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June 4, 2013
EPA-CASAC-13-004

The Honorable Bob Perciasepe

Acting 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 (Third External
Review Draft — November 2012)

Dear Acting Administrator Perciasepe:

The Clean Air Scientific Advisory Committee (CASAC) Lead Review Panel met on February 5, 2013,
to peer review the EPA’s Integrated Science Assessment for Lead (Third External Review Draft —
November 2012), hereafter referred to as the Third Draft ISA. The charge questions from the agency, 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 substantial revisions to the Second Draft ISA based upon its prior
advice (July 2012). The CASAC believes that the ISA will serve as a scientifically sound foundation for
the Lead (Pb) National Ambient Air Quality Standards (NAAQS) review. There is no need for the
CASAC to review another draft of the ISA; however, the CASAC offers additional comments and
recommendations on improving the document, as well as repeats some comments and recommendations
that were not previously addressed.

The description in the ISA of the state of the science for measurement of particles greater than 10
micrometers has been improved. The CASAC has previously recommended that the EPA develop a new
Pb air sampler to replace the high-volume total suspended particulates sampler. Although it is
understood that the EPA will not have completed work on design and characterization of an improved
“larger particle” sampler for this cycle of the Pb NAAQS, the EPA is encouraged to continue this
process.

The application of the causal framework is clearer and better documented in the revised ISA. In general,
the new health endpoint groupings are appropriate and contribute to greater clarity of causal
determinations for all major organ systems. This new approach has the greatest impact on improving the
section describing health effects related to the nervous system; however, standard naming conventions
(e.g. clinical terminology and classification) should be used in the description of behavioral outcomes.
In addition, there are several errors of health or study outcome categorization for the nervous system
review and there are a few instances where appropriate specific health endpoints are the focus of the



literature review but the causal determination is applied, inappropriately, to a more general organ
system.

The ISA should provide greater transparency in differentiating between the designations “likely to be
causal relationship” between Pb exposures and health outcomes and “suggestive of a causal
relationship.” The EPA should be explicit in discussing the uncertainties and limitations which
contributed to the designation. Additionally, the ISA should be clear about whether human data or
animal data contributed to the causal determination. The EPA should change the designation between
low level Pb exposure and renal dysfunction from “likely to be a causal relationship” to “suggestive of a
causal relationship.” The reasons for this change include: inconsistency of the epidemiological findings
in large high-quality studies; absence of a demonstrated pathological mode of action for Pb
nephrotoxicity in humans or animals at blood Pb concentrations less than 10 micrograms per deciliter;
and the plausibility of reverse causation as an explanation for the association.

In reviewing literature, the EPA raises particular study design concerns multiple times throughout the
ISA (e.g., lack of adjustment for parenting quality and poor representativeness of the study population),
but their relevance to interpretation of a given study is not discussed. The representativeness of study
populations is emphasized as a limitation in a number of nervous system studies. However, the lack of
generalizability does not impact the validity of a study (unless there is effect measure modification).
Therefore, in some cases, the findings of such studies may have been disproportionately discounted.

The EPA has integrated an extraordinary amount of information about at-risk populations and employs a
useful framework(s) for critically reviewing and integrating information. However, indication of the
relative magnitude of the effect modification from the risk factors is still missing. It would be extremely
useful to add a table, with appropriate interpretive text, that summarizes the magnitude of effect
modification that these various risk factors impose.

Although the ISA provides a fair and balanced evaluation of the existing scientific information on the
ecological effects of Pb, one major concern is the inability to relate ecosystem effects to the
concentrations of Pb that exist in air, soil, and water. For ecosystems, an important source of the Pb in
soil and water is atmospheric deposition and transport processes. A critical loads approach is needed to
establish this relationship. Research should be conducted to develop, calibrate, and test models
applicable to the development of critical loads for Pb and other metals in the United States.

Tables that summarize the key studies leading to the causal determinations of the ecological effects of
Pb are an important addition to the ISA. In addition to these tables, it would be useful to include a graph
showing the various effects as a function of the exposure concentration. The environmental
concentration range also could be shown. Distinctions should be made on the graph between measured
concentrations and nominal concentrations (if there are not measured concentrations).



The CASAC appreciates the opportunity to provide advice on the ISA and looks forward to the EPA’s
response to the advice provided here.

Sincerely,
[signed/
Dr. H. Christopher Frey, Chair

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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Consensus Responses to Charge Questions on
EPA’s Integrated Science Assessment for Lead
(Third External Review Draft — November 2012)

Preamble; Legislative and Historical Background

Please review and comment on the effectiveness of these revisions to the third draft Pb ISA. Please
comment on the extent to which these sections of the ISA provide a useful and effective format for
presenting introductory materials for this and future 1SAs. Please recommend any revisions that may
further improve the clarity of discussion.

