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1 INTRODUCTION

1.1 PURPOSE

This OAQPS Staff Paper, prepared by staff in the U.S. Environmental Protection
Agency’s (EPA) Office of Air Quality Planning and Standards (OAQPS), presents factors
relevant to EPA’s current review of the primary (health-based) and secondary (welfare-based)
lead (Pb) national ambient air quality standards (NAAQS) that were originally established in
1978. In this document, OAQPS staff evaluates the policy implications of the key studies and
scientific information contained in the final document, Air Quality Criteria for Lead (USEPA,
2006a; henceforth referred to as the CD), prepared by EPA’s National Center for Environmental
Assessment, and presents and interprets results from several quantitative analyses (e.g., human
exposure analyses, human health risk assessments and environmental assessments) that we
believe should also be considered in EPA's review of the Pb NAAQS. ! Further, this document
presents OAQPS staff conclusions and recommendations on a range of policy options that we
believe are appropriate for the Administrator to consider concerning whether, and if so how, to
revise the primary and secondary Pb NAAQS.

The policy assessment presented in this Staff Paper is intended to help “bridge the gap”
between the scientific assessment contained in the CD and the judgments required of the EPA
Administrator in determining whether it is appropriate to retain or revise the NAAQS for Pb. In
evaluating the adequacy of the current standard and a range of policy alternatives, OAQPS staff
has considered the available scientific evidence and quantitative risk-based analyses, together
with related limitations and uncertainties, and has focused on the information that is most
pertinent to evaluating the basic elements of air quality standards: indicator?, averaging time,
form®, and level. These elements, which together serve to define each standard, must be
considered collectively in evaluating the health and welfare protection afforded by the Pb
standards. The information, conclusions, and staff recommendations presented in this Staff
Paper have been informed by comments and advice received from an independent scientific
review committee, the Clean Air Scientific Advisory Committee (CASAC), in their reviews of
an earlier draft of this document and drafts of related technical support documents, as well as
comments on these earlier draft documents submitted by public commenters.

! The terms “staff” and “we” throughout this document refer to OAQPS staff.

% The “indicator” of a standard defines the chemical species or mixture that is to be measured in
determining whether an area attains the standard.

® The “form” of a standard defines the air quality statistic that is to be compared to the level of the standard
in determining whether an area attains the standard.
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While this Staff Paper should be of use to all parties interested in the Pb NAAQS review,
it is written with an expectation that the reader has some familiarity with the technical
discussions contained in the CD. Further, we note that this document, which contains
conclusions and recommendations of OAQPS staff, does not necessarily reflect the views of the
Agency.

1.2 BACKGROUND

1.2.1 Legislative Requirements

Two sections of the Clean Air Act (Act) govern the establishment and revision of the
NAAQS. Section 108 (42 U.S.C. 7408) directs the Administrator to identify and list each air
pollutant that “in his judgment, cause or contribute to air pollution which may reasonably be
anticipated to endanger public health and welfare” and whose “presence . . . in the ambient air
results from numerous or diverse mobile or stationary sources” and to issue air quality criteria
for those that are listed. Air quality criteria are to “accurately reflect the latest scientific
knowledge useful in indicating the kind and extent of all identifiable effects on public health or
welfare which may be expected from the presence of [a] pollutant in ambient air .. .”. Section
108 also states that the Administrator “shall, from time to time . . . revise a list” that includes
these pollutants, which provides the authority for a pollutant to removed from or added to the list
of criteria pollutants.

Section 109 (42 U.S.C. 7409) directs the Administrator to propose and promulgate
“primary” and “secondary” NAAQS for pollutants listed under section 108. Section 109(b)(1)
defines a primary standard as one “the attainment and maintenance of which in the judgment of
the Administrator, based on [air quality] criteria and allowing an adequate margin of safety, are
requisite to protect the public health.”* A secondary standard, as defined in Section 109(b)(2),
must “specify a level of air quality the attainment and maintenance of which, in the judgment of
the Administrator, based on criteria, is requisite to protect the public welfare from any known or
anticipated adverse effects associated with the presence of [the] pollutant in the ambient air.”

The requirement that primary standards include an adequate margin of safety was
intended to address uncertainties associated with inconclusive scientific and technical

* The legislative history of section 109 indicates that a primary standard is to be set at “the maximum
permissible ambient air level . . . which will protect the health of any [sensitive] group of the population,” and that
for this purpose “reference should be made to a representative sample of persons comprising the sensitive group
rather than to a single person in such a group.” S. Rep. No. 91-1196, 91st Cong., 2d Sess. 10 (1970)

® Welfare effects as defined in section 302(h) (42 U.S.C. 7602(h)) include, but are not limited to, “effects
on soils, water, crops, vegetation, man-made materials, animals, wildlife, weather, visibility and climate, damage to
and deterioration of property, and hazards to transportation, as well as effects on economic values and on personal
comfort and well-being.”
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information available at the time of standard setting. It was also intended to provide a reasonable
degree of protection against hazards that research has not yet identified. Lead Industries
Association v. EPA, 647 F.2d 1130, 1154 (D.C. Cir 1980), cert. denied, 449 U.S. 1042 (1980);
American Petroleum Institute v. Costle, 665 F.2d 1176, 1186 (D.C. Cir. 1981), cert. denied, 455
U.S. 1034 (1982). Both kinds of uncertainties are components of the risk associated with
pollution at levels below those at which human health effects can be said to occur with
reasonable scientific certainty. Thus, in selecting primary standards that include an adequate
margin of safety, the Administrator is seeking not only to prevent pollution levels that have been
demonstrated to be harmful but also to prevent lower pollutant levels that may pose an
unacceptable risk of harm, even if the risk is not precisely identified as to nature or degree.

In selecting a margin of safety, EPA considers such factors as the nature and severity of
the health effects involved, the size of the sensitive population(s) at risk, and the kind and degree
of the uncertainties that must be addressed. The selection of any particular approach to
providing an adequate margin of safety is a policy choice left specifically to the Administrator’s
judgment. Lead Industries Association v. EPA, supra, 647 F.2d at 1161-62.

In setting standards that are “requisite” to protect public health and welfare, as provided
in section 109(b), EPA’s task is to establish standards that are neither more nor less stringent
than necessary for these purposes. In so doing, EPA may not consider the costs of implementing
the standards. See generally Whitman v. American Trucking Associations, 531 U.S. 457, 471,
475-76 (2001).

Section 109(d)(1) of the Act requires that “not later than December 31, 1980, and at 5-
year intervals thereafter, the Administrator shall complete a thorough review of the criteria
published under section 108 and the national ambient air quality standards . . . and shall make
such revisions in such criteria and standards and promulgate such new standards as may be
appropriate . . . .” Section 109(d)(2) requires that an independent scientific review committee
“shall complete a review of the criteria . . . and the national primary and secondary ambient air
quality standards . . . and shall recommend to the Administrator any new . . . standards and
revisions of existing criteria and standards as may be appropriate . . ..” Since the early 1980's,
this independent review function has been performed by the Clean Air Scientific Advisory
Committee (CASAC) of EPA’s Science Advisory Board.

1.2.2 History of Lead NAAQS Reviews
On October 5, 1978 EPA promulgated primary and secondary NAAQS for lead under
section 109 of the Act (43 FR 46246). Both primary and secondary standards were set at a level
of 1.5 micrograms per cubic meter (ug/m®), measured as Pb in total suspended particulate matter
(TSP), not to be exceeded by the maximum arithmetic mean concentration averaged over a

1-3



calendar quarter. This standard was based on the 1977 Air Quality Criteria for Lead (USEPA,
1977).

A review of the Pb standards was initiated in the mid-1980s. The scientific assessment
for that review is described in the 1986 Air Quality Criteria for Lead (USEPA, 1986a), the
associated Addendum (USEPA, 1986b) and the 1990 Supplement (USEPA, 1990a). As part of
the review, the Agency designed and performed human exposure and health risk analyses
(USEPA, 1989), the results of which were presented in a 1990 Staff Paper (USEPA, 1990b).
Based on the scientific assessment and the human exposure and health risk analyses, the 1990
Staff Paper presented options for the Pb NAAQS level in the range of 0.5 to 1.5 pg/m®, and
suggested the second highest monthly average in three years for the form and averaging time of
the standard (USEPA, 1990b). After consideration of the documents developed during the
review and the significantly changed circumstances since Pb was listed in 1976, as noted above,
the Agency did not propose any revisions to the 1978 Pb NAAQS. In a parallel effort, the
Agency developed the broad, multi-program, multimedia, integrated U.S. Strategy for Reducing
Lead Exposure (USEPA, 1991). As part of implementing this strategy, the Agency focused
efforts primarily on regulatory and remedial clean-up actions aimed at reducing Pb exposures
from a variety of nonair sources judged to pose more extensive public health risks to U.S.
populations, as well as on actions to reduce Pb emissions to air.

1.2.3 Current Lead NAAQS Review

EPA initiated the current review of the air quality criteria for Pb on November 9, 2004
with a general call for information (69 FR 64926). A project work plan (USEPA, 2005a) for the
preparation of the CD was released in January 2005 for CASAC and public review. EPA held a
series of workshops in August 2005, with invited recognized scientific experts to discuss initial
draft materials that dealt with various lead-related issues being addressed in the Pb air quality
criteria document. These workshops helped to inform the preparation of the first draft CD
(USEPA, 2005b), which was released for CASAC and public review in December 2005 and
discussed at a CASAC meeting held on February 28-March 1, 2006.

A second draft CD (USEPA, 2006b) was released for CASAC and public review in May
2006, and discussed at the CASAC meeting on June 28, 2006. A subsequent draft of Chapter 7 -
Integrative Synthesis (Chapter 8 in the final CD), released on July 31, 2006, was discussed at an
August 15, 2006 CASAC teleconference. The final CD was released on September 30, 2006
(USEPA, 2006a). While the CD focuses on new scientific information available since the last
review, it appropriately integrates that information with scientific criteria from previous reviews.

In February 2006, EPA released the Plan for Review of the National Ambient Air Quality
Standards for Lead (USEPA 2006c¢) that described Agency plans and a timeline for reviewing
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the air quality criteria, developing human exposure and risk assessments and an ecological risk
assessment, preparing a policy assessment, and developing the proposed and final rulemakings.

In May 2006, EPA released for CASAC and public review a draft Analysis Plan for
Human Health and Ecological Risk Assessment for the Review of the Lead National Ambient Air
Quality Standards (USEPA, 2006d), which was discussed at a June 29, 2006 CASAC meeting.
CASAC panel members’ views were received at and subsequent to the meeting (Henderson,
2006), and considered in the implementation of the human health and ecological risk
assessments. The May 2006 assessment plan discussed two assessment phases: a pilot phase
and a full-scale phase. The pilot phase of both the human health and ecological risk assessments
was presented in the draft Lead Human Exposure and Health Risk Assessments and Ecological
Risk Assessment for Selected Areas (ICF, 2006; henceforth referred to as the pilot phase or first
draft Risk Assessment Report) which was released for CASAC and public review in December
2006. The first draft Staff Paper, also released in December 2006, discussed the pilot
assessments and the most policy-relevant science from the CD. These documents were reviewed
by CASAC and the public at a public meeting on February 6-7, 2007.

Taking into consideration comments on the first draft Risk Assessment Report and the
first draft Staff Paper from CASAC (Henderson, 2007a) and the public, staff conducted full-scale
human exposure and health risk assessments, although no further work was done on the
environmental assessment due to resource limitations. The full-scale human exposure and health
risk assessments were presented in a second draft Risk Assessment Report (USEPA, 2007a)
which was released in July 2007 for review by CASAC at a meeting held on August 28-29,
2007. Taking into consideration CASAC comments (Henderson, 2007b) and public comments
on that document, staff conducted additional human exposure and health risk assessments, which
are presented in a final Risk Assessment Report (USEPA, 2007b) and discussed in this Staff
Paper.

The schedule for completion of this review is governed by a judicial order resolving a
lawsuit filed in May 2004, alleging that EPA had failed to complete the current review within the
period provided by statute. Missouri Coalition for the Environment, v. EPA (No. 4:04CV00660
ERW, Sept. 14, 2005). The order that now governs this review, entered by the court on
September 14, 2005, provides that EPA will finalize the Staff Paper no later than November 1,
2007. The order also specifies that EPA sign, for publication, notices of proposed and final
rulemaking concerning its review of the Pb NAAQS no later than May 1, 2008 and September 1,
2008, respectively. Since this review of the lead NAAQS was initiated, EPA has adopted a new
process for reviewing NAAQS that eliminates issuance of a Staff Paper and adds publication of
an advance notice of proposed rulemaking (ANPR). In applying this new process to this review
of the lead NAAQS, in addition to the issuance of this Staff Paper consistent with the judicial
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order, EPA also plans to publish an ANPR around the end of November 2007. To ensure that the
ordered final rulemaking deadline will be met, EPA has set an interim target date for a proposed
rulemaking of March 2008.

1.3 GENERAL APPROACH AND ORGANIZATION OF THE DOCUMENT

The policy assessment in this Staff Paper document is based on staff’s evaluation of the
policy implications of the scientific evidence reviewed in the CD and results of quantitative
analyses based on that evidence, as well as the views presented by CASAC and various
stakeholders. Taken together, this information informs various conclusions and the identification
of a range of policy options to address public health and welfare effects associated with exposure
to ambient Pb resulting from emissions to the ambient air.

Following this introductory chapter, this Staff Paper is organized into three main parts:
the characterization of ambient Pb; Pb-related health effects and primary Pb NAAQS; and Pb-
related welfare effects and secondary Pb NAAQS. The content of these parts is discussed more
fully below.

The characterization of ambient Pb is presented in Chapter 2 and includes information on
Pb properties, current Pb air quality patterns, historic trends, and background levels. In
recognition of the multimedia nature of Pb and the distribution into other media of Pb emitted
into the air, Chapter 2 also includes information on Pb in media other than air including outdoor
dust, soil, surface water and sediment. This chapter provides a frame of reference for exposure
and risk analyses and subsequent discussion of the Pb NAAQS and alternative forms of Pb
standards.

Chapters 3 through 5 comprise the second main part of this document, dealing with
human health and primary standards. Chapter 3 presents an overview of key policy-relevant
health effects evidence, major health-related conclusions from the CD, and an examination of
issues related to the quantitative assessment of health risks. Chapter 4 describes the scope and
methods used in conducting human exposure and health risk assessments and presents key
results from those assessments together with a discussion of uncertainty and variability in the
results. Chapter 5 includes staff conclusions and policy recommendations on the adequacy of the
current primary standard and on an appropriate range of alternative primary standards for the
Administrator’s consideration, together with a discussion of the science and public health policy
judgments underlying such standards.

Chapter 6 comprises the third main part of this document. Chapter 6 presents a policy-
relevant assessment of Pb welfare effects evidence and describes the scope and methods used in
conducting the environmental risk assessment, as well as results from the pilot environmental
assessment. This chapter includes staff conclusions and policy recommendations on the
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adequacy of the current secondary standard and on an appropriate range of alternative secondary
standards for the Administrator’s consideration, together with a discussion of the science and
public welfare policy judgments underlying such standards.

1-7



REFERENCES

Henderson, R. (2006) Letter from Dr. Rogene Henderson, Chair, Clean Air Scientific Advisory Committee, to
Administrator Stephen L. Johnson. Re: Clean Air Scientific Advisory Committee (CASAC) Lead Review
Panel’s Consultation on EPA’s draft Analysis Plan for Human Health and Ecological Risk Assessment for
the Review of the Lead National Ambient Air Quality Standards. July 26, 2006.

Henderson, R. (2007a) Letter from Dr. Rogene Henderson, Chair, Clean Air Scientific Advisory Committee, to
Administrator Stephen L. Johnson. Re: Clean Air Scientific Advisory Committee’s (CASAC) Review of
the 1st Draft Lead Staff Paper and Draft Lead Exposure and Risk Assessments. March 27, 2007.

Henderson, R. (2007b) Letter from Dr. Rogene Henderson, Chair, Clean Air Scientific Advisory Committee, to
Administrator Stephen L. Johnson. Re: Clean Air Scientific Advisory Committee’s (CASAC) Review of
the 2nd Draft Lead Human Exposure and Health Risk Assessments. September 27, 2007.

ICF International. (2006). Lead Human Exposure and Health Risk Assessments and Ecological Risk Assessment for
Selected Areas. Pilot Phase. Draft Technical Report. Prepared for the U.S. EPA's Office of Air Quality
Planning and Standards, Research Triangle Park, NC. December.

U.S. Environmental Protection Agency. (1977) Air quality criteria for lead. Research Triangle Park, NC: Health
Effects Research Laboratory, Criteria and Special Studies Office; EPA report no. EPA-600/8-77-017.
Available from: NTIS, Springfield, VA; PB-280411.

U.S. Environmental Protection Agency. (1986a) Air quality criteria for lead. Research Triangle Park, NC: Office of
Health and Environmental Assessment, Environmental Criteria and Assessment Office; EPA report no.
EPA-600/8-83/028aF-dF. 4v. Available from: NTIS, Springfield, VA; PB87-142378.

U.S. Environmental Protection Agency. (1986b) Lead effects on cardiovascular function, early development, and
stature: an addendum to U.S. EPA Air Quality Criteria for Lead (1986). In: Air quality criteria for lead, v.
1. Research Triangle Park, NC: Office of Health and Environmental Assessment, Environmental Criteria
and Assessment Office; pp. A1-A67; EPA report no. EPA-600/8-83/028aF. Available from: NTIS,
Springfield, VA; PB87-142378.

U.S. Environmental Protection Agency. (1989) Review of the national ambient air quality standards for lead:
Exposure analysis methodology and validation: OAQPS staff report. Research Triangle Park, NC: Office of
Air Quality Planning and Standards; report no. EPA-450/2-89/011. Available on the web:
http://www.epa.gov/ttn/naags/standards/pb/data/rnaagsl_eamv.pdf

U.S. Environmental Protection Agency. (1990a) Air quality criteria for lead: supplement to the 1986 addendum.
Research Triangle Park, NC: Office of Health and Environmental Assessment, Environmental Criteria and
Assessment Office; report no. EPA/600/8-89/049F. Available from: NTIS, Springfield, VA; PB91-138420.

U.S. Environmental Protection Agency. (1990b) Review of the national ambient air quality standards for lead:
assessment of scientific and technical information: OAQPS staff paper. Research Triangle Park, NC: Office
of Air Quality Planning and Standards; report no. EPA-450/2-89/022. Available from: NTIS, Springfield,
VA; PB91-206185. Available on the web: http://www.epa.gov/ttn/naags/standards/pb/data/rnaagsl_asti.pdf

U.S. Environmental Protection Agency. (1991) U.S. EPA Strategy for Reducing Lead Exposure. Available from
U.S. EPA Headquarters Library/Washington, D.C. (Library Code EJBD; Item Call Number: EAP
100/1991.6; OCLC Number 2346675).

1-8



u.s.

u.s.

u.s.

u.s.

u.s.

u.Ss.

u.s.

u.s.

Environmental Protection Agency. (2005a) Project Work Plan for Revised Air Quality Criteria for Lead.
Research Triangle Park, NC: National Center for Environmental Assessment-RTP Report no. NCEA-R-
1465. CASAC Review Draft.

Environmental Protection Agency. (2005b) Air Quality Criteria for Lead (First External Review Draft).
Washington, DC, EPA/600/R-05/144aA-bA. Available online at: www.epa.gov/ncea/

Environmental Protection Agency. (2006a) Air Quality Criteria for Lead. Washington, DC, EPA/600/R-
5/144aF. Available online at: www.epa.gov/ncea/

Environmental Protection Agency. (2006b) Air Quality Criteria for Lead (Second External Review Draft).
Washington, DC, EPA/600/R-05/144aB-bB. Available online at: www.epa.gov/ncea/

Environmental Protection Agency. (2006c¢) Plan for Review of the National Ambient Air Quality Standards for
Lead. Office of Air Quality Planning and Standards, Research Triangle Park, NC. Available online at:
http://www.epa.gov/ttn/naags/standards/pb/s_pb_cr_pd.html

Environmental Protection Agency. (2006d) Analysis Plan for Human Health and Ecological Risk Assessment
for the Review of the Lead National Ambient Air Quality Standards. Office of Air Quality Planning and
Standards, Research Triangle Park, NC. Available online at:
http://www.epa.gov/ttn/naags/standards/pb/s_pb_cr_pd.html

Environmental Protection Agency. (2007a) Lead Human Exposure and Health Risk Assessments for Selected
Case Studies (Draft Report) Volume I. Human Exposure and Health Risk Assessments — Full-Scale and
Volume Il. Appendices. Office of Air Quality Planning and Standards, Research Triangle Park, NC. EPA-
452/D-07-001a and EPA-452/D-07-001b.

Environmental Protection Agency. (2007b) Lead: Human Exposure and Health Risk Assessments for Selected
Case Studies, Volume I. Human Exposure and Health Risk Assessments — Full-Scale and VVolume 1.
Appendices. Office of Air Quality Planning and Standards, Research Triangle Park, NC. EPA-452/R-07-
014a and EPA-452/R-07-014b.

1-9



2 CHARACTERIZATION OF AMBIENT LEAD

2.1 INTRODUCTION/BACKGROUND

The focus for this Pb NAAQS review is on Pb derived from those sources emitting Pb to
ambient air. The multimedia and persistent nature of Pb, however, contributes several
complexities to the review.

First, exposures to Pb emitted into the air occur via multiple pathways. As described in
the CD, “The multimedia aspects of Pb exposure can be seen in that Pb emissions to the air
contribute to Pb concentrations in water, soil and dusts; Pb in soil and dust also can make
important contributions to Pb concentrations in ambient air” (CD, p. 3-1).

Inhalation exposures can result from Pb emitted to the ambient air recently or from Pb
emitted in the past that has deposited from air to soil or dust and then become resuspended in the
ambient air. Further, Pb emitted into the ambient air can contribute to ingestion exposures
(associated with indoor dust, outdoor soil/dust, agricultural products and surface water) of
recently deposited Pb and of Pb that was deposited in the past. Consequently, exposure to Pb is
multipathway, and we are considering both airborne Pb, as it contributes to exposures through
direct inhalation of particles containing Pb, and also Pb that has deposited from air to dusts, soil
and other environmental media and that contributes to exposures through ingestion. Further, we
are considering that Pb, once deposited, may be resuspended in the air, contributing to inhalation
exposures or, upon redeposition, to ingestion exposures. Thus, as illustrated in Figure 2-1,
pathways that are directly relevant to a review of the NAAQS include both newly emitted Pb
from currently operating sources, and Pb emitted in the past, either from currently operating
sources or historic sources, which are collectively referred to as “policy-relevant sources”.

Due to limited data, models, and time available, however, we are not able to fully and
completely characterize all of the various complexities associated with Pb exposure pathways.
For example, Figure 1-1 illustrates that people are also exposed to Pb that originates from nonair
sources, including leaded paint or drinking water distribution systems (see CD, Sections 3.3 and
3.5). For purposes of this review, the Pb from these nonair sources is collectively referred to as
“policy-relevant background”. Additionally Pb in diet and drinking water sources may derive
from Pb emitted into the ambient air (i.e., policy-relevant sources), however, we have not
explicitly described the current contribution from air pathways to these exposure pathways in
this chapter; these exposure pathways are described in the CD (Section 3.4).
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*Policy-relevant background sources and pathways are indicated by dashed lines.
**Dietary exposure should not be considered to be limited to policy-relevant background, as it reflects a combination

of Pb introduced into food items during processing (policy-relevant background), as well as Pb associated with
atmospheric deposition (policy-relevant sources).

Figure 2-1. Principal pathways of human and ecological exposure to Pb. Among the

policy-relevant pathways, heavy arrows indicate the predominant human
exposures.

2.1.1 Properties of Ambient Lead

Due to its physicochemical properties, Pb exists in the environment predominantly in
solid form. Consequently upon emission into the air, Pb deposits onto surfaces or exists in the
atmosphere as a component of atmospheric aerosol (CD, Section 2.1). The various Pb
compounds that are naturally occurring in the environment or are introduced by anthropogenic
activities include oxides, chlorides (or other halides), sulfates, and sulfides (see CD, Table 2-5).
A more complete discussion of the physical and chemical properties of Pb and Pb compounds is
provided in the CD (Section 2.1). The Pb NAAQS pertains to the Pb content of all Pb
compounds that may be emitted to air (see Section 2.3.1 for discussion of collection and analysis
methods).

The relative presence of Pb among the various environmentally occurring compounds
influences its distribution within the environment, and the relative bioavailability of these
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compounds has implications for human and ecological exposures and risks (CD, Sections 4.2.1,
8.1.3 and 8.2.3). With regard to human exposures and risk, this is reflected in the exposure
modeling described in Chapter 4. Lead speciation and bioavailability are discussed further with
regard to environmental effects in Chapter 6.

2.1.2 Fate and Transport of Pb Particles

The atmosphere is the major environmental transport pathway for anthropogenic Pb (CD,
p 2-52). Lead can be transported in the atmosphere and undergo secondary dispersal via the
deposition and resuspension of particles containing Pb. As described in the CD (Section 2.3.1),
airborne Pb particles generally have a bimodal distribution with the greater mass of Pb found in
the fine fraction (CD, p. 2-52). Since small particles are much slower to deposit than larger
particles, Pb can be transported great distances in the atmosphere. Thus, Pb is widely dispersed,
as evidenced by detection of Pb even in the most remote places such as the arctic region (CD, pp.
2-52, 3-3).

Airborne concentrations of species emitted from a point source are frequently described
by a Gaussian distribution. Gaussian models are, in general, reasonably accurate for small
geographic scales, e.g., within ~50 km of the source (CD, p. 2-53). The rate and direction of
dispersion are dependent both on pollutant characteristics and meteorological conditions.
Important meteorological factors influencing dispersion include wind speed, surface roughness,
inversion frequency, inversion duration, and temperature. Results are site specific. For long
range transport modeling, Lagrangian trajectory or Eulerian grid models are commonly
employed. These models determine how a parcel of air moves relative to the moving fluid and a
fixed coordinate system, respectively. Retrospective air mass trajectories based on hybrid
models are also used. Results of a study using such an approach have reported finding airborne
Pb in a less industrial country originating from emissions in several distant countries (CD, p. 2-
54).

Wet and dry deposition are the ultimate paths by which Pb particles are removed from the
atmosphere. Dry deposition is the process by which Pb particles are delivered from the
atmosphere onto surfaces in the absence of precipitation. Factors that govern dry deposition are
the level of atmospheric turbulence, especially in the layer nearest the ground, particle size
distributions and density, and the nature of the surface itself, such as smooth or rough. In the
commonly used model formulation for dry deposition, it is assumed that the dry deposition flux
is directly proportional to the local concentration of the pollutant species, at some reference
height above the surface (e.g., 10 m or less), multiplied by the deposition velocity (CD, p. 2-55).
The concentration is computed by the dispersion models mentioned above, depending on local
versus regional or global applications. Estimates of dry deposition velocity constitute the

2-3



primary output of a large number of dry deposition models that have been developed during the
past ten years and most of these rely on so-called “resistance schemes”. The advantage of this
deposition velocity representation is that all the complexities of the dry deposition process are
bundled in a single parameter, but the disadvantage is that because this parameter addresses a
variety of processes, it is difficult to specify properly. A large range of Pb deposition velocities
(0.05 to 1.3 cm/s) has been reported (CD, pp. 2-55 to 2-57 and Table 2-21).

Wet deposition, or the delivery of a pollutant to the ground in precipitation, is the process
by which airborne pollutants are scavenged by precipitation and removed from the atmosphere.
The flux of a depositing species can be defined as the product of the rate of precipitation and the
concentration of the chemical species in the precipitation (CD, pp. 2-57 to 2-59). Wet deposition
is affected by: 1) nucleation scavenging (removal by direct incorporation into new cloud
droplets); 2) in-cloud scavenging (removal by incorporation into existing cloud droplets); and 3)
precipitation washout (removal by rain as it is falling to the ground). The size of particles can
influence wet deposition rates. Large particles are scavenged by precipitation more efficiently
than smaller particles (CD, p. 2-59). Lead, beyond the influence of individual sources, is found
primarily in the submicron size range, and consequently does not undergo wet deposition as
easily as many of the crustal elements (CD, p. 2-59). Models vary in how they treat wet
deposition. Gaussian models focus solely on washout aspects, mainly because this process is
dominant within the 50 km limit of model applicability. Regional and global models have more
comprehensive treatment of wet deposition. Lead concentrations in precipitation have shown a
pronounced downward trend from the 1970s into the 1990s, presumed primarily due to the
phase-out of leaded fuel (CD, pp. 2-60 to 2-61 and Table 2-22).

The resuspension of soil-bound Pb particles and contaminated road dust can be a
significant source of airborne Pb (CD, Section 2.3.3, and p. 2-62). Studies of emissions in
southern California indicate that Pb in resuspended road dust may represent between 40% and
90% of Pb emissions in some areas (CD, p. 2-65). Lead concentrations in suspended soil and
dust, however, vary significantly (CD, p. 2-65). In general, the main drivers of particle
resuspension are typically mechanical stressors such as vehicular traffic, construction and
agricultural operations, and to a lesser extent, the wind. Understanding the physics of
resuspension from natural winds requires analyzing the wind stresses on individual particles and
although this analysis can be accurate on a small scale, predicting resuspension on a large scale
generally focuses on empirical data for soil movement due to three processes: saltation, surface
creep, and suspension (CD, pp. 2-62 to 2-63). Further, rather than a continuous process,
resuspension may occur as a series of events. Short episodes of high wind speed, dry conditions,
and other factors conducive to resuspension may dominate annual averages of upward flux (CD,
p. 2-65). These factors complicate emissions estimates.
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2.2 SOURCES AND EMISSIONS TO THE ATMOSPHERE

In this section we describe the available information on sources and emissions of Pb into
the ambient air. The section does not provide a comprehensive list of all sources of Pb, nor does
it provide estimates of emission rates or emission factors for all source categories. Rather, the
discussion here is intended to identify the larger source categories, either on a national or local
scale, and provide some characterization of their emissions and distribution within the U.S.

The primary data source for this discussion is the National Emissions Inventory (NEI) for
2002 (USEPA, 2007a). As a result of Clean Air Act requirements, emissions standards
implemented for a number of source categories since then are projected to result in considerably
lower emissions at the current time or in the near future.

It is noted that the Pb emissions estimates in the NEI, and presented in this chapter, are a
mixture of estimates specific to Pb (regardless of the compound in which it may have been
emitted) and estimates specific to the Pb compounds emitted. That is, emissions estimates for
some of the point sources are in terms of mass of Pb compounds, whereas the nonpoint source
and mobile source emissions estimates are in terms of mass of the Pb only. For the point
sources, approximately 80% are reported as mass of Pb and most of the other 20% are reported
as mass of Pb compounds. The high molecular weight of Pb (as compared to elements with
which it is associated in Pb compounds), however, reduces the impact of this reporting
inconsistency.

Historical trends in emissions are described in Section 2.2.1, information on the various
types of Pb sources is presented in Section 2.2.2, the number and geographic distribution of
sources is discussed in Section 2.2.3 and the larger Pb point sources are identified in Section
2.2.4. The data sources for, limitations of and our confidence in the information summarized
here are described in Section 2.2.5.

2.2.1 Trends in National Emissions: 1980 to 2002

Table 2-1 shows a downward trend in Pb emissions from the fuel combustion, industrial
process and solid waste sectors from 1980 through 2002, as well as the dramatic reduction in Pb
emissions in the transportation sector due to the removal of Pb from gasoline. While the most
dramatic reductions occurred prior to 1990, Pb emissions were further reduced by about 65%
(from approximately 5,000 to approximately 1,700 tpy) between 1990 and 2002 (USEPA 1990;
USEPA, 2007a). The greatest emission reductions were from mobile sources, primary and
secondary Pb and copper smelting, pulp and paper manufacturing, inorganic paint pigment
production and steel wire products. As discussed in the CD (Section 2.2.4), reductions in Pb
emissions from mobile sources include some associated with the latter period of the “phase-out”
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of leaded gasoline. From a national inventory perspective, the stationary source categories that
have the largest emissions in the 2002 NEI are summarized briefly in Appendix 2A.

Table 2-1. Trend in Pb emissions (tpy) from 1980 to 2002.

1980 1985 1990 1995 1999 2002

Transportation 64,706 18,973 1,197 564 - 491°
Fuel Combustion 4,299 515 500 490 - 377
Industrial Processes 3,938 2531 2474 2,271 - 719
Solid Waste 1,210 871 804 604 - 110
Total 74,153 22,890 4,975 3,929 3303 1,697

& This value is not yet reflected in 2002 NEI (vers 3); it will be reflected in version
4, estimated for 2008 release.

Note: Estimates for 1980-1995 are from http://www.epa.gov/airtrends/econ-
emissions.html.

Detailed categorization of the 1999 NEI is not available.

Estimates for 2002 are from Version 3 of the 2002 National Emissions Inventory,
US EPA (USEPA, 2007a). The estimates for 2002 differ from those in Table 2-8
of the CD due to changes in the 2002 NEI subsequent to publication of the CD.

2.2.2 Types of Pb Sources

Lead is emitted from a wide variety of source types, some of which are small individually
but the cumulative emissions of which are large, and some for which the opposite is true. The
categories of Pb sources estimated in the 2002 NEI to emit —as a category- more than 5 tons per
year (tpy) of Pb are listed in Table 2-2. The main sources of emissions in the 2002 NEI are
comprised primarily of combustion-related emissions and industrial process-related emissions.
Point source emissions account for about 66% of the national Pb emissions in the 2002 NEI. The
point source emissions are roughly split between combustion and industrial processes, while
mobile, nonroad sources (emissions associated with general aviation aircraft leaded fuel) account
for 29%.

2.2.2.1 Stationary Sources

Table 2-2 presents emissions estimates for stationary sources grouped into descriptive
categories. Presence and relative position of a source category on this list does not necessarily
provide an indication of the significance of the emissions from individual sources within the
source category. A source category, for example, may be composed of many small (i.e., low-
emitting) sources, or of just a few very large (high-emitting) sources. Such aspects of a source
category, which may influence its potential for human and ecological impacts, are included in the
short descriptions of the largest stationary source categories presented in Appendix 2A. The
relative sizes of stationary sources represented in the NEI and the geographic distribution of the
larger sources are presented in Sections 2.2.2.1 and 2.2.3, respectively.
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Table 2-2. Source categories emitting greater than 5 tpy of Pb in the 2002 NEI.

Source Category Description Total Emissions (tpy)?
|_ALL CATEGORES® ] 1697°

Mobile sources 491°
Industrial/Commercial/ Institutional Boilers & Process Heaters 190
Utility Boilers 168°
Iron and Steel Foundries 110
Primary Lead Smelting 59
Hazardous Waste Incineration 47
Secondary Lead Smelting 43
Military Installations 33
Municipal Waste Combustors 33
Integrated Iron & Steel Manufacturing 32
Pressed and Blown Glass and Glassware Manufacturing 32
Stainless and Non Stainless Steel Manufacturing: EAF 32
Mining 31
Lead Acid Battery Manufacturing 27
Secondary Nonferrous Metals 24
Portland Cement Manufacturing 22
Primary Copper Smelting 22
Primary Metal Products Manufacturing 21
Industrial and Commercial Machinery Manufacturing 18
Fabricated Metal Products Manufacturing 14
Electrical and Electronics Equipment Manufacturing 12
Waste Disposal - Solid Waste Disposal 11
Industrial Inorganic Chemical Manufacturing 10
Pulp & Paper Production 10
Sewage Sludge Incineration 10
Mineral Products Manufacturing 9
Secondary Aluminum Production 9
Synthetic Rubber Manufacturing 9
Secondary Copper Smelting 8
Transportation Equipment Manufacturing 8
Ferroalloys Production 7
Nonferrous Foundries 7
Stationary Reciprocating Internal Combustion Engines 7
Commercial and Industrial Solid Waste Incineration 6
Primary Nonferrous Metals--Zinc, Cadmium and Beryllium 6
Residential Heating 6
Asphalt Processing and Asphalt Roofing Manufacturing 5

4Some values here differ from those in the CD (Table 2-8) due to changes in the 2002 NEI subsequent to CD
Eublication. Additionally, values just above 5 tpy have been rounded to 5.

Includes 91 tpy Pb emissions from 109 smaller categories (57 tpy in MACT categories and 34 tpy in non MACT).
° This value is not yet reflected in 2002 NEI (vers 3); it will be reflected in version 4, estimated for 2008 release.
9 This estimate of 168 tons, which is based on the 2002 NEI, has uncertainties and differs from estimates in some
other studies and inventories. For example, the estimated lead emissions reported to the U.S. EPA’s Toxic Release
Inventory for year 2004 is about 90 tons for this sector, and the projected estimate for year 2010 presented in the
1998 EPA Utility Air Toxics Study Report to Congress (U.S. EPA, 1998) is 92 tons.
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2.2.2.2 Mobile Sources

Thirty-five years ago, combustion of leaded gasoline was the main contributor of Pb to
the air. In the early 1970s, EPA set national regulations to gradually reduce the Pb content in
gasoline. In 1975, unleaded gasoline was introduced for motor vehicles equipped with catalytic
converters. EPA banned the use of leaded gasoline in highway vehicles after December 1995.
While Pb is not added to jet fuel that is used in commercial aircraft, military aircraft, or other
turbine engine aircraft, currently lead is still added to aviation gasoline (commonly referred to as
*avgas”) used in most piston-engine aircraft and some types of race cars. Lead emissions from
the combustion of avgas are discussed below. Vehicles used in racing are not regulated by the
EPA under the Clean Air Act and can therefore use alkyl-Pb additives to boost octane. EPA has
formed a voluntary partnership with the National Association for Stock Car Auto Racing
(NASCAR) with the goal of permanently removing alkyl-Pb from racing fuels used in the Nextel
Cup, Busch and Craftsman Truck Series (CD, p. 2-50). In January of 2006, NASCAR agreed to
switch to unleaded fuel in its race cars and trucks beginning in 2008. NASCAR initiated this
switch in 2007.

Lead is also present as a trace contaminant in gasoline and diesel fuel and is a component
of lubricating oil (CD, pp. 2-45 to 2-48). Inventory estimates from these sources are not
currently available. Additional mobile sources of Pb include brake wear, tire wear, and loss of
Pb wheel weights (CD, pp. 2-48 to 2-50). Emission rates for Pb from brake wear have been
published but inventory estimates have not yet been developed from these data (Schauer et al.,
2006). Robust estimates of Pb from tire wear and wheel weights are not available. Currently, Pb
from combustion of leaded avgas is the only mobile source of Pb included in the 2002 NEI.

Currently, there are two main types of leaded avgas used, 100 Octane and 100 Octane
Low Lead (100 LL), which can contain up to 1.12 grams Pb per liter (g/L) (0.009347 pounds per
gallon, Ib/gal) and 0.56 g Pb/L (0.004673 Ib/gal), respectively (ASTM D 910). The vast majority
of leaded avgas used is 100LL. In 2002 approximately 280 million gallons of avgas were
supplied to the U.S. (DOE, 2006) contributing an estimated 491 tons of lead to the air and
comprising 29% of the national Pb inventory.

Lead emission estimates from piston-engine aircraft in the 2002 NEI are allocated to
3,410 airports located throughout the United States (USEPA, 2007b). These Pb emissions are

! Lead emissions from general aviation are calculated as the product of the fuel consumed, the
concentration of Pb in the fuel and the factor 0.75 to account for an estimated 25% of Pb being retained in the engine
and/or exhaust system of the aircraft. The estimate of 25% Pb retention was derived from estimates from light-duty
gas vehicles operating on leaded fuel and is an upper-bound estimate of the amount of Pb retained in a piston-engine
aircraft. Smaller retention values would proportionally increase the overall mobile source Pb inventory.
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allocated to each airport based on its percentage of piston-engine operations nationwide. These
operations for 2002 can be found in the Terminal Area Forecast (TAF) system, which is the
official forecast of aviation activity at FAA facilities. Airport-specific Pb emissions estimates in
the NEI include Pb emitted during the entire flight (i.e., not limited to the landing and take-off
cycle and local operations). EPA is using this allocation approach for Pb because it is important
to account for all of the Pb emitted by avgas use. There is currently not an alternative approach
for incorporating all the Pb emissions from aircraft into the NEI. EPA understands that
allocating lead emissions to airports from operations outside the landing-takeoff cycle and local
flying operations has a tendency to overstate the local emissions near airports because longer
duration (e.g., itinerant) flights emit lead at altitude as well as in the local area near the airport.

Airport-specific Pb emissions estimates in the 2002 NEI do not include the following
airport-related sources of Pb: evaporative losses of Pb from fuel storage and distribution,
military aircraft combustion emissions, and the small amounts of tetraethyl-lead (TEL) discarded
on the tarmac by pilots after their fuel check. Lead emissions from fuel storage and distribution
are estimated to total 0.3 tons nationally and are included in the NEI, but not assigned to specific
airports. Data regarding military piston engine aircraft emissions are supplied to EPA by states.
The 2002 version 3 inventory estimates for this category did not include state-submitted data, but
future updates to the NEI will include these estimates.

These current NEI estimates provide a valuable comparison with other ambient sources
of Pb. Future upgrades to these estimates and assessments specific to individual airports could
include more refined local data including characteristics of local operations (e.g., landings and
take-offs), Pb retention in piston engines, and fuel consumption rates.

Among the airports in the 2002 NEI where piston-engine aircraft operate, approximately
one percent of US airports listed have estimated Pb emissions of greater than one ton per year, a
greater percentage has estimated Pb emissions between one ton and 0.1 ton per year, while the
majority of airports are estimated to have Pb emissions less than 0.1 ton per year. Table 2-3
below demonstrates these estimated emission ranges.

Table 2-3. Lead emissions from leaded aviation gas use in the 2002 NEI version 3.

Emissions Total
Range Number of Emissions
(tpy) Airports (tpy)

<0.1 2,104 76.7

0.1t0 1.0 1,270 367.5

>1 36 47.1
Summary 3,410 491.3
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2.2.2.3 Resuspension of Previously Deposited Pb and other Sources

Resuspension of soil-bound Pb particles and contaminated road dust has been reported to
be a significant source of airborne Pb (CD, Section 2.3.3, and p. 2-62). Quantitative estimates of
resuspension-related emissions, however, are not included in the 2002 NEI. Studies of emissions
in southern California indicate that Pb in resuspended road dust may represent between 40% and
90% of Pb emissions in that area (CD, p. 2-65). Lead concentrations in suspended soil and dust,
however, vary significantly (CD, p. 2-65). In general, the main drivers of particle resuspension
are typically mechanical stressors such as vehicular traffic, construction and agricultural
operations, and to a lesser extent, the wind. Lead resuspended in soil near roadways that was in
place during the use of leaded gasoline may be a notable emissions source if or when such soil is
disturbed (e.g., road widening or building construction).

Understanding the physics of resuspension from natural winds requires analyzing the
wind stresses on individual particles and although this analysis can be accurate on a small scale,
predicting resuspension on a large scale generally focuses on empirical data for soil movement
due to three processes: saltation, surface creep, and suspension (CD, pp. 2-62 to 2-63). Rather
than a continuous process, resuspension may occur as a series of events. Short episodes of high
wind speed, dry conditions, and other factors conducive to resuspension may dominate annual
averages of upward flux (CD, p. 2-65). All of these factors complicate emissions estimates (CD,
Section 2.2.1) such that quantitative estimates for these processes remain an area of significant
uncertainty.

Other sources not currently included in the NEI are emissions of Pb from natural sources,
such as wind-driven resuspension of soil with naturally occurring Pb, sea salt spray, volcanoes,
wild forest fires, and biogenic sources (CD, Section 2.2.1). Estimates for these emissions, some
of which have significant variability (CD, p. 2-13) have not been developed for the NEI, as
quantitative estimates for these processes remain an area of significant uncertainty.

2.2.3 Number and Geographic Distribution of Sources
The geographic distribution and magnitude of Pb emissions in the U.S. from all sources
identified in the 2002 NEI is presented in Figure 2-2, in terms of emissions density (defined here
as tons per area, square mile, per county). This presentation indicates a broad distribution of Pb
emissions across the U.S., with the highest emitting counties scattered predominantly within a
broad swath from Minnesota to southern New England and southward.
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Figure 2-2. Emissions density from all Pb sources in the 2002 NEI.

Within the NEI, emissions from stationary sources may be associated with specific
“points” (i.e., point sources) or with activities estimated to occur with some frequency within an
“area” such as a county (area sources) or with mobile sources (see Section 2.2.2.2). Emissions
from all stationary sources represented in the NEI are presented in Figure 2-3, in terms of
emissions density (tons per area, square mile, per county).
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Figure 2-3. Emissions density from all stationary sources of Pb in 2002 NEI.

There are some 13,067 point sources (industrial, commercial or institutional) in the 2002
NEI, each with one or more processes that emit Pb to the atmosphere (Table 2-4). Most of these
sources emit less than 0.1 tpy Pb. There are approximately 1,300 point sources of Pb in the NEI
with estimates of emissions greater than or equal to 0.1 tpy and these point sources, combined,
emit 1058 tpy, or 94% of the Pb point source emissions. In other words, 94% of Pb point source
emissions are emitted by the largest 10% of these sources.
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Table 2-4. Size distribution of point sources within the 2002 NEI and associated estimated

emissions.
Average
Emissions Total Emissions
Range Number Emissions  per Source
(tpy)  of Sources (tpy) (tpy)
<0.1 11,800 73 <0.01
0.1t01.0 1,028 326 0.3
1.0to5 210 421 2
>5 29 301 10
Summary 13,067 1121

2.2.4 Largest Pb Point Sources in the 2002 NEI
While Section 2.2.2 described source categories that rank highest due to cumulative
national Pb emissions, this section is intended to consider Pb emissions on the individual source
level. The geographic distribution of point sources estimated to emit greater than 1 tpy is
presented in Figure 2-4.
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Figure 2-4. Geographic distribution of point sources with >1 tpy Pb emissions in 2002
NEI.

