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Abstract

Blood lead concentrations have decreased dramatically in US children over the past 4 decades, but too many

children still live in housing with deteriorated lead-based paint and are at risk for lead exposure with resulting

lead-associated cognitive impairment and behavioral problems. Evidence continues to accrue that commonly

encountered blood lead concentrations, even those below 5 µg/dL (50 ppb), impair cognition; there is no

identi�ed threshold or safe level of lead in blood. From 2007 to 2010, approximately 2.6% of preschool

children in the United States had a blood lead concentration ≥5 µg/dL (≥50 ppb), which represents about 535 

000 US children 1 to 5 years of age. Evidence-based guidance is available for managing increased lead

exposure in children, and reducing sources of lead in the environment, including lead in housing, soil, water,
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and consumer products, has been shown to be cost-bene�cial. Primary prevention should be the focus of

policy on childhood lead toxicity.

Abbreviations:

AAP — American Academy of Pediatrics

ADHD — attention-de�cit/hyperactivity disorder

CDC — Centers for Disease Control and Prevention

CPSC — Consumer Product Safety Commission

EPA — Environmental Protection Agency

FDA — US Food and Drug Administration

HUD — Department of Housing and Urban Development

NHANES — National Health and Nutrition Examination Survey

XRF — x-ray �uorescence

Overview and Introduction

Primary prevention, reducing or eliminating the myriad sources of lead in the environment of children before

exposure occurs, is the most reliable and cost-e�ective measure to protect children from lead toxicity. Very

high blood lead concentrations (eg, >100 µg/dL) can cause signi�cant overt symptoms, such as protracted

vomiting and encephalopathy, and even death. Low-level lead exposure, even at blood lead concentrations

below 5 µg/dL (50 ppb), is a causal risk factor for diminished intellectual and academic abilities, higher rates of

neurobehavioral disorders such as hyperactivity and attention de�cits, and lower birth weight in children. No

e�ective treatments ameliorate the permanent developmental e�ects of lead toxicity. Reducing lead exposure

from residential lead hazards, industrial sources, contaminated foods or water, and other consumer products

is an e�ective way to prevent or control childhood lead exposure. Lead poisoning prevention education

directed at hand-washing or dust control fails to reduce children’s blood lead concentrations. However,

pediatricians and parents should be aware of measures to reduce the toxic e�ects of lead on children,

including the promulgation of regulations to screen or test older housing units for lead hazards before

occupancy and after major renovation and abatement; revision of federal standards to reduce allowable levels

of lead in settled house dust, water, soil, cosmetics, and other consumer products; and enhanced protection

for children who live in lead-contaminated communities or near lead-emitting industries.

Scope of the Problem

Over the past 4 decades, blood lead concentrations among US children have declined dramatically since the

elimination of lead from gasoline, paints, and other consumer products  (Fig 1, Table 1). From 1976 to 1980,

blood lead concentrations among US children declined more sharply than anticipated after the phase-out of
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leaded gasoline.  In 1978, the US Consumer Product Safety Commission (CPSC) restricted the allowable

content of lead in residential paint to 0.06% (600 ppm); in 2008, it was lowered to 0.009% (90 ppm).  There

have also been signi�cant reductions in tap water lead concentrations since the US Environmental Protection

Agency (EPA) promulgated the Lead and Copper Rule.  Finally, use of lead solder in canned foods and other

consumer products was banned. It is di�cult to accurately apportion the decline in blood lead concentrations

to speci�c sources, but the combined e�ect of these regulations clearly led to the dramatic reductions in

children’s blood lead concentrations.  The key to preventing lead toxicity in children is to reduce or eliminate

persistent sources of lead exposure in their environment.
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FIGURE 1

Timeline of lead poisoning prevention policies and blood lead levels in children aged 1–5 years, by year—NHANES, United

States, 1971–2008. BLL, blood lead level; GM BLL, geometric mean blood lead level. Adapted from Brown et al.

TABLE 1

Federal Lead Poisoning Prevention Policies

Prevention of low-level lead toxicity has historically focused on anticipatory guidance, screening children’s

blood for lead after exposure, and iron or calcium supplementation to reduce lead absorption.  Unfortunately,

studies that evaluated the e�cacy of parent education or provision of cleaning equipment to families failed to

show signi�cant reductions in children’s blood lead concentrations.  Similarly, calcium and iron
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supplementation have not consistently been shown to be e�cacious in reducing blood lead concentrations of

children.  Collectively, these studies indicate that the focus of prevention should be on reducing the sources

of childhood lead exposures rather than identifying children who have already been unduly exposed or

attempting to ameliorate the toxic e�ects of lead exposure.

In 2005, the American Academy of Pediatrics (AAP) recognized that blood lead concentrations below 10 µg/dL

(100 ppb) may impair cognition; no threshold for the toxic e�ects of lead was identi�ed.  The AAP adopted a

blood lead concentration >10 µg/dL (>100 ppb) as the “level of concern” recommended by the Centers for

Disease Control and Prevention (CDC), which indicated the need for closer medical and public health

management.  Extensive and compelling evidence now indicates that lead-associated cognitive de�cits and

behavioral problems can occur at blood lead concentrations below 5 µg/dL (50 ppb). In 2012, the US National

Toxicology Program of the National Institutes of Health reported that, after other risk factors are accounted

for, blood lead concentrations <5 µg/dL (<50 ppb) are strongly associated with intellectual de�cits, diminished

academic abilities, attention de�cits, and problem behaviors (Table 2).  In that same year, the Advisory

Committee on Childhood Lead Poisoning Prevention of the CDC concluded that there is no safe level of lead

exposure and adopted the use of a reference value of ≥5 µg/dL (≥50 ppb) (based on the 97.5th percentile of

blood lead concentrations from the National Health and Nutrition Examination Survey [NHANES]) to be used

as a trigger to guide clinical and public health interventions.

TABLE 2

E�ects of Low-Level Lead Exposure on Academic and Intellectual Abilities, Puberty, Kidney Function, Postnatal Growth,

Hearing, and Other Health Endpoints

Low-level elevations in children’s blood lead concentrations, even at concentrations below 5 µg/dL (50 ppb),

can result in decrements in cognitive functions, as measured by IQ scores and academic performance.  For

a given level of exposure, lead-associated IQ decrements are proportionately greater at the lowest blood lead

concentrations. The IQ decrement associated with an increase in blood lead concentration from <1 µg/dL (<10

ppb) to 30 µg/dL (300 ppb) was 9.2 IQ points, but the decrement associated with an increase in blood lead

concentration from <1 µg/dL (<10 ppb) to 10 µg/dL (100 ppb) was 6.2 IQ points.  The population impact of

lead on intellectual abilities is substantial. Despite the dramatic reductions in blood lead levels, lead toxicity

accounts for an estimated total loss of 23 million IQ points among a 6-year cohort of contemporary US

children.

Focusing e�orts on children who have blood lead concentrations ≥5 µg/dL (≥50 ppb) is e�cient but will fail to

preserve the majority of lost IQ points in US children. The prevention paradox refers to the concept that most

disease or disability occurs in low- to moderate-risk groups. Children who have blood lead concentrations ≥5

µg/dL (≥50 ppb) will, on average, experience a lead-associated IQ de�cit of 6.1 points, an IQ de�cit much larger

than that of children who have lower blood lead concentrations (Fig 2). Still, if the focus is only on reducing

exposures for children who have a blood lead concentration ≥5 µg/dL (≥50 ppb), we will fail to preserve more
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than 20 million (>80% of total) of the 23 million IQ points lost among US children with lower lead exposure

because there are so many more children who have low to moderate blood lead concentrations (Fig 2). No

therapeutic interventions currently exist for low blood lead concentrations; therefore, prevention of exposure

is paramount. For these reasons, this statement focuses heavily on how pediatricians can help prevent lead

exposure in children.
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FIGURE 2

Prevention paradox. The majority of IQ points lost due to lead exposure occur in children who have low to moderate blood

lead levels. Using the current reference value of 5 µg/dL, we will protect only 3.1 million IQ points (about 13% of the total).

Adapted from Bellinger.

Elevated blood lead concentrations can result in the development of behavioral problems in children,

including inattention, impulsivity, aggression, and hyperactivity.  In a nationally representative study of 8-

to 15-year-old US children, Froehlich et al  found that having a blood lead concentration >1.3 µg/dL (>13 ppb)

was associated with an elevated risk for attention-de�cit/hyperactivity disorder (ADHD). Children with a blood

lead concentration in the lowest tertile (<0.7 µg/dL, or <7 ppb) exhibited, on average, 1 symptom of ADHD,
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whereas children with a blood lead concentration in the highest tertile (>1.3 µg/dL, or >13 ppb) exhibited 3

symptoms. Some critics have argued that these “subtle” shifts in behavioral symptoms are inconsequential,

but this shift in the population distribution of ADHD symptoms led to an increase in the percentage of children

who met criteria for ADHD from 5% to 13%. Approximately 1 in 5 cases of ADHD among US children have been

attributed to lead exposure.

Antisocial behaviors, including conduct disorder, delinquency, and criminal behaviors, can result from a

variety of risk factors, but there is substantial evidence that lead toxicity is 1 of the major risk factors for their

development.  Needleman et al  found that adolescents who had higher bone lead concentrations had

higher scores for delinquency and aggression. In a meta-analysis of 16 studies, Marcus et al  concluded that

lead exposure, measured via blood lead or bone lead concentrations, was a risk factor for conduct disorder. In

2 prospective longitudinal studies, higher childhood blood lead or tooth lead concentrations resulted in higher

rates of self-reported delinquent behaviors and arrests or convictions.  Reyes  concluded that the

reduction in population mean blood lead concentrations was the major risk factor associated with the decline

in severe violent behaviors over the past 3 decades.

Limited evidence implicates lead exposure in diminished kidney function in adolescents at low levels of

exposure.  Using the NHANES, Fadrowski et al  found that, among 769 adolescents with a median blood

lead concentration of 1.5 µg/dL (15 ppb), a doubling of the concentration led to a signi�cant reduction in the

glomerular �ltration rate. It is not clear whether chronic, low-level lead exposure in childhood or adolescence

is su�cient to result in chronic renal failure or whether it is the cumulative e�ect of a variety of risk factors

that ultimately results in the development of chronic renal failure. Still, this study is consistent with others

linking lead exposure with chronic renal failure in adults.

Lead can cause spontaneous abortion, low birth weight, and reduced growth in children. In a case–control

study of pregnant women in Mexico City with blood lead concentrations that ranged from 1.3 µg/dL (13 ppb)

to 29 (290 ppb) µg/dL, the odds for spontaneous abortion increased by 1.8 for every 5-µg/dL (50-ppb) increase

in maternal blood lead concentration.  Early studies that examined the association of prenatal lead exposure

and low birth weight or preterm birth, measured via either maternal or cord blood lead concentrations, found

inconsistent results. However, in a large cohort involving more than 34 000 live births, investigators found that

a 5-µg/dL (50-ppb) increase in blood lead concentrations was associated with a 61-g decrement in birth

weight.  The National Toxicology Program concluded that maternal blood lead concentrations <5 µg/dL (<50

ppb) are associated with lower birth weight.

Preventing Lead Toxicity

Despite historical reductions in children’s blood lead concentrations, preventing childhood lead toxicity

remains a major public health priority in the United States. Many children who live in older, poorly maintained
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housing or older housing that undergoes renovation are at high risk for lead exposure. In the NHANES

conducted from 2007 to 2010, approximately 2.6% of preschool children in the United States had a blood lead

concentration ≥5 µg/dL (≥50 ppb), which represents about 535 000 US children 1 to 5 years of age.  Children

who lived in older housing units experienced an increased risk for having a blood lead concentration in excess

of 5 µg/dL (50 ppb); 15% of US children who lived in housing units built before 1950 had a blood lead

concentration ≥5 µg/dL (≥50 ppb), whereas 4.2% of children who lived in housing built between 1950 and 1978

had a blood lead concentration ≥5 µg/dL (≥50 ppb), compared with 2.1% of children who lived in housing units

built after 1978.  No treatments have been shown to be e�ective in ameliorating the permanent

developmental e�ects of lead toxicity.  Finally, the economic costs of childhood lead toxicity are substantial.

Despite the historical reductions in blood lead concentrations, it has been estimated that the annual cost of

childhood lead exposure in the United States is $50 billion.  For every $1 invested to reduce lead hazards in

housing units, society would bene�t by an estimated $17 to $221, a cost–bene�t ratio that is comparable with

the cost–bene�t ratio for childhood vaccines.

The key to preventing lead toxicity in children is identi�cation and elimination of the major sources of lead

exposure. Primary prevention of lead exposure is now widely recognized as the optimal strategy because of

the irreversible e�ects of low-level lead toxicity.  The primary prevention approach contrasts with practices

and policies that too often have relied predominantly on detection of lead exposure only after children

develop elevated blood lead concentrations.

