
 

America’s Children and the Environment, Third Edition 
 

DRAFT Indicators  

Biomonitoring: Lead 
 
EPA is preparing the third edition of America’s Children and the Environment (ACE3), 
following the previous editions published in December 2000 and February 2003. ACE is EPA’s 
compilation of children’s environmental health indicators and related information, drawing on 
the best national data sources available for characterizing important aspects of the relationship 
between environmental contaminants and children’s health. ACE includes four sections: 
Environments and Contaminants, Biomonitoring, Health, and Special Features. 
 
EPA has prepared draft indicator documents for ACE3 representing 23 children's environmental 
health topics and presenting a total of 42 proposed children's environmental health indicators.  
This document presents the draft text, indicators, and documentation for the lead topic in the 
Biomonitoring section. 
 
THIS INFORMATION IS DISTRIBUTED SOLELY FOR THE PURPOSE OF PRE-
DISSEMINATION PEER REVIEW UNDER APPLICABLE INFORMATION QUALITY 
GUIDELINES. IT HAS NOT BEEN FORMALLY DISSEMINATED BY EPA. IT DOES NOT 
REPRESENT AND SHOULD NOT BE CONSTRUED TO REPRESENT ANY AGENCY 
DETERMINATION OR POLICY.  
 
For more information on America’s Children and the Environment, please visit 
www.epa.gov/ace. For instructions on how to submit comments on the draft ACE3 indicators, 
please visit www.epa.gov/ace/ace3drafts/.  
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Lead 
 
Lead is a naturally occurring metal used in the production of fuels, paints, ceramic products, 
batteries, solder, and a variety of consumer products. The use of leaded gasoline and lead-based 
paint was eliminated in the United States in the 1970s, resulting in substantial reductions in 
exposure to lead. However, children continue to be exposed to lead due to the widespread 
distribution of lead in the environment. For example, children are exposed to lead through the 
presence of lead-based paint in many older homes, the presence of lead in drinking water 
distribution systems, and current use of lead in the manufacture of some products. 
  
In the United States, the major current source of early childhood lead exposure is lead-
contaminated house dust.1,2 A major contributor to lead in house dust is deteriorated or disrupted 
lead-based paint.3-5 Housing units constructed before 1950 are most likely to contain lead-based 
paint, but any housing unit constructed before 1978 may also contain lead-based paint.6 As of 
2000, approximately 15.5 million housing units in the United States had one or more lead dust 
hazards on either floors or windowsills.7 New lead dust hazards may occur when lead in house 
paint is released during home renovation and remodeling activities.8,9  
 
A second contributor to lead in house dust is lead-contaminated soil.10-13 Known sources of lead 
in soil include historical airborne emissions of leaded gasoline, emissions from industrial sources 
such as smelters, and lead-based paint.14-16 Airborne lead may also contribute to lead in house 
dust.10 Current sources of lead in ambient air in the United States include smelters, ore mining 
and processing, lead acid battery manufacturing, and coal combustion activities such as 
electricity generation.16  
 
Exposure to lead in house dust tends to be highest for young children, due to their frequent and 
extensive contact with floors, carpets, and other surfaces where dust gathers, as well as their 
frequent hand-to-mouth activity. Direct contact with lead-contaminated soil,13 ingestion of lead-
based paint chips,17 and inhalation of lead in ambient air also contribute to childhood lead 
exposure.  
 
Drinking water is an additional known source of lead exposure among children in the United 
States, particularly from corrosion of pipes and other elements of the drinking water distribution 
systems.5,18,19 Exposure to lead via drinking water may be particularly high among very young 
children who consume baby formula prepared with drinking water that is contaminated by 
leaching lead pipes.18  
 
Although childhood exposure to lead in the United States typically occurs through contact with 
contaminated environmental media, children may also be exposed through lead-contaminated 
toys20,21 and jewelry,22 tobacco smoke,23 imported candies, spices and condiments,5,24 and 
imported folk remedies.25,26  
 
