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Residential dust lead levels and the risk of childhood lead
poisoning in United States children
Joseph M. Braun1, Kimberly Yolton2, Nicholas Newman2,3, David E. Jacobs4, Mark Taylor5 and Bruce P. Lanphear6

BACKGROUND: The United States Environmental Protection Agency (EPA) recently lowered residential floor and windowsill dust
lead hazard standards, but maintained previous post-abatement clearance standards. We examined whether the discrepancy in
these regulations places children at higher risk of lead poisoning.
METHODS: In 250 children from Cincinnati, Ohio (2004–2008) living in homes built before 1978, we measured residential floor and
windowsill dust lead loadings and blood lead concentrations at ages 1 and 2 years. Using linear regression with generalized
estimating equations, we estimated covariate-adjusted associations of dust lead levels with blood lead concentrations and risk of
lead poisoning.
RESULTS: An increase in floor dust lead from 10 (revised dust lead hazard standard) to 40 μg/ft2 (post-abatement clearance
standard) was associated with 26% higher (95% confidence interval (CI):15, 38) blood lead concentrations and 2.1 times the risk of
blood lead concentrations ≥5 μg/dL (95% CI: 1.44, 3.06). Extrapolating our findings to US children age 1–5 years, we estimated that
6.9% (95% CI: 1.5, 17.2) of cases of blood lead concentrations ≥5 μg/dL are attributable to floor dust lead loadings between 10 and
≤40 μg/ft2.
CONCLUSIONS: The EPA’s residential dust lead regulations place children at increased risk of lead poisoning. We recommend
adopting more protective dust lead standards.
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IMPACT:

● We determined whether children are at increased risk of lead poisoning with the 2019 EPA residential post-abatement lead
clearance standards being higher than dust lead hazard standards.

● In this observational study, 2019 EPA dust lead clearance standards were associated with increased risk of lead poisoning
compared to the revised dust lead hazard standard. Both EPA standards were associated with increased risk of lead poisoning
compared to more stringent standards employed in our study.

● Extrapolating our findings to US children, the 2019 EPA dust lead clearance standards could place up to 36,700 children at risk
of lead poisoning.

INTRODUCTION
Increasingly stringent regulations limiting environmental
sources of lead and lead abatement of older housing have
resulted in dramatic declines in childhood lead poisoning in the
United States and internationally over the past five decades.1–4

However, 2–3% of US children still have blood lead concentra-
tions above the Centers for Disease Control and Prevention
(CDC) reference level of 5 μg/dL, defined as the 97.5th percentile
of blood lead concentrations among US children ages 1–5
years.4,5 Overwhelming evidence indicates that childhood blood
lead concentrations, even those below 5 μg/dL, are associated
with cognitive impairments and behavioral disorders in child-
hood, as well as criminal arrests, psychopathology, and reduced
earnings in adulthood.6–11

To protect children from lead poisoning, Congress mandated
the US Environmental Protection Agency (EPA) to set health-
based, residential dust lead hazard standards that define levels of
lead on residential floors and windowsills that are hazardous to
children and clearance standards for floors and windowsills that
must be attained after abatement of residential lead hazards
(Table 1). In June 2018, the Ninth Circuit Court of Appeals ordered
the EPA to reduce the dust lead hazard standards.12,13 In July,
2019, the EPA lowered floor and windowsill dust lead hazard
standards from 40 to 10 μg/ft2 and 250 to 100 μg/ft2, respectively
(1 ft2= 0.09 m2).14 However, the EPA maintained post-abatement
floor (40 μg/ft2) and windowsill (250 μg/ft2) clearance standards
that were established in 2001 and have historically been the same
as the dust lead hazard standard.
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With the EPA post-abatement clearance standards set higher
than the health-based dust lead hazard standard, young children
could be at increased risk of lead poisoning by continuing to live
in homes with hazardous dust lead levels after abatement to EPA
clearance standards.15 Thus, we estimated the potential effect of
the discrepancy in these two regulatory standards on lead
exposure among children age 1–2 years and compared them to
a more protective standard used in the Health Outcomes and
Measures of the Environment (HOME) Study by examining the
relations of childhood blood lead concentrations and risk of lead
poisoning with floor and windowsill dust lead levels.

