations, is
new; although Pb background is not much of a factor relative to some other NAAQS (ozone for
example), this discussion is useful.

Specific comments follow (page, line[s]).

3.3.1.3, 3-27, 15-25. This discussion of maximum height above ground is confusing and doesn’t seem to
be consistent. One cite has maximum height of 75 um particles as 0.4 m and another has it as 0.05 m.
There needs to be a discussion on this wide range of reported or modeled data if the cites are correct.

3-27, 27-32. “long range transport of dust” limited to particles < 10 um. If LRT here is meant in the
traditional sense (100s of km or more), 10 um is too large.

3.4.1.1, pg 3-58, table 3-3. The PM10 SSI HiVVol FRM should be included here; it is mentioned in the
text.

3.4.1.6, pg 3-67, 6-7. Highly time-resolved measurements are also valuable for determining sources.
This section should mention the “on-line” Cooper/Pall Xact 620 XRF ambient sampler:
http://www.pall.com/main/OEM-Media-Membranes-and-Materials/Product.page?id=54499.

3.4.2.1, GA Airport monitoring. Although the results of the first year of GA airport monitoring won’t be
available until spring 2013, there will be some useful information available by this fall. There are six
GA airports with 2008 NE