Childhood blood lead levels in the United States differ across groups in the population such as 
those defined by socioeconomic status and race/ethnicity.27 Children living in poverty and Black 
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non-Hispanic children tend to have higher blood lead levels28 and higher levels of lead-
contaminated dust in the home6 than do other children. Blood lead levels tend to be higher for 
children living in older housing, most likely because older housing units are more likely to 
contain lead-based paint.6,29 Blood lead levels may vary by nutritional status: conditions such as 
iron deficiency have been associated with higher blood lead levels in children.16 30,31 In addition, 
some children who have immigrated to the United States may have been exposed to lead in their 
previous countries of residence. Foreign birth place and recent foreign residence have both been 
positively associated with the risk of elevated blood lead levels among immigrant children in the 
United States.28,32 
 
Childhood blood lead levels in the United States have declined substantially since the 1970s. The 
decline in blood lead levels is due largely to the phasing out of lead in gasoline between 1973 
and 1995,33 and to the reduction in the number of homes with lead-based paint hazards.7 Some 
decline was also a result of regulations reducing lead levels in drinking water, as well as 
legislation limiting the amount of lead in paint and restricting the content of lead in solder, 
faucets, pipes, and plumbing. In the United States, lead content is banned or limited in many 
products, including food and beverage containers, ceramic ware, toys, Christmas trees, polyvinyl 
chloride pipes, vinyl mini-blinds, and playground equipment. However, because trace levels of 
lead may be present in these products, normal use may still result in lead exposure.5 
 
Exposure to lead during childhood is associated with reduced cognitive function. Children with 
higher blood lead levels generally have lower scores on IQ tests.34-40 Childhood lead exposure 
has been associated with an increased likelihood of having a reading disability, dropping out of 
high school, and absenteeism.41 In addition to the effects on IQ and school performance, research 
on the effects of lead has increasingly been addressing the effects of lead on behavior. Studies 
have found that lead exposure in children may contribute to increased likelihood of conduct 
disorders,42 decreased attention,40,43-45 hyperactivity-impulsivity,46 and attention-
deficit/hyperactivity disorder.46-53 Other adverse behavioral outcomes that have been associated 
with childhood lead exposure include increased risks of juvenile delinquency and antisocial 
behaviors,54-56 higher total arrest rates, and arrest rates for violent crimes in early adulthood.57  
 
Mothers who are exposed to lead can transfer lead to their unborn children during pregnancy.58 
Cognitive and behavioral effects of prenatal exposure to lead have been observed in young 
infants and children across numerous studies.16,39,57,59 
 
Many studies of the effects of lead focus on outcomes in children ages 5 years and younger. This 
reflects scientific thinking that early childhood is when children tend to experience peak 
exposures to lead, and also when they are most biologically susceptible to the effects of lead. 
Increased susceptibility to the neurodevelopmental effects of lead in the first three years of life is 
expected because this period is characterized by major growth and developmental events in the 
nervous system.16 However, lead is toxic to individuals of all ages, and children older than 5 
years may also be susceptible to the neurodevelopmental effects of lead. Blood lead 
measurements at various ages in early childhood have been found to be strongly correlated with 
cognitive deficits,38 and some analyses have found that effects are more strongly associated with 
blood lead levels at school age (older than 5 years) compared with levels measured earlier in 
life.60,61  
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Childhood lead exposures may also have lifelong effects. For instance, high childhood blood 
lead concentrations are associated with significant region-specific brain volume loss in adults, 
with greater effects seen in males.62,63 In addition, lead stored in bones also has the potential to 
be re-released into the bloodstream later in life. Such is the case with pregnant women, 
breastfeeding women, and elderly persons, as blood lead levels are comparatively elevated in 
these populations. Finally, childhood exposures to lead can contribute to a variety of 
neurological disorders in later life.64-66   
 
Compared with adults, children’s bodies typically absorb a much greater fraction of a given 
amount of ingested lead. Once absorbed, some lead is stored in bones, where it can stay many 
years, while other lead goes into the blood and can be eliminated more quickly. Elimination of 
lead from the body usually occurs through urine or feces.64  
 
The Centers for Disease Control and Prevention (CDC) defines a blood lead level of 10 
micrograms per deciliter as “elevated;” this definition is used to identify children for blood lead 
case management.67,68 However, no level of lead exposure has been identified that is without risk 
of deleterious health effects,16 and CDC specifically notes that “no level of lead in a child’s 
blood can be specified as safe.”1 As concentrations of lead in blood have declined over the past 
three decades, there have been increasing opportunities to study the effects of lower blood lead 
levels, and adverse effects of lead on intelligence and behavior have been observed at blood lead 
levels lower than 10 micrograms per deciliter.35-40,42,46,47,49-51,53,69 Scientific findings provide clear 
evidence of cognitive deficits in young children with blood-lead concentrations in the range of 5-
10 µg/dL, with evidence of effects at blood lead levels as low as 2µg/dL.16 
 