The newly included flow diagrams in Figures I, 11, and 111 of the Preamble in the Integrated Science
Assessment for Lead (Third External Review Draft — November 2012), hereafter referred to as the Third
Draft ISA, are helpful in summarizing the process employed to develop the ISA documents for criteria
pollutants. However, it is not clear whether the strict criteria set forth in Figure Il for a “study selected
for inclusion in an ISA” reflects the actual process applied in the ISA for lead (Pb). As noted in the
CASAC comments on the previous two Pb ISA documents, as well as in comments on this Third Draft
ISA, the Pb ISA is an enormous document, unparalleled in the scope of its review of the vast literature
on inorganic lead. By this very nature, it includes many studies that fall short of the ideal design and
quality criteria presented in Figure Il. For example, there are limitations in how particular studies of the
effects of Pb on attention in children have adjusted for confounding by familial covariates, or how
certain studies of the association of Pb on renal dysfunction have accounted for covariates that influence
the course of chronic kidney disease (see the consensus responses to the Chapter 5 charge questions for
further details). Contrary to the implication of Figure Il, it is often acceptable to include such studies in
the ISA, as long as the limitations are clearly identified and their contribution to the weight of evidence
for causal inference is appropriately modulated.

The revised approach to causal determination in the Third Draft ISA that now examines specific health
endpoints within an organ system, rather than broad organ system effects, is a welcome improvement.
As detailed in the consensus responses for the other chapters, the health effects criteria in Table 11 that
distinguish “likely to be a causal relationship” from “suggestive of a causal relationship” are sometimes
challenging to apply. In these circumstances, there should be an expanded discussion in Table Il (or in
the narrative) of the nature of the evidence that informed the judgment in favor of one category versus
another.

Chapters 1 (Executive Summary) and 2 (Integrative Summary)

Please comment on the adequacy of these and other changes to the chapters and recommend any
revisions to improve the discussion of key information. Please recommend any revisions that may
further improve the clarity of discussion.

Section 1.2 (page 1-3) briefly notes that there are multiple pathways that ultimately result in human
exposure to ambient (atmospheric) Pb. However, Chapters 1 and 2 should include an expanded
discussion of the relative contributions of the direct and indirect air-related pathways to overall human
Pb exposure. For example, as noted in Tables 4-1 and 4-2, direct inhalation of Pb in ambient air at
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currently prevalent levels makes a minor contribution to total exposure. The indirect contribution of
ambient Pb to Pb in outdoor soil and indoor dust is more substantial, as might be the contribution of
legacy air emissions to Pb in the current diet. Chapters 1 and 2 should have an expanded discussion of
the challenges in characterizing air-related exposure, perhaps including Figure 3-2 that appears in the
draft Policy Assessment (PA), and an explanation of “recent air” and “past air,” as well as dietary Pb
that appears in section 3.4.4 of the draft PA.

The revised approach to weight-of-the evidence causation determinations in the ISA represents a major
improvement in that it separately assesses the findings for specific health endpoints rather than for major
outcome categories/organ systems.

Pb is distinguished from many other toxicants by the existence of an extensive database of human
studies of relatively low-level environmental exposure. Therefore, human data have been of particular
value in the assessment of adverse effects at low levels of Pb exposure. In instances where the ISA has
relied predominantly on animal toxicology rather than human epidemiology to arrive at a weight-of-the
evidence causation assessment, such as the “likely to be causal” determination for immune system
effects and for cancer, this should be explicitly noted in the narrative and summary tables.

Choosing between the causal determinations of “likely to be a causal relationship” and “suggestive of a
causal relationship” for health effects of Pb can be challenging. Different evaluators may reach
reasonable but divergent decisions after reviewing the same set of data. A transparent causation
assessment that acknowledges uncertainty and reasonable differences in judgment is needed. The EPA
should consider a different causation determination for certain endpoints, such as reduced kidney
function, and could also consider a different causation determination for certain endpoints such as
attention-related behavioral problems at low Pb dose. It is unclear why the EPA concludes that the
designation of low levels of Pb exposure and renal dysfunction is “likely to be a causal relationship”
rather than “suggestive of a causal relationship” considering: (2) inconsistency of the epidemiological
findings in large high quality studies; (b) absence of a demonstrated pathological mode of action for Pb
nephrotoxicity in humans or animals at blood Pb concentrations less than 10 pg/dL; and (c) the
plausibility of reverse causation as an explanation for the association (See the response to the Chapter 5
charge questions for further detail). With respect to Pb and attention-related behavioral problems,
Chapters 1 and 2 should acknowledge that the evidence for a causal relationship is based predominantly
on findings in human and animal studies where the Pb exposure has resulted in blood Pb concentrations
> 10 pg/dL, and that additional study of the relationship at lower blood Pb concentrations is advisable.

