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I am physician with board certification in public health and preventive
medicine from Tulane University. I also received post-doctoral training in
community pediatric research at the University of Rochester in New York. I have
conducted research on the sources of lead exposure and the health impacts of
lead poisoning for over 25 years. I have conducted studies or served as an advisor
on how to reduce lead contamination in Chicago, Detroit, St Louis, Herculaneum,
Rochester, Los Angeles, Santa Clara County, and many other communities across
the United States. I have served on numerous science advisory committees of the
US EPA, the Centers for Disease Control, the National Toxicology Program of the
National Institutes of Health, and the American Academy of Pediatrics. I was a
member of the work group that advised the CDC to reduce their action level to
3.5 µg/dL and I am currently a member of the US EPA’s science advisory panel for
the national air lead standard.
Lead is cumulative poison. We are all exposed to lead in our drinking water
and food, lead in our homes and airborne lead. Children – especially low-income
children from minority communities – are more heavily exposed to lead: leadcontaminated paint and house dust from older, poorly maintained rental housing;
lead-contaminated soil in smelter communities; lead contaminated water from

lead-service lines and lead from aircraft emissions. Blood lead levels have
declined by 95% since the 1970s, but they are still 10- to 100-times higher than
our pre-industrial ancestors (Flegal, 1992).
Airborne lead remains an important source of lead exposure in the United
States. Jennifer Richmond-Bryant and other US EPA scientists found that
children’s blood lead concentrations rose sharply at airborne lead concentrations
(TSP) below 0.15 µg/m3 and then decelerated at concentrations > 1.0 µg/m3
(Richmond-Bryant, 2014). Richmond-Bryant’s study indicates that, for a given
exposure, children’s blood lead concentrations would decline considerably more
by lowering airborne lead concentrations < 0.15 µg/m3 – the current EPA air lead
standard – than by lowering airborne lead concentrations > 1.0 µg/m3. This study
indicates that the existing air lead standard fails to protect the public – including
children – from lead exposure.
The major sources of airborne lead in the United States are piston-engine
aircraft, lead battery recycling operations, and incinerators. The EPA estimated
that over 450 tons of lead were emitted by piston-engine aircraft every year; 70%
of all lead emissions (EPA, 2017).
Leaded aviation fuel is an important source of lead exposure for
communities who live near general airports (Miranda, 2007; Zahran, 2017;
Zahran, 2021). In a study of 448 airports and over 1 million children in Michigan,
Sammy Zahran found that children who lived near a general airport had
significantly higher blood lead levels after accounting for age of housing stock and

industrial sources (Zahran, 2017). Compared with children who resided > 4 km
from an airport, children who lived < 1 km, 1–2 km, and 2–3 km were 25.2%,
16.5%, and 9.1% more likely to have a blood lead > 5 µg/dL, respectively. The
increase in blood lead concentration was larger for children who lived downwind
from the airport, especially toddlers. Children who lived near airports were more
likely to live in households receiving public assistance (Zahran, 2017).
In 2021, Sammy Zahran was invited to conduct a study of childhood lead
exposure at Reid-Hillview airport in Santa Clara County, California. Zahran and his
team used blood lead tests of 17,000 children collected by the California
Department of Public Health from January 1, 2011 to December 31, 2020. Zahran
found that 2% of toddlers who lived > 0.5 miles from the airport had a blood lead
> 3.5 µg/dL. In contrast, 5.7% of toddlers who lived within 0.5 miles of the airport
had a blood lead > 3.5 µg/dL and 10.5% of toddlers who lived within 0.5 miles of
the airport and were downwind of the airport had a blood lead > 3.5 µg/dL during
heavy traffic (Zahran, 2021). This study indicates that the existing standard fails to
protect children from lead toxicity.
The US EPA estimated that sixteen million Americans – including three
million children – live within a kilometer of a general airport.
Lead particles found in aircraft emissions are smaller than those found in
automobiles emissions. Exhaust particles in piston-engine aircraft emissions are
“irregular particles measuring 13 nanometers with a 4 nm microcrystal of lead
dibromide surrounded by a halo of hydrocarbons”. In contrast, exhaust particles