The following two indicators present data on blood lead levels in children ages 1 to 5 years. 
Indicator B1 shows changes over time in median and 95th percentile childhood blood lead levels, 
and Indicator B2 presents median blood lead levels among children grouped by race/ethnicity 
and income level.  
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Indicator B1: Lead in children ages 1 to 5 years: Median and 95th 
percentile concentrations in blood, 1976–2008 

Indicator B2: Lead in children ages 1 to 5 years: Median 
concentrations in blood, by race/ethnicity and family income, 
2005–2008  
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Overview 
Indicators B1 and B2 present levels of lead in blood of U.S. children ages 1 to 5 years. The 
data are from a national survey that collects blood specimens from a representative sample of 
the population, and then measures the concentration of lead in blood. Indicator B1 shows the 
change in blood lead levels over time. Indicator B2 shows how blood lead levels differ by 
race/ethnicity and family income. 
RAFT Indicator for Third Edition of America’s Children and the Environment  Page 4 
 

 

HANES 
ata for these indicators come from the National Health and Nutrition Examination Survey 

NHANES). NHANES is a nationally representative survey designed to assess the health and 
utritional status of the civilian noninstitutionalized U.S. population, conducted by the Centers 
or Disease Control and Prevention (CDC). NHANES conducts interviews and physical 
xaminations for approximately 5,000 people each year. CDC’s National Center for 
nvironmental Health measures concentrations of environmental chemicals in blood and urine 
amples collected from NHANES participants.70 Concentrations of lead in the blood of children 
ave been measured in NHANES beginning with the 1976–1980 survey cycle (referred to as 
HANES II). Indicator B1 uses data from all cycles of NHANES conducted since 1976–1980, 

ncluding the most current data available (from samples collected in 2007–2008). Indicator B2 
ses data from the 2005–2006 and 2007–2008 surveys. The data from these two NHANES 
ycles are combined to increase the statistical reliability of the estimates for each race/ethnicity 
nd income group.  

lood Lead Measurement 
n studies of exposure to lead and the effects of lead, blood lead is the most commonly used 
easurement of exposure. Blood lead levels are reflective of relatively recent exposure and, to a 

arying extent across individuals, may also incorporate contributions of long-term lead 
xposures.16  

ata Presented in the Indicators 
ndicator B1 presents the median (50th percentile) and 95th percentile blood lead levels over time, 
nd Indicator B2 presents the current (2005-2008) median blood lead levels for children of 
ifferent races/ethnicities and levels of family income. The current 95th percentiles of blood lead 
y race/ethnicity and income are presented in the data tables. The median is the value in the 
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middle of the distribution of blood lead levels: half of the children have levels greater than the 
median, and half have levels below the median. The median can be thought of as representing a 
typical exposure. The 95th percentile is a value representing the upper range of blood lead levels: 
5% of children have levels greater than the 95th percentile. This value therefore can be thought of 
as representing a relatively high exposure among children, but not a maximum level.  
 
All values are reported as micrograms of lead per deciliter of blood (µg/dL).  
 
The indicators focus on ages 1 to 5 years because this age range has been the focus for research, 
data collection, and intervention due to the elevated exposures that occur during early childhood 
and the sensitivity of the developing brain to the effects of lead. Blood lead data for school-age 
children, whose neurological development is also affected by lead exposure, are included in the 
data tables for this indicator. 
 
The sensitivity of measurement techniques has improved over the years spanned by Indicator B1, 
allowing increased detection of lower blood lead levels. These improvements do not affect the 
comparability of the 50th or 95th percentiles over time, since the majority of children have had 
detectable levels of lead in each NHANES cycle.  

Race/Ethnicity and Income Groups 
Median blood lead levels for four race/ethnicity groups are presented in Indicator B2: White non-
Hispanic, Black non-Hispanic, Mexican-American, and “Other.” The “Other” race/ethnicity 
category includes Asian non-Hispanic, Native American non-Hispanic, Hispanic other than 
Mexican-American, those reporting multiple racial categories, and those with a missing value for 
race/ethnicity. The data are also tabulated across three family income categories: all incomes, 
below the poverty level, and greater than or equal to the poverty level. 
 
