Chapter S - Benefits Analysis Approach and Results

Synopsis

This chapter describes our analysis of the benefits associated with attaining the selected
National Ambient Air Quality Standard (NAAQS) for lead and the alternative standards outlined
in Chapter 1. The estimates outlined in this benefits analysis indicate that achieving a lower
National Ambient Air Quality Standard (NAAQS) for lead from its current level of 1.5 pg/m’
maximum quarterly mean to a second maximum monthly value of 0.15 pg/m’ could result in
significant reductions in adverse health effects due to reduced exposure from lead and fine
particles (PM;5). We estimate a potential increase in intelligence quotient (IQ) points across the
population (approximately 400,000) with the selected NAAQS under various assumptions,
including baseline non-air background blood lead levels at 2002 levels.

This Regulatory Impact Analysis (RIA) seeks to estimate benefits for the year 2016 using
a 2002 baseline blood lead level; this may result in an under- or over-estimate of benefits in the
year 2016.% State and federal regulatory interventions, including the recently promulgated
Renovation and Repair Rule (RRP), are likely to reduce non-air background blood lead levels
significantly. In the draft RIA, EPA committed to explore the possibility of updating the baseline
to reflect expected effects on blood lead levels from other lead rules and potentially from an
anticipated decline in population blood lead levels. EPA has determined that such a projection of
baseline non-air background blood lead levels is not technically feasible in the time available.
Specifically, EPA lacks data regarding the distribution of the housing stock and populations to
which rules such as the RRP apply. As an alternative, we provide a sensitivity analysis, found in
Table 5-8, which indicates that the total benefits estimate shows little sensitivity to alternate
background non-air blood lead levels.

This RIA provides illustrative estimates of the incremental monetized human health
benefits of attaining a revised primary lead (Pb) National Ambient Air Quality Standard
(NAAQS) within the current monitoring network.> Some of the highest-emitting Pb sources do
not have nearby Pb-TSP monitors, and it is important to note that there may be more potential
nonattainment areas than have been analyzed in this RIA. Because monitors are present in only
86 counties nationwide, the universe of monitors exceeding the various target NAAQS levels is

! The costs presented in this chapter represent the direct pollution control expenditures associated with NAAQS
compliance. As such, they do not reflect the general equilibrium impacts of the proposed rule.

? The level of non-air background blood lead levels affects the portion of the health impact function curve on which
IQ changes are estimated. A change in the background level may cause IQ changes to be estimated on a shallower or
steeper portion of the curve.

3 There are currently 189 monitors representing 86 counties, but only 21 counties have monitors which exceed 0.10
ug/m’.



very small; only 21 counties exceed the lowest alternate NAAQS level of 0.10 ug/m’. Because
we know that Pb-TSP monitors are not located near some of the highest-emitting Pb sources in
the 2002 NEI (see Chapter 2), it is likely that there may be more potential nonattainment areas
than have been analyzed in this RIA.

As shown in Table 5-1 below, when applying a 3 percent discount rate, the monetary
value of avoided IQ point loss for the least stringent standard alternative (0.5 pug/m’) ranges
between $2.0 and $2.8 billion (all values in 2006$).* If future non-air background blood levels
change, benefits may be higher or lower. For the selected standard of 0.15 pg/m’, benefits range
from $3.5 to $5.0 billion. For the most stringent standard alternative (0.1 pg/m®), monetary
benefits range from $4.5 to $6.4 billion. Additional co-control benefits of reduced PM emissions
are expected to range between $0.1 and $0.9 billion for the least stringent standard alternative,
between $0.2 and $1.9 billion for the selected standard and up to a range of $0.3 to $2.2 billion
for the most stringent standard alternative. Therefore, the combined monetized health benefits
from reductions in both lead and PM exposures as a result of lowering the current NAAQS range
from $2.1 to $3.7 billion for the least stringent standard alternative, between $3.7 and $6.9
billion for the selected standard and between $4.8 to $8.6 billion for the most stringent standard
alternative.

When applying a 7 percent discount rate, the monetary benefits for changes in IQ the
least stringent standard alternative (0.5 pg/m’) range between $0.3 and $0.5 billion. For the
selected standard, benefits range from $0.4 and $0.9 billion. For the most stringent standard
alternative (0.1 pg/m’), monetary benefits of IQ gains range from $0.6 to $1.1 billion.
Additional co-control benefits of reduced PM emissions are expected to range between $0.1 and
$0.8 billion for the least stringent standard alternative, between $0.2 and $1.7 billion for the
selected standard and a range of $0.2 to $2 billion for the most stringent standard alternative.
Therefore, the combined monetized health benefits from reductions in both lead and PM
exposures as a result of lowering the current NAAQS range from $0.4 to $1.3 billion for the least
stringent standard alternative, between $0.7 and $2.6 billion for the selected standard and
between $0.8 and $3.1 billion for the most stringent standard alternative.

The benefits summarized in the table below are the product of the air quality change
associated with both identified and unidentified emission controls. The proportion of benefits
attributable to identified controls varies by standard alternative. At the less stringent alternatives
of 0.5 pg/m’, 0.4 pg/m>, 0.3 pg/m’ and 0.2 pg/m’ the identified emission controls account for all,
or nearly all, of the estimated benefits. For the selected standard of 0.15 pug/m?, the identified
controls represent about 85% of total benefits. Finally, the more stringent alternative standard of
0.1 pg/m’, the identified controls represent about 80% of total benefits.

* When monetizing benefits, we applied two alternate valuation functions. These functions are discussed further in
this chapter.



Table 5-1. Monetary Benefits of Alternate Lead NAAQS (in Millions of 20068) in 2016

Estimated Net Present Monetized Benefits of
Value of IQ Points Co-Controlled PM,
Gained? Emissions* Total Benefits®
Standard 3% 7% 3% 7% 3% 7%
Alternativ Discount Discount Discount Discount Discount Discount
el Rate Rate Rate Rate Rate Rate
0.5 ua/m?3 $2,000— $250—$490 $110—$880 $100—$790 $2,100— $350—
. m
hg $2,800 $3,700 $1,300
$2,000— $250—$490 $100—$880 $100—$800 $2,100— $350—
0.4 ng/m3
$2,800 $3,700 $1,300
$2,400— $300—$580 $190— $170— $2,600— $470—
0.3 ng/m3
$3,400 $1,600 $1,400 $5,000 $2,000
0.2 uet/m3 $3,200— $390—$780 $220— $200— $3,400— $590—
. m
ha $4,500 $1,800 $1,600 $6,300 $2,400
$3,500— $440—%$870 $230— $210— $3,700— $650—
0.15 pg/ms3
$5,000 $1,900 $1,700 $6,900 $2,600
0.1 ua/m3 $4,500— $560— $260— $240— $4,800— $800—
. m
Hg $6,400 $1,100 $2,200 $2,000 $8,600 $3,100

1 All standard alternatives are for a second maximum monthly mean concentration.

2 Results reflect the use a 2002 derived non-air background blood lead applied to analysis year of 2016. To the
extent that state and federal interventions such as the Renovation and Repair Rule (EPA, 2008c) reduce future
non-air blood lead levels, the estimate of IQ change above may be different.

3 The lower end of the range of presented values was calculated using the Schwartz (1994b) valuation
estimate; the upper end was calculated using the Salkever (1995) valuation estimate.

4 The range of presented values represent 14 different estimates from the PM epidemiological literature and
an expert judgment study.

5 Numbers are rounded to two significant figures. Therefore, the sums in these columns may not total.

Figures 5-1 and 5-2 below display the health benefits from both lead and PM; 5 exposure
reductions for each of the six alternative standards using a 3 percent and 7 percent discount rate,
respectively.” Figures 5-3 and 5-4 below display some examples of the total health benefits from

> Note that these figures present the lead benefits results that incorporate valuation estimates from Schwartz (1994b)
and PM co-control benefits using the Pope et al. (2002) epidemiological study and therefore do not represent the full
range of uncertainty in the expected benefits.



both lead and PM2.5 exposure reductions using different input assumptions for each of the six
alternative standards using a 3 percent and 7 percent discount rate, respectively.



Millions of 20065

Figure 5-1. Lead and PM , 5 Benefits by Standard Alternative (3% Discount Rate)
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Millions of 20065

Figure 5-2. Lead and PM 2.5 Benefits by Standard Alternative (7% Discount Rate)
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Figure 5-3. Example Combined Lead and Total PM; s Monetized Benefits Estimates by
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Figure 5-4. Example Combined Lead and Total PM, s Monetized Benefits Estimates by Standard
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Introduction

This chapter documents our analysis of health benefits expected to result from achieving
alternative levels of the lead NAAQS, relative to baseline ambient air lead levels. We first
describe our approach for estimating and monetizing the health benefits associated with
reductions of lead in air. Next, we provide a summary of our results, including an analysis of the
sensitivity of the benefits model. We then review our approach to and results from estimating
benefits from co-control of direct PM; 5 emissions associated with implementing measures
necessary to achieve alternative of the selected lead NAAQS. Finally, we discuss the key results
of the benefits analysis and indicate areas of uncertainty in our approach.

Benefits Approach

This section presents our approach for estimating avoided adverse health effects in
humans resulting from achieving alternative levels of the lead NAAQS, relative to a base case
ambient air lead level. We first review the epidemiological evidence concerning potential health
effects of lead exposure and present the health endpoints we selected for our primary benefits
estimate. We then describe our screening-level spreadsheet benefits model, including the data
used and key assumptions. Finally, we describe our approach for assigning an economic value to
the health benefits.

Benefits Scenario

We calculated the economic benefits from annual avoided health effects expected to
result from achieving alternative levels of the lead NAAQS (the “control scenarios™) in the year
2016. We measured benefits in the control scenarios relative to the incidence of health effects
consistent with ambient lead levels in air expected under the current standard (1.5 pg/m’
maximum quarterly mean; the “base case”) in 2016. Note that this “base case” reflects emissions
reductions and ambient air quality improvements that we anticipate will result from
implementation of other air quality rules, including compliance with all relevant Maximum
Achievable Control Technology (MACT) rules and the recently revised NAAQS for PM,5.° We
compared benefits across six alternative second maximum monthly mean NAAQS levels of 0.5,
0.4,0.3,0.2,0.15, and 0.1 pg/m’.

Selection of Health Endpoints

Epidemiological researchers have associated lead exposure with adverse health effects in
numerous studies, as described in the Air Quality Criteria for Lead (USEPA, 2006a; hereafter,
Lead Criteria Document). Young children are particularly sensitive to lead exposures;
neurobehavioral effects of lead exposure in infants and young children (less than 7 years of age)

® Development of this base case is described further in Chapter 3.
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have been observed consistently across multiple studies that control for an array of confounding
factors (USEPA, 2006a).