from automobile burning leaded fuel averaged 35 nm in diameter and contained
five to ten 4 nm beads of lead” (Griffith, 2021). The size of lead particles from
aircraft emissions are smaller than TSP and may be transported directly to the
brain via the olfactory nerve.
Small particles of lead, which are readily absorbed, may be transported
directly to the brain via divalent metal transporters (DMT) found in the olfactory
nerve (Thomason 2007). Zeliha Kayaalti found that people with the CC genotype
of DMT 1 had significantly higher blood lead concentrations than those with AA
and CA genotypes (p = 0.036) (Kayaalti, 2015). Lead that is in the vapor form could
also be readily inhaled and transported directly to the brain.
Thus, measuring lead concentrations in total suspended particles – EPAs
current standard – is unlikely to be an adequate indicator of lead exposure.
Moreover, up to 20% of lead in aircraft emissions is in the vapor phase (also
known as alkyl or organic lead) that can be readily inhaled or dermally absorbed
(EPA, 2013).
Dozens of studies show that exceedingly low levels of lead adversely impact
children’s cognitive abilities (Canfield, 2003; Lanphear, 2005; Desrochers-Couture,
2018). In a study of 58,000 Chicago school children, Ann Evens found that a 5
μg/dL increase in blood lead concentration was associated with a 32% increased
risk of reading failure (RR = 1.32, 95%CI = 1.26, 1.39) on standardized tests in 3rd
grade children. Evens estimated that 13% of reading failures in Chicago school
children were attributable to blood lead concentrations of 5 to 9 vs. 0 to 4 μg/dL.

Lead especially impacts children who are already struggling with reading.
Using quantile regression, Sheryl Magzamen found in over 1,000 Milwaukee
children that lead exposure led to an 18-point decrease in reading scores (95% CI:
48.7, 3.3) for children with the poorer reading abilities (Magzaman, 2015). In the
NIH-funded ABCD cohort, a national study of over 9,000 US children, Andrew
Marshall found that low-income children living in neighborhoods at high-risk for
lead poisoning had diminished brain volume (Marshall, 2020).
Lead-associated IQ deficits extend beyond childhood. Aaron Reuben found
that children (n=565) who higher blood lead concentrations at 11-years of age
had further decrements in intellectual abilities by 38 years of age. After adjusting
for childhood IQ score, their mothers’ IQ score, and socioeconomic background,
each 5 μg/dL higher concentration of blood lead measured in childhood was
associated with an additional 1.6-point lower full-scale IQ score (95% CI: −2.5 to
−0.74) (Reuben, 2017). Reuben also found that children with higher blood lead
concentrations were less likely to attain the same social standing as their parents
(Reuben, 2017).
Lead increases the risk of children developing ADHD (Nigg, 2008; Froehlich,
2009). In a national study of 8- to 15-year-old children, Tanya Froehlich found that
the fraction of children with ADHD increased from 5% to 13% as blood lead
concentrations increased from < 0.7 µg/dL to >1.3 µg/dL. Froehlich estimated that
one in five cases of ADHD – representing 600,000 children with ADHD - was
attributable to lead exposure (Froehlich, 2009).

Lead is a risk factor for preeclampsia, a disorder of severe hypertension in
pregnant women. In a meta-analysis – a study of all high-quality studies – Arthur
Poropat found that higher concentrations of lead in the blood of pregnant women
was a risk factor for pre-eclampsia (Poropat, 2017). For every 1 µg/dL increase in
blood lead in pregnant women, the risk of pre-eclampsia rose by 1.6%.
Lead is a risk factor for preterm birth (Taylor, 2014; Li, 2017; Vigeh, 2011).
In a pregnancy and birth cohort study in Bristol, England, pregnant women with a
blood lead > 5 µg/dL (> 50 ppb) were 1.9-fold more likely to give birth preterm
(Taylor, 2014). In the China-Anhui Birth Cohort Study with a mean blood lead of
1.5 µg/dL, Jun Li found that the risk of PTB was elevated in those with moderate
(1.18-1.79 µg/dL; OR=2.33, 95% CI:1.49, 3.65) and high (≥ 1.61 µg/dL; OR=3.09,
95% CI: 2.01, 4.76) serum lead concentrations compared with women who had
lower exposure (<1.18 µg/dL) (Li, 2017). In an Iranian cohort of 348 pregnant
women with a geometric mean blood lead of 3.5 µg/dL, Mohsen Vigeh found
using logistic regression that higher blood lead concentrations measured during
early pregnancy were associated with a higher risk of preterm birth (OR=1.41,
95% CI: 1.08, 1.84) (Vigeh, 2011).
In a natural history study, Linda Bui examined the impact of short-term lead
exposure on birth outcomes in 147,000 women following NASCAR’s decision to
eliminate leaded gasoline (Bui, 2021). After leaded fuel was no longer used, the
probability of preterm births declined by 2.7%, and small for gestational age
declined by 4.1% (Bui, 2021). The authors concluded that the EPA’s National