A supplementary data table also provides median blood lead levels for the same race/ethnicity 
and income groups in 1991–1994, for comparison with the more current data presented in 
Indicator B2. 

Statistical Testing 
Statistical analysis has been applied to the biomonitoring indicators to determine whether any 
changes in chemical concentrations over time, or any differences in chemical concentrations 
between demographic groups, are statistically significant. These analyses use a 5% significance 
level (p < 0.05), meaning that a conclusion of statistical significance is made only when there is 
no more than a 5% chance that the observed change over time or difference between 
demographic groups occurred randomly. It should be noted that when statistical testing is 
conducted for differences among multiple demographic groups (e.g., considering both 
race/ethnicity and income level), the large number of comparisons involved increases the 
probability that some differences identified as statistically significant may actually have occurred 
randomly.  

34 
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A finding of statistical significance for a biomonitoring indicator depends not only on the 
numerical difference in the value of a reported statistic between two groups, but also on the 
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number of observations in the survey, the amount of variability among the observations, and 
various aspects of the survey design. For example, if two groups have different median levels of 
a chemical in blood or urine, the statistical test is more likely to detect a difference when samples 
have been obtained from a larger number of people in those groups. Similarly, if there is low 
variability in levels of the chemical within each group, then a difference between groups is more 
likely to be detected. A finding that there is or is not a statistically significant difference in 
exposure levels between two groups or in exposure levels over time does not necessarily suggest 
any interpretation regarding the health implications of those differences.
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Indicator B1

Lead in children ages 1 to 5 years: Median and 
95th percentile concentrations in blood, 1976-2008
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• The median concentration of lead in the blood of children between the ages of 1 and 5 years 

dropped from 15 micrograms per deciliter (µg/dL) in 1976–1980 to 1.4 µg/dL in 2007–2008, 
a decline of 91%.  
 

• The concentration of lead in blood at the 95th percentile in children ages 1 to 5 years dropped 
from 29 µg/dL in 1976–1980 to 4 µg/dL in 2007–2008, a decline of 86%. 
 

• The largest declines in blood lead levels occurred from the 1970s to the 1990s, following the 
elimination of lead in gasoline. The data show continuing declines in blood lead levels from 
1999–2000 through 2007–2008, when the primary focus of lead reduction efforts has been on 
lead-based paint in homes. 
 

• These trends are all statistically significant. 
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• In 1978, about 88% of children ages 1 to 5 years (about 13.5 million children) had blood lead 

levels at or greater than 10 µg/dL, which is considered elevated. By 2007–2008, this number 
had declined to about 1% (about 250,000 children). (Data not shown).  
 

• In 2007–2008, children ages 6 to 10 years had median blood lead levels of 1.0 µg/dL; the 
median for children ages 11 to 15 years was 0.8, and for ages 16 to 17 years the median was 
0.7 µg/dL. The 95th percentile blood lead levels were 2.6, 2.1, and 1.7 µg/dL, respectively, 
for ages 6 to 10, 11 to 15, and 16 to 17 years. (See Table B1a.)  
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Lead in children ages 1 to 5 years: Median concentrations 
in blood, by race/ethnicity and family income, 2005-2008
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DATA: Centers for Disease Control and Prevention, National Center for 
Health Statistics, National Health and Nutrition Examination Survey
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• The median blood lead level in children ages 1 to 5 years in 2005–2008 was 1.4 µg/dL. The 

median blood lead level for children living in families with incomes below the poverty level 
was 1.7 µg/dL, and for children living in families at or above the poverty level it was 1.3 
µg/dL, a difference that is statistically significant. 
 

• Black non-Hispanic children ages 1 to 5 years in families below the poverty level had median 
blood lead concentrations of 2.4 µg/dL, which was the highest of any group shown and 70% 
greater than the median for all children ages 1 to 5 years. 

o Statistical note: the difference in median blood lead level between Black non-
Hispanic children below the poverty level and all other race/ethnicity and income 
groups is statistically significant even after accounting for other demographic 
differences (i.e., differences in sex or age profile).  
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• The 95th percentile blood lead level among all children ages 1 to 5 years was 4.1 µg/dL. 
Among children in families with incomes below poverty level, the 95th percentile blood lead 
was 6.0 µg/dL, and among Black non-Hispanic children in families with incomes below 
poverty level the 95th percentile blood lead was 8.6 µg/dL. (See Table B2a.) 
 