The Criteria Document provides a comprehensive review of the current evidence of
health and environmental effects of Pb. With regard to health effects, the Criteria document
summarizes the evidence as follows (CD, Section 8.4.1):

“...Pb has been shown to exert a broad array of deleterious effects on multiple organ systems
via widely diverse mechanisms of action. Truly remarkable progress has been made during
the past several decades with regard to (a) more fully delineating over time the wide variety
of pathophysiologic effects associated with Pb exposure of human population groups and
laboratory animals and (b) the characterization of applicable exposure durations and dose-
response relationships for the induction of the multifaceted Pb effects. This progress has been
well documented by the previous Pb NAAQS criteria reviews carried out by EPA in the late
1970s and during the 1980s, as well as being well reflected by previous chapters of this
document.

The 1977 Lead AQCD (U.S. Environmental Protection Agency, 1977) that provided
key scientific bases for the setting in 1978 of the current Pb NAAQS included discussion of
both: (a) historical literature accumulated during several preceding decades that established
Pb encephalopathy and other signs and symptoms of persisting severe central and/or
peripheral nervous system damage, as well as renal and hepatic damage, and anemia as
typifying the classic syndrome of acute and/or chronic high-level Pb poisoning among human
pediatric and /or adult population groups, and (b) evaluation of then newly-emerging
evidence for more subtle and difficult-to-detect “subclinical” Pb effects on 1Q, other
neurological endpoints, and moderate blood hemoglobin deficits or other erythropoietic
indicators of heme synthesis impairment, which collectively were judged to constitute an
array of adverse Pb health effects associated with Pb exposures indexed by blood Pb
concentrations ranging down to ~30 pg/dL. The next Pb NAAQS criteria review during the
1980's, as contained in the 1986 Lead AQCD/Addendum and its 1990 Supplement (U.S.
Environmental Protection Agency, 1986a, b, 1990) documented further rapid advances in Pb
health effects research that provided (a) increasingly stronger evidence that substantiated still
lower fetal and/or postnatal Pb-exposure levels (indexed by blood-Pb levels extending to as
low as 10 to 15 pg/dL or, possibly, below) as being associated with slowed physical and
neurobehavioral development, lower 1Q, impaired learning, and/or other indicators of
adverse neurological impacts and (b) other pathophysiological effects of Pb on
cardiovascular function, immune system components, calcium and vitamin D metabolism,
and other selected health endpoints.

Newly available scientific information published since the 1986 Lead
AQCD/Addendum and the 1990 Supplement, as assessed in previous chapters of this
document, further expands our understanding of a wide array of Pb-induced health effects,
underlying mechanisms, and factors that enhance or lessen susceptibility to Pb effects. Very
importantly, the newly available toxicologic and epidemiologic information, as integrated
below, includes assessment of new evidence substantiating risks of deleterious effects on
certain health 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.
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The ensuing subsections [of the CD] provide concise summarization and integrative
synthesis of the most salient health-related findings and conclusions derived from the current
criteria assessment. This includes discussion of new toxicologic and/or epidemiologic
evidence concerning Pb induced (a) effects on neurobehavioral development and other
indicators of nervous system effects; (b) cardiovascular effects; (c) heme synthesis effects;
(d) renal effects; (e) immune system functions; (f) effects on calcium and vitamin D
metabolism; (g) inter-relationships to bone and teeth formation and demineralization; (h)
effects on reproduction and other neuroendocrine effects; and (i) genotoxicity and
carcinogenic effects.”

The differing evidence and associated strength of the evidence for these different effects
is described in detail in the Criteria Document. The evidence with regard to adverse effects on
plants and animals is also described in the Criteria Document.

Although a number of adverse health effects have been found to be associated with lead
exposure, this benefits analysis only includes a subset, due to limitations in understanding and
quantifying the dose-response relationship for some of these health endpoints and the fact that
for some of these endpoints the science is less certain. We analyzed only those endpoints with
sufficient evidence to support a quantified dose-response relationship. This determination was
made using the information presented in the Lead Criteria Document, which contains an
extensive literature review for several health endpoints related to lead exposure. However, this
document only included studies published or accepted for publication through December 2005.
Therefore, we performed supplemental searches in the online search engine PubMed to identify
studies published between January 2006 and the present (see Appendix A for more information).
Finally, we reviewed previous EPA lead benefits analyses to identify dose-response relationships
that have been used previously (USEPA, 1997, 2006b & 2007a).

Our analysis focuses primarily on children’s health effects due to our use of child-
specific data to convert air quality data to a blood lead level, which is the most common
biomarker of exposure used in dose-response functions.

This human health benefits analysis does not attempt to estimate the changes in lead-related
health effects among adults. Several key data limitations prevented EPA from quantifying these
important endpoints:

e The available peer reviewed air:blood ratios to estimate adult blood lead changes are
dated. Previous EPA analysis of the costs and benefits of the Clean Air Act (USEPA,
1997) utilized air:blood ratios for adults from based on Snee et al. (1981), a meta-
analysis of several studies, including Johnson et al..(1976), Fugas et al.(1973), and
Nordman (1975). While these studies do provide insight into the responsiveness of adult
blood lead levels to changes in lead concentrations in air, the age of these studies
suggests that these ratios may not be appropriate for application in 2016. The more-
recent peer-reviewed estimates of air:blood ratios have been derived for children.
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Applying these ratios to adults would be inappropriate given the important differences
between the two populations in their ambient exposure to Pb.

e There is a lack of current, peer reviewed non-air-related blood lead background
estimates for adults. Quantification of adult endpoints would require a non-air-related
blood background for adults. CASAC recommends a range of values for children in their
review of the Lead Risk Assessment. However, due to differences between adults and
children in the routes of exposure to lead, it is possible that background levels would
differ between these two receptor groups. Therefore, applying the child-specific non-air-
related background blood lead levels to adults could misestimate the true adult
background levels.

e The adult health impact functions relating changes in blood lead to health outcomes are
dated. Certain adult health impact functions, such as those quantifying the relationship
between blood lead and diastolic blood pressure (Nawrot, 2002) are current. However,
the functions relating changes in blood pressure to changes in premature mortality,
chronic heart disease and stroke were each drawn from studies published in the 1970s;
advances in the treatment of high blood pressure suggest that these functions may over-
predict of changes in these health effects in the current population. One newer study,
Schober et al. (2006), quantifies the relationship between blood lead and cardiovascular
mortality. However, according to the Lead Criteria Document, “...until the Schober et
al. findings are replicated and more fully understood, the Schober et al. (2006) estimates

for Pb-induced cardiovascular mortality should probably not be used for quantitative risk
assessment” USEPA, 2006a, page 8-89.

Taken together, these data limitations make a credible quantified assessment of adult
endpoints very challenging and subject to considerable uncertainty. The Agency is working to
addressing these data limitations so that it may be possible to provide a quantitative estimate of
the adult endpoints for the next Pb NAAQS review in approximately 5 years.

Table 5-3 below presents the health effects related to exposure to lead in the air that are
quantified in this benefits analysis. In addition, the table includes a list of other endpoints that
potentially are linked to lead exposure, but which do not have dose-response functions available
for quantifying benefits.

As shown in Table 5-3, our primary estimate is based on the effect of IQ loss on lifetime
earnings. There are several recent epidemiological analyses that have found potential adverse
health impacts of blood lead levels on cognitive function (most often measured as changes in 1Q)
in young children under 7 years of age, as described in the Lead Criteria Document. However,
as also noted in that document, there has been conflicting evidence as to whether there exists a
discrete period of neurological vulnerability to lead exposure during childhood.

For instance, the first three years of life represent the maximal period of lead ingestion as
well as a period of time when important development of the central nervous system is occurring,
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which suggests that biologically this could be a vulnerable period (USEPA, 2006a). In addition,
there are two major meta-analyses that focused on the association between school age 1Q and
blood lead concentrations at two years of age or average blood lead concentrations up to three
years of age (Pocock et al., 1994; Schwartz, 1994a). However, several recent prospective
epidemiological studies have found concurrent blood lead level (i.e., blood lead measured at the
same time as school age 1Q) or lifetime average blood lead level (i.e., a mean of blood lead level
from infancy to measurement of school age IQ) to be more strongly associated with school age
IQ and other measures of neurodevelopment (Canfield et al., 2003; Dietrich et al., 1993; Tong et
al., 1996, Wasserman et al., 2000). In addition, a large, international meta-analysis by Lanphear
et al. (2005) included four measures of blood lead level: concurrent, peak, lifetime average, and
early childhood. The authors found that the concurrent and lifetime blood lead levels were the
strongest predictors of IQ deficits associated with lead exposure.

A study by Chen et al. (2005) specifically evaluated whether a window of enhanced
susceptibility to lead exists. This study examined whether cross-sectional associations observed
in school age children represent residual effects from two years of age or “new” effects emerging
among these children (USEPA, 2006a). Chen et al. found that the blood lead metric with the
strongest association with 1Q was concurrent, and this relationship grew stronger with age. The
authors did not find any association between peak blood lead level and IQ measured at seven
years of age. In addition, a stronger relationship was found between 1Q at seven years of age and
blood lead level at seven years of age compared with blood lead at two years of age. The Lead
Criteria Document concluded that “[t]hese results support the idea that lead exposure continues
to be toxic to children as they reach school age, and do not lend support to the interpretation that
all damage is done by the time the child reaches two to three years of age” (USEPA, 2006a, page
6-63). Based on this evidence, it is reasonable to assume that all children under seven years of
age in the study area for this analysis will experience some cognitive benefit (i.e., IQ loss
avoided) from reduced ambient air lead in 2016. Therefore, we have designed our benefits
analysis to measure benefits to all children under seven in our study area.
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Table 5-3. Human Health Effects of Lead
Quantified Health Effects Unguantified Health Effects”
-Intelligence Quotient (IQ) loss effect  -Other neurobehavioral and physiological effects

on lifetime earnings -Delinquent and anti-social behavior
-1Q loss effects on compensatory education
-Hypertension
-Non-fatal coronary heart disease
-Non-fatal strokes
-Premature mortality
-Other cardiovascular diseases
-Neurobehavioral function
-Renal effects
-Reproductive effects
-Fetal effects from maternal exposure (including
diminished 1Q)

*The categorization of unquantified toxic health effects is not exhaustive. Health endpoints in this column include

both a) those for which there is not consensus; and b) those for which associations, to various degrees, has been

determined but empirical data are not available to allow calculation of benefits.

