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December 9, 2011
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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 (First External
Review Draft — May 2011)

Dear Administrator Jackson:

The Clean Air Scientific Advisory Committee (CASAC) Lead Review Panel met on July 20 - 21, 2011,
and September 15, 2011, to peer review the EPA’s Integrated Science Assessment for Lead (First
External Review Draft — May 2011), hereafter referred to as, ISA. The chartered CASAC approved this
report during a public teleconference on November 28, 2011. 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 the EPA for a well-written, comprehensive and well-organized document.
However, the CASAC has specific comments and recommendations for improving the document.

General Comments

A summary chapter, such as Chapter 2, is very useful for readers, and should be located early in the ISA.
The ISA should consistently contain summaries of the state of science as it stood prior to this review,
critical evaluation of the literature since the last review, and conclusions regarding what has been
learned since the last review. The framework for causal determination should be applied consistently
and transparently. The document would benefit from discussion of the public health significance of
observed lead (Pb) effects as well as a discussion of the distinction between public health consequences
and clinically significant effects. In several places, terms need to be defined and applied consistently.

Study Selection

The criteria used to consider studies for review and analysis are reasonable. Studies of people who have
blood lead (Pb) concentrations within one order of magnitude of the general U.S. population are
appropriate given the focus on risks associated with environmental Pb exposure. With respect to
epidemiological studies, it appears that these criteria are consistently and appropriately applied.



However, the ISA highlights many toxicological studies for which the Pb dose is far in excess of what
might be relevant to environmental exposure to humans. The Health and Environmental Research
Online (HERO) system is very useful and functions well as a means to retrieve studies that were cited in
the document.

Integrative Health and Ecological Effects Overview

Overall, this chapter summarizes a substantial body of knowledge and the effort to integrate the
ecological effects literature and human health effects literature is commendable. However, this
important “overview” chapter should undergo substantial revision to address several shortcomings. With
respect to human health endpoints, a rigorous weight-of-the-evidence assessment is needed that
transparently applies the criteria for the strength of evidence for causation, set forth in section 1.6 and
Table 1-2. This weight-of-the-evidence assessment should be applied to specific health endpoints, in
addition to broadly assessing impacts on whole organ systems (e.g., “neurological effects”,
“cardiovascular effects”, “renal effects” and other effects identified in Table 2-1). Further, the analysis
in this chapter would benefit from a more careful interpretation of the use and validity of an adult’s
contemporaneous blood Pb as a biomarker of Pb exposure. Key tables that summarize the effects of low
level Pb exposure in children and adults, such as Table 2-2, 2-3, and 2-8, require substantial revision to
reflect different levels of the strength of evidence for causal inference for specific health endpoints.
Discussion of these tables also should reflect the components of past and current Pb exposure that
influence the utility of blood Pb as a biomarker.

Ambient Lead

The chapter on ambient Pb provides a clearly written, detailed and comprehensive summary that focuses
primarily and appropriately on new studies since the last NAAQS review. In some sections, the
presentation of recent results is not adequately prefaced by a clear summary of the state of the scientific
understanding prior to the current review cycle. Thus, it is difficult to infer how or if the new results add
to, modify, or conflict with the previous state of the science in ways that are relevant to a potential
revision to the Pb National Ambient Air Quality Standard (NAAQS).

During the previous (2008) Pb NAAQS review, the CASAC strongly recommended that the agency
specify or develop a sampler for Pb compliance monitoring that is better than the currently deployed
high-volume total suspended particulate (TSP) sampler. CASAC strongly reiterates this
recommendation. The ISA should address the state of science with regard to monitoring technology and
fixed site monitor siting criteria for representation of population exposures. Errors in existing
measurements and implications for comparison of Pb in different particulate matter (PM) size fractions
should be discussed.

These errors raise doubts about the accuracy of the reported comparisons of Pb in the different particle
size fractions. The EPA should screen the particle size data for very low concentrations that may have
poor precision and re-check the calculations. Several aspects of the reported Pb emissions inventory data
need further review and interpretation. For example, the decision to exclude published information on
several Pb emissions sources should be reconsidered, specifically regarding (1) the relative importance
of resuspended Pb from soils near historical sources (including roadways) and (2) emissions from
aviation gasoline combustion from airports versus from elevated flight paths. Further, the discussion of
Pb emissions inventory data should document changes in emission inventory assumptions from the 2006
Air Quality Criteria Document (AQCD), as well as the temporal trends, precision and accuracy, and
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relevance to human exposure of the emissions inventory data. More information should be provided on
the relationship between Pb in air (in various particle size ranges) and Pb in other environmental media.
Transboundary transport and policy-relevant background should be discussed further.

Exposure, Toxicokinetics and Biomarkers

The selections of topics and material emphasized in the chapter on Pb exposure, toxicokinetics, and
biomarkers are appropriate, but the document should provide additional comparison of the relative
contributions of Pb in air versus contemporaneous exposures from other media. The state of science
around exposure measurements and modeling, including multipathway exposure, should be discussed.
Descriptions and scientific assessments of available exposure models are needed, as well as a
description of empirical data available for evaluating the modeling efforts. The chapter should more
clearly explain that a series of scenarios are developed to represent a range of plausible exposure
conditions at a community level and that, collectively, the results provide perspective on how the
distribution of blood Pb concentrations may vary among communities that share similar exposure
profiles. This analysis will help to explain the relevance of various empirical data sets to the overall
evaluation.

The kinetics and biomarkers sections are well written. Additional discussion is recommended regarding:
biokinetic modeling assumptions and model validation by comparison to empirical biomarker data; and
the definition, application, and limitations of biomarkers. A summary of precision, accuracy and
variability in bone Pb measurements similar to that in the previous AQCD would be helpful. Sharper
definitions of and distinctions between the terms “absorption,” “bioavailability,” and “bioaccessibility”
are needed. Distinctions between biomarkers for Pb exposure, body burden, internal dose and risk
should be discussed. The validation and application of these biomarkers also should be considered.

The inclusion of additional studies from which to estimate air Pb to blood Pb slope factors is a useful
addition from the previous NAAQS, which relied on just one or two studies. More clarity is needed,
however, regarding how the range of empirical data compares with environmental concentrations. The
CASAC is unaware of any additional studies that could be added to the list.

Integrated Health Effects of Lead Exposure

In general, the discussion of the potential modes of action underlying the health effects of Pb exposure is
thorough and inclusive of the current scientific literature. No known modes of action have been omitted.
However, in some cases, studies are not presented in sufficient detail to support the presumed
mechanism of action for reported effects and in some cases, the mode of action information might be
considered misleading or over-interpreted.

The discussion of specific health endpoints in this chapter is sufficiently broad in scope and inclusion of
additional health endpoints is not required. However, integration of associations within and across
endpoints should be increased, especially with regard to mechanisms. The ISA offers a satisfactory
discussion of the causal relationship between low blood Pb levels and decrements in 1Q and adverse
neurocognitive development in children. With respect to other endpoints in children and adults, a more
rigorous and transparent weight-of-the-evidence analysis is recommended to establish the extent of any
causal relationship. This analysis should devote more attention to the limitations of the existing studies
with respect to consistency, reproducibility, bias, control for potential confounders, and shortcomings in
statistical methodology.



This chapter provides a comprehensive review of the human epidemiologic and toxicological evidence
of the health effects of Pb and this approach provides useful support for integration across the two
disciplines. Such integration is encouraged and should be expanded if possible. A number of specific
modifications to the chapter and several ways to improve the application of causal determination criteria
are recommended, as detailed in the consensus response (Enclosure A).

The issue of non-linearity of the dose-response for 1Q was a critical issue in the previous NAAQS
review. The additional evidence since 2006 is appropriately cited and provides further support for the
non-linearity of the dose-response curve. These findings also are supported by an animal literature that
dates back to the 1970s-80s, which should be discussed.

Susceptible Populations and Lifestages

For Pb, issues related to susceptibility across the life course are critical for public health protection.
While the chapter covers relevant studies, the conceptual framework for interpreting them needs to be
modified to more sharply address factors that may lead to increased risk and to increased exposure or
dose. The ISA lays out an ambiguous set of terms and a conceptual model that does not adequately
support interpretation of the literature. The CASAC had similar concerns with regard to the first draft
ISA for ozone and voiced them in its letter to Administrator Jackson, dated August 10, 2011. Those
comments are applicable to the lead ISA as well, and we recommend revisions that parallel those made
in Chapter 8 of the second draft ISA for ozone.

As revisions are made, the CASAC also notes that there are many sections with only a few citations. The
EPA should be very clear on the strength of evidence in the literature and cautious in inferring causality
if the knowledge base is weak. The ISA would be strengthened by more discussion of nutritional aspects
that serve to increase susceptibility, differences in effects by gender, gene-environmental interactions,
and epigenetic implications. There are other factors that could be better described, such as age of
housing stock, and percentage of homes with Pb-free windows and that have grass cover or bare soil in
yards and playgrounds. Although early development is a vulnerable time period, research shows that Pb
exposures during later periods in life also are associated with significant adverse effects.

Ecological Effects of Lead

The chapter on the ecological effects of Pb is well written, effectively organized, and adequately
addresses “new” published data (post-2006). However, the chapter does not address pre-2006
information, making it difficult to understand the context and contribution of more recent data to the
body of knowledge on Pb toxicity and how they may or may not inform a decision to revise the
secondary NAAQS for Pb. There may be substantial additional toxicity data available from non-
published sources, such as data generated for the European Registration, Evaluation, Authorisation and
Restriction of Chemicals (REACH) regulations. The EPA should explore how the quality of the data
was assessed and if acceptable, determine how easily these data could be incorporated into the ISA
framework.