METHODS
Between March 2003 and January 2006, we recruited pregnant
women into a longitudinal pregnancy and birth cohort study, the
HOME Study.16 We identified women living in the Cincinnati, OH
region who attended one of nine prenatal practices affiliated with
three hospitals. Eligibility criteria included 16 ± 3 weeks gestation,
≥18 years old, residing in a residence built in or before 1978, not
living in a mobile/trailer home, HIV negative, not taking
medications for seizures or thyroid disorders, planning to continue
prenatal care and deliver at the collaborating clinics and hospitals,
planning to live in the greater Cincinnati area for the next year,
English fluency, and no diagnosis of diabetes, bipolar disorder,
schizophrenia, or cancer resulting in radiation treatment or
chemotherapy. To target children at increased risk of lead
exposure, we enrolled women living in homes built before 1978
and oversampled women self-identifying as Black.17,18

Nested within the HOME Study is a randomized clinical trial of
two interventions designed to reduce residential lead and injury
hazards; we previously described the results of these trials.19,20

Briefly, we randomly assigned pregnant women to either the
residential lead or injury hazard intervention.19,20 By 32 weeks
gestation and before delivery, the lead hazard intervention group
received a combination of activities designed to reduce residential
lead exposure (see Supplemental Methods). We ensured that
residences receiving the lead hazard intervention achieved floor
and windowsill dust lead loadings ≤5 and 50 μg/ft2, respectively,
following the intervention (Table 1). These levels were consider-
ably lower than EPA dust lead hazard and clearance standards at
the time (≤40 and ≤250 μg/ft2) and the recently revised EPA dust
lead hazard standard (10 and 100 μg/ft2).21,22 Families assigned to
the control group received an injury prevention intervention
before children were age 6 months.19 For the present study, we

used the observational components of this study and adjusted for
the intervention in our analyses.
The institutional review boards of Cincinnati Children’s Hospital

Medical Center and the participating delivery hospitals approved
this study. Research assistants explained study protocols to
prospective participants before obtaining written informed con-
sent for women and their children to participate in the study and
trial. This protocol information was registered with www.
clinicaltrials.gov on August 11, 2005 (Identifier: NCT00129324).

Dust lead measurements
We measured floor and interior windowsill dust lead loadings in
the main activity room, child’s bedroom, and kitchen using lead-
free wipes, using the standard Department of Housing and
Urban Development (HUD) protocol, at three times: before the
intervention (i.e., baseline) and when children were ages 1 and 2
years.23 We collected three samples from each surface at each
time point and analyzed them as a single composite. We
attempted to sample the same floor area or window at each
visit. Lead loadings (μg/ft2) were quantified using flame atomic
absorption spectrometry or graphite furnace atomic absorption
spectrometry. Our primary analysis focused on the floor and
windowsill samples collected at ages 1 and 2 years. Laboratory
staff were blinded to intervention status and children’s blood
lead concentrations.

Blood lead concentrations
We collected whole blood from children at an average age of 1.1
(range 0.9–1.6) and 2.1 (range 1.8–2.4) years using lead-free
materials. Blood samples were stored at −80 °C until they were
shipped on dry ice to the CDC laboratories where blood lead
concentrations were quantified using inductively coupled plasma
mass spectrometry methods.24 All batches included reagent
blanks and quality control (QC) samples (QC sample coefficient
of variation <3.5%). Laboratory staff were blinded to intervention
status and dust lead loadings.

Covariates
We adjusted for variables that could confound associations
between dust lead loadings and blood lead concentrations,
including maternal race, maternal education, child’s age at the
time of blood lead measurement, child’s sex, season of blood/dust
sample collection, age of home, secondhand tobacco smoke
exposure (assessed using children’s serum cotinine concentra-
tions), and intervention assignment.

Table 1. Floor and windowsill dust lead loading values used by federal agencies or studies as thresholds for adverse health effects related to lead
exposure or clearance standards after lead hazard abatement.