Benefits Estimation Model
Overview

For this benefits analysis, we created a spreadsheet model to provide a screening-level
assessment of health benefits occurring as a result of implementing alternative NAAQS levels.
The model uses various simplifying assumptions and is intended only to provide an approximate,
preliminary estimate of the potential health benefits.

The model was constructed in Microsoft Excel and provides an integrated tool to
complete five benefits estimation steps: 1) estimate lead in air concentrations for the “base case”
and “control scenarios”; 2) estimate population exposures to air lead concentrations for each
scenario; 3) estimate blood lead levels in the population for each scenario; 4) estimate avoided
cases of health effects due to changes in blood lead levels; and 5) apply an economic unit value
to each avoided case to calculate total monetized benefits. These steps and the data inputs
required are shown in Figure 5-5 and are discussed in further detail below.

Estimating Lead in Air Concentrations

We used estimates of the second maximum monthly mean lead total suspended particles
(TSP) for each monitor included in our study to characterize ambient air lead concentrations for
the “base case” in 2016 (USEPA, 2007b). These estimates were calculated by adjusting second
maximum monthly mean lead TSP monitoring values for the years 2003 to 2005 to account for
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emissions reductions due to compliance with MACT requirements and the NAAQS for PM; s
occurring by 2016 (see Chapter 4 for additional information). We assumed that under the
“control scenario” for each standard alternative, each monitor would meet the second maximum
monthly mean level achieved under the cost analysis for that alternative described in Chapter 4.

While the alternative standards were specified in terms of second maximum monthly
mean lead concentrations, the benefits model used estimates of maximum quarterly mean lead
concentrations in order to calculate avoided cases of health endpoints. This decision was based
on a number of studies outlined in EPA’s 2007 Staff Paper (USEPA, 2007c¢; Section 5.5.2),
which indicate that changes in blood lead levels resulting from changes in air lead concentrations
occur within a relatively short timeframe (i.e., within a few weeks to months). This finding is
also supported by a simulation of changes in urban residential dust lead levels following a
change in ambient air lead using the hybrid mechanistic empirical model developed for the Lead
Risk Assessment. That analysis showed that changes in indoor dust lead levels (the primary
source of children’s exposure) tracked closely with changes in ambient lead air concentrations.
The hybrid model developed for the general urban case study suggested that 90% of steady-state
impacts will be recognized within the three months and take up to one year for a full change to
be realized.
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Figure 5-5
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Therefore, for the “base case” estimates of lead air concentrations used in the model, we
estimated the expected maximum quarterly mean air lead concentration in 2016 in each census
block group based on the second maximum monthly mean values for the “base case.” This was
achieved by calculating census block group-specific ratios of the second maximum monthly
mean to the maximum quarterly mean for the period 2003-2005 and then dividing the second
maximum monthly mean for the “base case” by this ratio.’

For the “control scenario” we estimated the maximum quarterly mean lead in air
concentration that would be expected in 2016, based on the second maximum monthly mean
NAAQS concentration. As in the “base case,” we used census block group-specific ratios of the
second maximum monthly means to maximum quarterly means for 2003-2005 and then divided
the selected NAAQS by this ratio.

Estimating Population Exposure

The first input to any benefits assessment is the estimated changes in ambient air quality
expected to result from simulated attainment of a NAAQS. EPA typically relies upon air quality
modeling to generate these data. For this analysis, time and technical limitations prevented us
from performing formal air quality modeling. Instead, EPA employed two alternate approaches
to approximate the air quality change resulting from attainment of alternate lead NAAQS. Each
approach relies upon the lead monitoring network as the basis for subsequent air quality
estimates. The first approach, which we employed to generate our primary benefits estimate,
uses an interpolation method utilized in previous RIAs to estimate changes in lead concentrations
in projected non-attainment areas. The second approach, which we utilized as a sensitivity
analysis, applies a radius of a fixed size around each non-attaining lead monitor and estimates a
fixed concentration of lead within that radius. We describe the process for using each approach
below.

Interpolation Method

This approach applies an interpolation method to generate an air quality surface from
available lead monitoring data to better represent the spatial heterogeneity of lead concentrations
in a projected non-attainment area. It utilizes both the lead monitoring network as well as the
lead-speciating TSP monitoring network; we added the lead-speciating monitors to increase the
number of data points available for the interpolation. We interpolated lead concentrations to the
census tract, rather than census block group, to increase the computational efficiency of the
model.

7 This ratio technique is detailed further in Chapter 3.
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To create an air quality surface of ambient lead values we applied the Voronoi
Neighborhood Averaging (VNA) method.® The VNA is an inverse-distance-weighting technique
that interpolates point monitor data to a user-defined grid cell for the purpose of creating an air
quality surface. The VNA approach is well suited for this type of analysis because the inverse
distance weighting approach can approximate the gradient of ambient lead surrounding each
monitor. VNA is a well-established technique that EPA has used in combination with modeled

air quality changes to estimate the air quality change associated with full attainment of PM; s and
Ozone NAAQS (USEPA, 2006¢ & 2008a).

Figure 5-6 below summarizes how we applied the VNA method in this analysis. The
VNA approach is expected to provide a better representation of the gradient of ambient lead
around each monitor as compared to the radius approach. For this reason, we utilized this
approach to generate our primary benefits estimate. However, this validity of this method is to
some extent contingent upon the availability of a sufficient number of monitors to support an
interpolation. In certain locations, such as Hillsborough County, FL, there are a sufficient
number of lead and TSP monitors to generate an interpolation with a pronounced gradient around
each monitor (see Figure 5-7). The lead and TSP monitoring network in other non-attainment
areas can in some cases be sparse, and the resulting interpolation does not appear to generate a
meaningful gradient, such as in Delaware County, IN (see Figure 5-8). To the extent that there
was a denser lead monitoring network in such locations, the interpolation approach would
produce a gradient that better represents actual ambient lead concentrations. While both the VNA
and radius approaches exhibit limitations, we hold more confidence in the results of the
interpolation approach and so rely upon it as our primary method of simulating air quality
changes. As a means of acknowledging the limitations to the interpolation method we also
provide sensitivity estimates using the radius method.

¥ For technical details of the VNA approach, see the technical appendices to the BenMAP User manual , found at:
http://www.epa.gov/air/benmap/models/BenMAPTechnical AppendicesDraftMay2005.pdf
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Figure 5-6

Steps in the VNA Interpolation Technique

Adjust baseline monitor values

Step |. Identify all Pb and to reflect PM RIA and MACT

Pb-speciating TSP monitors

controls’
Step 2. Apply VNA to Interpolate Pb values to . |
create baseline air — census block groups Convert baseline 2
quality grid within 10km radius of max monthly mean to

. max quarterly value
each monitor q Y

0.5 pg/m?

0.4 ug/m’
Step 3. Roll-back Pb and Pb-
speciating TSP monitor values to just 0.3 pg/m’
attain each standard alternative

0.2 ug/m?

0.15 pg/m?

0.1 pg/m?
Step 4. Apply VNA to Interpolate Pb values to g
create control air —  census block groups Convert control 2
quality grid within 10km radius of max monthly mean to

. max quarterly value
each monitor q Y

“This step required us to adjust the Pb-speciating TSP monitors to reflect the presence of PM RIA and MACT emission controls. The
emissions controls team performed this adjustment for the Pb monitors. To make a conforming adjustment to the Pb-speciating TSP
monitors, we used VNA to interpolate the PM RIA and MACT-related air quality improvement from the Pb monitors to the Pb-

speciating TSP monitors.
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Figure 5-7. Air Lead Concentration Gradient in Hillsborough County, Florida

(J

i

=

AT

[l
¢

@ 4 11
° £

jF

AL
=

AOTTTLT

@  Pb Monitors

®  Pb-speciating TSP Monitors
[ ] Census Block Groups Boundaries
Census Block Group (VNA)
2nd Max Monthly

0.00-0.05

0.05-0.15
[ 015-0.35 Q
[ 0.35-0.57
I 057-0.77 =
N 077-1.27
. 127-1.92
I 192-287
. 287-320
N 320-502

¢

]

e

=Y

20



Figure 5-8. Air Lead Concentration Gradient in Delaware County, Indiana
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Radius Method

In this approach we focused on the 21 monitors in counties that potentially could be
designated as non-attainment areas under at least one of these alternative lead NAAQS levels.
These monitor concentration values likely only apply to the population of people living within
the vicinity of these monitors, especially if the monitor is oriented near a source of lead
contamination (e.g., a primary or secondary lead smelter). As a default, we defined the affected
population as those individuals living within a 10-kilometer radius around the monitor. The 10-
kilometer radius is consistent with source-specific modeling in the EPA Lead Risk Assessment
case studies for primary and secondary sources (USEPA, 2007a). In the absence of detailed air
quality modeling for the lead sources in the vicinity of each monitor, we assumed in this
screening-level analysis that the lead concentrations in air measured at each monitor are uniform
throughout the specified radius. To develop a conservative upper-bound estimate of lead
benefits, we assumed the entire population of the county was exposed to the concentration
measured at the monitor (the geographic extent of a county generally exceeds 10 km). Also, we
performed sensitivity analysis using alternate, smaller radii of one, two, and five kilometers,
since lead air concentrations can in some cases display significant gradients with distance from a
source-oriented monitor. For example, second maximum monthly mean values measured at
monitors in close proximity to the Herculaneum, MO lead smelter drop off 40 percent within
roughly 1 km of the source and decrease by an additional 95 percent within 2 km.’

We used ArcGIS to establish the radii around each monitor. Our spatial dataset
contained US Census population data at the block group level for the year 2000. We calculated
the total population within each radius in 2000 by adding the population of each Census block
group that at least partially resided within the radius. We then distributed the estimate of the total
population for each radius in 2000 into gender- and age-specific groups (in five-year increments,
consistent with the age ranges reported by the Census)."

Population Projections

For both the interpolation and radius methods, we extrapolated the 2000 age- and gender-
specific population data to 2016, using Woods and Poole county-level projection data (Woods
and Poole, 2001). We calculated a growth rate for each gender and age group combination by
taking the ratio of the 2016 estimate from Woods and Poole to the corresponding 2000 county-
level estimates from the Census. We applied the calculated growth rates to each gender and age
group to estimate the total population in 2016 residing within each census tract or radius. This
approach to population projection is consistent with previous EPA RIA’s that estimate future-
year human health benefits (USEPA 2006c¢, 2007c, 2008a). However EPA does not assume that

? This was assessed using second maximum monthly mean monitoring data between 2003-2005 for eight monitors
located near the Herculaneum Lead Smelter (operated by the Doe Run Company) (USEPA, 2007b).