The CASAC urges the EPA to acknowledge in the ISA that although primary production of Pb in the
United States is decreasing, there are still global Pb environmental health issues due to increased U.S.
Pb exports and increased global levels of Pb production.

The revision of section 2.9.1 (Public Health Significance) to focus on cognitive effects in children and
cardiovascular effects in adults is appropriate, as these endpoints are characterized by well-established
causal relationships and extensive downstream effects on public health and societal well-being. The
discussion of the Weiss concept on page 2-63, line 9 should be edited from “in children with high and
low intelligence” to “across the full range of 1Q.” In like manner, the sentence on line 11, although
accurate, appears out of context since the Weiss concept does not involve changes in relative risk. For
enhanced clarity, Figure 2-1 should be re-drawn to apply specifically to the hypothetical impact of
change in mean population blood Pb on IQ (as intended by Weiss, 1988).
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Section 2.9.5 (Reversibility and Persistence of Neurotoxic Effects of Lead) should note that, in addition
to the cited study of Bellinger et al. (1990), other longitudinal studies have observed improved cognition
in children with declining blood Pb concentrations (Ruff et al., 1993; Liu et al., 2002; Chen et al., 2005;
Hornung et al., 2009). However, the extent to which such improvement represents biological
reversibility of Pb-related effects, the influence of enrichment-related intervention, or the development
of compensatory mechanisms remains uncertain.

Chapter 3 — Ambient Lead: Source to Concentration

Please comment on the adequacy of these and other changes in responding to the Panel’s comments.
Please provide comment on revisions that may further improve the utility of this chapter for
interpretation of health evidence in subsequent chapters.

The revisions to Chapter 3 are responsive to the CASAC’s comments on the Second Draft ISA. Many
minor and some major changes have been made that improve the readability of the document and
address specific weak points of the Second Draft ISA.

The additions to section 3.4.1.1, Sample Collection, are an improvement to the description of the “state
of the science” for measurement of particles greater than 10 micrometers, clearly illustrating the
challenges in designing a new Federal Reference Method (FRM) to replace the high-volume (Hi-Vol)
sampler where sampling of larger particles is of interest. Although it is understood that EPA will not
have completed work on design and characterization of an improved “larger particle” FRM for this cycle
of the Pb National Ambient Air Quality Standards (NAAQS) review, the EPA is strongly encouraged to
continue this process.

The presentation of available data showing the range of Pb concentrations with diameters larger than 10
micrometers near sources is useful, and shows a very wide range of results. Much of the variation is due
to the type of sampler being used or the wide range in near-source characteristics and other factors
including wind speed. Overall for (non-airport) near-source sites, the amount of airborne Pb greater than
10 micrometers is typically between 10-30%, with much of that less than 15 micrometers diameter. In
the context of the NAAQS, this is not a large proportion given the uncertainty of linkage between air Pb
and dose. The ISA also appropriately notes that particles larger than approximately 15 micrometers in
aerodynamic diameter deposit close to the source. This may inform the process of developing a new
FRM because the effort to validate a sampler with a 15 micrometer cut size is substantially less than for
larger cut sizes (even at just 17 or 18 micrometers). This applies both to the sampler design and the FRM
wind tunnel testing process. The EPA should consider whether the effort to develop a sampler for
particles larger than 15 micrometers has value in terms of the data needs of the Pb monitoring network.

The Summary and Conclusions section (3.7) is well written, and covers the key points of the chapter.
Section 3.7.3 (Ambient Monitoring) implies that a 15 micrometer sampler would be adequate. However,
the end of section 3.4.4.1 considers the upper particle size range of interest to be as high as 20
micrometers, but the need for data in the 15 to 20 micrometer particle diameter size range is not clear.
Also, this section concludes with a sentence that is not fully supported by this chapter (section 3.4.1.1):
“The existing samplers reasonably capture the airborne fraction of ambient Pb that is available for
human exposure.” The Pb doses from inhalation and ingestion are highly uncertain, as are the transfer
functions for airborne Pb in various particle sizes to surfaces from which hand-to-mouth uptake and
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ingestion are likely. Nasal deposition and subsequent ingestion can occur with some particles larger than
15 micrometers. However, the chapter does not provide much discussion of what the desirable particle
size characteristics of an atmospheric Pb sampler should be, nor does it strongly justify the
“reasonableness” of the existing Hi-Vol Total Suspended Particulates (TSP) sampler in that regard.

