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How toxic chemicals may change how we think and who we are

Lead

L

What Is Lead?
ead is a naturally occurring heavy metal found in small
quantities in the earth’s crust. Lead has been recognized
for its neurotoxic effects on humans for over 2,000
years.1,2 It is ubiquitous in the environment, mainly
due to the wide-spread use of lead in manufacturing
and as an additive in paint, gasoline, and other products.3
Lead was used as an additive for paint intended for buildings
until it was phased out in the United States by the Lead Paint
Poison Prevention Act of 1978.4 Lead continues to be used in
coatings on ceramics and on other imported products.5,6 Lead
has also been found in consumer items, such as toys and other
children’s products, jewelry, handbags, animal accessories, and
other products.7,8,9,10
The combustion of leaded gasoline contributed significantly
to the amount of lead in air, soil and water. It is estimated that
4 million metric tons of lead were dispersed into the atmosphere in the U.S. by the combustion of leaded gasoline from
1923–1986.11 These lead emissions decreased significantly with
the introduction of the Clean Air Act in the 1970s and also by
the use of catalytic converters on automobiles.12 Leaded gasoline was banned in the U.S. in 1986, but lead additives continue
to be used in racing fuels, boating fuels and fuels for farm
equipment.11
Even though lead has been banned in paint and gasoline,
it continues to be used in the production of batteries, ammunition, metal products (solder and pipes), and in shields for X-rays.1
Lead may leach out of some PVC plastic products, such as pipes,
where it is used as a metal stabilizer.13

How Are We Exposed?
While lead is no longer used gasoline and most paints, exposure
may still occur through ingestion or inhalation of particles containing lead that may be present in dust or chips of lead paints
(used in homes built before 1978) or in soils.3 The main processes
that introduce lead paint into soil and air are deterioration, paint
scraping and power-sanding.14 These actions release particles
that may then be inhaled or ingested from hand to mouth
contact with dust.

Even though leaded gasoline was banned in 1986, past
emissions from leaded gasoline may still contribute significantly
to soil lead levels and human exposure to lead in areas where
there has been heavy traffic. In a 1997 study that compared soil
lead levels in rural and urban areas with pre-1940s housing, urban
areas were found to have higher soil lead levels.15 Researchers
also found a strong association between high soil lead levels
and high blood lead levels of urban residents.11
Seasonal variations of blood lead levels have also been
found in urban areas with lead contaminated soil. A study of
children living in several cities found that increases in blood
lead levels were more likely during hot summer months when
low soil moisture results in higher dust levels.16 Researchers
concluded that, “Children and adults living in urban areas where
surface soils are contaminated with Pb (lead) may become exposed through indoor and outdoor inhalation of Pb dust and
ingestion of Pb deposited within homes and outdoor surfaces.”
According to the U.S. Centers for Disease Control and Prevention (CDC), the most common non-occupational adult lead
exposures occur from shooting firearms, eating contaminated
food, home renovation or painting, and gunshot wounds.6
Exposure may also occur by ingestion or inhalation of contaminated water or air.3 Water may become contaminated from lead
pipes used in some municipalities or from lead contaminated
groundwater.3 In 2004, an estimated 18% of residences in
Washington, DC had lead pipes.17 A majority of the residences
with lead pipes that were tested had water lead levels that
were greater than the Environmental Protection Agency’s (EPA)
action level of 15 parts per billion (ppb)—the level at which the
EPA enforces regulations and takes action in order to reduce
lead contamination.17
Occupational exposure is most likely to occur from manufacturing of storage batteries, mining of lead and zinc ores, painting,
and paper hanging.6 Children may also be exposed to lead dust
that family members working in these industries carry home
on their clothes.18
The most bioavailable form of lead, lead acetate, is found in
some eye makeup, lipstick and hair dye.3,19 Eye makeup containing
kohl, kajal, or surma is especially likely to contain lead.5 Lead
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acetate dissolves easily and can be absorbed through the skin.3
Even though lead has been banned in food packaging produced in the U.S., it has been found in the cans of imported
canned food and on candy wrappers.20,21 Containers for food
and beverages such as crystal glassware and ceramic items may
contain lead.11 Storing acidic items such as vinegar, orange juice
and coffee in lead-coated ceramics increases the leaching of
lead from these items.11
Lead has been also been found in some herbal supplements
manufactured in the U.S., China, and India.22,23
In 2007, several children’s products were recalled for lead
paint contamination, affecting nearly 14.5 million items.24 A
majority of these products had been manufactured in China,
although products from Korea, India, Peru, Taiwan, and Vietnam
were also recalled. A 2008 study found concentrations of lead
above the regulatory limit on seasonal items manufactured in
China that are intended for children, including fake teeth, Santa
Claus pens, and sippy cups.25 High lead concentrations have
been found in inexpensive jewelry marketed to children.
In some cases jewelry items were more than 80% lead.26