As mentioned in Section 2.2.3, the 2002 NEI includes 30 facilities with emissions
estimated to be greater than or equal to 5 tons per year (see Table 2-4). Most of these sources
(Table 2-5) are metallurgical industries, followed by waste disposal facilities and manufacturing
processes.
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Table 2-5. Point Sources with Pb emissions in 2002 NEI greater than or equal to 5 tpy.

2002 Point

Source Category Name State County Name Emissions (TPY)?
Primary Lead Smelting MO Jefferson County 58.8
Military Installation OK Pittsburg County 17.2
Mining MO Reynolds County 154
Copper Refining” X Potter County 13.9
Primary Copper Smelting AZ Gila County 12.8
Electric Arc Furnaces IL Peoria County 125
Secondary Lead Smelting MO Iron County 12.4
Integrated Iron & Steel Manufacturing IN Lake County 11.3
Pressed and Blown Glass and Glassware Manufacturing TN Madison County 10.9
Military Installation PA Franklin County 10.4
Hazardous Waste Incineration AR Union County 10.2°
Lead Acid Battery Manufacturing KY Madison County 9.9
Industrial and Commercial Machinery Manufacturing KS Marshall County 8.2
Synthetic Rubber Products Manufacturing - Fabric

Coating IN Cass County 7.4
Commercial and Industrial Solid Waste Incineration AR Clark County 7.3
Iron and Steel Foundries OH Cuyahoga County 7.3
Integrated Iron & Steel Manufacturing IN Porter County 7.2
Integrated Iron & Steel Manufacturing IN Lake County 6.1
Mineral Products Manufacturing NM Socorro County 6.1
Commercial and Industrial Solid Waste Incineration CT Windham County 5.8

Washington

Ferroalloys Production OH County 5.7
Nonferrous Foundries NE Nemaha County 55
Portland Cement Manufacturing MD Frederick County 5.4
Hazardous Waste Incineration OH Lorain County 5.4
Coke Oven VA Buchanan County 51
Iron and Steel Foundries IA Jefferson County 5.1
Mining MO Reynolds County 5

2 (USEPA, 2007)

® This entry is included in the total provided for “secondary nonferrous metals” in Table 2-2.
° Following compliance with the MACT standards in 2008, Pb emissions are estimated to be 0.7 tpy.

2.2.5 Data Sources, Limitations and Confidence

The Pb emissions information presented in the previous sections is drawn largely from
EPA’s NEI for 2002 (USEPA, 2007a). The NEI is based on information submitted from State,
Tribal and local air pollution agencies and data obtained during the preparation of technical
support information for EPA’s hazardous air pollutant regulatory programs. EPA has recently
developed version 3 of the NEI for 2002 and that version is anticipated to be posted on the
EPA’s CHIEF website soon at (http://www.epa.gov/ttn/chief/net/2002inventory.html). The

information presented in this document is based on version 3.
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The process of identifying sources that emit Pb into the air has been ongoing since before
the Clean Air Act of 1970. The comprehensiveness of emission inventories generally, and the
NEI, specifically, depends upon knowledge of source types emit Pb, their locations and their
operating characteristics, as well as the reporting of this information to the inventory. As noted
above, the NEI relies on information that is available from a variety of sources for this
information. There are numerous steps, each with its own uncertainties, associated with the
development of this information for use in the emissions inventory. First, the categories emitting
Pb must be identified. Second, the sources’ processes and control devices must be known.
Third, the activity throughputs and operating schedules of these sources must be known. Finally,
we must have emission factors to relate emissions to the operating throughputs, process
conditions and control devices. The process, control device, throughputs and operating
schedules are generally available for each source. However, the emission factors represent
average emissions for a source type and average emissions may differ significantly from source
to source. In some cases, emissions testing provides source-specific information. In others,
emissions factors must be estimated from similar sources or source categories or other
information. More information on emission factors and the estimation of emissions is found in
the introduction to EPA’s Compilation of Air Pollutant Emissions Factors (USEPA, 2006a).
Further information on emission factors is available at: http://www.epa.gov/ttn/chief/ap42/.

The NEI is limited with regard to Pb emissions estimates for some sources such as
resuspended road dust (Section 2.2.2.3), biomass burning and trace levels of Pb in motor fuel and
lubricating oil (Section 2.2.2.2), and others. We have not yet developed estimates for the NEI of
Pb emissions associated with resuspension of Pb residing in roadway dust and nearby surface
soil. Emissions estimates are also not yet in the NEI for the miscellaneous categories of on-road
emissions (e.g., combustion of fuel with Pb traces, lubricating oil, mechanical wear of vehicle
components, etc.) and Pb that may be emitted from wildfires.

The 2002 NEI underwent extensive 3-month external review, including a review of the
process for developing the inventory which includes extensive quality assurance and quality
control steps (QA/QC). For example, we created a QA/QC process and tracking database to
provide feedback reports to point source data providers at regular intervals during the QA of the
data. The feedback reports included the following 4 QC reports: data integrity,
latitude/longitudes QC, stack parameters QC, and emissions QC. Further, there was additional
QA/QC conducted for emission inventory information for facilities that are included in the Risk
and Technology Review (RTR) source categories (60FR14734). As a result we have strong
confidence in the quality of the data for these facilities. Version 3 of the 2002 NEI used in RTR
has undergone additional peer review and QA/QC based on comments received to Docket #
EPA-HQ-OAR-2006-0859.
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In summary, generic limitations to the 2002 NEI include the following:

e Consistency: The 2002 NEI for Pb is a composite of emissions estimates generated by
state and local regulatory agencies, industry, and EPA. Because the estimates
originated from a variety of sources, as well as for differing purposes, they will in turn
vary in quality, whether Pb is reported for particular source types, method of reporting
compound classes, level of detail, and geographic coverage.

e Variability in Quality and Accuracy of Emission Estimation Methods: The accuracy of
emission estimation techniques varies with pollutants and source categories. In some
cases, an estimate may be based on a few or only one emission measurement at a
similar source. The techniques used and quality of the estimates will vary between
source categories and between area, major, and mobile source sectors. Generally, the
more review and scrutiny given to emissions data by states and other agencies, the
more certainty and accuracy there is in that data.

2.3 AIR QUALITY MONITORING DATA

The EPA has been measuring Pb in the atmosphere since the 1970s. For the most part,
Pb concentrations have decreased dramatically over that period. This decrease is primarily
attributed to the removal of Pb from gasoline; however, some individual locations still have Pb
concentrations above the level of the NAAQS. The following sections describe the ambient Pb
measurement methods, the sites and networks where these measurements are made, as well as
how the ambient Pb concentrations vary geographically and temporally.

Ambient air Pb concentrations are measured by four monitoring networks in the United
States, all funded in whole or in part by EPA. These networks provide Pb measurements for
three different size classes of airborne particulate matter (PM): total suspended PM (TSP), PM
less than or equal to 2.5 um in diameter (PM;), and PM less than or equal to 10 um in diameter
(PMyg). The networks include the Pb TSP network, the PM, s Chemical Speciation Network
(CSN), the Interagency Monitoring of Protected Visual Environments (IMPROVE) network, and
the National Air Toxics Trends Stations (NATTS) network. The subsections below describe
each network and the Pb measurements made at these sites.

In addition to these four networks, various organizations have operated other sampling
sites yielding data on ambient air concentrations of Pb, often for limited periods and/or for
primary purposes other than quantification of Pb itself. Most of these data are accessible via
EPA’s Air Quality System (AQS): http://www.epa.gov/ttn/airs/airsags/. In an effort to gather as
much air toxics data, including Pb, into one database, the EPA and State and Territorial Air
Pollution Program Administrators and the Association of Local Air Pollution Control Officials
(STAPPA/ALAPCO) created the Air Toxics Data Archive. The Air Toxics Data Archive can be
accessed at: http://vista.cira.colostate.edu/atda/.
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2.3.1 Ambient Pb Measurement Methods

A number of methods are used to collect Pb and measure Pb concentrations in the
atmosphere. Most methods use similar sample collection approaches. Ambient air is drawn
through an inlet for a predetermined amount of time (typically 24 hours) and the PM is collected
on a suitable filter media. After the sample has been collected, the filter may be used to
determine the mass of PM collected prior to then being used for determination of Pb. The filter
is chemically extracted and analyzed to determine the Pb concentration in the particulate
material. The concentration of Pb found in the atmosphere, in pg/m?®, is calculated based on the
concentration of Pb in the volume extracted, the size of the collection filter, and the volume of
air drawn through the filter.

The primary factors affecting the measurements made are the sampling frequency,
duration of sampling, type of inlet used, volume of air sampled, and the method of analyzing the
filter for Pb content. The following paragraphs describe how these factors affect the Pb
measurements.

2.3.1.1 Inlet Design

In ambient air monitors, a number of inlet designs have been developed that allow certain
particle size ranges to be sampled. The inlets use either impaction or cyclone techniques to
remove particles larger than a certain size (the size cutpoint) from the sample stream. Three
particle size cutpoints are used in ambient Pb measurements including TSP, PM,s, PM3. The
TSP inlet is designed to allow as much suspended particulate into the sampling device as
possible while protecting against precipitation and direct deposition on to the filter (nominally 25
to 45 micrometers) (USEPA, 2004c).

Sampling systems employing inlets other than the TSP inlet will not collect Pb contained
in the PM larger than the size cutpoint. Therefore, they do not provide an estimate of the total Pb
in the ambient air. This is particularly important near sources which may emit Pb in the larger
PM size fractions (e.g., fugitive dust from materials handling and storage).

2.3.1.2 Volume of Air Sampled
The amount of Pb collected is directly proportional to the volume of air sampled. Two
different sampler types have evolved for PM and Pb sampling — a high-volume and a low-
volume sampler. High-volume samplers draw between 70 and 100 m%/hr of air through an 8 inch
by 10 inch filter (0.05 m? filter area). Low-volume samplers typically draw 1 m*/hr through a 47
mm diameter filter (0.002 m? filter area). Currently all Federal Reference Method (FRM) and
Federal Equivalence Method (FEM) for Pb-TSP are based on high-volume samplers.
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2.3.1.3 Sampling Frequency

The frequency of Pb sampling used in the U.S. varies between one sample every day (1 in
1 sampling) to the more common frequency of one sample every 6 days (1 in 6 sampling). Semi-
continuous methods for the measurement of ambient metals (including Pb) are currently being
explored which would allow for more frequent sampling (as frequent as 1 sample per hour), but
much more work is needed on these methods before they can be deployed in a network setting.

More frequent sampling reduces the uncertainty in estimates of quarterly or annual
averages associated with temporal variations in ambient concentrations. However, the costs of
sampling and analysis are directly tied to sample frequency. As such, it is necessary to evaluate
the reduction in measurement error versus the increase in sampling and analysis costs when
selecting the required sampling frequency. A discussion of the observed temporal variation of
Pb measurements is given later in this section.

2.3.1.4 Sample Analysis

After the samples have been collected on filters and the filters have been weighed, the
filters are analyzed for Pb content. A number of analytical methods can be used to analyze the
filters for Pb content including x-ray fluorescence analysis (XRF), proton-induced x-ray
emission (PIXE), neutron activation analysis (NAA), atomic absorption (AA), or inductively-
coupled plasma mass spectrometry (ICP/MS) (CD, pp. 2-80 to 2-81). A detailed discussion of
these methods was given in the 1986 CD (USEPA, 1986), and the reader is referred to that
document for more information on these analytical methods. A search conducted on the AQS
database? shows that the method detection limits for all of these analytical methods (coupled
with the sampling methods) are very low, ranging from 0.01 ug/m? to as low as 0.00001 pg/m?,
and are more than adequate for determining compliance with the current NAAQS.

2.3.2 Pb-TSP
This network is comprised of state and locally managed Pb monitoring stations which

measure Pb in TSP, i.e., particles up to 25 to 45 microns. These stations use samplers and
laboratory analysis methods which have either FRM or FEM status. The FRM and FEM method
descriptions can be found in the U.S. Code of Federal Regulations, Section 40 part 50, Appendix
G. Sampling is conducted for 24-hour periods, with a typical sampling schedule of 1 in 6 days.
Some monitoring agencies “composite” samples by analyzing several consecutive samples
together to save costs and/or increase detection limits.

2 EPA’s AQS can be accessed at http://www.epa.gov/ttn/airs/airsaqs/
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2.3.2.1 Monitor Locations

The locations of Pb-TSP sites in operation between 2003 and 2005 are shown in Figure
2-5. State and local agencies are required to operate two Pb-TSP monitors in any area which has
exceeded the NAAQS in the last two years (40 CFR 58 Appendix D). State and local agencies
have the latitude to operate more monitors beyond the minimum requirement. Agencies which
operate these sites report the data to EPA’s AQS where they are accessible via several web-based
tools. EPA’s series of annual air quality trends reports have used data from this network to
quantify trends in ambient air Pb concentrations. The most recent Trends report for Pb-TSP can
be found at http://www.epa.gov/airtrends/lead.html.

A review of the Pb-TSP network’s coverage of the highest Pb emitting sources (as
identified in the current version of the 2002 NEI) was conducted as part of preparing this
document. This review indicates that many of the highest Pb emitting sources in the 2002 NEI
do not have nearby Pb-TSP monitors. This review indicates that only 2 of 27 facilities (both Pb
smelters®) identified as emitting greater than 5 tpy have a Pb-TSP monitor within 1 mile. The
lack of monitors near large sources indicates we are likely currently underestimating the extent
of occurrences of relatively higher Pb concentrations. Additionally, none of the 189 Pb-TSP
sites included in the 2003-2005 analysis described in Sections 2.3.2.3 and 2.3.2.4 are located
within a mile of airports identified in the NEI as an airport where piston-engine aircraft operate
(i.e., aircraft that still use leaded aviation fuel).?

® Primary and secondary smelters were the source types given particular priority at the time of the last Pb
NAAQS review (USEPA, 1990; USEPA, 1991).

* While there are limited historical data (going back to 1993) in AQS for 12 Pb-TSP monitoring sites
operating within one mile of 11 of these airports, time constraints have limited the extent of our analysis here of
these data or of other such data that may be available elsewhere.
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@ Rural

Figure 2-5. Pb-TSP monitoring sites: 2003-2005.

The number of sites in the Pb-TSP network has decreased significantly since the 1980s
(see Figure 2-6). The number of sites in the network reached its highest point in 1981 (946
sites). About 250 sampling sites operated during 2005. This decline in the number of Pb-TSP
sites is attributable to the dramatic decrease in Pb concentrations observed since the 1980s and
the need to fund new monitoring objectives (e.g., PM25s and ozone monitoring). Lead-TSP sites
in lower concentration areas were shut down to free up resources needed for monitoring of other
pollutants such as PM, s and ozone.
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Figure 2-6. Change in the number of Pb-TSP monitoring sites from 1980 to 2005.

2.3.2.2 Historical Trend

Airborne concentrations of Pb in the United States have fallen dramatically over the last
30 years due largely to the phase-out of leaded gasoline additives. Figure 2-7 shows national
trends in airborne TSP Pb concentrations for two subsets of NAAQS FRM monitoring sites not
considered to be “source-oriented” (see Section 2.3.2.3.3), one for 1980 through 1989
(representing 168 sites), and the second for 1990 through 2006 (representing 44 sites). Two
separate graphs were used to characterize the overall (1980 through 2006) long-term trend due to
data limitations associated with a single graph; only 15 sites met the inclusion criterion for the
entire 27 year period. The data in both graphs are plotted in terms of the site-level maximum
quarterly arithmetic mean for each year (the form of the current NAAQS) and are shown in
relation to the current NAAQS of 1.5 pg/m® (maximum quarterly average). The monitors used in
this analysis are typically population-oriented urban monitors that are not source-oriented. The
left plot shows an 86 percent decrease in national average maximum quarterly means from 1980
to 1989 and the right plot shows a 54 percent decrease in the same statistic from 1990 to 2006.
The combination of these equates to an overall decline of about 94 percent from 1980 to 2006.
The single, much smaller subset of sites that cover the full 27-year period (n=15) showed a 95
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percent decrease in the same metric from 1980 through 2006. Since the early 1980’s, major
declines over several orders of magnitude have been observed not only in urban areas, but also in
rural regions and remote locations. The sharp decline through the 1980s has also been observed
in Pb associated with fine particles (less than or equal to 2.5 microns) at remote and rural sites
throughout the United States and have been attributed to the phase out of leaded gasoline (Eldred
and Cabhill, 1994).

16 16
. 14 National Standard 168 sites| . 1.4 1 National Standard 44 sites
£ 12 90% of sites £ 12
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1980 to 1989: 86% decrease 1990 to 2006: 54% decrease

Figure 2-7. Airborne Pb -TSP concentrations, averaged across continuously operating
monitoring sites: 1980-1989 and 1990-2006. (Sources: left plot - AQS data
extracted 10/10/07; right plot — EPA 2007.)

2.3.2.3 Data Analysis Details

Lead-TSP data collected in 2003-2005 (parameter code 12128, durations ‘7’ and ‘C’)
were extracted from EPA’s AQS on May 22, 2007. Most of the monitors reporting data for that
timeframe utilized FRM or FEM, and therefore, are candidates for comparisons to the NAAQS.
Some of the Pb-TSP monitors, however, were placed for nonregulatory purposes (e.g., for toxics
monitoring initiatives) and utilize methods other than a FRM or FEM. Although measurements
from these monitors cannot be compared to the NAAQS for purposes of non-attainment
decisions, they were considered worthy for inclusion in this national Pb-TSP characterization.
The non-FRM/FEM Pb-TSP methods typically have lower reported uncertainties and detection
limits than the FRM/FEM. Detection limits vary somewhat even for the data generated using
FRM or FEM. In summary aggregations, the AQS generally substitutes one half the method
detection level (MDL) for reported concentration readings less than or equal MDL. That
protocol was not utilized in this national aggregation; data were used ‘as reported’” to AQS. Only
a small number of Pb-TSP measurements for 2003-2005 were flagged for exceptional events
(e.g., structural fires, chemical spills, sandblasting); none of the exceptional event flag-flagged
data, however, were concurred (i.e., approved) by the associated EPA Regional Office. Data
flags were ignored in this analysis.
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2.3.2.3.1 Screening Criteria

Measurements of Pb-TSP with 24-hour sample collection duration were reported to AQS
for more than 350 monitors for the years 2003 to 2005. 189 of those monitors met the following
screening criteria and were used in this national characterization. The completeness criteria
employed for this national characterization were: 1) a minimum of 10 observations per quarter,
2) for at least one full year (all 4 quarters), and 3) at least 9 months with 4 observations each’; all
three criteria had to be met for inclusion. 209 monitors met the three-pronged criteria; of these
209 monitors, 20 were collocated with another complete monitor. Only one monitor from each
collocated pair (i.e., from each site location) was kept in the analysis, specifically the one with
highest 3-year maximum quarterly mean. Thus, data from 189 monitors at 189 distinct locations
were actually used; 109 of these monitors/sites had 3 complete years, 36 monitors/sites had two
complete years, and 44 monitors/sites had only one compete year. Complete quarters that were
not part of a complete year were used. Likewise, all complete months were used, even if they
did not correspond to the complete years. The 189 sites have an average of about 10 complete
quarters and 28 complete months. The 189 utilized monitors are listed along with various
summary and demographic data in Appendix 2B, Tables 2B-1 and 2B-2.

2.3.2.3.2 Urban Sites

The 189 monitors are located in 86 counties, in 23 states. 140 of the 189 sites were
deemed ‘urban’ and aggregated as such. Sites were labeled ‘urban’ if they located within a
defined urbanized area or urban cluster (per 2000 Census geographic definitions). All of the
‘urban’ designated sites were located in a Core Based Statistical Area (CBSA) per 2003 CBSA
geographic definitions. CBSA is a collective term for both metropolitan and micropolitan
statistical areas. A metro area contains a core urban area of 50,000 or more population, and a
micro area contains an urban core of at least 10,000 (but less than 50,000) population. Each
metro or micro area consists of one or more whole counties and includes the counties containing
the core urban area, as well as any adjacent counties that have a high degree of social and
economic integration with the urban core. The monitors in the analysis map to 65 unique
CBSA’s. Only 10 of the 189 monitors are not located within a CBSA. CBSA’s do not always
exclusively encompass wholes or parts of urbanized areas and/or urbanized clusters. 39 of the
189 Pb monitoring sites are located in a CBSA but are not classified as ‘urban’. Although
‘urban’ locations (i.e., parts of urbanized areas or urban clusters) are found in counties not
defined as (or part of) a CBSA, all of the 140 urban sites in this characterization are located in a

® Quarterly means calculated with less than ten observations, annual means calculated with only three
quarters, and monthly means derived with less than four observations were also considered valid if that mean value
exceeded the level of the current standard (i.e., 1.5 ug/m?for quarterly mean).
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CBSA. 91 of the 140 urban sites are located in CBSA’s with one million or greater population.
Note that the 65 CBSA’s containing the Pb-TSP monitoring sites are generally among the largest
in the nation (with respect to total population). Almost 75 percent of the Pb-TSP CBSA’s are
larger (in population) than the highest-population 75 percent of all U.S. CBSA’s. With respect to
total CBSA population, the five overall largest CBSA’s and 18 of the largest 25 contain at least
one Pb-TSP monitor.

2.3.2.3.3 Source-oriented Sites

Monitoring sites were classified as being “source oriented” with regard to sources of Pb
emissions if: 1) they met a graduated (or sliding scale of) cumulative emission ton per year by
distance criterion, or 2) they were classified as source oriented in previous EPA analysis. Sixty
of the 189 Pb-TSP sites met at least one of these criteria. Of the 60 total source-oriented sites, 40
met the first criterion and 51 met the second.

The graduated cumulative emission ton per year to distance criterion (criterion #1)
utilized the 2002 (version 3) national emission inventory (NEI) for Pb point sources and Pb area
nonpoint sources. The Pb point source emissions were assigned to the specific facility point
locations (longitude/latitude coordinates), and the area nonpoint inventory was allocated to
Census tracts and based on an assumed uniform distribution across those extents. To meet the
graduated ‘source-oriented’ criterion, a Pb monitoring site had to be within at least one multiple
of 0.1 miles (checking up to 1 mile away) for a corresponding multiple of 0.1 tpy of total point
and nonpoint emissions (e.g., Within 0.1 mile of a cumulative 0.1 tpy, within 0.2 miles of a
cumulative 0.2 tpy, within 0.3 miles of a cumulative 0.3 tpy, ..., or within 1.0 miles of a
cumulative 1.0 tpy). The area nonpoint contribution to the comparison cumulative inventory was
based on the composite emission densities of the Census tract in which a site was located and all
other tracts with population centroids within a mile of the monitoring site.

The sites “classified as source oriented in previous EPA analysis’ (criterion #2) were
identified via a reference list that was last updated in 2003; this list has been utilized in recent
EPA Trends Report analysis. The list encompasses 114 sites. Many of the monitoring sites on
this list did not have data that met the data completeness criteria for 2003—-2005 because they
have permanently discontinued Pb monitoring, most ostensibly because the associated nearby Pb
emission source(s) has implemented controls, closed operations, and/or reduced production.
Some ambient monitoring sites continue monitoring even after significant reported reductions in
nearby new Pb emissions. Sites were not screened out of the source-oriented classification in
those instances. In addition to including such sites in the source-oriented category, these sites
were separately reviewed to see if they still had higher concentrations than nonsource sites
because of previously emitted Pb becoming resuspended into the air and/or possible emission
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estimate errors. These sites are termed, “previous source-oriented sites” in relevant figures and
tables.

There are only nine sites that were categorized as “previous” source-oriented in this
national analysis. The particular circumstances related to the emission sources associated with
these nine monitoring sites vary considerably. In some instances the emission sources have been
closed for more than a decade and the facility locations have undergone remediation. For other
sources, production and clean-up status was not fully ascertained. In the case of one emission
source (that has numerous nearby monitoring sites), production was reportedly halted at the end
of 2003 and no significant clean-up activity has yet been undertaken. For the monitoring sites
associated with this source, two sets of statistics were generated (or attempted). Statistics
representing the entire 3-year period were calculated and used everywhere applicable except for
the “previous” category, and statistics representing the post-production period (2004-2005) were
generated and used for the “previous” classification. Note that some of these monitoring sites
met the data completeness criteria for the 3-year period (2003-2005) but not for the 2-year period
(2004-2005). Because of the small number of sites included in the “previous” source oriented
classification and the uncertainty in the emission source status, results for this category should be
viewed with caution.

2.3.2.3.4 Population Associations

Two population statistics were summarized with the Pb concentration data, the “total
population” within 1 mile of the site (a.k.a., a “radial mile”) and the “under age 5 population”
within 1 mile of the site. Populations assigned to sites were based on Census block group
population densities, specifically the density of the block group in which the site was located and
(if relevant) the density of other block groups with population centroids within 1 mile of the site.
The average population density across these blocks (expressed in square miles) was multiplied
by pi (3.142) to obtain a radial mile population (i.e., the number of people living within a one
mile radius of the monitoring site). Population data and block group definitions utilized are from
the 2000 Census.

The median size of populations associated with the Pb-TSP monitors in this analysis is
about 6,200 and the corresponding under age 5 median population is around 420. These median
populations are slightly smaller than the overall U.S. block group median radial mile populations
(19 percent smaller for total and 7 percent smaller for under age 5). Appendix 2B, Table 2B-1
shows the assigned site-level populations; CBSA information for each site is also shown. Based
on the radial mile population association (described above) approximately 1.73 million people
(0.125 million under the age of 5) are in proximity of a 2003-2005 Pb-TSP monitor included in
this analysis.

2-26



2.3.2.3.5 Statistical Metrics

Four basic statistics were computed for the 2003-2005 Pb-TSP concentration data: annual
means, maximum quarterly means, maximum monthly means, and second maximum monthly
means. These metrics were calculated at the site level. They were calculated both for the overall
3-year period (2003-2005) and for each of the three individual years (2003, 2004, and 2005).
The former set of statistics (representing the overall 3-year period) were the general focus of the
analysis, and unless otherwise stated, figures, maps, and text should be assumed to be that type.
Note that the 3-year annual mean statistic is actually the average of the annual means for the
complete years; thus it is the average of three annual means, the average of two annual means, or
the only available single complete annual mean. Annual means were computed from quarterly
means. The 3-year maximum quarterly mean statistic represents the highest quarterly mean of
the complete ones (sites have from four to 12 complete quarters), and the 3-year maximum
monthly mean represents the highest monthly mean of the complete ones (each site has from
nine to 36 complete months). The 3-year second maximum monthly mean represents the highest
second highest monthly mean of the complete ones. Two additional 3-year metrics were also
calculated but, like the individual year statistics for the four basic metrics, utilized sparingly.
These two metrics are 1) the average of the three overall highest monthly means for the 3-year
period (year nonspecific), and 2) the average of the annual maximum monthly means.

Population weighted means were also calculated for the four basic metrics for various
aggregation levels. The site-level means were weighted by total population. To compute the
population weighted measures, 1) the mean for each site in a specific category was multiplied by
its associated population (i.e., within a mile radius), 2) these products (of #1) and the associated
populations were summed, and 3) the sum of the products of #1 were divided by the population
sums. Theoretically, these population weighted means show the average outdoor concentration
exposure for each individual within a mile of a monitoring site. That supposition, of course,
assumes that concentrations reported at the monitor are uniform over the entire radial mile.

2.3.2.4 Current Concentrations

In the following subsections, analyses are presented for the different categorizations of
Pb-TSP monitoring sites described above. These categories include “all Pb-TSP sites meeting
screening criteria”, and the following subsets: sites in urban areas, sites in urban areas of
population greater than 1 million, sites that are source-oriented, sites that are not known to be
source-oriented, and sites that were previously source-oriented.

The site-level Pb-TSP concentrations for all computed statistics are shown in Appendix
2B, Tables 2B-1 and 2B-2. The distributions of sites for the four basic (3-year) statistics (annual
mean, maximum quarterly mean, maximum monthly mean, and second maximum monthly
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mean) and the two additional 3-year statistics (average of three overall highest monthly means
and average of 3 annual maximum monthly means) are shown in Figure 2-8; the boxes depict
inter-quartile ranges and medians, whiskers depict the 5™ and 95™ percentiles, and asterisks
identify composite averages. Additional points on the distributions for these statistics are given
in Appendix 2B, Table 2B-3. For example, the national composite average annual mean was
0.09 pug/m?®, and the corresponding median annual mean was 0.02 pg/m>. The national composite
average maximum quarterly mean was 0.17 pg/m® and the corresponding median maximum
quarterly mean was 0.03 pg/m®. The national composite average maximum monthly mean was
0.31 pg/m?® and the median maximum monthly mean was 0.04 pg/m®. The national composite
average second maximum monthly mean was 0.21 pg/m3 and the median value was 0.03 ug/m°.
The national composite average of the mean of the three overall highest monthly averages was
0.31 pg/m?® and the median value was 0.04 ug/m°. The national composite average of the mean
of the annual highest monthly means was 0.21 pg/m?® and the median value was 0.03 pg/m°.
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Figure 2-8. Distribution of Pb-TSP concentrations (represented by 6 different statistics)
at the 189 Pb-TSP monitoring sites, 2003-2005.

Figure 2-9 shows cumulative percentages of total monitored populations associated with
each of the four Pb metrics for various levels [> 0.02 pg/m®, > 0.05 pg/m®, > 0.20 ug/m?®, > 0.50
ng/m?, and > 1.54 pg/m®]. Note that site statistics were rounded to 2 decimal places before
comparing to stated levels. The phrase “monitored populations” refers to the number of people
residing in proximity to these 189 monitors as described in Section 2.3.2.3.4. The site-level
values for the four statistical metrics (annual average, maximum quarterly mean, maximum
quarterly mean, and second maximum monthly mean) are mapped in Figures 2-19 through 2-13.
As seen when comparing these figures, the geographic locations of the high (and low)
concentration values for all three metrics are generally the same. In fact, there are significant
correlations among all four 3-year (2003-2005) summary metrics; see Appendix 2B, Table 2B-4.
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Figure 2-9. Percentages of Pb-TSP monitored populations residing in areas exceeding
various concentrations (for 4 different statistics), 2003-2005.
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Figure 2-10. Pb-TSP annual means (for all sites), 2003-2005.
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Figure 2-11. Pb-TSP maximum quarterly means (for all sites), 2003-2005.
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Figure 2-12. Maximum monthly Pb-TSP means (all sites), 2003-2005.
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Figure 2-13. Second maximum monthly Pb-TSP means (all sites), 2003-200

The site-level ratios of 1) maximum quarterly mean to annual mean, 2) maximum
monthly mean to annual mean, and second maximum monthly mean to annual mean are
presented in Appendix 2B, Table 2B-5. For all TSP-Pb sites included in the analysis, the
national median for the ratio of site-level maximum quarterly average to site-level annual mean
was about 1.8; the national median for the ratio of site-level maximum monthly mean to site-
level annual mean was about 2.8; and the national median for the ratio of site-level second
maximum monthly mean to site-level annual mean was about 2.1.

2.3.2.4.1 Source-oriented Sites
As seen in the previously discussed Figure 2-8, the national (“all sites”) means are
substantially higher than the national medians for all four statistical metrics (annual mean,
maximum quarterly mean, maximum monthly mean, and second maximum monthly mean).
This is due to a small number of monitors with significantly higher levels. These monitors with
higher concentrations are almost exclusively associated with industrial point sources.
2-34



Eliminating the source-oriented monitors from the national aggregations lowers most of the
corresponding distribution statistics and makes the means more comparable to the medians.

The distributions of the site-level metrics for the source-oriented sites, the non-source-
oriented sites, and the “previous” source-oriented sites, are presented in Figures 2-14, 2-15, and
2-16, respectively. For comparison purposes, Figures 2-17 through 2-20 present the categorical
data distributions for each of the four statistical metrics on the same scales. In all of these
figures, the boxes depict inter-quartile ranges and medians, whiskers depict the 5™ and 95"
percentiles, and asterisks identify composite averages. Additional points on the distributions of
these statistical metrics for these three categories of monitoring sites are given in Appendix 2B,
Table 2B-3. The medians, means, and population-weighted means of the site-level values of the
three statistical metrics are presented in Figure 2-21 for the source-oriented and other groupings
of monitoring sites.

Per Figure 2-18, the median maximum quarterly mean for source-oriented sites (0.25
ng/m®) is about 14 times greater than the same statistic for non-source-oriented sites (0.02
ng/m®); in fact, the median (50" percentile) maximum quarterly mean for non-source-oriented
sites is approximately the same value as the 5™ percentile for source-oriented sites. Almost 95
percent of all monitors identified as being source-oriented had a maximum quarterly average of
0.02 pug/m® or more, and over 25 percent had maximum quarterly average of 0.50 pg/m?* or more.
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Figure 2-14. Distribution of Pb-TSP concentrations (represented by 4 different statistics)
at the source-oriented monitoring sites, 2003-2005.
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Figure 2-15. Distribution of Pb-TSP concentrations (represented by 4 different statistics)
at the non-source-oriented monitoring sites, 2003-2005.
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Figure 2-16. Distribution of Pb-TSP concentrations (represented by 4 different statistics)
at the nine monitoring sites near previous large emission sources, 2003-2005.
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Figure 2-17. Distribution of Pb-TSP annual mean concentrations at different categories of sites, 2003-2005.
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Figure 2-18. Distribution of Pb-TSP maximum quarterly mean concentrations at different categories of sites, 2003-2005.
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Figure 2-19. Distribution of Pb-TSP maximum monthly mean concentrations at different categories of sites, 2003-2005.
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Figure 2-20. Distribution of Pb-TSP second maximum monthly mean concentrations at different categories of sites, 2003-
2005.
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Figure 2-21. Medians, means, and population-weighted means for 4 site-level statistics. (All

y-axes are in concentration units of pg/m>).

Although 60 Pb-TSP monitoring sites met the source oriented classification criteria, that
number does not correspond to the number of represented or “covered” sources of significant
emissions. Recall that the emissions sliding scale was based on the aggregate emissions within
one mile of the site (see Section 2.3.2.3.3). Thus, instead of having only one significant source
within a specified range, a site tagged as source oriented could actually have several nearby

moderate-sized emission sources and/or many nearby small sources. However, the majority of
the source-oriented sites in this national analysis do have just one nearby significant emission
source. Furthermore, many of these significant emission sources have multiple Pb-TSP monitors
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in the vicinity. For example, the Herculaneum primary Pb smelter has 7 nearby Pb-TSP
monitoring sites that are included in this national characterization (as well as others that operated
during 2003-2005 but that did not meet the screening criteria). Thus, the 60 source-oriented sites
really represent fewer than 60 significant emission sources. For the 60 source-oriented sites,
there are only 37 unique closest emission sources (i.e., NEI site ID’s). The 60 source-oriented
sites are located in 29 different counties.

Although the “previous” source-oriented category contains only a limited number of sites
(nine) with varied and undetermined circumstances, the distribution statistics for that category
(for all three metrics) are generally much higher than the non-source-oriented levels; for
example, the “previous” median maximum quarterly mean of 0.10 pug/m?® is more than five times
higher than the comparable non-source-oriented level of 0.02 pug/m°.

2.3.2.4.2 Urban Sites

The distributions of the site-level values for the four statistical metrics for the set of 140
sites classified as “urban” are presented in Figure 2-22. The distributions for the subset of sites
(n =91) located in a CBSA with one million or more population are presented in Figure 2-23,
and for the subset of sites (n=49) located in a CBSA with less than a million population, in
Figure 2-24. In these figures, the boxes depict inter-quartile ranges and medians, whiskers depict
the 5™ and 95" percentiles, and asterisks identify composite averages. Additional points on the
distributions for these statistics for these three groupings of monitoring sites are given in
Appendix 2B, Table 2B-3.

Previously mentioned Figures 2-17 through 2-20 plot on uniform scales the four
statistical metrics for these three categories of urban sites. The median and mean values for all
three concentration metrics are lower for sites in less populated CBSA’s than they are for sites in
high population CBSA’s. Figure 2-25 shows cumulative percentages of urban monitored
populations (“total) associated with each of the three Pb metrics for various concentration ranges
[> 0.02 pg/m?, > 0.05 ug/m?, > 0.20 pg/m®, > 0.50 pg/m°, and > 1.54 pug/m°]. The phrase
“monitored populations” refers to the number of people residing in proximity to monitors as
described in Section 2.3.2.3.4. Figure 2-25, for urban monitored populations, resembles Figure
2-9 (for all monitored populations) because the large majority of the monitored population
resides in urban areas.
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Figure 2-22. Distribution of Pb-TSP concentrations (represented by 4 different statistics)
at the 140 urban monitoring sites, 2003-2005.
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Figure 2-23. Distribution of Pb-TSP concentrations (represented by 4 different statistics)
at the 91 urban monitoring sites located in metropolitan areas (CBSASs) with 1
million or more population, 2003-2005.
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Figure 2-24. Distribution of Pb-TSP concentrations (represented by 4 different statistics)
at the 49 urban monitoring sites located in CBSA’s with less than 1 million
population, 2003-2005.
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Figure 2-25. Percentages of Pb-TSP urban monitored populations residing in areas (represented by 4 different statistics)
exceeding various levels. (Note: Site statistics were rounded to 2 decimal places before comparing to stated levels.)
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2.3.2.5 Variability

Some seasonal variability related to meteorology is common for air Pb concentrations.
The extent to which seasonal variability associated with meteorological conditions is present for
a given area depends on precipitation trends, wind direction patterns, and mixing height
fluctuations. For monitors situated near Pb point sources, aspects related to the facilities’
operations also contribute to temporal variability. These same factors, weather and emissions
(location and magnitude), also contribute to spatial variability, as do other features such as
topography. Many monitors that are not source oriented exhibit no discernable seasonal pattern
because their concentration levels are so low; over 57 percent of the 129 non-source-oriented
sites had over 50 percent of their 2003-2005 raw concentration data at levels equal to or less than
the associated MDL. Note that some data reporting agencies erroneously submit substituted
values (e.g., zero or half the minimum detection limit) for data less than or equal the MDL
instead of the requested actual quantifiable value.

Temporal variability in Pb-TSP concentrations, especially near source locations, is better
characterized by short-term averaging times (e.g., monthly) than longer-term averaging times
(e.g., yearly or quarterly). This is demonstrated in Tables 2-6 and 2-7. These tables show the
number of TSP monitors, in the “all sites” database and the urban site subset, that exceeded
various concentration levels between 0.02 and 1.5 pug/m?® with averaging times or forms of
maximum quarterly, maximum monthly, and second maximum monthly For example, with a
stated level equal to the current standard of 1.5 pg/m® (actually 1.54 pg/m?® per rounding
protocol) and a 3-year evaluation window (i.e., the first table subset), 3 sites in 3 counties (1
urban site) exceeded on a quarterly averaging basis and 11 sites in 6 counties (5 urban sites in 2
counties) exceeded on a maximum monthly basis. At the lowest level examined, 0.02 pg/m?,
107 sites in 47 counties (75 urban sites in 39 counties) exceeded that level on a maximum
quarterly average basis and 127 sites in 59 counties (94 urban sites in 50 counties) exceeded that
level on a maximum monthly average basis.

The four additional table subsets in Tables 2-6 and 2-7 are results for 1-year evaluations;
each of the three component years (2003, 2004, 2005) are shown individually plus an average of
the three years is provided. Almost all of the 3-years results are greater than the 1-year results
(mathematically they could not be less), indicating year-to-year variability. For example, at the
1.55 pug/m? concentration level with a maximum quarterly average statistic, 3 sites exceeded
using the 3-year window but only one site per year (actual and on average) exceeded with the 1-
year window. At the 0.02 pg/m® concentration level and same statistic, 107 sites exceeded using
the 3-year window but only 84 sites on average exceeded with a 1-year window.
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Table 2-6. Comparison of number of sites that exceed various Pb-TSP levels using
different averaging times or forms, 2003-2005

3-year statistics, 2003-2005
Maximum Quarterly Mean Maximum Monthly Mean 2nd Maximum Monthly Mean
Level _AII Sites ) L_eran Sites_ _AII Sites ) L_eran Site§ _AII Sites ) L_eran Siteg
(189 in 86 counties) * | (140 in 73 counties) * | (189 in 86 counties) * | (140 in 73 counties) * | (189 in 86 counties) * | (140 in 73 counties) *
Sites Counties Sites Counties Sites Counties Sites Counties Sites Counties Sites Counties
0.02 107 47 75 39 127 59 94 50 110 50 78 42
0.05 74 35 47 29 85 40 55 33 71 34 44 28
0.10 49 21 26 15 64 31 38 25 54 24 28 17
0.20 35 15 17 10 49 21 26 16 42 19 22 13
0.30 25 11 10 6 37 16 17 11 29 12 12 7
0.40 19 8 7 3 30 12 14 8 26 11 11 6
0.50 18 8 6 2 27 12 11 7 20 9 9 5
0.60 17 7 6 2 26 11 10 6 16 7 6 2
0.70 13 6 5 2 22 10 9 5 15 7 5 2
0.80 11 6 5 2 19 9 7 3 15 7 5 2
0.90 9 6 4 2 19 9 7 3 13 5 5 2
1.00 7 5 4 2 15 7 6 2 9 5 4 2
1.54 3 3 1 1 11 6 5 2 4 3 2 1
1-year statistics, 2003
Maximum Quarterly Mean Maximum Monthly Mean 2nd Maximum Monthly Mean
Level _AII Sites ) prban Siteg _AII Sites _ L_eran Site; _ All Sites _ l_eran Site§
(175 in 83 counties) * | (131 in 70 counties) * | (177 in 83 counties) * | (133 in 71 counties) * | (176 in 83 counties) * | (132 in 71 counties) *
Sites Counties Sites Counties Sites Counties Sites Counties Sites Counties Sites Counties
0.02 90 41 63 35 103 46 76 40 89 42 62 36
0.05 60 27 35 21 73 34 48 28 56 26 31 20
0.10 39 15 19 9 50 23 28 17 40 15 19 9
0.20 28 12 12 7 36 15 17 10 29 11 13 8
0.30 20 10 7 5 29 12 13 8 24 9 9 5
0.40 15 7 4 2 25 11 11 6 20 9 7 4
0.50 15 7 4 2 20 10 7 5 15 7 4 2
0.60 12 l 2 2 18 8 5 3 14 7 4 2
0.70 8 6 2 2 16 8 5 3 12 6 3 2
0.80 6 5 1 1 15 8 4 3 9 5 1 1
0.90 4 3 1 1 14 7 4 3 7 4 1 1
1.00 2 2 1 1 11 6 3 2 4 3 1 1
1.54 1 1 0 0 5 4 1 1 2 2 1 1
1-year statistics, 2004
Maximum Quarterly Mean Maximum Monthly Mean 2nd Maximum Monthly Mean
Level _AII Sites _ l_eran Site§ _AII Sites ) L_eran Site; _AII Sites ) l_eran Sites_
(166 in 77 counties) * | (127 in 68 counties) * | (169 in 77 counties) * | (130 in 68 counties) * | (168 in 77 counties) * | (129 in 68 counties) *
Sites Counties Sites Counties Sites Counties Sites Counties Sites Counties Sites Counties
0.02 82 39 56 32 100 50 73 42 90 44 64 37
0.05 53 26 31 20 63 30 39 24 54 26 32 20
0.10 37 18 22 12 46 23 27 17 37 17 21 11
0.20 21 11 12 6 30 16 18 10 22 10 13 6
0.30 14 7 8 4 21 11 11 6 14 7 8 4
0.40 13 6 7 3 15 8 8 4 14 7 8 4
0.50 12 6 6 2 15 8 8 4 12 6 6 2
0.60 11 5 6 2 14 7 7 3 12 6 6 2
0.70 10 5 5 2 13 6 7 3 10 5 5 2
0.80 8 4 5 2 11 5 6 2 10 5 5 2
0.90 6 4 4 2 11 5 6 2 10 5 5 2
1.00 6 4 4 2 10 5 6 2 6 4 4 2
1.54 1 1 0 0 7 4 5 2 3 2 2 1
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Table 2-7. Comparison of number of sites that exceed various Pb-TSP levels using
different averaging times or forms, 2003-2005 — continued.