The importance of bioavailability and bioaccessibility in assessing the toxicity of Pb to environmental
receptors should be stressed throughout the chapter. The aquatic and terrestrial Biotic Ligand Models
(BLMs) should be considered when evaluating possible environmental effects. Marine and freshwater
toxicity data should be treated separately due to differences in Pb speciation and bioavailability and
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possible differences in the sensitivity of freshwater and marine organisms. The terms “bioconcentration
factor” (BCF) and “bioaccumulation factor” (BAF) should be carefully defined and consistently applied.
BCF and BAF are inappropriate measures to assess the hazard of Pb, and thus a better assessment of the
utility (or lack thereof) of these values is needed. Causal conclusions are only weakly supported by
limited exposure data and thus should be reevaluated. Additionally, since bioaccumulation is not a true
“effect” and due to the occurrence of biodilution during trophic transfer, a causal determination for the
bioaccumulation of Pb as it affects ecosystem services is not warranted at this time.

The CASAC appreciates the opportunity to provide advice on this issue and looks forward to receiving
the agency’s response.

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

Enclosures



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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Enclosure A

Consensus Responses to Charge Questions on EPA’s Integrated Science Assessment for Lead (First
External Review Draft — May 2011)

1. The legislative history of Pb NAAQS reviews and the framework for causal determination and judging
the overall weight of evidence is presented in Chapter 1. Selection criteria used to identify studies for
inclusion in the ISA are also described in Chapter 1. Please comment on the consistency and
appropriateness of the application of these criteria and the appropriateness of the decision to consider
studies within approximately one order of magnitude of current exposure levels (e.g. was the
determination of “informative occupational studies and their subsequent inclusion in the document
appropriate and consistently applied across endpoints?) Please comment on the application of the
Health and Environmental Research Online (HERO) system to support a more transparent assessment
process.

The discussion in Chapter 1 of the criteria used to consider studies for review and analysis in the ISA is
reasonable. Studies of people who have blood lead (Pb) concentrations within one order of magnitude of
the general U.S. population equates to cohorts with blood Pb concentrations approximately less than 40
pg/dL. This is appropriate for a document intended to focus on risks associated with environmental
rather than occupational Pb exposure. With respect to human epidemiology studies, these criteria have
been consistently and appropriately applied. However, the ISA highlights many toxicological studies in
animals or in vitro systems in which the dose of Pb was far in excess of what might be relevant to low
level environmental exposure to humans. The document should make clear that toxicological studies
involving animals or in vitro systems are generally in one of three categories: exposures comparable to
environmental exposures to humans and therefore of clear relevance, exposures far in excess of these
exposures but relevant for various reasons that can be explained, and exposures far in excess of these
exposures and not as relevant to establishing an ambient air quality standard. The Health and
Environmental Research Online (HERO) system functions well as a means to retrieve studies that were
cited in the document.

2. Chapter 2 presents the integrative summary and conclusions from the Pb ISA with a discussion of
evidence presented in detail in subsequent chapters. Is this a useful and effective summary presentation?
Is the framework for causal determination appropriately applied? Please comment on approaches that
may improve the communication of key ISA findings to varied audiences. The health and ecological
effects of Pb are mediated through multiple interconnected modes of action and there is substantial
overlap between the ecological and health endpoints considered in the causal determinations. Since the
mechanism of Pb toxicity is likely conserved from invertebrates to vertebrates to humans in some organ
systems, the scientific evidence was integrated across the disciplines of health and ecology. Please
comment on this approach e.g., is this a useful and effective integration of the scientific evidence?

Chapter 2 summarizes a huge body of knowledge, including a summary of the ecological effects
literature and the human health effects literature. The chapter attempts to summarize which health and
ecological effects are 1) caused by Pb; 2) likely causal; 3) suggestive of causal associations; or 4)
inadequate to infer a causal relationship. However, in this chapter (and elsewhere), the document fails to
consistently or adequately apply this causal framework, despite its critical importance to the ISA.
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Specifically, the causal analysis is not applied systematically or in a transparent way. In assessing
studies related to a particular human health outcome, a critical analysis of the strength of evidence is
often not done in the more detailed chapters upon which this summary is based (e.g., Chapters 5 and 7).
Limitations of the data concerning selected endpoints are inadequately characterized. As a consequence,
the summaries in this chapter fail to capture important distinctions in the strength of evidence for a
particular level of causal association. A critical analysis should review the number of studies available
on a topic; the strengths and limitations of study design, data, and analyses; and the distinction between
short-term and chronic Pb exposure effects. Such a review is necessary for a defensible causality
determination. For example, the epidemiologic literature supporting a Pb-childhood 1Q association is
much more robust and consistent than studies of Pb and childhood attention deficit hyperactivity
disorder (ADHD) or adult essential tremor (ET). Distinguishing among neurologic outcomes for which
the literature supports a likely causal association from those less robustly associated with Pb needs to be
part of any conclusion about Pb’s causal relationship with neurological health. Instead, the text
addresses the weight of evidence for causation for “neurological effects” as a broad category; a similar
approach is used for other health endpoints, e.g., “cardiovascular effects” or “reproductive effects”.
Additionally, since bioaccumulation is not a true “effect”, and due to the occurrence of biodilution
during trophic transfer, a causal determination for the bioaccumulation of Pb as it affects ecosystem
services is not warranted (Chapter 7).

Per the above discussion, key tables such as 2-2 and 2-3 need major revision to reflect differences in the
strength of evidence supporting a potential relationship of Pb with each specific outcome. Currently,
these tables incorrectly imply equal levels of the strength of evidence for causality across outcomes. As
above, e.g., the epidemiologic evidence associating low-level Pb exposure with childhood ADHD, adult
ET, or even adult neurocognitive function is weaker than that associating low-level Pb exposure with
reduction of childhood 1Q. In many of the epidemiologic studies of the impact of Pb on adverse health
effects in adults, the contemporaneous blood Pb concentration of study cohort members likely differed
substantially from blood Pb concentrations earlier in life when average population blood Pb levels were
higher. Thus, key tables (e.g., 2-2, 2-3, 2-8) that summarize the impact of current low level Pb exposure
also need revision to recognize the role of likely higher past blood Pb concentrations (and cumulative Pb
exposure) in determining the risk of current adult disease.

Several panel members also have specific concerns about the ISA’s analysis of a causal relationship of
low level Pb exposure to specific health endpoints. These concerns are described in individual
committee members’ detailed comments.

Recognizing that some practitioners and policymakers may focus on Chapter 2, rather than on the more
substantive work on which it is based (e.g., Chapter 5), it is recommended that key features in Chapter 5
be presented, albeit summarily in Chapter 2. For example, Pb has been shown to impact growth in
humans (as described in Chapter 5) but this important outcome is missing from Chapter 2. More care is
needed to be certain that the content of this chapter is consistent with the remainder of the document that
is summarized. For example, Chapter 5 discusses the likelihood that contemporaneous child blood Pb
may be the most relevant to neurodevelopmental outcomes whereas, in Chapter 2, the text indicates that
there is uncertainty regarding the most susceptible Pb exposure period in childhood. Such apparent
contradictions within the document need to be reconciled.

In addition to a more critical assessment of the literature, an appraisal of the public health significance of
observed Pb effects should be included in this chapter. Public health significance (i.e., for populations)
should be distinguished from clinical significance (i.e., for individuals). The ISA should make clear that:
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(1) individual risks may vary from the point estimates of effect observed in population-based
epidemiologic studies and (2) depending on the outcome, small effect sizes may have important impacts
on health at the population level (see Bellinger D.C. Interpretation of small effect sizes in occupational
and environmental neurotoxicology: individual versus population risk. Neurotoxicology 2007;28:245-
251).

There is a lack of consistency in the amount of detail across all sections of the chapter, and in the
citations of later chapters. Some sections have no citations to later chapters, while others, e.g., 2.8.4.1,
include too many citations, making it difficult to read. Throughout Chapter 2 enough citations should be
included to enable the reader to find the information in the later chapters, but not so many citations as to
make the chapter difficult to read.

In Section 2.6.10, page 2-40, a cited study (Mahmoudi et al., 2007) involves laboratory observations of
aquatic organisms exposed to sediments contaminated with varying amounts of Pb. The conclusions that
are drawn cannot be extrapolated to the real-world environment, which includes many complexities
absent from the lab experiments. This lack of generalizability should be pointed out in the chapter.

In general, where in vitro and in vivo study results are described, the exposure media need to be
explicitly defined and, as much as possible, standardized exposure units should be used to facilitate
comparison and interpretation of findings across studies and systems. For example, in Table 2-6, the
discussion of endocrine disruption at 20 ppm Pb does not list the environmental medium in which Pb
was measured. Furthermore, the CASAC suggests that equivalent mg/liter be included rather than
merely listing the concentration in ppm.

There is only one sentence in the entire chapter mentioning the correlation between Pb in paint and Pb in
blood, an important topic needing further development.

At the end of Section 2.1.2, the document states that there is a strong correlation between airborne Pb
and zinc concentrations, and moderate correlations between concentrations of airborne Pb and bromine,
copper, and potassium. Since 49% of total Pb emissions are from piston engine aircraft, which probably
do not emit large amounts of copper, potassium, and zinc, the correlations are surprising and suggest
that there may be data issues.

During the July 2011 meeting, the agency proposed combining part of Chapter 1 with Chapter 2, and the
CASAC finds that change to be acceptable.

3. Chapter 3 provides a wide range of information to inform the exposure and health sections of the ISA.
To what extent are the atmospheric science and air quality analyses presented in Chapter 3 clearly
conveyed and appropriately characterized? Is the information provided regarding Pb source
characteristics, fate and transport of Pb in the environment, Pb monitoring, and spatial and temporal
patterns of Pb concentrations in air and non-air media accurate, complete, and relevant to the review of
the Pb NAAQS? Does the ISA adequately characterize the available evidence on the relationship
between ambient air Pb concentrations and concentrations of Pb in other environmental media?

Chapter 3 provides a clearly written, detailed and comprehensive summary focused primarily on new

studies available since the last NAAQS review. In some sections, the presentation of recent results is not
adequately prefaced by a clear summary of the state of the scientific understanding prior to the current
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review cycle, so it is difficult to see how or if the new results add to, modify, or conflict with the
previous state of the science in ways which would result in revisions to the NAAQS.