' The five-year age groups were 0-4, 5-9, 10-14, ... up to 85 and above.
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the number of Pb emitting sources will grow correspondingly with the population growth as
discussed in Chapter 4.

In order to determine the number of children under the age of seven, we added the
population of children in the 0-4 age group for both genders and then added two-fifths of the
population in the 5-9 age group, assuming the population was uniformly distributed across all
five ages in that group.

Estimating Blood Lead Levels

The concentration-response functions we employ in this benefits analysis require
estimates of blood lead levels in the exposed population to calculate avoided incidence of
adverse health effects. We chose to develop a first approximation of the blood lead levels
associated with reductions in air lead concentrations for each of the alternative NAAQS by using
the air lead to blood lead ratio (“air:blood ratio”) approach applied by EPA in deriving the
current NAAQS in 1978 (43 FR 46246). These ratios predict geometric blood lead levels due to
direct lead exposure via inhalation as well as indirect exposures via ingestion of dust and soils
contaminated by lead deposition, based on comparisons of historical data on lead in ambient air
and measured or modeled geometric mean blood lead levels in an exposed population. Table 5-4
lists the ratios considered for the current NAAQS analysis; for its primary estimate, EPA chose a
ratio of 1:7 ug/m’ to pg/dl. That is, for every one microgram per cubic meter reduction in air
lead, EPA assumed that geometric mean blood lead levels would be reduced by seven
micrograms per deciliter. We selected this value based on advice from the Clean Air Scientific
Advisory Committee (CASAC) and analysis conducted as part of EPA’s Lead Risk Assessment
(USEPA, 2007a & 2007d).

CASAC in its March 2007 review of EPA's Lead Risk Assessment recommended that
EPA apply these ratios as part of a population level lead risk analysis to inform alternative
proposals for a new lead NAAQS (USEPA, 2007d; see Appendix D). In its previous NAAQS
analysis, EPA used a ratio of 1:2 pg/m’ to 1:6 pg/dl; however, CASAC suggested that ratios
higher than 1:2 may be appropriate based on more recent literature. CASAC cites the use of a
ratio of 1:5 by the World Health Organization (WHO) in 2000 to better account for lead
deposition from air to dust and soil, and they cite a ratio of 1:9-1:10 based on the data in
Schwartz and Pitcher (1989) on blood lead changes resulting from the phase-out of lead in
gasoline.

As part of its Lead Risk Assessment, EPA calculated air:blood ratios based on the
extensive modeling conducted for its case studies and compared these ratios to values reported in
the literature (USEPA, 2007a). For the benefits analysis, we reviewed the ratios in Table 5-7 of
the Lead Risk Assessment that compare the incremental reduction in air concentrations required
to meet lower alternative NAAQS levels to the corresponding incremental change in blood lead.
The ratios for the general urban and primary lead smelter case studies range from 1:2 to 1:6 for
scenarios ranging from the current NAAQS to an alternative NAAQS of 0.05 pg/m’ maximum
monthly mean. EPA found these values to be similar to ratios available in the literature,
specifically to ratios reported in a 1984 meta-analysis by Brunekreef (1:3 to 1:6) and to values
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calculated from a more recent 2003 study by Hilts (1:7). More recently, a study of changes in
children’s blood Pb levels associated with reduced Pb emissions and associated air
concentrations near a Pb smelter in Canada (for children through age six in age) reports a ratio of
1:6 and additional analysis of the data by EPA for the initial time period of the study resulted in a
ratio of 1:7 (CD, pp. 3-23 to 3-24; Hilts, 2003)."" Ambient air and blood Pb levels associated
with the Hilts (2003) study range from 1.1 to 0.03 pg/m3, and associated population mean blood
Pb levels range from 11.5 to 4.7 pg/dL, which are lower than levels associated with the older
studies cited in the 1986 Criteria Document (USEPA, 1986).

We also reviewed the ratio of 1:9-1:10 cited by CASAC that was based on the data in
Schwartz and Pitcher (1989) on blood lead changes resulting from the phase-out of lead in
gasoline. Schwartz and Pitcher developed a regression equation to estimate blood lead levels
from gasoline-based lead usage (hundreds of metric tons per day) in the period 1976-1980. Their
main analysis used a nationally representative sample of the U.S. population from the second
National Health and Nutrition Examination Survey (NHANES II) and controlled for a range of
factors such as age, income, smoking, educational attainment, nutrition, occupational exposure,
alcohol intake, and urban/rural status.'> (Another potential confounder, dietary lead intake, was
found to exhibit no temporal trend over the study period and thus was not included in the model.)
Schwartz and Pitcher’s analysis found that for every 100 metric tons (MT) of gasoline lead used
per day, the general population blood lead level would increase 2.14 pg/dL. This finding was
corroborated by a supplemental analysis by the authors of a dataset of blood lead screening
results for inner-city children in Chicago over the same time period. CASAC developed its ratio
of 1:9 — 1:10 by first multiplying the 2.14 pg/dL per hundred MT of gasoline lead to an estimate
of gasoline usage in 1976 (426 MT per day) to produce a blood lead attributable to lead in
gasoline of 9.12 pg/dL. CASAC then divided this value by EPA’s estimated reduction in
ambient air levels in urban cities of 1 ug/m’ between 1976 and the elimination of lead in gasoline
(USEPA, 1986) to produce the ratio.

We also considered a 1:5 air:blood ratio, which represented the ratio for the change in the
urban case study from current (mean) conditions to an alternative NAAQS of 0.2 pg/m’
maximum monthly mean. According to the Notice of Proposed Rulemaking, “There are a
number of sources of uncertainty associated with these model-derived ratios. The hybrid indoor
dust Pb model, which is used in estimating indoor dust Pb levels for the urban case studies, uses
a HUD dataset reflecting housing constructed before 1980 in establishing the relationship

" This study considered changes in ambient air Pb levels and associated blood Pb levels over a five-year period
which included closure of an older Pb smelter and subsequent opening of a newer facility in 1997 and a temporary
(3 month) shutdown of all smelting activity in the summer of 2001. The author observed that the air-to-blood ratio
for children in the area over the full period was approximately 1:6. The author noted limitations in the dataset
associated with exposures in the second time period, after the temporary shutdown of the facility in 2001, including
sampling of a different age group at that time and a shorter time period (3 months) at these lower ambient air Pb
levels prior to collection of blood Pb levels. Consequently, EPA calculated an alternate air-to blood Pb ratio based
on consideration for ambient air Pb and blood Pb reductions in the first time period (after opening of the new facility
in 1997).

12 Race was addressed using stratified regression analysis and was not found to modify results by more than 10
percent (Schwartz and Pitcher, 1989).
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between dust loading and concentration, which is a key component in the hybrid dust model (see
Section Attachment G-1 of the Risk Assessment, Volume II). Given this application of the HUD
dataset, there is the potential that the non-linear relationship between indoor dust Pb loading and
concentration (which is reflected in the structure of the hybrid dust model) could be driven more
by the presence of indoor Pb paint than contributions from outdoor ambient air Pb. We also note
that only recent air pathways were adjusted in modeling the impact of ambient air Pb reductions
on blood Pb levels in the urban case studies, which could have implications for the air-to-blood
ratios.” (US EPA, 2008Db).

As a sensitivity analysis, we selected a lower bound of the 1:2 ratio from the U.S. EPA
Lead Risk Assessment and an upper bound of 1:10 as upper bound of the CASAC Schwartz and
Pitcher study-based estimates. We believe the inclusion of the 1:10 ratio as an upper bound is
justified by the strengths of the design of the Schwartz and Pitcher study, which like the Hilts
study, captured the effects of a natural experiment, by its extensive control for confounders,
including dietary exposures, and by the robustness of its findings using national-level and urban
inner-city samples.

We divided the maximum quarterly mean lead in air concentrations for each scenario by
the air:blood ratio to estimate the blood lead level in the population due solely to exposure to
ambient air. We then added an estimate of non-air-related background blood lead level (e.g.,
from ingestion of indoor dust or outdoor soil contaminated by lead paint) to calculate the total
geometric mean blood lead level expected in the population.”? For our estimate of non-air-
related background, we selected the midpoint from a range of values reported by CASAC as
being most appropriate for children under 7 years of age (USEPA, 2007d)."* We apply this
estimate of current-year non-air background blood lead for an analysis year of 2016. State and
federal interventions such as the Renovation and Repair Rule (EPA, 2008¢) may reduce future
non-air blood lead to a level below this estimate. EPA alternate approaches to projecting non-air
blood lead levels to reflect such regulatory interventions. However, data limitations prevented
EPA from generating credible estimates.

The air:blood ratio provided us with an estimate of the geometric mean blood lead level
across the population of exposed children, which we then used to estimate the magnitude of
health effects benefits. We assumed that the blood lead level changes in 2016 estimated in this
way are a reasonable representation of lifetime average blood lead level for children under seven
years of age in our study and were used with the selected dose-response functions without further
adjustment.

1 We estimated total blood lead level to be consistent with the epidemiological studies underlying the dose-response
functions we used for estimating changes in IQ due to changes in lead exposure, which are based on total blood lead

level.

'* CASAC provided a range of non-air-related background geometric mean concentrations of 1.0 — 1.4 pg/dl in their
comments on EPA’s Lead Risk Assessment (USEPA, 2007a). We selected the midpoint of this range, 1.2 pg/dl, for
this analysis.
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Table 5-4. Air Lead to Blood Lead Ratios
Ratio Source Description
1:2to1:6 USEPA, 2007a Ratios in Table 5-7 of EPA’s current Lead Risk Assessment (USEPA,
2007a) estimated from modeling of exposures in urban areas and areas

near lead smelters. These ratios compare the incremental reduction in air
concentrations required to meet lower alternative NAAQS levels to the
corresponding incremental change in blood lead. This ratio is likely to
provide the best estimate of blood lead associated with recent changes in
air lead concentrations. These ratios for the general urban and primary
lead smelter case studies range from 1:2 to 1:6 for scenarios ranging from
the current NAAQS to an alternative NAAQS of 0.05 pg/m’ maximum
monthly mean, respectively.