• Between 1991–1994 and 2005–2008, median blood lead levels among Black non-Hispanic 
children ages 1 to 5 years declined 56%: from 4.3 µg/dL to 1.9 µg/dL. (See Table B2b.)  
 

• Between 1991–1994 and 2005–2008, median blood lead levels among Mexican-American 
children ages 1 to 5 years declined 55%: from 3.1 µg/dL to 1.4 µg/dL. (See Table B2b.) 
 

• Between 1991–1994 and 2005–2008, median blood lead levels among White non-Hispanic 
children ages 1 to 5 years declined 43%: from 2.3 µg/dL to 1.3 µg/dL. (See Table B2b.) 
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Data Tables 
 
Table B1: Lead in children ages 1 to 5 years: Median and 95th percentile concentrations in 
blood, 1976-2008 
 

  Blood lead concentration (µg/dL) 

  
1976-
1980 

1988- 
1991 

1991- 
1994 

1999- 
2000 

2001- 
2002 

2003- 
2004 

2005-
2006 

2007-
2008 

Median 15.0 3.5 2.6 2.2 1.6 1.6 1.4 1.4 

95th percentile 29.0 12.1 9.7 7.0 5.8 5.1 3.8 4.1 

7 
8 
9 

10 
11 
12 

DATA: Centers for Disease Control and Prevention, National Center for Health Statistics, National 
Health and Nutrition Examination Survey 
 
Table B1a: Lead in children ages 1 to 17 years: Blood lead concentrations by age group, 
2007–2008 
 

  Blood lead concentration (µg/dL) 

  All ages 
Age 1 to 
<2 years 

Age 2 
to <3 
years 

Age 3 to 
<6 years 

Age 6 to 
<11 years 

Age 11 to 
<16 years 

Age 16 to 
<18 years 

Median 0.9 1.8 1.7 1.3 1.0 0.8 0.7 

95th percentile 2.9   4.6* 3.8 4.1 2.6 2.1 1.7 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

DATA: Centers for Disease Control and Prevention, National Center for Health Statistics, National 
Health and Nutrition Examination Survey 
 
* The estimate should be interpreted with caution because the standard error of the estimate is 
relatively large: the relative standard error, RSE, is at least 30% but is less than 40% (RSE = 
standard error divided by the estimate). 
 
Table B2. Lead in children ages 1 to 5 years: Median concentrations in blood, by 
race/ethnicity and family income, 2005-2008 
 

  Blood lead concentration (µg/dL) 

≥Poverty Level (Detail) 
Race / 
Ethnicity 

All  
Incomes 

< Poverty 
Level 

≥ Poverty 
Level 100-200% 

of Poverty 
Level 

> 200% of 
Poverty 

Level 

Unknown  
Income 

All Races/ 
Ethnicities 

1.4 1.7 1.3 1.5 1.3 1.8 

White Non- 
Hispanic 

1.3 1.4 1.3 1.6 1.3 1.6 

Black Non- 
Hispanic 

1.9 2.4 1.6 1.7 1.5 3.4 
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  Blood lead concentration (µg/dL) 

≥Poverty Level (Detail) 
Race / 
Ethnicity 

All  
Incomes 

< Poverty 
Level 

≥ Poverty 
Level 100-200% 

of Poverty 
Level 

> 200% of 
Poverty 

Level 

Unknown  
Income 

Mexican- 
American 

1.4 1.6 1.3 1.4 1.1 1.4 

Other† 1.4 1.9 1.3 1.5 1.2 NA** 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

DATA: Centers for Disease Control and Prevention, National Center for Health Statistics, National 
Health and Nutrition Examination Survey 
 
† "Other" includes Asian non-Hispanic; Native American non-Hispanic; Hispanic other than Mexican-
American; those reporting multi-racial; and those with a missing value for race/ethnicity. 
 
** The estimate is not reported because it has large uncertainty: the relative standard error, RSE, is 
at least 40% (RSE = standard error divided by the estimate). 
 