For the most part, the information presented on these topics appears to be accurate, complete, and
relevant. There was a detailed and informative discussion of the various existing, and in some cases
developing, analytical methods employed for total Pb or Pb species. However, the summary of methods
for collecting Pb in different particle sizes is much more limited. The substantial sampling biases with
wind speed and direction for particles larger than 10 microns associated with the current high-volume
total suspended particulates (TSP) sampler are noted, but no information is provided on currently
available or developing methods that might reduce these sampling biases. There is also no information
provided here or drawn from other chapters on what the ideal or acceptable particle size characteristics
of a Pb Federal Reference Method (FRM) sampler should be. It is unclear whether the ratio of blood Pb
to air Pb is likely to be the same for air Pb in particles greater 15 microns as for air Pb in particles less
than 1 micron.

The accuracy of some of the particle size Pb comparisons summarized in section 3.5.3.1 and presented
in more detail in Table 3A-13 of the Appendix needs further evaluation. There appears to be an
implausibly-high frequency of sites with more Pb in smaller size ranges than in collocated samples with
larger particle cut sizes. The EPA should screen the data for very low concentrations that may have poor
precision and re-check the calculations. If these possibly incorrect particle size ratios persist, the
CASAC recommends providing additional details on the filter blank, extraction and analytical methods
employed, or other factors that may explain these results.

Several aspects of the reported Pb emissions inventory data require further evaluation, including
revisiting the decision to exclude published information on the relative importance of resuspended Pb
from soils near historical sources (including roadways), emissions from aviation gasoline combustion
from airports vs. from elevated flight paths, and changes in emission inventory assumptions from the
2006 Air Quality Criteria Document (AQCD) to the current ISA — especially for aviation gasoline use.

Relatively little information is provided on the relationship between Pb in air (in various particle size
ranges) and Pb in other environmental media. While a high proportion of the Pb content in soils,
sediments and surface waters can be associated with historical emissions of Pb to the ambient air, there
is very limited information available on the changes in these environmental concentrations that would be
expected to result from changes in current air Pb concentrations.

It is unclear whether the ratio of Pb in surface waters to air Pb is likely to be the same for air Pb in
particles greater than 15 microns as for air Pb in particles less than 1 micron.

4. Chapter 4 describes the multimedia nature of Pb exposure, toxicokinetics of Pb in humans,
biomarkers of Pb exposure and body burden, as well as models of the relationship between Pb
biomarkers and environmental Pb measurements.

4a. How well do the choice and emphasis of topics provide a useful context for the evaluation of human
health effects of Pb in the ISA? Is the current organization of the chapter clear and logical? Are there
ways that information on exposure and toxicokinetics can be more clearly integrated throughout the
chapter? Does the ISA adequately describe and balance air-related and non-air related pathways of Pb
exposure?
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The selection of topics and material emphasized in Chapter 4 are appropriate. The opening section
provides a summary of the sources and exposure pathways, both directly and indirectly related to Pb in
air. Important points that should be emphasized early in the discussion are that Pb is a multiple-media
contaminant, and that blood and bone Pb levels are the biomarkers generally used to integrate exposure
for risk assessment and management purposes. It should be pointed out that the relative significance of
the source media has varied historically, site-specifically, and by the behavioral and socioeconomic
status (SES) of the affected populations.

A historical perspective is needed to set the context. The air Pb discussion does an adequate job of
describing the large decreases in exposure noted with the lead-in-gasoline phase down. It is also
important to note that the air Pb reductions are associated with changes in point source emissions over
the same time frame, particularly with respect to smelting, mineral processing and secondary recycling.
The ambient air Pb decreases in the vicinity of these sources were significantly greater than those
achieved in urban areas through the phase down.

It should be noted that these emission reductions resulted in significant decreases in Pb concentrations in
other media. The document would benefit from a quantitative description of these historical decreases,
as well. An introductory paragraph describing the range and central tendencies of media concentration
for each of the three previous criteria documents could be provided for each media. It would also be
important to note and provide comparative data regarding exposure reduction from Pb in non-air
exposure media achieved in the same time frame. These include paint, solder, drinking water, food, and
consumer items. This information would help provide perspective regarding the significance of
uncertainties in the exposure assessment used in the current evaluation, particularly the extent to which
blood Pb concentration can be related to average air Pb emissions.

This discussion should be followed with best estimates of contemporaneous concentrations in these
media today, i.e. the new information. There seems to be little new data, at least in the peer-reviewed
literature, and the document should indicate that the adequacy of the databases and studies available to
characterize contemporaneous Pb exposure is extremely limited, relative to the new Pb NAAQS.

The document provides little contrast of the relative contribution of air Pb to contemporaneous
exposures from other media. The lack of contemporaneous monitoring and surveillance data, suggests
that such comparisons will, necessarily, be achieved by modeling. As such, the chapter would benefit
from a description, and a scientific assessment, of the exposure models available and applied to
undertake such analyses, and the empirical data available to inform or verify the modeling efforts.
Specifically, it would be informative to include a brief description of the default assumptions regarding
modeling assumptions that apply to the Integrated Exposure Uptake Biokinetic (IEUBK) model:

e Multiple source analysis for estimating indoor dust Pb concentration (% contributions from
various sources)

Contribution of soil Pb to indoor dust Pb (Msp)

Contribution of outdoor airborne Pb to outdoor soil (indicate this is not part of the model)
Contribution of outdoor airborne Pb to indoor dust Pb

Final breakdown of % contribution to average daily intake by exposure pathway

The chapter should more directly discuss the extent to which empirical data are (or are not) available to
tailor these assumptions to evaluate specific scenarios.

A-5



There is a potential for confusion regarding the intended utility of the mechanistic models for evaluating
risks at the national scale. The chapter should more clearly emphasize that a series of scenarios be
developed to represent a range of plausible exposure conditions at a community level and that,
collectively, this provides a perspective on how the distribution of blood Pb concentrations may vary
among communities that share similar exposure profiles. This strategy contrasts with developing a single
model run, for example, that represents all children in the United States. With this introduction, it will be
easier to explain the relevance of various empirical data sets for the overall evaluation. For example, the
air Pb to blood Pb relationships reported in the literature generally reflect studies in various
communities. Rather than attempting to consolidate the results into a single summary statistic, the range
of slope factors needs to be characterized and presented. Similarly, this explains why the summary
statistics of blood Pb distributions reported by the National Health and Nutrition Examination Survey
(NHANES) are not used to adjust or otherwise update the default geometric standard deviation (GSD)
term in the IEUBK model.

The EPA’s Technical Review Workgroup has periodically updated estimates of average daily Pb uptake
from food as data from the Food and Drug Administration’s (FDA’s) Total Diet Study become
available. This time course of changes over time by age group would be informative to include in the
chapter and the overall assessment.

4b. Biological markers of Pb exposure and body burden are discussed in Section 4.3. How well does this
section reflect the current state of knowledge of Pb biomarkers and their interpretation as it relates to
exposure and dose? Is the focus on blood Pb and bone Pb appropriate, given that the epidemiologic
literature largely assesses exposure through these two biomarkers? Is there sufficient and accurate
discussion of the relationship between blood Pb and bone Pb? Are relationships between blood Pb and
Pb in soft tissues and urine Pb adequately described?

The biomarkers section is well written. The CASAC panel comments generally relate to topics that
should be added or receive additional or clarifying discussions. Although there is little ‘new’
information on Pb biomarkers, the discussion of Pb biomarkers and the interplay between Pb in blood
and bone, and the impact of a short duration or discontinuous exposure on the various dose metrics
(concurrent, maximum, integrated, etc.) is helpful.

In general, figures showing the Pb in blood and bone profiles generated using the Leggett model were
useful. The figures could be more useful to a broader audience if the discussion was extended to include
the modeling assumptions, and to describe how the model predictions are validated by or compared to
empirical biomarker data. In particular, it would be useful to help the reader understand the apparent
differences in rate of blood Pb decline depicted in Figures 4-6, 4-8, and 4-10 vs. empirical data which
sometimes show a slower rate of blood Pb decline. It could be helpful to match, or at least compare and
contrast Pb exposure histories in the Leggett model simulations vs. data from comparable empirical
studies. The narrative should note that other models, such as that of O’Flaherty et al. (1998), would
often predict a slower decline in blood Pb concentration following cessation of exposure than several of
the Leggett model simulations depicted in section 4.3. On page 4-48, line 9, the document states:
“Based on this hypothetical simulation, a blood Pb concentration measured 1 year following cessation of
a period of increased Pb uptake would show little or no appreciable change from prior to the exposure
event whereas, the body burden would remain elevated.” The discussion in this paragraph should be
expanded to reflect the fact that in many exposure scenarios, the decline in blood Pb following cessation
of exposure would proceed at a slower rate, requiring far longer than one year for blood Pb
concentration to return to pre-exposure levels.
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Many paragraphs in the biomarker section reviewing new literature would be improved by evaluative,
judgmental conclusions in paragraphs, i.e. why is a reviewed paper important, what does it add to
existing knowledge, etc.

Although it is not necessary to repeat detailed information on precision, accuracy, and variability in
bone Pb reviewed in the 2006 AQCD, summarizing data here would be useful, particularly as these
technologies can have relatively poor reproducibility especially in populations with lower bone Pb
content or low bone density. (For example, Hoppin et al., Environ Health Perspect 2000;108:239-42;
Hoppin et al., Environ Health Perspect 1995;103:78-83). An important consequence (not mentioned
here) of expressing bone Pb measures relative to bone mineral content is that lower bone mineral density
IS associated with greater measurement uncertainty in bone Pb. This density dependent uncertainty can
have important implications for studies in older women for whom low bone mineral density is more
common than in other populations including men and younger adults.

The working definitions of absorption and bioavailability do not make the terms very distinct.
Absorption refers to the fraction of Pb absorbed from respiratory or gastrointestinal tract while
bioavailability refers to the amount of Pb ingested or inhaled that enters systemic circulation. Is it the
units (fraction vs. amount) or the specificity of absorption into *systemic circulation’ that distinguishes
the two terms? This ambiguity is furthered by the apparent interchangeable (or incorrect by these
definitions) use of the absorption and bioavailability. Most of these inconsistent uses probably result
from carry-over usage from the original paper. These definitions should be revisited and the entire ISA
document be reviewed for use consistent with the clarified definitions.