1:5 USEPA, 2007a Ratio applied by WHO to establish current lead Air Quality Guideline for
WHO, 2005 Europe. Also reported in Table 5-7 of EPA’s Lead Risk Assessment
(USEPA, 2007a; see above) for the ratio for the change in the urban case
study from current (mean) conditions to an alternative NAAQS of 0.2
pg/m® maximum monthly mean.

1:3to 1:6  Brunekreef, 1984 Ratios reported in a meta-analysis of surveys of smelters and urban areas.
Based on older studies that typically reflect ratios for children with blood
lead levels > 10 pg/dl.

1:6 to 1:7  Hilts, 2003" Ratio calculated from more recent study of air concentrations and blood
lead levels for children living near a British Columbia smelter during a
period of decreasing lead emissions. Blood lead levels in this study (4 —
10 pg/dl) are lower than in the Brunekreef studies, but still higher than
those modeled in EPA’s 2007 Lead Risk Assessment.

1:9-1:10 USEPA, 2007d; Ratio cited by CASAC in its March 2007 advisory that was derived from
Schwartz and calculations in Schwartz and Pitcher analysis of the impacts of phasing
Pitcher (1989) out lead in gasoline. Reflects ratios for changes from higher baseline lead
concentrations than expected under current conditions.

'* This study considered changes in ambient air Pb levels and associated blood Pb levels over a five-year period
which included closure of an older Pb smelter and subsequent opening of a newer facility in 1997 and a temporary
(3 month) shutdown of all smelting activity in the summer of 2001. The author observed that the air-to-blood ratio
for children in the area over the full period was approximately 1:6. The author noted limitations in the dataset
associated with exposures in the second time period, after the temporary shutdown of the facility in 2001, including
sampling of a different age group at that time and a shorter time period (3 months) at these lower ambient air Pb
levels prior to collection of blood Pb levels. Consequently, EPA calculated an alternate air-to blood Pb ratio based
on consideration for ambient air Pb and blood Pb reductions in the first time period (after opening of the new facility
in 1997).
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Estimating Avoided Health Effects

The following section presents the approach we used to quantify the health benefits of
lead due to reductions in the blood lead levels in the population resulting from lowering the
NAAQS. This analysis estimates the adverse health impact of blood lead levels on changes in
IQ in young children below seven years of age. Cognitive effects are thought to strongly relate
to a child’s future productivity and earning potential (USEPA, 2006b).

Multiple epidemiologic studies of Pb and child development have demonstrated inverse
associations between blood Pb concentrations and children’s 1Q and other cognitive-related
outcomes at successively lower Pb exposure levels over the past 30 years (as discussed in the
CD, section 6.2.13). Numerous epidemiological studies have reported neurocognitive,
neurobehavioral, sensory, and motor function effects in children with blood Pb levels below 10
ug/dL (CD, sections 6.2 and 8.4). As discussed in the Criteria Document, “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).

Threshold levels for neurological effects, in terms of blood Pb levels in individual
children, cannot be discerned from the currently available studies (CD, pp. 8-60 to 8-63). The
Criteria Document states “[t]here is no level of Pb exposure that can yet be identified, with
confidence, as clearly not being associated with some risk of deleterious health effects” (CD, p.
8-63). The Criteria Document also notes that “a threshold for Pb neurotoxic effects may exist at
levels distinctly lower than the lowest exposures examined in these epidemiologic studies” (CD,
p. 8-67). The current evidence indicates the occurrence of a variety of health effects, including
neurological effects in children, associated with blood Pb levels extending well below 10 pg/dL
(CD, Sections 6.2, 8.4 and 8.5). For example, as noted in the Criteria Document with regard to
the neurocognitive effects in children, the “weight of overall evidence strongly substantiates
likely occurrence of [this] type of effect in association with blood-Pb concentrations in range of
5-10 pg/dL, or possibly lower ... 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.” (CD, p. 8-61). The Criteria Document further notes that any such
threshold may exist “at levels distinctly lower than the lowest exposures examined in these
epidemiological studies” (CD, p. 8-67).

In comparing across the individual epidemiological studies and the international pooled
analysis, the Criteria Document observed that at higher blood Pb levels (e.g., above 10 pg/dL),
the slopes (for change in 1Q with blood Pb) 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).

The current evidence reviewed in the Criteria Document with regard to the quantitative
relationship between neurocognitive decrement, such as 1Q, and blood Pb levels indicates that
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the slope for Pb effects on IQ is nonlinear and is steeper at lower blood Pb levels, such that each
pg/dL increase in blood Pb may have a greater effect on IQ at lower blood Pb levels (e.g., below
10 pg/dL) than at higher levels (CD, section 6.2.13; pp. 8-63 to 8-64; Figure 8-7). As stated in
the CD, “the most compelling evidence for effects at blood Pb levels <10 ug/dL, as well as a
nonlinear relationship between blood Pb levels and IQ, comes from the international pooled
analysis of seven prospective cohort studies (n=1,333) by Lanphear et al. (2005)” (CD, pp. 6-67
and 8-37 and section 6.2.3.1.11). Using the full pooled dataset with concurrent blood Pb level as
the exposure metric and IQ 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 for this
pooled dataset 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 IQ (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).

In order to quantify the expected changes in IQ points in the population of children due to
the implementation of alternative NAAQS, we utilized available dose-response functions in the
literature. For our primary estimate, we selected a dose-response relationship from a pooled
analysis of seven prospective studies in North America and Europe examining the effect of lead
on full-scale IQ in children (Lanphear et al., 2005).'!" Blood lead levels were measured in each
study five times over early childhood (at 6, 12 (or 15), 36, 48, and 60 months). Full-scale IQ was
measured when the children were between 4 and 10 years of age. Four measures of blood lead
were examined by the authors: concurrent blood lead (defined as the blood lead measured closest
to the IQ test), maximum blood lead (defined as the peak blood lead measured at any time before
the IQ test), average lifetime blood lead (defined as the mean blood lead from six months to
concurrent blood lead tests), and early childhood blood lead (defined as the mean blood lead
from 6 to 24 months). The authors found that the concurrent and lifetime blood lead levels were
the strongest predictors of IQ deficits associated with lead exposure.

' Full-scale IQ is a composite score of verbal and performance tests. Children were administered a version of the
Wechsler Intelligence Scales for Children under uniform conditions within each study (Lanphear et al., 2005).

' The seven cohort studies included in this analysis include sites in Boston, Massachusetts (Bellinger et al., 1992);
Cincinnati and Cleveland, Ohio (Dietrich et al., 1993 and Ernhart et al., 1989); Mexico City, Mexico (Schnaas et al.,
2000); Rochester, New York (Canfield et al., 2003); and Yugoslavia (Wasserman et al., 1997).
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We used an estimate from this study based on a log-linear relationship between lifetime
blood lead level and IQ score.'® The log-linear relationship was found to be the best fit for the
data and the lifetime blood lead levels exhibited a strong relationship with 1Q. In addition, we
found this measure to be the most consistent with the benefits scenario (see the section in this
chapter entitled “Selection of Health Endpoints for further information). Lanphear reports an IQ
decrement of 6.2 points for an increase in lifetime blood lead level from 6.1 to 47.0 pg/dl for the
selected model. However, the lowest measured lifetime blood lead level represented in the
Lanphear pooled analysis was 1.47 pg/dl. To estimate IQ effects at blood lead levels below this
“cutpoint,” we used a linearized slope, obtained by taking the tangent to the log-linear function at
the point of departure (USEPA, 2007a).

To estimate IQ benefits from blood lead reductions, we first calculated the expected 1Q
point loss per child under each of the two scenarios (the “base case” and the “control scenarios”)
for each monitor (Equation 1). We then subtracted the “base case” IQ loss from the “control
scenario” 1Q loss and multiplied by the population of children six years of age and younger
living within the radius of influence of each monitor to estimate the total number of 1Q points
that would be gained by reducing the NAAQS (Equation 2).

Equation 1

For blood lead levels > cutpoint:

1Q loss = B; x In(PbB/cutpoint) + B, x cutpoint

For blood lead levels < cutpoint:

1Q loss = 3, x PbB

Where:

Cutpoint = 1.47 pg/dl (i.e., the lowest observed lifetime blood lead level);

B1 =-3.04 (log-linear regression coefficient from Lanphear (2005), Table 4);
B2 =-2.1 (linear slope); and

PbB = blood lead level (ug/dl).

Equation 2
A 1IQ = (IQ 1088 control — 1Q 108S Base) x P

Where:

A 1Q = total number of 1Q points gained under the “control scenario” in comparison with
the “base case” in 2016;

' The natural log of the blood lead levels were used for this analysis.
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1Q 1oss control = IQ point loss under the “control scenario” per child;
1Q loss pase = IQ point loss under the “base case” per child; and

P = the population of children aged 0 — 6 within the monitor’s radius of influence.

To assess the sensitivity of selecting the log-linear model with low-exposure linearization
from Lanphear et al. (2005), we estimated the IQ points gained using another function from this
study. This function represents an analysis performed by stratifying the study population based
on the child’s peak blood lead level measurement (i.e., maximal blood lead level above and
below 7.5 pg/dl). A linear slope was then was then fit to each group relating the concurrent
blood lead level index to IQ score. We used these slopes to calculate the IQ loss for each
scenario on a per child basis, using Equation 3 below. We then calculated the total 1Q points
gained as in the primary estimate, by using Equation 2 described above.

Equation 3

For blood lead levels > cutpoint:

1Q loss = B, x (PbB - cutpoint) + 3, x cutpoint

For blood lead levels < cutpoint:

1Q loss = 3, x PbB
Where:

Cutpoint = 5.17 pg/dl;"

B; =-0.16 (linear coefficients from Lanphear et al. (2005) for blood lead levels greater
than or equal to the cutpoint);

B> =-2.94 (linear coefficients from Lanphear et al. (2005) for blood lead levels below the
cutpoint); and

PbB = blood lead level (pg/dl).