Table B2a. Lead in children ages 1 to 5 years: 95th percentile concentrations in blood, by 
race/ethnicity and family income, 2005-2008 
 

  Blood lead concentration (µg/dL) 

≥Poverty Level (Detail) 

Race / Ethnicity All Incomes 
< Poverty 

Level 
≥ Poverty 

Level 100-200% 
of Poverty 

Level 

> 200% of 
Poverty 

Level 

Unknown 
Income 

All 
Races/Ethnicities 

4.1 6.0 3.4 4.1 3.1 NA** 

White non-
Hispanic 

3.4 5.6 3.3 3.9 2.9 2.4 

Black non-
Hispanic 

6.5 8.6 4.3 4.9* 4.2 16.3 

Mexican-American 3.6 4.1 3.3 3.3 2.8 4.2 

Other† 4.3 4.9 3.6 3.6 3.1* NA** 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

DATA: Centers for Disease Control and Prevention, National Center for Health Statistics, National 
Health and Nutrition Examination Survey 
 
† "Other" includes Asian non-Hispanic; Native American non-Hispanic; Hispanic other than Mexican-
American; those reporting multi-racial; and those with a missing value for race/ethnicity. 
 
* The estimate should be interpreted with caution because the standard error of the estimate is 
relatively large: the relative standard error, RSE, is at least 30% but is less than 40% (RSE = 
standard error divided by the estimate). 
 
** The estimate is not reported because it has large uncertainty: the relative standard error, RSE, is 
at least 40% (RSE = standard error divided by the estimate). 
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Table B2b. Lead in children ages 1 to 5 years: Median concentrations in blood, by 
race/ethnicity and family income, 1991–1994 
 

  Blood lead concentration (µg/dL) 

≥Poverty (Detail) 
Race / 
Ethnicity 

All  
Incomes 

< Poverty 
Level 

≥ Poverty 
Level 100-200% 

of Poverty 
Level 

> 200% of 
Poverty 

Level 

Unknown  
Income 

All Races/ 
Ethnicities 

2.6 4.0 2.2 2.7 2.0 3.7 

White Non- 
Hispanic 

2.3 3.2 2.1 2.4 2.0 NA** 

Black Non- 
Hispanic 

4.3 5.1 3.5 3.8 3.1 5.0 

Mexican- 
American 

3.1 3.7 2.6 2.8 2.1 3.0 

Other† 2.5 3.3 2.0 3.8 1.9 NA** 

4 
5 
6 
7 
8 
9 

10 
11 
12 

13 

DATA: Centers for Disease Control and Prevention, National Center for Health Statistics, National 
Health and Nutrition Examination Survey 
 
† "Other" includes Asian non-Hispanic; Native American non-Hispanic; Hispanic other than Mexican-
American; those reporting multi-racial; and those with a missing value for race/ethnicity. 
 
** The estimate is not reported because it has large uncertainty: the relative standard error, RSE, is 
at least 40% (RSE = standard error divided by the estimate). 
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Metadata for National Health and Nutrition Examination Survey 

(NHANES)  
Brief description of the 
data set 

The National Health and Nutrition Examination Survey 
(NHANES) is a program of studies designed to assess the 
health and nutritional status of adults and children in the 
United States, using a combination of interviews, physical 
examinations, and laboratory analysis of biological 
specimens. 

Who provides the data 
set? 

Centers for Disease Control and Prevention, National Center 
for Health Statistics.  

  
How are the data 
gathered? 

Laboratory data are obtained by analysis of blood and urine 
samples collected from survey participants at NHANES 
Mobile Examination Centers. Health status is assessed by 
physical examination. Demographic and other survey data 
regarding health status, nutrition and health-related behaviors 
are collected by personal interview, either by self-reporting 
or, for children under 16 and some others, as reported by an 
informant.  

What documentation is 
available describing data 
collection procedures? 

See http://www.cdc.gov/nchs/nhanes.htm for detailed survey 
and laboratory documentation by survey period. 
 

What types of data 
relevant for children’s 
environmental health 
indicators are available 
from this database? 

Concentrations of environmental chemicals in urine, blood, 
and serum. Body measurements. Health status, as assessed by 
physical examination, laboratory measurements and interview 
responses. Demographic information.  

What is the spatial 
representation of the 
database (national or 
other)? 