The section on the definition, application, and limitations of biomarkers should be expanded (and carried
into section 4.7.3). The section introduction would be well served by defining the distinction between,
validation and application of, biomarkers for Pb exposure, body burden, internal dose, and risk. The ISA
recognizes that the Pb biomarkers are not equally valid when applied to different exposure scenarios but
does not consistently apply this principle in assessing the epidemiologic literature. E.g., blood Pb in
older adults reflects not only current but likely past exposure and this is not clear in the ISA. Similarly,
where bone Pb appears to be a stronger predictor of outcome than blood Pb (see blood pressure
literature), acknowledgement that this difference in biomarker sensitivity may reflect differences in
chronic vs. short-term Pb exposure effects is not consistently done.

Pb biomarkers are not equally valid when applied to different exposure scenarios, so it is important,
when using and interpreting biomarkers, to clearly describe the exposure scenarios and their limitations.
The Chapter 4 text contains cogent, but scattered discussions (including figures) illustrating this point.
Because blood and bone Pb levels are used for risk assessment and management, this discussion is
important enough to bring up to section 4.0 or at least 4.3 and the summary.

The sections on kinetics and Pb biomarkers should recognize that adolescents are poorly defined by all
existing physiologically based pharmacokinetic (PBPK) and biokinetic models. Individuals undergo
rapid changes in sexual development, growth, food and water intake, bone growth and turnover,
behavior, etc. during adolescence. There is a paucity of experimental measurements of Pb biomarkers
during this time developmental window. The individual biological and kinetic parameters for
adolescents are largely interpolated rather than based on solid experimental and toxicological
measurements. These deficiencies limit the validity of model predictions in this age group.
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The relationship between air Pb and blood Pb is not completely described. The literature review is good,
but not complete and generalizations (conclusions) are not clearly made and on a firm basis. Respiratory
tract deposition and clearance are reported in the context of a specific study, but the ISA does not give a
sense of the breadth of the issue or the scientific context for this information. Perhaps a table abstracted
from Chapter 3 that summarizes relationships between PM size, Pb content, blood Pb, etc. would be
helpful.

4c. Section 4.5.1 discusses empirical models of air Pb-blood Pb relationships from new and old studies.
This was an important policy issue in the last Pb NAAQS review. Does this section accurately reflect
what is known about air Pb-blood Pb relationships? Are there particular studies that should receive less
or greater emphasis?

The inclusion of additional studies from which to estimate air Pb to blood Pb slope factors is a positive
advancement from the previous NAAQS, which relied on just one or two studies. The CASAC is
unaware of any additional studies that could be added to the list. The ISA should critically discuss and
evaluate the finding in several studies that the slope between air Pb and blood Pb changes (typically
increases) at low air Pb values. The narrative should consider offering a science-based judgment
regarding which relationship(s) are optimal for quantitative risk assessment.

Useful summary information is presented regarding the empirical data available to estimate the blood Pb
to air Pb slopes. Table 4-11 should include additional information: 1) parameters of the models; 2) air Pb
intervals used to calculate each slope; 3) description of the study conditions such as ambient urban,
adjacent to smelter, and phase-out of Pb; and 4) type of air sampling and PM cut points.

The text that references the table should highlight the subset of studies that are particularly useful for the
NAAQS evaluation and explain why they are useful. This approach would adhere to the goal of
critically evaluating the literature and selecting key studies, rather than simply compiling study results.

An error was identified in the presentation of the Brunekreef (1984) study — the lower bound on the air
Pb interval should be changed from 0.15 to 0.50 ug/m°.

The EPA appropriately emphasizes that the slope factors vary, in part, due to the form of the equation.
For example, the log-log equations yield higher slope factors at lower air Pb concentrations. Given this
observation, it is even more important that readers can easily see how the range of empirical data may
compare with alternative NAAQS standards. A figure can be generated that presents results from each
study on one chart (as a separate series), showing how the calculated slopes vary as a function of
discrete intervals of air Pb concentrations. This will help the reviewer understand which slopes are valid
in the air concentration of interest (e.g., 0.1 — 2 pg/m®).

Figures should also be generated to illustrate the potential change (reduction) in blood Pb concentrations
in relationship to scenarios of reducing the current NAAQS. Examples can be found in individual
comments from Dr. Goodrum.

5. Chapter 5 presents assessments of the health effects of Pb, with evidence organized by health effect
category, endpoint and scientific discipline.
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5a. To what extent are the discussion and integration of the potential modes of action underlying the
health effects of Pb exposure presented accurately and in sufficient detail? Are there additional modes
of action that should be included in order to characterize fully the underlying mechanisms of Pb?

In general, discussions of the potential modes of action underlying the health effects of Pb exposure are
thorough and inclusive of the current scientific literature. The document has done a very good job of
attempting to, in some respects, prioritize the mechanisms in an integrative fashion so as to explain their
potential relationships to observed health effects. The inclusion of prior data from past Pb reviews in this
particular section is appropriate as it is important to the full presentation of known mechanisms. No
known modes of action have been left out.

The CASAC notes, however, that in some cases, studies are not presented in sufficient detail to conclude
that the presumed mechanism of action is the basis for reported effects. In the case of studies of
antioxidant treatments, for example, experimental designs are not adequately outlined. Thus, it could be
possible that providing an antioxidant contiguously with Pb exposure in an animal model results in a
decrease in Pb uptake from the gastrointestinal (GI) tract or enhanced excretion or some other
toxicokinetic change that therefore results in a lower “effective” dose of Pb and lower risk for the health
effect. Such a scenario would not be consistent with an “antioxidant” mechanism but rather a
toxicokinetic amelioration of Pb effect.

Some information with respect to the mode of action might be considered misleading or overly-
interpreted. For example, Table 5-2 presents all endpoints and modes of action and the lowest level at
which the MOA is observed, suggesting that cancer, e.g., is an equally potent endpoint for Pb as is
neurological effects, which does not seem consistent with the collective evidence.

5b. Does the ISA adequately describe the evidence with regard to the range of exposure concentrations
(and/or blood or bone levels) associated with the identified endpoints? What are the views of the panel
regarding the clarity and effectiveness of figures and tables in conveying information about the
consistency of evidence for a given health endpoint, lifestage of exposure, or biomarker of exposure
(e.g., blood versus bone Pb levels)?

The extent to which the ISA satisfactorily characterizes the magnitude of Pb exposure that bears a causal
relationship to various human health endpoints varies according to the health endpoint.

The ISA offers a satisfactory discussion of recent findings that address and support a conclusion that Pb
exposure associated with blood Pb concentrations less than 5 pg/dL is causally associated with
decrements in 1Q and adverse neurocognitive development in children. With respect to other endpoints
in children, such as attention deficit hyperactivity disorder (ADHD), a more rigorous and transparent
“weight of the evidence” analysis is recommended to establish the extent of any causal relationship. This
analysis should devote more attention to the limitations of the existing studies with respect to
consistency, reproducibility, bias, control for confounders, and shortcomings in statistical methodology.

With respect to health endpoints in adults, there is uncertainty regarding the extent to which blood Pb
concentrations < 5 pg/dL bear a causal relationship to any health endpoints, particularly because the
adult populations in which such associations were noted sustained considerably higher blood Pb
concentrations in the past. In several of the study cohorts finding a relationship between Pb exposure
and blood pressure elevation or hypertension, bone Pb concentration was usually a stronger predictor
than blood Pb concentration, consistent with the importance of the subject’s cumulative Pb exposure,
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rather than their current low level exposure, for any causal relationship. The subjects in these cohorts
may have been experienced unique developmental effects of Pb at exposure levels higher than indicated
by contemporary adult blood Pb values. In addition to the ubiquitous concern regarding the influence of
higher blood Pb concentrations experienced earlier in life, other limitations apply to causal assessments
made for other health endpoints in adults. In the case of renal effects, causal inferences are limited by
the potential for reverse causation, inconsistency in the epidemiological observations, and the absence of
a demonstrable nephrotoxic mode of action at a blood Pb concentrations < 5 pg/dL. For immune effects
in both adults and children, the discussion should devote greater attention to the paucity of and the
biostatistical shortcomings of the epidemiological studies that have reported effects of Pb at low dose.
For every health endpoint, animal models that establish an adverse effect of Pb where the blood Pb
concentration in utero or postnatal never exceeded 5 pg/dL are virtually nonexistent, and statements to
the contrary in the narrative merit careful review and reappraisal. A detailed “weight of the evidence”
analysis, including critical appraisal of the strengths and limitations of the supporting studies, is
recommended in order to establish the strength of evidence for a causal relationship at specific levels of
adult Pb exposure.

The many tables in Chapter 5 that summarize the design and outcomes of epidemiological and
toxicological studies could be expanded to include a column that allows the inclusion of short comments
on a study’s notable strengths and weaknesses. In certain tables and figures, the practice of relying on
extrapolation to characterize a dose-response relationship at a low blood Pb concentration (e.g., renal
effects at a blood Pb concentration of 1 pg/dL in Figure 5-43) should be used sparingly, if at all,
particularly when none of the studies included significant numbers of subjects with such a low blood Pb
concentration, or when the validity of such extrapolation may be subject to considerable uncertainty. It
would be helpful for summary figures such as Figure 5-29 to include study citations, and to distinguish
among the endpoints with respect to the strength of the evidence. In like manner, summary tables such
as Tables 2-2 and 2-3 should be substantially revised to distinguish among specific health endpoints for
which a causal effect of Pb at a particular dose is established, versus those for which a causal
relationship (in the terminology of Table 1-2) may be only “likely” or “suggestive”.