1-year statistics, 2005
Maximum Quarterly Mean Maximum Monthly Mean 2nd Maximum Monthly Mean
Level _AII Sites ) L_eran Sites_ _AII Sites _ L_eran Sites_ _AII Sites ) L_eran Sites_
(157 in 76 counties) * | (122 in 67 counties) * | (157 in 76 counties) * [ (122 in 67 counties) * | (157 in 76 counties) * | (122 in 67 counties) *

Sites Counties Sites Counties Sites Counties Sites Counties Sites Counties Sites Counties
0.02 80 39 57 33 93 45 70 39 83 42 60 36
0.05 52 27 35 23 60 31 40 26 53 27 36 22
0.10 35 17 23 13 46 23 30 19 34 17 22 12
0.20 19 10 12 7 32 16 21 13 26 15 17 11
0.30 15 8 8 4 22 12 14 9 16 8 8 4
0.40 10 6 5 3 18 9 11 6 13 7 7 4
0.50 8 6 3 2 16 9 9 5 8 5 4 2
0.60 7 5 3 2 14 9 7 4 8 5 4 2
0.70 5 4 3 2 11 7 5 3 8 5 4 2
0.80 5 4 3 2 8 6 3 2 6 4 3 2
0.90 5 4 3 2 8 6 3 2 5 4 3 2
1.00 5 4 3 2 6 5 3 2 5 4 3 2
1.54 1 1 1 1 3 3 1 1 1 1 1 1

Average of 3-year statistics, 2003-2005
Maximum Quarterly Mean Maximum Monthly Mean 2nd Maximum Monthly Mean

Level All Sites Urban Sites All Sites Urban Sites All Sites Urban Sites

Sites Counties Sites Counties Sites Counties Sites Counties Sites Counties Sites Counties
0.02 84.0 39.7 58.7 33.3 98.7 47.0 73.0 40.3 87.3 42.7 62.0 36.3
0.05 55.0 26.7 33.7 21.3 65.3 31.7 42.3 26.0 54.3 26.3 33.0 20.7
0.10 37.0 16.7 21.3 11.3 47.3 23.0 28.3 17.7 37.0 16.3 20.7 10.7
0.20 22.7 11.0 12.0 6.7 32.7 15.7 18.7 11.0 25.7 12.0 14.3 8.3
0.30 16.3 8.3 7.7 4.3 24.0 11.7 12.7 7.7 18.0 8.0 8.3 4.3
0.40 12.7 6.3 5.3 2.7 19.3 9.3 10.0 5.3 15.7 7.7 7.3 4.0
0.50 11.7 6.3 4.3 2.0 17.0 9.0 8.0 4.7 11.7 6.0 4.7 2.0
0.60 10.0 5.7 3.7 2.0 15.3 8.0 6.3 3.3 11.3 6.0 4.7 2.0
0.70 7.7 5.0 3.3 2.0 13.3 7.0 5.7 3.0 10.0 5.3 4.0 2.0
0.80 6.3 4.3 3.0 1.7 11.3 6.3 4.3 2.3 8.3 4.7 3.0 1.7
0.90 5.0 3.7 2.7 1.7 11.0 6.0 4.3 2.3 7.3 4.3 3.0 1.7
1.00 4.3 3.3 2.7 1.7 9.0 5.3 4.0 2.0 5.0 3.7 2.7 1.7
1.54 1.0 1.0 0.3 0.3 5.0 3.7 2.3 1.3 2.0 1.7 1.3 1.0

* Note that the total site counts and total county counts vary for the 3-year period and 1-periods. Only one valid (‘complete) year was required for inclusion in the 3-year dataset but additional
complete quarter and months (not part of the valid year(s)) were kept and considered for the max statistsics. The 1-year (max) data statistics were computed from available quarters and months with
no additional completeness criteria imposed.. Thus, some sites have valid max monthly statistics but not valid max quarterly and/or max 2nd monthly statistic; because of this, the 1-year site and
county counts varied slightly for the different metrics. However, most sites did have 75%-+ data capture for all years represented.. [Percent of sites with 75%+ data capture for all sites: 2003=95%,
2004=91%, 20005=90%.. Oprecent of sites with 75% data capture for urban sites: 2003=95%, 2004=93%, 2005=91%.]

To further illustrate temporal variability and also spatial variability, Figure 2-26 graphs
2003-2005 Pb-TSP monthly averages for several sites in the Dallas, TX metropolitan area
(CBSA). Three of the plotted sites (the ones using circle, square, and diamonds symbols) were
classified as source-oriented; they are all located within one mile (generally north) of a facility
that emits three tons of Pb per year. The other two sites (using the triangle symbols) are located
about 25 miles south of the facility. The 3-year maximum monthly averages for the three
source-oriented sites were 0.97, 0.80, and 0.48 pg/m?®; the 3-year maximum monthly averages for
the two sites that were not source oriented sites were 0.23 and 0.10 pg/m®. The 3-year maximum
quarterly averages for the three source-oriented sites were 0.70, 0.35, and 0.21 pg/m?; the 3-year
quarterly averages for the two non-source-oriented sites were 0.08 and 0.06 ug/m®. Thus, the
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highest source-related values and lowest non-source- related values for those two statistical
metrics varied by about a factor of ten to 12 (ten for maximum monthly average and 12 for
maximum quarterly average). This situation is common to metropolitan areas with both source
and nonsource sites; the ratios of highest area value to lowest area value for the maximum
quarterly and maximum monthly statistics ranged from two to over 300 in the 14 CBSA’s with
Pb-TSP sites in both categories. The two non-source-oriented Dallas sites shown in Figure 2-26
recorded a large number of 24-hour Pb-TSP concentration values less than or equal to the
corresponding minimum detection limit; these low values accounted for about 18 percent of
their combined total number of values in 2003-2005. Even the high site, though, had some of
these low reported values; about 3 percent of its 2003-2005 data were at or below detection
limits.
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Figure 2-26. Pb-TSP monthly means at five sites located in the Dallas, TX metropolitan
area, 2003-2005.

The data in Figure 2-26 also illustrate some of the points made with Tables 2-6 and 2-7.
For example, two sites exceed a monthly comparison level of 0.50 pug/m? using a 3-year
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evaluation window, but only one site exceeds that level using a 1-year timeframe with year 2003
or 2004. And, although two sites exceeded a maximum monthly average level of 0.50 pug/m?®
using the 3-year timeframe only one site exceeded that level using a maximum quarterly metric
with the same 3-year period. The high site (circle symbols) in the top plot provides good
examples of the inconsistencies between maximum monthly averages and maximum quarterly
averages. The highest concentration month for that site in 2003 was April with an average of
0.89 pg/m®; however, the corresponding quarterly average is 0.48 pg/m® which is the only third
highest of the year. Note that the quarter (second) with the highest monthly average (April) also
contains a month with the lowest average (June). Thus, the low month offset the high month in
the quarterly average and the high month was not within the high quarter. These situations are
not atypical in the Pb-TSP data. In the 189 site 2003-2005 Pb-TSP database, the site level
maximum month for the 3-year period occurred in the maximum quarter 66 percent of the time.
All three of the largest months were synonymous with the largest quarter at only six percent of
the sites.

2.3.3 Pb-PMyg

The NATTS network operated in 2003-2005 included 23 sites in mostly urban, but some
rural, areas (Figure 2-27). These sites are operated by 21 state or local host agencies. All collect
particulate matter as PMy, for toxic metals analysis, typically on a 1 in 6 day sampling schedule.
Lead in the collected sample is generally quantified via the ICP/MS method. The standard
operating procedure for metals by ICP/MS is available at:
http://www.epa.gov/ttn/amtic/airtox.html. These NATTS sites are relatively new, with 2004
being the first year in which all were operating. The AQS can be accessed at
http://www.epa.gov/ttn/airs/airsags/.
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Figure 2-27. Pb-PM;o (NATTS) monitoring sites network.

2.3.3.1 Data Analysis Details

Lead-PMjq data collected in 2003-2005 (parameter code 82128, duration ‘7°) were
extracted from EPA’s AQS on May 22, 2007. Most of the monitors reporting such data are in
the NATTS network. The same screening criteria utilized for Pb-TSP were implemented for Pb-
PMjo with one variation; because of the limited amount of available data, only three valid
quarters were required (instead of all four) to make a valid year. Thus the criteria used were: 1)
a minimum of 10 observations per quarter, 2) for at least three quarters of one calendar year, and
3) at least 9 months with 4 observations each; all three criteria had to be met for inclusion. Forty
monitors met the three-part criteria. Of these 40 monitors, two were collocated with another
complete monitor. Only one monitor from each collocated pair (i.e., from each site location) was
kept in the analysis, specifically the one with highest maximum quarterly mean. Thus, data from
38 monitors at 38 distinct site locations were actually used. Seven of the 38 sites had complete
data (i.e., 3 or 4 valid quarters) for each of the three years (2003-2005), 10 sites had only two
years of complete data; and 21 sites had only one complete year of data. Complete quarters that
were not part of a complete year were used. Likewise, all complete months were used, even if
they did not correspond to the complete years. The 38 sites have an average of about 7 complete
quarters and 19 complete months.
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As with the Pb-TSP data processing, the PM;, data were used “as reported”; that is, ¥2
MDL substitutions were not made for reported concentrations less than or equal to MDL. Pb-
PMy sites were categorized similarly to the Pb-TSP sites. However, no Pb-PMyg sites fell into
the source-oriented classification. 25 of the 38 Pb-PMjj sites were classified as urban; 20 of
those 25 sites are located in CBSA’s of 1 million or more population and the other 5 are located
in smaller CBSA’s. The 38 Pb-PMjo monitors are listed with various summary and demographic
data in Appendix 2B, Table 2B-6.

Three statistical metrics were computed for the Pb-PM, data: annual means, maximum
quarterly means, and maximum monthly means. These metrics were calculated at the site level.
They were calculated only for the overall 3-year period (2003-2005). Note that the 3-year annual
mean statistic is actually the average of the annual means for the complete years; thus it is the
average of three annual means, the average of two annual means, or the only available single
complete annual mean. The 3-year maximum quarterly mean statistic represents the highest
quarterly mean of the complete quarters (sites have from three to 12 complete quarters), and the
3-year maximum monthly mean represents the highest monthly mean of the complete months
(each site has from nine to 36 complete months).

2.3.3.2 Current Concentrations

Monitoring site-level concentrations for each of the 3 statistical metrics (annual mean,
maximum quarterly mean, and maximum monthly mean) are provided in Appendix 2B, Table
2B-6. Figure 2-28 shows the distributions of the annual means, maximum quarterly averages,
and maximum monthly means for the 38 Pb-PMy, sites. The national composite average annual
mean for Pb-PMyo was 0.006 pg/m? for the 3-year period, 2003-2005; the corresponding median
annual mean was also 0.006 ug/m®. The national composite average maximum quarterly mean
was 0.012 pug/m® for 2003-2005 and the corresponding median maximum quarterly mean was
0.009 pg/m®. The national composite average maximum monthly mean was 0.021 pg/m® and the
median maximum monthly mean was 0.014 pug/m®. Figure 2-29 shows distribution boxplots for
the 25 urban sites and Figure 2-30 shows distribution boxplots for the 20 urban sites located in
CBSA’s with one million or more population. In these three figures (Figures 2-28 through 2-30),
the boxes depict inter-quartile ranges and medians, whiskers depict the 5 and 95™ percentiles,
and asterisks identify composite averages. Additional points on the distribution for these
statistics are given in Appendix 2B, Table 2B-7.
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Figure 2-28. Distribution of Pb-PM;o concentrations (represented by 3 different statistics)
at all 28 monitoring sites, 2003-2005.
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Figure 2-29. Distribution of Pb-PM;o concentrations (represented by 3 different statistics)
at the 25 urban monitoring sites, 2003-2005.
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Figure 2-30. Distribution of Pb-PM;o concentrations (represented by 3 different statistics)
at the urban monitoring sites located in CBSAs of > 1 million population,
2003-2005.

Site-level annual means are mapped in Figure 2-31 and the corresponding maximum
quarterly means are mapped in Figure 2-32.
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Figure 2-31. Pb-PM3, annual means (for all sites), 2003-2005.
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Figure 2-32. Pb-PM;, maximum quarterly means (for all sites), 2003-2005

2.3.4 Pb-PMys

Two networks measure Pb in PM;s, the EPA CSN and the IMPROVE network. The
CSN consists of 54 long-term trends sites (commonly referred to as the Speciation Trends
Network or STN sites) and about 150 supplemental sites, all operated by state and local
monitoring agencies. Most STN sites operate on a 1 in 3 day sampling schedule, while most
supplemental sites operate on a 1 in 6 day sampling schedule. All sites in the CSN network
determine the Pb concentrations in PM, s samples and, as such, do not measure Pb in the size
fraction >2.5 um in diameter. Lead is quantified via the XRF method. The standard operating
procedure for metals by XRF is available at:
http://www.epa.gov/ttnamtil/files/ambient/pm25/spec/xrfsop.pdf. Data are managed through the
AQS.
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The IMPROVE network is administered by the National Park Service, largely with
funding by EPA, on behalf of federal land management agencies and state air agencies that use
the data to track trends in rural visibility. Lead in the PM,s is quantified via the XRF method, as
in the CSN. Data are managed and made accessible mainly through the VIEWS website
(http://vista.cira.colostate.edu/views/), but also are available via the AQS. Samplers are operated
by several different federal, state, and tribal host agencies on the same 1 in 3 day schedule as the
STN.

The locations of the CSN are shown in Figure 2-33. Nearly all of the CSN sites are in
urban areas, often at the location of highest known PM; s concentrations. The first CSN sites
generally began operation around 2000.
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Figure 2-33. Pb-PM;5 (CSN) monitoring sites.

In the IMPROVE network, PM;s monitors are placed in “Class I” areas (including
National Parks and wilderness areas) and are mostly in rural locations (Figure 2-34). The oldest
of these sites began operation in 1988, while many others began in the mid 1990s. There are 110
formally designated IMPROVE sites, which are located in or near national parks and other Class
I visibility areas, virtually all of these being rural. Approximately 80 additional sites at various
urban and rural locations, requested and funded by various parties, are also informally treated as
part of the network.
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Figure 2-34. Pb-PM;s (IMPROVE) monitoring sites.

2.3.4.1 Data Analysis Details

2003-2005 Pb-PM, 5 data (parameter code 88128, duration “7’) were extracted from
EPA’s AQS on May 22, 2007. Data generated with IMPROVE collection/analysis methods
were excluded from the central focus of this national characterization on the basis that most of
the monitors utilizing those methods are located in rural or remote areas distant from both Pb
sources and large populations. Most remaining data are associated with EPA’s CSN program.

The same screening criteria utilized for Pb-PMj, were also implemented for Pb-PM;s: 1)
a minimum of 10 observations per quarter, 2) for at least 3 quarters of one calendar year, and 3)
at least 9 months with 4 observations each; all three criteria had to be met for inclusion. 278
monitors met the data completeness criteria. Of these 278 monitors, 7 were collocated with
another complete monitor. Only one monitor from each collocated pair (i.e., from each site
location) was kept in the analysis, specifically the one with highest maximum quarterly mean.
Thus, data from 271 monitors at 271 distinct locations were actually used. 192 of the 271 sites
had complete data (i.e., 3 or 4 valid quarters) for each of the three years (2003-2005), 40 sites
had only two years of complete data; and 39 sites had only one complete year of data. Complete
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quarters that were not part of a complete year were used. Likewise, all complete months were
used, even if they did not correspond to the complete years. The 38 sites have an average of
about 10 complete quarters and 29 complete months Pb-PM, 5 data were used “as reported”; %2
MDL substitutions were not made for reported concentrations less than or equal MDL.

PM 5 sites were categorized similarly to the sites in the other size cuts. Only eight Pb-
PM_ 5 sites were classified as source-oriented. 216 of the 271 Pb-PM 5 sites were classified as
urban; 99 of those 216 sites are located in CBSAs of 1 million or more population and the other
117 are located in smaller CBSAs. The 271 Pb-PM, s monitors are listed with various summary
and demographic data in Appendix 2B, Table 2B-8.

2.3.4.2 Current Concentrations

The site-level Pb-PM; 5 concentrations for each of the three statistics (annual mean,
maximum quarterly mean, and maximum monthly mean) during the three-year period, 2003-
2005, are shown in Appendix 2B, Table 2B-8. Figure 2-35 shows the distributions of the three
statistical metrics for the 271 Pb-PM 5 sites; the boxes depict inter-quartile ranges and medians,
whiskers depict the 5™ and 95" percentiles, and asterisks identify composite averages.
Additional points on the distribution for these statistics are given in Appendix 2B, Table 2B-9.
The national composite average annual mean was 0.004 pg/m?® for the 3-year period, 2003-2005;
the corresponding median annual mean was 0.003 ug/m®. The national composite average
maximum quarterly mean was 0.008 pg/m? for 2003-2005 and the corresponding median
maximum quarterly mean was 0.005 pug/m®. The national composite average maximum monthly
mean was 0.013 pg/m® and the median maximum monthly mean was 0.007 pg/m®. As also
shown in Appendix 2B, Table 2B-9, the median and mean site-level annual mean and maximum
quarterly mean levels for source oriented sites were approximately double those for the non-
source-oriented sites. Figure 2-36 maps the annual means for Pb-PM s sites.
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Figure 2-35. Distribution of Pb-PM, s concentrations (represented by 3 different statistics)
at all 271 monitoring sites, 2003-2005.
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Figure 2-36. Pb-PM; 5 annual means (for all sites), 2003-2005.

2.3.5 Relationships among Different Particle-sized Pb Concentrations

There are not many sites where Pb measurements are made in different PM size fractions
at the same location and the same day (and where Pb values exceed minimum detection limits).
Very few locations in the United States have measured all three PM size fractions at the same
time. Table 2-8 shows information for sites with collocated Pb data size fraction data. The first
table section shows sites with collocated Pb-TSP and Pb-PM1o measurements. For this particular
analysis, data prior to 2003 (and in one case, data not from AQS) were utilized. In general, there
is typically good correlation between Pb measurements in TSP and PM; the average site level
correlation coefficient (r) is 0.79 for the 23 listed sites. Although site-level correlations ranged
from 0.05 to 1.00, about two thirds of the sites (15) had correlations of 0.80 or better. All but
one of the 23 sites was categorized as not source-oriented, and the low concentrations at those 22
sites seem to corroborate this classification. The lone known source-influenced site has much
higher concentrations; it also has a high r (0.95). For the 23 sites listed, on the days collocated
measurements were made, most of the measured Pb-TSP appears to fall in the PM; fraction. On
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average, daily Pb-PM;, concentrations were about 83 percent of the level of the Pb-TSP
concentrations. All sites had an average daily ratio (Pb-PMyo / Pb-TSP) of 0.60 or greater; 19 of
the 23 sites (83 percent) had an average ratio of 0.75 or more. The lone source site had an
average ratio of 0.65. The next table section lists sites with collocated Pb-TSP and Pb-PM; s
during 2003-2005. The relationship between these two size fractions is not nearly as strong as
for Pb-TSP and Pb-PMyo. At the 31 sites the average r was 0.49; only four of the 31 sites (~13
percent) have correlations of 0.80 or higher. Site-level correlations ranged from 0.04 to 0.96.
On average, daily Pb-PM, s concentrations were about 55 percent of the level of Pb-TSP
concentrations; however, the percentage varied significantly by site. The last section of the table
lists the sites with co-located Pb-PM;o and Pb-PM, 5 during 2003-2005. It appears that the
relationship between Pb-PM, and Pb-PM; s is stronger than that for Pb-TSP and Pb-PM, 5 but
not as strong as between Pb-TSP and Pb-PMj,. The average r for the 28 sites is 0.69; ten of the
26 sites (38 percent) have r’s (correlation coefficients) of 0.80 or above. Site-level correlations
ranged from 0.31 to 1.00. On average, daily Pb-PM, 5 concentrations were about 79 percent of
the level of Pb-PM3, concentrations; all but 3 sites had an average daily ratio (Pb-PM, 5 / Pb-
PMj) of 0.50 or more. All of the above results should be viewed with some caution based on
the limited number of sites with collocated data. Further, the relationships described can only be
presumed to exist at sites with little influence from significant Pb sources. Lack of source-
oriented PM data is a significant data gap in understanding size relationships where Pb
exposures are of most potential concern.

Figure 2-37 summarizes (for all sites, not just the ones with collocated data) the annual
means and medians for Pb in the various PM size fractions collected by different monitoring
networks. Additionally, means and medians are presented for different site classifications. The
top chart uses a scale that fits all shown categories, up to the maximum 95™ percentile. The Pb-
TSP monitor averages for the “source-oriented” subset (and other subsets that include those
monitors; e.g., “TSP - all sites”) dwarf the other categories. The bottom chart replots the data on
a smaller concentration scale for enhanced resolution. Using the national averages (left bars), the
Pb-TSP non-source-oriented annual means are about 2.6 times larger than the Pb-PMjq “all sites”
averages (recall that no Pb-PMyj sites were classified as source-oriented); using the national
medians (right bars), the ratio was closer to 1.8. Restated as a PM1o/TSP ratio it is 0.55, (i.e., 55
percent of TSP Pb is in the PMy fraction); the collocated sites analysis discussed above has a
median PM1o/TSP ratio of 0.85) The Pb-PM,, “all sites” averages are about 1.4 (using means) to
1.6 (using medians) times the Pb-PM2 5 CSN urban averages. The Pb-PM,s CSN urban averages
are about 3.3 times the Pb-PM, s IMPROVE averages.
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Figure 2-37. National mean and median monitor level Pb annual means for different size cut PM networks, 2003-2005.
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Table 2-8. Monitoring sites with collocated Pb data in different size fractions

minimum | maximum | average
ratio of ratio of ratio of
number of | average average | smaller size [smaller size|smaller size]
source- collocated [ (larger size| (smaller | cut/larger | cut/ larger| cut/larger| correlation
Site Urban? orinted? years days cut) size cut) size cut size cut size cut (n
Collocated Pb-TSP and Pb-PM10
060658001 1 1995 - 1996 54 0.031 0.018 0.24 1.17 0.60 0.44
060374002 1 1995 - 2000 129 0.041 0.022 0.14 1.64 0.60 0.76
270530053 1 1996 - 2001 13 0.017 0.008 0.33 0.89 0.61 0.93
Unknown 1 1988 22 2.245 1.121 0.17 1.86 0.65 0.97
060850004 1 1994 - 1999 23 0.025 0.018 0.38 1.57 0.77 0.72
261390009 1 2000 - 2001 26 0.013 0.009 0.46 1.07 0.78 0.94
201730009 1 1993 - 1997 18 0.019 0.015 0.38 1.53 0.81 0.50
060771002 1 1995 - 2000 53 0.021 0.017 0.39 1.84 0.81 0.82
202090015 1 1993 - 1997 118 0.02 0.021 0.29 2.79 0.82 0.65
201730007 1 1993 - 1997 18 0.01 0.013 0.33 1.27 0.82 0.08
202090020 1 1993 - 1997 107 0.09: 0.059 0.04 11.92 0.85 0.99
060990002 1 1995 - 1998 17 0.024 0.015 0.40 1.19 0.85 0.99
260770905 1 1993 - 1996 78 0.017 0.014 0.55 1.55 0.85 0.99
201770007 1 1993 - 1997 19 0.017 0.014 0.50 1.33 0.87 0.67
060250005 1 1996 - 2001 205 0.031 0.027 0.27 1.55 0.87 0.95
295100085 1 2004 - 2004 26 0.021 0.017 0.59 113 0.89 0.98
060290014 1 1995 - 2000 32 0.020 0.019 0.65 1.44 0.92 0.98
261630033 1 2003 - 2006 167 0.031 0.028 0.33 2.69 0.92 0.90
060190008 1 1995 - 2001 32 0.020 0.018 0.60 1.33 0.92 0.94
201290003 1993 - 1998 14 0.020 0.017 0.55 1.45 0.93 0.91
201730008 1 1993 - 1997 16 0.015 0.015 0.50 2.06 0.98 0.05
490110001 1 2003 - 2003 19 0.024 0.025 0.96 1.10 1.03 1.00
201731012 1993 - 1997 22 0.022 0.022 0.63 3.33 1.05 0.96
Collocated Pb-TSP and Pb-PM2.5
010730023 1 1 2005 14 0.0224 0.0154 0.00 2.04 0.77 0.59
010731009 2005 15 0.0042 0.0023 0.00 1.84 0.57 0.12
060250005 1 2003-2005 129 0.0159 0.0122 0.12 1.50 0.71 0.96
060371103 1 2003-2005 165 0.0228 0.0048 0.00 1.22 0.27 0.11
060658001 1 2003-2005 148 0.0138 0.0062 0.00 1.39 0.42 0.74
080010006 1 2003-2005 125 0.0323 0.0080 0.00 3.52 0.43 0.12
080410011 1 2003-2005 132 0.0176 0.0020 0.00 117 0.24 0.07
100032004 1 2003-2005 50 0.0100 0.0045 0.00 1.94 0.44 0.79
120571075 1 2003-2005 57 0.0038 0.0020 0.00 8.78 112 0.79
130690002 2003-2005 73 0.0021 0.0015 0.00 17.06 1.01 0.55
150032004 1 2003-2005 151 0.0015 0.0010 0.00 14.88 0.92 0.18
170314201 1 2003-2005 115 0.0113 0.0036 0.00 1.40 0.35 0.08
180970078 1 2003-2005 155 0.0097 0.0050 0.00 3.04 0.66 0.52
260810020 1 2005 29 0.0076 0.0042 0.00 1.43 0.53 0.59
261130001 2003-2005 157 0.0032 0.0023 0.00 6.54 0.78 0.59
261610008 1 2003-2005 69 0.0079 0.0042 0.00 1.82 0.52 0.51
261630001 1 2003-2005 172 0.0086 0.0042 0.00 1.48 0.46 0.59
261630033 1 2003-2005 152 0.0239 0.0118 0.00 2.20 0.48 0.71
270530963 1 2003 54 0.0106 0.0048 0.00 1.83 0.45 0.48
295100085 1 2004 53 0.0135 0.0077 0.00 7.40 0.94 0.32
350010023 1 2004 15 0.0029 0.0003 0.00 0.37 0.10 0.50
410390060 1 2003-2004 56 0.0027 0.001. 0.00 9.32 1.07 0.26
410510246 1 2003 57 0.0082 0.005: 0.00 3.11 0.74 0.69
420450002 1 2003-2005 167 0.0374 0.004: 0.00 0.75 0.11 0.04
450790019 1 2003-2005 54 0.0154 0.0096 0.00 1.81 0.58 0.79
470370023 1 2003-2004 48 0.0052 0.0041 0.00 8.12 0.79 0.40
482011034 1 2003-2005 147 0.0087 0.0027 0.00 1.73 0.32 0.42
490110001 1 2003-2005 23 0.0291 0.0036 0.00 0.29 0.11 0.95
490110004 1 2003 13 0.0107 0.0017 0.00 0.66 0.22 0.06
550270007 2004-2005 42 0.0067 0.0044 0.00 1.45 0.58 0.93
261630001 * 2003-2004 67 0.0083 0.0040 0.11 0.74 0.47 0.83
Collocated Pb-PM10 and Pb-PM2.5 (CSN)
490110001 1 2003 20 0.0341 0.0041 0.00 0.28 0.11 0.95
250250042 1 2003-2005 108 0.0063 0.0026 0.00 2.15 0.46 0.52
482011039 1 2003-2005 161 0.0057 0.0020 0.00 2.34 0.49 0.43
080770017 1 2004-2005 108 0.0047 0.0023 0.00 3.24 0.51 0.31
261630033 1 2003-2005 148 0.0208 0.0113 0.00 1.92 0.54 0.89
490110004 1 2003 134 0.0060 0.0032 0.00 2.96 0.56 0.62
440070022 1 2003-2005 151 0.0110 0.0098 0.00 3.65 0.58 1.00
330150014 1 2003-2005 55 0.0033 0.0022 0.00 2.76 0.60 0.79
530330080 1 2003-2005 159 0.0047 0.0033 0.00 3.75 0.72 0.86
550270007 2005 48 0.0057 0.0044 0.00 2.43 0.74 0.93
330110020 1 2003-2005 59 0.0046 0.0033 0.00 2.79 0.77 0.54
410610119 2004 95 0.0017 0.0011 0.00 6.86 0.77 0.46
482011039 * 2004 35 0.0025 0.0017 0.27 2.23 0.78 0.81
410390060 1 2004 75 0.0024 0.0014 0.00 7.31 0.78 0.63
530330080 * 2003-2004 99 0.0046 0.0034 0.25 3.60 0.78 0.87
410510246 1 2003 120 0.0096 0.0084 0.00 4.04 0.83 0.99
110010043 1 2004-2005 85 0.0049 0.0039 0.00 10.43 0.86 0.39
450250001 2004 111 0.0029 0.0022 0.00 4.63 0.88 0.52
530630016 1 2005 54 0.0058 0.0037 0.00 4.23 0.88 0.77
295100085 1 2003-2005 148 0.0130 0.0096 0.00 7.30 0.89 0.55
170314201 1 2005 56 0.0059 0.0047 0.00 13.13 1.00 0.63
130890002 1 2003-2005 158 0.002 0.0028 0.00 3.86 1.02 0.9!
130890002 * 2004 34 0.003: 0.0049 0.49 1.81 1.09 0.9
120573002 2004-2005 113 0.003 0.0025 0.00 19.63 1.16 0.4
211930003 2003-2005 165 0.0039 0.0042 0.00 33.45 1.42 0.58
121030026 1 2004-2005 70 0.0025 0.0023 0.00 13.13 1.42 0.61
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As described in the CD, several special time-limited studies have investigated Pb
concentrations in different PM size fractions (CD, p. 3-13). For example, average Pb
concentrations reported in a rural area in the southeastern U.S. were 6.11 ng/m® in PM,5s and
15.04 ng/m?® in TSP samples, with the average total mass concentration of 9.5 pg/m® and 19.1
ng/m? for PM, s and TSP, respectively (Goforth and Christoforou, 2006); thus, Pb constituted a
similar very small proportion of particles in each size fraction. Another study included two areas
in the Los Angeles basin (Singh et al, 2002). In Downey, a site where refineries and traffic
contribute heavily to particle concentrations, Pb was proportionally greater in the fine and
ultrafine fractions of PMy,. In Riverside, which is considered a receptor site for particles
transported from the Los Angeles basin and also has agricultural sources, Pb was proportionally
greater in the coarse fraction of PMy,. In Boston, MA, Pb concentrations of 326 ng/m* and 75.6
ng/m?® were reported from PM,s and PMiq.,5 (Thurston and Spengler, 1985). Overall, these
findings suggest that for locations primarily impacted by combustion sources, Pb concentrations
appear to be higher in the fine fraction of particles. However, at locations impacted by
noncombustion sources (e.g., agriculture), Pb contained in the larger particles can be of
significantly higher concentrations than those for the fine particles.

2.3.6  Summary

Ambient air Pb concentrations are measured by four monitoring networks in the United
States, all funded in whole or in part by EPA. These networks - the Pb NAAQS compliance
network, the PM,s STN, the PM,5 IMPROVE network, and the PM;o network — provide Pb
measurements for 3 different sizes of PM, and the PM 5 size is measured separately in urban and
remote locations.

Airborne concentrations of Pb-TSP in the United States have fallen dramatically over the
last 30 years due largely to the phase-out of leaded gasoline additives. Despite this decline, there
have still been a small number of areas that have not met the current Pb NAAQS over the past
few years. The sources of Pb in these areas are stationary sources (e.g. primary and/or secondary
smelters). There appears to be significant ‘under-monitoring’ near large Pb emission point
sources. Except for the monitors in a limited number of areas, Pb-TSP averages are quite low
with respect to the current NAAQS; the median monitor level maximum quarterly average for
2003-2005 is about fifty times lower than the 1.5 pg/m*® NAAQS level. However, when current
concentrations are compared to alternative NAAQS thresholds (e.g., 0.05 and 0.20 pg/m°), the
number of locations that exceed those levels, and their associated populations, are much higher.
For example, over 25 percent of the monitored Pb-TSP population exceeded the 0.05 pg/m* max
quarterly level in 2003-2005 and 5 percent exceeded the 0.20 level.
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Some monthly variability is common for ambient Pb concentrations. The current form of
the standard (quarterly average) attempts to account for seasonal variability. As suggested
during the last review, a shorter averaging period (monthly) would better capture short-term
increases in Pb concentrations (USEPA 1990). Although there have only been 3 sites that
violated the 1.5 pg/m® max quarterly average NAAQS during the 2003 — 2005 period, 11 sites
violated that level with respect to a maximum monthly average.

There are not many sites that collect ambient Pb data in all three size ranges. Analyses of
the available limited collocated Pb data for different size particles indicate that TSP-sized Pb and
PMy-sized Pb are fairly well correlated, however, almost all of the study sites were presumably
not source-oriented. Additional source-oriented Pb-PM;o monitoring, collocated with Pb-TSP,
would benefit additional evaluations. If further analyses also corroborate a fairly strong TSP-
PM; Pb relationship for source-oriented sites, Pb-PM;o measurements may be useful as a Pb-
TSP surrogate.

24 AIR QUALITY MODELING

2.4.1 National Air Toxics Assessment

As part of the Agency’s national air toxics assessment (NATA) activities, a national scale
assessment of hazardous air pollutants including Pb compounds has been performed twice over
the past few years (USEPA 2006b, 2002c, 2001a). These two assessments included the use of
the NEI for the years 1996 and 1999, respectively, with atmospheric dispersion modeling to
predict associated annual average Pb air concentrations across the country. A national scale
assessment is not yet available based on the 2002 NEI. A number of limitations are associated
with the 1996 and 1999 ambient concentration estimates (see Section 2.4.1.2) and the underlying
emissions estimates (e.g., see Section 2.2.5). While the associated limitations handicap a
reliance on the absolute magnitude of these estimates, they may prove informative with regard to
relative patterns of concentrations across the country, and are presented in that light.

2.4.1.1 Methods

To develop national-scale estimates of annual average ambient Pb concentrations, EPA
used the Assessment System for Population Exposure Nationwide (ASPEN) model. ASPEN
uses a Gaussian model formulation and climatological data to estimate long-term average
pollutant concentrations. The ASPEN model takes into account important determinants of
pollutant concentrations, such as: rate of release, location of release, the height from which the
pollutants are released, wind speeds and directions from the meteorological stations nearest to
the release, breakdown of the pollutants in the atmosphere after being released (i.e., reactive
decay), settling of pollutants out of the atmosphere (i.e., deposition), and transformation of one
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pollutant into another (i.e., secondary formation). ASPEN concentration estimates do not
account for day-of-week or seasonal variations in emissions (USEPA, 2001a).

For each source, the model calculates ground-level concentrations as a function of radial
distance and direction from the source at a set of receptors laid out in a radial grid pattern. For
each grid receptor, concentrations are calculated for each of a standard set of stability class/wind
speed/wind direction combinations. These concentrations are averaged together using the annual
frequency of occurrence of each combination (i.e., the climatology) as weightings to obtain
annual average concentrations (USEPA, 2001a). For the 1999 NATA assessment,
meteorological data for 1999 were used and the frequency distributions were also stratified by
time of day into eight 3-hour time blocks. This along with similar emission rate stratification
helps to preserve any characteristic diurnal patterns that might be important in subsequent
estimation of population exposure. The resulting output of ASPEN is a grid of annual average
concentration estimates for each source/pollutant combination by time block (USEPA, 2001a).

Annual average concentration estimates for grid receptors surrounding each emission
source are spatially interpolated to the census tract centroids within the 50 kilometers impact
zone, and contributions from all modeled sources are summed to give cumulative ambient
concentrations in each census tract. By accounting for all identified source categories (including
background concentrations, which are added to the ASPEN-calculated concentrations), the sum
of the concentration increments yields an estimate of the overall Pb concentration within each
census tract. For many pollutants modeled, total concentrations include a “background”
component which includes concentrations due to natural sources, sources not in the emissions
inventory, and long-range transport (USEPA, 2001a). In the case of Pb, however, a background
concentration value of zero was used.

2.4.1.2 Findings and Limitations

Historical studies show that Gaussian dispersion models, such as ASPEN, typically agree
with monitoring data within a factor of 2 most of the time. In the case of Pb in the NATA
assessment, model estimates at monitor locations were generally lower than the monitor averages
for Pb, suggesting that the modeling system (i.e., emissions estimates, spatial allocation
estimates, dispersion modeling) may be systematically underestimating ambient concentrations.
This may be particularly true for Pb as metals tend to deposit rapidly with distance from the
source according to their particle size and weight. The model-to-monitor analysis is described in
detail at http://www.epa.gov/ttn/atw/natal1999/99compare.html. The modeling system
underestimation may also be due in part to a lack of accounting for resuspension of previously
emitted and deposited particles (these resuspended particles may be observed by the monitors,

but they are not accounted for in the emissions inventory, and thus would not contribute to the
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model estimate). For more details on the limitations of the 1999 NATA national scale
assessment, see http://www.epa.gov/ttn/atw/natal1999/limitations.html.

Because higher Pb concentrations are associated with localized sources, which are not
well-characterized by this modeling approach, national scale assessments such as this can only
provide answers to questions about emissions, ambient air concentrations, exposures and risks
across broad geographic areas (such as counties, states and the country) for that period. They are
also based on assumptions and methods that limit the range of questions that can be answered
reliably such as identifying Pb exposures and risks for specific individuals, or identifying
exposures and risks in small geographic regions such as a specific census tract.

Given the limitations of this analysis with regard to estimating Pb concentrations
nationally (see above), specific absolute ambient concentration estimates for Pb compounds
generated by this analysis are not presented here. The general pattern of results, presented
elsewhere (USEPA, 2006b), is consistent with the following conclusions: 1) there are Pb
concentrations projected in remote areas; 2) there are distinct geographical variations in ambient

Pb concentrations; concentrations in rural areas are generally much lower than in urban areas;
and, 3) there are areas with high Pb concentrations associated with localized sources with high
emissions. These results also support the general conclusion that more detailed source and site
specific analyses are needed when addressing Pb impacts.

2.4.1.3 Summary
The NATA national scale assessment estimates based on 1999 NEI reflect the quantity
and distribution of Pb emissions, with the highest estimates associated with point sources. For
example, the census tract with the highest estimated Pb concentration is located in the county
with the highest Pb emissions estimate in the 1999 NEI, and the second highest census tract is
located in a county with a now-closed major Pb smelter. Limitations of the assessment,
however, contribute to uncertainty and potential underestimation of Pb concentrations.

2.4.2 Community Multiscale Air Quality Model

The Community Multiscale Air Quality (CMAQ) model is a three-dimensional grid-
based Eulerian air quality model designed to estimate the formation and fate of oxidant
precursors, primary and secondary particulate matter (including Pb) concentrations and
deposition over regional and urban spatial scales, such as over the contiguous U.S. (Byun and
Ching, 1999; Byun and Schere, 2006).

The key inputs to the CMAQ model include emissions from anthropogenic and biogenic
sources, meteorological data, and initial and boundary conditions. The CMAQ meteorological
input files were derived from simulations of the Pennsylvania State University / National Center
for Atmospheric Research Mesoscale Model (Grell et al., 1994). This model, commonly referred
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to as MM5; is a limited-area, nonhydrostatic, terrain-following system that solves for the full set
of physical and thermodynamic equations which govern atmospheric motions. The lateral
boundary and initial species concentrations were obtained from a three-dimensional global
atmospheric chemistry model, GEOS-CHEM (Yantosca, 2004; Moon and Byun, 2004).

To assess the potential usefulness of CMAQ simulations for this review, a preliminary
national scale air quality modeling analysis was performed using version 4.6 of the CMAQ
modeling system that simulates urban and regional air quality. Aerosol phase HAPs track toxic
components within particulate matter and are treated as chemically inert but undergo the same
microphysical processes and deposition rates determined within the aerosol module (Binkowski
and Roselle, 2003). Lead is treated as aerosol phase HAP within CMAQ. Simulations were
performed for the period January 1 through December 31, 2002. The computational grid used
148 by 112 grid cells, with horizontal dimensions equal of 36 km on each side, to cover the
continental United States. Vertically, the model domain spanned from the surface to about 15
km and divided the distance into 14 layers based on sigma pressure coordinates.

The 2002 CMAQ model simulation used meteorological data for that year produced by
the MM5 model that were processed through the Meteorology-Chemical Interface Processor
(MCIP), version 3.1. The Sparse Matrix Operator Kernal Emissions (SMOKE) version 2.0
(http://cf.unc.edu/cep/empd/products/smoke/index.cfm) was used to produce model-ready
emissions inputs for the CMAQ simulation based on the 2002 National Emission Inventory
(NETI) version 3 (http://www.epa.gov/ttn/chief/net/2002inventory.html) For CMAQ), the
biogenic emissions were computed based on the 2002 meteorology data using the Biogenic
Emission Inventory System (BEIS) version 3.13 model from SMOKE. The BEIS3.13 model
computes gridded, hourly, model-species emissions for combination with the anthropogenic
emissions to put into CMAQ. Emissions are calculated for the U.S., Mexico, and Canada and
accounts for CO, VOC, and NOx emissions from vegetation and soils. The meteorology data on
which the biogenic emissions depend are the same as the meteorology data input to the CMAQ
model.

CMAQ outputs include Pb-PM; 5, Pb-PMy, and atmospheric deposition. To evaluate
predictions, we obtained observations of metals in PM, s from the US EPA’s Air Quality System
database (AQS). Observations are on a national scale and have an averaging period equal to 24
hours. Sampling frequencies range from several days to a week (see Section 2.3 for more
discussion on Pb monitoring). Model performance varies by season but in general, predicted
concentrations of lead underestimate observed concentrations (negative biases) and have a weak
ability to match the time dependency of observations (low correlation coefficients). Lead
predictions match observations within 50% at all locations. Comparison between predictions
and observations is difficult when the observation equals zero and the prediction is above or near
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the detection limit. In this case, the comparison gives an incorrectly high value of model biases
because the actual observation lies below the detection limit by an uncertain amount especially at
rural locations such as desert, forests and agricultural areas.

There are several reasons for the differences between modeled and monitored values
including emissions and meteorological factors. One reason is that sources of emissions from
Canada and Mexico were not included in the modeling. Lead associated with resuspension of
historic Pb emissions (CD, Section 2.3.3) is also not included. Additionally, Pb emissions arise
from both fuel combustion and aerosol suspension driven by mechanical action such as winds
and disturbance of lead-bearing soil by construction activities. These types of sources driven by
wind speed will have significant effects in areas that had large historic emissions yet are not
included in the current emission inventory and thus are not input into the model. Issues related
to aerosol suspension of Pb by mechanical action are equally important for both size classes, Pb-
PM; 5 and Pb-PMq.

Model resolution at 36 km? grids affects emission processes because grid cells use rates
that are composites of many sources. This method removes how individual sources affect
concentrations based on their time dependent emissions and location relative to monitoring sites
which are influenced by nearby sources. Composite sources produce larger errors in grid cells
where individual sources have large changes in emissions. The error often likely occurs over
populated areas such as residential areas in urban locations. Observed concentrations reflect
unpredictable activity in adjacent automotive traffic, construction and businesses.

Besides the errors in the meteorological and emissions inputs, the CMAQ model does not
include an aerosol mode that represents ultrafine particles (diameters < 50 nm). The aerosol
mode is emitted by combustion and industrial sources such as diesel engines, boilers, metal
foundries and plating or produced by gas to particle conversion near emission sources. Thus
CMAQ can underpredict at urban and some suburban locations where sources of ultrafine
particles are more numerous because coagulation is too slow to grow ultrafine particles into fine
particles. Issues related to ultrafine lead emissions pertain to the PM, s fraction since ultrafines
would not be expected to grow into particles larger than PM,s. PMjo emissions are usually
dominated by particles formed by mechanical action and not from combustion processes. These
comparisons are expected to improve in the future from better Pb emissions inventories
(suspension, biomass burning, and anthropogenic fuel composition) and better CMAQ science
(smaller grid resolution, better boundary conditions, and better algorithms).

2.5 POLICY-RELEVANT BACKGROUND IN AIR

Some amount of Pb in the air derives from background sources, such as volcanoes, sea
salt, and windborne soil particles from areas free of anthropogenic activity (CD, Section 2.2.1).
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The impact of these sources on current air concentrations is expected to be quite low (relative to
current concentrations) and has been estimated to fall within the range from 0.00002 pg/m?® and
0.00007 pg/m? based on mass balance calculations (CD, Section 3.1 and USEPA 1986, Section
7.2.1.1.3). The midpoint in this range, 0.00005 pg/m?, has been used in the past to represent the
contribution of naturally occurring air Pb to total human exposure (USEPA 1986, Section
7.2.1.1.3). The data available to derive such an estimate are limited and such a value might be
expected to vary geographically with the natural distribution of Pb. Comparing this to reported
air Pb measurements is complicated by limitations of the common analytical methods and by
inconsistent reporting practices. This value is one half the lowest reported nonzero value in
AQS. For the purposes of the risk assessment described in Chapter 4, the value of 0.00005
ng/m? was selected as representative of policy-relevant background Pb in air. Unlike for other
criteria pollutants, the role of this value for Pb is limited. In considering risk contributions from
policy-relevant background, the contributions from exposures to nonair media are such that any
credible estimate of policy-relevant background in air is likely insignificant in comparison.

26 ATMOSPHERIC DEPOSITION

As described in Section 2.1.2, deposition is the path by which Pb particles are removed
from the atmosphere and transferred to other environmental media through deposition, and, as
recognized in Chapters 4 and 6, deposited Pb, plays a major role in human and ecological
exposures. There are several approaches described in the literature for estimating atmospheric
deposition, or transfer of Pb from the atmosphere to soil or water bodies. These include
measurements of Pb in rainfall (wet deposition) and on collection surfaces during dry periods
(dry deposition); dry deposition has also been estimated via measurements of airborne Pb
particles coupled with estimates of deposition velocity (see CD, Section 2.3.2). Studies that
measure Pb in sediment or soil cores, coupled with isotope dating methods (see CD, Sections
2.2.1 and 8.1.2), provide observations informative of atmospheric deposition rates and trends.
As there are currently no nationwide Pb atmospheric deposition monitoring programs, the
information in this section is drawn from a variety of sources as discussed in the CD (CD,
Sections 2.3, 8.2.2 and AX7.1.2.3).

2.6.1 Temporal Trends
The available atmospheric studies of dry, wet and bulk deposition of Pb indicate a
pronounced downward trend in Pb deposition in the U.S. during the 1980s to early 1990s, likely
reflecting the reduction in atmospheric levels during that time period (CD, Section 2.3.2). As an
example, Pirrone and others (1995) estimated an order of magnitude reduction in dry deposition
from 1982 to 1991 in Detroit, Michigan (CD, Section 2.3.2). Measurements of Pb in rainfall in
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Lewes, Delaware (a small town at mouth of Delaware Bay) have fallen from approximately 3
ug/L in the early 1980s to less than 1 ug/L by 1989 (CD, pp. 2-60 and AX7-35; Scudlark et al.,
1994). Sediment core studies provide evidence of the larger historical pattern (CD, Section
2.3.1). For example, Jackson and others (2004) reported that deposition to the Okefenokee
Swamp, Georgia, USA peaked during the period from 1940s through 1970s, followed by a
period of steady decline into the 1990s (CD, Section 2.3.1).