Ambient Air Quality Lead Standard, which is based on a 3-month moving average,
failed to protect against risks from short-term exposures.
Exceedingly small amounts of lead can delay conception. In a study of 501
couples, Germaine Buck-Louis found that women who had male partners with
higher blood lead levels took 15% longer to conceive; the difference in blood lead
concentrations among men with diminished fertility was only 0.24 µg/dl (Buck
Louis, 2012).
In 2013, the US EPA concluded that lead is a causal risk factor for coronary
heart disease, the leading cause of death worldwide (US EPA, 2013). In laboratory
studies, chronic lead exposure causes HTN and enhances atherosclerosis by
inactivating NO, increasing H2O2 formation, inhibiting endothelial repair, impairing
angiogenesis, and promoting thrombosis (US EPA, 2013; Vaziri, 2008).
Studies published over the past decade confirm that lead is a leading, if
largely overlooked risk factor for coronary heart disease (McElvenny, 2015; Aoki,
2016; Chowdhury, 2018; Lanphear, 2018; Wang, 2019). Fifteen prospective cohort
studies conducted in Europe (4) and the United States (11) examined blood lead
concentrations and cardiovascular mortality; all found that lead was a risk factor
for CVD mortality (Navas-Acien, 2021). In a meta-analysis in the British Medical
Journal, Rajiv Chowdhury and his team examined over 90,000 people in eight
studies. Comparing the lowest tercile with the highest tercile, Chowdhury found
that blood lead concentration was a risk factor for coronary heart disease (RR =
1.85, 95% CI: 1.27, 2.69) (Chowdhury, 2018).

The global burden of cardiovascular disease attributed to lead only includes
high blood pressure and the risk for CHD deaths at blood lead > 5 ug/dL (Shaffer,
2019). But lead is also a risk factor for atherosclerosis (Vaziri, 2008) and no
apparent threshold exists for lead-induced coronary heart disease (Navas-Acien,
2021; Lanphear, 2018). Using a national study in the United States, Lanphear
found that lead was the leading risk factor for deaths from coronary heart
disease, accounting for 185,000 deaths every year (Lanphear, 2018).
Collectively, these studies indicate that low-level lead exposure is a major
risk factor for cognitive deficits, ADHD, PTB, preeclampsia, and coronary heart
disease in Americans. They also indicate that lead exposure from aircraft
emissions is a major source of lead exposure for nearby communities, especially
low-income communities. The recent report on the Reid-Hillview airport has
demonstrated that lead exposure from aircraft emissions is an urgent public
health problem. Santa Clara County has demonstrated that we can solve it.

References
Bannon D, Portnoy ME, Olivi L, et al. Uptake of lead and iron by divalent metal
transporter 1 in yeast and mammalian cells. Biochemical and Biophysical Research
Communications 2002;295(4):978-984.
Buck Louis GM, Sundaram R, Schisterman EF, et al. Heavy metals and couple
fecundity: The LIFE Study. Chemosphere 2012;87:1201-1207.
Chowdhury R, Ramond A, O’Keeffe LM, et al. Environmental toxic metal
contaminants and risk of cardiovascular disease: systematic review and metaanalysis. British Medical Journal 2018;362:k3310.
Desrochers-Couture, M., et al. Prenatal, concurrent, and sex-specific associations
between blood lead concentrations and IQ in preschool Canadian children.
Environment International 2018;121:1235-1242.
Evens A, Hryhorczuk D, Lanphear BP, et al. The impact of low-level lead toxicity on
school performance among children in the Chicago Public Schools: a populationbased retrospective cohort study. Environmental Health 2015;14(1):21.
Flegal AR, Smith DR. Lead levels in preindustrial humans. NEJM 1992;326:12931294.