Lead in Our Bodies
Despite the progress that has been made in decreasing
childhood lead exposure, it remains a critical environmental
health concern. Data from the 2003-2004 National Health and
Nutritional Examination Survey (NHANES) reveals that 2.3%
of 1–5 year olds have blood lead levels that are higher than
10 μg/dL, the level at which the CDC recommends intervention.27 Over 50% of 1–5 year olds in the 2003-2004 NHANES
had blood lead levels at least 2 μg/dL, which is above levels
that have been associated with declines in IQ and school
performance.27
According to the CDC’s state-based Adult Blood Lead Epidemiology and Surveillance (ABLES) program that tracks elevated
blood lead levels in adults, a majority of adults with elevated
blood lead levels are occupationally exposed to lead in manufacturing, construction or mining.6 Elevated blood lead levels
were associated with non-occupational exposures in less than
5% of adults tracked by the National Institute for Occupational
Safety and Health’s (NIOSH) ABLES program.6

Reducing Your Exposure
You can prevent or minimize exposure to lead in the following ways:
•

If you live in a house that was built before 1978, it is possible
before 1960 were painted with heavily leaded paint. 64 You can

carpeted areas.69 Mop floors and dust with a wet rag.64

find out about lead levels in your house paint and house dust

Wash your hands often and avoid wearing shoes in the house.64

by hiring an EPA certified Lead Inspector or Lead Risk Assessor

Washing children’s toys also reduces dust exposure.64 Keep win-

to test your paint. Home testing kits are also available.

dow sills coated with lead-based paint clean because opening

66

If lead-based paint is in good condition, leave it undisturbed.

and closing the window can create a lot of dust.67

64

Do not sand or burn wood with lead-based paint because lead
may be released into the air.
•

•

Avoid using ceramics with lead-based glaze or leaded crystalware
as containers for food or beverages.11 Acidic food and beverages

64

It is dangerous to remove lead-based paint yourself because of

such as orange juice and coffee may accelerate the leaching of

the dust that it generates. Hire a professional with experience

lead from these containers.11

64

in lead abatement and removal of lead-based paint. Occupants
64

•

Use cosmetics and personal care products that do not contain

should leave the house until all work is finished and clean-up

lead or lead acetate. Avoid eye-makeup that contains kohl.5

is done. Furnishings and carpet should be removed from the

Find out about the ingredients in your personal care products

64

by using the Skin Deep Database: www.cosmeticsdatabase.com.

work area.