2.6.2 Deposition Flux Estimates since the Last Review

Contemporary rates of total Pb loadings to terrestrial ecosystems are estimated at
approximately 1 to 2 mg/m?year (CD, p. AX7-36). In association with the Great Lakes Water
Quality Agreement between the United States and Canada, a deposition monitoring network was
established to estimate regional atmospheric inputs to the Great Lakes (Voldner and Eisenreich,
1989). Based on measurements from that network, total Pb deposition to three of the Great
Lakes (Lakes Superior, Michigan and Erie) in the early 1990s was estimated to be on the order of
1.5 -2 mg/m?-year (CD, pp. 2-57 and 2-60; Sweet et al., 1998).

For Lakes Superior and Michigan, dry deposition estimates were greater than those for
wet deposition by a factor of 1.5 to 2, while dry deposition to Lake Erie was estimated to be less
than 80% of wet deposition (CD, pp. 2-57 and 2-60; Sweet et al., 1998). In the mid-Atlantic
region during the 1990s, dry deposition was estimated to be equal to or lower than wet
deposition, contributing <50% of total deposition (CD, Section 2.3.2; Scudlark et al., 2005).
Reports of wet deposition for this region during the 1990s range from nearly 400 to just over 600
ng/m?-year (CD, Section 2.3.2).

2.7 OUTDOOR DUST AND SOIL
Lead in outdoor dust and soil may be derived from a range of sources including current

and historical air emissions sources, as well as miscellaneous nonair sources (e.g., land disposal
of wastes and subsequent weathering). Both media may play a substantial role in human and
ecological exposures. With regard to human exposures, contaminated soil can be a potential
source of Pb exposure, particularly for children (CD, Section 3.2). Another source of children’s
exposure, as discussed in the CD (Sections 3.2 and 4.4), is house dust, which may be derived
from Pb in outdoor dust and soil as well as from ambient air Pb.

2.7.1 Outdoor Dust
Outdoor dust refers to particles deposited on outdoor surfaces. Lead in outdoor dust has
been associated with active point sources as well as well as older urban areas. For example, a
50% reduction in dust Pb levels accompanied a 75% reduction in airborne Pb concentrations
associated with replacement of a smelting facility in Canada (CD, pp. 3-23 to 3-24).
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Additionally, Caravanos and others (2006b) have described Pb in dust (particulate matter)
deposited on surfaces in New York City. Lead levels have been found to be higher in dust on or
near roadways, or in older urban areas as compared to newer or rural areas (CD, Sections 3.2.3
and 3.2.4; Caravanos et al 2006a,b). As with surface soil, contact with outdoor dust may
contribute to incidental ingestion of environmental contaminants including Pb. Additionally, as
stated in the CD (p. 2-62), the “resuspension of soil-bound Pb particles and contaminated road
dust can be a significant source of airborne Pb”. Resuspension, thus, provides a pathway for Pb
transport into residences and its contribution to Pb in house dust. As mentioned in Section 2.1.2,
particles containing Pb may be resuspended into the air by a range of processes including wind
and vehicular traffic, as well as other mechanical processes including pedestrian traffic,
agricultural operations, and construction.

2.7.2 Soil

A reservoir of 0.5 to 4 g/m? gasoline additive-derived Pb is estimated to exist in U.S.
soils (CD, p. AX7-36), with most contained in the upper soil horizons (O + A horizons). Studies
have indicated that industrial Pb can be strongly sequestered by organic matter and by secondary
minerals such as clays and oxides of Al, Fe, and Mn, (CD, pp. AX7-24 to AX7-39).
Accordingly, migration (e.g, to groundwater) and biological uptake of Pb in ecosystems is
considered to be relatively low, with variability of Pb mobility in different systems influenced by
factors including elevation and climate, vegetation type, acidity, and soil composition (CD,
Sections 2.3.5 and AX7.1.2.3). Generally then, forest floors are considered to currently act as
net sinks for Pb, and burial or movement of Pb over time down into lower soil/sediment layers
also tends to sequester it away from more biologically active parts of the watershed, unless later
disturbed or redistributed (CD, p. AX7-36). In areas of exposed soil, however, there is potential
for interaction with airborne Pb (as discussed in Sections 2.7.1 and 2.1.2).

As discussed below (Section 2.7.2.1), findings to date indicate that those systems less
influenced by current point sources are still responding to reduced Pb deposition rates associated
with reduced atmospheric emissions of Pb, including those associated with the phase-out of
leaded gasoline (see Section 2.3.2.3). Situations near point sources and those involving
historically deposited Pb near roadways are less well characterized. Section 2.7.2.2 summarizes
estimates of soil Pb concentrations since the time of the last review.

2.7.2.1 Temporal Trends

Variability among soil system characteristics that influence Pb mobility contributes to
differences in current and projected temporal trends in soil concentrations (e.g., CD, pp. 3-18 to
3-19, Sections 3.2.1-3.2.2, and pp. AX7-33 to AX7-34).
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Studies of forest soils have concluded that the time for soils to respond to reduced Pb
deposition rates (e.g., associated with Pb gasoline phase-out) is shorter than previously believed.
For example, Miller and Friedland (1994) projected that a 37% reduction in Pb concentration in
northern hardwood and subalpine forest soils would occur within 17 years and 77 years,
respectively. Kaste and Friedland (2003) traced atmospherically deposited Pb within forest soils
in Vermont and found similar response times of 60 and 150 years for the two forest soils,
respectively. They also concluded that the penetration of atmospherically delivered Pb in soils is
currently limited to the upper 20 cm and that the heterogeneous distribution of Pb in soils would
seem to indicate that the release of Pb to groundwater will be dispersed thereby reducing the
likelihood of a large pulse to groundwater. This study and those of Wang and Benoit (1997),
Johnson et al. (1995), and Zhang (2003) conclude that forest surface soils do not act as sinks
under current deposition rates for Pb and that a gradual migration into mineral soils is occurring,
making the possibility of a large pulse to groundwater in the future from past Pb pollution
unlikely. Studies of the role of acidification in Pb mobility in sandy soils (e.g., NJ pine barrens),
however, suggest a greater risk of mobilization of Pb and organic matter into these mineral soils,
with subsequent inputs to associated stream waters (CD, p. AX7-91).

Studies in urban areas of southern California, where Pb has accumulated from past
sources, suggests an environment in which Pb may remain at the soil surface (and other
surfaces), contributing to air concentrations via resuspension for the near-term (CD, pp. 2-65 to
2-67 and 3-18 to 3-19). Figure 2-38 illustrates how the temporal trend in surface soil
concentrations at a location may be influenced by the rate of resuspension. Harris and Davidson
(2005) suggested that typical long-term values for resuspension rate fall in the range of 10™* to
10" per second, based on wind speeds, with the range of 10™** to 10™° proposed as a range
appropriate to California’s south coast air basin. Under these assumptions, the model predicted
that the occurrence of resuspension at this rate would lead to little to no reduction in soil Pb
concentration in southern California over the next few hundred years (CD, pp. 2-65 to 2-67 and
3-18 to 3-20).
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Figure 2-38. Modeled soil concentrations of Pb in the South Coast Air Basin of California
based on four resuspension rates (A).

Temporal trends in surface soils near established point sources are not well characterized.
Information described in the CD for areas surrounding smelters after implementation of pollution
controls, although showing declines in Pb concentrations in outdoor dustfall, street dust and
indoor dustfall, has not indicated a noticeable decline in soil Pb concentrations (CD, pp. 3-23 to
3-24). Further, Pb concentrations in “clean” soil placed in areas influenced by current sources
have been reported to exhibit increasing temporal trends (USEPA, 2006¢). Concentrations of Pb
in the very top layer of material (within the upper 1 inch of soil, analyzed using portable x-ray
fluorescence) at locations less than a mile from a primary Pb smelter exhibited statistically
significant increasing concentration over a four year period, with the average monthly change in
Pb concentration ranging from 1 to 8 mg/kg (USEPA, 2001b, 2006c). Estimates of associated
steady-state surface soil Pb concentrations or the expected longer-term temporal pattern for this
situation have not been made.

2.7.2.2 Current Surface Soil Concentrations

Present concentrations of Pb in forest surface soils range from 40 to 100 mg/kg while
natural background levels would be expected to be <1 mg/kg (CD, Section AX7.1.2.3). Urban
and roadside soils and those in areas of long-term Pb emissions from point sources have much
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higher concentrations of Pb, ranging up to hundreds to tens of thousands of mg/kg (CD, Section
3.2.1). For example, Pb surface soil concentrations near smelters have been found to range from
thousands of mg/kg (dry weight) within approximately 100-250 meters, dropping to 200 mg/kg
and below by distances of approximately 3-5 km (CD, Table 3-4). Soil Pb concentrations of
500-1100 mg/kg have been reported near U.S. mines that are no longer active (CD, Table 3-6).

2.8 SURFACE WATER AND SEDIMENT

The primary source of Pb in aquatic systems is atmospheric deposition. Lead is also
carried into water bodies via wastewater effluent from municipalities and industry, stormwater
runoff, erosion, and accidental discharges (CD, p. AX7-142). Most Pb occurring in aquatic
systems is associated with particles, with the distribution between particle-bound and dissolved
form being influenced by water chemistry as well as suspended sediment levels (CD, pp. AX7-
117 to AX7-118; CD, Section AX7.2.2). The ratio of Pb in suspended solids to Pb in filtrate has
been described to vary from 4:1 in rural streams to 27:1 in urban streams (CD, p. AX7-118).

Water columns have been described as “transient reservoirs” for pollutants (CD, p. 2-75).
Once deposited to sediments, whether Pb is available for resuspension back into the water
column with potential transport further down a watershed versus being buried into deeper
sediments depends on the aquatic system. In open ocean waters (generally characterized by
depth and distance from continental sources), resuspension to surface waters is unlikely. In more
shallow systems, and additionally those influenced by land sources (e.g., stormwater runoff as
well as point sources), resuspension may play a significant role in water column concentrations.
For example, studies in San Francisco Bay, the southern arm of which as an average depth of 2
m, have indicated that Pb particles may be remobilized from surface sediments into the water
column (CD, AX7-141).

2.8.1 Temporal Trends

As discussed in the CD, many studies have investigated trends in Pb concentration in
sediment and surface waters (CD, Section AX7.2.2), with declines documented in many systems
and usually attributed to the phasing out of leaded gasoline.

Using sediment cores, temporal changes in Pb deposition and associated sediment Pb
concentration have been documented. Sediment cores from the Okefenokee Swamp indicate that
Pb concentrations were approximately 0.5 mg/kg prior to industrial development, reached a
maximum of approximately 31 mg/kg from about 1935 to 1965, and following passage of the
Clean Air Act in 1970 concentrations declined to about 18 mg/kg in 1990 (CD, p. AX7-141).
Researchers investigating trends in metals concentrations (roughly from 1970-2001) in sediment
cores from 35 reservoirs and lakes in urban and reference settings found that number of lakes
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exhibiting decreasing trends in Pb concentration outnumbered increasing trends (83% versus
6%). Mass accumulation rates of Pb in cores, adjusted for background concentrations, decreased
from the 1970s to the 1990s, with a median change of 246%. The largest decreases were found in
lakes located in dense urban watersheds, although anthropogenic mass accumulation rates in
dense urban lakes remained elevated over those in lakes in undeveloped watersheds, indicating
that urban fluvial source signals can overwhelm those from regional atmospheric sources (CD, p.
AX7-141; Mahler et al, 2006).

Figure 2-39 presents data on Pb concentrations in lake sediments from 12 lakes in the
Great Lakes area. Consistent with other studies, this study showed a peak in Pb concentrations
consistent with peak use of leaded gasoline in the U.S. in the mid 70’s and declining
concentrations in most lake sediments through the mid 1990’s.
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Figure 2-39. Pb concentrations in sediment samples in 12 Michigan lakes. The
concentrations are normalized by the peak Pb concentration in each lake;
peak Pb concentrations ranged from approximately 50 to 300 mg/kg.
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2.8.2 Current Concentrations

An analysis of data from the United States Geological Survey (USGS) National Water-
Quality Assessment (NAWQA) program is described in the CD. The NAWQA data set
encompasses data, collected over the past 15 years, on Pb concentrations in flowing surface
waters, bed sediment, and animal tissue for more than 50 river basins and aquifers throughout the
country (CD, Section AX7.2.2.3). Based on analysis of these data, the mean dissolved Pb
concentration in ambient surface waters of the U.S. is estimated to be 0.66 ug/L (range 0.04 to 30
ug/L), as compared to a mean of 0.52 ug/L (range 0.04 to 8.4 pg/L) for the “natural” locations.
The term “ambient” was used by NAWQA to describe the combined contribution of natural and
anthropogenic sources, and a separate set of samples was identified for natural locations (e.g.,
“forest”, “rangeland”, and “reference” sites). The mean concentration of Pb in “ambient” bulk
sediment (<63 microns, grain size) is 120 pg/g dry weight (range 0.5 to 12,000 pg/g), as
compared to a mean of 109 pg/g dry weight (range 0.5 to 12,000 pg/g) for “natural” locations.

Geographic distribution of Pb concentrations in surface waters and sediments in this data
set are presented in Figures 2-40 and 2-41 (CD, Figures AX7-2.2.7 and AX7-2.2.9). Areas with
high surface water Pb concentrations were observed in Washington, Idaho, Utah, Colorado,
Arkansas, and Missouri, with the maximum measured Pb concentration occurring at a site in
Idaho with a land use classified as mining (CD, p. AX7-131). As was seen with surface water Pb
concentrations, the highest measured sediment Pb concentrations were found in Idaho, Utah, and
Colorado. And also similar to the surface water findings, seven of the top 10 sediment Pb
concentrations recorded were measured at sites classified as mining land use (CD, p. AX7-133).
As described in the CD, dissolved surface water concentrations reported for lakes have been
generally much lower than the NAWQA values for lotic waters (CD, AX7-138).
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Figure 2-40. Spatial distribution of dissolved lead in surface water (N = 3445). [CD, Figure
AXT7-2.2.7]
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Figure 2-41. Spatial distribution of total lead in bulk sediment <63 um (N = 1466). [CD,
Figure AX7-2.2.9]
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3 POLICY-RELEVANT ASSESSMENT OF HEALTH EFFECTS
EVIDENCE

3.1 INTRODUCTION

This chapter assesses key policy-relevant information on the known and potential health
effects associated with exposure to ambient lead (Pb). The presentation here summarizes the
qualitative assessment of health evidence contained in the CD, as a basis for the evidence-based
assessment of primary standards for Pb presented in Chapter 5 of this document. The focus is on
health endpoints associated with the range of exposures considered to be most relevant to current
exposure levels. This presentation also gives particular attention to those endpoints for which
there is quantitative health evidence available in this review that provides a foundation for the
quantitative health risk assessment discussed in Chapter 4 and used in the risk-based assessment
of primary standards for Pb presented in Chapter 5.

The presentation in this chapter recognizes several key aspects of the health evidence for
Pb. First, because exposure to atmospheric Pb particles occurs not only via direct inhalation of
airborne particles, but also via ingestion of deposited particles (e.g., associated with soil and
dust), the exposure being assessed is multimedia and multi-pathway in nature, occurring via both
the inhalation and ingestion routes. In fact, ingestion of indoor dust has been recognized as a
significant Pb exposure pathway, particularly for young children (CD, p. 3-27 to 3-28). Second,
the exposure index or dose metric most commonly used and associated with health effects
information is an internal biomarker (i.e., blood Pb). Additionally, the exposure duration of
interest (i.e., that influencing internal dose pertinent to health effects of interest) may span
months to potentially years, as does the time scale of the environmental processes influencing Pb
deposition and fate. Lastly, the nature of the evidence for the health effects of greatest interest
for this review is epidemiological data strongly supported by toxicological data that provide
biological plausibility and insights on mechanisms of action.

At the time of the last review, Pb was recognized to produce multiple effects in a variety
of tissues and organ systems across a range of exposure levels, with blood Pb levels of 10-15
ug/dL being recognized as levels of concern for impaired neurobehavioral development in
infants and children (USEPA, 1990). The current CD recognizes the existence of a wide array of
Pb-induced deleterious effects, including several in children and/or adults that are induced by
blood Pb levels extending well below 10 pg/dL, to below 5 ug/dL and possibly lower (CD,
Section 8.4).

In recognition of the multi-pathway aspects of Pb, and use of an internal exposure metric
in health risk assessment, Section 3.2 describes our understanding of the internal disposition or
distribution of Pb, and the use of blood Pb as an internal exposure or dose metric. Section 3.3

3-1



discusses the nature of Pb-induced health effects, giving emphasis to those with the strongest
evidence, particularly those associated with the range of current exposure levels. Potential
impacts of Pb exposures on public health, including recognition of potentially susceptible or
vulnerable subpopulations, are discussed in Section 3.4. Finally, Section 3.5 summarizes key
policy-relevant conclusions about Pb-related health effects.

3.2 INTERNAL DISPOSITION - BLOOD LEAD AS DOSE METRIC

The health effects of Pb, discussed in the CD and summarized in Section 3.3 below, are
remote from the portals of entry to the body (i.e., the respiratory system and gastrointestinal
tract). Consequently, the internal disposition and distribution of Pb is an integral aspect of the
relationship between exposure and effect. This section summarizes the current state of
knowledge of Pb disposition pertaining to both inhalation and ingestion routes of exposure as
described in the CD.

Inhaled Pb particles deposit in the different regions of the respiratory tract as a function
of particle size (CD, pp. 4-3 to 4-4). Lead associated with smaller particles, which are
predominantly deposited in the pulmonary region, may, depending on solubility, be absorbed
into the general circulation or transported via phagocytic cells to the gastrointestinal tract (CD,
pp. 4-3). Lead associated with larger particles, that are predominantly deposited in the head and
conducting airways (e.g., nasal pharyngeal and tracheobronchial regions of respiratory tract),
may be transported by mucociliary transport into the esophagus and swallowed, thus making its
way to the gastrointestinal tract (CD, pp. 4-3 to 4-4), where it may be absorbed into the blood
stream. Thus, Pb can reach the gastrointestinal tract either directional through the ingestion route
or indirectly following inhalation.

The absorption efficiency of Pb from the gastrointestinal (GI) tract varies with particle
size, as well as with the chemical form or matrix in which it is contained (CD, pp. 4-8 to 4-9).
One line of evidence for this comes from research using animal models to estimate relative
bioavailability (RBA) by comparing the absorbed fraction of ingested Pb for different test
materials relative to that for a highly water-soluble form of Pb. Relative bioavailability of Pb
from contaminated soils from different industrial sites (e.g., near Pb smelters, mines, etc), as
assessed in such models, have been found to differ markedly, with RBA values ranging from 6 to
100% (CD, pp. 4-8 to 4-10; Casteel et al., 2006). As stated in the CD, *“variations in size and
mineral content of the Pb-bearing grains are the suspected cause of variations in the rate and
extent of GI absorption of Pb” occurring in soil from different contaminated locations (CD, p. 4-
9).

In addition to characteristics associated with the ingested Pb, GI absorption of Pb also
varies with an individual’s physiology (e.g., maturity of the Gl tract), and nutritional status (e.g.,
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iron and calcium deficiency increases absorption), as well as the presence of food in the Gl tract
(CD, Section 4.2.1, pp. 4-5 to 4-8). With regard to GI tract maturity, estimates of Pb Gl
absorption reported in the past for young children (~40-50%) are higher than those reported for
adults (CD, pp. 4-5 to 4-6). Several studies have reported that the presence of food in the Gl
tract reduces the absorption of water-soluble Pb (CD, p. 4-6). A contributing factor to this
phenomenon is the presence of calcium, iron, and phosphate in the food, which depresses Pb
absorption (CD, pp. 4-6 to 4-7). Animal studies have also indicated that Vitamin D, which
regulates calcium absorption, enhances Pb absorption from the Gl tract (CD, p. 4-7).

Once in the blood stream, where approximately 99% of the Pb associates with red blood
cells, the Pb is quickly distributed throughout the body (e.g., within days) with the bone serving
as a large, long-term storage compartment, and soft tissues (e.g., kidney, liver, brain, etc) serving
as smaller compartments, in which Pb may be more mobile (CD, Sections 4.3.1.4 and 8.3.1.).
Additionally, the epidemiologic evidence indicates that Pb freely crosses the placenta resulting in
continued fetal exposure throughout pregnancy, and that exposure increases during the later half
of pregnancy (CD, Section 6.6.2).

During childhood development, bone represents approximately 70% of a child’s body
burden of Pb, and this accumulation continues through adulthood, when more than 90% of the
total Pb body burden is stored in the bone (CD, Section 4.2.2). Accordingly, levels of Pb in bone
are indicative of a person’s long-term, cumulative exposure to Pb. In contrast, blood Pb levels
are usually indicative of recent exposures. Depending on exposure dynamics, however, blood Pb
may — through its interaction with bone - be indicative of past exposure or of cumulative body
burden (CD, Section 4.3.1.5).

Throughout life, Pb in the body is exchanged between blood and bone, and between
blood and soft tissues (CD, Section 4.3.2), with variation in these exchanges reflecting “duration
and intensity of the exposure, age and various physiological variables” (CD, p. 4-1). For
example, resorption of bone (e.g., in pregnant or nursing women, and associated with
osteoporosis in postmenopausal women or, to a lesser magnitude, in older men) results in a
mobilization of Pb from bone into circulation (CD, Sections 4.3.2.4 and 4.3.2.5). Past exposures
that contribute Pb to the bone, consequently, may influence current levels of Pb in blood. Where
past exposures were elevated in comparison to recent exposures, this influence may complicate
interpretations with regard to recent exposure (CD, Sections 4.3.1.4 to 4.3.1.6). That is, higher
blood Pb concentrations may be indicative of higher cumulative exposures or of a recent
elevation in exposure (CD, pp. 4-34 and 4-133).

In several recent studies investigating the relationship between Pb exposure and blood Pb
in children (e.g., Lanphear and Roghmann 1997; Lanphear et al., 1998), blood Pb levels have
been shown to reflect Pb exposures, with particular influence associated with exposures to Pb in
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surface dust. Further, as stated in the CD “these and other studies of populations near active
sources of air emissions (e.g., smelters, etc.), substantiate the effect of airborne Pb and
resuspended soil Pb on interior dust and blood Pb” (CD, p. 8-22).

As mentioned earlier, blood Pb, although subject to influence by Pb levels in all organs
and tissues, is generally described as reflecting recent exposures (CD, Section 4.3.1.4). Inhaled
or ingested Pb quickly enters the blood, and Pb in the blood is available for exchange with the
soft and skeletal tissues, conceptually viewed as the fast (half-life of ~28 days) and slow (half-
life may be decades in adults) turnover pools, respectively (CD, Section 4.3.1.4). Simulations
using biokinetic models indicate that blood Pb levels in adults achieve a new quasi-steady state
within 75-100 days (approximately 3-4 times the blood elimination half-life) subsequent to
abrupt increases in Pb uptake (CD, pp. 4-25 to 4-26). Similar models indicate a quicker response
of blood Pb levels in children (CD, p. 4-27 and Figure 4-5). Additionally, response of the blood
to reduction of a relatively brief Pb exposure appears to be faster than for an exposure of several
years, with estimated half-lives of approximately 9 months as compared to 30 months for the
longer exposure response (CD, pp. 4-25 to 4-26).

Blood Pb levels are extensively used as an index or biomarker of exposure by national
and international health agencies, as well as in epidemiological (CD, Sections 4.3.1.3 and 8.3.2)
and toxicological studies of Pb health effects and dose-response relationships (CD, Chapter 5).
The prevalence of the use of blood Pb as an exposure index or biomarker is related to both the
ease of blood sample collection (CD, p. 4-19; Section 4.3.1) and by findings of association with a
variety of health effects (CD, Section 8.3.2). As noted above, blood Pb levels respond to
elevations in exposure. Accordingly, the U.S. Centers for Disease Control and Prevention
(CDC), and its predecessor agencies, have for many years used blood Pb level as a metric for
identifying children at risk of adverse health effects and for specifying particular public health
recommendations (CDC, 1991; CDC, 2005). In 1978, when the current Pb NAAQS was
established, the CDC recognized a blood Pb level of 30 pg/dL as a level warranting individual
intervention (CDC, 1991). In 1985, the CDC recognized a level of 25 ug/dL for individual child
intervention, and in 1991, they recognized a level of 15 pg/dL for individual intervention and a
level of 10 ug/dL for implementing community-wide prevention activities (CDC, 1991; CDC,
2005). In 2005, with consideration of a review of the evidence by their advisory committee,
CDC revised their statement on Preventing Lead Poisoning in Young Children, specifically
recognizing the evidence of adverse health effects in children with blood Pb levels below 10
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ug/dL and the data demonstrating that no “safe” threshold for blood Pb had been identified, and
emphasizing the importance of preventive measures (CDC, 2005)."

Since 1976, the CDC has been monitoring blood Pb levels nationally through the
National Health and Nutrition Examination Survey (NHANES). This survey has documented
the dramatic decline in mean blood Pb levels in the U.S. population that has occurred since the
1970s and that coincides with regulations regarding leaded fuels, leaded paint, and Pb-containing
plumbing materials that have reduced Pb exposure among the general population (CD, Sections
4.3.1.3 and 8.3.3; Schwemberger et al., 2005). Although levels in the U.S. general population,
including geometric mean levels in children aged 1-5, have declined, mean levels have been
found to differ among children of different socioeconomic status (SES) and other demographic
characteristics (CD, p. 4-21). The health effects associated with blood Pb levels are extensively
discussed in the CD, while those of particular policy relevance for this review are summarized in
subsequent subsections of this chapter.

Bone measurements, as a result of the generally slower Pb turnover in bone, are
recognized as providing a better measure of cumulative Pb exposure (CD, Section 8.3.2). The
bone pool of Pb in children, however, is thought to be much more labile than that in adults due to
the more rapid turnover of bone mineral as a result of growth (CD, p. 4-27). As a result, changes
in blood Pb concentration in children more closely parallel changes in total body burden (CD,
pp. 4-20 and 4-27). This is in contrast to adults, whose bone has accumulated decades of Pb
exposures (with past exposures often greater than current ones), and for whom the bone may be a
significant source long after exposure has ended (CD, Section 4.3.2.5).

Given the association with exposure, particularly recent exposure, and the relative ease of
collection, blood Pb levels are extensively used as an index or biomarker of exposure by national
and international health agencies (CD, Section 4.3.1.5). Although recent methods are making
bone Pb measurements easier to collect (CD, Section 4.3.2.2) and consequently, their use more
widespread, epidemiological and toxicological studies of Pb health effects and dose-response
relationships tend to be dominated by blood Pb as the exposure metric (CD, Sections 4.3.1.3,
8.3.2 and Chapter 5).

Accordingly, blood Pb level is the index of exposure or exposure metric in this risk
assessment. The use of concentration-response functions that rely on blood Pb (e.g., rather than

1 With the 2005 statement, CDC identified a variety of reasons, reflecting both scientific and practical
considerations, for not lowering the 1991 level of concern, including a lack of effective clinical or public health
interventions to reliably and consistently reduce blood Pb levels that are already below 10 ug/dL, the lack of a
demonstrated threshold for adverse effects, and concerns for deflecting resources from children with higher blood
Pb levels (CDC, 2005).
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ambient Pb concentration) as the exposure metric reduces uncertainty in the causality aspects of
Pb risk estimates. The relationship between specific sources and pathways of exposure and
blood Pb level is needed, however, in order to identify the specific risk contributions associated
with those sources and pathways of greatest interest to this assessment (i.e., those related to Pb
emitted into the air). For example, the blood Pb-response relationships developed in
epidemiological studies of Pb-exposed populations do not distinguish among different sources or
pathways of Pb exposure (e.g., inhalation, ingestion of indoor dust, ingestion of dust containing
leaded paint). In the exposure assessment for this review, models that estimate blood Pb levels
associated with Pb exposure (e.g., CD, Section 4.4) are used to inform estimates of contributions
to blood Pb arising from ambient air related Pb as compared to contributions from other sources.

3.3 NATURE OF EFFECTS
Lead has been demonstrated to exert “a broad array of deleterious effects on multiple
organ systems via widely diverse mechanisms of action” (CD, p. 8-24 and Section 8.4.1). This
array of health effects, the evidence for which is comprehensively described in the CD, includes
e Heme biosynthesis and related functions;
e Neurological development and function;
e Reproduction and physical development;
e Kidney function;
e Cardiovascular function; and,
e Immune function.
There is also some evidence of Pb carcinogenicity, primarily from animal studies, with
limited human evidence of suggestive associations (CD, Sections 5.6.2, 6.7, and 8.4.10). 2
This review is focused on those effects most pertinent to ambient exposures. Given the
reductions in ambient Pb levels over the past 30 years, these effects are generally those
associated with the lowest levels of Pb exposure. These are neurological, hematological and
immune effects for children, and neurological, hematological, cardiovascular and renal effects
for adults (See Tables 3-1 and 3-2), with neurological effects in children and cardiovascular
effects in adults appearing to be of greatest public health concern (CD, p. 8-60). The
toxicological and epidemiological information available since the time of the last review
“includes assessment of new evidence substantiating risks of deleterious effects on certain health

? Lead has been classified as a probable human carcinogen by the International Agency for Research on
Cancer, based mainly on sufficient animal evidence, and as reasonably anticipated to be a human carcinogen by the
U.S. National Toxicology Program (CD, Section 6.7.2). U.S. EPA classified it in the past as a probable carcinogen
(http://www.epa.gov/iris/subst/0277.htm).
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endpoints being induced by distinctly lower than previously demonstrated Pb exposures indexed
by blood Pb levels extending well below 10 pg/dL in children and/or adults” (CD, p. 8-25).
Tables 3-1 and 3-2 (CD, Tables 8-5 and 8-6) indicate some health effects associated with blood
Pb levels that extend below 5 ug/dL, and use the notation "(???)" to indicate that some studies
have observed these effects at the lowest blood levels considered. That is, threshold levels for
these effects cannot be discerned from the currently available studies.

The endpoints identified above and included in Tables 3-1 and 3-2 are important
considerations for this review and are described briefly in sections below, while detailed
discussion of the evidence is presented in the CD.
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Table 3-1. Summary of Lowest Observed Effect Levels for Key Lead-Induced Health Effects in Children (reproduced from
CD, Table 8-5).

Lowest Observed Effect
Immune Effects

Blood Lead Level

Neurological Effects

Hematological Effects

Increased urinary &-

30 pg/dL
aminolevulinic acid
15 pg/dL Behavioral disturbances Erythrocyte protoporphyrin
(e.g., inattention, delinguency) (EP) elevation
Altered electrophysiological
responses
10 pg/dL Effects on neuromotor function Inhibition of 8-aminolevulinic Effects on humoral (1 serum IgE)
acid dehydratase (ALAD) and cell-mediated (| T-cell
CNS cognitive effects abundance) immunity
(e.g., 1Q deficits) Pyrimidine-5"-nuclotidase
(Py5N) activity inhibition
5 ng/dL
(?7?) (?7?)
0 pg/dL

Note: Arrows depict cases where weight of overall evidence strongly substantiates likely occurrence of type of effect in association with blood-Pb
concentrations in range of 5-10 pg/dL, or possibly lower, as implied by (???). Although no evident threshold has yet been clearly established for those

effects, the existence of such effects at still lower blood-Pb levels cannot be ruled out based on available data.

Source: Adapted/updated from Table 1-17 of U.S. Environmental Protection Agency (1986a).
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Table 3-2. Summary of Lowest Observed Effect Levels for Key Lead-Induced Health Effects in Adults (reproduced from CD,

Table 8-6).
Lowest Observed Effect
Blood Lead Level Neurological Effects Hematological Effects Cardiovascular Effects Renal Effects
30 pg/dL Peripheral sensory nerve Erythrocyte Impaired Renal Tubular
impairment protoporphyrin (EP) Function

elevation in males

20 pg/dL Cognitive impairment
15 pg/dL Postural sway Erythrocyte
protoporphyrin (EP)
elevation in females
Increased urinary
d-aminolevulinic acid
10 pg/dL Inhibition of Elevated blood pressure
d-aminolevulinic acid
dehydratase (ALAD)
5 pg/dL Elevated serum creatine
(???) (] creatine clearance)
0 pg/dL

Note: Arrows depict cases where weight of overall evidence strongly substantiates likely occurrence of type of effect in association with blood-Pb
concentrations in range of 5-10 pg/dL, or possibly lower, as implied by (???). Although no evident threshold has yet been clearly established for those
effects, the existence of such effects at still lower blood-Pb levels cannot be ruled out based on available data.

Source: Adapted/updated from Table 1-16 of U.S. Environmental Protection Agency (1986a).
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3.3.1 Developing Nervous System

The nervous system has long been recognized as a target of Pb toxicity, with the
developing nervous system affected at lower exposures than the mature system (CD, Sections
5.3,6.2.1,6.2.2,and 8.4). While blood Pb levels in U.S. children ages one to five years have
decreased notable since the late 1970s, newer studies have investigated and reported associations
of effects on the neurodevelopment of children with these more recent blood Pb levels (CD,
Chapter 6). Functional manifestations of Pb neurotoxicity during childhood include sensory,
motor, cognitive and behavioral impacts. Numerous epidemiological studies have reported
neurocognitive, neurobehavioral, sensory, and motor function effects in children at blood Pb
levels below 10 pg/dL (CD, Section 6.2). Further, “extensive experimental laboratory animal
evidence has been generated that (a) substantiates well the plausibility of the epidemiologic
findings observed in human children and adults and (b) expands our understanding of likely
mechanisms underlying the neurotoxic effects” (CD, p. 8-25; Section 5.3).

Cognitive effects associated with Pb exposures that have been observed in
epidemiological studies have included decrements in intelligence test results, such as the widely
used 1Q score, and in academic achievement as assessed by various standardized tests as well as
by class ranking and graduation rates (CD, Section 6.2.16 and pp 8-29 to 8-30). As noted in the
CD with regard to the latter, “Associations between Pb exposure and academic achievement
observed in the above-noted studies were significant even after adjusting for 1Q, suggesting that
Pb-sensitive neuropsychological processing and learning factors not reflected by global
intelligence indices might contribute to reduced performance on academic tasks” (CD, pp 8-29 to
8-30).

Other cognitive effects observed in studies of children have included effects on attention,
executive functions, language, memory, learning and visuospatial processing (CD, Sections
5.3.5,6.2.5 and 8.4.2.1), with attention and executive function effects associated with Pb
exposures indexed by blood Pb levels below 10 pg/dL (CD, Section 6.2.5 and pp. 8-30 to 8-31).
The evidence for the role of Pb in this suite of effects includes experimental animal findings
(discussed in CD, Section 8.4.2.1; p. 8-31), which provide strong biological plausibility of Pb
effects on learning ability, memory and attention (CD, Section 5.3.5), as well as associated
mechanistic findings. Further, Pb-induced deficits observed in animal and epidemiological
studies, for the most part, have been found to be persistent in the absence of markedly reduced
environmental exposures (CD, Sections 5.3.5, 6.2.11, and 8.5.2). It is additionally important to
note that there may be long-term consequences of such deficits over a lifetime. Poor academic
skills and achievement can have "enduring and important effects on objective parameters of
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success” later in life, as well as increased risk of antisocial and delinquent behavior (CD, Section
6.2.16).

Other neurological effects associated with Pb exposures indexed by blood Pb levels near
or below 10 pg/dL include behavioral effects, such as delinquent behavior (CD, Sections 6.2.6
and 8.4.2.2), sensory effects, such as those related to hearing and vision (CD, Sections 6.2.7,
7.4.2.3 and 8.4.2.3), and deficits in neuromotor function (CD, p. 8-36).

Neurocognitive impact, specifically decrement in 1Q in young children, is a focus of the
quantitative risk assessment due to the strength of evidence for association with blood Pb levels
below 10 pg/dL, and the strength of the dose-response information at these exposure levels.

As discussed in the CD (Section 8.4.2) and by Rice (1996), while there is no direct
animal test parallel to human IQ tests, “in animals a wide variety of tests that assess attention,
learning, and memory suggest that Pb exposure {of animals} results in a global deficit in
functioning, just as it is indicated by decrements in 1Q scores in children” (CD, p. 8-27). The
animal and epidemiological evidence for this endpoint are consistent and complementary (CD, p.
8-44). As stated in the CD (p. 8-44):

Findings from numerous experimental studies of rats and of nonhuman primates, as

discussed in Chapter 5, parallel the observed human neurocognitive deficits and the

processes responsible for them. Learning and other higher order cognitive processes
show the greatest similarities in Pb-induced deficits between humans and experimental
animals. Deficits in cognition are due to the combined and overlapping effects of Pb-
induced perseveration, inability to inhibit responding, inability to adapt to changing
behavioral requirements, aversion to delays, and distractibility. Higher level
neurocognitive functions are affected in both animals and humans at very low exposure
levels (<10 ug/dL), more so than simple cognitive functions.

Further, “epidemiologic studies of Pb and child development have demonstrated inverse
associations between blood Pb concentrations and children’s 1Q and other outcomes at
successively lower Pb exposure levels” over the past 30 years (CD, p. 6-64). This is supported
by multiple studies performed over the past 15 years (see CD, Section 6.2.13), with particularly
compelling evidence for decrements in IQ at blood Pb levels below 10 pg/dL provided by a
recent international pooled analysis of seven prospective studies (Lanphear et al., 2005; CD,
Section 6.2.13). For example, this pooled analysis estimated a decline of 6.2 points (with a 95%
confidence interval bounded by 3.8 and 8.6) in full scale 1Q occurring between approximately 1
and 10 pg/dL blood Pb level, measured concurrent with the 1Q test (CD, p. 6-76). This analysis
(Lanphear et al., 2005) is relied upon in the quantitative risk assessment for this endpoint.
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3.3.2 Adult Nervous System

The nervous system has long been recognized as a target of Pb toxicity (CD Sections
5.3.1, 8.4.2). For example, those chronically exposed in the workplace are at risk for various
neurological effects including peripheral sensory nerve impairment, visuomotor and memory
impairment, and postural sway abnormalities, with a blood Pb concentration >14 pg/dL being a
possible threshold (CD, p. 6-87). Past occupational exposure also increases the risk of
developing amyotrophic lateral sclerosis and motor neuron disease (CD, Section 6.3.5 and p. 6-
87). Essential tremor is also associated with Pb exposures, particularly for those with genetic
susceptibility (CD, Sections 6.3.5 and 6.3.6 and p. 6-86).

In elderly populations, significant associations have been reported between bone Pb
levels and impaired cognitive performance or dysfunction (CD, Section 6.3.3 and 6.3.3.1), but
not with blood Pb levels, perhaps indicating a role of cumulative and/or past Pb exposures (CD,
p. 6-83). During demineralization of bone in the elderly, Pb may be released into the blood, thus
augmenting blood Pb associated with current ambient exposures (CD, Section 4.3.2.4). An
increased susceptibility among the elderly to Pb effects on cognitive function is supported by
animal evidence (Section 5.3.7). With lifetime exposure, senescent animals have exhibited an
increased susceptibility to Pb, due to the increased exposure from bone resorption, and an
apparently greater sensitivity to the biochemical effects of Pb (CD, Section 5.3.7). Laboratory
animal research in rats and monkeys also indicates a potential for cognitive function effects in
the elderly to be related to physiological effects (regulation of protein thought to play a role in
Alzheimer’s disease) of Pb exposures in early childhood (CD, p. 5-67; Basha et al., 2005). Thus,
early life exposure to Pb may contribute to neurocognitive effects later in life due to the
redistribution of Pb body burden from bone to brain and by enhanced susceptibility caused by
age-related degenerative changes in various organs, including brain (CD, p. 8-40).

3.3.3 Cardiovascular System
Epidemiologic and experimental toxicology studies provide strong support for the

relationship between Pb exposure and increased adverse cardiovascular outcomes, including
increased blood pressure, increased incidence of hypertension, and cardiovascular morbidity and
mortality (CD, Sections 5.5, 6.5 and 8.4.3). The cardiovascular effect most frequently examined
in epidemiological studies is increased systolic blood pressure in adults, which has been
repeatedly associated with Pb exposure (CD, Sections 8.4.3, 8.6.3, 6.5.2.3, and 6.5.7). The
association has been observed with Pb levels in bone and also, in some cohorts, with Pb in blood
(including blood Pb levels below 10 pg/dL). A recent meta-analysis by Nawrot and others
(2005), that included a range of blood Pb levels from 2.3 to 63.8 pg/dL, reported an association
of increased systolic blood pressure and decreased diastolic pressure with increased blood Pb
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level, including levels below 10 pg/dL. The magnitude of change observed has considerable
significance at the population level (CD, p. 8-45, Section 8.6.3). The epidemiological evidence
is supported by evidence in numerous animal studies of arterial hypertension with low Pb
exposures, an effect that persists in animals long after cessation of exposure (CD, Sections 5.5
and 8.4.3).

Multiple studies reporting positive associations of blood pressure and hypertension with
bone Pb levels highlight the important role of cumulative past Pb exposure in development of
cardiovascular health effects (Sections 6.5.2.3 and 6.5.7). A study of young adults who lived as
children in an area of high Pb exposures also indicates the potential role of childhood exposure.
In this study, higher bone Pb levels were associated with higher systolic and diastolic blood
pressure (CD, p. 6-138), while current blood Pb levels (mean of 2.2 ug/dL) were not (CD, p. 6-
124).

Systolic blood pressure exerts a strong influence on more serious cardiovascular events
by its role in hypertension and its adverse cardiovascular sequelae (CD, p. 8-83). Several
analyses of National Health and Nutrition Examination Survey (NHANES) cohorts, including
some recently released, have collectively suggested a “significant effect of Pb on cardiovascular
mortality in the general U.S. population” (CD, p. 8-88, Sections 6.5.3.2 and 8.6.3). For example
recent analyses of NHANES blood Pb data from 1976 to 1980 and 1988 to 1994 provide
supportive evidence for an increased risk of cardiovascular mortality, consistent with projected
likely increases in serious cardiovascular events (stroke, heart attack) resulting from Pb-induced
increases in blood pressure (CD, Section 8.6.3).

3.3.4 Renal System

Lead nephrotoxicity is mediated by alterations in the glomerular filtration rate (CD,
Sections 5.7.3 and 8.4.5). The interaction of Pb with the kidney, including occurrences and
mechanisms of Pb uptake by and accumulation in the kidney, and associated cellular alterations,
is well described in animal research (CD, Section 5.7). A set of screening tests involving
markers of nephrotoxic effects have been established for screening individuals exposed to Pb
occupationally or environmentally (CD, Section 5.7.1). In the epidemiological literature,
associations between blood Pb and indicators of renal function impairment (e.g., measures of
glomerular integrity, such as creatinine levels in urine) have been found at blood Pb levels
extending below 10 pg/dL, to as low as ~2 to 4 ug/dL (CD, Sections 6.4.4.1.5 and 8.4.5).
Associations are also observed with cumulative Pb dose, assessed via bone Pb, and longitudinal
renal function decline (CD, p. 6-94), indicating the potential role of earlier exposures.

The findings for non-occupational populations since the last review provide “strong
evidence that renal effects occur at much lower blood Pb levels than previously recognized”
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(CD, p. 6-113). These findings of lower Pb renal effects thresholds in environmental compared
to occupational research may be a result of potentially larger proportions of susceptible
individuals in the general population as compared to occupational cohorts (CD, p. 6-107). The
data available are not sufficient to determine whether these effects are related more to current
blood-Pb levels, higher levels from past exposure, or both (CD, p. 8-49).

The findings regarding Pb exposures and renal effects are of particular concern with
regard to certain susceptible subpopulations. At levels of exposure in the general U.S.
population overall, Pb combined with other risk factors, such as diabetes, hypertension, or
chronic renal insufficiency from causes unrelated to Pb, can result in clinically relevant effects.
Notably, the size of such susceptible populations is increasing in the United States due to obesity
(CD, p. 6-113). That is, Pb is recognized as acting cumulatively with other renal risk factors to
cause early onset of renal insufficiency and/or a steeper rate of renal function decline in
individuals already at risk for renal disease (CD, p. 6-107).

3.3.5 Heme Synthesis

It has long been recognized that Pb exposure is associated with disruption of heme
synthesis in both children and adults. The evidence regarding effects on heme synthesis and
other hematological parameters in animal and humans is strong, and includes documented
guantitative relationships between exposure and effects in children and adults. Interference with
heme synthesis was identified as one of the targets of low-level Pb toxicity in children during the
time of the last NAAQS review (USEPA, 1990), and was the primary focus for the initial setting
of the Pb NAAQS in 1978 (USEPA, 1978).

Mechanisms associated with Pb interference with heme synthesis include inhibition of
the enzymes ALAD and ferrochelatase (Table 3-1; CD Sections 5.2.1, 6.9.1, 6.9.2; USEPA
1986). Inhibition of ALAD has been associated with increased blood Pb concentrations at and
somewhat below 10 pg/dL, in children and adults (Tables 3-1 and 3-2; CD, Table 6-7). Blood
Pb concentrations at and above approximately 15 pg/dL, in children, and 15-30 pg/dL, in adults,
are associated with elevation of erythrocyte protoporphyrin (EP), and notable reductions in
hemoglobin synthesis (Tables 3-1 and 3-1; CD, p. 8-47; USEPA, 1986). In the setting of the Pb
NAAQS in 1978, the Agency concluded that “the state of elevated EP must be regarded as
potentially adverse to the health of young children” (USEPA, 1978). Blood Pb concentrations at
and above 40 ug/dL are associated with frank anemia, a clinical sign of severe Pb poisoning (CD,
p. 8-47). The evidence regarding Pb disruption of heme synthesis and associated mechanisms is
presented in detail in past CDs (USEPA 1986, 1977), with more recent findings, including the
role of genetic polymorphisms, discussed in the current CD (Sections 8.4.4,5.2.1, 6.9.1 and
6.9.2).
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3.3.6  Immune System

Since the time of the last review, there has been substantial research on the
immunotoxicity of Pb. As summarized in the CD, “studies across humans and a variety of
animal models are in general agreement concerning both the nature of the immunotoxicity
induced by Pb as well as the exposure conditions that are required to produce
immunomodulation” (CD, p. 5-244, Section 5.9). Lead is distinguished from other
immunotoxicants, however, by the fact that the most sensitive biomarkers of its immunotoxicity
are associated with specific functional capacities that influence risk of disease, as opposed to
being associated with changes in immune cell numbers or pathological changes of lymphatic
system organs (CD, Section 5.9.1). The main immune system targets of Pb are macrophages
and T lymphocytes, leading to a potential for increased tissue inflammation, reduced cell-
mediated immunity, and increased risk of autoimmunity (See CD, Figure 5-18, Section 5.9.11).
Additionally, Pb exposures in both animal and human studies are associated with increased
production of IgE, an immunoglobulin involved in allergic responses and asthma (CD, Section
5.9.3.2). These effects are supported by evidence in neonatal and juvenile animals and have
been reported in epidemiologic studies of children at blood Pb levels extending below 10 ug/dL
(CD, p. 6-197 and Sections 5.9.10 and 8.4.6).