The discussion of sampling issues, available technology, and relevant size for sampling larger particles
makes clear that although there are promising candidates for evaluation (e.g., low-volume TSP inlets),
they have not been fully characterized for wind speed effects as required for use as a FRM sampler. A
goal for this effort would be convergence of what is both feasible and desirable.

There is a need for improved characterization of Pb emitted from use of aviation gasoline on ambient Pb
concentration in areas near general aviation airports. If airborne Pb data from 15 pilot sites near general
aviation airports are available in EPA’s Air Quality System (AQS), or even possibly preliminary data
not in AQS, it would be useful to include them in the final version of the ISA with caveats, as needed.
Recent and ongoing studies of the Pb air quality and effects associated with Pb emitted from general
aviation operations should be considered for inclusion in the ISA both here and in other relevant
chapters. For example, a recent study (Perugini et al., 2011) indicates that there are elevated levels of Pb
in honeybees near general aviation airports.

Chapter 4 — Exposure, Toxicokinetics and Biomarkers

Please comment on the adequacy of these and other changes in responding to the Panel’s comments.
Please provide comment on revisions that may further improve the utility of this chapter for
interpretation of health evidence in subsequent chapters.

The CASAC commends EPA for clearly summarizing the information on exposures, toxicokinetics and
biomarkers in Chapter 4. The lucid description of topic strengths, weaknesses, and limitations found in
the introductory and concluding sections are well done. Chapter 4 credibly explains and applies
mechanistic and empirical models, and provides illustrative figures of several Pb exposure scenarios and
the impact on blood and bone Pb biomarkers. The EPA appropriately summarizes exposure data through
a balanced use of tables and figures to convey complex information. However, in addition to the current
summary of the phase-down of lead as a gasoline fuel additive, the chapter should also note the
significant emission and air Pb reductions achieved in the vicinity of point sources. The major
reductions in point source emissions were achieved through a combination of pollution control and
relocation of industry. The summary of Pb in consumer products is helpful, but the discussion might
include any conclusions on how exposure to Pb in consumer products might impact blood Pb levels
(quantitatively if possible — for example, see VanArsdale et al., 2004).

The presentation and discussion of air-to-blood relationships is thorough, and the inclusion of potential
biases and factors that possibly affect observed air-to-blood relationships improves the discussion.
Conclusions or summary statements regarding the utility of estimated or measured relationships for
current Pb exposures (and even lower) would be helpful. Specifically, the EPA is encouraged to
consider the comments on Chapter 4 provided by the individual panel members for examples relative to
(1) potential limitations of current mechanistic models to predict blood Pb levels at low level exposure;
(2) the uncertainty associated with extrapolation of lower bounds of blood Pb from figures that present



empirical data on air-to-blood Pb relationships; and (3) adding discussion of estimates of percent
contribution of air Pb to blood Pb associated with alternative slope factor estimates.

Chapter 5 - Integrated Health Effects of Lead Exposure

In the revised draft, causal determinations for health effects were drawn for more specific groups of
related outcomes instead of major organ systems. Please comment on the appropriateness of these new
endpoint groupings.

In general, the new health endpoint groupings are appropriate and contribute to greater clarity of causal
determinations for all major organ systems. This new approach has the greatest impact on the section
describing health effects related to the nervous system but there are revisions recommended for the
approach used in this section. In the description of behavioral outcomes, use of a standard naming
convention (e.g. clinical terminology and classification) is recommended. Specifically, behaviors
currently listed as “attention-related” (inattention, impulsivity, hyperactivity, etc.)” and those related to
conduct problems/disorders would be appropriately grouped under the label of “externalizing behavior.”
Other domains (depressive symptoms, anxiety) should be maintained in a separate section on
“internalizing behavior.” Schizophrenia is a psychotic disorder, and is neither internalizing nor
externalizing. The literature on such behaviors can still be summarized for each behavior individually.
For example, the ISA could summarize studies of attention, impulse control, hyperactivity, and
oppositional behavior, one at a time. Then the causal assessment could be reorganized to look at the
externalizing behaviors as a group and to acknowledge differences in Pb causality among the various
categories of externalizing behaviors.

In addition, there are several errors of health categorization or study outcome categorization for the
nervous system review (see specific individual panel member comments by Drs. Canfield, Korrick, and
Wasserman). For example, schizophrenia is not a mood disorder, phobic anxiety is a subcategory of
anxiety, and “opposition defiance” is not a meaningful term.

Lastly, there are a few instances where appropriate specific health endpoints are the focus of the
literature review but the causal determination is applied, inappropriately, to a more general organ
system. For example, the relationship between Pb and sensory function is most consistent for audition,
not vision. But the causal framework was applied to all sensory function rather than focusing on the
appropriate specific endpoint of auditory function.