NHANES sampling procedures provide nationally-
representative data. Analysis of data for any other geographic 
area (region, state, etc.) is possible only by special 
arrangement with the NCHS Research Data Center, and such 
analyses may not be representative of the specified area.  

Are raw data (individual 
measurements or survey 
responses) available? 

Individual laboratory measurements and survey responses are 
generally available. Individual survey responses for some 
questions are not publicly released. 

How are database files 
obtained?  

http://www.cdc.gov/nchs/nhanes.htm  

Are there any known 
data quality or data 
analysis concerns? 

Some environmental chemicals have large percentages of 
values below the detection limit. Data gathered by interview, 
including demographic information, and responses regarding 
health status, nutrition and health-related behaviors are self-
reported, or (for individuals age 16 years and younger) 
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Metadata for National Health and Nutrition Examination Survey 
(NHANES)  
reported by an adult informant.  

What documentation is 
available describing QA 
procedures? 

http://www.cdc.gov/nchs/nhanes.htm  
includes detailed documentation on laboratory and other QA 
procedures. Data quality information is available at 
http://www.cdc.gov/nchs/about/policy/quality.htm.  

For what years are data 
available? 

Some data elements were collected in predecessors to 
NHANES beginning in 1959; collection of data on 
environmental chemicals began with measurement of blood 
lead in NHANES II, 1976-1980. The range of years for 
measurement of environmental chemicals varies; apart from 
lead and cotinine (initiated in NHANES III), measurement of 
environmental chemicals began with 1999-2000 or later 
NHANES.  

What is the frequency of 
data collection? 

Data are collected on continuous basis, but are grouped into 
NHANES cycles: NHANES II (1976-1980); NHANES III 
phase 1 (1988-1991); NHANES III phase 2 (1991-1994); and 
continuous two-year cycles beginning with 1999-2000 and 
continuing to the present. 

What is the frequency of 
data release? 

Data are released in two-year cycles (e.g. 1999-2000); 
particular data sets from a two-year NHANES cycle are 
released as available. 

Are the data comparable 
across time and space? 

Detection limits can vary across time, affecting some 
comparisons. Some contaminants are not measured in every 
NHANES cycle. Within any NHANES two-year cycle, data 
are generally collected and analyzed in the same manner for 
all sampling locations.  

Can the data be stratified 
by race/ethnicity, 
income, and location 
(region, state, county or 
other geographic unit)? 

Data are collected to be representative of the U.S. population 
based on age, sex, and race/ethnicity. The public release files 
allow stratification by these and other demographic variables, 
including family income range and poverty income ratio. 
Data cannot be stratified geographically except by special 
arrangement with the NCHS Research Data Center. 

 1 
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Methods 
 
Indicator 
 
B1. Lead in children ages 1 to 5 years: Median and 95th percentile concentrations in blood, 1976-
2008 
 
B2. Lead in children ages 1 to 5 years: Median concentrations in blood, by race/ethnicity and 
family income, 2005-2008 
 
Summary 
 
Since the 1970s, the National Center for Health Statistics, a division of the Centers for Disease 
Control and Prevention, has conducted the National Health and Nutrition Examination Surveys 
(NHANES), a series of U.S. national surveys of the health and nutrition status of the 
noninstitutionalized civilian population. The National Center for Environmental Health at CDC 
measures environmental chemicals in blood and urine samples collected from NHANES 
participants.i Indicators B1 and B2 use blood lead measurements in children ages 1 to 5 years. 
NHANES II (1976-1980) included blood lead data for children from six months to 5 years. 
NHANES III (1988-1994) and the NHANES 1999-2000, 2001-2002, 2003-2004, 2005-2006, 
and 2007-2008 surveys included blood lead data for children ages 1 to 5 years.  
 
Indicator B1 gives the median and 95th percentile concentrations of blood lead for children ages 
1 to 5 years for each NHANES survey period. The median is the estimated concentration such 
that 50% of all noninstitutionalized civilian children ages 1 to 5 years during the survey period 
have blood lead concentrations below this level. The 95th percentile is the estimated 
concentration such that 95% of all noninstitutionalized civilian children ages 1 to 5 years during 
the survey period have blood lead concentrations below this level. Indicator B1 gives the median 
and 95th percentile concentrations of blood lead for children ages 1 to 5 years for each NHANES 
survey period.  
 