Surface Dust lead loading (µg/ft2) Agencies or studies using dust lead loading as a standard

Floors 5 HOME Study health-based post-abatement clearance standarda

Floors 10 2019 EPA health-based hazard standardb

Current HUD post-abatement clearance standardc

Floors 40 Former EPA health-based hazard standardb

2019 EPA post-abatement clearance standardc

Windowsills 50 HOME Study health-based post-abatement clearance standarda

Windowsills 100 2019 EPA health-based hazard standardb

Current HUD post-abatement clearance standardc

Windowsills 250 Former EPA health-based hazard standardb

2019 EPA post-abatement clearance standardc

EPA Environmental Protection Agency, HOME Health Outcomes and Measures of the Environment, HUD Housing and Urban Development.
aThe HOME Study standards were developed based on dust lead loadings that were associated with 5% of children having blood lead concentrations ≥10 μg/
dL.30
bThe EPA hazard standard is defined as “lead-contaminated dust and soil that would result in adverse human health effects”.
cPost-abatement clearance standards are the loadings that must be achieved after lead hazards are remediated in a child’s residence.
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Statistical analysis
We estimated covariate-adjusted geometric mean (GM) blood
lead concentrations and risk of blood lead concentrations ≥5 μg/
dL as a function of log2-transformed, time-varying dust lead
loadings using linear and modified Poisson regression with
generalized estimating equations, respectively.25,26 We modeled
log2-transformed blood lead concentrations to satisfy normality
assumptions of our model, and the GMs from these models can
be interpreted in the same way as arithmetic means. From this
model, we estimated GMs and risks of blood lead concentrations
≥5 μg/dL at the following floor and windowsill dust lead
loadings: the current EPA post-abatement clearance regulatory
standard (floors: 40 μg/ft2; windowsills: 250 μg/ft2), the newly
revised EPA health-based dust lead hazard regulatory standard
(floors: 10 μg/ft2; windowsills: 100 μg/ft2), and the clearance
standard used in the HOME Study lead hazard intervention
(floors: 5 μg/ft2; windowsills: 50 μg/ft2). We modeled the relation
between continuous blood lead concentrations and dust lead
loadings using linear and quadratic terms for dust lead loadings
because we observed significant nonlinear associations for
continuous blood lead concentrations (natural spline nonlinear-
ity p values < 0.01). While there was not strong evidence of a
nonlinear association for the risk of elevated blood lead
concentrations, we obtained more plausible risk estimates when
using both linear and quadratic terms (natural spline nonlinear-
ity p values > 0.43).
Finally, we assessed the potential public health impact of the

discrepancy in the EPA lead hazard standard and post-abatement
clearance standard. To do so, we estimated the risk of blood lead
concentrations ≥5 μg/dL among children living in homes with
floor dust lead loadings of <10, 10–≤40, and >40 μg/ft2, with 10
and 40 μg/ft2 being EPA’s dust lead hazard standard and post-
abatement clearance standard, respectively. Using these risks, we
calculated the percent of children who would have blood lead
concentrations ≥5 μg/dL (i.e., population attributable fraction
[PAF]), assuming a counterfactual scenario where children who
lived in residences with floor dust lead loadings of 10–≤40 μg/ft2

instead lived in residences with loadings ≤10 μg/ft2. We did this
using previously reported prevalence of floor dust lead loadings in
US homes built before 1978 and Hanley’s formula.27,28 We applied
this PAF to the most recent (2010) population-based estimate of
lead poisoning prevalence among 1–5-year-old children in the
United States.4

Sensitivity analyses
We conducted three sensitivity analyses to assess the robustness
of our results. First, we compared our unadjusted and adjusted
associations to evaluate the magnitude of potential confounding
present in our data. Second, we adjusted for children’s body
surface area (m2) at the time of the blood lead measurement.29

Finally, we adjusted for average maternal blood lead concentra-
tions during pregnancy. We measured whole blood concentra-
tions in samples collected from women at 16 and 26 weeks’
gestation and shortly before or within 48 h of delivery using the
methods described above.

