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Childhood Lead Exposure

@ Children get exposed to lead through various sources usually from
ingestion and inhalation:
o lead-based paint dust: homes built before 1978

e contaminated soil: soil near airports and busy roads
e drinking water: lead pipes

o other sources: contaminated foods, some cosmetics, air from industrial
sources

@ Blood lead levels (BLL) in children is detected through lead testing.
@ Lead testing is usually through capillary and venous blood.

@ Lead testing is mandatory for children on medicaid.
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Effect of Lead Exposure

o Lead is linked to behavioral and cognitive impairment even at low
levels [Canfield et al. (2005); Koller et al. (2004)].

@ Some studies have demonstrated that BLL < 5ug/dL are associated
with lower 1Q [Jusko, et al. (2008)].

o Low lead exposure has also been linked with higher crime rates and
antisocial behaviors in adolescents [Boutwell, et al. (2016); Aizer &
Currie (2019)].

@ Some studies found evidence of higher cardiovascular mortality in
older adults (65+) [Klemick, et al. (2022)].

@ Exposure to high levels of lead during pregnancy may cause harm to
the fetus including birth defects.
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BLL Overtime

@ Since the 1970s, blood lead levels in children have steadily declined
due to increased regulations.

@ Between 1976-1980, the median BLL in children age 1-5 years was
15ug/dL and the 95th percentile was 29ug/dL.

@ The largest declines in blood lead levels occurred in the 1990s,
following the elimination of lead in gasoline.

@ In 2012, CDC introduced the concept of a blood lead “reference
value” and set the threshold to 5ug/dL, the 97.5th percentile of
BLLs from the NHANES.

@ The reference was revised to 3.5ug/dL based on the 2015-2018
NHANES cycles.

@ Research has consistently shown that there is no safe blood lead level
for children.
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Aviation Gasoline (Avgas) and Lead Exposure

@ There are 72 public airports
in NC: 62 general aviation
airports and 10 commercial
airports

@ The EPA estimates that
approximately 5.2 million
people live within 500m of
an airport where avgas is
used (EPA, 2022).

Figure: Piston engine aircraft
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Previous work in six NC Counties

e Miranda et al. (2011) found
that children living within
500m of airports where
avgas is used have
approximately 4% higher
BLLs than children who
lived beyond 2000m.

@ The effect of avgas on
children’'s BLLs was still
detectable at 1000m.

Figure: County map of NC
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EPA’'s Endangerment Findings

@ In October 2023, the EPA finalized an endangerment finding as the
first step in using its authority to regulate the use of avgas.

@ EPA is now required by the Clean Air Act to propose and promulgate
regulatory standards for lead emissions from certain aircraft engines.

@ Moreover, the Federal Aviation Administration (FAA) must propose
avgas that will control or eliminate lead emissions.

@ This study provides evidence that is relevant to the EPA’s future
regulatory proposals.
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Data

@ We obtained BLL testing data from the NC Childhood Lead
Poisoning Prevention Program.

@ Our initial sample (N=3,092,452) consisted of all children born in NC
with BLL test by age 6 (1992-2015) —composed of 60.2% on
Medicaid and average BLL of 3.06pg/dL.

@ We restricted the sample to children with georeferenced home address
(N=2,473,183).
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@ We obtained BLL testing data from the NC Childhood Lead
Poisoning Prevention Program.

@ Our initial sample (N=3,092,452) consisted of all children born in NC
with BLL test by age 6 (1992-2015) —composed of 60.2% on
Medicaid and average BLL of 3.06pg/dL.

@ We restricted the sample to children with georeferenced home address
(N=2,473,183).

o Children with missing values for self-reported race (10.5%), and those
who self-identified as Non-Hispanic Asian (1.3%) and Non-Hispanic
Other (3.2%), were eliminated due to an insufficient number of
observations for analysis.

@ Of the children with complete information (N=1,996,065), some had
multiple lead tests: 2-tests (32.2%), 3-tests (5.9%), and > 4-tests
(2.1%).
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Data

@ The residential address was used to link each child to 2010 Census
block-group data for median household income and the percentage of
houses built before 1980—used as a proxy for lead paint in homes.

