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Schedule for the Current Review

3

Major Milestones
Projected 
Completion 
Date

Projected 
CASAC Review 
Date

Science and Policy Issue Workshop May 2010

Integrated Science Assessment Peer Input Workshop December 2010

Integrated Review Plan Draft
Final

March 2011
September 2011

May 5, 2011 

Integrated Science 
Assessment

First Draft
Second Draft
Final

May 2011
Dec 2011
July 2012

July 20-21, 2011
Feb/March 2012

Risk/Exposure Assessment Planning Document
If warranted,

First Draft
Second Draft
Final

June 2010

Jan 2012
July 2012
Jan 2013

July 21, 2011

Feb/March 2012
Sept/Oct 2012

Policy Assessment (PA)

Rulemaking 

First Draft PA
Second Draft PA
Final PA
Proposed Rulemaking
Final Rulemaking

Aug 2012
Feb 2013
June 2013
Jan 2014
Nov 2014

Sept 2012
March 2013

*Indicates that a single CASAC meeting will address both documents

*



10 - 11 May, 20104

Pb ISA Team
NCEA Team:
Ellen Kirrane, Team Leader
James Brown
Jean-Jacques Dubois
Allen Davis
Tara Greaver
Erin Hines
Dennis Kotchmar
Meredith Lassiter
Qingyu Meng*
Stephen McDow
Elizabeth Owens
Molini Patel
Jennifer Richmond-Bryant
David Svendsgaard
Lindsay Stanek
Lisa Vinikoor-Imler

*ORISE Fellow
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NCEA Management:
John Vandenberg, NCEA-RTP Director
Debra Walsh, Deputy Director
Mary Ross, Branch Chief

Production Team:
Connie Meacham
Deborah Wales

External Authors:
Ecology 
Anne Fairbrother

Toxicology
Robyn Blain
Rodney Dietert
Jay Gandy
Harvey Gonick
William Mendez
Chandrika Moudgal
Mary Jane Selgrade
John Wise

Atmospheric Science
Margaret Graham
Howard Mielke

Epidemiology
Stephen Rothenberg
Virginia Weaver 
Marc Weisskopf
Robert Wright 
Rosalind Wright 

Toxicokinetics
Gary Diamond
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Chapters of the 1st ERD Pb ISA

Chapter 1: Introduction

Chapter 2: Integrative Health and Ecological Effects 
Overview

Chapter 3: Ambient Pb Source to Concentration

Chapter 4: Exposure, Toxicokinetics, and Biomarkers

Chapter 5: Integrated Health Effects of Pb Exposure

Chapter 6: Susceptible Populations

Chapter 7: Ecological Effects of Pb

5
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EPA has attempted to succinctly present and integrate the policy-
relevant scientific evidence for the review of the Pb NAAQS. 

Previous panels have emphasized the importance of older studies 
and concluded that if older studies are open to reinterpretation in 
light of newer data and/or they remain the definitive works available 
in the literature, they should be discussed in detail to reinforce key 
concepts and conclusions. 

In considering subsequent charge questions and recognizing an 
overall goal of producing a clear and concise document, are there 
topics that should be added or receive additional discussion? 

Similarly, are there topics that should be shortened or removed? 
Does the Panel have opinions on how the document can be 
shortened without eliminating important and necessary content? 

6

General Charge
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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. 

7

Specific Charge – Chapter 1
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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? 8

Specific Charge – Chapter 2
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Framework for Causal 
Determination

Weight of Evidence for Causal Determination

• Causal relationship

• Likely to be a causal relationship

• Suggestive of a causal relationship

• Inadequate to infer a causal relationship

• Not likely to be a causal relationship

9
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Summary of 
Causal 
Determinations 
for Health and 
Ecological 
Effects

Adapted 
from
Table 2-5
1st ERD 
Pb ISA

Outcome Human Health 
Causal Determination

Ecological Receptors
Causal Determination

Neurological Effects Causal Relationship Causal Relationship: 
Invertebrates and Vertebrates

Cardiovascular Effects Causal Relationship N/A
Renal Effects Causal Relationship N/A
Immune System Effects Causal Relationship N/A
Heme Synthesis and 
RBC Function

Causal Relationship Causal Relationship: 
Invertebrates and Vertebrates

Reproductive Effects 
and Birth Outcomes

Causal Relationship Causal Relationship: 
Invertebrates and Vertebrates
Inadequate to Infer Causal 
Relationship: Plants

Cancer Likely to be a causal relationship N/A
Bioaccumulation N/A  (Although Pb bioaccumulates in all 

organisms the ecological effect causal 
determination was made with respect to 
ecosystem services.)