Sources and Variability of Lead Exposure

Lead ingestion and absorption are dynamic during the �rst 2 years of life. Blood lead concentrations of

children who live in lead-contaminated environments typically increase rapidly between 6 and 12 months of

age, peak between 18 and 36 months of age, and then gradually decrease.  The peak in children’s blood lead

concentrations stems from the con�uence of normal mouthing behaviors and increasing mobility.  Younger

children also absorb lead more e�ciently than older children and adults.  Iron de�ciency can also increase

the absorption of lead.

A large number of housing units in the United States contain lead-based paint. In a national survey of housing

conducted in 2011, it was estimated that 37 million (35%) of 106 million housing units contain lead-based

paint.  Lead-based paint is the most common, highly concentrated source of lead exposure for children who

live in older housing.  Paint that was used on both the interior and exterior of houses through the 1950s

contained higher concentrations of lead than that of houses built in later years.  The lead concentration in

paint and other media can be measured by using a hand-held instrument called the x-ray �uorescence (XRF)

spectrum analyzer or by chemically analyzing paint chips.
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The US Department of Housing and Urban Development (HUD) de�nes lead-based paint as an XRF reading ≥1

µg/cm  or 5000 ppm of lead in a paint chip.  The presence of lead-based paint is not as predictive of

childhood lead exposure as a lead paint hazard. A lead paint hazard is de�ned by the EPA as “any condition

that causes exposure to lead from contaminated dust, lead-contaminated soil, or lead-contaminated paint

that is deteriorated, or the presence of accessible (or chewable) surfaces, friction surfaces or impact surfaces

that would result in adverse human health e�ects.”

Age of the housing is a major determinant of lead paint hazards. For housing built from 1978 to 1998, 2.7%

contained one or more lead paint hazards, whereas the prevalence of residential hazards increased to 11.4%

of housing built from 1960 to 1977, 39% of housing built from 1940 to 1959, and 67% of housing units built

before 1940.  Federal regulations for de�ning a lead paint hazard in house dust are obsolete. Federal

agencies have set environmental lead standards to protect children from having a blood lead concentration

≥10 µg/dL (≥100 ppb), but it is now recognized that there is no safe level of lead exposure. Therefore, because

the current standards for lead in house dust, water, and soil remain too high to protect children,  the

percentage of housing that contains one or more lead paint hazards described above is an underestimate.

Lead-based paint is the major source of lead, but ingestions of lead-contaminated house dust and residential

soil are the major pathways for exposure (Fig 3).  House dust, which can be contaminated by small

particles of lead-based paint or track-in of lead-contaminated soil, is a major pathway of lead exposure for

children who live in older, poorly maintained housing.  Ingestions of lead-contaminated house dust and soil

are also the primary pathways of exposure for children who live in homes that were recently abated or

renovated.
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FIGURE 3

Contribution of lead exposure to children’s blood lead concentrations. Adapted from Lanphear et al  and Spanier et al.

Sampling house dust for lead hazards involves using a special wipe to sample a speci�ed area, such as the

�oor, which is readily accessible to a child, or a window sill or window trough.  Windows are often more

heavily contaminated than �oors because exterior paints often contained higher concentrations of lead, and

window troughs can act as reservoirs. Sampling house dust for lead is used to screen older housing units that

may contain lead hazards at the time of purchase or rental and before occupancy; to conduct a full risk

assessment that involves extensive sampling of settled dust in housing units that failed a lead hazard screen

or where there is a high probability of a lead hazard; and to conduct clearance testing after repair or

renovation of painted surfaces and after lead abatement, to verify that the housing unit is safe for occupancy

(Table 3).

TABLE 3

Common Sources of Lead Exposure
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Lead-contaminated soil is an important source of lead intake for children.  Lead-contaminated soil can

directly contribute to children’s blood lead concentrations via soil ingestion and indirectly from soil tracked

indoors on shoes, which then contaminates house dust (Fig 3). Former mine and smelter communities present

a particular risk to children for the ingestion of lead-contaminated soil, but lead in urban soil also is often

heavily contaminated from the past use of leaded gasoline and paints. Other sources of lead in soil include

weathering of lead-based exterior paint and nearby renovation or demolition activity. Soil testing is usually

performed in areas where children play and the foundation perimeter. The EPA standards are 400 µg of lead

per gram of soil for play areas and 1200 µg/g for the foundation perimeter.  Children’s blood lead

concentrations increase by approximately 3.8 µg/dL (38 ppb) for every 1000-ppm increase in soil lead

concentration.

Water is an important but often overlooked source of exposure for children, especially for infants who are

formula fed.  Water typically contributes to approximately 20% of a child’s blood lead concentrations if

the water lead concentration exceeds 5 ppb (Fig 3).  The contribution of lead from water can be much higher

for some children, especially for infants who ingest large quantities of tap water.  Children who reside in

communities with lead service lines and inadequate anticorrosion control are also at increased risk for

elevated blood lead concentrations.

Phasing out leaded gasoline and creating stricter national air lead standards led to large reductions in the

contribution of airborne lead to children’s blood lead concentrations. Still, in some communities, such as those

surrounding regional airports, airborne lead is an important source of lead exposure. Airborne lead is ingested

primarily after it settles in house dust and soil where children play. Current sources of airborne lead include

lead battery recycling operations, piston engine aircraft, and incinerators.  The contributions of airborne lead

to children’s blood lead concentrations are proportionately greater at the lower levels of exposure than at

higher levels.

Other sources of lead intake for children have been identi�ed, such as nutritional supplements and folk

medicines, ceramic dishware, and cosmetics  (Table 3). Lead brought into the home from a worksite by a

parent can also be a major source of exposure for some children.  Consumer products such as children’s

toys, lunch boxes, crayons, and lipstick that are contaminated with lead have received a great deal of

attention. These products constitute a small source of lead intake for most children, but they can be the major

source for an individual child. Moreover, because lead exposure is cumulative and there is no apparent

threshold for the adverse e�ects of lead exposure, all sources of lead exposure should be eliminated. It is the

responsibility of the relevant federal agencies, such as the CPSC and the Food and Drug Administration (FDA),

to promulgate and enforce standards that will protect children from lead-contaminated consumer products.

Residential Standards for Lead in Paint, Dust, and Water

Lead in Paint and Dust
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Under section 403 of Title X, the US Congress mandated the EPA to promulgate residential health-based lead

standards that are designed to protect children from lead toxicity.  Standards are necessary to identify lead

hazards before a child is unduly exposed and to identify the source of lead exposure for children who have

blood lead concentrations ≥5 µg/dL (≥50 ppb).  Unless performed carefully, attempts to reduce lead

exposure, such as abatement, repair, or renovation, can result in increased contamination and elevation in a

child’s blood lead concentration.  Dust clearance tests, which involve collecting dust from �oors or

windows of a home by using a lead-free material that resembles a baby wipe, should be conducted after

extensive repair, renovation, or abatement of older housing units to determine whether the housing

intervention was su�cient to protect children from lead hazards, especially in housing units built before

1960.  Property owners are required to disclose possible presence of lead-based paint in properties built

before 1978 and are required to provide the blue pamphlet from the EPA, HUD, and Consumer Product Safety

Commission titled “Protect Your Family From Lead in Your Home” at the time of rental or sale.

Most existing lead standards fail to protect children (Table 4). In 1978, the CPSC set the maximum paint lead

concentration at 0.06% (600 ppm), because there was evidence that paint could be manufactured with this

lower level of contamination.  Similarly, the EPA’s action level of 15 ppb of lead in water, which is used to

regulate water systems in the United States, is routinely (but erroneously) used as a health-based standard; it

was not intended as a health-based standard, nor does it adequately protect children or pregnant women

from adverse e�ects of lead exposure.  In 1988, the HUD established a postabatement �oor dust standard

of 200 µg/ft  because there was evidence that it was feasible to attain, not because it was demonstrated to be

safe or protective. In 2001, the EPA promulgated residential lead standards of 40 µg/ft  for �oors and 250

µg/ft  for window sills.  Unfortunately, these standards, which failed to protect children from having a blood

lead concentration ≥10 µg/dL (≥100 ppb) when they were �rst promulgated, dictate the levels of lead

contamination considered “normal” or “low,” and they provide an illusion of safety.  At a �oor standard of

40 µg/ft , the current EPA standard for �oors, 50% of children were estimated to have a blood lead

concentration ≥5 µg/dL (≥50 ppb); 5% of children have a blood lead concentration ≥5 µg/dL (≥50 ppb) at a

median �oor dust lead level of 1.5 µg/ft  (Fig 4).

TABLE 4

Federal Standards for Lead in House Paint, House Dust, Soil, Water, Air, and Candy
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FIGURE 4

Estimated probability of blood lead concentrations ≥5 µg/dL for children living in pre-1978 housing by �oor dust lead level,

NHANES, 1999–2004. CI, con�dence interval. Adapted from Dixon et al.

Scraping, sanding, or construction during painting, repair, renovation, or abatement of older housing can

result in lead contamination of a child’s environment.  In a controlled study of children with baseline

blood lead concentrations <22 µg/dL (<220 ppb), Aschengrau et al  reported a 6.5-µg/dL (65-ppb) increase in

blood lead concentrations for children whose homes had undergone paint abatement. Clark et al  reported

that 6-month-old infants were 11 times more likely to have a ≥5 µg/dL (≥50 ppb) increase in blood lead

concentrations after abatement compared with older children. Spanier et al  reported that routine

renovation of older housing was associated with a 12% higher mean blood lead concentration. These studies

indicate that the levels of lead-contaminated dust generated by lead hazard control work or housing

renovations can result in excessive lead exposure and absorption for children unless there is su�cient

cleanup and clearance testing after the work is completed. The HUD has published technical guidelines and

regulations for workers involved in lead-based paint abatement or remediation of housing.
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In 1992, the US Congress mandated the EPA to promulgate regulations to protect children from lead exposure

resulting from housing repairs and renovation.  In 2011, the EPA �nalized recommendations for the Lead

Renovation, Repair and Painting Rule.  Unfortunately, the EPA failed to recommend the validated wipe-

sampling method for clearance testing. Instead, it used an unvalidated cloth test, which should not be

confused with the validated wipe sampling test. The white cloth test assumes that if dust is visible on a white

cloth (ie, the “white glove test”), it contains a lead hazard; conversely, if there is no visible dust, it does not

contain a lead hazard.  Although it would be valuable to have a quick test to identify the presence of a lead

hazard, the white cloth test is not a validated tool and is not a reliable way to quantify the presence of a lead

hazard.

Lead hazard control work can result in sizable reductions in the magnitude of dust lead loading when proper

procedures are followed and cleanup and postwork clearance testing are performed. In 1 study, dust lead

levels (measured as micrograms of lead per area) immediately after professional abatement were 8.5 µg/ft ,

8.0 µg/ft , and 21 µg/ft  for �oors, interior window sills, and window troughs, respectively, representing

reductions of more than 80% compared with preabatement levels.  In another study of more than 2600

housing units, postabatement dust lead levels were 12 µg/ft , 31 µg/ft , and 32 µg/ft  for �oors, window sills

and window troughs, respectively.  These levels were achieved with dust clearance testing set at 100 µg/ft  or

higher, but �oor dust lead levels below 5 μg/ft  can be achieved by following a speci�c protocol. In 1

unpublished study of more than 160 housing units built before 1978, 1 group found that it is possible to

routinely meet �oor lead levels below 5 µg/ft  after housing renovations costing an average of $5600 (B.

Lanphear, MD, MPH, Simon Fraser University, unpublished data).

Lead in Water

The primary sources of lead in water, which can be dissolved or particulate, consist of lead service lines, lead

solder, and brass �ttings that contain high concentrations of lead.  Plumbing installed before 1986, the year a

federal ban was issued on using lead pipe and lead solder and a maximum lead content of 8% by weight for

brass plumbing was established, is more likely to contain higher concentrations of lead.  Lead services lines

that are being replaced, are undergoing maintenance, or are damaged can release particles of lead that can

be ingested.  Partial service line replacement, which is sometimes performed to minimize the cost of service

line repair by water authorities, fails to reduce lead exposure.  Proper maintenance and ultimately full

replacement of water service lines will be necessary to eliminate lead intake from water, but it must be

performed with proper precautions. In the interim, water �lters that are certi�ed by the National Sanitation

Foundation for lead removal can e�ectively reduce water lead concentrations. The EPA recommends running

the cold water of residential units for up to 2 minutes to �ush the lead leached from pipes out of the plumbing

system, but �ushing is useful only in housing units without lead service lines.  In housing units without

lead service lines, and where the primary source is brass �ttings or lead-soldered joints, a 1-minute �ush may

be su�cient, depending on the length of plumbing; for housing units with lead service lines, �ushing may

increase lead exposure, again depending on the length of the lead service lines.
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Drinking fountains in older schools can be an important source of lead exposure.  Unfortunately, there are no

regulations for evaluating lead contamination of school drinking fountains in most states.