RESULTS
A total of 250 children with complete covariate data had 455
repeated dust and blood lead measurements at ages 1 and 2
years. The majority of children were female (54.4%) and born to
non-Hispanic White (72.8%) and college-educated (58.8%) women
(Table 2).
Median floor dust lead loadings at ages 1 and 2 years were an

order of magnitude lower than median windowsill dust lead
loadings (1.2 vs. 12 μg/ft2). Further, 6.8% and 1.5% of floor dust lead
loadings were >10 and >40 μg/ft2, respectively, and 14.5% and 7.5%
of windowsill dust lead loadings were >100 and >250 μg/ft2,

respectively (Supplementary Table S1). Median blood lead
concentrations were 1.5 μg/dL at both ages 1 and 2 years; 6.8%
(n= 17) and 3.9% (n= 8) of children had blood lead concentrations
≥5 μg/dL at ages 1 and 2 years, respectively (Supplementary
Table S2).
Blood lead concentrations and risk of blood lead concentrations

≥5 μg/dL were positively associated with floor and windowsill
dust lead loadings, rising more steeply at higher loadings
(Table 3, Figs. 1 and 2). GM blood lead concentrations were 26%
(95% confidence interval (CI): 15, 38) and 11% (95% CI: 7, 16)
higher at floor and windowsill dust lead loadings of 40 and 250
μg/ft2 (EPA post-abatement clearance standard), compared to
loadings of 10 and 100 μg/ft2 (EPA dust lead hazard standard),
respectively. At floor and windowsill dust lead loadings of 40 and
250 μg/ft2, the risk of blood lead concentration ≥5 μg/dL was 2.20
(95% CI: 1.40, 3.45) and 1.47 (95% CI: 1.28, 1.69) times that of the
risk at loadings of 10 and 100 μg/ft2, respectively.
GM blood lead concentrations and risk of having a blood lead

concentrations ≥5 μg/dL was significantly higher among children
living in homes with floor and windowsill dust lead loadings at the
revised EPA dust lead hazard standard for floors (10 μg/ft2) and
windowsills (100 μg/ft2) compared to the HOME Study clearance
standards (floors: ≤5 μg/ft2 and windowsills: ≤50 μg/ft2) (Table 3).
Children who lived in homes with floor dust lead loadings >10

and ≤40 μg/ft2 had almost four times the risk (relative risk (RR):
3.95; 95% CI: 1.58, 9.87) of having a blood lead concentration

Table 2. Sociodemographic and environmental characteristics of
mother–child pairs in the HOME Study (n= 250).

Characteristic N (%)

Maternal race

Non-Hispanic White 182 (72.8)

Non-Hispanic Black 53 (21.2)

Other 15 (6.0)

Maternal education

≤High school 38 (15.2)

Some college 65 (26.0)

College or greater 147 (58.8)

Intervention assignment

Injury 130 (52.0)

Lead 120 (48.0)

Year home built

<1940 120 (48.0)

1940–1959 62 (24.8)

1960–1977 68 (27.2)

Season of blood/dust collection

Winter 60 (24.0)

Spring 76 (30.4)

Summer 54 (21.6)

Fall 60 (24.0)

Child sex

Male 136 (54.4)

Female 114 (45.6)

Tobacco smoke exposurea

None 32 (12.8)

Secondhand 218 (87.2)

aDefined as having a serum cotinine concentration ≥ 0.015 ng/mL, the
assay’s limit of detection.
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≥5 μg/dL compared with children who lived in homes with floor
dust lead loadings ≤10 μg/ft2 (Table 4). Assuming that 2.6% of US
homes built before 1978 have floor dust lead loadings >10 and
≤40 μg/ft2, 7.0% (95% CI: 1.5, 17.6) of cases of blood lead
concentrations ≥5 μg/dL could be attributed to living in a home
with floor dust loadings at these levels. Further, assuming that
2.6% of US children age 1–5 years have blood lead concentrations
≥5 μg/dL (n= 535,000), we estimated that ~36,700 cases of blood

lead concentrations ≥5 μg/dL are related to floor dust lead
loadings >10 and ≤40 μg/ft2.
In sensitivity analyses, the adjusted estimates were modestly