Causal Relationship 

Mortality Note: Evidence of Pb-induced mortality in 
humans was considered under 
cardiovascular effects.

Causal Relationship: 
Invertebrates and Vertebrates
Inadequate to Infer Causal 
Relationship: Plants

Growth N/A Causal Relationship: Plants 
and Invertebrates
Suggestive of a Causal 
Relationship: Vertebrates

Physiological Stress Note: Oxidative stress was considered as a 
upstream event in the Pb MOA . 

Causal Relationship 
Note: Oxidative stress is a proxy 
indicator of overall fitness.

Community and 
Ecosystem Level Effects

N/A Causal Relationship
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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?

11

Specific Charge – Chapter 3
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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. 

4 a (of c)

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? 

12

Specific Charge – Chapter 4
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4b (of c)

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? 

4c (of c)

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? 

13

Specific Charge – Chapter 4
(continued)
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• Relationship between blood 
Pb and air Pb very 
important to 2008 NAAQS 
consideration

• The nature of the blood Pb-
air Pb slope depends on 
the model selected by the 
investigators

• Concentration ranges at 
which blood Pb-air Pb
slopes were derived vary 
substantially (0.03-1.1 
µg/m3 for Hilts and 0.2-10 
µg/m3 for Brunekreef)

Reference Population,
Location

Slope (μg/dL per 
μg/m3)

Schwartz and 
Pitcher (1989)

Children 0.5-7 yr,
US 9.3

Children 0-5 yr,
Chicago 7.7

Hilts et al. (2003) Children 0.5-6 yr, 
Trail, BC 6.5

Brunekreef et al. 
(1984)

Children, 
Various Countries

All:  18A, 6.1B

<20 μg/dL:13A, 3.0B

Hayes et al. 
(1994)

Children 0.5-6 yr,
Chicago 24A, 5.7B

Tripathi et al. 
(2001)

Children 6-10 yr,
Mumbai, India 3.6

Ranft et al. (2008) Children 6-11 yr,
Duisburg, Germany 3.2C

Schnaas et al. 
(2004)

Children 0.5-10 yr, 
Mexico City 4.8A, 1.1B

A – Non-linear model, slope calculated for air Pb of 0.15 µg/m3

B – Non-linear model, slope calculated for air Pb of 1 µg/m3

C – Adjusted for soil Pb concentration, which may reduce  slope 

Blood Pb-Air Pb Slope
(Adapted from Table 2-7)
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Chapter 5 presents assessments of the health effects of Pb, 
with evidence organized by health effect category, endpoint 
and scientific discipline. 

5a (of e)

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?

15

Specific Charge – Chapter 5
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Modes of Action

• Pb-induced events 
upstream from 
observed health 
effects

• Multiple modes of 
action responsible for 
health effects 

• Altered ion status is 
the major, unifying 
MOA
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5b (of e)

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)?

17

Specific Charge – Chapter 5
(continued)
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Lowest blood Pb levels at which effects are 
substantiated: Children (adapted from Table 2-2)

Observed Effect
Blood Pb Level

Neurological 
Effects

Renal
Effects

Immune
Effects

Reproductive Effects Effects on Heme and 
Red Blood Cell 

Function
20 µg/dL Macrophage

hyper-inflammation

15 µg/dL Lymphocyte 
activation

↑Zn protoporphyrin

Lipid peroxidation

10 µg/dL

Delinquent behavior

↑hearing threshold

Altered antioxidant 
enzyme activities

↓aminolevulinic acid 
dehydratase activity

↓hemoglobin

5 µg/dL

1 µg/dL

Inattention
Decrements in full-

scale IQ
Decrements in specific 

neurocognitive
domains

Poorer school 
performance

ADHD
Decreased 
estimated 
glomerular

filtration rate

Increased B cell 
abundance

Increased IgE
Increased risk of 

infection
Decreased T cell 

abundance

Allergic 
sensitization

Delayed puberty

Decreased Ca-Mg 
ATPase activity (cell 

signaling)