69

•

Reduce your exposure to dust because household dust may
contain lead.64 Use a vacuum cleaner with a HEPA filter on

65

•

•

that it was painted with lead-based paint.64 Many homes built

If your occupation or hobby exposes you to lead, take safety

•

Make sure that your child is not playing with toys or jewelry

precautions such as wearing protective clothing and respira-

that contain lead.67 Check the lead recalls list: www.cdc.gov/

tors, and talk to your employer about compliance with regula-

nceh/lead/Recalls/default.htm

tions on lead exposure. Take steps to reduce the lead dust that

•

you bring home on your body or clothes.64 Cases of childhood
lead poisoning have been caused by exposure to lead dust in

The only way to know if your water contains lead is to have it
tested.67

•

Exposure to lead in water is most likely to be caused by lead

cars or on car seats.18 If possible, wash your hands and change

plumbing.67 To reduce your exposure to lead from lead pipes,

your clothing and shoes after work to reduce lead dust in your

replace the plumbing with lead-free pipes, adjust the chemistry

car and home.64 Wash these clothes separately.64

of your water so it is less corrosive to pipes, and run water for
5 minutes every morning to flush out the pipes.68
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What Does Exposure to Lead Mean
for Our Health?
The presence of environmental chemicals in the human body
does not necessarily imply that they are causing adverse health
effects; however, environmental chemical exposures can and
do affect human health. It is important to note that both the
dosage and the timing of exposure have significant effect on
any potential health outcome. There is significant evidence that
lead causes health effects at much lower doses than previously
assumed. The following information is intended to inform the
reader about the current state of knowledge on the health
effects of lead, including both human and animals studies.
Lead exposure can adversely impact health through a variety of mechanisms. It can imitate other biologically active ions
such as calcium, zinc, and iron to gain access to tissues where
it can cause damage.28 Lead levels of 50-90 μg/dL have been
associated with increased in risk of death from all causes,
including cardiovascular disease and cancer.29
Neurological Toxicity:
Lead has been associated with neurological effects in children
at levels far below the CDC’s level of concern of 10 μg/dL.30 One
study suggests that there might be no safe threshold for lead
toxicity in children, and provides evidence that cognitive function in 3-year old boys is inversely associated with prenatal very
low level (<5 μg/dL) lead exposure.31 Prenatal exposure to lead
can lead to problems including premature births, reduced
growth, learning difficulties and decreased IQ.27,32
The neurological toxicity of lead is not limited to children.
In adults, lead exposure may reduce memory function,33,34 and
the effects of childhood lead exposure may persist into adulthood.
Increases in lifetime average blood lead levels (BLL) by 1 μg/
dL result in a decrease of an average of 0.87 IQ points.35 There is
evidence that intellectual impairment is steeper at BLL of less
than 10 μg/dL, indicating that incremental changes at lower
levels may be more damaging than a similar change at a higher
level.31 For children with BLL less than 10 μg/dL, an increase in
1 μg/dL lifetime average BLL (while still remaining below 10
μg/dL) was found to result in an IQ decrease of 1.37 points.31
Although it may seem counterintuitive that changes at lower
lead levels result in greater effect than the same change at a
higher level, researchers explain that “there is evidence that
high concentrations of heavy metals may enhance cellular
defense mechanisms and thereby lessen the rate at which
additional damage occurs.”31
In children from North Carolina who participated in the
2003–2004 NHANES, blood lead levels as low as 2 μg/dL were
associated with decreased performance in reading and mathematics.27 Over 50% of children tested between the ages of 1–5
years old had blood lead levels equal to or greater than 2 μg/dL.
Increased exposure to lead is also associated with neuropsychiatric disorders such as attention deficit hyperactivity disorder
(ADHD) and antisocial behavior.36 In a 2002 case control study,