Further, please comment on the extent to which the text and new summary tables support the application
of the causal framework in deriving causal determinations.

This draft provides clearer and better documented support for the application of the causal framework
than did the previous draft. The new summary tables, in combination with the text summaries, clearly
demonstrate the causal framework that was applied. However, it is difficult to determine what degree
and type of uncertainty informed the judgment to distinguish between “likely causal” versus
“suggestive” determinations. As there is unlikely to be consensus even among experts in assigning this
middle ground of causality, it is important that Chapter 5 explicitly identify the uncertainties that
contribute to a less than causal association. For example, the chapter concludes that studies assessing the
relationship of low level Pb exposure with renal function support a “likely causal” relationship whereas
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the previous draft deemed this relationship as “causal.” As noted in the consensus response to the
Chapter 2 charge questions, the CASAC questions the designation of the association between low level
Pb exposure and renal dysfunction as “likely to be a causal relationship” instead of “suggestive of a
causal relationship.” As discussed further below, the CASAC considers the latter category to be more
appropriate.

How consistently and appropriately was the causal framework applied across the endpoint groups?

In general, the causal framework is consistently and appropriately applied across health endpoints. (See
the response to the previous charge question). Several associations in the Second Draft ISA were
assigned as “causal,” yet the CASAC had concerns about those designations due to uncertainties in the
literature. Except as noted below (e.g. renal dysfunction), these associations have now been
appropriately revised in the Third Draft ISA to reflect these uncertainties.

Please comment on the adequacy of the discussion of the strengths and limitations of the evidence in the
text and tables within Chapter 5 and in the evaluation of the evidence in the derivation of causal
determinations.

In general, this draft applies a balanced approach to reviewing the literature, including: giving
prospective studies priority over those with cross-sectional designs; explicitly acknowledging potential
for residual confounding where applicable; and commenting on the likelihood (or not) of participation
bias affecting results. In addition, the generalizability of specific study populations to the U.S. general
population is considered. In keeping with this approach, new summary tables provide detail regarding
strengths and limitations of the evidence. However, there are some basic issues regarding the literature
review that are vague. For example, summary tables reportedly list nervous system studies in order of
strength of study design. Aside from prospective studies being listed before cross-sectional ones, the
additional ordering criteria are never explicitly given. In some cases, studies that confirmed an adverse
effect of Pb appear to be given more weight than studies that revealed inconsistencies in the evidence,
but the rationale for that order is not provided.

Certain study design concerns are repeated multiple times throughout the chapter — lack of adjustment
for parenting quality, poor representativeness of the study population — but their relevance to
interpretation of a given study is not discussed. The narrative in section 5.3.3 repeatedly notes that a
limitation of the studies of behavior in Pb-exposed children is the failure to control for “parental
caregiving quality.” This feature should be more clearly explained (e.g., the extent to which it may be
measured by the Home Observation for Measurement of the Environment [HOME] score). In addition,
literature which establishes “parental caregiving quality” as a predictor of attention performance in
children should be cited. Several relevant papers can aid in an independent search for the most
appropriate papers (Matas et al., 1978; Jacobvich and Sroufe, 1987; Dunham and Dunham, 1995; Moore
and Dunham, 1995; Bornstein et al., 1997; Evans et al., 1999). The representativeness of study
populations is emphasized as a limitation in a number of nervous system studies; e.g., results of studies
with a high prevalence of maternal pregnancy alcohol consumption or drug use appeared to be
downplayed on this basis. However, the lack of generalizability does not impact the validity of a study
(unless there is effect measure modification). Thus, in some cases, these findings may have been
disproportionately discounted.



For behavioral outcomes, there is repeated mention of uncertainties regarding the correlation of parental
psychopathology with parenting quality. This commentary does not address the most relevant point
concerning parental psychopathology as a potential confounder of some behavioral outcomes. Residual
confounding by parental psychopathology is discussed as a substantial study design limitation in the
CASAC’s prior review of the Second Draft ISA, given that many behavioral disorders (e.g., attention
deficit hyperactivity disorder [ADHD]) have strong familial components (which may operate via
parenting behavior, and/or genetic contributions to disorder type). Certain forms of parental
psychopathology might be associated with increased Pb exposure risk through multiple direct and
indirect mechanisms, including parental neglect, increased exposure to unremediated Pb hazards, and
other pathways. The narrative in section 5.3.3 continues to characterize the studies by Cho et al. (2010)
and Nicolescu et al. (2010) as having controlled for “parental psychopathology.” However, the ISA
should note that a critical examination of these studies calls into question the adequacy with which this
was done in these investigations (please see Dr. Kosnett’s individual comments for further detail).