We also assessed the sensitivity of the IQ benefits to the epidemiological study selected,
using alternative estimates from a study of 172 children in Rochester, New York (Canfield et al,
2003), a linear function developed for the Lead Renovation and Repair Rule (U.S. EPA, 2008¢)

' This cutpoint refers to the lifetime average blood lead level. Using the data presented in Table 1 of Lanphear et al.
(2005), we multiplied the peak blood lead level cutpoint value of 7.5 pg/dl by the ratio of median lifetime average
(12.4 pg/dl) to the median peak (18.0 pg/dl) blood lead levels in the study population.
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and the linear function found in table 3 of the Lead NAAQS rule. Using a linear model between
lifetime blood lead level and IQ score, Canfield et al. (2003) found a decrement of 0.46 IQ points
per 1 pg/dl increase in blood lead level.”” The RRP rule specified a linear function, finding a
decrement of 0.88 IQ points per 1 pug/dl increase in blood lead.” Finally, the Lead NAAQS cites
four key studies that have “a mean blood Pb level closest to today’s mean for U.S. children
yields four slopes ranging from -1.56 to -2.94, with a median of -1.75 IQ points per pug/dL.”*
We summarize these studies below in table 5-5. We used the following equation (Equation 4) for
these three linear dose-response functions:

Equation 4
ATQ=[B x (PbB;—PbB,)] x P
Where:

A 1Q = total number of 1Q points gained under the “control scenario” in comparison with
the “base case” in 2016;

B = linear regression coefficient (-0.46 for Canfield, -0.88 for RRP and -1.75 for the lead
NAAQS);

PbB; = blood lead level under the “control scenario” (ug/dl);
PbB, = blood lead level under the “base case” (ng/dl); and

P = the population of children aged 0 — 6 within the monitor’s radius of influence.

20 See table 3 of Canfield, R.L, Henderson, C.R., Cory-Slechta, D.A., et al. (2003). Intellectual Impairment in
Children with Blood Lead Concentrations below 10 pg per Deciliter. The New England Journal of Medicine
348(16): 1517-26.

*! Note that we include this function for comparative purposes. This function was designed to characterize 1Q
changes among children exposed to lead during renovation activities, a policy context that differs from the analysis
here.

2 U.S. Environmental Protection Agency (2008b) National Ambient Air Quality Standards for Lead. Office of Air
and Radiation. EPA-HQ-OAR-2006-0735. Pp156.
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Table 5-5. Summary of Quantitative Relationships of IQ and Blood Pb for Analyses with
Blood Pb Levels Closest to those of Children in the U.S. Today.

Blood Pb Levels Average Linear
(ng/dL) Slope®
Geometric Range (1Q points per
Mean (min-max) Study/Analysis pg/dL)
2.9 0.8-4.9 Tellez-Rojo et al 2006, <5 subgroup -1.71
B < .
3.24 0.9-7.4 Lanphear et al 2005°, <7.5 peak 2.94
subgroup
- B <
3.32 0.5 - 8.4 Canfield et al 2003 °, <10 peak 1.79
subgroup
- B <
1.8 1-9.3 Bellinger and Needleman 2003 ", <10 1.56
peak subgroup
Median value -1.75

A Average linear slope estimates here are for relationship between 1Q and concurrent blood Pb levels (BLL),
except for Bellinger & Needleman for which study reports relationship fir 10 year old 1Q with 24 month blood
Pb levels.

B The Lanphear et al 2005 pooled International study includes blood Pb data from the Rochester and Boston
cohorts, although for different ages (6 and 5 years, respectively) than the ages analyzed in Canfield et al

2003 and Bellinger and Needleman 2003.

Benefit Valuation

Value of Avoided 1Q decrements

The valuation approach we apply for assessing monetary losses associated with 1Q
decrements is based on an approach applied in previous EPA analyses (USEPA, 1997, 2005 &
2006b). The approach expresses the loss to an affected individual resulting from 1Q decrements
in terms of foregone future earnings for that individual.

To estimate the expected monetary value of these effects, we first estimated the median
present value of future earnings at time of birth for a person born in the U.S., based on earnings
and labor force participation rate data from the 2006 Current Population Survey (CPS).> When
calculating the lifetime earnings estimate, we assumed an individual born today would begin
working at age 16 and retire at age 67. We assumed a real growth rate for wages of one percent
per year, as assumed in EPA’s Section 812 retrospective analysis (US EPA, 1997); adjusted for
survival probabilities based on current US vital statistics from the CDC’s National Center for
Health Statistics;** and adjusted for labor force participation by age. We then discounted the

3 See http://www.bls.gov/cps/home.htm - data.

 See http://www.cdc.gov/nchs/data/nvsr/nvsr54/nvsr54_14.pdf.
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expected lifetime stream of wages using a three percent annual rate. As in EPA’s Economic
Analysis for the Renovation, Repair, and Painting Program Proposed Rule (EPA, 2008¢), we
assumed children will be affected by lead at age three, the midpoint of the range during which
children are thought to be most susceptible to lead. Therefore, we discounted lifetime earnings
back to age three. We estimated present value median lifetime earnings to be $606,930 in 2006
dollars.

In the previous EPA analyses cited above, the Agency has applied an average estimate of
the effect of IQ on earnings of 2.379 percent per IQ point from an analysis by Salkever (1995).%
An analysis by Schwartz (1994b) estimated that a 1-point increase in IQ would increase earnings
by 1.76 percent. The percentage increases in both studies reflect both direct impact of 1Q on
hourly wages and indirect effects on annual earnings as the result of additional schooling and
increased labor force participation. A recent review of literature from the labor economics and
environmental health fields by CDC economist Scott Grosse suggests that both of these studies
may have overestimated the association of IQ with earnings (2007). Specifically, he found the
Salkever estimate of direct impacts of IQ on wages to be higher than estimates reported in the
labor economics literature. Grosse also found that the Schwartz study overestimates the
cognitive impact of lead exposure on earnings, but he argues that the Schwartz estimate may still
be appropriate for estimating the total effect of lead on earnings, because it includes the effects
of lead on education and earnings that result from both cognitive and non-cognitive changes.
Thus, it may be a more comprehensive estimate than one based on cognitive changes alone.

In recognition of the fact that the economics literature continues to evolve, and because
EPA has traditionally relied upon the Salkever (1995) estimate to value changes in IQ, for this
analysis we provide a range of valuation estimates based on both the Salkever (1995) and the
Schwartz (1994b) functions. Below we describe how we estimate the cost per IQ decrement
using each function.

The 1.76 percent estimate from Schwartz represents a gross impact on earnings; it does
not account for the costs of additional schooling. EPA’s Clean Air Mercury Rule (CAMR) RIA
(USEPA, 2005) reported an estimate of $16,425 per additional year of schooling in 1992 dollars,
based on U.S. Department of Education data reflecting both direct annual expenditures per
student and annual average opportunity cost (i.e., lost income from being in school). Consistent
with the CAMR analysis, we assume that these costs are incurred when an individual born today
turns 19, based on an average 12.9 years of education among people aged 25 and over in the U.S.
We discount the educational costs back to a present value at age 3, to be consistent with the
present value of lifetime earnings. We then adjust this value to 2006 dollars, resulting in an
estimated $14,700 per additional year of schooling. Schwartz reports an increase of 0.131 years
of schooling per 1Q point (1994b); thus the change in average education costs per 1Q point is
$14,700 x 0.131 = $1,930.

Using the Schwartz function, we calculated the present value of the median net earnings
loss associated with one IQ point as the present value of median lost earnings per IQ point lost

> The 812 Retrospective analysis also included an estimate based on older work by Needleman et al. (1990).
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($606,930 x 0.0176 = $10,682) minus the change in average education costs per 1Q point
($1,930). These calculations yield a value of $8,760 of net earnings lost per a one-point decrease
in IQ using a 3% discount rate and a value of $1,094 at a 7% discount rate.

To estimate the cost per IQ point using Salkever (1995), we followed the same set of
steps as above, substituting the Salkever estimate of the change in lifetime earnings. These
calculations yield a value of $12,512 of net earnings lost per a one point decrease in IQ using a
3% discount rate and a value of $2,156 at a 7% discount rate.

Results

This section presents the health effects results and the associated monetary benefits. We
first present the expected IQ point gains in 2016, comparing each of the “control scenarios” to
the “base case.” We then provide the expected monetized value of those gains in IQ in 2016.
We also describe an analysis we performed to assess the sensitivity of the model to the various
inputs used and assumptions made. Finally, we explain the methodology we applied for
estimating monetized health benefits from co-control of PM, s and the results of that analysis.

Changes in 1Q

Table 5-6 below presents the total number of 1Q points expected to be gained in the US in
the year 2016 by achieving each of the alternate NAAQS level options, when compared to the
“base case” (i.e., the lead NAAQS remains at its current level). Our results indicate that the
number of IQ points gained in 2016 ranges from 230,000 if a 0.5 maximum quarterly mean
NAAQS is achieved up to 510,000 for a 0.1 maximum quarterly mean NAAQS. These IQ point
gains are valued at between $2.0 and $6.4 billion at a 3% discount rate and between $0.3 and
$1.1 billion at a 7% discount rate (200683).

Table 5-6. Number of IQ Points Gained and Monetary Benefits (in Millions of
20069) in 2016
Estimated Net Present Value of IQ
Points Gained*

Standard IQ Points 3% Discount 7% Discount
Alternative Gained Rate Rate

0.5 Maximum Quarterly 230.000 $2,000—%$2,800 $250—%$490
Mean ’

0.4 Maximum Quarterly 230.000 $2,000—%$2,800 $250—%490
Mean ’

0.3 Maximum Quarterly 270.000 $2,400—%$3,400 $300—$580
Mean ’

0.2 Ma)n(’::::‘m Quarterly 360,000 $3,200—%$4,500 $390—$780
0.15 Maximum 400,000 $3,500—%$5,000 $440—$870

Quarterly Mean
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0.1 Ma)n(’::::‘m Quarterly 510,000 $4,500—%$6,400 $560—%$1,100

*Lower end of range calculated using Schwartz (1994b) estimate; upper end calculated using
Salkever (1995) estimate.

** Results reflect the use a 2002 derived non-air background blood lead applied to analysis

year of 2016. To the extent that state and federal interventions such as the Renovation and

Repair Rule (EPA, 2008c) reduce future non-air blood lead levels, the estimate of 1Q change

above may be overstated.

We also assessed the geographic distribution of these benefits. We found that the
benefits were concentrated in a small number of counties. Table 5-7 below is an example of the
distribution of total benefits due to IQ points gained for the selected 0.15 pg/m’ maximum
quarterly mean NAAQS standard. For this standard, approximately 60 percent of the total
benefits are due to changes in lead air concentrations in four counties: Hillsborough, FL;
Delaware, IN; and Berks, PA.
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Table 5-7. Percentage of Benefits by County (0.15 pg/m’ Second Maximum Monthly Mean

NAAQS)
Population of
Children in Affected Percentage
Affected Population of Benefits
County State Area (%) (%)
Hillsborough FL 67,359 17% 38%
Delaware IN 7,957 2% 13%
Berks PA 27,966 7% 13%
Collin TX 22,192 6% 12%
Denton TX 8,243 2% 5%
Cuyahoga OH 60,605 16% 4%
Pike AL 2,621 1% 4%
Jefferson MO 6,472 2% 2%
Orange NY 9,186 2% 2%
Dakota MN 23,216 6% 1%
Beaver PA 9,120 2% 1%
Fulton OH 1,644 0% 1%
Rutherford TN 707 0% 1%
Williamson TN 804 0% 1%
Logan OH 2,993 1% 1%

Note: There were several other counties that constituted less than 1
percent of benefits that are not included in this table.