Implementation of the Lead and Copper Rule has signi�cantly reduced tap water lead levels. In 1991, the US

EPA set an action level for lead in water of 15 µg/L or (15 ppb).  Communities in which >10% of water samples

taken from various taps throughout the system exceed 15 ppb are considered to be out of compliance and are

required by the EPA to take action to reduce lead levels using corrosion control methods or replacement of

lead service lines. The action level is used as an administrative tool to evaluate community-level exposure; it is

not a health-based standard. The maximum contaminant level goal, the value the EPA deems acceptable for

health, is 0.

Testing Asymptomatic Children for Elevated Blood Lead Concentrations

In the primary care o�ce, primary prevention begins with education and counseling. Ideally, environmental

assessments, such as screening older housing units, occurs before a child is born so that parents can identify

and hire trained workers to abate environmental lead exposure hazards.  It is especially important to

conduct an environmental assessment for lead if a family resides in a housing unit built before 1960 that has

undergone recent renovation, repair, or painting or if it is poorly maintained.

Screening questionnaires frequently used in the primary care setting fail to identify children who have

elevated blood lead concentrations,  but they may be useful as a tool to identify lead hazards in children who

have a blood lead concentration ≥5 μg/dL (≥50 ppb). In addition, public health agencies often use other

methods of targeting children who should be screened with a blood lead test on the basis of community and

residential characteristics, such as older housing. Blood lead surveillance data can be used to identify cities,

communities, or housing units at higher than typical risk for lead poisoning. Technologies using geographic

information system–based analyses and surveillance from electronic medical records are important tools to

identify at-risk children who should have their blood lead concentration measured.

In 1991, the CDC recommended universal blood lead testing for all children.  In 2005, the AAP recommended

that states and cities formulate their own lead screening recommendations on the basis of local data because

of the wide variation in lead exposure.  The AAP, consistent with the CDC, recommended universal screening

of children’s blood for lead if they lived in communities with more than 27% of housing built before 1950 or a

prevalence of blood lead concentrations ≥10 µg/dL in children 12 to 36 months old of 12% or greater.

Screening is not e�cient after 36 months of age unless speci�c high-risk factors are identi�ed; the likelihood

of a child having a blood lead concentration >10 μg/dL after 36 months of age is low.  These

recommendations now need to be updated to conform to with our new understanding of lead toxicity.

A detailed evaluation and follow-up of children who have blood lead concentrations <10 μg/dL (<100 ppb) is

now indicated. Current federal regulations for clinical laboratory testing through the Clinical Laboratory

Improvement Amendments of 1988  permit an allowable laboratory error in blood lead pro�ciency testing
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programs of ±4 μg/dL (±40 ppb) for blood lead concentrations ≤20 μg/dL (≤200 ppb). This range of error can

result in children being misclassi�ed and cause additional anxiety or false comfort when blood lead

concentrations within the margin of error erroneously are interpreted as going up or down. The majority of

laboratories analyzing blood lead reference materials routinely achieved laboratory error of ±2 μg/dL (±20

ppb) at blood lead concentrations ≤20 μg/dL (≤200 ppb).  Changing the allowable laboratory error to tighter

performance requirements, such as ±2 μg/dL (±20 ppb), could decrease misclassi�cation of children and lead

to better allocation of health care resources.

Case Management of Children With a Blood Lead Concentration at or Above Reference Value

The AAP is adopting the current reference value of ≥5 μg/dL (≥50 ppb) for case management.  The CDC

recommended that the 97.5th percentile of blood lead concentrations derived from the combination of the 2

most recent cycles of NHANES data be used to identify children who have unacceptably high exposure and to

set public health goals.  The CDC will reconsider the reference value for children’s blood lead concentrations

every 4 years.

After con�rmatory testing, it is important to monitor children who have blood lead concentrations ≥5 μg/dL

(≥50 ppb). The pediatrician should inform the local or state health department and request an inspection of

the child’s house to identify and remediate any lead hazards (Table 4). Screening children for iron de�ciency

and insu�cient dietary calcium intake is also important.  A detailed description of the diagnosis and

treatment of signi�cant lead toxicity (ie, ≥45 μg/dL [≥450 ppb]) is beyond the scope of this policy statement,

but guidance is available in an earlier publication of the AAP  and through the Pediatric Environmental Health

Specialty Units Web site (www.pehsu.net) (Table 5). Children who have elevated blood lead concentrations

need to be monitored until environmental investigations and remediation are complete and blood lead

concentrations decline.

TABLE 5

AAP Recommendations on Management of Childhood Lead Exposure and Poisoning

The AAP recognizes that environmental investigations will typically be conducted by local or state health or

environmental departments to identify sources of lead exposure for a child who has a blood lead

concentration ≥5 µg/dL (≥50 ppb). In many cases, however, the pediatrician can provide clues about possible

sources of lead intake by taking a careful history.

Case management involves a thorough investigation of potential sources of lead poisoning in a child’s

environment, including paint, house dust, water, and soil. Case management also includes a questionnaire

and visual inspection for other potential sources of lead exposure, including antique furniture, toys, ethnic folk

remedies, and consumer products such as imported food, cosmetics, and ceramics.  It can include

testing deteriorated paint on furniture, such as a crib, taking dust samples from child care settings or a family

member’s house, and taking soil samples from a child’s play area.
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Summary and Recommendations

Lead toxicity results in substantial, population-level e�ects on children’s intellectual abilities, academic

abilities, problem behaviors, and birth weight. Pediatricians may be well equipped to advocate for more

stringent regulations to reduce sources of lead exposure and prevent childhood lead exposure. The AAP

recognizes the importance of a variety of educational, enforcement, and environmental actions to reduce the

number of children who are exposed to lead hazards and concur with recent detailed recommendations for

prioritization of primary prevention of lead toxicity.  The AAP o�ers the following recommendations for

government as well as pediatricians, other health care providers, and public health o�cials.

Recommendations for Government

1. The federal government should expand the resources currently o�ered by the HUD to local and state

governments for lead hazard control work.

2. The federal government should provide both �nancial and non�nancial resources and technical guidance

through the CDC, the EPA, and the HUD to state and local public health agencies as well as environmental

and housing agencies engaged in childhood lead poisoning prevention e�orts.

3. The US EPA and HUD should review their protocols for identifying and mitigating residential lead hazards

(eg, lead-based paint, dust, and soil) and lead-contaminated water from lead service lines or lead solder and

revise downward the allowable levels of lead in house dust, soil, paint, and water to conform with the

recognition that there are no safe levels of lead.

4. The federal government should resume and expand its vital role in providing federal public health

leadership in childhood lead poisoning prevention work through the CDC. Allocation of additional resources

would be necessary to accomplish this goal.

5. The Centers for Medicare & Medicaid Services, which is responsible for regulating clinical laboratory testing

through the Clinical Laboratory Improvement Amendments of 1988,  should expeditiously revise current

regulations for allowable laboratory error permitted in blood lead pro�ciency testing programs from ±4

μg/dL (±40 ppb) to ±2 μg/dL (±20 ppb) for blood lead concentrations ≤20 μg/dL (≤200 ppb).  In the future,

when feasible, allowable laboratory error permitted in blood lead pro�ciency testing programs should be

reduced even more, to ±1 μg/dL (±10 ppb) for blood lead concentrations ≤20 μg/dL (≤200 ppb).

6. The federal government should continue to conduct the NHANES and provide national data on trends in

blood lead concentrations. These newer data should be used by the CDC to periodically formulate a new

reference value and guide clinical and public health interventions.

7. The federal government should continue to regularly survey children and adolescents in the NHANES for

ADHD and conduct disorder by using validated diagnostic surveys from the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition to examine the association of lower blood lead concentrations with these

conditions.

8. Local or state governments, in consultation with pediatricians, should develop policies and regulations

requiring the remediation of lead-contaminated housing and child care facilities, including the elimination of
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lead hazards during transfer of rental units or renovation or demolition of older housing.

9. State and local governments should collect, analyze, and publish blood lead test results performed in their

jurisdictions and should regularly publish reports of age of housing and other risk factors for children having

blood lead concentrations ≥5 µg/dL (≥50 ppb). These reports should be readily available to pediatricians,

health care providers, and the public.

10. Federal, state, and local governments should provide resources for environmental evaluations and case

management of children who have blood lead concentrations ≥5 µg/dL (≥50 ppb), in conjunction with the

child’s primary care provider.

11. State and local governments should take steps to ensure that water fountains in schools do not exceed

water lead concentrations of 1 ppb.

Recommendations for Pediatricians, Health Care Providers, and Public Health O�cials

1. Pediatricians are in a unique position to work with public health o�cials to conduct surveys of blood lead

concentrations among a randomly selected, representative sample of children in their states or

communities at regular intervals to identify trends in blood lead concentrations. These periodic surveys are

especially important for children who live in highly contaminated communities, such as smelter

communities or regions with a historically high prevalence of lead exposure.

2. Pediatricians, heath care providers, and public health o�cials should routinely recommend individual

environmental assessments of older housing,  particularly if a family resides in a housing unit built before

1960 that has undergone recent renovation, repair, or painting or that has been poorly maintained.

3. Pediatricians and public health o�cials should advocate for the promulgation and enforcement of strict

legal standards based on empirical data that regulate allowable levels of lead in air, water, soil, house dust,

and consumer products. These standards should address the major sources of lead exposure, including

industrial emissions, lead paint in older housing, lead-contaminated soil, water service lines, and consumer

products.

4. Pediatricians should be familiar with collection and interpretation of reports of lead hazards found in house

dust, soil, paint, and water, or they should be able to refer families to a pediatrician, health care provider, or

specialist who is familiar with these tools.

5. Pediatricians, women’s health care providers, and public health o�cials should be familiar with federal,

state, local, and professional recommendations or requirements for screening children and pregnant

women for lead poisoning.

6. Pediatricians and other primary care providers should test asymptomatic children for elevated blood lead

concentrations according to federal, local, and state requirements. Immigrant, refugee, and internationally

adopted children also should be tested for blood lead concentrations when they arrive in the United States

because of their increased risk.  Blood lead tests do not need to be duplicated, but the pediatrician or

other primary care provider should attempt to verify that screening was performed elsewhere and

determine the result before testing is deferred during the o�ce visit.

7. Pediatricians and other primary care health providers should conduct targeted screening of children for

elevated blood lead concentrations if they are 12 to 24 months of age and live in communities or census
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block groups with ≥25% of housing built before 1960 or a prevalence of children’s blood lead concentrations

≥5 μg/dL (≥50 ppb) of ≥5%.

8. Pediatricians and other primary care providers should test children for elevated blood lead concentrations if

they live in or visit a home or child care facility with an identi�ed lead hazard or a home built before 1960

that is in poor repair or was renovated in the past 6 months.

9. Pediatricians and primary care providers should work with their federal, state, and local governments to

ensure that a comprehensive environmental inspection is conducted in the housing units of children who

have blood lead concentrations ≥5 µg/dL (≥50 ppb) and that they receive appropriate case management.

LEAD AUTHOR

Bruce Perrin Lanphear, MD, MPH, FAAP

COUNCIL ON ENVIRONMENTAL HEALTH EXECUTIVE COMMITTEE, 2015–2016

Jennifer A. Lowry, MD, FAAP, Chairperson

Samantha Ahdoot, MD, FAAP

Carl R. Baum, MD, FACMT, FAAP

Aaron S. Bernstein, MD, MPH, FAAP

Aparna Bole, MD, FAAP

Heather Lynn Brumberg, MD, MPH, FAAP

Carla C. Campbell, MD, MS, FAAP

Bruce Perrin Lanphear, MD, MPH, FAAP

Susan E. Pacheco, MD, FAAP

Adam J. Spanier, MD, PhD, MPH, FAAP

Leonardo Trasande, MD, MPP, FAAP

FORMER EXECUTIVE COMMITTEE MEMBERS

Kevin C. Osterhoudt, MD, MSCE, FAAP

Jerome A. Paulson, MD, FAAP

7,12



Megan T. Sandel, MD, MPH, FAAP

CONTRIBUTOR

Paul Thomas Rogers, MD, FAAP

LIAISONS

John M. Balbus, MD, MPH – National Institute of Environmental Health Sciences

Todd A. Brubaker, DO – Section on Medical Students, Residents, and Fellowship Trainees

Nathaniel G. DeNicola, MD, MSc – American College of Obstetricians and Gynecologists

Ruth Ann Etzel, MD, PhD, FAAP – US Environmental Protection Agency

Mary Ellen Mortensen, MD, MS – CDC/National Center for Environmental Health

Mary H. Ward, PhD – National Cancer Institute

STAFF

Paul Spire

Footnotes

Accepted May 5, 2016.

This document is copyrighted and is property of the American Academy of Pediatrics and its Board of

Directors. All authors have �led con�ict of interest statements with the American Academy of

Pediatrics. Any con�icts have been resolved through a process approved by the Board of Directors.