Several sections of the narrative would benefit from an expanded discussion of the significance of the
observed effect sizes. Some guidance to the reader in appraising the public health significance of
observed Pb effects should be included here. Public health significance (i.e., for populations) should be
distinguished from clinical significance (i.e., for individuals). The ISA should make clear that: (1)
individual risks may vary from the point estimates of effect observed in population-based epidemiologic
studies and (2) depending on the outcome, small effect sizes may have important impacts on health at
the population level (see Bellinger DC, Interpretation of small effect sizes in occupational and
environmental neurotoxicology: individual versus population risk. Neurotoxicology 2007; 28:245-251
and Kraemer HC, Epidemiological methods: about time. Int J Environ Res Public Health 2010;
7:29-45).

5c¢. Should discussion of specific endpoints be expanded to provide a more comprehensive assessment of
health effects associated with current Pb exposures in the U.S. population overall or in susceptible
groups?

The discussion of specific health endpoints in chapter 5 is sufficiently broad in scope, and inclusion of
additional health endpoints is not required. Rather than any expansion of the proposed endpoints,
integration of associations within and across endpoints might be enhanced, especially with respect to
mechanisms. Many neurodevelopmental outcomes are not independent, but rather bear expectable
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associations to each other; disturbances in one system might have downstream consequences for
functioning in another system. Explicating these connections would be useful. The review presents
evidence for differences in behavioral outcomes in different age groups upon exposure (so that
symptoms of disruptive behavior are found in children, while symptoms of depression are found in
adults); since these reflect quite different features of psychopathology, some discussion of those
differences, and the implications of detection differential associations should be explicated.

5d. What are the views of the panel on the integration of epidemiologic and toxicological evidence, in

particular, on the balance of emphasis placed on each discipline and the accuracy with which the
evidence is presented? Considering the Pb exposure concentrations and durations in toxicological

studies and the potential for confounding in epidemiological studies, please comment on the conclusions

drawn about the coherence of the evidence and biological plausibility.

Chapter 5 provides a comprehensive review of the human epidemiologic and toxicological evidence on
the health effects of Pb. The chapter is organized by health effects with results from human and related

toxicological (both in vitro and in vivo) studies presented in tandem for each outcome. Overall, the

approach works for integration across the two disciplines. However, the CASAC recommends a number

of modifications to the chapter and identifies several ways to improve the application of causal
determination criteria to the chapter’s conclusions:

1) An introductory section should be included that reviews homologies between animal and human

assessments.

2) Where possible, to improve organization of the toxicological data presentation, specific outcome

measures within a given health effect should be organized into broad conceptual groups (e.g.,
learning, attention, hearing) to maximize comparability between measures from human and
animal studies. For example, studies of learning in animals (the Morris water maze, among
others) should be described in parallel to findings from learning and memory tests in humans.
Studies of animal attention or impulse control can be described in parallel to tests of the
analogous behaviors in humans, e.g., studies of ADHD or CPT.

3) For each health measure, there should be a critical discussion of the strengths and limitations of
the available literature. Those studies with more robust designs and methods should be explicitly
acknowledged and contribute greater weight to inferences and conclusions. In addition, a column
of study limitations (and strengths) should be added to the tables summarizing findings from the

literature reviewed. The summarized information should also note negative findings (e.g. the
notable absence of a predictive effect of blood Pb in studies that reveal a predictive effect of
bone Pb). The chapter would benefit from a more rigorous presentation of a weight of the
evidence analysis for each health measure.

4) As an extension of item #3, the application of the causal determination criteria often lacks

transparency, and would benefit by a more specific and structured approach. For example, within

a given category of health outcome such as “neurological effects”, the analysis should better
differentiate the weight of evidence as it applies to divergent outcomes (e.g., childhood IQ,
ADHD, adult ET) for which the strength of findings for low-level Pb associations is highly
variable.
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5)

6)

7)

8)

9)

Animal studies with exposures most relevant to human health effects should be emphasized. This
means focusing on doses relevant to low level human exposure, critical consideration of
exposure route (e.g., oral, intravenous, and intraperitoneal) and Pb form (Pb acetate, Pb
chromate, etc.), and the relevance of temporal patterns of exposure to health effects with long
latencies. For example, direct injection of Pb into the hippocampus may not be informative for
human neurobehavioral effects, exposing animals to Pb-chromate has limited utility in assessing
Pb’s potential carcinogenicity, and short-term exposure and outcome measures are unlikely to be
applicable to Pb-associated hypertension or renal disease in human populations.

As an extension of item #5, the Chapter includes toxicological data that, in a number of cases,
involve Pb exposures substantially higher (e.g., an order of magnitude or greater) than would be
characteristic of U.S. non-occupationally exposed populations and thus findings from these
studies are of uncertain relevance to an assessment of low-level Pb effects in people. In many of
the epidemiologic studies of adults’ adverse health effects, the contemporaneous blood Pb
concentration of participants likely differed substantially from blood Pb concentrations earlier in
life when average population blood Pb levels were higher. Tables (e.g., 2-2, 2-3, 2-8) that
summarize the impact of current low level Pb exposure need revision to reflect likely higher past
blood Pb concentrations (and cumulative exposure) in determining the risk of current adult
disease.

Similarly, providing some context relating in vitro exposure levels to low-level human exposures
would be helpful. In general, in describing in vitro and in vivo study results exposure media need
to be explicitly defined and, as much as possible, standardized exposure units should be used to
facilitate comparison and interpretation of findings across studies and systems.

In seeking coherence between plausible modes of action and many of the chronic human health
outcomes discerned in epidemiological studies, such as hypertension, renal insufficiency, and
possible neurodegenerative changes in adults, the narrative should highlight evidence for modes
of action that are consistent with the insidious and latent development of these endpoints. Such
modes of action may include, but not be limited to, epigenetic impacts on gene expression,
remodeling of tissue structure or responsiveness (e.g. in brain, kidney or vascular endothelium),
and genotoxic and nongenotoxic effects of chronic oxidative stress.

Effect modification should be consistently addressed (including potential sexual dimorphisms in
Pb toxicokinetics or effects), particularly as, dependent on the context, it can result in Pb effects
at lower levels than occur in the absence of the modifier. The magnitude of the interaction should
be explicitly described as part of assessing its biological relevance.

10) If studies are restricted to males (e.g., the Normative Aging Study (NAS) and a large proportion

of animal models), potential limited generalizability to females should be acknowledged.

11) For a number of health measures the conclusions regarding health effects of low-level Pb

exposures are not well justified by careful consideration of the literature reviewed, e.g., lack of
robust justification of conclusions was particularly notable for the review of immunologic effects
of Pb. Failure to temper conclusions with study design limitations was particularly problematic
for the review of the renal effects of Pb.
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12) Examples of specific issues that undermine the robustness of some conclusions include:

(a) a failure to accurately assign Pb exposures, including assigning a lower level Pb exposure
than comprehensive consideration of the experimental design or the population’s
characteristics justified,;

(b) a failure to acknowledge limitations to findings that were, e.g., only evident in a subset of the
study population (e.g., subsetting by phenotype or hormone use status) or only evident in
conjunction with other risk factors (e.g., low-level Pb effects only seen in conjunction with
relatively high level manganese exposure);

(c) a failure to temper the strength of observed associations in studies for which control for
potential confounding was not well addressed (as was often the case for occupational cohort
studies);

(d) a failure to explain limitations regarding the implications of observed associations in
epidemiologic studies where direct biomarkers of exposure were not used (e.g., in a number
of occupational studies);

(e) particularly in studies of chronic disease risk in adults (e.g., cardiovascular disease), the
chapter does not consistently or carefully acknowledge the likely importance of historical
(and relatively high) long-term, chronic Pb exposure in determining both current blood Pb
levels and serving as a surrogate for past levels in estimates of associations of current levels
with health outcomes.

13) The review of the literature regarding Pb and childhood 1Q was, with few exceptions, robust and
appropriate conclusions were drawn.

14) There were a number of areas of inconsistencies between Chapter 5 and conclusions described in
Chapter 2 that need to be reconciled.

15) The term “neurological” should be consistently changed to the term “neurodevelopmental”
throughout the document.

(Please see attached individual comments from the panel members regarding specific examples of the
above issues, including, extensive detailed comments from Dr. Michael Kosnett).

5e. The 2006 AQCD described a nonlinear dose-response relationship between blood Pb levels and
cognitive function in children. The ISA presents evidence from epidemiologic and toxicological studies
to further evaluate potential explanations for the nonlinear shape (e.qg., differential proportions of
susceptible populations in different segments of the blood Pb level distribution, differential activation of
mechanisms). Please comment on the extent to which the expanded discussion is informative and
consistent with the available evidence.

The issue of non-linearity of the dose-response for 1Q was clearly a critical issue in the previous
NAAQS deliberations. Additional evidence supportive of the dose-response observed in the Lanphear et
al., 2005 meta-analysis has been reported since 2006, as appropriately cited here, providing further
support for the non-linearity of the dose-response curve defining the association between blood Pb and
1Q, specifically the greater slope at blood Pb levels less than 10 ug/dl than above 10 ug/dl. These
findings are supported, as indicated, by an animal literature that has similarly reported evidence for non-
linearity of Pb effects that dates back even to the 1970s-80s.
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The CASAC notes that not all human studies will provide evidence for this non-linearity for reasons
such as lack of sufficient power and /or use of less sensitive outcome measures. In addition, animal
studies are not likely to fully duplicate the parameters of the 1Q slopes seen in studies of

children. Animal studies commonly employ behavioral measures that are not analogous to the often
broad skills reflected in 1Q scores, but rather make use of more pinpointed behavioral measures that
likely map onto one or another subcomponent of 1Q. Further, animal studies focus on individual
molecular actions that are components of integrated physiological responses underlying behavioral
functions.

6. Chapter 6 is a discussion of potential susceptibility factors. Are the characteristics included within
the broad susceptibility categories appropriate and consistent with the definitions used? Are there any
key susceptibility factors that were not included and need to be added? Is it appropriate to include
material on susceptibility factors related to Pb exposure and dose, or should the chapter focus solely on
susceptibility factors as they influence Pb-induced health effects? Susceptibility to Pb associated effects
is also discussed in sections of the ISA other than Chapter 6. Does the ISA adequately cover and
appropriately distinguish lifestage-dependent differences (e.g. differences between children and adults)
as they relate to the modes of action of Pb, potential exposures to Pb, toxicokinetics and Pb biomarkers,
health effects of Pb and susceptibility to Pb induced effects?