3.4 LEAD-RELATED IMPACTS ON PUBLIC HEALTH

In addition to the advances in our knowledge and understanding of Pb health effects at
lower exposures (e.g., using blood Pb as the index), there has been some change with regard to
the U.S. population Pb burden since the time of the last Pb NAAQS review. For example, the
geometric mean blood Pb level for U.S. children aged 1-5, as estimated by the U.S. Centers for
Disease Control, declined from 2.7 ug/dL (95% CI: 2.5-3.0) in the 1991-1994 survey period to
1.7 pg/dL (95% Cl: 1.55-1.87) in the 2001-2002 survey period (CD, Section 4.3.1.3). Blood Pb
levels have also declined in the U.S. adult population over this time period (CD, Section 4.3.1.3).
These observation however, should not be interpreted to mean that blood Pb levels declined in all
communities, or uniformly by this amount. As noted in the CD, “blood-Pb levels have been
declining at differential rates for various general subpopulations, as a function of income, race,
and certain other demographic indicators such as age of housing” (CD, p. 8-21).

The following discussion draws from the CD to characterize subpopulations potentially at
risk for Pb-related effects and potential public health impacts associated with exposure to
ambient Pb.

® These levels are in contrast to the geometric mean blood Pb level of 14.9 pg/dL reported for U.S. children
(aged 6 months to 5 years) in 1976-1980 (CD, Section 4.3.1.3).
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3.4.1 At-risk Subpopulations

In considering at-risk subpopulations, we considered evidence regarding those with
increased susceptibility (i.e., physiological factors contributing to a greater response for the same
exposure), and those with increased exposure (including that resulting from behavior leading to
increased contact with contaminated media). A behavioral factor of great impact on Pb exposure
is the incidence of hand-to-mouth activity that is prevalent in very young children (CD, Section
4.4.3). Physiological factors include both conditions contributing to a subgroup’s increased risk
of effects at a given blood Pb level, and those that contribute to blood Pb levels higher than those
otherwise associated with a given Pb exposure (CD, Section 8.5.3). We also considered
evidence pertaining to vulnerability to pollution-related effects which additionally encompasses
situations of elevated exposure, such as residing in old housing with Pb-containing paint or near
sources of ambient Pb, as well as socioeconomic factors, such as reduced access to health care or
low socioeconomic status (SES) (USEPA, 2003, 2005) that can contribute to increased risk of
adverse health effects from Pb.

Three particular physiological factors contributing to increased risk of Pb effects at a
given blood Pb level are recognized in the CD (e.g., CD, Section 8.5.3): age, health status, and
genetic composition (or genotype). With regard to age, the susceptibility of young children to
the neurodevelopmental effects of Pb is well recognized (e.g., CD, Sections 5.3, 6.2, 8.4, 8.5,
8.6.2), although the specific ages of vulnerability have not been established (CD, pp 6-60 to 6-
64). Early childhood may also be a time of increased susceptibility for Pb immunotoxicity (CD,
Sections 5.9.10, 6.8.3 and 8.4.6), and childhood exposures have been associated with increased
risk of cardiovascular and neurodegenerative effects in adulthood (CD, p. 8-74). Health status is
another physiological factor in that subpopulations with pre-existing health conditions may be
more susceptible (as compared to the general population) for particular Pb-associated effects,
with this being most clear for renal and cardiovascular outcomes. For example, African
Americans as a group, have a higher frequency of hypertension than the general population or
other ethnic groups (NCHS, 2005), and as a result may face a greater risk of adverse health
impact from Pb-associated cardiovascular effects. A third physiological factor relates to genetic
polymorphisms. That is, subpopulations defined by particular genetic polymorphisms (e.g.,
presence of the 5-aminolevulinic acid dehydratase-2 [ALAD-2] allele) have also been recognized
as sensitive to Pb toxicity, which may be due to increased susceptibility to the same internal dose
and/or to increased internal dose associated with same exposure (CD, p. 8-71, Sections 6.3.5,
6.4.7.3 and 6.3.6).

While early childhood is recognized as a time of increased susceptibility, a difficulty in
identifying a discrete period of susceptibility from epidemiological studies has been that the
period of peak exposure, reflected in peak blood Pb levels, is around 18-27 months when hand-

3-16



to-mouth activity is at its maximum (CD, p. 6-60). The earlier Pb literature described the first 3
years of life as a critical window of vulnerability to the neurodevelopmental impacts of Pb (CD,
p. 6-60). Recent epidemiologic studies, however, have indicated a potential for susceptibility of
children to concurrent Pb exposure extending to school age (CD, pp. 6-60 to 6-64). It may be
that the influence of concurrent blood Pb (and exposures contributing to it) remains important
until school age with regard to the potential to affect cognitive development (CD, pp. 6-63 to 6-
64; Chen et al., 2005). The evidence indicates both the sensitivity of the first 3 years of life, and
a sustained sensitivity throughout the lifespan as the human central nervous system continues to
mature and be vulnerable to neurotoxicants (CD, Section 8.4.2.7). The animal evidence supports
our understanding of specific periods of development with increased vulnerability to specific
types of effect (CD, Section 5.3), and indicates a potential importance of exposures of duration
on the order of months. Evidence of a differing sensitivity of the immune system to Pb across
and within different periods of life stages indicates that Pb exposures of duration as short as
weeks to months may contribute to some effects. For example, the animal evidence suggests that
the gestation period is the most sensitive life stage followed by early neonatal stage, and within
these life stages, critical windows of vulnerability are likely to exist (CD, Section 5.9 and p. 5-
245).

Several physiological factors pertain to susceptibility by contributing to increased blood
Pb levels (i.e., increased internal dose levels) over those otherwise associated with a given Pb
exposure (CD, Section 8.5.3). These include nutritional status, which plays a role in Pb
absorption from the Gl tract (CD, Section 5.10.2.5); polymorphism for the vitamin D receptor,
which studies suggest may contribute to increased Pb absorption from the Gl tract (CD, Section
8.4.2.7); presence of the ALAD-2 allele, which studies suggest contribute to increased blood Pb
levels (Section 8.5.3); and bone demineralization, such as occurs during pregnancy, lactation,
and aging, which appears to influence Pb release from bone into the blood (CD, Section 4.3.2).

In summary, there are a variety of ways in which Pb exposed populations might be
characterized and stratified for consideration of public health impacts. Age or lifestage was used
to distinguish potential groups on which to focus the quantitative risk assessment (Chapter 4) in
recognition of its influence on exposure and susceptibility, and young children were selected as
the priority population for the risk assessment in consideration of the health effects evidence
regarding endpoints of greatest public health concern and in recognition of effects on the
developing nervous system as a sentinel endpoint for public health impacts of Pb (see Section
3.3). We recognize, however, other population subgroups as described above may also be at risk
of Pb-related health effects of public health concern.
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3.4.2 Potential Public Health Impact

There are several potential public health impacts associated with the current range of
population blood Pb levels, including potential impacts on population 1Q, heart disease, and
chronic kidney disease (CD, Section 8.6). The quantitative implications of potential Pb-related
population impacts related to these health impacts are discussed in the CD (Sections 8.6.2, 8.6.3
and 8.6.4). With regard to 1Q, it is noted that, given a somewhat uniform manifestation of Pb-
related decrements across the range of 1Q scores in a population, “a downward shift in the mean
1Q value is not associated only with a substantial increase in the percentage of individuals
achieving very low scores, but also with substantial decreases in percentages achieving very high
scores” (CD, p. 8-81). For example, for a population mean 1Q of 100 (and standard deviation of
15), 2.3% of the population would score above 130, but a shift of the population to a mean of 95
results in only 0.99% of the population scoring above 130 (CD, pp. 8-81 to 8-82).

In emphasizing the need to recognize distinctions between population and individual risk,
the CD notes that a “point estimate indicating a modest mean change on a health index at the
individual level can have substantial implications at the population level” (CD, p. 8-77). For
example, “the import of a decline for an individual’s well-being is likely to vary depending on
the portion of the 1Q distribution” such that “for an individual functioning in the low range due
to the influence of developmental risk factors other than Pb”, a Pb-associated 1Q decline of
several points might be sufficient to drop that individual into the range associated with increased
risk of educational, vocational, and social handicap (CD, p. 8-77). Similarly, “although an
increase of a few mmHg in blood pressure might not be of concern for an individual’s well-
being, the same increase in the population mean might be associated with substantial increases in
the percentages of individuals with values that are sufficiently extreme that they exceed the
criteria used to diagnose hypertension” (CD, p. 8-77).

The magnitude of a public health impact is dependent upon the size of population
affected and type or severity of the effect. As summarized in Section 3.4.1, there are several
population groups that may be susceptible or vulnerable to effects associated with exposure to
Pb. They include young children, particularly those in families of low SES, as well as
individuals with hypertension, diabetes, and chronic renal insufficiency. Although
comprehensive estimates of the size of these groups residing in proximity to policy-relevant
sources of ambient Pb have not been developed, total estimates of these population
subpopulations within the U.S. are substantial (Table 3-3).
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Table 3-3. Population subgroups with characteristics that may contribute to increased
susceptibility or vulnerability to Pb health effects.

Children® Adults® w. Adults® w. | Adults® w. chronic
Living in poverty hypertension® Diabetes kidney disease
Estimated number | 4.8 million ~50 million 18 million 19.2 million
in U.S. population® | (20%)° (25.6%)° (8.7%)° (11%)°
Year for estimate 2005 1999-2002 2002 1988-1994
Reference gg&a"as‘wa't etal, NCHS, 2005 | CDC, 2003 | Coresh et al., 2005

Children less than 6 years of age.

®Individuals greater than 20 year of age.

‘Hypertension, defined as blood pressure of 140/90 millimeters of mercury (mm Hg) or higher, using blood
pressure lowering medications, or having been told at least twice by a physician or other health professional
that they had high blood pressure (medical history).

“Note that there may be overlap among some groups (i.e., individuals may be counted in more than one
subgroup).

°Percent of age group.

The limited information available on air and surface soil concentrations of Pb indicates
elevated concentrations near stationary sources as compared with areas remote from such sources
(CD, Sections 3.2.2 and 3.8). The air quality analyses presented in Chapter 2 indicate
dramatically higher Pb concentrations at monitors near sources as compared with those more
remote (Section 2.3.2.4). We are handicapped, however, in our ability to characterize the size of
at-risk populations in areas influenced by policy-relevant sources of ambient Pb by the
significant limitations of our monitoring and emissions information. For example, size and
spatial coverage limitations of the current Pb monitoring network limits our ability to
characterize the levels of airborne Pb in the U.S. today (see Section 2.3.2.1). Further, the
available information on emissions and locations of sources indicates that the network is
inconsistent in its coverage of the largest sources identified in the 2002 NEI, with monitors
within a mile of only 2 of 26 facilities in the 2002 NEI with emissions greater than 5 tpy (Sect
2.3.2.1). Additionally, there are various uncertainties and limitations associated with source
information in the NEI (Section 2.2.5).

In recognition of the significant limitations associated with the currently available
information on Pb emissions and airborne concentrations in the U.S. and associated exposure of
potentially at-risk populations, we have summarized the information in several different ways.
None of these summaries is precisely what might be desired for this analysis, however, all are
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informative with regard to considering the prevalence of airborne Pb emissions (and associated
airborne Pb concentrations) and exposure of human populations.

Air quality analyses of the limited monitoring network indicates the numbers of
monitoring sites exceeding alternate NAAQS levels, with consideration of different statistical
forms (Section 2.3.2.5), and these analyses are summarized with regard to population size in
counties home to those monitoring sites (Appendix 5.A). Information for the monitors and from
the NEI indicates a range of source sizes in proximity to monitors at which various levels of Pb
are reported. Together this information suggests that there is variety in the size of sources (in
terms of Pb emissions, tpy) that may influence air Pb concentrations that may be of interest in
this review. ldentifying specific emissions levels of sources expected to result in air Pb
concentrations of interest, however, would be informed by a comprehensive analysis using
detailed source characterization information that has not been feasible within the time and data
constraints of this review. Consequently, we have instead developed a summary of the emissions
and demographic information for Pb sources that includes estimates of the numbers of people
residing in counties in which the aggregate Pb emissions from NEI sources is greater than or
equal to 0.1 tpy (Table 3-4) or in counties in which the aggregate Pb emissions is greater than or
equal to 0.1 tpy per 1000 square miles (Table 3-5).

Table 3-4. Population size in counties with Pb emissions, by total emissions (tpy).

Total Pb Under age 5
Emissions in | Number of Population population
County (tpy) Counties (1,000's) (1,000's)

>10.0 20 25,756 1,949

5.0-10.0 37 20,180 1,430

1.0-5.0 346 116,496 7,979

0.5-1.0 320 42,995 2,871

0.1-0.5 1,165 56,287 3,687

20.1 1,888 261,715 17,915
#2002 NEI.
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Table 3-5. Population size in counties with Pb emissions, by emissions density.

Total Pb Emissions
Density in County Number of Population Under age 5 population
(tpy/1000 square miles) Counties (1,000's) (1,000's)
=210.0 77 32,911 2,185
5.0-10.0 80 39,278 2,888
1.0-5.0 463 108,700 7,377
05-1.0 301 32,589 2,200
0.1-0.5 1,105 52,352 3,521
total 2 0.1 2,026 265,829 18,172
#2002 NEI.

Additionally, the potential for historically deposited Pb near roadways to contribute to
increased risks of Pb exposure and associated risk to populations residing nearby is suggested in
the CD and also investigated in Chapter 4 of this document. Although estimates of the number
of individuals, including children, living within close proximity to roadways specifically
recognized for this potential have not been developed, these numbers may be substantial.*

3.5 SUMMARY AND CONCLUSIONS

Based on the available health effects evidence and the evaluation and interpretation of
that evidence in the CD, summarized briefly above, the following conclusions have been drawn:

e Lead exposures occur both by inhalation and by ingestion. Ingestion of Pb-
contaminated dust has a strong influence on blood Pb levels in children.

e Children, in general and especially low SES children, are at increased risk for Pb
exposure and Pb-induced adverse health effects. This is due to several factors,
including enhanced exposure to Pb via ingestion of soil Pb and/or dust Pb due to
childhood hand-to-mouth activity and poor nutritional status.

e Once inhaled or ingested, Pb is distributed by the blood, with long-term storage
accumulation in the bone. Bone Pb levels provide a strong measure of cumulative
exposure which has been associated with many of the effects summarized below,

* For example, the 2005 American Housing Survey, conducted by the U.S. Census Bureau indicates that
some 14 million (or approximately 13% of) housing units are "within 300 feet of a 4-or-more-lane roadway, railroad
or airport” (U.S. Census Bureau, 2006). Additionally, estimates developed for Colorado, Georgia and New York
indicate that approximately 15-30% of the populations in those states reside within 75 meters of a major roadway
(i.e., a “Limited Access Highway”, “Highway”, “Major Road” or “Ramp”, as defined by the U.S. Census Feature
Class Codes) (ICF, 2005).
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although difficulty of sample collection has precluded widespread use in
epidemiological studies to date.

Blood levels of Pb are well accepted as an index of exposure (or exposure metric) for
which associations with the key effects (see below) have been observed. In general,
associations with blood Pb are most robust for those effects for which past exposure
history poses less of a complicating factor, i.e., for effects during childhood.

Epidemiological studies have observed significant associations between Pb exposures
and a broad range of health effects. Many of these associations have been found at
levels of blood Pb that are currently relevant for the U.S. population, with children
having blood Pb levels of 5-10 pg/dL or, perhaps somewhat lower, being at notable
risk.

Pb exposure is associated with a variety of neurological effects in children, notably
intellectual attainment, attention, and school performance. Both qualitative and
quantitative evidence, with further support from animal research, indicates a robust
effect of Pb exposure on neurocognitive ability at blood Pb levels levels in the range of
5to 10 ug/dL, and some analyses appear to show Pb effects on intellectual attainment
in young children with blood Pb levels ranging from 2 to 8 ug/dL

Deficits in cognitive skills may have long-term consequences over a lifetime. Poor
academic skills and achievement can have enduring and important effects on objective
parameters of success in real life as well as increased risk of antisocial and delinquent
behavior.

For the quantitative risk assessment for neurocognitive ability in young children
(described in Chapter 4), the staff concludes that that it is appropriate to use nonlinear
concentration-response models that reflect the epidemiological evidence of a higher
slope of the blood Pb concentration-response relationship at lower blood Pb levels.

For children, the evidence is also robust for Pb-induced disruption of heme synthesis at
blood Pb levels of approximately 15 ug/dL and higher. At blood Pb levels on the order
of 10 pg/dL, and slightly lower, associations have been found with effects to the
immune system, resulting in altered macrophage function, increased IgE levels and
associated increased risk for autoimmunity and asthma.

In adults, epidemiological studies have consistently demonstrated associations between
Pb exposure and increased risk of adverse cardiovascular outcomes, including
increased blood pressure and incidence of hypertension, as well as cardiovascular
mortality. These associations have been observed with bone Pb and, for some studies
with blood Pb levels below 10 ng/dL. Animal evidence provides confirmation of Pb
effects on cardiovascular functions. For these Pb effects, particularly susceptible
subpopulations include those with a higher baseline blood pressure. For example,
African Americans, as a group, have greater incidence of elevated blood pressure than
other ethnic groups.

Renal effects in adults, evidenced by reduced renal function, have also been associated
with Pb exposures indexed by bone Pb levels and also with blood Pb below 10 ug/dL,
with the potential adverse impact of such effects being enhanced for susceptible
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subpopulations including those with diabetes, hypertension, and chronic renal
insufficiency.

Other Pb associated effects in adults occurring at or just above 10 pg/dL include
hematological (e.g., impact on heme synthesis pathway) and neurological effects, with
animal evidence providing support of Pb effects on these systems and evidence
regarding mechanism of action.
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4 CHARACTERIZATION OF HEALTH RISKS

41 INTRODUCTION

This chapter summarizes the human exposure and health risk assessments conducted in
support of the current review (throughout the remainder of this chapter, the term "risk
assessment™ will be used to refer to both the human exposure and health risk assessments
collectively, unless specific reference to either the human exposure or health risk assessments is
required). There are two phases to the risk assessment for the current review: pilot and full-
scale. The pilot phase was presented in the first draft Staff Paper and accompanying technical
report (USEPA, 2006a, 2006b; ICF, 2006), and was the subject of a review by the Clean Air
Scientific Advisory Committee (CASAC) on February 6 and 7, 2007 (Henderson, 2007a). The
initial full-scale analyses were presented in the July 2007 draft report (USEPA, 2007a) and were
the subject of a CASAC review at a public meeting on August 28 and 29, 2007 (Henderson,
2007b). In response to CASAC recommendations, additional analyses using a core modeling
approach were conducted to complete the full-scale assessment. The complete full-scale
assessment and background for these analyses, including CASAC advice on the pilot and draft
full-scale assessment and the risk assessment performed for the previous review, are presented in
the final Risk Assessment Report (USEPA, 2007b).

The focus for this Pb NAAQS risk assessment is on Pb derived from those sources
emitting Pb to ambient air. In designing and implementing this assessment, we have been faced
with significant limitations and complexity that go far beyond the situation for similar
assessments typically performed for other criteria pollutants. Not only are we constrained by the
timeframe allowed for this review (Section 1.2.3) in the context of the breadth of information to
address, we are also constrained by significant limitations with regard to data and tools needed
for the assessment. Further, the multimedia and persistent nature of Pb and the role of multiple
exposure pathways contributes significant additional complexity to the assessment as compared
to other assessments that focus only on the inhalation pathway.

Due to the limited data, models, and time available, we are not able to fully and
completely characterize in this risk assessment all of the various complexities associated with Pb.
Consequently, in our efforts to focus on and characterize risk associated with the ambient air-
related sources and exposures, we have made a number of simplifying assumptions in a number
of areas. Ambient air related sources are those emitting Pb into the ambient air (including
resuspension of previously emitted Pb), and ambient air related exposures include inhalation of
ambient air Pb as well as ingestion of Pb deposited out of the air (e.g., onto outdoor soil/dust or
indoor dust). As illustrated in Figure 2-1 people are also exposed to Pb that originates from
nonair sources, including leaded paint or drinking water distribution systems. For purposes of
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this assessment, however, the Pb from these nonair sources is collectively referred to as “policy-
relevant background”®. Although Pb in diet and drinking water sources may derive from Pb
emitted into the ambient air, the contribution from air pathways to these exposure pathways
could not be explicitly modeled, such that these exposures are treated as policy-relevant
background. 2

In the Risk Assessment Report (USEPA, 2007b), we have made every effort to
completely describe the assessment design, data and methodology, to identify and describe
limitations and simplifying assumptions, and to characterize our understanding of the associated
uncertainty in the exposure and risk estimates. Due to the time constraints for preparation of this
Staff Paper, the risk assessment is only briefly summarized in this Chapter. Key limitations and
uncertainties associated with the design and associated results are briefly summarized in Section
4.2.7. We direct the reader to the Risk Assessment Report for a more complete presentation.

The remainder of this chapter is organized as follows. Section 4.1.1 provides an
overview of the human health risk assessment completed in the last review of the Pb NAAQS in
1990 (USEPA, 1990a). Section 4.1.2 describes advice received from CASAC during this
review. Section 4.2 provides a summary of the exposure and risk assessment, following which
are separate sections dedicated to summaries of the key findings of the exposure assessment
(Section 4.3) and risk assessment (Section 4.4).

4.1.1 Overview of Risk Assessment from Last Review

The risk assessment conducted in support of the last review used a case study approach to
compare air quality scenarios in terms of their impact on the percentage of modeled populations
that exceeded specific blood Pb levels chosen with consideration of the health effects evidence at
that time (USEPA, 1990; USEPA, 1989). The case studies in that analysis, however, focused
exclusively on Pb smelters including two secondary and one primary smelter and did not
consider exposures in a more general urban context. Additionally, the analysis focused on
children (birth through 7 years of age) and middle-aged men. The staff evaluated impacts of
alternate NAAQS on numbers of children and men with blood Pb levels above levels of concern
based on health effects evidence at that time. The primary difference between the risk
assessment approach used in the current analysis and the assessment completed in 1990 involves
the risk metric employed. Rather than estimating the percentage of study populations with
exposures above blood Pb levels of interest as was done in the last review (i.e., 10, 12 and 15

! This categorization of policy-relevant sources and background exposures is not intended to convey any
particular policy decision at this stage regarding the Pb standard.

2 Further, although paint is a policy-relevant background source, for this analysis, it may be reflected
somewhat in estimates developed for policy-relevant sources, due to modeling constraints (see USEPA, 2007b).
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ug/dL), the current analysis estimates changes in health risk, specifically 1Q loss, associated with
Pb exposure for child populations at each of the case study locations with that 1Q loss further
differentiated between background Pb exposure and policy-relevant exposures.

4.1.2 CASAC Advice on Pilot and Initial Risk Analyses in this Review

The staff consulted with the CASAC on the draft analysis plan for the risk assessment
(USEPA, 2006¢) in June, 2006 (Henderson, 2006). Some key comments provided by CASAC
members on the Analysis Plan included: (a) placing a higher priority on modeling the child 1Q
metric than the adult endpoints (e.g., cardiovascular effects), (b) recognizing the importance of
indoor dust loading by Pb contained in outdoor air as a factor in Pb-related exposure and risk for
sources considered in this analysis, and (c) concurring with use of the IEUBK biokinetic blood
Pb model. Staff subsequently developed the pilot phase assessment, intended to test the risk
assessment methodology being developed for the full-scale assessment. The pilot is described in
the first draft Staff Paper and accompanying technical report (USEPA, 2006b; ICF 2006), which
was discussed by the CASAC Pb panel on February 6-7 (Henderson, 2007a).

Results from the pilot assessment, together with comments received from CASAC and
the public, informed decisions on the design of the full-scale analysis. The full-scale analysis
included a substitution of a more generalized urban case study for the location-specific near
roadway case study evaluated in the pilot. In addition, a number of changes were made in the
exposure and risk assessment approaches, including the development of a new indoor dust Pb
model focused specifically on urban residential locations and specification of additional 1Q loss
concentration-response (C-R) functions to provide greater coverage for potential impacts at
lower exposure levels.

The draft full-scale assessment was presented in the July 2007 draft risk assessment
report (USEPA, 2007a) that was released for public comment and provided to CASAC for
review. In their review of the July draft risk assessment report, the CASAC Pb Panel made
several recommendations for additional exposure and health risk analyses (Henderson, 2007b).
Results from the initial full-scale analyses, along with comments from CASAC and the public
resulted in additional modifications and enhancements to the full-scale assessment, resulting in a
final version of the full-scale assessments which is described in this chapter and presented in
greater detail in the accompanying Risk Assessment Report and associated appendices (USEPA,
2007b). These include specification of additional 1Q loss concentration-response functions and
the addition of a set of location-specific urban case studies.
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4.2 DESIGN OF EXPOSURE AND RISK ASSESSMENTS

This section provides an overview of key elements in the design of the risk assessment.
In the discussion below, we highlight key aspects of the assessment design, inputs, and methods,
and we also highlight key uncertainties and limitations for each. In so doing, we have identified
throughout this section, subsections of the Risk Assessment Report that provide the
corresponding detail.

In this section, we first focus on how this assessment builds on the health effects evidence
discussed in Chapter 3 with discussion of the endpoint, metric and model used here for risk
quantitation (Section 4.2.1). We also discuss key aspects of the assessment design (Sections
4.2.2 and 4.2.3) and the modeling approaches (Sections 4.2.4 through 4.2.6). In this discussion,
we only briefly summarize the modeling elements and refer the reader to the Risk Assessment
Report for full descriptions of methodologies employed. Lastly, in Section 4.2.7, we highlight
key limitations of the design and associated uncertainties in the resultant estimates. A more
complete presentation of limitations, sensitivity of particular inputs or models, and uncertainties
occurs in the Risk Assessment Report (USEPA, 2007b, Sections 3.5, 4.3 and 5.3.3).

4.2.1 Health Endpoint, Risk Metric and Concentration-response Functions

Of the health endpoints described in Section 3.3, the health endpoint on which we
focused in the quantitative health risk assessment for this review is developmental neurotoxicity
in children, with 1Q decrement as the risk metric. Among the wide variety of health endpoints
associated with Pb exposures, there is general consensus that the developing nervous system in
young children is the most sensitive and that neurobehavioral effects (specifically neurocognitive
deficits), including 1Q decrements, appear to occur at lower blood levels than previously
believed (i.e., at levels <10 pg/dL). For example, the overall weight of the available evidence,
described in the CD, provides clear substantiation of neurocognitive decrements being associated
in young children with blood Pb levels in the range of 5 to 10 pg/dL, and some analyses indicate
Pb effects on intellectual attainment of young children ranging from 2 to 8 ug/dL (CD, Sections
6.2, 8.4.2 and 8.4.2.6). That is, while blood Pb levels in U.S. children ages one to five years
have decreased notably since the late 1970s, newer studies have investigated and reported
associations of effects on the neurodevelopment of children with these more recent blood Pb
levels (CD, Chapter 6).

The evidence for neurotoxic effects in children is a robust combination of
epidemiological and toxicological evidence (CD, Sections 5.3, 6.2 and 8.5). The
epidemiological evidence is strongly supported by animal studies that substantiate the biological
plausibility of the associations, and provides an understanding of mechanisms of action for the
effects (CD, Section 8.4.2). The selection of children’s IQ for the quantitative risk assessment

4-4



reflects consideration of the evidence presented in the CD as well as advice received from
CASAC (Henderson, 2006, 2007a).

The epidemiological studies that have investigated blood Pb effects on IQ (see CD,
Section 6.2.3) have considered a variety of specific blood Pb metrics, including: 1) blood
concentration “concurrent” with the response assessment (e.g., at the time of 1Q testing), 2)
average blood concentration over the “lifetime” of the child at the time of response assessment
(e.g., average of measurements taken over child’s first 6 or 7 years), 3) peak blood concentration
during a particular age range, and 4) early childhood blood concentration (e.g., the mean of
measurements between 6 and 24 months age). All four specific blood Pb metrics have been
correlated with 1Q (see CD, p. 6-62; Lanphear et al., 2005). In the international pooled analysis
by Lanphear and others (2005), however, the concurrent and lifetime averaged measurements
were considered “stronger predictors of lead-associated intellectual deficits than was maximal
measured (peak) or early childhood blood lead concentrations,” with the concurrent blood Pb
level exhibiting the strongest relationship (CD, p. 6-29). It is not clear in this case, or for similar
findings in other studies, whether the cognitive deficits observed were due to Pb exposure that
occurred during early childhood or were a function of concurrent exposure. Nevertheless,
concurrent blood Pb levels likely reflected both ongoing exposure and preexisting body burden
(CD, p. 6-32).

Using concurrent blood Pb level as the exposure metric and 1Q as the response from the
pooled dataset of seven international studies, Lanphear and others (2005) employed
mathematical models of various forms, including linear, cubic spline, log-linear, and piece-wise
linear, in their investigation of the blood Pb concentration-response relationship (CD, p. 6-29;
Lanphear et al., 2005). They observed that the shape of the concentration-response relationship
is nonlinear and the log-linear model provides a better fit over the full range of blood Pb
measurements than a linear one (CD, p. 6-29 and pp. 6-67 to 6-70; Lanphear et al., 2005). In
addition, they found that no individual study among the seven was responsible for the estimated
nonlinear relationship between Pb and deficits in 1Q (CD p. 6-30). Others have also analyzed the
same dataset and similarly concluded that, across the range of the dataset’s blood Pb levels, a
log-linear relationship was a significantly better fit than the linear relationship (p=0.009) with
little evidence of residual confounding from included model variables (CD, Section 6.2.13;
Rothenberg and Rothenberg, 2005).

A nonlinear blood Pb concentration-response relationship is also suggested by several
other studies that have observed that each pg/dL increase in blood Pb may have a greater effect
on 1Q at blood Pb levels below 10 pg/dL than at higher levels (CD, pp. 8-63 to 8-64). While this
may at first seem at odds with certain fundamental toxicological concepts, a number of examples
of non- or supralinear dose-response relationships exist in toxicology (CD, pp. 6-76 and 8-83 to
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8-89).% With regard to the effects of Pb on neurodevelopmental outcome such as I1Q, the CD
suggests that initial neurodevelopmental effects at lower Pb levels may be disrupting very
different biological mechanisms (e.g., early developmental processes in the central nervous
system) than more severe effects of high exposures that result in symptomatic Pb poisoning and
frank mental retardation (CD, p. 6-76). In comparing across the individual studies and the
pooled analysis, it is observed that at higher blood Pb levels, the slopes derived for log-linear and
linear models are almost identical, and for studies with lower blood Pb levels, the slopes appear
to be steeper than those observed in studies involving higher blood Pb levels (CD, p. 8-78,
Figure 8-7).

Given the evidence summarized here and described in detail in the CD (Chapters 6 and
8), and in consideration of CASAC recommendations (Henderson, 2006, 2007a, 2007b), the risk
assessment for this review relies on the functions presented by Lanphear and others (2005) that
relate absolute 1Q as a function of concurrent blood Pb or of the log of concurrent blood Pb, and
lifetime average blood Pb, respectively. As discussed above, the slope of the concentration-
response relationship described by these functions is greater at the lower blood Pb levels (e.g.,
less than 10 pg/dL). The impact of the nonlinear slope is illustrated by the estimates of 1Q
decrements associated with increases in blood 1Q for different ranges of blood Pb level reported
for the log-linear model (Lanphear et al., 2005). These estimates were 1Q decrements of 3.9
(with 95% confidence interval, CI, of 2.4-5.3), 1.9 (95% CI, 1.2-2.6) and 1.1 (95% ClI, 0.7-1.5),
for increases in concurrent blood Pb from 2.4 to 10 pg/dL, 10 to 20 ug/dL, and 20 to 30 ug/dL,
respectively (Lanphear et al., 2005). For an increase in concurrent blood Pb levels from <1 to 10
ug/dL, the log-linear model estimates a decline of 6.2 points in full scale 1Q which is comparable
to the 7.4 point decrement in 1Q for an increase in lifetime mean blood Pb levels up to 10 ug/dL
observed in the Rochester study (CD, pp 6-30 to 6-31).

Several studies have examined the relationship of 1Q decrement with blood Pb, quantified
by a variety of metrics, at lower blood Pb levels. On a change in 1Q per pg/dL basis, estimates of
1Q decrement associated with blood Pb levels (concurrent, 24-month, peak, lifetime average or
lifetime cumulative) below 10 ug/dL range from -0.4 to -1.8 (CD, Table 8.7). At the upper end
of this range are the slopes derived for the subsets of children in the Rochester and Boston
cohorts for which peak blood Pb levels were <10 pg/dL; these slopes are -1.8 (for concurrent
blood Pb influence on 1Q) and -1.6 (for 24-month blood Pb influence on 1Q), respectively. The
numbers of children in these low blood Pb subsets of the Rochester and Boston cohorts are 101
and 48, respectively. A similar stratification of the pooled dataset by Lanphear and others (2005)

® Similarly, a nonlinear concentration-response relationship was observed for the relationship between
blood Pb levels and blood pressure in adults (CD, pp. 8-83 to 8-89).
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yielded a slope for the linear function of 1Q change associated with concurrent blood Pb of -0.8
for the subset of the children in the pooled data set for which maximal or peak blood Pb levels
were below 10 pg/dL. Of the 1333 children in the full pooled dataset, there were 244 in this
subset. When the full dataset was restricted to a still smaller subset of 103 children for which
peak blood Pb levels were below 7.5 pg/dL the slope of concurrent blood Pb and 1Q was -2.94
(Lanphear et al., 2005). The analysis of this latter subset supported the authors’ conclusions that
“for a given increase in blood lead, the lead-associated intellectual decrement for children with a
maximal blood lead level <7.5 pg/dL was significantly greater than that observed for those with
a maximal blood lead level > 7.5 ug/dL (p-0.015)” and that “environmental lead exposure in
children who have maximal blood lead levels < 7.5 ug/dL is associated with intellectual
deficits”. This subset was composed primarily of children from the Rochester cohort (69
children), with smaller numbers of children from five of the other 7 cohorts (Lanphear et al.,
2005). The Rochester data included 1Q test and concurrent blood Pb measurements taken at age
6 (Lanphear et al., 2005). The linear slope observed for this subset of the pooled dataset,
however, was notably greater than that previously reported for the low blood Pb subset of the
Rochester cohort at age 5 described above, and greater than those slopes from other studies for
blood Pb < 10 pg/dL summarized in the CD (e.g., CD, Table 8-7), providing some uncertainty
with regard to the precise magnitude of slope for the full range of blood Pb below 7.5 pg/dL.

As discussed in the CD, threshold blood Pb levels for these effects cannot be discerned
from the currently available epidemiological studies, and the evidence in the animal Pb
neurotoxicity literature does not define a threshold for any of the toxic mechanisms of Pb (CD,
Sections 5.3.7 and 6.2).

In applying relationships observed with the pooled analysis (Lanphear et al., 2005) to the
risk assessment, which includes blood Pb levels below the range represented by the pooled
analysis, several alternative blood Pb concentration-response models were considered in
recognition of a reduced confidence in our ability to characterize the quantitative blood Pb
concentration-response relationship at the lowest blood Pb levels represented in the recent
epidemiological studies. The functions considered and employed in the initial risk analyses for
this review include the following.

e Log-linear function with low-exposure linearization, for both concurrent and lifetime
average blood metrics, applies the nonlinear relationship down to the blood Pb
concentration representing the lower bound of blood Pb levels for that blood metric in
the pooled analysis and applies the slope of the tangent at that point to blood Pb
concentrations estimated in the risk assessment to fall below that level.

e Log-linear function with cutpoint, for both concurrent and lifetime average blood
metrics, also applies the nonlinear relationship at blood Pb concentrations above the
lower bound of blood Pb concentrations in the pooled analysis dataset for that blood
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metric, but then applies zero risk to all lower blood Pb concentrations estimated in the
risk assessment.

e Two-piece linear function, for both concurrent and lifetime average blood metrics,
applies a two-piece linear model derived from the log-linear function to all blood Pb
concentrations estimated in the risk assessment.

In the additional risk analyses performed subsequent to the August 2007 CASAC public meeting
(Section 4.1.2) using the core modeling approach, the first two functions listed above and the
following two functions were employed (see Section 5.3.1 of the Risk Assessment Report for
details on the forms of these functions as applied in this risk assessment).

e Population stratified dual linear function for concurrent blood Pb, derived from the
pooled dataset stratified at peak blood Pb of 10 pug/dL and

e Population stratified dual linear function for concurrent blood Pb, derived from the
pooled dataset stratified at 7.5 pg/dL peak blood Pb.

In interpreting risk estimates derived using the various functions, consideration should be
given to the uncertainties with regard to the precision of the coefficients used for each analysis.
The coefficients for the log-linear model from Lanphear et al. (2005) had undergone a careful
development process, including sensitivity analyses, using all available data from 1,333 children.
The shape of the exposure-response relationship was first assessed through tests of linearity, then
by evaluating the restricted cubic spline model. After determining that the log-linear model
provided a good fit to the data, covariates to adjust for potential confounding were included in
the log-linear model with careful consideration of the stability of the parameter estimates. After
the multiple regression models were developed, regression diagnostics were employed to
ascertain whether the lead coefficients were affected by collinearity or influential observations.
To further investigate the stability of the model, a random-effects model (with sites random) was
applied to evaluate the results and also the effect of omitting one of the seven cohorts on the lead
coefficient. In the various sensitivity analyses performed, the coefficient from the log-linear
model was found to be robust and stable. The log-linear model, however, is not biologically
plausible at very low blood Pb concentrations as they approach zero; therefore, in the first two
functions the log-linear model is applied down to a cutpoint, selected based on the low end of the
blood Pb levels in the pooled dataset, followed by a linearization or an assumption of zero risk at
levels below that point.

In contrast, the coefficients from the two analyses using the population stratified dual
linear function with cutpoints at 7.5 ug/dL and 10 ug/dL, peak blood Pb, have not undergone
such careful development. These analyses were primarily done to compare the lead-associated
decrement at lower blood lead concentrations and higher blood lead concentrations. For these
analyses, the study population was stratified at the specified cutpoint and separate linear models
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were fitted to the data above and below the cutpoint. The fit of the model or sensitivity analyses
were not conducted (or reported) on these coefficients. While these analyses are quite suitable
for the purpose of investigating whether the slope at lower concentration levels are greater
compared to higher concentration levels, use of such coefficients in a risk analysis to assess
public health impact may be inappropriate. Further, only 103 children had maximal blood lead
levels less than 7.5 ug/dL and 244 children had maximal blood lead levels less than 10 pg/dL.
While these children may better represent current blood lead levels, not fitting a single model
using all available data may lead to bias. Slob et al. (2005) noted that the usual argument for not
considering data from the high dose range is that different biological mechanisms may play a
role at higher doses compared to lower doses. However, this does not mean a single curve across
the entire exposure range cannot describe the relationship. The fitted curve merely assumes that
the underlying dose-response follows a smooth curve over the whole dose range. If biological
mechanisms change when going from lower to higher doses, this change will result in a
gradually changing slope of the dose-response. The major strength of the Lanphear et al. (2005)
study was the large sample size and the pooled analysis of data from seven different cohorts. In
the case of the 7.5 pg/dL cutpoint, less than 10% of the available data is used in the analysis,
with more than half of the data coming from one cohort (Rochester) and the six other cohorts
contributing zero to 13 children to the analysis. Such an analysis dissipates the strength of the
Lanphear et al. study.

In consideration of the preceding discussion, we place greater confidence in the log-linear
model form compared to the dual-linear stratified models for our purposes in this risk
assessment. Further, in considering risk estimates derived from the four core functions (log-
linear function with low-exposure linearization, log-linear function with cutpoint, dual linear
function, stratified at 7.5 pg/dL peak blood Pb, and dual linear function, stratified at 10 pg/dL
peak blood Pb), we have assigned greatest confidence to risk estimates derived using the log-
linear function with low-exposure linearization since this function (a) is a nonlinear function that
describes greater response per unit blood Pb at lower blood Pb levels consistent with multiple
studies identified in the discussion above, (b) is based on fitting a function to the entire pooled
dataset (and hence uses all of the data in describing response across the range of exposures), ()
is supported by sensitivity analyses showing the model coefficients to be robust, and (d) provides
an approach for predicting I1Q loss at the lowest exposures simulated in the assessment
(consistent with the lack of evidence for a threshold). Note, however, that risk estimates
generated using the other three concentration-response functions are also presented to provide
perspective on the impact of uncertainty in this key modeling step.
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4.2.2 Case Studies

For this risk assessment, we have employed a case study approach to inform our
understanding of risks associated with exposure of children in the U.S. to Pb associated with
outdoor ambient air under current conditions, under conditions that would just meet the current
NAAQS, and under conditions associated with just meeting a range of alternative NAAQS. The
case study approach is described in Sections 2.2 (and subsections) and 5.1.3 of the Risk
Assessment Report (USEPA, 2007b); the assessment scenarios are described in Sections 2.3 (and
subsections) and 5.1.1 of that report.

The four types of case studies included in the assessment are the following:

e Location-specific urban case studies: Three urban case studies focused on specific
urban areas (Cleveland, Chicago and Los Angeles) have been modeled to provide
perspectives on the magnitude of ambient air Pb-related risk in specific urban
locations. Ambient air Pb concentrations are characterized using source-oriented and
other Pb-TSP monitors in these cities.

e General urban case study: Represents a nonlocation-specific analysis which uses
several simplifying assumptions regarding ambient air Pb levels and demographics to
produce a simplified representation of urban areas intended to inform our assessment
of the impact of changes in ambient Pb concentrations on risk.

e Primary Pb smelter case study: This case study is modeled to estimate risk for children
living in an area currently not in attainment with the current NAAQS, that is impacted
by Pb emissions from a primary Pb smelter. As such, this case study characterizes risk
for a specific highly exposed population and also provides insights on risk to child
populations living in areas near large sources of Pb emissions.

e Secondary Pb smelter case study: This case study was included in the initial analyses
for the full-scale assessment as an example of areas influenced by smaller point sources
of Pb emissions. As discussed in Section 4.2.7 below, however, we have recognized a
variety of significant limitations in the approaches employed for this case and
associated large uncertainties in these results which preclude the use of this case study
as illustrative of the larger set of areas influenced by similarly sized Pb sources. We
note that risk estimates for this case study (presented in detail in the Risk Assessment
Report) are lower than those for the other case studies.

4.2.3 Air Quality Scenarios

Air quality scenarios modeled for this analysis include (a) a current conditions scenario
for the location-specific urban case studies, the general urban case study, and the secondary Pb
smelter case study; (b) a current NAAQS scenario for the location-specific urban case studies,
the general urban case study, and the primary Pb smelter case study; and (c) a range of
alternative NAAQS scenarios for all case studies. The alternative NAAQS scenarios include 0.5,
0.2, 0.05, and 0.02 pg/m® (as maximum monthly averages) and 0.2 pug/m?® (as a maximum
quarterly average). The current NAAQS scenario for the urban case studies involved a "rolling
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up" of ambient air Pb levels from current conditions. While EPA staff recognizes that it is
extremely unlikely that Pb concentrations in urban areas (see Section 2.3.2.4) would rise to meet
the current NAAQS and there are limitations and uncertainties associated with the approach used
(as described in Section 4.2.7 below), this scenario was included to provide some perspective on
risks associated with the current NAAQS relative to current conditions.

Details of the assessment scenarios, including a description of the derivation of Pb
concentrations for air and other media are presented in Sections 2.3 (and subsections) and
Section 5.1.1 of the Risk Assessment Report (USEPA, 2007b).

4.2.4 Categorization of Policy-relevant Exposure Pathways

To inform policy aspects of the Pb NAAQS review, we have attempted to parse the
assessment estimates for blood Pb and I1Q loss into the fraction associated with background
sources (e.g., diet and drinking water) versus that associated with policy-relevant pathways,
which include inhalation, outdoor soil/dust ingestion and indoor dust ingestion. We have further
categorized the policy-relevant pathways into one of two categories, “recent air” or “past air”.
Conceptually, the recent air category includes those pathways involving Pb that is or has recently
been in the outdoor ambient air, including inhalation and ingestion of indoor dust Pb derived
from recent ambient air (i.e., air Pb that has penetrated into the residence recently and loaded
indoor dust). Past air includes exposure contributions from ingestion of outdoor soil/dust that is
contacted on surfaces outdoors, and ingestion of indoor dust Pb that is derived from past air
sources (i.e., impacts from Pb that was in the ambient air in the past and has not been recently
resuspended into ambient air). In this assessment, as discussed further below, that portion of
indoor dust Pb not associated with recent air is classified as "other" and, due to technical
limitations, includes not only past air impacts, but also contributions from Pb paint. The reader
is referred to Sections 2.4.3 and 3.2.2 of the Risk Assessment Report for additional detail on
partitioning of exposure and risk between policy-relevant and background exposure pathways.