The American Academy of Pediatrics has neither solicited nor accepted any commercial involvement in

the development of the content of this publication.

Policy statements from the American Academy of Pediatrics bene�t from expertise and resources of

liaisons and internal (AAP) and external reviewers. However, policy statements from the American

Academy of Pediatrics may not re�ect the views of the liaisons or the organizations or government

agencies that they represent.

The guidance in this statement does not indicate an exclusive course of treatment or serve as a

standard of medical care. Variations, taking into account individual circumstances, may be appropriate.



All policy statements from the American Academy of Pediatrics automatically expire 5 years after

publication unless rea�rmed, revised, or retired at or before that time.

FINANCIAL DISCLOSURE: The authors have indicated they have no �nancial relationships relevant to

this article to disclose.

FUNDING: No external funding.

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential con�icts of

interest to disclose.

References

1. ↵Brown MJ, Margolis S; Centers for Disease Control and Prevention. Lead in drinking water and human blood lead levels

in the United States. MMWR Suppl . 2012;61(4 suppl 1):1–9pmid:22874873 PubMed Google Scholar

2. ↵Annest JL, Pirkle JL, Makuc D, Neese JW, Bayse DD, Kovar MG. Chronological trend in blood lead levels between 1976

and 1980. N Engl J Med . 1983;308(23):1373–1377pmid:6188954 CrossRef PubMed Google Scholar

3. ↵Committee on Toxicology, Assembly of Life Sciences, National Research Council. Recommendations for the prevention

of lead poisoning in children. Nutr Rev . 1976;34(11):321–327pmid:1004799 Abstract/FREE Full Text Google Scholar

4. ↵Consumer Product Safety Commission. Final rule. Children’s products containing lead; determinations regarding lead

content limits on certain materials or products. Fed Regist . 2009;74(164):43031–43042 Available at:

https://www.cpsc.gov/PageFiles/77828/leadcontent.txt. Accessed January 14, 2016 Google Scholar

5. ↵Triantafyllidou S, Edwards M. Lead (Pb) in tap water and in blood: implications for lead exposure in the United States.

Crit Rev Environ Sci Technol . 2012;42(13):1297–1352 CrossRef Google Scholar

6. ↵US Environmental Protection Agency. Drinking water regulations: maximum contaminant level goals and national

primary drinking water regulations for lead and copper; Final Rule. Fed Regist . 1991;56(11):26460–26564 Google Scholar

7. ↵American Academy of Pediatrics Committee on Environmental Health. Lead exposure in children: prevention,

detection, and management. Pediatrics . 2005;116(4):1036–1046pmid:16199720 Abstract/FREE Full Text Google Scholar

8. ↵Yeoh B, Woolfenden S, Lanphear B, Ridley GF, Livingstone N. Household interventions for preventing domestic lead

exposure in children. Cochrane Database Syst Rev . 2012;4(4):CD006047pmid:22513934 PubMed Google Scholar

9. ↵Rico JA, Kordas K, López P, et al. E�cacy of iron and/or zinc supplementation on cognitive performance of lead-exposed

Mexican schoolchildren: a randomized, placebo-controlled trial. Pediatrics . 2006;117(3). Available at:

www.pediatrics.org/cgi/content/full/117/3/e518pmid:16510631 Abstract/FREE Full Text Google Scholar

10. ↵Sargent JD, Dalton MA, O’Connor GT, Olmstead EM, Klein RZ. Randomized trial of calcium glycerophosphate–

supplemented infant formula to prevent lead absorption. Am J Clin Nutr . 1999;69(6):1224–1230pmid:10357743

Abstract/FREE Full Text Google Scholar

11. ↵National Toxicology Program. Monograph on Health E�ects of Low-Level Lead. Research Triangle Park, NC: National

Institute of Environmental Health Sciences; 2012:xiii, xv–148 Google Scholar

https://pediatrics.aappublications.org/lookup/external-ref?access_num=22874873&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=MJ+Brown&author[1]=S+Margolis&author[2]=Centers%20for%20Disease%20Control%20and%20Prevention&title=Lead+in+drinking+water+and+human+blood+lead+levels+in+the+United+States.&publication_year=2012&journal=MMWR+Suppl&volume=61&pages=1-9
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1056/NEJM198306093082301&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=6188954&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=JL+Annest&author[1]=JL+Pirkle&author[2]=D+Makuc&author[3]=JW+Neese&author[4]=DD+Bayse&author[5]=MG+Kovar&title=Chronological+trend+in+blood+lead+levels+between+1976+and+1980.&publication_year=1983&journal=N+Engl+J+Med&volume=308&pages=1373-1377
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6MTY6Im51dHJpdGlvbnJldmlld3MiO3M6NToicmVzaWQiO3M6OToiMzQvMTEvMzIxIjtzOjQ6ImF0b20iO3M6MzI6Ii9wZWRpYXRyaWNzLzEzOC8xL2UyMDE2MTQ5My5hdG9tIjt9czo4OiJmcmFnbWVudCI7czowOiIiO30=
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=Committee%20on%20Toxicology,%20Assembly%20of%20Life%20Sciences,%20National%20Research%20Council&title=Recommendations+for+the+prevention+of+lead+poisoning+in+children.&publication_year=1976&journal=Nutr+Rev&volume=34&pages=321-327
https://www.cpsc.gov/PageFiles/77828/leadcontent.txt
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=Consumer%20Product%20Safety%20Commission&title=Final+rule.+Children%E2%80%99s+products+containing+lead;+determinations+regarding+lead+content+limits+on+certain+materials+or+products.&publication_year=2009&journal=Fed+Regist&volume=74&pages=43031-43042
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1080/10643389.2011.556556&link_type=DOI
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=S+Triantafyllidou&author[1]=M+Edwards&title=Lead+(Pb)+in+tap+water+and+in+blood:+implications+for+lead+exposure+in+the+United+States.&publication_year=2012&journal=Crit+Rev+Environ+Sci+Technol&volume=42&pages=1297-1352
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=US%20Environmental%20Protection%20Agency&title=Drinking+water+regulations:+maximum+contaminant+level+goals+and+national+primary+drinking+water+regulations+for+lead+and+copper;+Final+Rule.&publication_year=1991&journal=Fed+Regist&volume=56&pages=26460-26564
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6MTA6InBlZGlhdHJpY3MiO3M6NToicmVzaWQiO3M6MTA6IjExNi80LzEwMzYiO3M6NDoiYXRvbSI7czozMjoiL3BlZGlhdHJpY3MvMTM4LzEvZTIwMTYxNDkzLmF0b20iO31zOjg6ImZyYWdtZW50IjtzOjA6IiI7fQ==
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=American%20Academy%20of%20Pediatrics%20Committee%20on%20Environmental%20Health&title=Lead+exposure+in+children:+prevention,+detection,+and+management.&publication_year=2005&journal=Pediatrics&volume=116&pages=1036-1046
https://pediatrics.aappublications.org/lookup/external-ref?access_num=22513934&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=B+Yeoh&author[1]=S+Woolfenden&author[2]=B+Lanphear&author[3]=GF+Ridley&author[4]=N+Livingstone&title=Household+interventions+for+preventing+domestic+lead+exposure+in+children.&publication_year=2012&journal=Cochrane+Database+Syst+Rev&volume=4
http://www.pediatrics.org/cgi/content/full/117/3/e518
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6MTA6InBlZGlhdHJpY3MiO3M6NToicmVzaWQiO3M6MTA6IjExNy8zL2U1MTgiO3M6NDoiYXRvbSI7czozMjoiL3BlZGlhdHJpY3MvMTM4LzEvZTIwMTYxNDkzLmF0b20iO31zOjg6ImZyYWdtZW50IjtzOjA6IiI7fQ==
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=JA+Rico&author[1]=K+Kordas&author[2]=P+L%C3%B3pez&title=Efficacy+of+iron+and/or+zinc+supplementation+on+cognitive+performance+of+lead-exposed+Mexican+schoolchildren:+a+randomized,+placebo-controlled+trial.&publication_year=2006&journal=Pediatrics&volume=117
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6NDoiYWpjbiI7czo1OiJyZXNpZCI7czo5OiI2OS82LzEyMjQiO3M6NDoiYXRvbSI7czozMjoiL3BlZGlhdHJpY3MvMTM4LzEvZTIwMTYxNDkzLmF0b20iO31zOjg6ImZyYWdtZW50IjtzOjA6IiI7fQ==/YTozOntzOjQ6InBhdGgiO3M6MzAzOiIvbG9va3VwL2lqbGluay9ZVG96T250ek9qUTZJbkJoZEdnaU8zTTZNVFE2SWk5c2IyOXJkWEF2YVdwc2FXNXJJanR6T2pVNkluRjFaWEo1SWp0aE9qUTZlM002T0RvaWJHbHVhMVI1Y0dVaU8zTTZORG9pUVVKVFZDSTdjem94TVRvaWFtOTFjbTVoYkVOdlpHVWlPM002TkRvaVlXcGpiaUk3Y3pvMU9pSnlaWE5wWkNJN2N6bzVPaUkyT1M4Mkx6RXlNalFpTzNNNk5Eb2lZWFJ2YlNJN2N6b3pNam9pTDNCbFpHbGhkSEpwWTNNdk1UTTRMekV2WlRJd01UWXhORGt6TG1GMGIyMGlPMzF6T2pnNkltWnlZV2R0Wlc1MElqdHpPakE2SWlJN2ZRPT0iO3M6NToicXVlcnkiO2E6MDp7fXM6ODoiZnJhZ21lbnQiO3M6MDoiIjt9
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=JD+Sargent&author[1]=MA+Dalton&author[2]=GT+O%E2%80%99Connor&author[3]=EM+Olmstead&author[4]=RZ+Klein&title=Randomized+trial+of+calcium+glycerophosphate%E2%80%93supplemented+infant+formula+to+prevent+lead+absorption.&publication_year=1999&journal=Am+J+Clin+Nutr&volume=69&pages=1224-1230
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=.+Monograph+on+Health+Effects+of+Low-Level+Lead.+Research+Triangle+Park%2C+NC%3A+National+Institute+of+Environmental+Health+Sciences%3B+2012%3Axiii%2C+xv%E2%80%93148


12. ↵Centers for Disease Control and Prevention, Advisory Committee on Childhood Lead Poisoning Prevention. Low Level
Lead Exposure Harms Children: A Renewed Call for Primary Prevention. Atlanta, GA: Centers for Disease Control and

Prevention; 2012. Available at: www.cdc.gov/nceh/lead/ACCLPP/Final_Document_030712.pdf. Accessed January 14,

2016 Google Scholar

13. ↵Lanphear BP, Dietrich K, Auinger P, Cox C. Cognitive de�cits associated with blood lead concentrations <10 microg/dL in

US children and adolescents. Public Health Rep . 2000;115(6):521–529pmid:11354334 CrossRef PubMed Google Scholar

14. ↵Lanphear BP, Hornung R, Khoury J, et al. Low-level environmental lead exposure and children’s intellectual function: an

international pooled analysis. Environ Health Perspect . 2005;113(7):894–899pmid:16002379 CrossRef PubMed

Google Scholar

15. ↵Bellinger DC. A strategy for comparing the contributions of environmental chemicals and other risk factors to

neurodevelopment of children. Environ Health Perspect . 2012;120(4):501–507pmid:22182676 PubMed Google Scholar

16. ↵Needleman HL, Riess JA, Tobin MJ, Biesecker GE, Greenhouse JB. Bone lead levels and delinquent behavior. JAMA .

1996;275(5):363–369pmid:8569015 CrossRef PubMed Google Scholar

17. ↵Froehlich TE, Lanphear BP, Auinger P, et al. The association of tobacco and lead exposure with attention-

de�cit/hyperactivity disorder. Pediatrics . 2009;124(6). Available at:

www.pediatrics.org/cgi/content/full/124/6/e1054pmid:19933729 Abstract/FREE Full Text Google Scholar

18. ↵Nigg JT, Knottnerus GM, Martel MM, et al. Low blood lead levels associated with clinically diagnosed attention-

de�cit/hyperactivity disorder and mediated by weak cognitive control. Biol Psychiatry . 2008;63(3):325–

331pmid:17868654 CrossRef PubMed Google Scholar

19. ↵Dietrich KN, Ris MD, Succop PA, Berger OG, Bornschein RL. Early exposure to lead and juvenile delinquency.