For lead, issues related to susceptibility across the life course are critical for public health protection.
While the chapter covers relevant studies, the conceptual framework for interpreting them needs to be
modified to more sharply address factors that may lead to increased risk and to increased exposure or
dose. The ISA lays out an ambiguous set of terms and a conceptual model that does not adequately
support interpretation of the literature. The CASAC had similar concerns with regard to the first draft
ISA for ozone and voiced them in its letter to Administrator Jackson dated August 10, 2011. Those
comments are applicable to the lead ISA as well, and we recommend revisions that parallel those made
in Chapter 8 of the second draft ISA for ozone.

The title is perhaps inaccurate—while the chapter discusses variations in blood Pb levels by age, this is
NOT a major focus of the chapter, which discusses genetics, nutrition, soil exposure and other variables.
There also are quite a few places where literature is discussed in what seems the wrong section, that is,
much discussion of factors that are risks for Pb exposure/absorption are discussed in the section on
susceptibility to Pb effects. This editing problem should be relatively easy to address.

In many places in this chapter, there are sections with only a few citations, in some cases discussing only
a single article (i.e., the article on Pb’s association with ADHD being stronger among those exposed to
secondhand smoke). The CASAC recommends that the EPA be very clear on the strength of evidence in
the literature and cautious in inferring causality in this chapter based upon the limited number of studies
available.

Throughout the chapter specific topics that are mentioned are discussed in more detail elsewhere in the
report. The CASAC concludes that it would be very useful to point the reader to the relevant section, or
better still, to the exact page, and for the electronic version, to provide relevant hyperlinks. Given the
size and comprehensiveness of this review, such linking would greatly facilitate the use of the entire
document.

The CASAC finds that this chapter would be strengthened with more discussion of nutritional aspects
that serve to increase susceptibility, and more discussion is warranted for differences in effects by
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gender (or the need for more research in this area), more discussion of gene-environmental interactions
(with the provision of the magnitude of associations/effects) and epigenetic implications.

Insufficient emphasis is given to the findings that even older children and adolescents are vulnerable to
neurocognitive effects as is clear from findings showing the sometimes even stronger associations of
concurrent blood Pb levels with 1Q scores. It also was noted that there are other factors that could be
better described, such as age of housing stock, percentage of homes with Pb-free windows, having grass
cover or bare soil in yards and playgrounds.

7. Chapter 7 is a discussion of the ecological effects of Ph. Effects on terrestrial and aquatic ecosystems
are first considered separately. They are then integrated by classes of endpoints (bioaccumulation,
growth, mortality, hematological effects, development and reproduction, neurobehavior, community and
ecosystem effects). Does the panel consider this approach appropriate? Is it appropriate to derive a
causal determination for bioaccumulation as it affects ecosystem services? Has the ISA adequately
characterized the available information on the relationship between Pb exposure and effects on
individual organisms and ecosystems, as well the range of exposure concentrations for the specific
endpoints? Are there subject areas that should be added, expanded upon, shortened or removed? If the
ISA was expanded to consider dose-response in terrestrial systems, should we limit data to field soils? If
the ISA were expanded to consider dose-response in aquatic systems, how might we most efficiently
present toxicity data that varies greatly by organism, and environmental parameters that influence
bioavailability (pH, dissolved organic carbon etc.)?

Chapter 7 is well written, effectively organized, and does an adequate job of addressing “new” published
data (post-2006). However, the chapter did not address pre-2006 information, so it is difficult to
understand the context and contribution of more recent data to the body of knowledge on Pb toxicity and
how they may or may not inform a decision to revise the secondary NAAQS for Pb. This is particularly
important given that the extant regulatory values (e.g., Ambient Water Quality Criteria and the terrestrial
ecological soil screening level values) that are relied upon are somewhat dated, 1985 and 2003,
respectively. The document would be greatly improved by providing a short summary of the status of
relevant knowledge at the time of the 2006 AQCD at the beginning of each section, followed by the
present review of the literature for the topic. Sections could then be summarized with short statements
indicating which significant new findings would be relevant to revising the secondary NAAQS and why
other studies were not.

The separation of terrestrial and aquatic ecosystem data is appropriate and the subsequent organization
by endpoints and levels of biological complexity is good. Marine and freshwater toxicity data should be
segregated in the chapter due to differences in Pb speciation and bioavailability and the possibility of
differences in the sensitivity of freshwater and marine organisms.

Is it appropriate to derive a causal determination for bioaccumulation as it affects ecosystem services?

This is a difficult question since the process of bioaccumulation, i.e., the uptake and accumulation of
environmental pollutants by organisms, may or may not have any effects on ecosystem services. The
process of bioaccumulation itself should not necessarily be thought of as an adverse or toxic effect.
Bioaccumulation of Pb in select tissues is a normal metabolic process by which an organism is able to
sequester and ultimately detoxify or eliminate Pb, e.g. metal-rich granule formation in mollusks and
earthworms. Only when the rate of bioaccumulation exceeds the capacity of the organism to detoxify or
excrete Pb are toxic effects evident. It may very well be possible to derive a “causal” relationship
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between exposure and the presence of metals in tissues. However, due to the non-linear relationship
between exposure concentration and tissue concentration with metals, developing a quantitative
relationship would be difficult.

Similar concerns exist when evaluating possible food chain related effects. Available data suggest that
little tissue bound Pb is bioaccessible when consumed by predators, thus leading to “biodilution” of Pb
concentrations as one moves up food webs. If sufficient substantive evidence exists that trophic transfer
results in toxicity, then a causal assessment may be appropriate. Most of the available data suggest that
biodilution is the predominant fate of Pb during trophic transfer, but some studies suggest moderate
effects. As a regulating ecosystem service, bioaccumulation may provide a mechanism for decreasing
bioaccessible Pb, but this would likely be minor compared to other fate processes. Overall, a causal
determination for the bioaccumulation of Pb as it affects ecosystem services is not warranted at this
time.

Has the ISA adequately characterized the available information on the relationship between Pb
exposure and effects on individual organisms and ecosystems, as well the range of exposure
concentrations for the specific endpoints?

The ISA has done an excellent job of synthesizing and discussing the relationship between Pb exposure
and effects on individual organisms and ecosystems with the new information available since 2006.
Since the document relies on data that existed prior to 2006 and does not provide a summary of the
extant data it is somewhat difficult to assess how adequately the document characterizes all of the
available information. Summarization of all of the available data would be helpful; however,
presentation of all of the available data would make the document unwieldy. Presentation of the
available data in the form of a species sensitivity distribution (SSD) that identifies new versus old data
would be helpful to the reader. Also, the ISA relies solely on published toxicity data available in the
open literature. Additional unpublished, toxicity information may be available from the Pb industry
given all of their efforts over the past 5+ years in developing data for compliance with the European
Union Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) regulations. This
data may be very useful pending review and acceptance by the EPA and should be expressed as a
separate SSD, if used, to facilitate comparison with existing data.

Are there subject areas that should be added, expanded upon, shortened or removed?

The ISA does a good job of covering most post-2006 published data relating to Pb effects on aquatic and
terrestrial organisms. It is interesting, however, that a number of endpoints such as physiological stress,
hematological effects, and neurobehavioral effects are considered in this document. Traditionally the
EPA has limited their interpretation of environmental effects to those effects that can be directly related
to population and community level concerns. This approach has limited endpoints considered for criteria
and standards to those associated with organism survival, growth, and reproduction. Alternative
biochemical or physiological level endpoints are considered only when they can be linked directly to
population or community level concerns. Therefore, since no direct linkages can be made between an
observation of a biochemical, behavioral, or physiological endpoint and a population or community
level concern, it may be appropriate to eliminate discussion of these types of endpoints from the ISA. If
these endpoints are judged not to be germane to this effort, they should be moved to an appendix.

In addition to the issue of endpoint application, there is also the issue of relevance to organisms,
populations, and ultimately, application in the revision of the secondary NAAQS. As an example,
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consider Pb-induced hypometabolism under conditions of environmental hypoxia in crayfish (Morris et
al., 2005). Pb may not be the sole causal agent in this study since it is combined with reduced oxygen
levels. Glycogen levels in the freshwater snail B. glabrata were significantly decreased at near
environmentally relevant concentrations of Pb (50 pug/L) (Ansaldo et al., 2006). Glycogen levels in
organisms decrease with exposure to any number of environmental stressors. In both these studies and
others related to sub-organismal endpoints, the direct relevance of Pb exposure to organism survival,
growth, or reproduction needs to be established.

The ISA treats terrestrial and aquatic ecosystems separately and for clarity of understanding and this is a
good separation. However, one casualty of this approach is that the linkage between the two media is
lost. Pb loadings to aquatic ecosystems, especially freshwater systems, are primarily derived from the
runoff of terrestrial systems. It would be useful to include a discussion of the linkages of watershed
processes between terrestrial and aquatic systems.

If the ISA was expanded to consider dose-response in terrestrial systems, should we limit data to field
soils?

Data selection should be limited to field soils. Artificial soil is not a soil, but is a standardized test
substrate, and data generated using artificial soil have no relevance to any application in real soils.
Artificial soil is used as a reference condition in standardized laboratory bioassays with soils and as a
standardized test matrix for conducting “proof of concept”-type bioassays with soil invertebrates. In the
development of the ecological soil screening levels, the EPA did not consider data generated using
artificial soil as acceptable. For plants, hydroponic test systems may be convenient, but not for
examining the effects of Pb in soil since the matrix (actually lack of a soil matrix) itself has a
tremendous effect on plant physiology and hence Pb uptake and metabolism. Also, given the clear effect
of “aging” and soil physical/chemical characteristics on the biological cycling of Pb in terrestrial
ecosystems, it would be best to limit dose-response data to studies utilizing field soils.