In simulating reductions in exposure associated with reducing ambient air Pb levels
through alternative NAAQS (and increases in exposure if the current NAAQS was reached in
certain case studies), our modeling has only affected the exposure pathways we categorize as
recent air (inhalation and ingestion of that portion of indoor dust associated with outdoor ambient
air). We have not simulated decreases in past air-related exposure pathways (e.g., reductions in
outdoor soil Pb levels following reduction in ambient air Pb levels and a subsequent decrease in
exposure through incidental soil ingestion and the contribution of outdoor soil to indoor dust).
This approach is likely to underestimate reductions in ambient air related exposure and risk.
Consequently, incremental reductions in exposure and risk estimated for alternative NAAQS
considered in the full-scale analysis, which reflect simulated reductions in the recent air
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category, are likely to be underpredictions of the impact of changes to the NAAQS on total Pb
exposure and health risk.

Additionally, there is uncertainty related to parsing out exposure and risk between
background sources and policy-relevant exposure pathways (and subsequent parsing of recent air
and past air) resulting from a number of technical limitations. Key among these is that, while
conceptually, Pb paint contributions to indoor dust Pb would be considered background and
included in modeling background exposures, due to technical limitations related to indoor dust
Pb modeling, ultimately, Pb paint was included as part of "other" indoor dust Pb (i.e., as part of
past air exposure). This means that total exposure and risk associated with past air would be
overestimated due to inclusion of Pb paint as part of "other" indoor dust Pb ingestion.
Uncertainty related to parsing of exposure and risk between background sources and policy-
relevant exposure pathways are discussed in Sections 2.4.3, 3.2.2 and 3.4 of the Risk Assessment
Report.

In summary, because of limitations in the assessment design, data and modeling tools, the
risk attributable to policy-relevant exposure pathways is bounded on the low end by the risk
estimated for the “recent air” category and on the upper end by the risk estimated for the “recent
air” plus “past air” categories.

4.2.5 Overview of Analytical Steps

The risk assessment includes four analytical steps, briefly discussed below. The reader is
referred to Sections 2.4.4, 3.1, 3.2, 4.1, and 5.1 of the Risk Assessment Report for additional
detail.

e Characterization of Pb in ambient air: The characterization of outdoor ambient air Pb
levels uses one of three basic approaches in each case study: (a) establishment of
exposure zones using source-oriented and non-source oriented monitors (location-
specific urban case studies), (b) establishment of a single exposure zone with uniform
levels of Pb in exposure media (general urban case study), or (c) air dispersion
modeling of Pb released from operations associated with a particular facility (point
source case studies).

e Characterization of outdoor soil/dust and indoor dust Pb concentrations: Outdoor soil
Pb levels were estimated using empirical data (including site-specific and/or national
datasets) and/or fate and transport modeling. Indoor dust Pb levels were predicted
using a combination of (a) regression-based models that relate indoor dust to ambient
air Pb and/or outdoor soil Pb, and (b) mechanistic models that predict indoor dust Pb
based on key mechanisms (e.g., exchange of outdoor air with indoor air, deposition
rates for Pb to indoor surfaces, house cleaning rates). For the point source case studies,
regression-based models obtained from the literature or developed based on site-
specific data were used, and a hybrid empirical-mechanistic model was developed and
used for the urban case studies. The model for urban case studies was developed as the
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available regression-based models had been developed largely based on residential
exposures near large point sources and were not considered representative of more
general urban exposures.

e Characterization of blood Pb levels: Blood Pb levels for each exposure zone are
derived from central-tendency blood Pb concentrations estimated using the Integrated
Exposure and Uptake Biokinetic (IEUBK) model. Concurrent or lifetime average
blood Pb is estimated from the IEUBK outputs as described in Section 3.2.1.1 of the
Risk Assessment Report. For the point source and location-specific urban case studies,
a probabilistic exposure model is used to generate population distributions of blood Pb
concentrations based on:

(@) the central tendency blood Pb levels for each exposure zone,

(b) demographic data for the distribution of children (less than 7 years of age)
across exposure zones in a given study area, and

(c) a GSD intended to characterize interindividual variability in blood Pb (e.g.,
reflecting differences in behavior and biokinetics related to Pb).

For the general urban case study, as demographic data for a specific location are not
considered, the GSD is applied directly to the central tendency blood Pb level to estimate
a population distribution of blood Pb levels.

e Risk characterization (estimating 1Q loss): Concurrent or lifetime average blood Pb
levels generated for each simulated child in each case study population are converted
into total Pb-related 1Q loss estimates using the concentration-response functions
described in Section 4.2.1 (See Section 4.2.6 and Section 5.3.1 of the Risk Assessment
Report). The estimates of 1Q loss are presented in two ways: (a) population-weighted
distributions of 1Q loss from which specific population percentiles are identified, and
(b) for the location-specific urban case studies, population risk incidence distributions
providing estimates of the number of children with specific amounts of 1Q loss in a
particular case study. There are a range of uncertainties associated with the
development and application of these concentration-response functions that are
summarized in Sections 4.2.1 and 4.2.7.

The urban case studies differ from the point source case studies in terms of how ambient
air Pb levels were characterized and in the specific mix of modeling and empirical data used to
characterize Pb levels in exposure media (e.g., outdoor soil and indoor dust). Key elements of
the approaches used in each of the case study categories are summarized below and described in
more detail in the Risk Assessment Report.

e L ocation-specific urban case studies: Study areas were defined based on the monitoring
data for that city in the 2003-2005 dataset analyzed in Chapter 2, with the monitor
locations used to define the outer extent of each study area. This resulted in study
areas with varying dimensions for the three cities including: Cleveland (5 miles by 5
miles), Chicago (20 miles by 5 miles) and Los Angeles (40 miles by 20 miles). For the
Cleveland and Chicago case studies, two types of exposure zones were modeled: (a)
zones associated with source oriented monitors and (b) zones associated with non
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source oriented monitors. Source oriented exposure zones extend one mile out from
each source-oriented monitor, and ambient air Pb for all children in those zones is
assumed to be at the level of that monitor. Children in the study area not associated
with these source-oriented zones are assigned ambient air Pb levels associated with the
nearest non source oriented monitor. This approach essentially assumes that source
oriented monitors have an impact close by, and that other monitors represent air Pb
levels more common across the study area. Because the Los Angeles case study does
not have any source oriented monitors, children in the study area were simply assigned
to the nearest monitor. All three case studies were modeled using the same soil Pb
levels as that used in the general urban case study (i.e., these were not location-
specific). The remainder of the modeling used the same core modeling approach as
employed for the general urban case study (see below). Demographic data (i.e., child
counts) were based on US Census 2000 block group data. See Sections 5.1 and 5.2 of
the Risk Assessment Report for details on these case studies.

General urban case study: This case study was intended to characterize exposure and
risk for a child urban population under several simplifying assumptions including (a)
ambient air Pb levels for a given air quality scenario are assumed to be uniform across
the study area and (b) demographics are assumed uniform across the study area. This
essentially translates into a single study area with uniform ambient air Pb levels and
population total. Two current conditions scenarios were assessed for this case study:
(a) one based on the mean Pb-TSP level in U.S. urban areas of more than a million
population, and (b) a second high-end scenario based on the 95" percentile Pb-TSP
level for U.S. urban areas of more than a million people. No demographic data were
used in this case study, since it is not location specific.

Primary and secondary Pb smelter case studies: Both of these case studies were
modeled using air dispersion model-derived ambient air Pb levels. Each was also
modeled using both a 10 km radius study area surrounding the facility and a smaller
1.5 km subarea, that omitted a large number of lower air Pb exposed children that
influenced the full study area results toward "lower risk" exposure and risk
distributions. These case studies used either U.S. Census 2000 block-level data
(secondary Pb smelter case study) or a combination of block and block group-level
data (primary Pb smelter case study) as the basis for generating population risk
projections. There are differences in the specific mix of empirical data and modeling
used for the two case studies to characterize Pb levels in indoor dust and outdoor
soil/dust.

4.2.6 Generating Multiple Sets of Risk Results

In the initial analyses for the full-scale assessment, staff implemented multiple modeling

approaches for each case study scenario in an effort to characterize the potential impact on
exposure and risk estimates of uncertainty associated with the limitations in the tools, data and
methods available for this risk assessment and with key analytical steps in the modeling
approach (e.g., prediction of indoor dust Pb levels given changes in outdoor ambient air Pb,
prediction of 1Q loss given specific Pb blood levels). These multiple modeling approaches are
described in Section 2.4.6.2 of the Risk Assessment Report. In consideration of comments
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provided by CASAC (Henderson, 2007b) on these analyses regarding which modeling approach
they felt had greater scientific support, we identified a smaller set of modeling combinations as
the core approach for the subsequent new analyses (presented in Chapter 5 of the Risk
Assessment Report). The core modeling approach is described in detail in Sections 5.1.2,5.2 and
5.3 of the Risk Assessment Report (USEPA, 2007b). This approach includes the following key
elements:

e the hybrid indoor dust model specifically developed for urban residential applications,
e the IEUBK blood Pb model,
e the concurrent blood Pb metric,

e ageometric standard deviation (GSD) for concurrent blood Pb of 2.1 to characterize
interindividual variability in blood Pb levels, and

o four different functions relating concurrent blood Pb to 1Q loss, including two log-
linear models (one with low-exposure linearization and one with a cutpoint) and two
dual-linear models with stratification, one stratified at 7.5ug/dL peak blood Pb and the
other at 10 ug/dL peak blood Pb (see Section 4.2.1).

The core modeling approach utilizes one overall modeling approach for estimating
exposure for each case study and then combines this with the four concentration-response
functions referenced above to derive four sets of risk results for each case study. Although we
have included risk results based on applying all four concentration-response models to provide
coverage for uncertainty related to this key modeling step, for reasons described in Section 4.2.1
above, we have greater confidence in the log-linear with low-exposure linearization
concentration-response function (LLL) and the results generated using that function are
emphasized below in summarizing risk estimates.

Exposure and risk estimates generated for the initial full set of modeling approaches
applied to the general urban case study and the two point source case studies are presented in
detail in Chapters 3 and 4 of the Risk Assessment Report (USEPA, 2007b). While the estimates
for the core modeling approach described above are emphasized in presenting the exposure and
risk results in this chapter, the fuller set of results provide additional perspective on uncertainty,
especially in relation to exposure modeling.

In addition to analyzing multiple modeling approaches to address potential uncertainty in
the overall analysis and illustrate the potential impact of that uncertainty on estimated exposure
and risk levels, we have also evaluated performance of models applied in the assessment (see
Sections 3.5.1 and 3.5.2 of the Risk Assessment Report) and performed sensitivity analyses to
characterize the potential impact of uncertainty in key analysis steps on exposure and risk
estimates (see Sections 4.3.2, 5.3.3.4 of the Risk Assessment Report).
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4.2.7 Key Limitations and Uncertainties

As recognized in Section 4.1 above, we have made a number of simplifying assumptions

in a number of areas of this assessment due to the limited data, models, and time available. We
have attempted to completely describe these assumptions, and related limitations and
uncertainties of the assessment design and results in the Risk Assessment Report (USEPA,
2007b). Key assumptions, limitations and uncertainties are only briefly identified below, and the
reader is referred to the Risk Assessment Report for detailed discussion. The aspects of the
assessment discussed below are considered by staff to be particularly important to the
interpretation of the exposure and risk estimates. .

Limitations in Assessment and Case Study Designs and Associated Uncertainty

Temporal aspects: As described in Section 2.4.1 of the Risk Assessment Report,
exposure for the simulated child population begins at birth and continues for 7 years,
with Pb concentrations in all exposure media remaining constant throughout the period,
and children residing in the same exposure zone throughout the period. In
characterizing exposure media concentrations, annual averages are derived and held
constant through the seven year period. Exposure factors and physiological parameters
vary with age of the cohort through the seven year exposure period, several exposure
factors and physiological parameters are varied on an annual basis within the blood Pb
modeling step (see Section 3.2 of the Risk Assessment Report). These aspects are a
simplification of population exposures that contributes uncertainty to our exposure and
risk estimates.

General urban case study: This case study differs from the others in several ways
(described in more detail in Risk Assessment Report, Section 2.2.1). It is by definition
a general case study and not based on a specific location. There is a single exposure
zone for the case study within which all media concentrations of Pb are assumed to be
spatially uniform; that is, no spatial variation within the area is simulated (Risk
Assessment Report, Sections 2.4.2, 3.1.1 and 4.3.1). Additionally, the case study does
not rely on any specific demographic values. Within the single exposure zone a
theoretical population of unspecified size is assumed to be uniformly distributed. Thus
this case study is a simplified representation of urban areas intended to inform our
assessment of the impact of changes in ambient Pb concentrations on risk, but which
carries with it attendant uncertainties in our interpretation of the associated exposure
and risk estimates. For example, the risk estimates for this case study, while generally
representative of an urban residential population exposed to the specified ambient air
Pb levels, cannot be readily related to a specific urban population. Specific urban
populations are spatially distributed in a nonuniform pattern and experience ambient air
Pb levels that vary through time and space. Consequently, interpretations of the
associated blood Pb and risk estimates with regard to their relevance to specific urban
residential exposures carry substantial uncertainty and presumably an upward bias in
risk, particularly for large areas, across which air concentrations may vary
substantially.
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e Point source case studies: Dispersion modeling was used to characterize ambient air
Pb levels in the point source case studies. This approach simulates spatial gradients
related to dispersion and deposition of Pb from emitting sources. In the case of the
point sources modeled, sources were limited to those associated with the smelter
operations, and did not include other sources such as resuspension of roadside Pb not
immediately related to facility operations, and other stationary sources of Pb within or
near the study area. This means that, with distance from the facility, there is likely
underestimation of ambient air-related Pb exposure because with increased distance
from the facility there would be increasing influence of other sources relative to that of
the facility. We believe this limitation to have more significant impact on risk
estimates associated with the full study than on those for the subareas, and to perhaps
have a more significant impact on risk estimates associated with the smaller secondary
Pb smelter (see below).

e Secondary Pb smelter case study: Air Pb concentration estimates derived from the air
dispersion modeling completed for the secondary Pb smelter case study are subject to
appreciably greater uncertainty than that for those for the primary Pb smelter case
study due to a number of factors, including: (a) a more limited and less detailed
accounting of emissions and emissions sources associated with the facility (particularly
fugitives), (b) a lack of prior air quality modeling analyses and performance analyses,
and (c) a substantially smaller number of Pb-TSP monitors in the area that could be
used to evaluate and provide confidence in model performance®. Further, as mentioned
in the previous bullet, no air sources of Pb other than those associated with the facility
were accounted for in the modeling. Given the relatively smaller magnitude of
emissions from the secondary Pb smelter, the underestimating potential of this
limitation with regard to air concentrations with distance from the facility has a greater
relative impact on risk estimates for this case study than for the primary Pb smelter
case study. The aggregate uncertainty of all of these factors has left us with low
confidence in estimates for this case study. We note that exposure and risk estimates
(presented in Chapters 3 and 4 of the Risk Assessment Report) are lower than those for
the other case studies. Although we had initially intended to use this case study as an
example of areas near stationary sources of intermediate size (smaller than the primary
Pb smelter), our experience with this analysis indicates that substantially more data and
multiple case studies differing in several aspects would be needed to broadly
characterize risks for such a category of Pb exposure scenarios.

* The information supporting the air dispersion modeling for the primary Pb smelter case study (see Section
3.5.1.1 of the Risk Assessment Report) provides substantially greater confidence in estimates for that case study.
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Limitations in Estimation of Ambient Air Pb concentrations and Associated Uncertainty

Location-specific urban case studies: As recognized in Section 2.3.2.1, the Pb-TSP
monitoring network is currently quite limited. The number of monitors available to
represent air concentrations in these case studies ranged from six for Cleveland to 11
for Chicago. Accordingly, our estimates of the magnitude of and spatial variation of
air Pb concentrations are subject to uncertainty associated with the limited data. In
applying the available data to each of these case studies, exposure zones, one
corresponding to each monitor, were created and each U.S. Census block group (and
the children within that demographic unit) were distributed among the exposure zones.
The details of the approach used are described in Section 5.1.3 of the Risk Assessment
Report. Although this approach provides a spatial gradient across the study area due to
differences in monitor values for each exposure zone, this approach assumes a constant
concentration within each exposure zone (i.e., no spatial gradient within a zone).
Additionally, the nearest neighbor approach to assign block groups to exposure zones
assumes that a monitor pertains to all locations that are closer to that monitor than to
any of the others in the study area. In reality, there may be different and more variable
spatial gradients in a study area than those reflected in the approach used here. This
introduces significant uncertainty into the characterization of risk for the urban case
studies.

Current NAAQS air quality scenarios: For the location-specific urban case studies,
proportional roll-up procedures were used to adjust ambient air Pb concentrations up to
just meet the current NAAQS (see Sections 2.3.1 and 5.2.2.1 of the Risk Assessment
Report for detailed discussion). Staff recognizes that it is extremely unlikely that Pb
concentrations in urban areas would rise to meet the current NAAQS and that there is
substantial uncertainty with our simulation of such conditions. In these case studies we
have simulated a proportional roll-up, such that it is assumed that the current spatial
distribution of air concentrations (as characterized by the current data) is maintained
and increased Pb emissions contribute to increased Pb concentrations, the highest of
which just meets the current standard. There are many other types of changes within a
study area that could result in a similar outcome such as increases in emissions from
just one specific industrial operation that could lead to air concentrations in a part of
the study area that just meet the current NAAQS, while the remainder of the study area
remained largely unchanged (at current conditions). For the primary Pb smelter case
study, where current conditions exceed the current NAAQS, attainment of the current
NAAQS was simulated using air quality modeling, emissions and source parameters
used in developing the 2007 proposed revision to the State Implementation Plan for the
area (see Section 3.1.1.2 of the Risk Assessment Report for details).

Alternative NAAQS air quality scenarios: In all case studies, proportional roll-down
procedures were used to adjust ambient air Pb concentrations downward to attain
alternative NAAQS (see Sections 2.3.1 and 5.2.2.1 of the Risk Assessment Report).
We recognize that there is significant uncertainty in simulating conditions associated
with the implementation of emissions reduction actions to meet a lower standard.
There are a variety of changes other than that represented by a proportional roll-down
that could result in air concentrations that just meet lower alternative standards. For
example, control measures might be targeted only at the specific area exceeding
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standard, resulting in a reduction of air Pb concentrations to the alternate standard
while concentrations in the rest of the study area remain unchanged (at current
conditions). Consequently, there is significant uncertainty associated with estimates
for the alternate NAAQS scenarios.

Limitations in Estimation of Indoor Dust and Outdoor Soil/Dust Pb Concentrations and
Associated Uncertainty

Estimates of outdoor soil/dust Pb concentrations: Outdoor soil/dust Pb concentrations
in all air quality scenarios have been set equal to the values for the current conditions
scenarios. That is, we are not simulating an impact of changes in air Pb concentrations
on soil concentrations, or the associated impact on dust concentrations, blood Pb and
risk estimates. In areas where air concentrations have been greater in the past,
however, implementation of a reduced NAAQS might be expected to yield reduced soil
Pb levels over the long term. As described in Section 2.3.3 of the Risk Assessment
Report, however, there is potentially significant uncertainty associated with this
specification, particularly with regard to implications for areas in which a Pb source
may locate where one of comparable size had not been previously. Additionally, we
note that control measures implemented to meet alternative NAAQS may result in
changes to soil Pb concentrations; these are not reflected in the assessment.

Estimates of indoor dust Pb concentrations for the urban case studies (application of
the hybrid model): The hybrid mechanistic-empirical model for estimating indoor dust
Pb for the urban case studies (see Section 3.1.4.1 of the Risk Assessment Report) has
several sources of uncertainty that could significantly impact its estimates. These
include: (a) failure to consider house-to-house variability in factors related to
infiltration of outdoor ambient air Pb indoors and subsequent buildup on indoor
surfaces, (b) limitations in data available on the rates and efficiency of indoor dust
cleaning and removal, (c) limitations in the method for converting model estimates of
dust Pb loading to dust Pb concentration needed for blood Pb modeling, and (d) the
approach employed to partition estimates of dust Pb concentration into “recent air” and
“other” components (see Section 5.3.3.4 of the Risk Assessment Report). These last
two sources of uncertainty reduce our confidence in estimates of apportionment of dust
Pb between "recent air" and "other”. In recognition of this limitation, we have, in
evaluating exposure and risk reduction trends related to reducing ambient air Pb levels,
focused on changes in total blood Pb rather than on estimates of "recent air" blood Pb.
See Section 4.3.1 of the Risk Assessment report for additional discussion of
uncertainty associated with indoor dust modeling for the urban case studies, and
Section 5.3.3.4 of the Risk Assessment Report for discussion of a sensitivity analysis
of the approach used in estimating the “other” category of indoor dust Pb.

Estimates of indoor dust Pb concentrations for the primary Pb smelter case study
(application of the site-specific regression model): There is uncertainty associated
with the site-specific regression model applied in the remediation zone (see Section
3.1.4.2 of the Risk Assessment Report), and relatively greater uncertainty associated
with its application to air quality scenarios that simulate notably lower air Pb levels.
Limitations in the dataset from which the model was derived limited its form to that of

4-19



a simple regression that predicts dust Pb concentration as a function of air Pb
concentration plus a constant (intercept). We recognize, however, that there may be
variables in addition to air that influence dust Pb concentrations and their absence in
the regression contributes uncertainty to the resulting estimates. To the extent that
these unaccounted for variables are spatially related to the smelter facility Pb sources,
our estimates could be biased, not with regard to the absolute dust Pb concentration,
but with regard to differences in dust Pb concentration estimate between different air
quality scenarios. Those differences may be overestimated because of potential
overestimation of the air coefficient and underestimation of the intercept in the
regression model. Examples of such not-accounted-for variables are roadside dust Pb
and historically contributions to current levels of indoor dust Pb (e.g., dust Pb
contributed to a house in the past that continues to contribute to current dust Pb levels).
See Sections 3.1.4.2, 3.5.1.3 and 4.3.1 of the Risk Assessment Report for additional
discussion.

Limitations in Estimation of Blood Pb Concentrations and Associated Uncertainty

Characterizing interindividual variability using a GSD: There is uncertainty
associated with the GSD specified for each case study (see Sections 3.2.3 and 5.2.2.3
of the Risk Assessment Report for additional detail on GSDs). Two factors are
described here as contributors to that uncertainty. Interindividual variability in blood
Pb levels for any study population (as described by the GSD) will reflect, to a certain
extent, spatial variation in media concentrations, including outdoor ambient air Pb
levels and indoor dust Pb levels. For each case study, there is significant uncertainty in
the specification of spatial variability in ambient air Pb levels and associated indoor
dust Pb levels, as noted above. In addition, there are a limited number of datasets for
different types of residential child populations from which a GSD can be derived (e.g.,
NHANES datasets for more heterogeneous populations and individual study datasets
for likely more homogeneous populations near specific industrial Pb sources). This
uncertainty associated with the GSDs introduces significant uncertainty in exposure
and risk estimates for the 95" population percentile.

Exposure pathway apportionment for higher percentile blood Pb level and 1Q loss
estimates: Apportionment of blood Pb levels for higher population percentiles is
specified to be the same as that estimated using the central tendency estimate of blood
Pb in an exposure zone. This introduces significant uncertainty into projections of
pathway apportionment for higher population percentiles of blood Pb and 1Q loss. In
reality, pathway apportionment may shift as you consider higher exposure percentiles.
For example, paint and/or drinking water exposures may increase in importance, with
air-related contributions decreasing as an overall percentage of blood Pb levels and
associated risk. Because of this uncertainty related to pathway apportionment, as
mentioned earlier, we have placed greater emphasis on estimates of total Pb exposure
and risk in evaluating the impact of the current NAAQS and alternative NAAQS
relative to current conditions.
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Limitations in Estimation of 1Q Loss and Associated Uncertainty

e Relating blood Pb levels to IQ loss: Specification of the quantitative relationship
between blood Pb level and IQ loss is subject to significant uncertainty at lower blood
Pb levels (e.g., below 5 pg/dL concurrent blood Pb). As discussed in Section 4.2.1,
there are limitations in the datasets and concentration-response analyses available for
characterizing the concentration-response relationship at these lower blood Pb levels.
For example, the pooled international dataset analyzed by Lanphear and others (2005)
includes relatively few children with blood Pb levels below 5 pg/dL and no children
with levels below 1 pg/dL (see Section 4.2.1). Blood Pb levels in this region are a
particular focus in this review. For example, as is the case for mean blood Pb levels
nationally in the U.S. (CD, Section 4.3.1.3), concurrent blood Pb estimates for the
median of the populations simulated in this assessment fall below 5 pg/dL (see Section
4.3). In recognition of the uncertainty in specifying a quantitative concentration-
response relationship at such levels, our core modeling approach involves the
application of four different functions to generate a range of risk estimates (see Section
4.2.6 and Section 5.3.1 of the Risk Assessment Report). The range of absolute 1Q loss
seen for a given case study/air quality scenario combination when modeled using the
four concentration-response functions is typically close to a factor of 3. However, we
note that the relative difference (in terms of percent change) in 1Q loss between
individual_air quality scenarios (i.e., the pattern of risk reduction across air quality
scenarios) is fairly consistent across all four models. However, the function producing
higher overall risk estimates (the dual linear function, stratified at 7.5 pg/dL, peak
blood Pb) will also produce larger absolute reductions in 1Q loss compared with the
other three functions.

4.3 EXPOSURE ASSESSMENT

Exposure results generated for the full-scale analysis are summarized in Tables 4-1 and
4-2 at the end of this section. These tables include estimates of blood Pb levels for the median
and 95™ population percentile, respectively. Each table presents estimated blood Pb levels
resulting from total Pb exposure across all pathways (policy-relevant and background), as well as
estimates of percent contribution from "recent air" and "recent plus past air" exposure categories.
As noted in Section 4.2.4 (and Section 3.4 of the Risk Assessment Report), given the various
limitations of our modeling tools, the contribution to blood Pb levels from air-related exposure
pathways and current levels of Pb emitted to the air (including via resuspension) are likely to fall
between contributions attributed to “recent air” and those attributed to “recent plus past air”.
Key uncertainties regarding partitioning dust Pb into “recent air” and “other” categories are
summarized in Section 4.2.7.

Time limitations in preparing this Staff Paper have resulted in our providing here only a
brief summary of the exposure assessment results. However, these results need to be understood
in the context of the broader and more comprehensive and detailed presentation provided in the
Risk Assessment Report (USEPA, 2007b). Listed below are key observations related to the
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exposure assessment based on estimates presented in Tables 4-1 and 4-2. This section is
organized by ambient air quality scenario category beginning with observations regarding
estimated exposures under current conditions, followed by observations related to the current
NAAQS, and concluding with observations regarding the alternative NAAQS scenarios.

In presenting these observations, we reference both median and 95" population percentile
estimates of concurrent blood Pb levels. It is important to note that 5 percent of the child study
population at each case study would have exposures above the high-end exposures presented
here, although due to technical limitations we believe that it is not possible at this point to
reasonably predict the distribution of exposures for that top 5 percent.

Current Conditions
This section presents observations regarding the blood Pb estimates for the current
conditions scenarios.

e Current Pb concentrations for the three location-specific urban case studies in terms of
maximum quarterly average are 0.09, 0.14 and 0.36 pg/m? for the study areas in Los
Angeles, Chicago and Cleveland, respectively. In terms of maximum monthly average
the values are 0.17 pg/m* 0.31 pg/m® and 0.56 pg/m?® for the study areas in Los
Angeles, Chicago and Cleveland, respectively.

e Median estimates of total blood Pb level range from 1.7 to 1.8 ug /dL for the three
location-specific urban case studies, with the percent associated with ambient air Pb
estimated to fall between the estimate for recent air (17%) and that for recent plus past
air (71%) (see Table 4-1). Estimates for the 95" percentile range from 5.9 to 6.1 pg/dL
with the percent associated with ambient air Pb estimated to fall between 15% and 68%
(see Table 4-2).

e Two current conditions scenarios were considered for the general urban case study:
0.14 pg/m® as a maximum quarterly average, the mean for large urban areas, and 0.87
ng/m? as a maximum quarterly average, the high-end estimate for large urban areas
(see Table 4-1). Median estimates of total blood Pb for these two scenarios were very
similar at 1.9 and 2.1 pg/dL (see Table 4-1). In both cases, the percent associated with
ambient air Pb is estimated to fall between 32% and 76% of total Pb exposure.
Estimated total blood Pb levels for the 95" percentile of the distribution are 6.5 pg/dL
for the mean scenario and 7.2 pg/dL for the high-end scenario (see Table 4-2).

Current NAAQS

This section presents observations regarding blood Pb estimates for the current NAAQS
scenario in which ambient air Pb levels are simulated to just meet the current NAAQS level of
1.5 pg/m?®, as a maximum quarterly average.

e Estimates of median total blood Pb for the current NAAQS scenario in the three
location-specific urban case studies range from 2.1 to 3.0 pg/dL with the percent
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associated with ambient air estimated to fall between the estimates for recent air (50-
63%) and those for recent plus past air (81-86%) (see Table 4-1). Estimates of total
blood Pb exposures for the 95" percentile range from 7.4 to 10.2 ug/dL with the
percent associated with ambient air estimated to fall between the estimates for recent
air (31-65%) and those for recent plus past air (73-87%) (see Table 4-2). The
similarity of the proportion of the contribution from ambient air Pb to total blood Pb
for the median and 95™ percentile child scenarios suggests the key role played by the
interindividual GSD in determining 95" percentile exposures for the location-specific
urban case studies (i.e., spatial gradients, which are less significant in these urban case
studies, are less important in producing elevated levels of exposure). Both the median
and 95" percentile blood Pb estimates for current NAAQS suggest a significant
increase in blood Pb levels compared with blood Pb levels estimated for the current
conditions (see last section). Specifically, median blood Pb levels are approximately 1
pg/dL higher under the current NAAQS scenario compared with the current conditions
scenario, while 95" percentile levels range from 1.5 to 4 pg/dL higher under the
current NAAQS scenario.

Blood Pb estimates for the general urban case study are slightly higher than estimates
for the location-specific urban case studies, with a median estimate for total blood Pb
of 3.1 pg/dL and a 95™ percentile estimate of 10.6 pg/dL (see Tables 4-1 and 4-2,
respectively). Contributions of ambient air Pb to total blood Pb are somewhat higher in
this case study than they are for the location-specific urban case studies. This finding
IS expected since the location-specific urban case study assumes that the entire study
area is at the current NAAQS level, while the location-specific urban case studies will
have portions of the study areas at that level and the remainder at levels notably lower
than the current NAAQS. Estimates for the median child for both the mean and high-
end current conditions scenarios indicate a decrease of about 1 pg/dL in total blood Pb
for the current conditions scenario compared with the current NAAQS scenario. The
difference is even more pronounced for the 95" percentile child, with the mean current
conditions scenario differing by 4 pg/dL from the current NAAQS scenario and the
high-end current conditions scenario differing by 3.4 pg/dL.

For the primary Pb smelter case study (full study area) the estimate of median total
blood Pb is 1.5 pg/dL with 53% of this resulting from recent plus past air (see Table 4-
1). The 95" percentile estimate for total blood Pb is 4.6 pg/dL, with 61% of this
coming from recent plus past air (see Table 4-2). Both the median and 95™ percentile
total blood Pb estimates are significantly lower than those generated for the urban
scenarios, reflecting in part the fact that characterization of ambient air Pb levels for
the primary Pb smelter did not consider contributions from other sources besides the
smelter (e.g., resuspension of road dust, other industrial sources) that might contribute
to exposures further from the facility. This underprediction bias is more important for
areas further from the facility which include a large segment of the modeled study
population. By contrast, the general urban case study and location-specific urban case
studies are based on monitoring data, which will reflect the contribution from all Pb
sources in the vicinity of the monitors.

Blood Pb estimates for the 1.5 km subarea of the primary Pb smelter case study were
markedly elevated for the current NAAQS scenario compared with the corresponding
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estimates for the full study area. This reflects the fact that the analysis of the subarea
focused on a subpopulation experiencing significantly greater ambient air Pb levels
(due to their proximity to the facility). The median estimate of total blood Pb level is
4.6 pg/dL with 87% of that exposure resulting from recent plus past air Pb (see Table
4-1). The 95" percentile estimate of total blood Pb level is 12.3 pg/dL, with 83% of
that exposure resulting from recent plus past air Pb (see Table 4-2). The larger fraction
of total Pb exposure associated with ambient air Pb for the subarea compared with the
full study area (83 to 87% compared with 53 to 61%) indicates that elevated blood Pb
levels for the subarea result from significantly greater ambient air Pb contributions.

Alternative NAAQS

This section presents observations regarding the blood Pb estimates resulting from

modeling of exposure assuming that each of the case studies just meets each of the alternative
NAAQS levels.

The current air Pb concentrations in the study areas of the three location-specific urban
case studies fall near and within the upper end of the range of alternate NAAQS
considered (i.e., 0.2 pg/m* maximum monthly average to 0.5 pg/m® maximum
quarterly average). In modeling alternate NAAQS for these case studies, we only
considered those alternative NAAQS that were either equal to or lower than current
conditions at each location. This meant that the three lowest alternative NAAQS were
considered for Chicago, all of the alternative NAAQS were considered for Cleveland
and only the two lowest were considered for Los Angeles. The remaining case studies
were evaluated for the full set of alternative NAAQS.

For the two location-specific urban case studies at which the higher alternative
NAAQS (0.5 and 0.2 pug/m®, maximum monthly average and 0.2 pg/m® maximum
quarterly average) were simulated, median estimates of total blood Pb levels range
from 1.7 to 1.8 pg/dL (see Table 4-1). This range is similar to the estimates for current
conditions for the three case studies, which is expected given the similarity of current
conditions to these alternative NAAQS. Estimates of median total blood Pb levels for
the lowest alternative NAAQS (0.02 and 0.05 pg/m* maximum monthly average) show
a slight reduction compared with current conditions (i.e., equal to or less than a 0.2
Hg/dL reduction - see Table 4-1). Estimates of 95" percentile total blood Pb levels for
the higher alternative NAAQS (0.5 and 0.2 pg/m® maximum monthly average and 0.2
ng/m° maximum quarterly average) range from 5.7 to 6.0 pg/dL (see Table 4-2). These
estimates differ from those for current conditions by about 0.4 pg/dL or less. Estimates
of 95" percentile total blood Pb levels under the lowest alternative NAAQS (0.02 and
0.05 pug/m® maximum monthly average) shows a significantly larger reduction in blood
Pb levels compared to current conditions, with this drop ranging from roughly 0.5 to
0.8 ng/dL (see Table 4-2).

The primary Pb smelter (full study area) shows no discernable reduction in median
total blood Pb levels across any of the alternative NAAQS (see Table 4-1), again
reflecting the fact that characterization of ambient air Pb levels for this study area did
not consider sources other than the facility and consequently, portions of the study area
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further from the facility have relatively low ambient air-related exposures. However, a
moderate reduction in 95™ percentile total blood Pb levels is seen across the alternative
NAAQS, with the highest alternative NAAQS (0.5 pg/m® maximum monthly average)
estimated at 4.2 pg/dL and the lowest alternate NAAQS (0.02 pg/m® maximum
monthly average) estimated at 3.8 pg/dL (see Table 4-2).

The primary Pb smelter (1.5km subarea) presents a much more substantial trend in
reduction of estimated median total blood Pb levels across alternative NAAQS.
Median total blood Pb levels are estimated at 3.2 pug/dL for the highest alternative
NAAQS (0.5 pg/m® maximum monthly average), decreasing to 2.3 pg/dL for the
intermediate alternative NAAQS (0.2 pg/m® maximum monthly average) and finally
dropping to 1.6 pg/dL for the lowest alternative NAAQS (0.02 pg/m® maximum
monthly average) (see Table 4-1). This trend is also seen for 95" percentile estimates
of total blood Pb levels, but it is even stronger, with the highest alternative NAAQS
estimated at 8.5 pg/dL, dropping to 6.1 pg/dL (for the 0.2 pg/m® maximum monthly
average NAAQS) and reaching 4.2 pg/dL with the lowest alternative NAAQS (see
Table 4-2).
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Table 4-1. Summary of blood Pb estimates for median total blood Pb.

Policy-relevant source
contribution (percent) of
total blood Pb

Concurrent
blood Pb
concentration

Air Quality Scenario Recent Recent Air a
(agd cage study) Airb plus Past Airb (total Pb exposure)

Location-specific (Chicago)
Current NAAQS (1.5 pg/m°, max quarterly) 63% 83% 3.0
Current conditions
(0.14 pg/m® max quarterly; 0.31 pg/m*® max monthly) 22% 67% 1.8
Alternative NAAQS (0.2 pg/m°, max monthly) 17% 67% 1.8
Alternative NAAQS (0.05 pg/m°, max monthly) 6% 69% 1.6
Alternative NAAQS (0.02 pg/m®, max monthly) 1% 63% 1.6
Location-specific (Cleveland)
Current NAAQS (1.5 ug/m°, max quarterly) 57% 86% 2.1
Current conditions
(0.36 pg/m® max quarterly; 0.56 pg/m* max monthly) 17% 67% 1.8
Alternative NAAQS (0.5 pg/m°, max monthly) 39% 2% 1.8
Alternative NAAQS (0.2 pg/m°, max quarterly) 12% 65% 1.7
Alternative NAAQS (0.2 pg/m®, max monthly) 6% 65% 1.7
Alternative NAAQS (0.05 pg/m®, max monthly) 1% 63% 1.6
Alternative NAAQS (0.02 pg/m°, max monthly) 1% 63% 1.6
Location-specific (Los Angeles)
Current NAAQS (1.5 pg/m°, max quarterly) 50% 81% 2.6
Current conditions
(0.09 pg/m® max quarterly; 0.17 pug/m*® max monthly) 18% 71% 1.7
Alternative NAAQS (0.05 pg/m®, max monthly) 13% 69% 1.6
Alternative NAAQS (0.02 pg/m°, max monthly) 6% 63% 1.6
General urban
Current NAAQS (1.5 pg/m°, max quarterly) 61% 84% 3.1
Alternative NAAQS (0.5 pg/m®, max monthly) 41% 73% 2.2
Current conditions —high-end (0.87 pg/m®, max quarterly) 38% 76% 2.1
Alternative NAAQS (0.2 pg/m°, max quarterly) 35% 75% 2.0
Current conditions - mean (0.14 pug/m°, max quarterly) 32% 74% 1.9
Alternative NAAQS (0.2 pg/m°, max monthly) 26% 74% 1.9
Alternative NAAQS (0.05 pg/m®, max monthly) 12% 65% 1.7
Alternative NAAQS (0.02 pg/m®, max monthly) 6% 69% 1.6
Primary Pb smelter - full study area
Current NAAQS (1.5 pg/m®, max quarterly) 53% 15
Alternative NAAQS (0.5 pg/m®, max monthly) 79% 14
Alternative NAAQS (0.2 pg/m®, max quarterly) NA 50% 14
Alternative NAAQS (0.2 pg/m®, max monthly) 36% 1.4
Alternative NAAQS (0.05 pg/m°, max monthly) 50% 1.4
Alternative NAAQS (0.02 pg/m°, max monthly) 64% 14
Primary Pb smelter - 1.5km study area
Current NAAQS (1.5 ug/m°, max quarterly) 87% 4.6
Alternative NAAQS (0.5 pg/m®, max monthly) 81% 3.2
Alternative NAAQS (0.2 pg/m°, max quarterly) NA 72% 25
Alternative NAAQS (0.2 pg/m°, max monthly) 78% 2.3
Alternative NAAQS (0.05 pg/m®, max monthly) 65% 1.7
Alternative NAAQS (0.02 pg/m®, max monthly) 69% 1.6

a - All values are rounded to one decimal place.

b -The term “past air” includes contributions from the outdoor soil/dust contribution to indoor dust, historical air contribution to

indoor dust, and outdoor soil/dust pathways; “recent air” refers to contributions from inhalation of ambient air Pb or ingestion of
indoor dust Pb predicted to be associated with outdoor ambient air Pb levels, with outdoor ambient air also potentially including
resuspended, previously deposited Pb (see Section 2.4.3 of the Risk Assessment Report).
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Table 4-2.  Summary of blood Pb level estimates for 95™ percentile total blood Pb.

Policy-relevant
contribution (percent)
of total blood Pb

Concurrent blood
Pb concentration

Recent (total Pb
Air Quality Scenario Recebnt plus Pbast a
(and case study) Air Air exposure)
Location-specific (Chicago)

Current NAAQS (1.5 pug/m°, max quarterly) 65% 87% 10.2
Current conditions

(0.14 pg/m® max quarterly; 0.31 pg/m® max monthly) 18% 68% 6.0
Alternative NAAQS (0.2 pg/m°, max monthly) 25% 70% 6.0
Alternative NAAQS (0.05 pg/m®, max monthly) 5% 65% 5.5
Alternative NAAQS (0.02 pg/m®, max monthly) 4% 67% 54

Location-specific (Cleveland)

Current NAAQS (1.5 pg/m°, max quarterly) 31% 73% 7.4
Current conditions

(0.36 pg/m® max quarterly; 0.56 pg/m® max monthly) 15% 67% 6.1
Alternative NAAQS (0.5 pg/m®, max monthly) 25% 70% 6.0
Alternative NAAQS (0.2 pg/m®, max quarterly) 12% 67% 5.8
Alternative NAAQS (0.2 pg/m®, max monthly) % 67% 5.7
Alternative NAAQS (0.05 pg/m°, max monthly) 2% 65% 5.4
Alternative NAAQS (0.02 pg/m°, max monthly) 2% 66% 5.3

Location-specific (Los Angeles)

Current NAAQS (1.5 ug/m°, max quarterly) 52% 80% 8.9
Current conditions

(0.09 pg/m3 max quarterly; 0.17 pg/m3 max monthly) 19% 68% 5.9
Alternative NAAQS (0.05 pg/m°, max monthly) 9% 67% 5.5
Alternative NAAQS (0.02 pg/m®, max monthly) 4% 65% 5.4

General urban
Current NAAQS (1.5 ug/m°, max quarterly) 60% 83% 10.6
Alternative NAAQS (0.5 pg/m®, max monthly) 39% 76% 7.4
Current conditions —high-end (0.87 pg/m°, max quarterly) 38% 75% 7.2
Alternative NAAQS (0.2 pg/m°, max quarterly) 34% 74% 6.8
Current conditions - mean (0.14 pug/m°, max quarterly) 29% 72% 6.5
Alternative NAAQS (0.2 pg/m®, max monthly) 27% 2% 6.4
Alternative NAAQS (0.05 pg/m®, max monthly) 12% 68% 5.7
Alternative NAAQS (0.02 pg/m°, max monthly) 7% 67% 5.5
Primary Pb smelter - full study area
Current NAAQS (1.5 ug/m°, max quarterly) 61% 4.6
Alternative NAAQS (0.5 pg/m®, max monthly) 74% 4.2
Alternative NAAQS (0.2 pg/m°, max quarterly) NA 60% 4.0
Alternative NAAQS (0.2 pg/m°, max monthly) 63% 4.0
Alternative NAAQS (0.05 pg/m®, max monthly) 50% 3.8
Alternative NAAQS (0.02 pg/m®, max monthly) 84% 3.8
Primary Pb smelter - 1.5km study area

Current NAAQS (1.5 ug/m°, max quarterly) 83% 12.3
Alternative NAAQS (0.5 pg/m°, max monthly) 89% 8.5
Alternative NAAQS (0.2 pg/m°, max quarterly) NA 89% 6.6
Alternative NAAQS (0.2 pg/m®, max monthly) 80% 6.1
Alternative NAAQS (0.05 pg/m®, max monthly) 78% 45
Alternative NAAQS (0.02 pg/m®, max monthly) 71% 4.2

a - All values are rounded to one decimal place.

b -The term “past air” includes contributions from the outdoor soil/dust contribution to indoor dust, historical air contribution to
indoor dust, and outdoor soil/dust pathways, while “recent air” refers to contributions from inhalation of ambient air Pb or
ingestion of indoor dust Pb predicted to be associated with outdoor ambient air Pb levels, with outdoor ambient air also
potentially including resuspended, previously deposited Pb (see Section 2.4.3 of the Risk Assessment Report).

4-27




44 RISK ASSESSMENT

Risk results generated for the full-scale analysis are summarized in Tables 4-3 through 4-

8 at the end of this section. These tables present three types of risk metrics:

Estimates of 1Q loss for all air quality scenarios: Tables 4-3 and 4-4 present 1Q loss
estimates for total Pb exposure for each of the air quality scenarios simulated for each
case study. Table 4-3 presents estimates for the population median and Table 4-4
presents results for the 95™ percentile. To reflect the variation in estimates derived
from the four different concentration-response functions, the lowest and highest
estimates are presented for each scenario along with estimates for the LLL model.
These are labeled in these tables as (a) low C-R function (this is either the dual linear
with stratification at 10 pg/dL, peak blood Pb, or the log-linear with cutpoint,
depending on the blood Pb level); (b) the LLL C-R function (log-linear with low-
exposure linearization); and (c) the high C-R function (the dual linear with
stratification at 7.5 pg/dL, peak blood Pb).

Estimates of 1Q loss under the current NAAQS air quality scenario: Tables 4-5 and
4-8 present estimated 1Q loss for total Pb exposure based on simulation of just meeting
the current NAAQS for the case studies to which the core modeling approach was
applied. Specifically, Table 4-5 presents estimates of total Pb-related 1Q loss for the
population median, and Table 4-6 presents estimates for the 95" percentile. Both of
these tables present estimated total 1Q loss (reflecting both policy-relevant pathways
and background sources) as well as the estimated range of 1Q loss associated with
policy-relevant exposures alone (bounded by estimates for “recent air" and for "recent
plus past air™).