attenuated compared to unadjusted estimates (Supplementary
Table S3). Adjusting for children’s body surface area (Supplemen-
tary Table S4) or average maternal blood lead concentrations
during pregnancy (Supplementary Table S5) did not meaningfully
change the results.
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Fig. 2 Adjusted risk of elevated blood lead concentrations (≥5μg/dL) as a function of floor and windowsill dust lead loadings at 1 and 2
years of age (the HOME Study). a Adjusted for maternal race (non-Hispanic White, non-Hispanic Black, and other), maternal education (high
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indicates the 95% CI of the risk estimates. Estimated risks are presented from the 1st to 99th percentile of floor and windowsill dust lead
loadings. Blue shading indicates the 95% CI of the estimated GM. X-axis reference lines indicate floor/windowsill dust lead loadings of 5/50,
10/100, and 40/250μg/ft2, which are the HOME Study dust lead standards, 2019 United States Environmental Protection Agency dust lead
hazard standards and 2019 United States Environmental Protection Agency post-abatement clearance standards, respectively.
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DISCUSSION
In this cohort, we observed that the discrepancy in the EPA’s
newly revised health-based dust lead hazard standard and
existing post-abatement clearance standard for residential floor
and windowsill dust lead levels was associated with higher
childhood blood lead concentrations and an increased risk of
blood lead concentrations ≥5 μg/dL compared to a more
protective standard we used in an intervention designed to
reduce residential lead hazards. We estimate that up to 7% of
cases of blood lead concentrations ≥5 μg/dL—potentially equiva-
lent to ~36,700 US children—could be attributed to children
continuing to live in homes with floor dust lead levels above the
EPA dust lead hazard standard, but below the post-abatement
clearance standard. Moreover, the 2019 EPA dust lead hazard
standard does not adequately protect children from residential
dust lead hazards; children were at 45% and 33% higher risk of
having blood lead concentrations ≥5 μg/dL at the newly revised
floor and windowsill dust lead hazards of 10 and 100 μg/ft2

compared to the HOME Study standards of 5 and 50 μg/ft2,
respectively.
While the EPA proposes to lower the post-abatement floor and

windowsill clearance standards to 10 and 100 μg/ft2, respectively,
our results show that delays in reducing the current post-
abatement clearance standard will place a significant number of
children at increased risk of lead poisoning in the intervening
period.15 For instance, a housing unit might have floor dust lead
levels higher than the 2019 EPA health-based dust lead hazard
standards of 10 μg/ft2 (e.g., 18 μg/ft2) and then undergo abate-
ment to remediate lead hazards. Following abatement, an infant
or child could continue be exposed to a floor dust lead level
considerably higher than the revised health-based dust lead
hazard standard, but lower than the 2019 EPA post-abatement
clearance standard of 40 μg/ft2 (e.g., 39 μg/ft2). Even if EPA
reduces the post-abatement clearance standards to 10 and 100
μg/ft2, this study and prior ones show that children would still be
at significantly increased risk of lead poisoning.

Table 4. Adjusted risk and population attributable fraction of elevated childhood blood lead concentrations (≥5 μg/dL) according to categories of
residential floor dust lead loadings (the HOME Study)a.

Floor dust loading Cases/Nb Risk (95% CI)a Relative risk (95% CI)a Prevalence [%]c PAF [%] (95% CI)

Floor dustd

≤10 μg/ft2 14 (423) 0.03 (0.02, 0.05) Ref. 97 Ref.