Studies of blood Pb level and 
Full-Scale IQ in children

Study

Kim et al. (2009)

Walkowiak et al. (1998)

Chiodo et al. (2004)

Bellinger et al. (1992)

Min et al. (2009)

Canfield et al. (2003)

Schnaas et al. (2006)

Dietrich et al. (1993)

Ris et al. (2004)

Baghurst et al. (1992)

Tong et al. (1996)

Factor-Litvak et al. (1999)

Wasserman et al. (2003)

Surkan et al. (2007)

POOLED/META-ANALYSES

Lanphear et al. (2005)

Schwartz et al. (1994)

Pocock et al. (1994)

Blood Pb Timing

Concurrent

Concurrent

Concurrent

2 yrs

Concurrent
4 yrs
4 yrs

Concurrent

Prenatal

Concurrent

6.5 yrs

0 to 8 yr avg

0 to 11-13 yr avg

Concurrent

0 to 11-12 yr avg

Concurrent

Concurrent

2 to 5 yrs

~ 2 yrs

Concurrent

Mean (SD)
blood Pb (µg/dL)
1.73 (0.80)

4.7 (2.3)

5.4 (3.3)

6.5 (4.9)

7.0

5.8 (4.1)

7.8

NR

NR

21.7 (25th-75th mean)

17.8 (5.8)

30 and 8

31.6 and 6.3

5-10 vs 1-2

6.9 (1.2)

6.5-23

6.8-21.2

7.4-23.7

FSIQ age (yrs)

8-11

6

7.5

10

11
9
4

5

6-10

6.5

15-17

7-8

11-3

7

10-12

6-10

4.8-10

Schoolage

5-14

5-14

◄

◄

◄

►

-7 -6 -5 -4 -3 -2 -1 0 1

Change in full scale IQ per 1 µg/dL at a blood Pb level of 1 µg/dL (95% CI)

Legend:     Estimates for concurrent blood Pb;     Estimates for blood Pb measured earlier in childhood; 
Estimates for blood Pb levels averaged over multiple years;     Estimates for prenatal blood Pb levels.
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5c (of e)

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? 

5 d (of e)

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. 

20

Specific Charge – Chapter 5
(continued)
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Neurological Effects (Causal)
Rodents: blood Pb ≥ 11.6 µg/dL

Rodents: blood Pb ≥ 12.6 µg/dL

Rodents: residual blood Pb
5-7 µg/dL

Monkeys: blood Pb 19-26 µg/dL
Mice: blood Pb 46 µg/dL

Rodents: 0.78 µg/g Pb

Male rodents: blood Pb 8-12 
µg/dL

Rodents: blood Pb 12 µg/dL

Rodents: blood Pb
12-20 µg/dL

Rodents: blood Pb 11 µg/dL

Rodents and Monkeys:
20-200 pM Pb

Learning

Memory

Behavior

Mood Disorders 

Motor Function

Neurodegeneration
Alzheimers’-like Pathology

Visual Acuity
Auditory Acuity

Neurogenesis
Long Term Potentiation

Synapses
Blood Brain Barrier
Brain architecture

Brain activity

Affected Cell Types: 
Neurons

Dendritic Cells
Astrocytes
Glial Cells

NeurotransmitterChanges
Receptor Changes

Physiological Cations 
Displacement

Oxidative Stress

Children: blood Pb quantiles ≥ 2 µg/dL
Adults: mean blood Pb ≥ 3 µg/dL;
mean tibia Pb ≥ 11 µg/g

Children: blood Pb quantiles <1-8 µg/dL
Adults: mean blood Pb 8 µg/dL

Adults: blood Pb quantiles ≥ 3 µg/dL;
mean tibia Pb 22 µg/g

Adults: mean blood Pb ≥ 2.7 µg/dL;
tibia Pb quantile 19 µg/g

Boys: greater cognitive 
deficits with lower affinity 
dopamine receptor (mean blood 
Pb 6.1 µg/dL)

To
xi

co
lo

gi
ca

l Epidem
iologic

Neurodegeneration
Alzheimer’s-like Pathology

Adults: mean blood Pb
8 µg/dL

Children: mean blood Pb ≥ 7 µg/dL
Adults: mean patella Pb 32 µg/g
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Specific Charge - Chapter 5 
(continued)

5 e (of e)

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.g., 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. 
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Specific Charge – Chapter 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? 