1Q loss incidence estimates for the three location-specific urban case studies:
Estimates of the number of children projected to have total Pb-related 1Q loss greater
than one point are summarized in Table 4-7, and similar estimates for 1Q loss greater
than 7 points are summarized in 4-8. Also presented are the changes in incidence of
the current NAAQS and alternative NAAQS scenarios compared to current conditions.
Estimates are presented for each of the four concentration-response functions used in
the core analysis. The complete set of incidence results is presented in Risk
Assessment Report Appendix O, Section O.3.4.

Time limitations in preparing this Staff Paper have resulted in our providing here only a

brief summary of the risk assessment results. These results, however, need to be understood in
the context of the broader and more comprehensive and detailed presentation provided in the
Risk Assessment Report (USEPA, 2007b). Listed below are key observations related to the risk
assessment, and as such, they draw on estimates presented in Tables 4-3 through 4-8. These
observations are organized by type of ambient air quality scenario beginning with observations

regarding the current conditions scenarios, followed by observations regarding the current
NAAQS scenarios, and concluding with observations regarding the set of alternative NAAQS
evaluated.
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As described in Section 4.2.5 above, we included four blood Pb concentration-response
functions relating blood Pb and 1Q loss in the core modeling approach to provide coverage for
uncertainty in this key modeling step. However, for the reasons described in Section 4.2.1, we
place greater confidence in one of these functions (the log-linear with low-exposure
linearization, or LLL function). We note that, risk estimates generated using the LLL model fall
intermediate between estimates generated using the other three functions. Estimates derived
using the log-linear function with cutpoint and the dual-linear function with stratification at 10
pg/dL (peak blood Pb) yield the lowest risk estimates and the dual-linear function with
stratification at 7.5 pg/dL (peak blood Pb) yields the highest risk estimates. Because of the
greater confidence placed in the LLL function and because it generates risk estimates generally
bounded by the other three functions, we emphasize risk estimates generated using the LLL
function in this discussion. All risk estimates discussed in the observations below, unless
otherwise noted, were generated using the LLL function (i.e., results presented in Tables 4-3
through 4-8 under the LLL heading).

It is important to point out that the range of absolute 1Q loss estimates generated using the
four models for a given case study and air quality scenario is large, typically around a factor of 3.
This can be seen by considering the difference in total 1Q loss between the "low C-R function”
and "high C-R function™ estimates presented for any case study and air quality scenario
combination in Tables 4-3 and 4-4. However, the relative (proportional) change in 1Q loss
across air quality scenarios (i.e., the pattern of risk reduction across air quality scenarios for the
same case study) is fairly consistent across all four models. This suggests that there may be
significant uncertainty in estimates of absolute 1Q loss for a median or 95™ percentile child with
exposures related to a given ambient air Pb level. Accordingly, we have greater confidence in
predicting incremental changes in 1Q loss across air quality scenarios.

In presenting these risk observations, as with presentation of the exposure observations,
we reference both median and 95™ percentile estimates of total 1Q loss. It is important to note
that, similar to the exposure assessment, 5 percent of the child study population at each case
study would have risk levels above the 95" percentile 1Q loss estimates presented here, although
due to technical limitations of our modeling tools, we believe that it is not possible at this point
to reasonably predict the distribution of risk levels for that top 5 percent.

Current Conditions

The following observations are with regard to estimation of Pb-related 1Q loss for current
conditions at each of the case studies. Unless otherwise stated, all risk estimates discussed below
were generated using the LLL model (designated as "LLL" in the risk results tables).
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As mentioned earlier in discussing the exposure results, current conditions for the three
location-specific urban case studies in terms of maximum quarterly average air Pb
concentrations are 0.09, 0.14 and 0.36 pg/m? for the study areas in Los Angeles,
Chicago and Cleveland, respectively. In terms of maximum monthly average the
ambient air Pb levels range from 0.17 pg/m*® (maximum monthly average for Los
Angeles case study) to 0.56 pg/m*® maximum monthly average for Cleveland case
study. The estimate for the Chicago case study is between these at 0.31 pg/m* as a
maximum monthly average.

For the three location-specific urban case studies, median total 1Q loss is estimated at
4.2 points using the LLL function and from 1.4 to as much as 5.2 points across
functions (see Table 4-3). Estimates for 95" percentile total 1Q loss range from 7.5 to
7.6 points for the LLL and as much as 4.1 to 11.4 points across all four functions (see
Table 4-4).

Two current conditions scenarios were considered for the general urban case study:
one based on the mean value for ambient air Pb levels in large urban areas (0.14 pg/m®
as a maximum quarterly average) and a high-end ambient air Pb level in large urban
areas (0.87 pg/m® as a maximum quarterly average). Estimates of median total 1Q loss
for these two scenarios were very similar at 4.5 and 4.7 points for the mean and high-
end current conditions, respectively. Estimated 95" percentile total 1Q losses are also
fairly similar for the two current conditions scenarios, with the mean scenario at 7.7
points and the high-end scenario at 8 points. The range of estimates across all
concentration-response models is similar to that for the location-specific urban areas
(see above).

Current NAAQS

This section presents observations regarding estimates of Pb-related 1Q loss for the

current NAAQS scenario for each of the case studies. Note, that discussion of the contribution
of recent air and recent plus past air to total 1Q loss has been reserved for the current NAAQS air
quality scenario, since this scenario was modeled for all of the case studies. As noted above, all
risk estimates discussed below were generated using the LLL model (i.e., designated as "LLL" in
the risk results tables), unless otherwise noted.

Estimates of median total 1Q loss for the current NAAQS scenarios in the three
location-specific urban case studies range from 4.7 to 5.6 points, with between 2.7 and
3.4 of that coming from recent air and 3.9 to 4.7 coming from recent plus past air (see
Table 4-5). Estimates of 95" percentile total 1Q loss range from 8.1 to 9 points, with
between 2.6 and 5.8 points coming from recent air and 5.9 and 7.6 points coming from
recent plus past air (see Table 4-6). Both the median and 95™ percentile risk estimates
for current NAAQS are significantly higher than those for current conditions.
Specifically, median 1Q loss is approximately 0.5 to 1 point higher under the current
NAAQS, while 95" percentile levels are 0.5 to 1.5 points higher under the current
NAAQS (see Tables 4-3 and 4-4, respectively). While the size of the increase in blood
Pb levels is significantly higher for the 95" percentile child than for the median, the
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size of risk increase is similar because the blood Pb increase for the 95™ percentile is
taking place in a flatter portion of the concentration-response function. Conversely,
blood Pb increases for the median population percentile are occurring in a steeper
portion of the curve, thereby resulting in a similar increase in 1Q loss for the median
and 95" percentile child. Risk estimates generated using the other three 1Q loss
concentration-response functions provides a considerably wider range of predicted 1Q
loss. For example, the estimated median total 1Q loss ranges from 1.7 to 8.8 points
when all four concentration-response models are considered (compared with 4.7 to 5.6
points presented above for the LLL model alone - see Table 4-3).

Population risk modeling completed for the three location-specific urban case studies
provides estimates of changes in the number of children with Pb-related 1Q loss greater
than one point for the current NAAQS scenario compared to the current conditions
scenario. It is estimated that an additional 1% of the modeled child populations at the
three urban locations would have total 1Q loss greater than 1.0 point under the current
NAAQS scenario. Specifically, the Chicago study area would have nearly 6,000 more
children with this magnitude of Pb-related 1Q loss (from a total study population of
some 400,000), Cleveland would have approximately 100 (from a total study
population of 14,000) and Los Angeles would have approximately 4,000 more children
(from a total study population of approximately 370,000) with total Pb-related 1Q loss
greater than 1.0 point under the current NAAQS scenario (see Table 4-7).

By contrast, it is estimated that an additional 5% to 17% of the modeled child
populations at the three location-specific case study areas would move from having
total 1Q loss below 7 1Q points to above 7 1Q points if current conditions increased to
levels near the current NAAQS. Specifically, the Chicago study area would have some
70,000 more children with Pb-related 1Q loss greater than 7 points, the Cleveland study
area would have some 600 more and Los Angeles would have some 35,000 more
children with this magnitude of Pb-related 1Q loss (see Table 4-8). The increases in
total 1Q loss estimates are distributed across the distribution for each population with
some of the children moving between higher 1Q loss categories (above the 7 point
demarcation). The prediction that shifting ambient air levels up to the current NAAQS
would have a greater impact on the number of children with Pb-related 1Q loss of
greater than 7 points compared with the number with greater than one point of 1Q loss
reflects the overall shape of the distribution of total Pb-related 1Q loss estimates for
these study areas under current conditions. The majority of children in the three urban
study areas are projected to have 1Q loss due to total Pb exposure that is significantly
greater than 1 point (the median is around 4 points - see Table 4-3). Therefore, a
hypothetical increase in ambient air Pb levels to just meet the current NAAQS is
predicted to yield a larger change in the number of children with relatively higher 1Q
loss (in the range of 7 points) than on the number of children with 1Q loss in the range
of 1, since current conditions estimates for Pb-related 1Q loss are already well above 1
point.

Current NAAQS scenario risk estimates for the general urban case study are slightly
higher than those for the location-specific urban case studies, with estimates for median
total 1Q loss of 5.8 points and 95™ percentile estimates of 9.1 points of loss (see Tables
4-3 and 4-4, respectively). The fraction of 1Q loss associated with ambient air Pb
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exposure for the general urban case study is similar to that estimated for the location-
specific urban case studies. Total Pb-related 1Q loss estimates (at both the median and
95™ percentile) are about 1 point higher than those for the two current conditions
scenarios (see Tables 4-7 and 4-8). The similarity of the change in risk for the median
and 95™ population percentiles (despite greater differences in blood Pb level
reductions), reflects the different slopes of the concentration-response functions at the
different blood Pb levels.

The primary Pb smelter case study (full study area) had an estimated median total 1Q
loss for the current NAAQS scenario of 3.8 points, with approximatelh/ 1.9 points
resulting from recent plus past air (see Table 4-5). The estimate of 95" percentile total
1Q loss for the current NAAQS scenario is 6.8 points, with 4.2 points of this coming
from recent plus past air (see Table 4-6).

The 1.5 km subarea of the primary Pb smelter case study had markedly elevated risk
levels for the current NAAQS scenario, compared with the full study area. This
reflects the fact that the analysis of the subarea focused on a subpopulation
experiencing significantly greater ambient air Pb levels due to proximity to the facility.
Median total 1Q loss is estimated at 6.8 points with 6.0 of those points resulting from
recent plus past air Pb (see Table 4-5). The estimate for 95" percentile total 1Q loss is
9.5 points, with 8.0 of those points resulting from recent plus past air Pb (see Table 4-
6). The larger fraction of total Pb risk associated with ambient air Pb for the subarea
compared with the full study area indicates the greater impact of ambient air Pb in this
area.

Alternative NAAQS

This section presents observations regarding modeling of Pb-related 1Q loss for each of

the case studies for the alternative NAAQS scenarios. As noted above, all risk estimates
discussed below were generated using the LLL model (i.e., designated as "LLL" in the risk
results tables), unless otherwise stated.

In modeling the alternate NAAQS for the three location-specific urban case studies, we
assessed those alternative NAAQS that were either equal to or lower than current
conditions at each location. Thus, the three lowest alternative NAAQS were
considered for Chicago, all of the alternative NAAQS were considered for Cleveland
and only the two lowest were considered for Los Angeles. The remaining case studies
were evaluated for the full range of alternative NAAQS.

For the three location-specific urban case studies, median total 1Q loss for the higher
alternative NAAQS (0.5 and 0.2 pg/m®as monthly maximum average and 0.2 pg/m3as
a maximum quarterly average) is estimated to range from 4.1 to 4.2 points (see Table
4-3). This range is very close to the current conditions estimates for these three case
studies, as would be expected since these alternative NAAQS fall near the range of
current conditions at these locations. Estimates of median total 1Q loss for the lower
alternative NAAQS levels (0.02 and 0.05 pg/m® as a maximum monthly average) show
a slight reduction in total 1Q loss for the median child compared with current
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conditions (i.e., equal to or less than a 0.2 IQ point reduction). Estimates of 95"
percentile 1Q loss for the higher alternative NAAQS (0.5 and 0.2 pg/m® as monthly
maximum average and 0.2 pg/m®as a maximum quarterly average) range from 7.4 to
7.5 points (see Table 4-4). Under the lower alternative NAAQS levels (0.02 and 0.05
ng/m® maximum monthly average) 95" percentile 1Q loss estimates also show a slight
reduction in the degree of 1Q loss, compared to current conditions, with this drop
ranging from roughly 0.1 to 0.3 1Q points. The relatively lower reduction in 1Q loss
compared with blood Pb levels for the 95™ percentile child (between the intermediate
and the lower alternative NAAQS levels) reflects the 1Q loss concentration-response
functions which have a flatter curve at the higher blood Pb levels associated with the
95™ percentile child, which translates into reduced magnitudes of change in 1Q loss.

Population risk modeling in the three location-specific urban case studies for a
simulated reduction in ambient air Pb levels from current conditions to just meeting the
lower alternative NAAQS levels (0.02 and 0.05 pg/m3 as a monthly maximum
average) projects that approximately 0.5 to 1% of the modeled child populations
involved would have total 1Q loss shift from above one 1Q point to below one 1Q point.
The size of the reduction in terms of number of children is approximately 3,000
children for the Chicago study area, 100 for the Cleveland study area and 2,000 for the
Los Angeles area (see Table 4-7).

By contrast, a comparison of the scenarios for the lower NAAQS to current conditions
for the location-specific urban areas indicates that approximately 1 to 2 % of the total
modeled child populations involved would have total 1Q loss shift from above 7 point
to below 7 points as a result of the decrease in ambient air Pb levels. The size of the
reduction in terms of number of children is approximately 8,000 children for the
Chicago study area, 300-400 for the Cleveland study area and 5,000 for the Los
Angeles study area (see Table 4-8).

The primary Pb smelter (full study area) is estimated to have a 0.1 point reduction in
total 1Q loss for the median population percentile across any of the alternative NAAQS
(see Table 4-3). A somewhat larger reduction in total 1Q loss (0.3 points) is estimated
for the 95" population percentile with the highest alternative NAAQS (0.5 pg/m®
maximum monthly average) estimated at 6.6 points and the lowest alternative NAAQS
level (0.02 pg/m* maximum monthly average) estimated at 6.3 pg/dL (Table 4-4).

The 1.5 km subarea of the primary Pb smelter risk estimates indicate a much more
substantial trend in total 1Q loss reduction across alternative NAAQS scenarios for the
median population percentile. Estimates of total Pb-related 1Q loss are 5.8 points for
the highest alternative NAAQS (0.5 ug/m*® maximum monthly average), decreasing to
5.0 points with the intermediate alternative NAAQS (0.2 pg/m® maximum monthly
average) and dropping to 4.0 points with the lowest alternative NAAQS level (0.02
ng/m® maximum monthly average - see Table 4-3). This trend is also seen with the
95" population percentile, with the magnitude of 1Q loss reduction matching that seen
for the median population percentile. Specifically, for the highest alternative NAAQS
the 1Q loss is estimated at 8.5 points, dropping to 7.6 points for the 0.2 ug/m?®
maximum monthly average, and reaching 6.5 points for the lowest alternative NAAQS
(see Table 4-4).
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Table 4-3. Summary of risk estimates for medians of total-exposure risk distributions.

Points 1Q loss
(total Pb exposure)?
Low C-R High C-R
function function
Case Study and Air Quality Scenario estimate LLLb estimate
Location-specific (Chicago)
Current NAAQS (1.5 pg/m3, max quarterly) 24 5.6 8.8
Current conditions (0.14 pg/m3 max quarterly; 0.31 pg/m3 max monthly) 14 4.2 5.2
Alternative NAAQS (0.2 yg/ms3, max monthly) 1.4 4.2 5.2
Alternative NAAQS (0.05 pg/m3, max monthly) 1.3 4.0 4.8
Alternative NAAQS (0.02 pg/m3, max monthly) 1.3 4.0 4.7
Location-specific (Cleveland)
Current NAAQS (1.5 pg/m3, max quarterly) 17 4.7 6.3
Current conditions (0.36 Wg/m3 max quarterly; 0.56 yg/m3 max monthly) 14 4.2 5.2
Alternative NAAQS (0.5 pg/ms3, max monthly) 1.4 4.2 5.2
Alternative NAAQS (0.2 ug/m3, max quarterly) 1.4 4.1 5.0
Alternative NAAQS (0.2 g/m3, max monthly) 1.3 4.1 4.9
Alternative NAAQS (0.05 pg/m3, max monthly) 13 4.0 4.7
Alternative NAAQS (0.02 pg/m3, max monthly) 12 39 4.6
Location-specific (Los Angeles)
Current NAAQS (1.5 pg/m3, max quarterly) 2.1 5.3 7.7
Current conditions (0.09 pg/m3 max quarterly; 0.17 pg/m3 max monthly) 14 4.2 5.1
Alternative NAAQS (0.05 pg/m3, max monthly) 13 4.0 4.8
Alternative NAAQS (0.02 pg/m3, max monthly) 13 4.0 4.7
General Urban
Current NAAQS (1.5 pg/m3, max quarterly) 2.5 5.8 9.2
Alternative NAAQS (0.5 pg/m3, max monthly) 17 4.8 6.4
Current conditions — high-end (0.87 pg/m3 max quarterly) 17 4.7 6.3
Alternative NAAQS (0.2 yg/ms3, max quarterly) 1.6 4.6 5.9
Current conditions - mean (0.14 ug/m3 max quarterly) 15 45 5.6
Alternative NAAQS (0.2 g/m3, max monthly) 15 4.4 5.6
Alternative NAAQS (0.05 pg/m3, max monthly) 1.3 4.1 5.0
Alternative NAAQS (0.02 pg/m3, max monthly) 13 4.0 4.8
Primary Pb smelter - full study area
Current NAAQS (1.5 pg/im3, max quarterly) 12 3.8 4.4
Alternative NAAQS (0.5 pg/m3, max monthly) 1.0 3.7 4.2
Alternative NAAQS (0.2 ug/m3, max quarterly) 0.9 3.6 4.2
Alternative NAAQS (0.2 g/m3, max monthly) 0.9 3.6 4.1
Alternative NAAQS (0.05 ug/m3, max monthly) 0.9 3.6 4.0
Alternative NAAQS (0.02 pg/m3, max monthly) 0.9 3.6 4.1
Primary Pb smelter - 1.5km subarea

Current NAAQS (1.5 pg/m3, max quarterly) 3.7 6.8 112
Alternative NAAQS (0.5 pg/ms3, max monthly) 2.6 5.8 9.4
Alternative NAAQS (0.2 ug/m3, max quarterly) 2.0 5.2 74
Alternative NAAQS (0.2 g/m3, max monthly) 1.9 5.0 6.9
Alternative NAAQS (0.05 pg/m3, max monthly) 14 4.2 5.1
Alternative NAAQS (0.02 pg/m3, max monthly) 13 4.0 4.8
a - Estimates below 1.0 are rounded to one decimal place, all values below 0.05 are presented as <0.1 and values
between 0.05 and 0.1 as 0.1. All values above 1.0 are rounded to the nearest whole number.
b-Log-linear with low-exposure linearization concentration-response function.
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Table 4-4. Summary of risk estimates for 95th percentile of total-exposure risk

distributions.
Points 1Q loss
(total Pb exposure)a
Low C-R High C-R
function function
Case Study and Air Quality Scenario estimate LLLb estimate
Location-specific (Chicago)
Current NAAQS (1.5 pg/m3, max quarterly) 4.7 9.0 12.1
Current conditions (0.14 pg/m3 max quarterly; 0.31 pg/m3 max monthly) 4.1 7.5 11.4
Alternative NAAQS (0.2 g/m3, max monthly) 4.1 7.5 114
Alternative NAAQS (0.05 pg/m3, max monthly) 4.1 7.3 11.3
Alternative NAAQS (0.02 pg/m3, max monthly) 4.1 7.3 11.3
Location-specific (Cleveland)
Current NAAQS (1.5 pg/m3, max quarterly) 4.3 8.1 11.6
Current conditions (0.36 pg/m3 max quarterly; 0.56 pg/m3 max monthly) 4.1 7.6 11.4
Alternative NAAQS (0.5 g/m3, max monthly) 4.1 7.5 11.4
Alternative NAAQS (0.2 pg/m3, max quarterly) 4.1 7.4 11.3
Alternative NAAQS (0.2 pg/m3, max monthly) 4.1 7.4 11.3
Alternative NAAQS (0.05 pg/m3, max monthly) 4.0 7.2 11.3
Alternative NAAQS (0.02 pg/m3, max monthly) 4.0 7.2 11.3
Location-specific (Los Angeles
Current NAAQS (1.5 pg/ms, max quarterly) 4.5 8.6 11.8
Current conditions (0.09 pg/m3 max quarterly; 0.17 pg/m3 max monthly) 4.1 7.5 11.4
Alternative NAAQS (0.05 pg/m3, max monthly) 4.1 7.3 11.3
Alternative NAAQS (0.02 pg/m3, max monthly) 4.0 7.2 11.3
General Urban
Current NAAQS (1.5 pg/ms, max quarterly) 4.7 9.1 12.1
Alternative NAAQS (0.5 pg/m3, max monthly) 4.3 8.1 11.6
Current conditions — high-end (0.87 pg/m3 max quarterly) 4.3 8.0 11.6
Alternative NAAQS (0.2 pg/ms3, max quarterly) 4.2 7.9 11.5
Current conditions - mean (0.14 pg/m3 max quarterly) 4.2 7.7 115
Alternative NAAQS (0.2 pg/m3, max monthly) 4.2 7.7 114
Alternative NAAQS (0.05 pg/m3, max monthly) 4.1 7.4 11.3
Alternative NAAQS (0.02 pg/m3, max monthly) 4.1 7.3 11.3
Primary Pb smelter - full study area
Current NAAQS (1.5 pg/m3, max quarterly) 3.7 6.8 11.2
Alternative NAAQS (0.5 g/m3, max monthly) 34 6.6 11.1
Alternative NAAQS (0.2 pg/m3, max quarterly) 3.2 6.5 11.1
Alternative NAAQS (0.2 pg/m3, max monthly) 3.2 6.4 11.1
Alternative NAAQS (0.05 pg/m3, max monthly) 3.1 6.3 11.0
Alternative NAAQS (0.02 pg/m3, max monthly) 3.1 6.3 11.0
Primary Pb smelter - 1.5km subarea

Current NAAQS (1.5 pg/im3, max quarterly) 5.0 9.5 12.4
Alternative NAAQS (0.5 pg/ms, max monthly) 45 8.5 11.8
Alternative NAAQS (0.2 pg/ms3, max quarterly) 4.2 7.8 11.5
Alternative NAAQS (0.2 g/m3, max monthly) 4.1 7.6 11.4
Alternative NAAQS (0.05 pg/m3, max monthly) 3.6 6.8 11.1
Alternative NAAQS (0.02 pg/m3, max monthly) 3.3 6.5 11.1
a - Estimates below 1.0 are rounded to one decimal place, all values below 0.05 are presented as <0.1 and values
between 0.05 and 0.1 as 0.1. All values above 1.0 are rounded to the nearest whole number.
b-Log-linear with low-exposure linearization concentration-response function.
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Table 4-5. Median IQ loss estimates for the current NAAQS scenario.

1Q Loss from policy relevant exposures
(recent air plus past air)

Low C-R function | LLL C-R function | High C-R function Total IQ loss
estimates estimates estimates (total Pb exposure)®
Recent .
afi LowC-R | LLLC-R | HighC-R
Recent | Recentair | Recent + past Recent | Recentair | function | function | function
Case study air + past air air air air +pastair | estimates | estimates | estimates
Location-specific (Chicago) 14 2.0 34 4.7 5.6 74 24 5.6 8.8
Location-specific (Cleveland) 0.6 14 2.8 3.9 2.1 4.6 17 4.7 6.3
Location-specific (Los Angeles) 1.1 17 2.7 4.2 4.0 6.2 2.1 5.3 7.7
General urban 15 2.1 35 4.8 5.6 7.7 25 5.8 9.2
Primary Pb smelter-full area 0.6¢ 19 2.3 12 3.8 4.4
Primary Pb smelter - subarea 32 6.0 9.4 37 6.8 11.2

a - These columns present the 1Q loss estimated to result from policy-relevant Ph exposure, including recent air and recent plus past air.
Estimates for the low C-R function, the LLL C-R function and the high C-R function are presented. The term “past air” includes contributions
from the outdoor soil/dust contribution to indoor dust, historical air contribution to indoor dust, and outdoor soil/dust pathways, while “recent air”
refers to contributions from inhalation of ambient air Pb or ingestion of indoor dust Pb predicted to be associated with outdoor ambient air Pb
levels, with outdoor ambient air also potentially including resuspended, previously deposited Pb (see Section 2.4.3).

b- These columns present the estimates of total IQ loss resulting from total Pbh exposure (policy-relevant plus background). Results are
presented for the low C-R function, the LLL C-R function and the high C-R function.

c- Risk estimates are not presented for recent air for the primary Pb smelter case study (See Section 3.2.2 of the Risk Assessment Report).

Table 4-6. 95" percentile 1Q loss estimates for the current NAAQS scenario

IQ Loss from policy relevant exposures
(recent air plus past air)

Low C-R function | LLL C-R function | High C-R function Total IQ loss
estimates estimates estimates (total Pb exposure) b

Recent Recent Recent LowC-R LLLCR High C-R

Recent air + Recent air + Recent air + function | function | function

Case study air past air air past air air pastair | estimates | estimates | estimates
Location-specific (Chicago) 3.0 4.0 5.8 7.6 7.7 10.3 4.7 9.0 12.1
Location-specific (Cleveland) 1.4 3.1 2.6 5.9 3.7 8.5 4.3 8.1 11.6
Location-specific (Los Angeles) 2.3 3.6 4.4 6.9 6.1 9.5 45 8.6 11.8
General urban 29 39 5.5 7.6 7.3 10.1 4.7 9.1 12.1
Primary Pb smelter - full area 23 4.2 6.8 37 6.8 11.2
Primary Pb smelter - subarea 4.2 8.0 10.4 5.0 9.5 12.4

a — These columns present the 1Q loss estimated to result from policy-relevant Pb exposure, including recent air and recent plus past air.
Estimates for the low C-R function, the LLL C-R function and the high C-R function are presented. The term “past air” includes contributions
from the outdoor soil/dust contribution to indoor dust, historical air contribution to indoor dust, and outdoor soil/dust pathways, while “recent air”
refers to contributions from inhalation of ambient air Pb or ingestion of indoor dust Pb predicted to be associated with outdoor ambient air Pb
levels, with outdoor ambient air also potentially including resuspended, previously deposited Pb (see Section 2.4.3).

b- These columns present the estimates of total 1Q loss resulting from total Pb exposure (policy-relevant plus background). Results are
presented for the low C-R function, the LLL C-R function and the high C-R function.

c- Risk estimates are not presented for recent air for the primary Pb smelter case study (see Section 3.2.2 of the Risk Assessment Report).
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Table 4-7.

Incidence of children with >1 point Pb-related 1Q loss.

dual linear - stratified at

log-linear with

dual linear - stratified at

7.5 Yg/dL peak blood Pb linearization 10 p/dL peak blood Pb log-linear with cutpoint
Delta Delta Delta Delta
(change in (change in (change in (change in
incidence Incidence incidence Incidence incidence Incidence incidence
Incidence of | compared to of compared to of >1 compared to of compared to
Air Quality Scenario >1 point IQ current >1 point, current point, IQ current >1 point, current
(for location-specific urban case studies) loss conditions) IQ loss conditions) loss conditions) IQ loss conditions)
Chicago (total modeled child population: 396,511)
Chicago Current Conditions (Mean) 391,602 389,754 271,031
Current NAAQS (1.5 pg/m® Maximum Quarterly) 395,797 4,195 395,528 5,773 347,415 76,384 314,053 77,795
Alternative NAAQS (0.2 pg/m® Maximum Monthly) 391,158 -444 389,461 -293 271,444 412 235,559 -698
Alternative NAAQS (0.05 pg/m® Maximum Monthly) 389,572 -2,030 387,407 -2,347 253,775 -17,256.257 224,394 -11,864
Alternative NAAQS (0.02 pg/m® Maximum Monthly) 389,176 -2,427 386,630 -3,125 249,865 -21,166 219,294 -16,963
Cleveland (total modeled child population: 13,990)
Cleveland Current Conditions (Mean) 13,809 13,745
Current NAAQS (1.5 pg/m® Maximum Quarterly) 13,893 84 13,857 112 10,664 1,137 9,769 1,254
Alternative NAAQS (0.2 pug/m® Maximum Quarterly) 13,770 -38 13,703 -42 9,221 -305 8,160 -354
Alternative NAAQS (0.5 pg/m® Maximum Monthly) 13,789 -20 13,720 25 9,497 29 _ 8,464 -51
Alternative NAAQS (0.2 pig/m® Maximum Monthly) 13,759 -50 13,694 51 9,083 443 | 8010 505
Alternative NAAQS (0.05 pg/m® Maximum Monthly) 13,729 -80 13,642 -103 8,785 -741 7,720 -795
Alternative NAAQS (0.02 pg/m® Maximum Monthly) 13,720 -88 13,628 -117 8,736 -790 7,668 -846
Los Angeles (total modeled child population: 372,252)
Los Angeles Current Conditions (Mean) 282,216 280,711 191,675
Current NAAQS (1.5 pg/m® Maximum, Quarterly) 285,272 3,056 284,945 4,234 240,988 49,313 226,608 56,134
Alternative NAAQS (0.05 pg/m® Maximum Monthly) 281,112 -1,104 279,658 -1,053 183,395 -8,280 161,914 -8,560
Alternative NAAQS (0.02 pg/m® Maximum Monthly) 280,740 -1,476 279,057 -1,654 180,745 -10,920,474 158,234 -12,240
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Table 4-8.

Incidence of children with >7 points Pb-related 1Q loss.

dual linear - stratified at log-linear with dual linear - stratified at
7.5 ug/dL peak blood Pb linearization 10 ug/dL peak blood Pb log-linear with cutpoint
Delta Delta Delta Delta
(change in (change in (change in (change in
incidence Incidence incidence Incidence incidence Incidence incidence
Incidence of | compared to of compared to of compared to of compared to
Air Quality Scenario > 7 points current > 7 points current > 7 points current > 7 points current
(location-specific urban case studies) 10 loss conditions) 10 loss conditions) 10 loss conditions) 10 loss conditions)
Chicago (total modeled child population: 396,511)
Chicago Current Conditions (Mean) 136,709 33,664 63 1,015
Current NAAQS (1.5 pg/m® Maximum Quarterly) 244,401 107,692 100,159 66,495 555 492 5,226 4,211
Alternative NAAQS (0.2 pg/m® Maximum Monthly) 136,067 -642 32,546 -1,118 48 -16 1,007 -8
Alternative NAAQS (0.05 pg/m® Maximum Monthly) 120,706 -16,003 27,367 -6,297 16 -48 864 -151
Alternative NAAQS (0.02 pg/m® Maximum Monthly) 117,819 -18,890 26,027 -7,637 8 -56 690 -325
Cleveland (total modeled child population: 13,990)
Cleveland Current Conditions (Mean) 4,834 1,212 3 46
Current NAAQS (1.5 pg/m® Maximum Quarterly) 6,139 1,305 1,858 647 4 2 105 59
Alternative NAAQS (0.2 pug/m® Maximum Quarterly) 4,525 -309 1,073 -139 1 -2 40 -6
Alternative NAAQS (0.5 pg/m® Maximum Monthly) 4,806 -28 1,180 -31 1 -2 43 -3
Alternative NAAQS (0.2 pg/m® Maximum Monthly) 4,424 -410 1,026 -186 1 -2 43 -3
Alternative NAAQS (0.05 ug/m3 Maximum Monthly) 4,106 -728 886 -326 0 -3 24 -22
Alternative NAAQS (0.02 pg/m® Maximum Monthly) 4,051 -783 866 -345 0 -3 27 -18
Los Angeles (total modeled child population: 372,252)
Los Angeles Current Conditions (Mean) 94,684 22,665 23 732
Current NAAQS (1.5 pg/m® Maximum, Quarterly) 158,171 63,487 57,834 35,168 183 160 3,771 3,038
Alternative NAAQS (0.05 pg/m® Maximum, Monthly) 87,303 -7,382 19,781 -2884 11 -11 624 -109
Alternative NAAQS (0.02 pg/m® Maximum, Monthly) 83,909 -10,775 17,939 -4726 17 -6 498 -235
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5 THE PRIMARY LEAD NAAQS

5.1 INTRODUCTION

This chapter presents staff conclusions and recommendations for the Administrator to
consider in deciding whether the existing primary Pb standard should be revised and, if so, what
revision is appropriate. Our conclusions and recommendations are based on the assessment and
integrative synthesis of information presented in the CD, staff analyses and evaluations presented
in Chapters 2 through 4 herein, and the comments and advice of CASAC and interested parties
who commented on an early draft of this document and the related Risk Assessment Report.

In recommending policy options for the Administrator’s consideration, we note that the
final decision on retaining or revising the current primary Pb standard is largely a public health
policy judgment to be made by the Administrator. The Administrator’s final decision should
draw upon scientific information and analyses about health effects, population exposure and
risks, as well as judgments about the appropriate response to the range of uncertainties that are
inherent in the scientific evidence and analyses. Our approach to informing these judgments,
discussed more fully below, is based on a recognition that the available health effects evidence
generally reflects a continuum consisting of ambient levels at which scientists generally agree
that health effects are likely to occur, through lower levels at which the likelihood and magnitude
of the response become increasingly uncertain.

This approach is consistent with the requirements of the NAAQS provisions of the Act
and with how EPA and the courts have historically interpreted the Act. These provisions require
the Administrator to establish primary standards that, in the Administrator's judgment, are
requisite to protect public health with an adequate margin of safety. In so doing, the
Administrator seeks to establish standards that are neither more nor less stringent than necessary
for this purpose. The Act does not require that primary standards be set at a zero-risk level but
rather at a level that avoids unacceptable risks to public health, including the health of sensitive
groups.

The following discussion starts with background information on the current standard in
Section 5.2, including both the basis for derivation of the current standard and considerations and
conclusions from the Staff Paper prepared in the last review. The general approach used in this
current review to evaluate the adequacy of the current standard and identify policy alternatives is
summarized in Section 5.3. Staff conclusions and recommendations with regard to the adequacy
of the current standard are discussed in Section 5.4, and conclusions and recommendations with
regard to elements of alternative standards for consideration are discussed in Section 5.5. Key
uncertainties and research recommendations related to setting a primary lead standard are
identified in Section 5.6.
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5.2 BACKGROUND ON THE CURRENT STANDARD

5.2.1 Basis for Setting the Current Standard

The current primary standard is set at a level of 1.5 pg/m*, measured as lead in TSP, not
to be exceeded by the maximum arithmetic mean concentration averaged over a calendar quarter.
The standard was set in 1978 to provide protection to the public, especially children as the
particularly sensitive population subgroup, against Pb-induced adverse health effects (43 FR
46246). The basis for selecting each of the elements of the standard is described below.

5.2.1.1 Level

EPA’s objective in selecting the level of the current standard was “to estimate the
concentration of lead in the air to which all groups within the general population can be exposed
for protracted periods without an unacceptable risk to health” (43 FR 46252). Consistent with
section 109 of the Clean Air Act, the Agency selected a level for the current standard that was
below the concentration that was at that time identified as a threshold for adverse health effects
(i.e., 40 pg/dl blood Pb), so as to provide an adequate margin of safety. As stated in the notice of
final rulemaking,

“This estimate was based on EPA’s judgment in four key areas:

(1) Determining the “sensitive population’ as that group within the general population

which has the lowest threshold for adverse effects or greatest potential for exposure.
EPA concludes that young children, aged 1 to 5, are the sensitive population.

(2) Determining the safe level of total lead exposure for the sensitive population,
indicated by the concentration of lead in the blood. EPA concludes that the
maximum safe level of blood lead for an individual child is 30 ug Pb/dl and that
population blood lead, measured as the geometric mean, must be 15 ug Pb/dl in order
to place 99.5 percent of children in the United States below 30 pg Pb/dl.

(3) Attributing the contribution to blood lead from nonair pollution sources. EPA
concludes that 12 pg Pb/dl of population blood lead for children should be attributed
to nonair exposure.

(4) Determining the air lead level which is consistent with maintaining the mean
population blood lead level at 15 pg Pb/dl [the maximum safe level]. Taking into
account exposure from other sources (12 pg Pb/dl), EPA has designed the standard to
limit air contribution after achieving the standard to 3 ug Pb/dl. On the basis of an
estimated relationship of air lead to blood lead of 1 to 2, EPA concludes that the
ambient air standard should be 1.5 pg Pb/m*.” (43 FR 46252)

EPA’s judgments in these key areas, as well as margin of safety considerations, are discussed in
the following subsections.
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5.2.1.1.1 Sensitive Population

The assessment of the science that was presented in the 1977 CD (USEPA, 1977),
indicated young children, aged 1 to 5, as the population group at particular risk from Pb
exposure. Children were recognized to have a greater physiological sensitivity than adults to the
effects of Pb and a greater exposure. In identifying young children as the sensitive population,
EPA also recognized the occurrence of subgroups with enhanced risk due to genetic factors,
dietary deficiencies or residence in urban areas. Yet information was not available to estimate a
threshold for adverse effects for these subgroups separate from that of all young children.
Additionally, EPA recognized both a concern regarding potential risk to pregnant women and
fetuses, and a lack of information to establish that these subgroups are more at risk than young
children. Accordingly, young children, aged 1 to 5, were identified as the group which has the
lowest threshold for adverse effects of greatest potential for exposure (i.e., the sensitive
population) (43 FR 46252).

5.2.1.1.2 Maximum Safe Blood Level

In identifying the maximum safe exposure, EPA relied upon the measurement of Pb in
blood (43 FR 46252-46253). The physiological effect of Pb that had been identified as occurring
at the lowest blood Pb level was inhibition of an enzyme integral to the pathway by which heme
(the oxygen carrying protein of human blood) is synthesized, i.e., delta-aminolevulinic acid
dehydratase (5-ALAD). The 1977 CD reported a threshold for inhibition of this enzyme in
children at 10 pug Pb/dL. The 1977 CD also reported a threshold of 15-20 pg/dL for elevation of
protoporphyrin (EP), which is an indication of some disruption of the heme synthesis pathway.
EPA concluded that this effect on the heme synthesis pathway (indicated by EP) was potentially
adverse. EPA further described a range of blood levels associated with a progression in
detrimental impact on the heme synthesis pathway. At the low end of the range (15-20 pg/dL),
the initial detection of EP associated with blood Pb was not concluded to be associated with a
significant risk to health. The upper end of the range (40 ug/dL), the threshold associated with
clear evidence of heme synthesis impairment and other effects contributing to clinical symptoms
of anemia, was regarded as clearly adverse to health. EPA also recognized the existence of
thresholds for additional adverse effects (e.g., nervous system deficits) occurring for some
children at just slightly higher blood Pb levels (e.g., 50 ug/dL). Additionally, EPA stated that the
maximum safe blood level should not be higher than the blood Pb level recognized by the CDC
as “elevated” (and indicative of the need for intervention). In 1978, that level was 30 ug/dL".

! The CDC subsequently revised their advisory level for children’s blood Pb to 25 pg/dL in 1985, and to 10
ug/dL 1991. More details on this level are provided in Section 3.2.
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Having identified the maximum safe blood level in individual children, EPA next made a
public health policy judgment regarding the target mean blood level for the U.S. population of
young children (43 FR 46252-46253). With this judgment, EPA identified a target of 99.5
percent of this population to be brought below the maximum safe blood Pb level. This judgment
was based on consideration of the size of the sensitive subpopulation, and the recognition that
there are special high-risk groups of children within the general population. The population
statistics available at the time (the 1970 U.S. Census) indicated a total of 20 million children
younger than 5 years of age, with 15 million residing in urban areas and 5 million in center cities
where Pb exposure was thought likely to be “high”. Concern about these high-risk groups
influenced EPA’s determination of 99.5 percent, deterring EPA from selecting a population
percentage lower than 99.5 (43 FR 46253). EPA then used standard statistical techniques to
calculate the population mean blood Pb level that would place 99.5 percent of the population
below the maximum safe level. Based on the then available data, EPA concluded that blood Pb
levels in the population of U.S. children were normally distributed with a geometric standard
deviation of 1.3. Based on standard statistical techniques, EPA determined that a thus described
population in which 99.5 percent of the population has blood Pb levels below 30 pug/dL would
have a geometric mean blood level of 15 pg/dL. EPA described 15 pg/dL as "the maximum safe
blood lead level (geometric mean) for a population of young children™ (43 FR 46247).

5.2.1.1.3 Nonair Contribution

When setting the current NAAQS, EPA recognized that the air standard needed to take
into account the contribution to blood Pb levels from Pb sources unrelated to air pollution.
Consequently, the calculation of the current NAAQS included the subtraction of Pb contributed
to blood Pb from nonair sources from the estimate of a safe mean population blood Pb level.
Without this subtraction, EPA recognized that the combined exposure to Pb from air and nonair
sources would result in a blood Pb concentration exceeding the safe level (43 FR 46253).

In developing an estimate of this nonair contribution, EPA recognized the lack of detailed
or widespread information about the relative contribution of various sources to children’s blood
Pb levels, such that an estimate could only be made by inference from other empirical or
theoretical studies, often involving adults. Additionally, EPA recognized the expectation that the
contribution to blood Pb levels from nonair sources would vary widely, was probably not in
constant proportion to air Pb contribution, and in some cases may alone exceed the target mean
population blood Pb level (43 FR 46253-46254).

The amount of blood Pb attributed to nonair sources was selected based primarily on
findings in studies of blood Pb levels in areas where air Pb levels were low relative to other
locations in U.S. The air Pb levels in these areas ranged from 0.1 to 0.7 ug/m3. The average of
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the reported blood Pb levels for children of various ages in these areas was on the order of 12
ug/dL. Thus, 12 png/dL was identified as the nonair contribution, and subtracted from the
population mean target level of 15 pg/dL to yield a value of 3 ug/dL as the limit on the air
contribution to blood Pb.

5.2.1.1.4 Air Pb Level

In determining the air Pb level consistent with an air contribution of 3 ug Pb/dL, EPA
reviewed studies assessed in the 1977 CD that reported changes in blood Pb with different air Pb
levels. These studies included a study of children exposed to Pb from a primary Pb smelter,
controlled exposures of adult men to Pb in fine particulate matter, and a personal exposure study
involving several male cohorts exposed to Pb in a large urban area in the early 1970s (43 FR
46254). Using all three studies, EPA calculated an average slope or ratio over the entire range of
data. That value was 1.95 (rounded to 2 pg/dL blood Pb concentration to 1 pg/m® air Pb
concentration), and is recognized to fall within the range of values reported in the 1977 CD. On
the basis of this 2-to-1 relationship, EPA concluded that the ambient air standard should be 1.5
ug Pb/m® (43 FR 46254).

5.2.1.1.5 Margin of Safety

In consideration of the appropriate margin of safety during the development of the
current NAAQS, EPA identified the following factors: (1) the 1977 CD reported multiple
biological effects of Pb in practically all cell types, tissues and organ systems, of which the
significance for health had not yet been fully studied; (2) no beneficial effects of Pb at then
current environmental levels were recognized; (3) data were incomplete as to the extent to which
children are indirectly exposed to air Pb that has moved to other environmental media, such as
water, soil and dirt, and food; (4) Pb is chemically persistent and with continued uncontrolled
emissions would continue to accumulate in human tissue and the environment; and (5) the
possibility that exposure associated with blood Pb levels previously considered safe might
influence neurological development and learning abilities of the young child (43 FR 46255).
Recognizing that estimating an appropriate margin of safety for the air Pb standard was
complicated by the multiple sources and media involved in Pb exposure, EPA chose to use
margin of safety considerations principally in establishing a maximum safe blood Pb level for
individual children (30 pg Pb/dL) and in determining the percentage of children to be placed
below this maximum level (about 99.5 percent). Additionally, in establishing other factors used
in calculating the standard, EPA used margin of safety considerations in the sense of making
careful judgment based on available data, but these judgments were not considered to be at the
precautionary extreme of the range of data available at the time (43 FR 46251).
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EPA further recognized that, because of the variability between individuals in a
population experiencing a given level of Pb exposure, it was considered impossible to provide
the same margin of safety for all members in the sensitive population or to define the margin of
safety in the standard as a simple percentage. EPA believed that the factors it used in designing
the standards provided an adequate margin of safety for a large proportion of the sensitive
population. The Agency did not believe that the margin was excessively large or on the other
hand that the air standard could protect everyone from elevated blood Pb levels (43 FR 46251).

5.2.1.2 Averaging Time, Form, and Indicator
The averaging time for the current standard is a calendar quarter. In the decision for this
aspect of the standard, the Agency also considered a monthly averaging period, but concluded
that “a requirement for the averaging of air quality data over calendar quarter will improve the
validity of air quality data gathered without a significant reduction in the protectiveness of the
standards.” As described in the notice for this decision (43 FR 46250), this conclusion was
based on several points, including the following:

e An analysis of ambient measurements available at the time indicated that the
distribution of air Pb levels was such that there was little possibility that there could be
sustained periods greatly above the average value in situations where the quarterly
standard was achieved.

e A recognition that the monitoring network may not actually represent the exposure
situation for young children, such that it seemed likely that elevated air Pb levels when
occurring would be close to Pb air pollution sources where young children would
typically not encounter them for the full 24-hour period reported by the monitor.

e Medical evidence available at the time indicated that blood Pb levels re-equilibrate
slowly to changes in air exposure, a finding that would serve to dampen the impact of
short-term period of exposure to elevated air Pb.

e Direct exposure to air is only one of several routes of total exposure, thus lessening the
impact of a change in air Pb on blood Pb levels.