Froehlich T, Lanphear BP, Auinger P, Hornung R, Epstein JN, Braun J, Kahn RS. The
association of tobacco and lead exposure with attention-deficit/hyperactivity
disorder in a national sample of US children. Pediatrics 2009;124:e1054-1063
Kayaalti Z, Akyuzlu DK, Soylemezoglu T. Evaluation of the effect of divalent metal
transporter 1 gene polymorphism on blood iron, lead and cadmium levels.
Environ Res. 2015;137:8-13.
Lanphear BP, Rauch S, Auinger P, Allen RW, Hornung RW. Low-level lead exposure
and mortality in US adults: a population-based cohort study. Lancet Public Health
2018; 3(4): E177-E84.
Li, J. et al. Maternal serum lead level during pregnancy is positively correlated
with risk of preterm birth in a Chinese population. Environ Pollut 2017;227:484–
489.
Liu J, Liu X, Wang W, et al. Blood lead concentrations and children's behavioral
and emotional problems: a cohort study. JAMA Pediatrics. 2014;168(8):737-745.
Magzaman S, Amato M, Imm P, et al. Quantile regression in environmental
health: Early life lead exposure and end-of-grade exams. Environ Res
2015;137:108-119.

Marshall AT, Betts S, Kan EC, McConnell R, Lanphear BP, Sowell ER. Association of
lead-exposure risk and family income with childhood brain outcomes. Nat Med.
2020;26(1):91-97.’
Nigg JT, Knotternerus GM, Martell MM, et al. Low blood lead levels associated
with clinical diagnosed attention-deficit/hyperactivity disorder and mediated by
weak cognitive control. Biol Psychiatry. 2008;63(3):325-331.
Miranda ML, Anthopolos R, Hastings D. A geospatial analysis of the effects of
aviation gasoline on childhood blood lead levels. Environ Health Perspect
2007;119:1513-1516.
Navas-Acien A. Lead and Cardiovascular Mortality: Evidence Supports Lead as an
Independent Cardiovascular Risk Factor. NCEE Working Paper.
Poropat AE, Laidlaw MAS, Lanphear B, Ball A, Mielke HW. Blood lead and
preeclampsia: A meta-analysis and review of implications. Environ Res
2017;160:12-19.
Reuben A, Caspi A, Belsky DW, et al. Association of childhood blood lead levels
with cognitive function and socioeconomic status at age 38 years and with IQ
change and socioeconomic mobility between childhood and adulthood. JAMA
2017;317(12):1244-1251.

Richmond-Bryant J, Meng Q, Davis A, et al. The influence of declining air lead
levels on blood lead-air lead slope factors in children. Environ Health Perspect
2014;122:754-760.
Shaffer RM, Sellers SP, Baker MG, et al. Improving and expanding estimates of the
global burden of disease due to environmental health risk factors. Environ Health
Perspect 2019; doi: 10.1289/EHP5496.
Taylor CM, Golding J, Emond AM. Adverse effects of maternal lead levels on birth
outcomes in the ALSPAC study: A prospective birth cohort study. BJOG
2014;10.1111/1471-0528.12756.
Tsuji, M. et al. The association between whole blood concentrations of heavy
metals in pregnant women and premature births: The Japan Environment and
Children’s Study. Environ Res 2018;166:562–569.
Vaziri ND. 2008. Mechanisms of lead-induced hypertension and cardiovascular
disease. Am J Physiol Heart Circ Physiol 295:H5454-H465. doi:
10.1152/ajpheart.00158.2008.
Vigeh, M, et al. Blood lead at currently acceptable levels may cause preterm
labour. Occup Environ Med 2011;68:231–234.
Rasnick E, Ryan PH, Bailer AJ, Fisher T, Parsons PJ, Yolton K, Newman NC,
Lanphear BP, Brokamp C. Identifying sensitive windows of airborne lead exposure

associated with behavioral outcomes at age 12. Environ Epidemiol 2021;5:e144.
doi: 10.1097/EE9.0000000000000144.
US EPA. 2013 Final report: integrated science assessment for lead. US
Environmental Protection Agency, Washington, DC, EPA/600/R-10/075F. June,
2013. http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=518908
(accessed June 21, 2018).
US EPA, 2017 National Emissions Inventory (NEI) Data. https://www.epa.gov/airemissions-inventories/2017-national-emissions-inventory-nei-data
Zahran S, Iverson T, McElmurry SP, Weiler S. The effect of leaded aviation gasoline
on blood lead in children. Journal of the Association of Environmental and
Resource Economists. 2017;4(2):575-610.
Zahran S for Mountain Data Group. Leaded aviation gasoline exposure risk at
Reid-Hillview Airport in Santa Clara County, California. August 3, 2021.