@ Arguably, house-specific age is a better proxy, but such tax parcel
data are only available for 50 of the 100 NC counties.

@ Therefore, we used % houses built < 1980 in the main analysis and
house-age in 50 counties as part of a sensitivity analysis.

@ The final sample was restricted to children who live within 10km of
an airport (N=943,602).
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Dose-responsiveness of BLL to airport proximity

@ We estimated the relationship between InBLL and residential
proximity to an airport using the generalized additive model:

InBLL; = oo + X; 8 + s(D;) + €, (1)

where for the ith child,

o X; is the vector of control variables (age, race, sex, Medicaid
enrollment, blood specimen type, test year and season, median
household income and % houses built < 1980)

o D; is distance to the nearest airport and s(.) is a penalized cubic spline
function

o (a,3) are unknown parameters,

o the noise ¢; "< N(0,0?).
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A spatial first-difference approach

@ To estimate the effect of residential proximity to airport on BLL, we
created “exposed” and “control” groups.

@ Children living within 2.5km of the nearest airport centroid were
categorized as the “exposed” group, while those living between
8-10km were categorized as the control based on the results in Model

(1).
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@ To estimate the effect of residential proximity to airport on BLL, we
created “exposed” and “control” groups.

@ Children living within 2.5km of the nearest airport centroid were
categorized as the “exposed” group, while those living between
8-10km were categorized as the control based on the results in Model

(1).
@ Children who lived between 2.5-8km were eliminated from the sample.

@ We estimated the effect of avgas exposure on BLL using the linear
model:

In BLL; = n+ TZ; + X0 + €;, (2)

where Z denotes the exposure indicator (1 if D < 2.5 km, 0
otherwise). T is the effect of avgas exposure.
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Matching and Sensitivity Analysis

@ To minimize bias in estimating T, we balanced the distributions of all
observed confounders (X) using a many-to-one coarsened exact
matching (CEM) algorithm [lacus et al. (2012)].

o After CEM, we still retain a relatively large sample (N=210,246)
consisting of 60% on Medicaid and average BLL of 3.1pg/dL.

@ In the sensitivity analysis, in 50 counties, we replaced % houses built
<1980 in X with house-age, binned into three categories: < 1950,
[1950, 1980), > 1980.

@ All models were estimated using R statistical software.
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Dose-responsiveness of BLL to airport proximity

Figure: relationship between BLL and distance to airport
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A spatial first-difference approach
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Summary of findings

@ The average BLL for "exposed” children was 1.8% (0.018pg/dL)
higher compared to those in the control group.

@ The effect does not disappear when house-specific age as potential
household lead exposure is used in the model.

@ The findings are complementary to and consistent with the results of
Miranda et al. (2011), who focused on six NC counties, and Zahran
et al. (2017) for children in Michigan.
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Study Limitations

First, we did not account for wind direction which could potentially
bias our estimates towards zero [Zahran et al. (2023)].

@ Second, we did not control for airport size because the traffic volume
available in the traffic flow management system was limited in terms
of airports and types of flights, and the FAA's 5010 forms were also
not regularly updated.

@ Thus, using airport proximity to measure exposure introduces the
possibility of measurement error.

o Lastly, our sample was likely biased towards children at the highest
risk for lead exposure because BLL testing is only mandatory for
children on Medicaid
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Conclusion

@ Children who live near an airport have higher BLLs on average
compared to those who live farther away.

@ We observe a significant adverse effect of avgas use on children’s BLLs
that can inform the ongoing policy discussions regarding EPA’s avgas
endangerment finding and future FAA and EPA regulatory proposals.

@ Paper is currently published in Environmental Health Perspectives,
132(8), 087701.

@ The findings and conclusions in this publication are those of the
author(s) and do not necessarily represent the views of the North
Carolina Department of Health and Human Services, Division of
Public Health.
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Thank You!
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