The statistical form of the current standard is as a not-to-be-exceeded or maximum value.
EPA set the standard as a ceiling value with the conclusion that this air level would be safe for
indefinite exposure for young children (43 FR 46250).

The indicator is total airborne Pb collected by a high volume sampler (43 FR 46258).
EPA’s selection of Pb-TSP as the indicator for the standard was based on explicit recognition
both of the significance of ingestion as an exposure pathway for Pb that had deposited from the
air and of the potential for Pb deposited from the air to become re-suspended in respirable size
particles in the air and available for human inhalation exposure. As stated in the final rule, “a
significant component of exposure can be ingestion of materials contaminated by deposition of
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lead from the air,” and that, “in addition to the indirect route of ingestion and absorption from the
gastrointestinal tract, non-respirable Pb in the environment may, at some point become respirable
through weathering or mechanical action” (43 FR 46251).

5.2.2 Policy Options Considered in the Last Review

During the 1980s, EPA initiated a review of the air quality criteria and NAAQS for Pb.
CASAC and the public were fully involved in this review, which led to the publication of a
criteria document with associated addendum and a supplement (USEPA, 1986a, 1986b, 1990a),
an exposure analysis methods document (USEPA, 1989) and a staff paper (USEPA, 1990b).

Total emissions to air were estimated to have dropped by 94 percent between 1978 and
1987, with the vast majority of it attributed to the reduction of Pb in gasoline. Accordingly, the
focus of the last review was on areas near stationary sources of Pb emissions. Although such
sources were not considered to have made a significant contribution (as compared to Pb in
gasoline) to the overall Pb pollution across large, urban or regional areas, Pb emissions from
such sources were considered to have the potential for a significant impact on a local scale. Air
Pb concentrations, and especially soil and dust Pb concentrations had been associated with
elevated levels of Pb absorption in children and adults in numerous Pb point source community
studies. Exceedances of the current NAAQS were found at that time only in the vicinity of
nonferrous smelters or other point sources of Pb.

In summarizing and interpreting the health evidence presented in the 1986 CD and
associated documents, the 1990 Staff Paper described the collective impact on children of the
effects at blood Pb levels above 15 pg/dL as representing a clear pattern of adverse effects
worthy of avoiding. This is in contrast to EPA’s identification of 30 ug/dL as a safe blood Pb
level for individual children when the NAAQS was set in 1978. The Staff Paper further stated
that at blood Pb levels of 10-15 ug/dL there was a convergence of evidence of Pb-induced
interference with a diverse set of physiological functions and processes, particularly evident in
several independent studies showing impaired neurobehavioral function and development.
Further, the available data did not indicate a clear threshold in this blood Pb range. Rather, it
suggested a continuum of health risks down to the lowest levels measured.?

For the purposes of comparing the relative protectiveness of alternative Pb NAAQS, the
staff conducted analyses to estimate the percentages of children with blood Pb levels above 10
ug/dL and above 15 pg/dL for several air quality scenarios developed for a small set of
stationary source exposure case studies. These analyses omitted the subset of young children,
whom it was considered could not be substantially affected by any changes in atmospheric Pb

% In 1991, the CDC reduced their advisory level for children’s blood Pb from 25 pg/dL to 10 pg/dL.
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emissions under different standards, such as those with excessive pica® and/or those living in
overtly deteriorated Pb-paint homes. The results of the analyses of child populations living near
two Pb smelters indicated that substantial reductions in Pb exposure could be achieved through
just meeting the current Pb NAAQS. According to the best estimate analyses, over 99.5% of
children living in areas significantly affected by the smelters would have blood Pb levels below
15 ug/dL if the current standard was achieved. Progressive changes in this number were
estimated for the alternative monthly Pb NAAQS levels evaluated in those analyses, which
ranged from 1.5 ug/m® to 0.5 ug/m°.

In light of the health effects evidence available at the time, the Staff Paper presented air
quality, exposure, and risk analyses, and other policy considerations, as well as the following
staff conclusions with regard to the primary Pb NAAQS (USEPA, 1990b, pp. xii to xiv):

1) *“The range of standards ... should be from 0.5 to 1.5 pg/m°.”

2) “A monthly averaging period would better capture short-term increases in lead
exposure and would more fully protect children’s health than the current quarterly
average.”

3) “The most appropriate form of the standard appears to be the second highest monthly
averages {sic} in a 3-year span. This form would be nearly as stringent as a form that
does not permit any exceedances and allows for discounting of one “bad” month in 3
years which may be caused, for example, by unusual meteorology.”

4) *With a revision to a monthly averaging time more frequent sampling is needed,
except in areas, like roadways remote from lead point sources, where the standard is
not expected to be violated. In those situations, the current 1-in-6 day sampling
schedule would sufficiently reflect air quality and trends.”

5) “Because exposure to atmospheric lead particles occurs not only via direct inhalation,
but via ingestion of deposited particles as well, especially among young children, the
hi-volume sampler provides a reasonable indicator for determining compliance with a
monthly standard and should be retained as the instrument to monitor compliance
with the lead NAAQS until more refined instruments can be developed.”

Based on its review of a draft Staff Paper, which contained the above recommendations,

the CASAC strongly recommended to the Administrator that EPA should actively pursue a
public health goal of minimizing the lead content of blood to the extent possible, and that the Pb
NAAQS is an important component of a multimedia strategy for achieving that goal (CASAC,
1990, p. 4). In noting the range of levels recommended by staff, CASAC recommended
consideration of a revised standard that incorporates a “wide margin of safety, because of the risk

® Pica is an eating disorder typically defined by persistent cravings to eat non-food items.

5-8



posed by Pb exposures, particularly to the very young whose developing nervous system may be
compromised by even low level exposures” (id., p. 3). More specifically, CASAC judged that a
standard within the range of 1.0 to 1.5 ug/m® would have “relatively little, if any, margin of
safety;” that greater consideration should be given to a standard set below 1.0 pg/m?; and, to
provide perspective in setting the standard, it would be appropriate to consider the distribution of
blood Pb levels associated with meeting a monthly standard of 0.25 ug/m?, a level below the
range considered by staff (id.).

After consideration of the documents developed during the review, EPA chose not to
propose revision of the NAAQS for Pb. During the same time period, the Agency published and
embarked on the implementation of a broad, multi-program, multi-media, integrated national
strategy to reduce Pb exposures (USEPA, 1991). As part of implementing this integrated Pb
strategy, the Agency focused efforts primarily on regulatory and remedial clean-up actions aimed
at reducing Pb exposures from a variety of non-air sources judged to pose more extensive public
health risks to U.S. populations, as well as on actions to reduce Pb emissions to air, particularly
near stationary sources. This focus reflected in part the dramatic reduction of Pb in gasoline that
occurred since the standard was set in 1978, which resulted in orders-of-magnitude reductions in
airborne emissions of Pb, and a significant shift in the types of sources with the greatest Pb
emissions. EPA established standards for Pb-based paint hazards and Pb dust cleanup levels in
most pre-1978 housing and child-occupied facilities. Additionally, EPA has developed standards
for the management of Pb in solid and hazardous waste, oversees the cleanup of Pb
contamination at Superfund sites, and has issued regulations to reduce Pb in drinking water
(http://www.epa.gov/lead/regulation.htm). Beyond these specific regulatory actions, the
Agency’s Lead Awareness Program has continued to work to protect human health and the
environment against the dangers of Pb by conducting research and designing educational
outreach activities and materials (http://www.epa.gov/lead/). Actions to reduce Pb emissions to
air during the 1990s included enforcement of the NAAQS, as well as the promulgation of
regulations under Section 112 of the Clean Air Act, including national emissions standards for
hazardous air pollutants (including Pb compounds) at primary and secondary Pb smelters, as well
as other Pb sources.
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5.3 APPROACH FOR CURRENT REVIEW

To evaluate whether it is appropriate to consider retaining the current primary Pb
standard, or whether consideration of revisions is appropriate, we adopted an approach in this
review that builds upon the general approach used in the initial setting of the standard, as well as
that used in the last review, and reflects the broader body of evidence and information now
available. As summarized above, the 1978 rulemaking decisions were based on an integration of
information on health effects associated with exposure to ambient Pb; expert judgment on the
adversity of such effects on individuals; and policy judgments as to when the standard is
requisite to protect public health with an adequate margin of safety, which were informed by air
quality and related analyses, quantitative exposure and risk assessments when possible, and
qualitative assessment of impacts that could not be quantified. The decision in the last review
not to propose any revision to the Pb NAAQS was made in conjunction with the Agency’s
implementation of a broad integrated Pb strategy to reduce Pb exposures through various
regulatory and awareness programs that focused on important non-air sources judged to pose
more extensive public health risks, reflecting in part the dramatic reduction of Pb in gasoline
since the standard was set.

In conducting this assessment, staff is again aware of the dramatic alteration in the basic
patterns of air lead emissions in the U.S. since the standard was set that was evident during the
last review as well. In addition to the dramatic reduction of Pb in gasoline, an additional
circumstance that has changed since the standard was set is the enactment of Clean Air Act
Amendments of 1990, which amended the Clean Air Act Section 112 to list Pb compounds as
hazardous air pollutants (HAP) and to require technology-based and risk-based standards, as
appropriate, for major stationary sources of HAP. Staff is also aware that these significantly
changed circumstances have raised the question in this review of whether it is still appropriate to
maintain a NAAQS for Pb or to retain Pb on the list of criteria pollutants. As a result, this
assessment considers the status of Pb as a criteria pollutant and assesses whether revocation of
the standard is an appropriate option for the Administrator to consider.

In developing conclusions and identifying policy options for the Pb standard in this
review, staff has taken into account both evidence-based and quantitative exposure- and risk-
based considerations. A series of general questions frame our approach to reaching conclusions
and identifying options for consideration by the Administrator in deciding whether to retain or
revise the current primary Pb standard. Our review of the adequacy of the current standard
(section 5.4) addresses questions such as the following:

e To what extent does newly available information reinforce or call into question
evidence of associations with effects identified in the last review?
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e To what extent has evidence of new effects and/or sensitive populations become
available since the last review?

e To what extent have important uncertainties identified in the last review been reduced
and have new uncertainties emerged?

e To what extent does newly available information reinforce or call into question any of
the basic elements of the current standard?

e To what extent does available information and current circumstances regarding basic
patterns of air lead emissions in the U.S. reinforce or call into question the need to
maintain a standard for Pb or to retain Pb on the list of criteria pollutants?

To the extent that the available information suggests that revision of the current standard may be
appropriate to consider, we also address whether the currently available information supports
consideration of a standard that is either more or less protective by addressing questions such as
the following:

e Is there evidence that associations, especially likely causal associations, extend to air
quality levels that are as low as or lower than had previously been observed, and what
are the important uncertainties associated with that evidence?

e Are exposures of concern and health risks estimated to occur in areas that meet the
current standard; are they important from a public health perspective; and what are the
important uncertainties associated with the estimated risks?

To the extent that there is support for consideration of a revised standard, we then consider the
specific elements of the standard (section 5.5) to identify ranges of standards (in terms of an
indicator, averaging time, level, and form) that we conclude would be appropriate for the
Administrator to consider in making public health policy judgments, based on the currently
available information, as to the degree of protection that is requisite to protect public health with
an adequate margin of safety. In so doing, we address the following questions:

e Does the evidence provide support for considering a different Pb indicator?

e Does the evidence provide support for considering different averaging times?

e What ranges of levels and forms of alternative standards are supported by the evidence,
and what are the uncertainties and limitations in that evidence?

e To what extent do specific levels and forms of alternative standards reduce the
estimated exposures of concern and risks attributable to Pb, and what are the
uncertainties associated with the estimated exposure and risk reductions?
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5.4 ADEQUACY OF THE CURRENT STANDARD

In considering the adequacy of the current standard, staff first considered whether it is
appropriate to maintain a NAAQS for Pb or to retain Pb on the list of criteria pollutants. As
noted above, this question has arisen in this review as a result of the dramatic alteration in the
basic patterns of air Pb emissions in the U.S. since the standard was set, that primarily reflects
the dramatic reduction of Pb in gasoline, which resulted in orders-of-magnitude reductions in
airborne emissions of Pb and a significant shift in the types of sources with the greatest Pb
emissions. In addition, Section 112 of the Clean Air Act was amended in 1990 to include Pb
compounds on the list of hazardous air pollutants and to require EPA to establish technology-
based emission standards for those listed major source categories emitting Pb compounds, and to
establish risk-based standards, as appropriate, for those categories of sources.

In considering this issue, staff notes that CASAC specifically examined several scientific
issues and related public health (and public welfare) issues that the CASAC Lead Review Panel’
judged to be essential in determining whether delisting Pb or revoking the Pb NAAQS would be
appropriate options for the Administrator to consider. In its letter to the Administrator of March
27, 2007, based on its review of the first draft Staff Paper (Henderson, 2007a; Attachment A),
CASAC’s examination of these issues was framed by the following series of questions:

(1) Does new scientific information accumulated since EPA’s promulgation of the
current primary Lead NAAQS of 1.5 pg/m?® in 1978 suggest that science previously
overstated the toxicity of lead?

(2) Have past regulatory and other controls on lead decreased PbB [blood lead]
concentrations in human populations so far below levels of concern as to suggest
there is now an adequate margin of safety inherent in those PbB levels?

(3) Have the activities that produced emissions and atmospheric redistribution of lead in
the past changed to such an extent that society can have confidence that emissions
will remain low even in the absence of NAAQS controls?

(4) Are airborne concentrations and amounts of lead sufficiently low throughout the
United States that future regulation of lead exposures can be effectively accomplished
by regulation of lead-based products and allowable amounts of lead in soil and/or
water?

(5) If lead were de-listed as a criteria air pollutant, would it be appropriately regulated
under the Agency’s Hazardous Air Pollutants (HAP) program?

For the reasons presented in its March 2007 letter (Attachment A), the CASAC Lead
Review Panel judged that the answer to each of these questions was “no,” leading the Panel to

* This Lead Panel includes the statutorily defined seven-member CASAC and additional subject-matter
experts needed to provide an appropriate breadth of expertise for this review of the Pb NAAQS.
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conclude that “the existing state of science is consistent with continuing to list ambient lead as a
criteria pollutant for which fully-protective NAAQS are required” (id, p. 5). Further, ina
subsequent letter to the Administrator of September 27, 2007, based on its review of the second
draft Risk Assessment Report (Henderson, 2007b; Attachment B), CASAC strongly reiterated its
opposition to any considered delisting of Pb, and expressed its unanimous support for
maintaining fully-protective NAAQS (id., p. 2).

Staff also notes the receipt of comments from the public on this issue. In a comment
submitted on the first draft Staff Paper, an industry group urged the Agency to delist Pb as a
criteria pollutant. Many other public comments on this issue, received as comments on the first
draft Staff Paper, were against revoking the Pb NAAQS or delisting Pb as a criteria pollutant.

Staff concurs with the reasoning that the CASAC Lead Review Panel used in reaching its
judgments on these questions and agrees with the conclusion that currently available information
does not support either delisting Pb as a criteria pollutant or revoking, and not replacing, the
current Pb NAAQS. In particular, we note that notwithstanding the dramatic changes in the
basic patterns of air Pb emissions in the U.S. since the standard was set, Pb continues to be
emitted into the ambient air from numerous and diverse mobile and stationary sources. Further,
currently available studies provide evidence of adverse health effects associated with blood lead
levels and environmental exposures well below those previously identified, and we note that
there is now no discernable threshold for such effects in contrast to the thresholds that had
previously been inferred. While there is substantial evidence that segments of the population
continue to have blood lead levels that are clearly of concern, there is only limited evidence on
which to base an assessment of the extent to which airborne Pb contributes to these blood Pb
levels. Nonetheless, we believe that the available information is sufficient to infer that ambient
air Pb contributes to air pollution that may reasonably be anticipated to negatively impact public
health and that further reductions in ambient air Pb would likely benefit public health. In the
absence of evidence to the contrary, we believe it is appropriate to retain the NAAQS authority
as part of a broad strategy to control Pb exposures in sensitive populations. Further, we note that
there is the potential for lead emissions to increase above present levels in the absence of a Pb
NAAQS, such as through increased capacity at Pb processing facilities or through the possible
conversion of secondary Pb smelting facilities to primary smelting operations. In addition, while
we recognize that airborne Pb emissions can be reduced for some source categories through
regulatory actions under the hazardous air pollutant program, that program is focused on
stationary sources and is not directed toward other types of sources, including mobile sources
and related resuspension, that contribute to Pb in the ambient air. For the reasons identified here,
we recommend that consideration not be given to delisting Pb as a criteria pollutant or to
revoking, and not replacing, the Pb NAAQS.
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Having reached the general conclusion that it is appropriate to maintain a NAAQS for Pb,
we discuss below the available evidence (section 5.4.1) and quantitative exposure- and risk-
based considerations (section 5.4.2) to more fully inform consideration of the adequacy of the
current standard. We also take into account the views expressed by CASAC and public
commenters (section 5.4.3) in reaching staff conclusions on the adequacy of the current standard
(section 5.4.4).

5.4.1 Evidence-based Considerations

In considering the broad array of health effects evidence assessed in the CD with respect
to the adequacy of the current standard, staff has focused on those health endpoints associated
with the Pb exposure and blood levels most pertinent to ambient exposures (Chapter 3).
Additionally, we give particular weight to evidence available today that differs from that
available at the time the standard was set with regard to its support of the current standard.

First, with regard to the sensitive population, the susceptibility of young children to the
effects of Pb is well recognized, in addition to more recent recognition of effects of chronic
exposure to low level Pb with advancing age (CD, Sections 5.3.7 and pp. 8-73 to 8-75). As
summarized in Chapter 3 and discussed in detail in the CD, the prenatal period and early
childhood are periods of increased susceptibility to Pb exposures, with robust evidence of
adverse effects on the developing nervous system that generally appear to persist into later
childhood and adolescence (CD, Section 6.2). Thus, while we also recognize the sensitivity of
the elderly and other particular subgroups (e.g., see Section 3.4.1), as at the time the standard
was set, young children continue to be recognized as the key sensitive population for Pb
exposures.

With regard to the exposure levels at which adverse health effects occur, the current
evidence demonstrates the occurrence of adverse health effects at appreciably lower blood Pb
levels than those demonstrated by the evidence at the time the standard was set. At the time the
standard was set the physiological effects identified as occurring at the lowest blood Pb levels
were those associated with production of anemia. EPA recognized as clearly adverse the
impairment of heme synthesis and other Pb-related effects which were identified to result in
clinical symptoms of anemia in children above a blood Pb level of 40 pg/dl, thus identifying this
blood Pb level as an approximate threshold for adverse health effects of Pb (USEPA, 1977; 43
FR 46252).°

> At the time the standard was set, inhibition of delta-aminolevulinic acid dehydratase (3-ALAD), an
enzyme integral to hemoglobin synthesis, was demonstrated to occur at a blood Pb level as low as 10 pg/dL. Effects
of lead on cellular synthesis of heme, as indicated by elevation of EP was considered potentially adverse to the
health of young children and EP elevation could be correlated with blood Pb levels as low as 15 to 20 pg/dL.
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This change in the evidence since the time the standard was set is reflected in changes
made by the CDC in their advisory level for Pb in children’s blood, and changes they have made
in their characterization of that level (described more fully in Section 3.2). In 1978, when the
current Pb NAAQS was established, the CDC recognized a level of 30 pg/dL blood Pb as
warranting individual intervention (CDC, 1991). In 2005, with consideration of a review of the
evidence by their advisory committee, CDC revised their statement on Preventing Lead
Poisoning in Young Children, specifically recognizing the evidence of adverse health effects in
children with blood Pb levels below 10 pg/dL and the data demonstrating that no *“safe”
threshold for blood Pb had been identified (CDC, 2005).

As discussed extensively in the CD and summarized in Chapter 3, the current evidence
demonstrates the occurrence of a variety of adverse health effects, including those on the
developing nervous system, associated with blood Pb levels extending well below 10 pg/dL to 5
po/dL and possibly lower. For example, we note in particular the international pooled analysis
by Lanphear and others (2005), studies of individual cohorts such as the Rochester, Boston, and
Mexico City cohorts (Canfield et al., 2003a; Canfield et al., 2003b; Bellinger and Needleman,
2003; Tellez-Rojo et al., 2006), the study of African-American inner-city children from Detroit
(Chiodo et al., 2004), and the cross-sectional analysis of a nationally representative sample from
the NHANES, in which the mean blood Pb level was 1.9 pg/dL (Lanphear et al., 2000).

Further, current evidence does not indicate a threshold for the more sensitive health
endpoints such as adverse effects on the developing nervous system (CD, pp. 5-71 to 5-74 and
Section 6.2.13). This differs from the Agency’s inference of a threshold of 40 pg/dL blood Pb
for the most sensitive health endpoint identified in the 1978 rulemaking, i.e., impairment of heme
synthesis and other effects which result in childhood anemia.

As when the standard was set in 1978, we recognize that there remain today contributions
to blood Pb levels from nonair sources. Estimating contributions from nonair sources is
complicated by the persistent nature of Pb. For example, Pb that is a soil or dust contaminant
today may have been airborne yesterday or many years ago. The studies currently available and
reviewed in the CD that evaluate the multiple pathways of Pb exposure do not usually
distinguish between outdoor soil/dust Pb resulting from historical emissions and outdoor
soil/dust Pb resulting from recent emissions. Further, while indoor dust Pb has been identified as
being a predominant contributor to children’s blood Pb, available studies do not distinguish the

However, because of an absence of evidence of impairment on heme synthesis at levels below 40 pg/dL, EPA did
not recognize the inhibition of 5-ALAD at lower blood Pb levels as adverse to health. At that time, EPA stated that
it considered that above blood levels of 30 pg/dL, EP elevation has progressed to the extent that it should be
considered an adverse health effect, and that the effects on heme synthesis seen at 40 ug/dL and above are clearly
adverse (43 FR 46251-46253).
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different pathways (air-related and other) contributing to indoor dust Pb. The exposure
assessment performed for this review has employed available data and methods to develop
estimates intended to inform a characterization of these pathways (see Chapter 4).

Consistent with reductions in air Pb concentrations® which contribute to blood Pb, nonair
contributions have also been reduced. For example, Pb contributions to diet have been reported
to have declined significantly since 1978, perhaps as much as 70% or more between then and
1990 (WHO, 1995) and the 2006 CD identifies a drop in dietary Pb intake by 2 to 5 year olds of
96% between the early 1980s and mid 1990s. The 1977 CD included a dietary Pb intake
estimate for the general population of 100 to 350 pg Pb/day (USEPA 1977, p. 1-2) and the 2006
CD cites recent studies indicating a dietary intake ranging from 2 to 10 pug Pb/day (CD, Section
3.4 and p. 8-14). Reductions in elevated blood Pb levels in urban areas indicate that other nonair
contributions to blood Pb (e.g., drinking water distribution systems, and Pb-based paint) have
also been reduced since the late 1970s. In their March 2007 letter to the Administrator, the
CASAC Pb Panel recommended that 1.0-1.4 pg/dL or lower be considered as an estimate of the
nonair component of blood Pb.

As in 1978, the evidence demonstrates that Pb in ambient air contributes to Pb in blood,
with the pertinent exposure routes including both inhalation and ingestion (CD, Sections 3.1.3.2,
4.2 and 4.4; Hilts et al., 2003). In 1978, the evidence indicated a quantitative relationship
between ambient air Pb and blood Pb — i.e., the ratio describing the increase in blood Pb per unit
of air Pb — that ranged from 1:1 to 1:2 (USEPA, 1977). In setting the standard, the Agency relied
on a ratio of 1:2, i.e., 2 pg/dL blood Pb per 1 pg/m® air Pb (43 FR 46252). The evidence now
and in the past on this relationship is limited by the circumstances in which the data are
collected. We do not have specific measurements of Pb in blood that derived from Pb that had
been in the air. Rather, we have estimates of the relationship between Pb concentrations in air
and Pb levels in blood, developed from populations in differing Pb exposure circumstances,
which inform us on this point. Many of the currently available reviews of estimates for air-to-
blood ratios, which include air contributions from both inhalation and ingestion exposure
pathways, indicate that such ratios generally fall between 1:3 to 1:5, with some as high as 1:10 or
higher (USEPA 19864, pp. 11-99 to 11-100 and 11-106; Brunekreef, 1984). Findings of a recent
study of changes in children’s blood Pb levels associated with reduced Pb emissions and
associated air concentrations near a Pb smelter in Canada indicates a ratio on the order of 1:7
(CD, pp. 3-23 to 3-24; Hilts et al., 2003). In their advice to the Agency, CASAC identified
values of 1:5 as used by the World Health Organization (2000) and 1:10 as supported by an

® As described in Section 2.3.2.2, air Pb concentrations nationally are estimated to have declined more than
90% since the early 1980s.
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empirical analysis of changes in air Pb and changes in blood Pb between 1976 and the time when
the phase-out of Pb from gasoline was completed (Henderson, 2007a). While there is
uncertainty in the absolute value of the air-to-blood relationship, the current evidence indicates a
notably greater ratio, with regard to increase in blood Pb, than the 1978 1:2 relationship e.g., on
the order of 1:3 to 1:10.

Taken together, the dramatic reduction in the blood Pb level associated with adverse
health effects, the evidence for a greater ratio between blood Pb and air Pb, and the lack of
evidence for a threshold for the sensitive health endpoint, we conclude that the current evidence
calls into question the adequacy of the current standard. In particular, there is now no recognized
safe level of Pb in children’s blood and studies appear to show adverse effects at mean
concurrent blood Pb levels as low as 2 pg/dL (CD, pp. 6-31 to 6-32; Lanphear et al., 2000), as
compared to EPA’s view in 1978 that 30 pg/dL was a maximum safe blood Pb level for an
individual child, and that 15 pg/dL was the maximum safe blood Pb level for a population of
young children (43 FR 46246-46256). Further, while the nonair contribution to blood Pb has
declined, perhaps to a range of 1.0-1.4 pg/dL, the air-to-blood ratio appears to be higher at
today’s lower blood Pb levels than the estimates at the time the standard was set, with current
estimates on the order of 1:3 to 1:5 and perhaps up to 1:10. Therefore, considered in light of the
framework employed in setting the standard in 1978, the more recently available evidence
suggests a level for the standard that is lower by an order of magnitude or more.

5.4.2 Exposure- and Risk-based Considerations

In addition to the evidence-based considerations, staff has also considered exposures and
health risks estimated to occur upon just meeting the current Pb standard to help inform
judgments about the extent to which exposure and risk estimates may be judged to be important
from a public health perspective, taking into account key uncertainties associated with the
estimated exposures and risks.

As discussed in the previous section (Section 5.4.1), young children are the sensitive
population of primary focus in this review. Accordingly, as described in Chapter 4, the exposure
and risk assessment estimates Pb exposure for children (less than 7 years of age), and associated
risk of neurocognitive effects in terms of 1Q decrements. In addition to the risks (IQ decrement)
that we quantitatively estimated, we recognize that there may be long-term adverse consequences
of such deficits over a lifetime, that there is evidence of other health effects occurring at similar
or higher exposures for young children, and that other health evidence demonstrates associations
between Pb exposure and adverse health effects in adults (see Chapter 3). As in Chapter 4
(Section 4.4), we focus predominantly on risk estimates derived using the log-linear with low-
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exposure linearization (LLL) concentration-response function, also noting the range associated
with the other three functions.

In interpreting the quantitative risk estimates for IQ decrement, we are aware of the
significant implications of potential shifts in the distribution of 1Q for the exposed population
(e.g., CD, Sections 8.6.1 and 8.6.2; Bellinger, 2004; Needleman et al., 1982; Weiss, 1988; Weiss,
1990). As noted in the CD, a modest change in the mean for a health index at the individual
level can have substantial implications at the population level (CD, p. 8-77). For example for an
individual functioning in the low range of 1Q due to the influence of risk factors other than Pb, a
Pb-associated 1Q decline of a few points might be sufficient to drop that individual into the range
associated with increased risk of educational, vocational, and social handicap (CD, p. 8-77).
Further as noted in Section 3.4.2, given a somewhat uniform manifestation of Pb-related
decrements across the range of 1Q scores in a population, “a downward shift in the mean 1Q
value is not associated only with a substantial increase in the percentage of individuals achieving
very low scores, but also with substantial decreases in percentages achieving very high scores”
(CD, p. 8-81). As recognized in Section 5.4.3, the CASAC Pb Panel has advised on this point
that “a population loss of 1-2 1Q points is highly significant from a public health perspective”
(Henderson, 20074, p. 6).

In considering the risk estimates, we will describe both those for the median and for an
upper percentile, the 95™. In so doing, we emphasize that in setting the standard in 1978, the
Agency accorded risk management significance to the 99.5" percentile by selecting a mean
blood Pb level intended to bring 99.5 percent of the population to or below the then described
maximum safe blood Pb level (see Section 5.2.1.1.2). Similarly, in their advice to the Agency in
this review, CASAC stated that “the primary lead standard should be set so as to protect 99.5%
of the population” (Henderson, 2007a, p. 6). In considering estimates from the quantitative
assessment that will inform conclusions consistent with this objective, however, we and CASAC
also recognize uncertainties in our risk estimates at the edges of the distribution and
consequently report the 95™ percentile as our estimate of the high end of the risk distribution
(Henderson, 2007b, p. 3). In so doing, however, we note that there are individuals in the
population expected to have higher risk, the consideration of which is important given the risk
management objectives for the current standard with regard to the 99.5" percentile.

As summarized in Chapter 4 and discussed in more detail in the Risk Assessment Report
(e.g., Sections 2.4.3, 3.2.2 and 3.4), in addition to estimating 1Q loss associated with the
combined exposure to Pb from all exposure pathways, we have estimated 1Q loss for two policy-
relevant categories of exposure pathways. These are “recent air”, which conceptually is intended
to include contributions to blood Pb associated with Pb that has recently been in the air, and
“past air”, intended to include contributions to blood Pb associated with Pb that was in the air in
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the past but not in the air recently. In the exposure modeling conducted for the risk assessment,
the exposure pathways assigned to the “recent air” category were inhalation of ambient air Pb
and ingestion of the component of indoor dust Pb that is predicted to be associated with ambient
air concentrations. The exposure pathways assigned to the “past air” category were ingestion of
outdoor soil/dust Pb and ingestion of the component of indoor dust Pb not assigned to recent air.
As recognized in Chapter 4 and described more fully in Sections 2.4.3 and 3.2.2 of the Risk
Assessment Report, there are various limitations associated with our modeling tools that affected
our estimates for these two categories. As a result, blood Pb levels and associated risks of
greatest interest in this review — those associated with exposure pathways involving ambient air
Pb and current levels of Pb emitted to the air (including via resuspension) - are likely to fall
between estimates for recent air and those for the sum of recent plus past air. Accordingly, we
have considered that those two sets of estimates provide a range of interest, with regard to
policy-relevant Pb, in this review.

In considering the adequacy of the current standard, it is important to note that the
standard is currently met throughout the country with very few exceptions. Further, the national
composite average maximum quarterly mean based on 198 active monitoring sites during 2003-
2005 is 0.17 pg/m?®, an order of magnitude below the current standard (Section 2.3.2.4). Review
of the current monitoring network in light of current information on Pb sources and emissions,
however, indicates that we do not have monitors near many of the larger sources and leads us to
conclude that we are likely underestimating the extent of occurrences of relatively higher Pb
concentrations (Section 2.3.2.1).

We have estimated exposure and risk associated with current conditions in a general
urban case study and in three location-specific urban case studies in areas where air
concentrations fall significantly below the current standard. For the general urban case study,
which is a simplified representation of urban areas (see summary of limitations and uncertainties
in Section 4.2.7), median estimates of total Pb-related 1Q loss range from 1.5 to 6.3 points
(across all four concentration-response functions), with estimates based on the LLL function of
4.5 and 4.7 points, for the mean and high-end current conditions scenarios, respectively (Table 4-
3). Associated estimates for exposure pathway contributions to total 1Q loss (LLL estimate) at
the population median in these two scenarios indicate that 1Q loss associated with policy-relevant
Pb falls somewhere between 1.3 and 3.6 points (Risk Assessment Report, Table 5-9 entries for
recent air and recent air plus past air). At the 95" percentile for total 1Q loss (LLL estimate), 1Q
loss associated with policy-relevant Pb is estimated to fall somewhere between 2.2 and 6.0 points
(Risk Assessment Report, Table 5-9).

For the three location-specific urban case studies, median estimates of total Pb-related 1Q
loss for current conditions range from 1.4 to 5.2 points (across all four concentration-response
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functions), with estimates based on the LLL function all being 4.2 points (Table 4-3).” Median
1Q loss associated with policy-relevant Pb (LLL function) is estimated to fall between 0.6 to 2.9
points 1Q loss (Risk Assessment Report, Table 5-9). The 95" percentile estimates for total Pb-
related 1Q loss across the three location-specific urban case studies range from 4.1 to 11.4 points
(across all four concentration-response functions), with estimates based on the LLL function
ranging from 7.5 to 7.6 points (Table 4-4). At the 95" percentile for the three location-specific
urban case studies, 1Q loss associated with policy-relevant Pb (LLL function) is estimated to fall
between 1.2 to 5.2 points 1Q loss (Risk Assessment Report, Table 5-10).

In order to more completely consider exposure and risk associated with the current
standard, we have developed estimates for a case study (including additional focus on a small
subarea) based on air quality projected to just meet the standard in a location of the country
where air concentrations do not meet the current NAAQS (the primary Pb smelter case study).
In so doing, we consider it extremely unlikely that air concentrations in urban areas across the
U.S. that are currently well below the current standard would increase to just meet the standard.
However, we recognize the potential for air Pb concentrations in some areas currently well
below the standard to increase to just meet the standard by way of, for example, expansion of
existing sources (e.g., facilities operating as secondary smelters exercising previously used
capabilities as primary smelters) or by the congregation of multiple Pb sources in adjacent
locations. Accordingly, we have simulated scenario (increased Pb concentrations to just meet
the current standard) in a general urban case study and in three location-specific urban case
studies. In this scenario, we note substantial uncertainty in simulating how the profile of Pb
concentrations might change in the hypothetical case where concentrations increase to just meet
the current standard.

Turning first to the estimates of total blood Pb for the current NAAQS scenario simulated
for the location-specific urban case studies (e.g., Tables 4-1 and 4-2), we consider the extent to
which exposures associated with increased air Pb concentrations that simulate just meeting the
current standard are estimated to increase blood Pb levels in young children. The magnitude of
this for the median total blood Pb ranges from 0.3 pug/dL (an increase of 20 percent) in the case
of the Cleveland study area, for which current conditions are estimated to be approximately one
fourth of the current NAAQS, up to approximately 1 pg/dL (an increase of 50 to 70%) for the

" As described in Chapter 4 (and Section 5.2.3.2 of the Risk Assessment Report), although the maximum
quarterly average concentration for the highest monitor in each study area differs among the three areas by a factor
of 4 (0.09 to 0.36 ug/m3), the population weighted air Pb concentrations for these three study areas are more similar
and differ by approximately a factor of 2, with the study area with highest maximum quarterly average concentration
having a lower population weighted air concentration that is more similar to the other two areas. This similarity in
population weighted concentrations explains the finding of similar total 1Q loss across the three study areas.
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Chicago and Los Angeles study areas, for which current conditions are estimated to be at or
below one tenth of the current NAAQS.

Our estimates of 1Q loss (for child with median total 1Q loss estimate) associated with
recent air plus past air Pb at exposures allowed by just meeting the current NAAQS in the
primary Pb smelter case study (Table 4-5) differ when considering the full study area (10 km
radius) or the 1.5 km radius subarea. Estimates for median IQ loss associated with the recent air
plus past air category of exposure pathways for the full study area range from 0.6 point to 2.3
points (for the range of concentration-response functions), while these estimates for the subarea
range from 3.2 points to 9.4 points 1Q loss (Tables 4-5). The estimates (recent plus past) for the
median based on the LLL concentration-response function are 1.9 points 1Q loss for the full
study area and 6.0 points for the subarea. The 95" percentile estimates of total 1Q loss in the
subarea range from 5.0 to 12.4 points, with an associated range for the recent air plus past air of
4.2 to 10.4 points (Table 4-6).

For the current NAAQS scenario in the three location-specific case studies, estimates of
1Q loss associated with policy-relevant Pb for the median total 1Q loss range from 0.6 points loss
(recent air estimate using low-end concentration-response function) to 7.4 points loss (recent
plus past air estimate using the high-end concentration-response function) (Table 4-5). The
corresponding estimates based on the LLL concentration-response function range from 2.7 points
(lowest location-specific recent air estimate) to 4.7 points 1Q loss (highest location-specific
recent plus past air estimate) (Table 4-5). The comparable estimates of 1Q loss for children at the
95™ percentile range from 2.6 to 7.6 points for the LLL concentration-response function (Table
4-6).

Further, in comparing current NAAQS scenario estimates to current conditions estimates
for the three location-specific urban case studies, we estimate a difference in total Pb-related 1Q
loss for the median of about 0.5 to 1.4 points using the LLL C-R function and a similar
magnitude of difference for the 95™ percentile (Tables 4-3 and 4-4). The corresponding estimate
for the general urban case study is 1.1 to 1.3 points higher total Pb-related 1Q loss for the current
NAAQS scenario compared to the two current conditions scenarios (Tables 4-3 and 4-4).

Our estimates of median and 95th percentile 1Q loss associated with policy-relevant Pb
exposure for air quality scenarios under current conditions (which meet the current NAAQS)
and, particularly those reflecting increased air Pb concentrations simulated to just meet the
current standard, indicate levels of 1Q loss that may reasonably be judged to be highly significant
from a public health perspective. Further, for the three location-specific urban case studies, the
estimated differences in incidences of children with 1Q loss greater than one point and with 1Q
loss greater than seven points in comparing current conditions to those associated with the
current NAAQS indicate the potential for significant numbers of children to be negatively
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affected if air Pb concentrations increased to levels just meeting the current standard. Estimates
of the additional number of children with 1Q loss greater than 1 point (based on the LLL
concentration-response function) in these three study areas for the current NAAQS scenario
compared to current conditions range from 100 to 6,000 across the 3 locations (Table 4-7). The
corresponding estimates for the additional number of children with 1Q loss greater than 7 points
for the current NAAQS as compared to the current conditions scenario range from 600 to 35,000
(Table 4-8). These latter values for the change in incidence of children with greater than 7 points
Pb-related 1Q loss represent 5 to 17 percent of the children (aged less than 7 years of age) in
these study areas. This increase corresponds to approximately a doubling in the number of
children with this magnitude of Pb-related 1Q loss in the study area most affected.

Beyond our finding of estimated decrements in 1Q for policy-relevant exposures
associated with the current NAAQS that are clearly of a magnitude that might be reasonably be
judged to be highly significant from a public health perspective, there are other, unquantified
adverse neurocognitive effects that may occur at similarly low exposures which might
additionally contribute to reduced academic performance, which may have adverse consequences
over a lifetime (Section 3.3.1; CD, pp. 8-29 to 8-30). Additional impacts at low levels of
childhood exposure summarized in Chapter 3 and described in detail in the CD, that were not
quantified in the risk assessment, include: other neurological effects (sensory, motor, cognitive
and behavioral), immune system effects (including some related to allergic responses and
asthma), and early effects related to anemia. Taken together, we judge that the quantified 1Q
effects associated with the current NAAQS and other, non-quantified effects are important from
a public health perspective, indicating a need for consideration of revision of the standard to
provide an appreciable increase in public health protection.

5.4.3 CASAC Advice and Recommendations
In our consideration of the adequacy of the current standard, in addition to the evidence-

and risk/exposure-based information discussed above, we have also considered the advice and
recommendations of CASAC, based on their review of the CD and the earlier draft of this
document and the related technical support document, as well as comments from the public on
earlier drafts of this document and the related technical support document®. With regard to the
public comments, those that addressed adequacy of the current standard concluded that the
current standard is inadequate and should be revised, suggesting appreciable reductions in the

& All written comments submitted to the Agency will be available in the docket for this rulemaking, as will
be transcripts of the public meetings held in conjunction with CASAC’s review of the earlier draft of this document
and the first draft of the related technical support document, and of draft and final versions of the CD on which this
document is based.
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level. No comments were received expressing the view that the current standard is adequate.
One comment was received arguing not that the standard was inadequate but rather that
conditions justified that it should be revoked.

In both the 1990 review and this review of the standard set in 1978, CASAC has
recommended consideration of more health protective NAAQS. In CASAC’s review of the 1990
staff paper, as discussed in Section 5.2.2, they generally recommended consideration of levels
below 1.0 pg/m?®, specifically recommended analyses of a standard set at 0.25 pg/m®, and also
recommended a monthly averaging time (CASAC, 1990). In two letters to the Administrator
during the current review, CASAC has consistently recommended that the primary NAAQS
should be “substantially lowered” from the current level of 1.5 pg/m® to a level of “0.2 pg/m® or
less” (Henderson, 2007a, b). CASAC drew support for this recommendation from the current
evidence, described in the CD, of health effects occurring at dramatically lower blood Pb levels
than those indicated by the evidence available when the standard was set. Citing specific studies
(referenced in their March 2007 letter, Attachment A), CASAC stated (Henderson, 2007a, p. 3):

Despite the dramatic decrease in environmental lead exposure, lead toxicity
remains a major public health problem. Environmental lead exposure in children has
been associated with increased risks for reading problems, school failure, Attention
Deficit Hyperactivity Disorder (ADHD), delinquency, and criminal behavior (6-10).
Among U.S. children, eight to fifteen years old, those in the highest quintile (> 2 ug/dl) of
lead exposure were four times more likely to have doctor-diagnosed ADHD (11).
Moreover, there is no evidence of a threshold for the adverse consequences of lead
exposure; studies show that the decrements in intellectual (cognitive) functions in
children are proportionately greater at PbB [blood Pb] concentrations < 10 xg/dl, the
concentration considered acceptable by the Centers for Disease Control (11-14).

Lead’s effects extend beyond childhood. In adults, lead exposure is a risk factor
for some of the most prevalent diseases or conditions of industrialized society, including
cardiovascular disease and renal disease (16—20). There is also compelling evidence
that the risks for mortality from stroke and myocardial infarction are increased at PbB
[blood Pb] concentrations below 10 g/dl, which is considerably lower than those
considered acceptable for adults (19). Finally, although less definitive, there is also
evidence that lead exposure during pregnancy is a risk factor for spontaneous abortion
or miscarriage at PbB [blood Pb] concentrations < 10 xg/dl (21).

CASAC concluded that the current Pb NAAQS “are totally inadequate for assuring the necessary
decreases of lead exposures in sensitive U.S. populations below those current health hazard
markers identified by a wealth of new epidemiological, experimental and mechanistic studies”,
and stated that “Consequently, it is the CASAC Lead Review Panel’s considered judgment that

5-23



the NAAQS for Lead must be decreased to fully-protect both the health of children and adult
populations” (Henderson, 2007a, p. 5).

5.4.4 Staff Conclusions and Recommendations

Staff has considered the appropriateness of maintaining a NAAQS for Pb and the
retention of Pb on the list of criteria pollutants in light of the changed circumstances since the
current standard was set in 1978. We conclude that the currently available information does not
support either delisting Pb as a criteria pollutant or revoking, and not replacing, the current Pb
NAAQS, a conclusion that has also been reached by CASAC. Accordingly, we recommend that
Pb not be delisted as a criteria pollutant and that the Pb NAAQS not be revoked.

In considering the adequacy of the current standard, staff gives great weight to the body
of available evidence that is much expanded from that available when the current standard was
set, and which demonstrates the occurrence of adverse health effects at appreciably lower blood
Pb levels than those demonstrated by the evidence at the time the standard was set. Further, the
current health effects evidence and findings in our exposure assessment, like the information
available at the time the standard was set, supports the conclusion that airborne Pb exposure
pathways (by inhalation and ingestion) contribute to blood Pb levels in young children, and that
the proportion of the contribution from these pathways to total blood Pb levels is likely larger
than that estimated when the standard was set and may be several times higher.

In areas projected to just meet the current standard, the quantitative estimates of risk (for
IQ decrement) associated with policy-relevant Pb indicate risk of a magnitude that may
reasonably be judged to be highly significant from a public health perspective, and which
CASAC has judged to be so. Further, although the current monitoring data indicate few areas
with airborne Pb near or just exceeding the current standard, the staff recognizes significant
limitations with our current monitoring network that indicate we are likely underestimating the
extent of occurrences of relatively higher Pb concentrations (Section 2.3.2.1).

In summary, staff draws conclusions with regard to the adequacy of the current standard
from both the evidence and from the exposure and risk assessments, in light of related limitations
and uncertainties. We conclude that the overall body of evidence clearly calls into question the
adequacy of the current standard and provides strong support for consideration of an alternative
Pb standard that would provide an appreciable improvement in health protection for sensitive
groups, including most notably young children, against an array of effects, most importantly
including effects on the developing nervous system. We also conclude that risks projected to
remain upon meeting the current standard, based on the exposure and risk assessment, are
indicative of risks to sensitive groups that can reasonably be judged to be important from a
public health perspective, which reinforces our conclusion that consideration should be given to
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revising the level of the standard so as to provide increased public health protection.
Accordingly, we recommend that the Administrator consider revision of the primary NAAQS for
Pb. Staff conclusions and recommendations for the indicator, averaging time, form and level for
an alternative, more protective primary standard for Pb are discussed in the following sections.

55 ELEMENTS OF THE STANDARD
The four elements of the standard — indicator, averaging time, form and level serve to
defin