>10–≤40 μg/ft2 6 (25) 0.11 (0.04, 0.27) 3.95 (1.58, 9.87) 2.6 7.0 (1.5, 17.6)

>40 μg/ft2 4 (7) 0.14 (0.03, 0.60) 5.16 (1.34, 19.9) 0.4 1.5 (<0.01, 5.8)

aEstimated geometric risks and relative risks are derived from an adjusted model with mean-centered covariates that included log2-transformed linear and
quadratic terms for floor or dust lead loadings. Adjusted for maternal race (non-Hispanic White, non-Hispanic Black, and other), maternal education (high
school or less, some college, and undergraduate/graduate degree), child age (continuous, years), child sex (male and female), season of blood sample
collection (Winter/Spring and Summer/Fall), home age (pre-1940 and 1940–1977), intervention assignment (lead hazard group and injury hazard group), and
child serum cotinine concentrations (continuous, log10 transformed).
bNumber of repeated measures.
cPercent of US homes built before 1978 with these floor dust lead loadings; derived from Dixon et al.28
dThe United States Environmental Protection Agency 2019 dust lead hazard standard for floors is 10 μg/ft2, while the post-abatement clearance standards is
40 μg/ft2.

Table 3. Adjusted geometric mean and percent difference in children’s blood lead concentrations and risk of elevated blood lead concentrations
(≥5 μg/dL) at EPA’s 2019 dust lead hazard standards, EPA’s 2019 post-abatement dust lead clearance standards, and the HOME Study dust lead
intervention standards (the HOME Study)a.

Floor/windowsill dust loadinga Blood lead concentrations Risk of elevated blood lead concentrations

GM (95% CI)
Blood Pb (μg/dL)b

% Difference (95% CI)b Risk (95% CI)b Relative risk (95% CI)b

Floor dust

5 μg/ft2 1.8 (1.6, 1.9) Ref. 0.05 (0.03, 0.09) Ref.

10 μg/ft2 1.9 (1.7, 2.1) 10 (6, 14) 0.07 (0.03, 0.14) 1.45 (1.21, 1.72)

40 μg/ft2 2.4 (2.0, 2.9) 38 (22, 57) 0.15 (0.06, 0.36) 3.18 (1.73, 5.84)

Windowsill dust

50 μg/ft2 1.7 (1.6, 1.8) Ref. 0.04 (0.02, 0.07) Ref.

100 μ/ft2 1.8 (1.7, 2.0) 7 (5, 10) 0.05 (0.03, 0.11) 1.38 (1.21, 1.57)

250 μg/ft2 2.0 (1.8, 2.3) 20 (12, 28) 0.08 (0.04, 0.16) 2.03 (1.56, 2.64)

aThe 2019 United States Environmental Protection Agency dust lead hazard standard for floors and windowsills is 10 and 100 μg/ft2, respectively, while the
2019 EPA post-abatement clearance standards are 40 and 250 μg/ft2. The HOME Study intervention standards were 5 and 50 μg/ft2 for floors and windowsills,
respectively.
bEstimated geometric means, percent differences, risks, and relative risks are derived from an adjusted model with mean-centered covariates that included
log2-transformed linear and quadratic terms for floor or dust lead loadings. Adjusted for maternal race (non-Hispanic White, non-Hispanic Black, and other),
maternal education (high school or less, some college, and undergraduate/graduate degree), child age (continuous, years), child sex (male and female), season
of blood sample collection (Winter/Spring and Summer/Fall), home age (pre-1940 and 1940–1977), intervention assignment (lead hazard group and injury
hazard group), and child serum cotinine concentrations (continuous, log10 transformed).
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Historically, the US EPA residential dust lead hazard and post-
abatement clearance standards have been based on adverse
health effects, perceived feasibility to achieve compliance, and
instrument detection limits (Table 1). Yet, other studies, and the
present one, show that these standards fail to protect children
from the risk of lead poisoning.30,31 Moreover, there is consider-
able evidence that it is feasible to achieve floor and windowsill
dust lead levels lower than those required by the EPA, which
would adequately protect children from the risk of lead
poisoning.32 Using current lead hazard control practices, US
Department of HUD grantees were able to achieve floor and
windowsill dust lead levels of ≤5 and ≤40 μg/ft2 in 72% and 87%
of surveyed housing units, respectively.32 This is, in part, why HUD
has a lower post-abatement clearance standard than the 2019 EPA
post-abatement clearance standard.33 Moreover, in the HOME
Study, we demonstrated that our residential lead hazard
intervention was able to further reduce floor and windowsill dust
lead loadings to levels below 5 and 50 μg/ft2, respectively, in 100%
of the homes assigned to the intervention.20 Given that older
housing (i.e., pre-1978 construction) typically has more lead paint
hazards, interventions reducing dust lead loadings in communities
with a high prevalence of older housing units could have
significant public health impacts (e.g., Northeastern US).34,35