Neurotoxicol Teratol . 2001;23(6):511–518pmid:11792521 CrossRef PubMed Google Scholar

20. ↵Wright JP, Dietrich KN, Ris MD, et al. Association of prenatal and childhood blood lead concentrations with criminal

arrests in early adulthood. PLoS Med . 2008;5(5):e101pmid:18507497 CrossRef PubMed Google Scholar

21. ↵Fergusson DM, Boden JM, Horwood LJ. Dentine lead levels in childhood and criminal behaviour in late adolescence and

early adulthood. J Epidemiol Community Health . 2008;62(12):1045–1050pmid:18413435 Abstract/FREE Full Text

Google Scholar

22. ↵Marcus DK, Fulton JJ, Clarke EJ. Lead and conduct problems: a meta-analysis. J Clin Child Adolesc Psychol . 2010;39(2):234–

241pmid:20390814 CrossRef PubMed Google Scholar

23. ↵Reyes JW. Environmental policy as social policy? The impact of childhood lead exposure on crime. BE J Econ Anal Policy .

2007;7(1):1–41 Google Scholar

24. ↵Fadrowski JJ, Navas-Acien A, Tellez-Plaza M, Guallar E, Weaver VM, Furth SL. Blood lead level and kidney function in US

adolescents: the Third National Health and Nutrition Examination Survey. Arch Intern Med . 2010;170(1):75–

82pmid:20065202 CrossRef PubMed Google Scholar

25. ↵Borja-Aburto VH, Hertz-Picciotto I, Rojas Lopez M, Farias P, Rios C, Blanco J. Blood lead levels measured prospectively

and risk of spontaneous abortion. Am J Epidemiol . 1999;150(6):590–597pmid:10489998 Abstract/FREE Full Text

Google Scholar

http://www.cdc.gov/nceh/lead/ACCLPP/Final_Document_030712.pdf
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=.+Low+Level+Lead+Exposure+Harms+Children%3A+A+Renewed+Call+for+Primary+Prevention.+Atlanta%2C+GA%3A+Centers+for+Disease+Control+and+Prevention%3B+2012.+Available+at%3A+www.cdc.gov%2Fnceh%2Flead%2FACCLPP%2FFinal_Document_030712.pdf.+Accessed+January+14%2C+2016
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1093/phr/115.6.521&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=11354334&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=BP+Lanphear&author[1]=K+Dietrich&author[2]=P+Auinger&author[3]=C+Cox&title=Cognitive+deficits+associated+with+blood+lead+concentrations+%3C10+microg/dL+in+US+children+and+adolescents.&publication_year=2000&journal=Public+Health+Rep&volume=115&pages=521-529
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1289/ehp.7688&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=16002379&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=BP+Lanphear&author[1]=R+Hornung&author[2]=J+Khoury&title=Low-level+environmental+lead+exposure+and+children%E2%80%99s+intellectual+function:+an+international+pooled+analysis.&publication_year=2005&journal=Environ+Health+Perspect&volume=113&pages=894-899
https://pediatrics.aappublications.org/lookup/external-ref?access_num=22182676&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=DC+Bellinger&title=A+strategy+for+comparing+the+contributions+of+environmental+chemicals+and+other+risk+factors+to+neurodevelopment+of+children.&publication_year=2012&journal=Environ+Health+Perspect&volume=120&pages=501-507
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1001/jama.1996.03530290033034&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=8569015&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=HL+Needleman&author[1]=JA+Riess&author[2]=MJ+Tobin&author[3]=GE+Biesecker&author[4]=JB+Greenhouse&title=Bone+lead+levels+and+delinquent+behavior.&publication_year=1996&journal=JAMA&volume=275&pages=363-369
http://www.pediatrics.org/cgi/content/full/124/6/e1054
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6MTA6InBlZGlhdHJpY3MiO3M6NToicmVzaWQiO3M6MTE6IjEyNC82L2UxMDU0IjtzOjQ6ImF0b20iO3M6MzI6Ii9wZWRpYXRyaWNzLzEzOC8xL2UyMDE2MTQ5My5hdG9tIjt9czo4OiJmcmFnbWVudCI7czowOiIiO30=
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=TE+Froehlich&author[1]=BP+Lanphear&author[2]=P+Auinger&title=The+association+of+tobacco+and+lead+exposure+with+attention-deficit/hyperactivity+disorder.&publication_year=2009&journal=Pediatrics&volume=124
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1016/j.biopsych.2007.07.013&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=17868654&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=JT+Nigg&author[1]=GM+Knottnerus&author[2]=MM+Martel&title=Low+blood+lead+levels+associated+with+clinically+diagnosed+attention-deficit/hyperactivity+disorder+and+mediated+by+weak+cognitive+control.&publication_year=2008&journal=Biol+Psychiatry&volume=63&pages=325-331
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1016/S0892-0362(01)00184-2&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=11792521&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=KN+Dietrich&author[1]=MD+Ris&author[2]=PA+Succop&author[3]=OG+Berger&author[4]=RL+Bornschein&title=Early+exposure+to+lead+and+juvenile+delinquency.&publication_year=2001&journal=Neurotoxicol+Teratol&volume=23&pages=511-518
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1371/journal.pmed.0050101&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=18507497&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=JP+Wright&author[1]=KN+Dietrich&author[2]=MD+Ris&title=Association+of+prenatal+and+childhood+blood+lead+concentrations+with+criminal+arrests+in+early+adulthood.&publication_year=2008&journal=PLoS+Med&volume=5
https://pediatrics.aappublications.
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=DM+Fergusson&author[1]=JM+Boden&author[2]=LJ+Horwood&title=Dentine+lead+levels+in+childhood+and+criminal+behaviour+in+late+adolescence+and+early+adulthood.&publication_year=2008&journal=J+Epidemiol+Community+Health&volume=62&pages=1045-1050
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1080/15374411003591455&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=20390814&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=DK+Marcus&author[1]=JJ+Fulton&author[2]=EJ+Clarke&title=Lead+and+conduct+problems:+a+meta-analysis.&publication_year=2010&journal=J+Clin+Child+Adolesc+Psychol&volume=39&pages=234-241
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=JW+Reyes&title=Environmental+policy+as+social+policy?+The+impact+of+childhood+lead+exposure+on+crime.&publication_year=2007&journal=BE+J+Econ+Anal+Policy&volume=7&pages=1-41
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1001/archinternmed.2009.417&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=20065202&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=JJ+Fadrowski&author[1]=A+Navas-Acien&author[2]=M+Tellez-Plaza&author[3]=E+Guallar&author[4]=VM+Weaver&author[5]=SL+Furth&title=Blood+lead+level+and+kidney+function+in+US+adolescents:+the+Third+National+Health+and+Nutrition+Examination+Survey.&publication_year=2010&journal=Arch+Intern+Med&volume=170&pages=75-82
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6NzoiYW1qZXBpZCI7czo1OiJyZXNpZCI7czo5OiIxNTAvNi81OTAiO3M6NDoiYXRvbSI7czozMjoiL3BlZGlhdHJpY3MvMTM4LzEvZTIwMTYxNDkzLmF0b20iO31zOjg6ImZyYWdtZW50IjtzOjA6IiI7fQ==/YTozOntzOjQ6InBhdGgiO3M6MzA3OiIvbG9va3VwL2lqbGluay9ZVG96T250ek9qUTZJbkJoZEdnaU8zTTZNVFE2SWk5c2IyOXJkWEF2YVdwc2FXNXJJanR6T2pVNkluRjFaWEo1SWp0aE9qUTZlM002T0RvaWJHbHVhMVI1Y0dVaU8zTTZORG9pUVVKVFZDSTdjem94TVRvaWFtOTFjbTVoYkVOdlpHVWlPM002TnpvaVlXMXFaWEJwWkNJN2N6bzFPaUp5WlhOcFpDSTdjem81T2lJeE5UQXZOaTgxT1RBaU8zTTZORG9pWVhSdmJTSTdjem96TWpvaUwzQmxaR2xoZEhKcFkzTXZNVE00THpFdlpUSXdNVFl4TkRrekxtRjBiMjBpTzMxek9qZzZJbVp5WVdkdFpXNTBJanR6T2pBNklpSTdmUT09IjtzOjU6InF1ZXJ5IjthOjA6e31zOjg6ImZyYWdtZW50IjtzOjA6IiI7fQ==
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=VH+Borja-Aburto&author[1]=I+Hertz-Picciotto&author[2]=M+Rojas%20Lopez&author[3]=P+Farias&author[4]=C+Rios&author[5]=J+Blanco&title=Blood+lead+levels+measured+prospectively+and+risk+of+spontaneous+abortion.&publication_year=1999&journal=Am+J+Epidemiol&volume=150&pages=590-597


26. ↵Zhu M, Fitzgerald EF, Gelberg KH, Lin S, Druschel CM. Maternal low-level lead exposure and fetal growth. Environ Health
Perspect . 2010;118(10):1471–1475pmid:20562053 CrossRef PubMed Google Scholar

27. ↵Jones RL, Homa DM, Meyer PA, et al. Trends in blood lead levels and blood lead testing among US children aged 1 to 5

years, 1988–2004. Pediatrics . 2009;123(3). Available at: www.pediatrics.org/cgi/content/full/123/3/e376pmid:19254973

Abstract/FREE Full Text Google Scholar

28. ↵Dietrich KN, Ware JH, Salganik M, et al; Treatment of Lead-Exposed Children Clinical Trial Group. E�ect of chelation

therapy on the neuropsychological and behavioral development of lead-exposed children after school entry. Pediatrics .

2004;114(1):19–26pmid:15231903 Abstract/FREE Full Text Google Scholar

29. ↵Trasande L, Liu Y. Reducing the staggering costs of environmental disease in children, estimated at $76.6 billion in

2008. Health A� (Millwood) . 2011;30(5):863–870pmid:21543421 Abstract/FREE Full Text Google Scholar

30. ↵Gould E. Childhood lead poisoning: conservative estimates of the social and economic bene�ts of lead hazard control.

Environ Health Perspect . 2009;117(7):1162–1167pmid:19654928 CrossRef PubMed Google Scholar

31. ↵Lanphear BP, Hornung R, Ho M, Howard CR, Eberly S, Knauf K. Environmental lead exposure during early childhood

[published correction appears in J Pediatr. 2002;140(4):490]. J Pediatr . 2002;140(1):40–47pmid:11815762 CrossRef

PubMed Google Scholar

32. ↵Ziegler EE, Edwards BB, Jensen RL, Maha�ey KR, Fomon SJ. Absorption and retention of lead by infants. Pediatr Res .

1978;12(1):29–34pmid:643372 CrossRef PubMed Google Scholar

33. ↵Wright RO, Shannon MW, Wright RJ, Hu H. Association between iron de�ciency and low-level lead poisoning in an urban

primary care clinic. Am J Public Health . 1999;89(7):1049–1053pmid:10394314 CrossRef PubMed Google Scholar

34. ↵US Department of Health and Human Services. American Healthy Homes Survey. Lead and Arsenic Findings. O�ce of
Healthy Homes and Lead Hazard Controls . Washington, DC: US Department of Health and Human Services; 2011

Google Scholar

35. ↵Clark CS, Bornschein RL, Succop P, Que Hee SS, Hammond PB, Peace B. Condition and type of housing as an indicator

of potential environmental lead exposure and pediatric blood lead levels. Environ Res . 1985;38(1):46–53pmid:4076111

PubMed Google Scholar

36. ↵US Department of Housing and Urban Development. Guidelines for the Evaluation and Control of Lead-Based Paint
Hazards in Housing . 2nd ed. Washington, DC: US Department of Housing and Urban Development; 2012 Google Scholar

37. ↵US Environmental Protection Agency. 40 CFR part 745. Lead; identi�cation of dangerous levels of lead: �nal rule. Fed
Regist . 2001;66(4):1206–1240 Google Scholar

38. ↵Lanphear BP. The paradox of lead poisoning prevention. Science . 1998;281(5383):1617–1618pmid:9767027

FREE Full Text Google Scholar

39. Sayre JW, Charney E, Vostal J, Pless IB. House and hand dust as a potential source of childhood lead exposure. Am J Dis
Child . 1974;127(2):167–170pmid:4810272 CrossRef PubMed Google Scholar

40. ↵Lanphear BP, Matte TD, Rogers J, et al. The contribution of lead-contaminated house dust and residential soil to

children’s blood lead levels. A pooled analysis of 12 epidemiologic studies. Environ Res . 1998;79(1):51–68pmid:9756680