The CASAC continues to recommend that the analysis of renal dysfunction in Chapter 5 (section 5.5)
present a more balanced approach that adequately discusses the strengths and limitations of all of the
relevant literature. In particular, aspects of this analysis that were of concern in the First and Second
Draft ISA documents continue to be of concern in the current draft. Thus, in an effort to provide explicit
guidance, the following text is a detailed exposition of the key issues.

In the CASAC’s review of the Second Draft ISA (July 20, 2012, top of page 3) the consensus comments
state, “With respect to renal effects, the narrative should offer a more balanced assessment in which the
strength of the evidence for causal inference is tempered by inconsistency in the literature (underscored
by the existence of studies that observed no significant relationship or a relationship in which increasing
blood Pb levels were associated with improved renal function).” A similar concern over inconsistency in
the literature is expressed in the CASAC review of the First Draft ISA (December 9, 2011, top of page
A-10). It is therefore noteworthy that sections of the Third Draft ISA that address this topic continue to
use virtually identical language to that which appeared in the Second Draft ISA. Page 2-24, line 6 et
seq., section 2.6.3 of the Third Draft ISA reads:

The epidemiologic evidence from prospective and cross-sectional studies consistently [emphasis
added] demonstrates a relationship between higher blood Pb level and reduced kidney function
(e.g., lower creatinine clearance, higher serum creatinine, and lower GFR) in nonoccupationally-
exposed adults with mean concurrent or baseline blood Pb levels of 2-10 pg/dL. Associations
were observed after adjustment for multiple potential confounding factors such as age, sex,
comorbid cardiovascular conditions, BMI, smoking, and alcohol use.

In like manner, page 5-376, Line 17 et seq., reads:

As illustrated in Figure 5-31 and Table 5-25, studies consistently [emphasis added] demonstrate
associations between higher blood Pb level and lower renal function in adults. These general
population studies provided critical evidence that the effects of Pb on the kidney occur at much
lower doses than previously appreciated based on occupational exposure data.

The foregoing discussion and tables in the Third Draft ISA do not acknowledge the lack of a statistically
significant relationship between Pb and serum creatinine in the large population-based study by de
Burbure et al. (2003). Although this study was mentioned in prior individual panel member comments, it
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is omitted from Table 5-25 (and elsewhere in the Third Draft ISA). Section 5.5 should further note in its
repeated reference to the study by Tsaih et al. (2004) that a statistically significant relationship between
blood Pb and change in serum creatinine was confined to post-hoc analyses of the relatively small subset
of subjects who had diabetes or hypertension. Although Section 5.5 repeatedly refers to the two
Normative Aging Study (NAS) investigations by Kim et al. (1996) and Tsaih et al. (2004) as offering
“consistent” evidence (e.g., See page 5-422, line 18), the ISA should note that these NAS studies in fact
did not replicate each other. The former study observed a statistically significant association between
blood Pb and prospective decline in serum creatinine in the large NAS cohort, but the latter study did
not.

Elsewhere in Section 5.5, particularly in the summary subsections, the analysis would be improved by a
more balanced discussion of other inconsistent observations in the literature. As recently reviewed by
Evans and Elinder (2011) (a paper still not cited in the Third Draft ISA despite the CASAC’s prior
consensus recommendation to do so), studies in cohorts with both environmental and occupational Pb
exposure have yielded markedly different results. Several investigations of satisfactory quality have not
observed any association between low or moderate Pb exposure and renal dysfunction, and in some
studies, such as Weaver et al. (2003), Roels et al. (1994) and deBurbure et al. (2006), blood Pb
concentration was associated with biomarkers of improved renal function. In the discussion of the study
by Weaver et al. (2009) on page 5-392, a balanced analysis could clearly indicate that the study reported
a positive correlation between baseline (blood and bone) Pb measurements and creatinine clearance, and
that in male workers, prospective increases in blood Pb were associated with a decline in serum
creatinine. It is conceivable that the aforementioned observations may represent Pb-induced
hyperfiltration, but this would be an uncertain and untested hypothesis. Overall, as emphasized in prior
CASAC consensus comments and individual panel member comments, the epidemiology associating
low to moderate level Pb exposure with renal dysfunction is not consistent.