If the ISA were expanded to consider dose-response in aquatic systems, how might we most efficiently
present toxicity data that varies greatly by organism, and environmental parameters that influence
bioavailability (pH, dissolved organic carbon etc.)?

The best approach for presenting wide differences in sensitivity among organisms is through a species
sensitivity distribution (SSD) approach. Physical and chemical parameters that influence Pb
bioavailability are best discussed in terms of a description of the biotic ligand model (BLM). The BLM
approach would allow standardization of exposure in the SSD to the concentration of free Pb ion and
important ligands. Application of the BLM to natural waters is best described by presenting the results
of calculations using a series of natural waters or waters that exhibit a range of composition and
chemical/physical parameters found across the United States. By presenting the data in this fashion the
reader can easily ascertain the relative importance of each of the parameters on assessing Pb toxicity.
This applies to both the aquatic environment as well as to the terrestrial environment.

Bioavailability and bioaccessibility are extremely important in assessing the toxicity of Pb to
environmental receptors. Total concentrations of Pb in soil and water are inappropriate expressions of
exposure and better effects relationships are found with respect to the soil pore water concentrations and
free Pb ion in water. Aquatic and terrestrial BLMs are the state-of-the-science and must be considered
when evaluating possible environmental effects.
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The terms bioconcentration factor (BCF) and bioaccumulation factor (BAF) are used somewhat
inconsistently, this should be revised to reflect proper use. The CASAC notes that BCF and BAF are
inappropriate measures to assess the hazard of Pb. The CASAC recommends providing a better

assessment of the utility (or lack thereof) of BCF values, rather than simply reporting the data from the
literature.
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Mr. George A. Allen

General Comment: The Health and Environmental Research Online (HERO) system is a wonderful
resource for panel members. While there have been a few problems with access, those were resolved. |
encourage continued use of this approach for future National Ambient Air Quality Standard (NAAQS)
review documents.

Comments on Chapter 3 - Ambient Lead: Source to Concentration

Charge Question 3: To what extent are the atmospheric science and air quality analyses presented in
Chapter 3 clearly conveyed and appropriately characterized? Is the information provided regarding Pb
source characteristics, fate and transport of Pb in the environment, Pb monitoring, and spatial and
temporal patterns of Pb concentrations in air and non-air media accurate, complete, and relevant to the
review of the Pb NAAQS? Does the ISA adequately characterize the available evidence on the
relationship between ambient air Pb concentrations and concentrations of Pb in other environmental
media?

Overall, the document is well written, comprehensive, and reflects a very detailed review by EPA staff
of all aspects the state of the science. As with the ozone Integrated Science Assessment (ISA), it may be
too comprehensive in some areas, and could benefit from editing to reduce the overall length and
improve the focus of the chapter.

The discussion of lead (Pb) source characteristics and the fate and transport of Pb in the environment are
relevant and adequate. The section on the sampling aspect of Pb monitoring is brief, while the review of
analysis methods is detailed. The substantial limitations of the present Hi-VVol FRM sampler for Pb are
noted, but the document doesn’t suggest anything better other than PM10, which can underestimate Pb
in some near-source scenarios (but not GA airports). There is no clear discussion of the exposure/health
implications of changing the FRM sampler to PM10; in that sense this chapter needs to be linked to later
chapters on exposures.

There is a substantial history of CASAC recommendations to not use the Hi-Vol sampler as the FRM
sampler. The CASAC letter of July 18, 2008 states on pages 7 and 8:

“In several rounds of previous comments, the CASAC Panel recommended that a revised (and
substantially-lowered) Lead NAAQS should be accompanied by a transition of the sampling
indicator from total suspended particulates (TSP) to a low-volume ambient air monitor for lead
in particulate matter (PM) less than 10 micrometers in diameter (PM10) in ambient air. In the
CASAC’s advice dated January 22, 2008 (EPA-CASAC-08-007), the CASAC noted that the
CASAC Panel "unanimously supported the selection of an [PM10] indicator that can be more
robustly measured and thus would be more representative of actual population exposures,"
adding that "a more accurate and precise Pb-PM10 indicator would provide a more stable
determination of compliance with the new lower Lead NAAQS." With regard to concerns over a
potential loss of ultra-coarse lead particles by PM10 samplers, the CASAC Panel further noted
that "it would be well within EPA’s range of discretionary options to accept a slight loss of ultra-
coarse lead at some monitoring sites by selecting an appropriately conservative level for the
revised Lead NAAQS." In a subsequent teleconference consultation by the CASAC Ambient Air
Monitoring and Methods (AAMM) Subcommittee held on March 25, 2008, a majority of the
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subcommittee members also supported a transition from TSP to low-volume PM10 sampling for
lead (see EPA-CASAC-08-010 dated April 14, 2008). "

Since then, the topic has been discussed in the CASAC AAMMS letter of Nov. 30, 2010 on review of
the Pb FRM, and also during the May 5, 2011 consultation on the Draft IRP.

Despite these CASAC communications to EPA, the agency has not yet taken meaningful action to
address these concerns. While this discussion doesn’t directly fit into the framework of the ISA, this is
the only part of the current NAAQS review process that could address this issue in an exposure/health-
outcome context and still allow sufficient time for ORD to evaluate potential replacements to the Hi-Vol
sampler other than the existing PM10 low-volume FRM sampler (by the time the review of the PAD
starts, it is too late to start any such evaluation for inclusion in any revision to the NAAQS). The
uncertainty of air-related Pb exposures is much much larger than the modest (~20-30% on average but
wildly variable) change in ambient Pb measurements between the Hi-Vol and Pb-PM10. A very recent
review article on Pb concentrations and size distributions was just published in Atmospheric
Environment by Cho et al., 45 (2011) 5005-5015, DOI 10.1016/j.atmosenv.2011.05.009 . The overall
impression from this paper is that there are few robust studies of Pb size distribution that would be
relevant to NAAQS exposure issues. The agency could evaluate the existing PM10 inlet aspiration
efficiency as a function of wind speed as an expeditious approach to a “larger than PM10" Pb sampler
for this round of the NAAQS review.

Another area of general concern is that there is no meaningful discussion of Pb in wildfire and
residential space heating woodsmoke. There is Pb in woodsmoke (WS), and especially for valley towns
where WS concentrations can be high for much of the winter, this could be the primary air exposure
pathway for “new” Pb. Page 3-102, line 28 notes that fine mode Pb is fairly soluble and thus would be
expected to be present in wood just as Hg and sulfur are, especially in the eastern US.

The document notes that relevant data for spatial and temporal characterization of Pb in air and non-air
media are very limited. It is likely to remain limited given current resource constraints. Similarly, there
are limited data to adequately characterize the relationship between ambient air Pb concentrations and
concentrations of Pb in other environmental media; the document’s discussion of this topic is adequate
given these constraints.

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

3-2,14-16: The 2008 NEI reports GA aircraft as 49% of all Pb emissions, but the % that is relevant to
human exposure is likely much much less, since most of those emissions are at altitude and are in the
fine mode; thus deposition is widely dispersed, and a significant amount may deposit as wet Pb. Thus
the impact on “new” ground level air Pb is likely to be much less than the emission inventory suggests.
The way it is stated here may be confusing in this context. | fully support the phase-out of Pb in AvGas
on general principle, but I am not convinced that AvGas Pb is a significant exposure in the context of the
current Pb NAAQS.

3-4, 8 and 15-16: it may be worth noting that this smelter (Herculaneum MO, the largest single point
source of Pb in this country) is closing by the end of 2013 -- sooner than the binding 2016 date. This
event would present a rare opportunity to study the changes in both soil and vegetation Pb over time
before and after the smelter closes. EPA should consider funding an extra-mural multi-media study
(STAR?) that starts sampling a year before the smelter shuts down, and insures that near-field soil
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sampling areas are isolated from potential site cleanup efforts. (Note: a new Pb ore processing facility is
planned for that site using cleaner technologies.)

3-5, 5: same issue as pg 3-2, above.

3-7, 3: The median Pb value should be reported here, since the data are highly log-normal. The 0.3
ug/m3 value shown here is an outlier in this study; this should be noted. There is also substantial
uncertainty in the data quality for this sample; given the lack of runtime data, this sample would be
voided in AQS. For the very first sample day to be much higher than all subsequent samples makes the
sample further suspect. The second highest sample for the study is from site A for the same day.

3.2.2.5 [Roadway sources]: While Pb wheel weights are currently a major source, it should be noted
here that several [at least 7] states have already banned their use, and EPA is planning a NPRM in 2012
to ban them. Once banned, their use will drop rapidly. Pb in tires is approximately 15 ppm w/w, and the
mass of tire mass from road wear is very large. More quantitative information on Pb in tires and tire
wear emission rates would be helpful to better understand their contribution to NR Pb.

3-14, 6: The discussion abruptly switches from Pb-PM to PM concentrations. Is it intended to be “Pb-
PM” on this line?

3-17,10-13: Pbin WS, and 3-22, 26-29: these cites seem to contradict each other re: Pb in wildfire
WS. See general comments above.

3-53, 22-26: It should be noted that the dichotomous sampler is a preferred way to measure Pb-coarse in
areas where the fine to coarse Pb ratio is greater than 1. There is a commercial dichot sampler currently
approved as an FEM for PM-coarse.

3-56, 10: says 9 elements from Improve, but there are up to 24 reported. Some may be of use in this
analysis.

3-60, 19-22: Can the single particle mass spec method measure large Pb without substantial losses in
the sample train?

3-69, 8-14: should tires as a source of near-road (NR) Pb be noted here? As Pb wheel weights are
phased out, tire wear may become [one of] the largest NR Pb sources of “new” Pb. Tires are
approximately 15 ppm w/w Pb. Has an inventory estimate ever been made of tire wear as a near-road Pb
source?

3-69, 29-32: 8 ng/m3 Pb isn’t much of an industrial source value; this needs clarification. Was the
SEAS Pb measurement validated in any way? The other 2 sites from that study are 1 and 2 ng/m3 Pb,
levels that are so low as to be unlikely in urban areas.