juvenile delinquents had higher bone lead levels, indicating a
higher lifetime exposure to lead, than the control group.37 No
level of lead exposure appears to be ‘safe’ and even the current
‘low’ levels of exposure in children are associated with neurodevelopmental deficits.35 There is evidence that childhood lead exposure promotes antisocial and criminal behavior in adulthood.38
Lead also damages peripheral neurons which may lead to
prolonged nerve conduction, decreased manual dexterity, weakness, and pain in the limbs.39 Some studies identify lead as a risk
factor for amyotrophic lateral sclerosis (ALS), also known as Lou
Gehrig’s disease, a neurodegenerative disease caused by the
degeneration of motor neurons.40 Lifetime lead exposures are
also associated with the risk of cognitive decline, dementia,
and Alzheimer’s disease.41 Lead is also associated with physical
damage to brain tissue. An ongoing study has found that adults
with childhood lead exposure have reduced brain volume
in specific areas of the brain responsible for cognition and
emotional responses.42
Cancer
Lead has been determined to be a probable human carcinogen
by the Environmental Protection Agency.43
Reproductive Health and Endocrine Disruption
In experiments on female rodents, lead has been shown to alter
estrogen receptors in the uterus and ovaries and has been
associated with reductions in embryo implantations, late puberty, decreased birth weight, and delays in sexual maturity
of offspring.44,45,46,47,48
In a study of the effects of lead exposure on human pregnancy,
the mean blood lead level of women who had spontaneous
abortion was significantly higher than the group without spontaneous abortion.49 In another study, lead was found to be associated with a lower likelihood of having reached menarche and
delayed menarche in adolescent girls,50 and delayed puberty
in boys.51
Exposure of male animals to lead has been associated with
significant reductions in testosterone and sperm production.52
Studies of men who are occupationally exposed to lead
have reported reproductive system changes that have the
potential to impact fertility. In a cross-sectional study of 503
occupationally exposed men, a median sperm reduction of
49% was reported for men with a blood lead concentration
greater than 50 μg/dL.53 Decreases in sperm motility have also
been reported for occupationally exposed men.54 For men wanting to father a child, occupational lead exposure is associated
with delayed time to pregnancy in their partners.55
Cardiovasicular Toxicity
Elevated blood lead levels have been associated with increased
incidences of hypertension, coronary artery disease, cerebrovascular accidents (stroke), and peripheral vascular disease
in humans.56,57,58
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In experimental animals, chronic lead exposure has been
shown to promote atherosclerosis.59
Hematological (Blood) Toxicity
Lead has multiple toxic effects on the blood, including interference with the formation of hemoglobin.28 Hemoglobin carries
oxygen, which is needed for cellular survival.
Kidney Toxicity
Acute and chronic occupational exposure to lead has been
shown to impair kidney function.60 High blood lead and bone
lead levels (which represents the cumulative lifetime exposure
of lead) were associated with decreases in creatinine clearance
and increases in serum creatinine which indicate that kidney
function is impaired by lead exposure.60
In participants in the 1999-2006 NHANES survey, elevated
blood lead levels were linked to reduced glomerular filtration
rates (an indicator of reduced kidney function).61 In a longitudinal study of people with diabetes and hypertension, participants with high blood and bone lead levels were more likely to
experience a decline in renal function.62

Regulation of Lead

to its protective qualities and durability.2 Despite reports of
childhood lead poisoning related to the consumption of lead
based paint from as early as 1904, the United States did not
begin its phase-out of lead in paint until 1971 when the LeadBased Paint Poisoning Prevention Act was passed.2 Lead-based
paint was phased out of inventories, although houses painted
before 1978 may be coated with lead-based paint.2
Leaded gasoline accounted for a majority of the gasoline
sold in the U.S. until the Environmental Protection Agency
(EPA) began a phase-out of leaded gasoline in 1972 due to its
interference with catalytic converter function.2 This primary
phase-out was completed in 1986, but leaded gasoline remained available in selected markets until the early 1990s.2 The
phase-out of lead from gasoline contributed to the reduction
in blood lead levels in U.S. children. “With the removal of lead
from gasoline, average childhood blood lead levels in the U.S.
plummeted from approximately 16 μg/dL in 1976 to 3.2 μg/dL
in 1994.”2
After the recall of lead-contaminated toys in 2007, several
states adopted policies to protect children from exposure to
lead and other toxic chemicals in toys. Maine, Washington,
Connecticut, Delaware, Maryland, Michigan, and Vermont have
enacted policies that eliminate or reduce lead in toys.63

Lead-based paint was widely used in the U.S. and Europe due
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