Our results confirm that there is no threshold for the association
of floor and windowsill dust lead loadings with children’s blood
lead concentrations. Indeed, the risk of blood lead concentrations
≥5 μg/dL at floor dust lead loadings of 10 μg/ft2 was 45% higher
than the risk at floor dust lead loadings of 5 μg/ft2 (risks: 0.05 vs.
0.07) This finding is consistent with earlier studies that reported
positive associations between residential dust lead loadings and
children’s blood lead concentrations, with no threshold.30,31 The
most recent cross-sectional National Health and Nutrition
Examination Survey (1999–2004) that included dust lead measure-
ments indicates that floor dust lead loadings of 1 μg/ft2 are
associated with a 3.8% prevalence of blood lead concentrations
≥5 μg/dL, approximately the risk we observed at ≤5 μg/ft2.28

Floor dust lead loadings in this study were more strongly
associated with children’s blood lead concentrations than
windowsill dust lead loadings, a phenomenon previously docu-
mented.36 This is likely because young children are closer to the
floor and spend more time playing on the ground and engaging
in hand-to-mouth behaviors with objects that have been placed
on floors, relative to time spent playing on or mouthing
windowsills.37 Windows may also serve as a reservoir of lead that
drifts onto floors, thus making windows one of multiple
determinants of floor dust lead levels.38

We note some limitations of the present study. First, there were
a relatively small number of children with blood lead concentra-
tions ≥5 μg/dL in the HOME Study. Despite this, we observed
significantly increased risk of lead poisoning associated with
elevated dust lead loadings. Relatedly, the current CDC 5 μg/dL
reference value is not based on health hazards, but is defined by
the 97.5th percentile from population-based biomonitoring. Thus,
if this threshold is reduced in response to ongoing evaluations of
the current reference value, then the proportion of children with
elevated blood lead concentrations (defined by any new and
lower reference value) attributable to residential dust lead
exposure would be greater.39 Second, the risk estimates derived
from this study and values used to calculate PAFs are based on
data collected in the early 2000s. Thus, these results may not be
entirely generalizable to young children today given declining
lead exposure and blood lead concentrations. For instance, if the
current prevalence of blood lead concentrations ≥5 μg/dL among
US children age 1–5 years is 1.3% (n= 267,500), then ~18,400
cases of elevated blood lead concentrations would be attributable
to floor dust lead loadings >10 and ≤40 μg/ft2. However, we used
the most contemporaneous prospectively collected blood and
dust lead data we are aware of to estimate the potential effect of

low-level residential dust lead exposure on children’s blood lead
concentrations. An additional limitation is that we used the dust
lead loadings during childhood and not those taken after
randomization (i.e., post clearance in the intervention arm)
because the control arm of the study did not have these data.
However, we speculate that dust lead loadings during childhood
would be most strongly related to childhood blood lead
concentrations relative to other time periods. Finally, there is the
potential for residual confounding of the association between
dust lead loadings and childhood blood lead concentrations. Our
adjusted estimates were modestly attenuated relative to the
unadjusted ones. Thus, if other factors that we did not adjust for
were related to dust lead loadings and children’s blood lead
concentrations (e.g., time spent at other locations or nutrition),
then the true association may be weaker than what we observed.
Our results show that the discrepancy in the 2019 EPA health-

based lead hazard and post-abatement clearance standards place
children at heightened risk of lead poisoning. Moreover, our
analyses show that the 2019 EPA health-based hazard standard is
insufficient to protect children from residential lead hazards. Until
the EPA dust lead hazard and post-abatement clearance
regulatory standards are aligned with more protective standards
to limit the preventable and harmful effects of lead exposure in
children, public health professionals, clinicians, parents, and
housing providers should engage in prevention activities to
ensure that children are protected from residential lead hazards.
We recommend that these stakeholders strive to achieve the more
protective HOME Study standards that we have successfully
implemented.
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