10 - 11 May, 20102424

Definition of Susceptibility

Individual- and population-level characteristics that 
increase the risk of Pb-related health effects in a 
population including, but not limited to: genetic 
background, birth outcomes (e.g., low birth weight, 
birth defects), race, sex, lifestage, lifestyle (e.g., 
smoking status, nutrition), preexisting disease, 
SES (e.g., educational attainment, reduced access 
to health care), and characteristics that may modify 
exposure to Pb (e.g., time spent outdoors ).
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Susceptible Populations 
and Lifestages

Factor Evaluated Susceptible Population
Lifestage Children

Sex Outcome-dependent

Genetics ALAD, VDR, DRD4, GSTM1, TNF-
alpha, eNOS, APOE, HFE

Pre-existing Disease Hypertension

Smoking Smokers

Race/Ethnicity Non-Hispanic Blacks, Hispanics

Socioeconomic Status Low SES

Nutrition Iron Deficiency

Stress High Stress

Cognitive Reserve Low cognitive reserve

Other Metals Co-exposure to Cd, As, Mn
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Specific Charge – Susceptibility
(continued)

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? 
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Specific Charge – Chapter 7

Chapter 7 is a discussion of the ecological effects of Pb. 
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? 
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Mode of Action Evidence in Biota

Altered Ion Status Plants, Invertebrates, Vertebrates

Protein Binding Plants, Invertebrates, Vertebrates

Oxidative Stress Plants, Invertebrates, Vertebrates

Endocrine Disruption Invertebrates, Vertebrates

Cell Death/Genotoxicity Plants, Invertebrates, Vertebrates

28

Shared Modes of Action

The same Pb-induced upstream 
events that lead to observed human 
health effects are found in ecosystems
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Outcome Causality Determination

Neurobehavior: Invertebrates and 
Vertebrates Causal 

Developmental and Reproductive Effects: 
Invertebrates and Vertebrates Causal

Hematological Effects: Invertebrates and 
Vertebrates Causal

Physiological Stress: All Organisms Causal

Effects Common to Human 
Health and Ecosystems

29
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Outcome Causality Determination

Bioaccumulation as it Affects Ecosystem 
Services: All Organisms Causal

Mortality: Invertebrates and Vertebrates Causal

Growth: Plants and Invertebrates Causal

Growth: Vertebrates Suggestive

Community and Ecosystem Level Effects Causal

Ecosystem Effects

30
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Specific Charge – Chapter 7
(continued)

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.)?
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HERO

Health and Environmental Research Online

• Facilitates complete, sustainable and effective 
assessment development

• www.epa.gov/heronet

• Provides transparency to stakeholders and the public
• www.epa.gov/hero

http://www.epa.gov/heronet�
http://www.epa.gov/hero�
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HERO Public Page
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HERO Public Page
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HERO Net



Linked Citations
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Lead Landing Page
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LitReported (NOx Data)
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9:00 a.m. Convene Meeting
9:05 a.m. Welcome
9:10 a.m. Introduction of Panel Members, Purpose of Meeting and Review of Agenda
9:20 a.m. EPA Presentation on the Lead Integrated Science Assessment (ISA)
10:00 a.m Public Comments
10:15 a.m. Break
10:30 a.m. Discussion of Charge Question 1 – Study Selection

11:15 a.m. Discussion of Charge Question 3 – Ambient Lead

12:00 p.m. Lunch

1:00 p.m. Discussion of Charge Question 4 – Exposure, Toxicokinetics, Biomarkers

1:40 p.m. Discussion of Charge Question 5 – Integrated Health Effects of Lead Exposure

2:45 p.m. Break

3:00 p.m. Discussion of Charge Question 7 – Ecological Effects of Pb

4:00 p.m. Discussion of Charge Question 6 – Susceptible Populations and Life Stages
4:30 p.m. Discussion of Charge Question 2 – Integrative Health and Ecological Effects

Overview
5:15 p.m. Summary of Action Items
5:30 p.m. Adjourn

Meeting Agenda
Wednesday July 20, 2011
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