The opportunity for better balance in presentation of the renal literature’s strengths and weaknesses
emerges in several other places in Section 5.5. The large population-based case-control study combined
with a prospective component by Evans et al. (2010) is discussed on page 5-387. This study found that
occupational Pb exposure had no association with the incidence or progression of chronic kidney disease
(Evans et al., 2010). After enumerating nearly all the cases in Sweden, the odds ratio for incident severe
chronic kidney disease (CKD) was 0.97 (95% C.I. 0.68 — 1.38) in Pb-exposed participants compared
with non-exposed participants. In the study’s prospective component, Pb exposure was found to have no
impact on the rate of decline of severe CKD. Yet when this entirely negative study is discussed on page
5-387 of the Third Draft ISA, the analysis somewhat paradoxically remarks, “The results overall do not
provide strong evidence that Pb exposure was associated with renal effects.” Limitations of the study are
then presented. This approach to exposition and critique can be contrasted to that applied to the positive
prospective studies of chronic kidney disease and Pb exposure reported by Lin and coworkers as well as
Yu and coworkers (works cited on pages 5-386 to 5-387). The nearly full-page discussion of these
studies (further summarized in Table 5-26) omitted any mention of the studies’ limitations. However, as
noted in past individual CASAC panel member comments on the Second Draft ISA, these studies are
subject to major drawbacks that limit their causal inference, particularly inadequate blinding during the
follow-up period, an important consideration in a condition such as chronic renal insufficiency in which
medical treatment and medical and dietary compliance strongly influence change in renal function.
Moreover the statistical models in these prospective studies did not account for how prospective changes
in covariates that affect renal function, such as diet or blood pressure, may have influenced the outcome.
In the chelation studies by Lin cited in the ISA, there was no indication that change in blood Pb or urine
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Pb excretion after calcium ethylenediaminetetraacetic acid (CaEDTA) chelation had any impact on any
measure of renal function. Given the prominence with which these studies have been profiled in Section
5.5, a more balanced discussion that details their limitations is recommended.

Possibly in response to the CASAC’s review of the First Draft ISA, a new subsection in chapter 5 of the
Second Draft ISA entitled “Reverse Causality” was included to address the hypothesis that associations
between blood Pb and renal function may be due, at least in part, to decreased Pb excretion as a
consequence of renal dysfunction. The consensus comments of the CASAC’s review of the Second
Draft ISA nevertheless suggested that a more balanced approach to consideration of the reverse causality
hypothesis was warranted. This concern continues with respect to section 5.5.2.4 “Reverse Causality” in
the Third Draft ISA. Rather than offering a balanced, neutral approach to this unresolved issue, section
5.2.2.5 concludes on page 5-400, line 3 et seq.:

In summary, several lines of evidence support that reverse causality does not contribute
substantially to associations between higher blood Pb levels and worse kidney function. These
lines of evidence include prospective data observing that baseline Pb measures are associated
with subsequent declines in renal function, that associations in prospective studies persist among
adults with normal renal function, that renal failure does not increase Pb biomarker levels and
that reduction of Pb levels by chelation improves kidney function. However, this bidirectional
relationship is still possible and additional research is needed to fully exclude [emphasis added]
the hypothesis. In particular prospective data are required as is research to determine if normal
kidney function influences blood Pb levels.

The CASAC considers reverse causation a completely plausible hypothesis, and it questions the validity
and persuasiveness of each of the “lines of evidence” cited in the foregoing paragraph. Prospective
studies may have observed an association between blood Pb concentration and a biomarker of renal
dysfunction (such as serum creatinine) because the prospective development of renal dysfunction can
prospectively result in diminished Pb excretion and higher blood Pb concentrations. The existence of the
association in “adults with normal renal function” does not exclude reverse causation because even in
individuals with “normal renal function,” pharmacokinetic clearance of a xenobiotic substance (whether
Pb or a drug) that undergoes predominantly renal excretion, is inversely related to glomerular filtration
rate. For example, this has been demonstrated for the renally-cleared organometal drug, carboplatin,
where plasma levels correlate with glomerular filtration rate even in patients with normal renal function
(Calvert et al., 1989). Contrary to the supposition in section 5.2.2.5, some studies have observed
elevated blood Pb concentrations (Behringer et al., 1986; Colleoni et al., 1993; Davenport et al., 2009)
and bone Pb concentration (Winterberg et al., 1990) in renal failure patients without any apparent
history of elevated Pb exposure. Finally, as noted previously, the studies by Lin et al. purporting to
associate chelation with improved renal function were subject to major design limitations, and in any
case, failed to report a statistical association between any Pb exposure variable and any renal function
measure.

The capacity of prolonged high dose Pb exposure to cause histopathologically demonstrable
nephropathy is indisputable. However, in view of (a) the inconsistency of the epidemiological findings
in large high quality studies of low to moderate Pb exposure; (b) the absence of a demonstrated
pathological mode of action for Pb nephrotoxicity in humans or animals at low blood Pb concentrations;
and (c) the plausibility of reverse causation as an explanation for the association, the EPA should
designate the association between low level environmental Pb exposure (e.g., blood Pb concentrations

9



less than 10 pg/dL) and renal dysfunction as “suggestive of a causal relationship” rather than “likely to
be a causal relationship.”