PubMed Google Scholar

https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1289/ehp.0901561&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=20562053&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=M+Zhu&author[1]=EF+Fitzgerald&author[2]=KH+Gelberg&author[3]=S+Lin&author[4]=CM+Druschel&title=Maternal+low-level+lead+exposure+and+fetal+growth.&publication_year=2010&journal=Environ+Health+Perspect&volume=118&pages=1471-1475
http://www.pediatrics.org/cgi/content/full/123/3/e376
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6MTA6InBlZGlhdHJpY3MiO3M6NToicmVzaWQiO3M6MTA6IjEyMy8zL2UzNzYiO3M6NDoiYXRvbSI7czozMjoiL3BlZGlhdHJpY3MvMTM4LzEvZTIwMTYxNDkzLmF0b20iO31zOjg6ImZyYWdtZW50IjtzOjA6IiI7fQ==
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=RL+Jones&author[1]=DM+Homa&author[2]=PA+Meyer&title=Trends+in+blood+lead+levels+and+blood+lead+testing+among+US+children+aged+1+to+5+years,+1988%E2%80%932004.&publication_year=2009&journal=Pediatrics&volume=123
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6MTA6InBlZGlhdHJpY3MiO3M6NToicmVzaWQiO3M6ODoiMTE0LzEvMTkiO3M6NDoiYXRvbSI7czozMjoiL3BlZGlhdHJpY3MvMTM4LzEvZTIwMTYxNDkzLmF0b20iO31zOjg6ImZyYWdtZW50IjtzOjA6IiI7fQ==
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=KN+Dietrich&author[1]=JH+Ware&author[2]=M+Salganik&author[3]=Treatment%20of%20Lead-Exposed%20Children%20Clinical%20Trial%20Group&title=Effect+of+chelation+therapy+on+the+neuropsychological+and+behavioral+development+of+lead-exposed+children+after+school+entry.&publication_year=2004&journal=Pediatrics&volume=114&pages=19-26
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6OToiaGVhbHRoYWZmIjtzOjU6InJlc2lkIjtzOjg6IjMwLzUvODYzIjtzOjQ6ImF0b20iO3M6MzI6Ii9wZWRpYXRyaWNzLzEzOC8xL2UyMDE2MTQ5My5hdG9tIjt9czo4OiJmcmFnbWVudCI7czowOiIiO30=/YTozOntzOjQ6InBhdGgiO3M6MzA3OiIvbG9va3VwL2lqbGluay9ZVG96T250ek9qUTZJbkJoZEdnaU8zTTZNVFE2SWk5c2IyOXJkWEF2YVdwc2FXNXJJanR6T2pVNkluRjFaWEo1SWp0aE9qUTZlM002T0RvaWJHbHVhMVI1Y0dVaU8zTTZORG9pUVVKVFZDSTdjem94TVRvaWFtOTFjbTVoYkVOdlpHVWlPM002T1RvaWFHVmhiSFJvWVdabUlqdHpPalU2SW5KbGMybGtJanR6T2pnNklqTXdMelV2T0RZeklqdHpPalE2SW1GMGIyMGlPM002TXpJNklpOXdaV1JwWVhSeWFXTnpMekV6T0M4eEwyVXlNREUyTVRRNU15NWhkRzl0SWp0OWN6bzRPaUptY21GbmJXVnVkQ0k3Y3pvd09pSWlPMzA9IjtzOjU6InF1ZXJ5IjthOjA6e31zOjg6ImZyYWdtZW50IjtzOjA6IiI7fQ==
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=L+Trasande&author[1]=Y+Liu&title=Reducing+the+staggering+costs+of+environmental+disease+in+children,+estimated+at+$76.6+billion+in+2008.&publication_year=2011&journal=Health+Aff+(Millwood)&volume=30&pages=863-870
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1289/ehp.0800408&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=19654928&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=E+Gould&title=Childhood+lead+poisoning:+conservative+estimates+of+the+social+and+economic+benefits+of+lead+hazard+control.&publication_year=2009&journal=Environ+Health+Perspect&volume=117&pages=1162-1167
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1067/mpd.2002.120513&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=11815762&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=BP+Lanphear&author[1]=R+Hornung&author[2]=M+Ho&author[3]=CR+Howard&author[4]=S+Eberly&author[5]=K+Knauf&title=Environmental+lead+exposure+during+early+childhood+&publication_year=2002&journal=J+Pediatr&volume=140&pages=40-47
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1203/00006450-197801000-00008&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=643372&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=EE+Ziegler&author[1]=BB+Edwards&author[2]=RL+Jensen&author[3]=KR+Mahaffey&author[4]=SJ+Fomon&title=Absorption+and+retention+of+lead+by+infants.&publication_year=1978&journal=Pediatr+Res&volume=12&pages=29-34
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.2105/AJPH.89.7.1049&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10394314&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=RO+Wright&author[1]=MW+Shannon&author[2]=RJ+Wright&author[3]=H+Hu&title=Association+between+iron+deficiency+and+low-level+lead+poisoning+in+an+urban+primary+care+clinic.&publication_year=1999&journal=Am+J+Public+Health&volume=89&pages=1049-1053
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=.+American+Healthy+Homes+Survey.+Lead+and+Arsenic+Findings.+Office+of+Healthy+Homes+and+Lead+Hazard+Controls.+Washington%2C+DC%3A+US+Department+of+Health+and+Human+Services%3B+2011
https://pediatrics.aappublications.org/lookup/external-ref?access_num=4076111&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=CS+Clark&author[1]=RL+Bornschein&author[2]=P+Succop&author[3]=SS+Que%20Hee&author[4]=PB+Hammond&author[5]=B+Peace&title=Condition+and+type+of+housing+as+an+indicator+of+potential+environmental+lead+exposure+and+pediatric+blood+lead+levels.&publication_year=1985&journal=Environ+Res&volume=38&pages=46-53
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=.+Guidelines+for+the+Evaluation+and+Control+of+Lead-Based+Paint+Hazards+in+Housing.+2nd+ed.+Washington%2C+DC%3A+US+Department+of+Housing+and+Urban+Development%3B+2012
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=US%20Environmental%20Protection%20Agency&title=40+CFR+part+745.+Lead;+identification+of+dangerous+levels+of+lead:+final+rule.&publication_year=2001&journal=Fed+Regist&volume=66&pages=1206-1240
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiRlVMTCI7czoxMToiam91cm5hbENvZGUiO3M6Mzoic2NpIjtzOjU6InJlc2lkIjtzOjEzOiIyODEvNTM4My8xNjE3IjtzOjQ6ImF0b20iO3M6MzI6Ii9wZWRpYXRyaWNzLzEzOC8xL2UyMDE2MTQ5My5hdG9tIjt9czo4OiJmcmFnbWVudCI7czowOiIiO30=/YTozOntzOjQ6InBhdGgiO3M6MzA3OiIvbG9va3VwL2lqbGluay9ZVG96T250ek9qUTZJbkJoZEdnaU8zTTZNVFE2SWk5c2IyOXJkWEF2YVdwc2FXNXJJanR6T2pVNkluRjFaWEo1SWp0aE9qUTZlM002T0RvaWJHbHVhMVI1Y0dVaU8zTTZORG9pUmxWTVRDSTdjem94TVRvaWFtOTFjbTVoYkVOdlpHVWlPM002TXpvaWMyTnBJanR6T2pVNkluSmxjMmxrSWp0ek9qRXpPaUl5T0RFdk5UTTRNeTh4TmpFM0lqdHpPalE2SW1GMGIyMGlPM002TXpJNklpOXdaV1JwWVhSeWFXTnpMekV6T0M4eEwyVXlNREUyTVRRNU15NWhkRzl0SWp0OWN6bzRPaUptY21GbmJXVnVkQ0k3Y3pvd09pSWlPMzA9IjtzOjU6InF1ZXJ5IjthOjA6e31zOjg6ImZyYWdtZW50IjtzOjA6IiI7fQ==
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=BP+Lanphear&title=The+paradox+of+lead+poisoning+prevention.&publication_year=1998&journal=Science&volume=281&pages=1617-1618
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1001/archpedi.1974.02110210017002&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=4810272&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=JW+Sayre&author[1]=E+Charney&author[2]=J+Vostal&author[3]=IB+Pless&title=House+and+hand+dust+as+a+potential+source+of+childhood+lead+exposure.&publication_year=1974&journal=Am+J+Dis+Child&volume=127&pages=167-170
https://pediatrics.aappublications.org/lookup/external-ref?access_num=9756680&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=BP+Lanphear&author[1]=TD+Matte&author[2]=J+Rogers&title=The+contribution+of+lead-contaminated+house+dust+and+residential+soil+to+children%E2%80%99s+blood+lead+levels.+A+pooled+analysis+of+12+epidemiologic+studies.&publication_year=1998&journal=Environ+Res&volume=79&pages=51-68


41. ↵Aschengrau A, Beiser A, Bellinger D, Copenhafer D, Weitzman M. Residential lead-based-paint hazard remediation and

soil lead abatement: their impact among children with mildly elevated blood lead levels. Am J Public Health .

1997;87(10):1698–1702pmid:9357358 CrossRef PubMed Google Scholar

42. ↵Dixon SL, Gaitens JM, Jacobs DE, et al. Exposure of US children to residential dust lead, 1999–2004: II. The contribution

of lead-contaminated dust to children’s blood lead levels. Environ Health Perspect . 2009;117(3):468–474pmid:19337524

CrossRef PubMed Google Scholar

43. ↵Amitai Y, Brown MJ, Graef JW, Cosgrove E. Residential deleading: e�ects on the blood lead levels of lead-poisoned

children. Pediatrics . 1991;88(5):893–897pmid:1945628 Abstract/FREE Full Text Google Scholar

44. ↵Clark S, Grote J, Wilson J, et al. Occurrence and determinants of increases in blood lead levels in children shortly after

lead hazard control activities. Environ Res . 2004;96(2):196–205pmid:15325880 PubMed Google Scholar

45. ↵Spanier AJ, Wilson S, Ho M, Hornung R, Lanphear BP. The contribution of housing renovation to children’s blood lead

levels: a cohort study. Environ Health . 2013;12:72pmid:23981571 CrossRef PubMed Google Scholar

46. ↵Shannon M, Graef JW. Lead intoxication from lead-contaminated water used to reconstitute infant formula. Clin Pediatr
(Phila) . 1989;28(8):380–382pmid:2758720 Abstract/FREE Full Text Google Scholar

47. ↵Edwards M, Triantafyllidou S, Best D. Elevated blood lead in young children due to lead-contaminated drinking water:

Washington, DC, 2001–2004. Environ Sci Technol . 2009;43(5):1618–1623pmid:19350944 CrossRef PubMed Google Scholar

48. ↵Hanna-Attisha M, LaChance J, Sadler RC, Champney Schnepp A. Elevated blood lead levels in children associated with

the Flint drinking water crisis: a spatial analysis of risk and public health response. Am J Public Health . 2016;106(2):283–

290pmid:26691115 CrossRef PubMed Google Scholar

49. ↵Richmond-Bryant J, Meng Q, Davis A, et al. The in�uence of declining air lead levels on blood lead–air lead slope factors

in children. Environ Health Perspect . 2014;122(7):754–760pmid:24667492 PubMed Google Scholar

50. ↵Levin R, Brown MJ, Kashtock ME, et al. Lead exposures in U.S. children, 2008: implications for prevention. Environ Health
Perspect . 2008;116(10):1285–1293pmid:18941567 CrossRef PubMed Google Scholar

51. Centers for Disease Control and Prevention (CDC). Lead poisoning in pregnant women who used Ayurvedic medications

from India: New York City, 2011–2012. MMWR Morb Mortal Wkly Rep . 2012;61(33):641–646pmid:22914225 PubMed

Google Scholar

52. ↵Gorospe EC, Gerstenberger SL. Atypical sources of childhood lead poisoning in the United States: a systematic review

from 1966–2006. Clin Toxicol (Phila) . 2008;46(8):728–737pmid:18608287 CrossRef PubMed Google Scholar

53. ↵Roscoe RJ, Gittleman JL, Deddens JA, Petersen MR, Halperin WE. Blood lead levels among children of lead-exposed

workers: a meta-analysis. Am J Ind Med . 1999;36(4):475–481pmid:10470013 CrossRef PubMed Google Scholar

54. ↵US Environmental Protection Agency. 40 CFR part 745. Lead; Clearance and clearance testing requirements for the

renovation, repair and painting program. Fed Regist . 2010;75(87):25037–25073 Google Scholar

55. ↵Farfel MR, Rohde C, Lees PSJ, Rooney B, Bannon DL, Derbyshire W. Lead-Based Paint Abatement and Repair and
Maintenance Study in Baltimore: Findings Based on Two Years of Follow-Up . Washington, DC: US Environmental Protection