3-104, 3: “lower rate of error” -- a different term [precision?] should be used here.

3-104, 28-31: itis unclear what dataset is being summarized on line 31.
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Dr. Herbert E. Allen

Comments on Chapter 2 - Integrative Health and Ecological Effects Overview

The authors have prepared a very well-written overview of the health and ecological effects of Pb. There
are several items that should be modified and there is some recent literature that could be incorporated.
The items in this review are presented in the order they appear within the chapter.

It would be very helpful for each of the discussions to refer to the exact location in the following
chapters in which the relevant information is presented.

2-7 line 8. The correlations of Pb with Zn, Br, Cu, and K should be further investigated. Page 2-2 line 28
indicates that ~49% of total atmospheric Pb emissions come from piston engine aircraft. With such a
high percentage of the emissions arising from a single source, for the correlations of Zn, Br, Cu, and K
indicated in page 2-5 line 8, the emissions of these elements from piston engine aircraft would
necessarily need to be high relative to other sources. Certainly, this is likely for Br (in the absence of a
significant sea salt input). However, is it also reasonable for the other elements? Emission factor data
and very simple modeling should be used to resolve this rather than just providing a speculation. Also,
in line 7 “metals” should be replaced by “elements” as Br is not a metal.

2-7 lines 23-25. Even in areas not near smelters the smelters in operation prior to modern control
technologies were responsible for a large amount of the emissions of metals to the atmosphere. How
important are historic mining and smelting as the origins of Pb in soil and sediment?

2-10 Section 2.5.1. Neurological Effects is very well presented. It does an excellent job of integrating
the information.

2-30 lines 14-16. Aging of lead and other metals in soil is an important phenomenon that greatly affects
bioavailability. The fundamental physicochemical processes involved in sorption must be understood
and formulated into appropriate kinetic models of sorption that incorporate chemical speciation.

2-34 lines 17-19. The LC50 is a poor measure to compare to environmental concentrations. Most LC50
values are for acute, not chronic, exposures. Consequently, if the environmental concentration were to
reach the LC50 value it is unlikely that there would be a sustainable population. A lower toxicity, such
as LC5 or LC10, is more reasonable to compare to environmental concentrations.

2-34 lines 29-30. This 50-fold range in the LC50 value for larval fathead minnows for differing pH and
concentrations of DOC and CaSO, clearly demonstrates the importance of the chemistry of the exposure
medium to the effect. The importance of these factors that modify toxicity and are accounted for by the
Biotic Ligand Model (Di Toro et al., 2001).

2-35 lines 13-14. Many of these Pb concentrations exceed its solubility. Such data have historically
confounded the literature and have necessitated additional studies of toxicity.

2-38 lines 2-9. Do the adverse effects of Pb on reproduction in invertebrates and vertebrates occur at
environmental concentrations of Pb?
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2-40 lines 1-4. The sediments used in this study were oxidized by the sample treatment process. This
would have eliminated acid volatile sulfide from the sample and modified the bioavailability of the
added Pb. Thus, the sediments cannot be considered to be in their natural state and caution should be
applied to the interpretation of this and to other studies in which the sediment chemistry has likewise
been modified. Of course, there is always a great difficulty in relating laboratory results to those in the
field. However, in this instance one of the major factors known to affect the results has been modified.
The results appear to be valid, but the extrapolation from laboratory to field may not be.

2-40 line 31. Sulfide should be added to pH and organic matter as an important environmental variable
that affects Pb bioavailability and toxicity.

2-41 lines 4-16. The EPA Equilibrium Partitioning Sediment Benchmarks (Hansen et al., 2005) should
be mentioned. These provide a means to evaluate which sediments will not exhibit toxicity.

2-43 lines 13-16. I do not understand the sentence “The level at which Pb elicits a specific effect is more
difficult to establish in terrestrial and aquatic systems due to the influence of environmental variables on
Pb bioavailability and toxicity and substantial species differences in Pb susceptibility.” What is implied
in the phrase “more difficult to establish in terrestrial and aquatic systems”? Is this a comparison to
human health? These and other environmental variables affect the bioavailability for humans.

References

Di Toro, D.M., H.E. Allen, H.L. Bergman, J.S. Meyer, P.R. Paquin, and R.C. Santore. 2001. Biotic
Ligand Model of the Acute Toxicity of Metals. 1. Technical Basis. Environ. Toxicol. Chem. 20: 2383-
2396.

Hansen, D.J., D.M. Di Toro, W.J. Berry, W. S. Boothman, R. M. Burgess, G.T. Ankley, D.R. Mount,
J.A. McGrath, H.E. Bell, and C.S. Zarba. 2005. Procedures for the Derivation of Equilibrium
Partitioning Sediment Benchmarks (ESBs) for the Protection of Benthic Organisms: Metal Mixtures
(Cadmium, Copper, Lead, Nickel, Silver, and Zinc). Office of Research and Development. Washington,
DC. EPA/600/R-02/011

Comments on Chapter 7 - Ecological Effects of Lead

The authors have prepared a very well-written and comprehensive review of recent literature on the
ecological effects of lead.

The HERO database and excess ability greatly facilitated the review. This excellent system is a pleasure
to work with.

There are several items that should be modified and there is some recent literature that could be
incorporated.

My greatest concern regards the lack of clarity regarding which reports lead to modification of the 2006
assessment. It would greatly improve the reader’s understanding of the basis for the assessments if the
sections first presented a short summary of the status of relevant knowledge at the time of the 2006
assessment. This could then be followed by the present review of the literature for the topic. Finally, a
short statement indicating what significant new findings had been included and the reasons that other
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studies were not included. In this regard it is most important that the review not be simply a recitation of
the author’s claims within the cited paper. The review should be critical and should point out alternative
conclusions to those presented by the authors when appropriate. I will illustrate that by a discussion of
the paper of Ettler et al. discussed in the next paragraph.

7-9 line 28 through 7-10 line 4. Great care should be exercised in the use of selective extraction data
such as the results of Ettler et al. (2005) cited in the ISA. The assignment of specific geochemical
associations to the results of these extractions has been demonstrated not to be valid by a number of
researchers (e.g., Tipping et al., 1985; Rapin et al., 1986; Kheboian and Baur, 1987; Martin et al., 1987;
and Qing et al., 1994). Not only are metals released from the indicated geochemical phases indicated,
but they are also released from other phases. Although Ettler et al. (2005) assumed the extracted
fractions were related to bioavailability, no bioavailability was actually determined. The lack of any
toxicity or metal uptake data in their paper does not provide the necessary level of assurance that the
results of these extraction procedures can be used to infer relative bioavailability. Indeed, there is not
even a citation to any published study in which such a relationship has been demonstrated. | believe that
the lack of measurement of any biological effect, or even of citation that this methodology can be related
to biological effect, should be noted in the review. This assessment is directly contrary to that of the
authors.

7-11 line 28 through 7-12 line 3. What this and other studies actually show is that relating effects to total
concentrations of metal in soil (mg/kg) is inappropriate. The better effects relationships that were found
with respect to the soil pore water concentrations are because the pore water represents the equilibrium
partitioning and thus bioavailability.

7-35 lines 20-21. New exposure-response data are presented in several papers (Chen et al., 2010; and
Kopittke et al. 2011).

7-36 line 31. ISO is the International Standards Organization. It is not a European methodology.

7-65 lines 14-18. Here and in a number of other places, BCF and BAF factors have been used. However,
BCF is a poor factor to use in the hazard assessment of metals. Bioaccumulation factors are used as an
important aspect in the hazard assessment for hydrophobic organic compounds (e.g. PCBs and DDT).
For such compounds the BCF for a biological species is approximately constant and the concentration in
the organism is proportional to the concentration in the environment (Chapman et al., 1996). Thus, high
BCF values indicate highly bioaccumulated materials that warrant consideration for regulation as a
consequence of the biological effects that these materials may cause in the organism or to the food
chain. However, this is not the case for metals (with the possible exception of mercury). The BCF for an
organism is not a constant, but is highly dependent on exposure conditions, including the concentration
of the metal in the environment. A very extensive study of the relationship of bioaccumulation to
exposure concentration of metals, including lead, has been published by McGeer et al., 2003). They
found that in almost all cases the BCF decreased with increased exposure concentration. Thus, if one
considers a high BCF as a predictor of hazard, increasing the environmental concentration of the metal
would then lead to a lower anticipated hazard. Clearly, this is not the case. The error lies in
consideration of BCF values for metals as anything more than the ratio of two values, the concentration
in the organism and the concentration in the environment. As this ratio is not a constant, it not only lacks
any predictive or assessment value.
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Problems with the BCF can be further seen in the present document. Consider the data for BCF for
aquatic plants. In the 2006 report the range of BCF values was from 840 to 20,000. The new data in
Table 7-3 has a range 0.01 to 1500. The maximum value for the new data is less than a factor of 2
greater than the minimum value in the older report. The total range of BCF values is now 0.01 to 20,000.
This is a range of 2,000,000. Furthermore, the range of BCF values for duckweed (Lemna sp.) is now
0.01 to 3,560. This is a range of 356,000 which clearly is too great to be of any use in assessments.
Furthermore, if the maximum and minimum values are considered, very different conclusions can be
drawn regarding the potential hazard of lead. The low BCF value of 0.01 indicates that there is no
hazard of Pb. The high BCF value of 3,560 is above a commonly used assessment criterion of 1,000 and
suggests that Pb is a hazard. Clearly, BCF is an inappropriate measure to assess the hazard of Pb. The
document needs to provide a better assessment of the utility (or lack thereof) of BCF values rather than
simply reporting the data from the literature.

That organisms can have high concentrations of metals is true and important. The consequences of these
high metal concentrations can be discussed without use of BCF and BAF.
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Dr. Deborah Cory-Slechta

Comments on Chapter 5 - Integrated Health Effects of Lead Exposure
Charge Question 5a

1. Several places in the text refer, especially in describing in vitro studies, of the use of ‘levels as
low as’ or ‘to as 