Please also comment on the extent to which the nervous system outcomes have been grouped into
appropriate constructs and the extent to which appropriate parallels were drawn between nervous
system endpoints examined in humans and animals.

In general, the nervous system outcomes have been grouped into appropriate outcomes and constructs
with reasonable parallels drawn between human and animal endpoints. Also, pairing the toxicology
summaries with the specific relevant epidemiology, rather than summarizing the two literature streams
separately, is helpful for assessing coherence of findings across disciplines. Distinguishing between
symptoms or formal psychometric test results versus clinical diagnoses is clearer in this draft and is
important to maintain. (See the response to the first charge question of this chapter for more specific
comments on areas that could be improved related to this question.)

Chapter 6 - Potentially At-Risk Populations

Please comment on the adequacy of these revisions to clarify the consideration of potential at-risk
populations and recommend any revisions to improve the characterization of key findings and scientific
conclusions.

The chapter is improved over the prior version. Improvements include the more specific delineation of
at-risk sources in terms of biological versus environmental, for example. In addition, the chapter better
summarizes the strength of the evidence with respect to each of the factors that are considered. The EPA
has managed to integrate an extraordinary amount of information and to employ useful framework(s) for
critically reviewing and integrating information.

However, any sense of the relative magnitude of the effect modification from the risk factors is still
missing. It is stated that the magnitudes are discussed in Chapter 5, but it is not clear that they are
actually discussed there. It would be extremely useful to have a summary table that summarizes the
magnitude of the effects modification these various risk factors impose. There may be very consistent
effects of any given factor, but if the magnitude of the effect modification from the risk factor is 2%, for
example, how important are they? It may not be feasible to find a common metric for the variety of
comparisons that would need to be made, but some form of comparison in terms of magnitude of effect
modification or other relevant metrics is critical to policy as it relates to how to utilize existing
resources.

Sections on risk include multiple endpoints and different associations between risk factors and increased
risk of Pb health effects (for example, sometimes for males and sometimes for females), which is
confusing. Each section’s last paragraph draws this out concretely. However, it would be more helpful to
the reader to provide a roadmap at the beginning of each section in the first paragraph with respect to the
end points and associations between risk factors and increased risk of Pb health effects that are
addressed within the section.

The EPA should acknowledge that there are many childhood conditions that collectively account for a
substantial percentage of children for whom there might be hypothetical reasons to predict increased (or
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decreased) risk of Pb health effects, such as: low and very low birth weight; prenatal exposure to
alcohol, cocaine, heroin, or tobacco; birth asphyxia; serious head trauma; and numerous genetic
conditions associated with developmental delays. Also, children with sickle cell anemia are at increased
risk for peripheral neuropathies.

Chapter 7 - Ecological Effects of Lead

Please comment on the adequacy, scientific soundness and usefulness of the material presented and
recommend specific revisions to improve the discussion of key information in Chapter 7.

The revised Chapter 7 is greatly improved, and with minor modifications will be an adequate discussion
of the literature and is suitable to provide the information necessary to support the PA.

Adequacy

The new information contained in the ISA is insufficient to reach significantly modified assessments
compared to those made in the 2008 PA. There are studies on additional organisms that principally
strengthen, but do not modify, the previous assessments. There has been important new information on
the influence of modifying chemical factors and “aging” of Pb on bioavailability. Few deleterious
ecological effects have been noted at Pb concentrations found in environments that have not been
impacted by major point sources of Pb (i.e., within one to two orders of magnitude of background
levels).

Scientific Soundness

The chapter provides a fair and balanced evaluation of the existing scientific information. However, one
major concern is the inability to relate ecosystem effects to the concentrations of Pb that exist in air, soil,
and water. For ecosystems, an important source of the Pb in soil and water is atmospheric deposition and
transport processes. A critical loads approach would be most appropriate to establish this relationship.
Research should be conducted to develop, calibrate, and test models applicable to the development of
critical loads for Pb and other metals in the United States.

Usefulness

The chapter presents a review of existing knowledge and new studies in terrestrial, freshwater, and
marine systems, which is followed by a section presenting the causal determinations. Tables 7.4 to 7.6,
which summarize the key studies leading to the causal determinations, are an important addition to the
ISA. In addition to these tables, it would be useful to include a graph for each of the three system types,
in which the various effects are shown as a function of the exposure concentration. The environmental
concentration range also could be shown. Distinctions should be made on the graph between measured
concentrations and nominal concentrations (if there are not measured concentrations).
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