Agency; 1998 Google Scholar

https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.2105/AJPH.87.10.1698&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=9357358&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=A+Aschengrau&author[1]=A+Beiser&author[2]=D+Bellinger&author[3]=D+Copenhafer&author[4]=M+Weitzman&title=Residential+lead-based-paint+hazard+remediation+and+soil+lead+abatement:+their+impact+among+children+with+mildly+elevated+blood+lead+levels.&publication_year=1997&journal=Am+J+Public+Health&volume=87&pages=1698-1702
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1289/ehp.11918&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=19337524&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=SL+Dixon&author[1]=JM+Gaitens&author[2]=DE+Jacobs&title=Exposure+of+US+children+to+residential+dust+lead,+1999%E2%80%932004:+II.+The+contribution+of+lead-contaminated+dust+to+children%E2%80%99s+blood+lead+levels.&publication_year=2009&journal=Environ+Health+Perspect&volume=117&pages=468-474
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6MTA6InBlZGlhdHJpY3MiO3M6NToicmVzaWQiO3M6ODoiODgvNS84OTMiO3M6NDoiYXRvbSI7czozMjoiL3BlZGlhdHJpY3MvMTM4LzEvZTIwMTYxNDkzLmF0b20iO31zOjg6ImZyYWdtZW50IjtzOjA6IiI7fQ==
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=Y+Amitai&author[1]=MJ+Brown&author[2]=JW+Graef&author[3]=E+Cosgrove&title=Residential+deleading:+effects+on+the+blood+lead+levels+of+lead-poisoned+children.&publication_year=1991&journal=Pediatrics&volume=88&pages=893-897
https://pediatrics.aappublications.org/lookup/external-ref?access_num=15325880&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=S+Clark&author[1]=J+Grote&author[2]=J+Wilson&title=Occurrence+and+determinants+of+increases+in+blood+lead+levels+in+children+shortly+after+lead+hazard+control+activities.&publication_year=2004&journal=Environ+Res&volume=96&pages=196-205
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1186/1476-069X-12-72&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=23981571&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=AJ+Spanier&author[1]=S+Wilson&author[2]=M+Ho&author[3]=R+Hornung&author[4]=BP+Lanphear&title=The+contribution+of+housing+renovation+to+children%E2%80%99s+blood+lead+levels:+a+cohort+study.&publication_year=2013&journal=Environ+Health&volume=12
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6NToic3BjcGoiO3M6NToicmVzaWQiO3M6ODoiMjgvOC8zODAiO3M6NDoiYXRvbSI7czozMjoiL3BlZGlhdHJpY3MvMTM4LzEvZTIwMTYxNDkzLmF0b20iO31zOjg6ImZyYWdtZW50IjtzOjA6IiI7fQ==/YTozOntzOjQ6InBhdGgiO3M6MzAzOiIvbG9va3VwL2lqbGluay9ZVG96T250ek9qUTZJbkJoZEdnaU8zTTZNVFE2SWk5c2IyOXJkWEF2YVdwc2FXNXJJanR6T2pVNkluRjFaWEo1SWp0aE9qUTZlM002T0RvaWJHbHVhMVI1Y0dVaU8zTTZORG9pUVVKVFZDSTdjem94TVRvaWFtOTFjbTVoYkVOdlpHVWlPM002TlRvaWMzQmpjR29pTzNNNk5Ub2ljbVZ6YVdRaU8zTTZPRG9pTWpndk9DOHpPREFpTzNNNk5Eb2lZWFJ2YlNJN2N6b3pNam9pTDNCbFpHbGhkSEpwWTNNdk1UTTRMekV2WlRJd01UWXhORGt6TG1GMGIyMGlPMzF6T2pnNkltWnlZV2R0Wlc1MElqdHpPakE2SWlJN2ZRPT0iO3M6NToicXVlcnkiO2E6MDp7fXM6ODoiZnJhZ21lbnQiO3M6MDoiIjt9
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=M+Shannon&author[1]=JW+Graef&title=Lead+intoxication+from+lead-contaminated+water+used+to+reconstitute+infant+formula.&publication_year=1989&journal=Clin+Pediatr+(Phila)&volume=28&pages=380-382
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1021/es802789w&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=19350944&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=M+Edwards&author[1]=S+Triantafyllidou&author[2]=D+Best&title=Elevated+blood+lead+in+young+children+due+to+lead-contaminated+drinking+water:+Washington,+DC,+2001%E2%80%932004.&publication_year=2009&journal=Environ+Sci+Technol&volume=43&pages=1618-1623
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.2105/AJPH.2015.303003&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=26691115&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=M+Hanna-Attisha&author[1]=J+LaChance&author[2]=RC+Sadler&author[3]=A+Champney%20Schnepp&title=Elevated+blood+lead+levels+in+children+associated+with+the+Flint+drinking+water+crisis:+a+spatial+analysis+of+risk+and+public+health+response.&publication_year=2016&journal=Am+J+Public+Health&volume=106&pages=283-290
https://pediatrics.aappublications.org/lookup/external-ref?access_num=24667492&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=J+Richmond-Bryant&author[1]=Q+Meng&author[2]=A+Davis&title=The+influence+of+declining+air+lead+levels+on+blood+lead%E2%80%93air+lead+slope+factors+in+children.&publication_year=2014&journal=Environ+Health+Perspect&volume=122&pages=754-760
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1289/ehp.11241&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=18941567&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=R+Levin&author[1]=MJ+Brown&author[2]=ME+Kashtock&title=Lead+exposures+in+U.S.+children,+2008:+implications+for+prevention.&publication_year=2008&journal=Environ+Health+Perspect&volume=116&pages=1285-1293
https://pediatrics.aappublications.org/lookup/external-ref?access_num=22914225&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=Centers%20for%20Disease%20Control%20and%20Prevention%20(CDC)&title=Lead+poisoning+in+pregnant+women+who+used+Ayurvedic+medications+from+India:+New+York+City,+2011%E2%80%932012.&publication_year=2012&journal=MMWR+Morb+Mortal+Wkly+Rep&volume=61&pages=641-646
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1080/15563650701481862&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=18608287&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=EC+Gorospe&author[1]=SL+Gerstenberger&title=Atypical+sources+of+childhood+lead+poisoning+in+the+United+States:+a+systematic+review+from+1966%E2%80%932006.&publication_year=2008&journal=Clin+Toxicol+(Phila)&volume=46&pages=728-737
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1002/(SICI)1097-0274(199910)36:4%3C475::AID-AJIM9%3E3.0.CO;2-O&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10470013&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=RJ+Roscoe&author[1]=JL+Gittleman&author[2]=JA+Deddens&author[3]=MR+Petersen&author[4]=WE+Halperin&title=Blood+lead+levels+among+children+of+lead-exposed+workers:+a+meta-analysis.&publication_year=1999&journal=Am+J+Ind+Med&volume=36&pages=475-481
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=US%20Environmental%20Protection%20Agency&title=40+CFR+part+745.+Lead;+Clearance+and+clearance+testing+requirements+for+the+renovation,+repair+and+painting+program.&publication_year=2010&journal=Fed+Regist&volume=75&pages=25037-25073
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=.+Lead-Based+Paint+Abatement+and+Repair+and+Maintenance+Study+in+Baltimore%3A+Findings+Based+on+Two+Years+of+Follow-Up.+Washington%2C+DC%3A+US+Environmental+Protection+Agency%3B+1998


56. ↵Galke W, Clark S, Wilson J, et al. Evaluation of the HUD lead hazard control grant program: early overall �ndings. Environ
Res . 2001;86(2):149–156pmid:11437461 PubMed Google Scholar

57. ↵Del Toral MA, Porter A, Schock MR. Detection and evaluation of elevated lead release from service lines: a �eld study.

Environ Sci Technol . 2013;47(16):9300–9307pmid:23879429 CrossRef PubMed Google Scholar

58. ↵Schock MR. Causes of temporal variability of lead in domestic plumbing systems. Environ Monit Assess . 1990;15(1):59–

82pmid:24243429 CrossRef PubMed Google Scholar

59. Schock MR, Lemieux FG. Challenges in addressing variability of lead in domestic plumbing. Water Science & Technology:
Water Supply . 2010;10(5):792–798 Google Scholar

60. Schock MR, Lytle DA. Water Quality and Treatment: A Handbook of Community Water Supplies . 6th ed. New York, NY:

McGraw-Hill Inc; 2011 Google Scholar

61. ↵Schock MR, Sandvig AM, Lemieux FG, DeSantis MK. Diagnostic sampling to reveal hidden lead and copper health risks.

Presented at the 15th Canadian National Conference and 6th Policy Forum on Drinking Water ; Kelowna, BC; October 21–24,

2012 Google Scholar

62. ↵Ossiander EM. A systematic review of screening questionnaires for childhood lead poisoning. J Public Health Manag
Pract . 2013;19(1):E21–E29pmid:22668673 CrossRef PubMed Google Scholar

63. ↵Centers for Disease Control. Preventing Lead Poisoning in Young Children: A Statement by the Centers for Disease Control
and Prevention . Atlanta, GA: US Department of Health and Human Services; 1991 Google Scholar

64. ↵Centers for Disease Control and Prevention. Screening Young Children for Lead Poisoning: Guidance for State and Local
Public Health O�cials . Atlanta, GA: Centers for Disease Control and Prevention; 1997 Google Scholar

65. ↵Karp R, Abramson J, Clark-Golden M, et al. Should we screen for lead poisoning after 36 months of age? Experience in

the inner city. Ambul Pediatr . 2001;1(5):256–258pmid:11888411 CrossRef PubMed Google Scholar

66. ↵Clinical Laboratory Improvement Amendments of 1988. Pub L No. 100-578, 102 Stat 2903, 10 USC §263a (1988)

67. ↵Parsons PJ, Geraghty C, Verostek MF. An assessment of contemporary atomic spectroscopic techniques for the

determination of lead in blood and urine matrices. Spect Act B. 2001;56(9):1593–1604 CrossRef Google Scholar

68. ↵Centers for Disease Control and Prevention. Guidelines for the Identi�cation and Management of Lead Exposure in
Pregnant and Lactating Women . Atlanta, GA: Centers for Disease Control and Prevention; 2010 Google Scholar

69. ↵American College of Obstetricians and Gynecologists. Committee opinion no. 533. Lead screening during pregnancy

and lactation. Obstet Gynecol . 2012;120(2 Pt 1):416–420pmid:22825110 CrossRef PubMed Google Scholar

70. ↵Centers for Disease Control and Prevention. Preventing Lead Exposure in Young Children: A Housing-Based Approach to
Primary Prevention of Lead Poisoning . Atlanta, GA: Centers for Disease Control and Prevention; 2004 Google Scholar

71. ↵Geltman PL, Brown MJ, Cochran J. Lead poisoning among refugee children resettled in Massachusetts, 1995 to 1999.

Pediatrics . 2001;108(1):158–162pmid:11433069 Abstract/FREE Full Text Google Scholar

72. ↵Centers for Disease Control and Prevention (CDC). Elevated blood lead levels among internationally adopted children:

United States, 1998. MMWR Morb Mortal Wkly Rep . 2000;49(5):97–100pmid:10718094 PubMed Google Scholar