1Q Sensitivity Analysis

We performed a sensitivity analysis on the benefits model in order to assess the total
range of potential benefits and to determine the sensitivity of the primary model results to
various data inputs and assumptions. We used the model to calculate the total monetary benefits
due to gains in children’s IQ for the 0.15 maximum quarterly monthly mean NAAQS option
using our default model input assumptions.”® We then changed each default input one at a time
and recalculated the total benefits to assess the percent change from the default. Table 5-8 below
presents the results of this sensitivity analysis. The table indicates for each input parameter the
value used as the default (in bold) and the values for the sensitivity analyses. It then provides the
total monetary benefits for each input and the percent change from the default value.

Our sensitivity analysis results indicate that the benefits model is most sensitive to the
method used for assigning air lead exposure concentrations to the population of exposed
children. Our primary estimate relied on an interpolation method, where several monitor
concentrations were used in determining the exposure concentration. When the radius method

26 Note that for the sensitivity analysis, we relied on the results that incorporated the valuation estimate for IQ from
Schwartz (1994Db).
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was employed as part of the sensitivity analysis, the results varied. We assumed that monitor
concentration applied to the population residing within a 10 km radius as a best estimate of the
exposed population, which as we noted above, produces a conservative upper-bound estimate of
exposure. When compared with the interpolation method, this increased results by 40 percent.
The size of the radius assumed when using the radius method also had a large impact on the
results. When the radius size was reduced to 5, 2, and 1 km for monitors associated with a lead
source, the benefits are significantly reduced (i.e., total monetary benefits are reduced by 48, 87,
and 94 percent, respectively). In addition, if the monitor concentration is assumed to apply to the
population of the entire county in which that monitor resides, the benefits increase significantly
(320 percent).

The discount rate also had a significant impact on results, because the benefits of lead on
earnings occur over a lifetime, and the net present value of those earnings is highly sensitive to
the discount rate applied. When the discount rate was changed from the default (3 percent) to a
rate of 7 percent, the benefits fell by 83 percent.

Table 5-8. Sensitivity Analysis for the Primary Estimate of Health Benefits (for the 0.15
p,g/m3 Maximum Quarterly Mean Results)

Total
Benefits Percent
(Millions Change
Model Input 20069%) from Default
Interpolation $5,000 N/A
County $21,000 320%
i 0,
Exposure Estimation Method 10 km Rac#us $7,000 40%
5 km Radius $2,600 -48%
2 km Radius $670 -87%
1 km Radius $300 -94%
Discount Rate 3 Percent $5,000 N/A
7 Percent $870 -83%
Lanphear et. al (2005) $5,000 N/A
Canfield et. al (2003) 490
Linear slope of -0.46 $2,600 48%
_ - Lanphear et al. (2005) Dual Linear $12,000 140%
Epidemiological Study for 1Q Median of 4 Functions in Rule $10,000 100%
LRRP Function 0
Linear slope of -0.88 $5,000 0%
1:7 $5,000 N/A
y - 1:10 $5,900 18%
Air:Blood (pg/mS in air:pg/dl 1:2 $2,500 -50%
in blood)
1.2 $5,000 N/A
Non-Air-Related Background 1.0 $5,400 8%
Geometric Mean Blood Lead 1.4 $4,700 -6%
Level (ug/dl) Salkever (1995) $5,000 N/A
Schwartz (1994) $3,500 -30%

Valuation Study
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Finally, the results are also sensitivity to the selection of the concentration-response
function. Compared to the default function, the use of the Canfield et al. (2003) estimate
generates [Q change estimates that aer 48% lower. Conversely, the Lanphear dual-linear function
generates an IQ change estimate that is 140% that of the default, while the function based on the
median of the four functions in Table 5-5 generates an estimate twice that of the default.

Inputs that had a moderate impact on the benefits results include the air:blood ratio
selected to convert lead air concentrations into blood lead levels in the population, the non-air-
related geometric mean blood lead level used, as well as the 1Q valuation function.

PM Co-Control Benefits — Methodology and Results

As outlined in Chapter 4, most of the point source measures implemented to achieve the
NAAQS standards are focused on controlling emissions of lead in particulate form. As a result,
virtually all of these measures also have a significant impact on emissions of directly emitted
particulate matter. Table 5-9 lists the PM-related health effects that are included in our
monetized benefits estimate incorporating PM co-benefits.*’

In Chapter 4 we identified control technologies to reduce emissions of lead that also
reduce PM, 5. However, in some areas, more emission reductions are needed than can be
achieved through identified control options (i.e., unidentified controls). The identified and
unidentified controls are shown in Table 5-10 below. These emission reduction estimates are
incremental to a baseline that reflects emission reductions from MACT controls and the PM; 5
NAAQS RIA.

27 Because the PM co-benefits are estimated on a $-per-ton basis, we do not report quantitative estimates for
individual PM health effects.
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Table 5-9. Health Effects of PM,s.

Effect

Quantified Health Effects

Unquantified Health Effects®

Health®®

-Premature mortality based on
both cohort study estimates and on
expert elicitation®*

-Bronchitis: chronic and acute

-Hospital admissions:
respiratory and cardiovascular

-Emergency room visits for
asthma

-Nonfatal heart attacks
(myocardial infarction)

-Lower and upper respiratory
illness

-Minor restricted-activity days

-Work loss days

-Asthma exacerbations
(asthmatic population)

-Respiratory symptoms
(asthmatic population)

-Infant mortality

-Subchronic bronchitis cases

-Low birth weight

-Pulmonary function

-Chronic respiratory diseases other than
chronic bronchitis

-Non-asthma respiratory emergency

room visits

*Because the PM co-benefits are estimated on a $-per-ton basis, we do not report quantitative estimates for individual PM health

effects.

® In addition to primary economic endpoints, there are a number of biological responses that have been associated with PM health
effects, including morphological changes and altered host defense mechanisms. The public health impact of these biological
responses may be partly represented by our quantified endpoints.
¢ Cohort estimates are designed to examine the effects of long-term exposures to ambient pollution, but relative risk estimates
may also incorporate some effects due to shorter-term exposures (see Kunzli et al., 20 01).

4 While some of the effects of short-term exposure are likely to be captured by the cohort estimates, there may be additional
premature mortality from short-term PM exposure not captured in the estimates included in the primary analysis.

¢ The categorization of unquantified toxic health effects is not exhaustive. Health endpoints in this column include both a) those
for which there is not consensus on causality; and b) those for which causality has been determined but empirical data are not
available to allow calculation of benefits.
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Table 5-10. Summary of Estimated Co-Controlled PM; ;s Emissions Reductions (in Tons)
Alternate NAAQS

(Second
Maximum Identified Unidentified
Monthly Mean) Controls Controls All Controls

0.5 ug/m?® 1,532 1 1,534
0.4 ng/m?® 1,538 5 1,544
0.3 ug/m3 2,743 30 2,772
0.2 pg/m? 3,037 114 3,150
0.15 ng/m? 3,122 175 3,297
0.1 pg/m? 3,492 304 3,795

To estimate the value of these PM, 5 emissions reductions, EPA utilized PM; 5 benefit-
per-ton estimates. These PM, 5 benefit-per-ton estimates provide the total monetized human
health benefits (the sum of premature mortality and premature morbidity) of reducing one ton of
PM, 5 from a specified source. EPA has used a similar technique in previous RIAs, including the
recent ozone NAAQS RIA (USEPA, 2008a). The fourteen estimates presented below derive
from the application of three alternative methods:

e One estimate is based on the concentration-response (C-R) function developed from a
study of the American Cancer Society (ACS) cohort reported in Pope et al. (2002), which
has previously been reported as the primary estimate in recent RIAs (USEPA, 2006¢).

e One estimate is based on Laden et al.’s (2006) reporting of the extended Six Cities cohort
study; this study is a more recent PM epidemiological study that was used as an
alternative in the PM NAAQS RIA.

e The other twelve estimates are based on the results of EPA's expert elicitation study on
the PM-mortality relationship, as first reported in Industrial Economics (2006) and
interpreted for benefits analysis in EPA's final RIA for the PM NAAQS, published in
September 2006 (USEPA, 2006¢). For that study, twelve experts (labeled A through L)
provided independent estimates of the PM-mortality C-R function. EPA practice has
been to develop independent estimates of PM-mortality estimates corresponding to the C-
R function provided by each of the twelve experts.

Readers interested in reviewing the complete methodology for creating the benefit per-
ton estimates used in this analysis can consult the Technical Support Document (TSD)
accompanying the recent final ozone NAAQS RIA (USEPA 2008a).** As described in the
documentation for the benefit per-ton estimates cited above, national per-ton estimates are
developed for selected pollutant/source category combinations. The per ton values calculated

2% The Technical Support Document, entitled: Calculating Benefit Per-Ton Estimates, can be found in EPA Docket
EPA-HQ-OAR-2007-0225-0284.
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therefore apply only to tons reduced from those specific pollutant/source combinations (e.g., SO,
emitted from electric generating units; NOy emitted from mobile sources). Emissions controls
modeled in this RIA are all applied to point sources; a few are at electric generating units
(EGUs), but most are at industrial facilities involved in handling lead as a manufacturing
product, byproduct, or input. From among the list of pollutant/source combinations outlined in
the TSD referenced above, the combination most appropriate for valuation of PM; 5 emissions
reductions from the sources controlled for lead emissions is the combination for PM, 5 from EGU
and non-EGU point sources. Estimates of this per-ton value for a 3 percent discount rate vary
from a low of $68,000 per ton to a high of $570,000 per ton (based on a change in emissions of
50 percent or less from a 2015 PM emissions base, in 2006$). Our estimate of PM, 5 co-control
benefits is therefore based on the total PM, s emissions controlled multiplied by this per-ton
value. The results of this calculation are provided in Table 5-11 below. Figures 5-9 and 5-10
provide a graphical representation of the 14 estimates of PM co-control benefits for PM, s, using
both a 3 percent and 7 percent discount rate.
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Table 5-11. Monetized Benefits of Co-Controlled PM; s Emissions (in Millions of 2006$)