https://pediatrics.aappublications.org/lookup/external-ref?access_num=11437461&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=W+Galke&author[1]=S+Clark&author[2]=J+Wilson&title=Evaluation+of+the+HUD+lead+hazard+control+grant+program:+early+overall+findings.&publication_year=2001&journal=Environ+Res&volume=86&pages=149-156
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1021/es4003636&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=23879429&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=MA+Del%20Toral&author[1]=A+Porter&author[2]=MR+Schock&title=Detection+and+evaluation+of+elevated+lead+release+from+service+lines:+a+field+study.&publication_year=2013&journal=Environ+Sci+Technol&volume=47&pages=9300-9307
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1007/BF00454749&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=24243429&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=MR+Schock&title=Causes+of+temporal+variability+of+lead+in+domestic+plumbing+systems.&publication_year=1990&journal=Environ+Monit+Assess&volume=15&pages=59-82
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=MR+Schock&author[1]=FG+Lemieux&title=Challenges+in+addressing+variability+of+lead+in+domestic+plumbing.&publication_year=2010&journal=Water+Science+&+Technology:+Water+Supply&volume=10&pages=792-798
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=.+Water+Quality+and+Treatment%3A+A+Handbook+of+Community+Water+Supplies.+6th+ed.+New+York%2C+NY%3A+McGraw-Hill+Inc%3B+2011
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=.+Diagnostic+sampling+to+reveal+hidden+lead+and+copper+health+risks.+Presented+at+the+15th+Canadian+National+Conference+and+6th+Policy+Forum+on+Drinking+Water%3B+Kelowna%2C+BC%3B+October+21%E2%80%9324%2C+2012
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1097/PHH.0b013e3182249523&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=22668673&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=EM+Ossiander&title=A+systematic+review+of+screening+questionnaires+for+childhood+lead+poisoning.&publication_year=2013&journal=J+Public+Health+Manag+Pract&volume=19&pages=E21-E29
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=.+Preventing+Lead+Poisoning+in+Young+Children%3A+A+Statement+by+the+Centers+for+Disease+Control+and+Prevention.+Atlanta%2C+GA%3A+US+Department+of+Health+and+Human+Services%3B+1991
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=.+Screening+Young+Children+for+Lead+Poisoning%3A+Guidance+for+State+and+Local+Public+Health+Officials.+Atlanta%2C+GA%3A+Centers+for+Disease+Control+and+Prevention%3B+1997
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1367/1539-4409(2001)001%3C0256:SWSFLP%3E2.0.CO;2&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=11888411&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=R+Karp&author[1]=J+Abramson&author[2]=M+Clark-Golden&title=Should+we+screen+for+lead+poisoning+after+36+months+of+age?+Experience+in+the+inner+city.&publication_year=2001&journal=Ambul+Pediatr&volume=1&pages=256-258
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1016/S0584-8547(01)00261-0&link_type=DOI
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=PJ+Parsons&author[1]=C+Geraghty&author[2]=MF+Verostek&title=An+assessment+of+contemporary+atomic+spectroscopic+techniques+for+the+determination+of+lead+in+blood+and+urine+matrices.&publication_year=2001&journal=Spect+Act+B.&volume=56&pages=1593-1604
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=.+Guidelines+for+the+Identification+and+Management+of+Lead+Exposure+in+Pregnant+and+Lactating+Women.+Atlanta%2C+GA%3A+Centers+for+Disease+Control+and+Prevention%3B+2010
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10.1097/AOG.0b013e31826804e8&link_type=DOI
https://pediatrics.aappublications.org/lookup/external-ref?access_num=22825110&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=American%20College%20of%20Obstetricians%20and%20Gynecologists&title=Committee+opinion+no.+533.+Lead+screening+during+pregnancy+and+lactation.&publication_year=2012&journal=Obstet+Gynecol&volume=120&pages=416-420
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=.+Preventing+Lead+Exposure+in+Young+Children%3A+A+Housing-Based+Approach+to+Primary+Prevention+of+Lead+Poisoning.+Atlanta%2C+GA%3A+Centers+for+Disease+Control+and+Prevention%3B+2004
https://pediatrics.aappublications.org/lookup/ijlink/YTozOntzOjQ6InBhdGgiO3M6MTQ6Ii9sb29rdXAvaWpsaW5rIjtzOjU6InF1ZXJ5IjthOjQ6e3M6ODoibGlua1R5cGUiO3M6NDoiQUJTVCI7czoxMToiam91cm5hbENvZGUiO3M6MTA6InBlZGlhdHJpY3MiO3M6NToicmVzaWQiO3M6OToiMTA4LzEvMTU4IjtzOjQ6ImF0b20iO3M6MzI6Ii9wZWRpYXRyaWNzLzEzOC8xL2UyMDE2MTQ5My5hdG9tIjt9czo4OiJmcmFnbWVudCI7czowOiIiO30=
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=PL+Geltman&author[1]=MJ+Brown&author[2]=J+Cochran&title=Lead+poisoning+among+refugee+children+resettled+in+Massachusetts,+1995+to+1999.&publication_year=2001&journal=Pediatrics&volume=108&pages=158-162
https://pediatrics.aappublications.org/lookup/external-ref?access_num=10718094&link_type=MED&atom=%2Fpediatrics%2F138%2F1%2Fe20161493.atom
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&author[0]=Centers%20for%20Disease%20Control%20and%20Prevention%20(CDC)&title=Elevated+blood+lead+levels+among+internationally+adopted+children:+United+States,+1998.&publication_year=2000&journal=MMWR+Morb+Mortal+Wkly+Rep&volume=49&pages=97-100


 Previous Next

Copyright © 2016 by the American Academy of Pediatrics

 Back to top

 Previous Next

Advertising Disclaimer »

In this issue

Pediatrics
Vol. 138, Issue 1
1 Jul 2016

Table of Contents

Index by author

View this article with LENS

Table of Contents

Related Articles

Email Article

Request Permissions©
Article Alerts

Citation Tools

Share

Print

Download PDF

Insight Alerts

Boost efforts to reduce lead poisoning before children are exposed: AAP policy
Bruce P. Lanphear et al., AAP News, 2016

Still Treating Lead Poisoning After All These Years
Bruce Lanphear, Pediatrics, 2017

Lead Intoxication in Infancy
Michael W. Shannon et al., Pediatrics, 1992

Survey of Lead Exposure Around a Closed Lead Smelter
Renate Kimbrough et al., Pediatrics, 1995

Lead Exposure in Children: Prevention, Detection, and Management
Committee on Environmental Health, Pediatrics, 2005

The Paradox of Lead Poisoning Prevention
Bruce P. Lanphear, Science, 1998

https://pediatrics.aappublications.org/content/138/1/e20161210
https://pediatrics.aappublications.org/content/138/1/e20161212
https://pediatrics.aappublications.org/content/138/1/e20161210
https://pediatrics.aappublications.org/content/138/1/e20161212
http://www.aappublications.org/content/advertising-disclaimer
https://pediatrics.aappublications.org/content/138/1
https://pediatrics.aappublications.org/content/138/1.toc
https://pediatrics.aappublications.org/content/138/1.index-by-author
https://pediatrics.aappublications.org/lens/pediatrics/138/1/e20161493
https://pediatrics.aappublications.org/content/138/1
https://pediatrics.aappublications.org/
https://s100.copyright.com/AppDispatchServlet?publisherName=AAP&publication=pediatrics&title=Prevention%20of%20Childhood%20Lead%20Toxicity&publicationDate=2016-07-01&author=COUNCIL%20ON%20ENVIRONMENTAL%20HEALTH&contentID=pediatrics%3B138/1/e20161493&volumeNum=138&issueNum=1&startPage=&endPage=&numPages=&copyright=Copyright%20%C2%A9%202016%20by%20the%20American%20Academy%20of%20Pediatrics&orderBeanReset=true
https://pediatrics.aappublications.org/
https://pediatrics.aappublications.org/highwire/citation/53433/download
https://pediatrics.aappublications.org/
https://pediatrics.aappublications.org/content/pediatrics/138/1/e20161493.full-text.print
https://pediatrics.aappublications.org/content/pediatrics/138/1/e20161493.full-text.pdf
http://go.aap.org/l/49222/2017-04-03/4vxd9g
https://www.aappublications.org/news/2016/06/20/Lead062016?utm_source=TrendMD&utm_medium=TrendMD&utm_campaign=AAPNews_TrendMD_0
https://pediatrics.aappublications.org/content/140/2/e20171400?utm_source=TrendMD&utm_medium=TrendMD&utm_campaign=Pediatrics_TrendMD_0
https://pediatrics.aappublications.org/content/89/1/87?utm_source=TrendMD&utm_medium=TrendMD&utm_campaign=Pediatrics_TrendMD_0
https://pediatrics.aappublications.org/content/95/4/550?utm_source=TrendMD&utm_medium=TrendMD&utm_campaign=Pediatrics_TrendMD_0
https://pediatrics.aappublications.org/content/116/4/1036?fbclid=IwAR1bawGF7UnnElRtDY_l0lspKougYnSvZDauINHlZIRCneuD9zpxrx-LChI&utm_source=TrendMD&utm_medium=TrendMD&utm_campaign=Pediatrics_TrendMD_0
https://www.science.org/doi/10.1126/science.281.5383.1617?utm_source=TrendMD&utm_medium=cpc&utm_campaign=TrendMD_1


Subjects

Environmental racism and the need for private well protections
Anne E. Nigra, Proc Natl Acad Sci U S A, 2020

No Benefit From Lowering Lead
Science, 2001

Measuring lead health risks
Pigment & Resin Technology, 1998

Lead in paint and dust from a children′s nursery
Jonathan M. Horner, Environmental Management and Health, 1995

Powered by

COUNCIL ON ENVIRONMENTAL HEALTH. Prevention of Childhood Lead Toxicity. Pediatrics.
2016;38(1):e20161493

Prevention of Childhood Lead Toxicity

AAP Publications Reaffirmed or Retired

PubMed  Google Scholar

Environmental Health

Environmental Health

Lead

Current Policy

AAP Policy Collections by Authoring Entities

Council on Environmental Health

 Related Articles Related Articles 

  Cited By... Cited By...

  More in this TOC Section More in this TOC Section

  Similar Articles Similar Articles

https://www.pnas.org/content/early/2020/07/07/2011547117?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Proc_Natl_Acad_Sci_U_S_A_TrendMD_1
https://www.science.org/doi/10.1126/science.292.5521.1483b?utm_source=TrendMD&utm_medium=cpc&utm_campaign=TrendMD_1
https://www.emerald.com/insight/content/doi/10.1108/prt.1998.12927cad.012/full/html?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Pigment_%2526_Resin_Technology_TrendMD_1&WT.mc_id=Emerald_TrendMD_1
https://www.emerald.com/insight/content/doi/10.1108/09566169510078412/full/html?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Environmental_Management_and_Health_TrendMD_1&WT.mc_id=Emerald_TrendMD_1
https://www.trendmd.com/how-it-works-readers
https://pediatrics.aappublications.org/content/140/2/e20171490
https://pediatrics.aappublications.org/content/145/6/e20201014
https://pediatrics.aappublications.org/content/148/2/e2021052583
https://pediatrics.aappublications.org/lookup/external-ref?link_type=MED_NBRS&access_num=27325637
https://pediatrics.aappublications.org/lookup/google-scholar?link_type=googlescholar&gs_type=related&author%5B0%5D=%2B&author%5B1%5D=Bruce%2BPerrin%2BLanphear&author%5B2%5D=Jennifer%2BA.%2BLowry&author%5B3%5D=Samantha%2BAhdoot&author%5B4%5D=Carl%2BR.%2BBaum&author%5B5%5D=Aaron%2BS.%2BBernstein&author%5B6%5D=Aparna%2BBole&author%5B7%5D=Heather%2BLynn%2BBrumberg&author%5B8%5D=Carla%2BC.%2BCampbell&author%5B9%5D=Bruce%2BPerrin%2BLanphear&author%5B10%5D=Susan%2BE.%2BPacheco&author%5B11%5D=Adam%2BJ.%2BSpanier&author%5B12%5D=Leonardo%2BTrasande&title=Prevention%2Bof%2BChildhood%2BLead%2BToxicity&publication_year=2016&path=content/138/1/e20161493
https://pediatrics.aappublications.org/environmental_health_
https://pediatrics.aappublications.org/environmental_health_sub
https://pediatrics.aappublications.org/lead_sub
https://pediatrics.aappublications.org/current_policy
https://pediatrics.aappublications.org/aap_policy_collections
https://pediatrics.aappublications.org/council_on_environmental_health


See more details

Picked up by 66 news outlets
Blogged by 6
Referenced in 5 policy sources
Tweeted by 54
On 7 Facebook pages
Mentioned in 1 Google+ posts

230 readers on Mendeley

Journal Info

Editorial Board

Editorial Policies

Overview

Licensing Information

Authors/Reviewers

Author Guidelines

Submit My Manuscript

Open Access

Reviewer Guidelines

Librarians

Institutional Subscriptions

Usage Stats

Support

Contact Us

Subscribe

Resources

Media Kit

About

International Access

Terms of Use

Privacy Statement

FAQ

AAP.org

shopAAP

https://www.altmetric.com/details.php?domain=pediatrics.aappublications.org&citation_id=8908867
https://www.altmetric.com/details.php?domain=pediatrics.aappublications.org&citation_id=8908867
https://www.altmetric.com/details.php?domain=pediatrics.aappublications.org&citation_id=8908867&tab=news
https://www.altmetric.com/details.php?domain=pediatrics.aappublications.org&citation_id=8908867&tab=blogs
https://www.altmetric.com/details.php?domain=pediatrics.aappublications.org&citation_id=8908867&tab=policy-documents
https://www.altmetric.com/details.php?domain=pediatrics.aappublications.org&citation_id=8908867&tab=twitter
https://www.altmetric.com/details.php?domain=pediatrics.aappublications.org&citation_id=8908867&tab=facebook
https://www.altmetric.com/details.php?domain=pediatrics.aappublications.org&citation_id=8908867&tab=google
https://pediatrics.aappublications.org/
https://pediatrics.aappublications.org/page/editorial-board
https://pediatrics.aappublications.org/page/editorial-policies
http://www.aappublications.org/content/pediatrics-overview
https://shop.aap.org/licensing-permissions/
https://pediatrics.aappublications.org/
https://pediatrics.aappublications.org/page/author-guidelines
https://mc.manuscriptcentral.com/pediatrics
https://pediatrics.aappublications.org/content/pediatrics-open-access
https://pediatrics.aappublications.org/page/reviewer-guidelines
http://www.aaplibrary.org/
https://shop.aap.org/content/librarian-resources/#ordering
http://dashboard.aappublications.org/
https://pediatrics.aappublications.org/
https://www.aap.org/en/support-center/contact-support-center/
https://shop.aap.org/pediatrics/
https://pediatrics.aappublications.org/
http://www.wt-group.com/aap/
https://pediatrics.aappublications.org/
https://www.aappublications.org/content/alternate-network-route
https://www.aap.org/en-us/Pages/Terms-of-Use.aspx
https://www.aap.org/en-us/Pages/Privacy-Statement.aspx
http://www.aappublications.org/content/faq
https://www.aap.org/en-us/Pages/Default.aspx
https://shop.aap.org/


    

© 2021 American Academy of Pediatrics

https://www.instagram.com/
http://www.facebook.com/
http://www.twitter.com/
https://www.youtube.com/
https://pediatrics.aappublications.org/content/rss-feeds