Pope
et al. Laden
Alternati (2002 et al. Exper Expert Expert Expert Expert Exper Expert Expert Exper Exper Exper Expert
ve ) (2006) tA B C D E tF G H tl tJ tK L

3 Percent Discount Rate
0.5 ug/m3 $240 $510 $710 $550 $540 $380 $880 $490 $320 $410 $540 $440 $110 $400

0.4 uig/m3  $240 $510 $710 $550 $540 $390 $880 $500 $330 $410 $540 $440 $110 $400

1,28
0.3 uig/m3  $430 $920 $ (’) $990 $980 $690 $1,600 $890 $590 $740 $970 $790 $190 $720
1,50 1,00 1,10
0.2 uig/m3 $480  $1,000 $ (’) $1,100 $1,100 $790 $1,800 $ (’) $670  $840 $ (’) $900 $220 $820
0.15 1,50 1,10 1,20
$510 $1,100 $1, $1,200 $1,200 $820 $1,900 $1, $700 $880 $1, $940 $230 $860
ug/ms3 0 0 0
1,80 1,20 1,30 $1,10
0.1 uig/m3 $580  $1,300 $ (’) $1,400 $1,300 $950 $2,200 $ (’) $800 $1,000 $ (’) $ ") $260 $990

7 Percent Discount Rate
0.5 ng/m3 $210 $460 $640 $490 $490 $350 $790 $450 $290 $370 $480 $400 $96 $360

0.4 ig/m3  $220 $460 $640 $500 $490 $350 $800 $450 $300 $370 $490 $400 $97 $360

1,20

0.3 ug/m3  $390 $830 s (’) $890 $880 $630 $1,400 $810 $530 $670 $870 $710 $170 $650
$1,30

0.2 ug/m3  $440 $940 0 $1,000 $1,000 $710 $1,600 $920 $600 $760 $990 $810 $200 $740
0.15 1,40 1,00
i $460 $980 & (’) $1,100 $1,100 $750 $1,700 $960 $630  $790 $ (’) $850 $210 $780
L

1,60 1,10 1,20
0.1 uyg/m3  $530 $1,100 $ (’) $1,200 $1,200 $860 $2,000 $ (’) $730  $910 $ (’) $980 $240 $890

Note: All estimates have been rounded to two significant figures. All estimates are incremental to the 2006 PM NAAQS
RIA. These estimates do not include confidence intervals because they were derived through a scaling technique
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described in the text.
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Figure 5-9. Distribution of Total PM, s Monetized Co-Benefits by Lead Standard
Alternative (3% Discount Rate)
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Figure 5-10. Distribution of Total PM, s Monetized Co-Benefits by Lead Standard
Alternative (7% Discount Rate)

Distribution of Total PM2.5 Benefits by Lead
Standard Alternative (7% discount rate)

$2.500 _/\
$2,000 _/\

$1.500:

Millions of 2006%

$1,000 -

S500 -

SO 0.15 selected alternative
0.3 alternative

0.5 alternative

Laden

<

—

b

1]

o
=

i

Expert B
Expert C
Expert D
ExpertE
Expert F
Expert G
Expert H
Expert |
Expert J
Expert K
Expert L

PM mortality estimate

45



Discussion

The results of this benefits analysis demonstrate that lowering the current (1.5 pg/m’
maximum quarterly mean) lead NAAQS to the selected standard of 0.15 pg/m’ would be
expected to have a significant impact on the IQ of young children. Lowering the standard could
cause an increase in total IQ points to about 400,000 points in 2016, which would be valued at
between $3.5 and $5.0 billion (20063, 3% discount rate). In addition, controls installed to
achieve the lead NAAQS standards will also reduce emissions of fine particulates. As a result,
this analysis includes a screening level calculation that indicates each of the alternatives
considered could have a significant benefit in terms of improved particulate air quality, reduced
health effects, and increased economic welfare of currently exposed individuals.

This benefits analysis is intended to be a screening investigation to provide an estimate of
the potential magnitude of the benefits of reducing the lead NAAQS. Therefore, the results of
this analysis are associated with a number of uncertainties. The benefits of IQ point gains in
children were very sensitive to the method employed for estimating exposures to the population.
When comparing the default method, which involved concentrations interpolated from multiple
monitors, to the method assuming a uniform concentration within a 10 km radius around an
individual monitor, the results increase by 40 percent. Increasing the radius to include the entire
county in which the monitor resides results in roughly 3-fold increase in benefits. Decreasing the
radius size also has a large impact on benefits, decreasing the value by as much as 94 percent
when a radius of 1 km is used. The results were also fairly sensitive to the discount rate selected.
When a 7 percent discount rate was used in place of the default rate of 3 percent, results
decreased by 83 percent. This is in part because the benefits of lead on earnings occur over a
lifetime, and the net present value of those earnings is highly sensitive to the discount rate
applied. The dose-response function selected for quantifying the number of 1Q points gained
as a result of achieving the alternative NAAQS levels affected the results. Utilizing alternate
epidemiological studies decreased the primary estimate by as much as 72 percent or increased
the primary estimate by as much as 140 percent. However, we believe the Lanphear et al. (2005)
study was the best choice for our primary estimate. This study was a meta-analysis that
synthesized a range of existing information and is based on more recent data than the studies
included in the Schwartz (1993) study. In addition, the log-linear model was the most robust
estimate from this study, in that it was the best fit for the data.

Additional uncertainties related to the benefits estimates include the following:

e For our primary estimate of the benefits due to gains in children’s 1Q, we used a log-
linear estimate from a recently published pooled analysis of seven studies (Lanphear et
al., 2005). Using alternate estimates from other epidemiological studies examining the
link between blood lead level and children’s 1Q has significant impact on benefits results.
We found the benefits to decrease by as much as 72 percent when an alternate estimate
from a paper by Schwartz (1993) is used. This is due in part to the underlying shape of
the dose-response relationship assumed by each of the functions. In the Lanphear study,
a log-linear relationship was found to be the best fit for the data (i.e., the natural log-
transformed blood lead level is used to predict changes in 1Q score). This model implies
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that the magnitude of changes in IQ increases with lower blood lead levels. However, in
the Schwartz (1993) and Canfield et al. (2003) studies, a single linear model is assumed
(i.e., untransformed blood lead levels are used to predict changes in IQ score). The single
linear model implies that the magnitude of change in IQ is constant over the entire range
of blood lead levels. Therefore, at lower blood lead levels, the log-linear model predicts
larger changes in IQ than the linear model. Note that CASAC, in their review of EPA’s
Lead Risk Assessment indicated that “studies show that the decrements in intellectual
(cognitive) functions in children are proportionately greater at PbB concentrations <10
ng/dl” (USEPA, 2007d, page 3). However, if the true dose-response relationship is
linear, than our primary estimate of benefits is an overestimation.

Some uncertainty is involved in the estimates of maximum quarterly mean lead air
concentrations used for the benefits model. We used ratios of second maximum monthly
mean values to maximum quarterly mean values from lead monitoring data from 2003-
2005 to convert the second maximum monthly mean values in 2016 into a maximum
quarterly mean for the “base case” as well as to convert the alternative second maximum
monthly mean NAAQS into a maximum quarterly mean for the “control scenarios.” If
the true ratio between the second maximum monthly means to the maximum quarterly
mean is different in 2016 than in 2003-2005 because the pattern and distribution of daily
values differs, then our results could be either over- or underestimated.

The interpolation method of estimating exposure concentrations that we used for our
primary estimate is associated with some uncertainty. The validity of this method is to
some extent contingent upon the availability of a sufficient number of monitors to
support an interpolation. In certain locations, such as Hillsborough County, FL, there are
a sufficient number of lead and TSP monitors to generate an interpolation with a
pronounced gradient around each monitor. The lead and TSP monitoring network in
other non-attainment areas can in some cases be sparse, and the resulting interpolation
does not appear to generate a meaningful gradient, such as in Delaware County, IN.

We assumed that the 1Q point effects of a change in lifetime blood lead (i.e., the effects
of a change in 2016) apply to all children in our study population that were under seven
years of age in 2016. If there is a critical window of exposure for 1Q effects (e.g.,
between the ages of one and two), then we could potentially be overestimating benefits in
2016 because we would have overestimated the population affected by reduced lead
exposure in that year. However, if partial or full achievement of the alternative NAAQS
levels might occur earlier than 2016, the children in our 0-6 age cohort who are past any
critical window in 2016 would have realized the partial or full benefits of reduced lead
exposures in those earlier years. Thus, the issue of a potential critical developmental
window reflects uncertainty in both the timing and size of benefits.

The use of air:blood ratios represents an approximation to the impact of changes in
ambient air concentrations of lead on concurrent blood lead levels, applied in the absence
of modeling data on lead transport and deposition and the on direct and indirect human
exposures. While the values we apply match fairly well with available literature, there
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are relatively few studies that report such values or provide sufficient data to calculate
such ratios. Further, the lead concentrations in those studies tend to be higher than those
modeled here (USEPA, 2007a); thus uncertainty remains as to whether the same ratios
would be expected at lower levels, or whether air exposures are more or less efficient at
changing concurrent blood lead levels at these lower concentrations.

If the air:blood ratio we apply for children or a similar value is also valid for estimating
adult exposures, then our primary benefits understate the true health benefits accruing to
the lead-exposed populations because they exclude impacts on morbidity and mortality
impacts on adults as well as impacts on prenatal mortality. Additional research is needed
to improve our understanding of the impacts of adult air exposure on adult blood lead
levels.

The earnings-based value-per-1Q-point lost that we apply in this analysis most likely
represents a lower bound on the true value of a lost IQ point, because it is essentially a
cost-of-illness measure, not a measure of an individual’s willingness-to-pay (WTP) to
avoid the loss of an IQ point. Welfare economics emphasizes WTP measures as the more
complete estimate of economic value.

The earnings-based estimate of the value-per-1Q-point lost is based on current data on
labor-force participation rates, survival probabilities, and assumptions about educational
costs and real wage growth in the future. To the extent these factors diverge from these
values in the future, our lifetime earnings estimate may be under- or overestimated.

Co-control benefits estimated here reflect the application of a national dollar benefit per
ton estimate of the benefits of reducing directly emitted fine particulates from point
sources. Because they are based on national-level analysis, the benefit-per-ton estimates
used here do not reflect local meteorology, exposure, baseline health incidence rates, or
other local factors that might lead to an over-estimate or under-estimate of the actual
benefits of controlling directly emitted fine particulates.
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