Indicator B2 gives the median concentrations of blood lead for children ages 1 to 5 years for 
2005-2008, stratified by race/ethnicity and family income. Table B1a gives the median and 95th 
percentile concentrations of blood lead for children ages 1 to 17 years for 2005-2008, stratified 
by age group. Table B2a gives the 95th percentile concentrations of blood lead for children ages 1 
to 5 years for 2005-2008, stratified by race/ethnicity and family income. Table B2b gives the 
median concentrations of blood lead for children ages 1 to 5 years for 1991-1994, stratified by 
race/ethnicity and family income. The survey data were weighted to account for the complex 
multi-stage, stratified, clustered sampling design. 
 
Data Summary 

 
i Centers for Disease Control and Prevention. 2009. Fourth National Report on Human Exposure to Environmental 
Chemicals. Atlanta, GA. Available at: www.cdc.gov/exposurereport. 
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1  
Indicator B1. Lead in children ages 1 to 5 years: Median and 95th percentile 

concentrations in blood, 1976-2008. 
B2. Lead in children ages 1 to 5 years: Median concentrations in 
blood, by race/ethnicity and family income, 2005-2008. 

Time Period 1976-2008 
Data Blood lead 
Years 1976-

1980 
1988-
1991 

1991-
1994 

1999-
2000 

2001-
2002 

2003-
2004 

2005-
2006 

2007-
2008 

Limits of Detection 
(µg/dL)* 

Not 
reported

1  1  0.3  0.3  0.3  0.3 or 
0.25  

0.25  

Number of Non-missing 
Values** 

2,345 2,203 2,367 723 898 911 968 817 

Number of Missing Values 1,425 805 347 362 432 356 442 414 
Percentage Below Limit of 
Detection*** 

 4 8 0 1 0 0 0 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

* The Limit of Detection (LOD) is defined as the level at which the measurement has a 95% probability of being 
greater than zero. 
**Non-missing values include those below the analytical LOD, which are reported as LOD/√2. 
***This percentage is survey-weighted using the NHANES survey weights for the given period.  
 
 
Overview of Data Files 
 
The following files are needed to calculate this indicator. All these files together with the survey 
documentation and SAS programs for reading in the data are available at the NHANES website: 
www.cdc.gov/nchs/nhanes.htm.  12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

 
• NHANES II: Hematology and Biochemistry file DU5411.txt. This text file contains the 

measured blood lead (N2LB0409), age in years (N2LB0190), the survey weight for lead 
data (N2LB0060), the pseudo-stratum (N2LB0324), and the pseudo-PSU (N2LB0326). 

 
• NHANES III: Laboratory file LAB.DAT. This text file contains the measured blood lead 

(PBP), age in months (MXPAXTMR), the laboratory survey weights (WTPFEX1 for 
Phase 1 and WTPFEX2 for Phase 2), the pseudo-stratum codes (SDPSTRA1 for Phase 1 
and SDPSTRA2 for Phase 2), and the pseudo-PSU codes (SDPPSU1 for Phase 1 and 
SDPPSU2 for Phase 2). 

 
• NHANES 1999-2000: Demographic file demo.xpt. Laboratory file lab06.xpt. The 

demographic file demo.xpt is a SAS transport file that contains the subject identifier 
(SEQN), age (RIDAGEYR), laboratory survey weight (WTMEC2YR), pseudo-stratum 
(SDMVSTRA) and the pseudo-PSU (SDMVPSU). The laboratory file lab06.xpt contains 
SEQN and the blood lead (LBXBPB). The two files are merged using the common 
variable SEQN. 
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• NHANES 2001-2002: Demographic file demo_b.xpt. Laboratory file l06_b.xpt. The 
demographic file demo_b.xpt is a SAS transport file that contains the subject identifier 
(SEQN), age (RIDAGEYR), laboratory survey weight (WTMEC2YR), pseudo-stratum 
(SDMVSTRA) and the pseudo-PSU (SDMVPSU). The laboratory file l06_b.xpt contains 
SEQN and the blood lead (LBXBPB). The two files are merged using the common 
variable SEQN. 

 
• NHANES 2003-2004: Demographic file demo_c.xpt. Laboratory file l06bmt_c.xpt. The 

demographic file demo_c.xpt is a SAS transport file that contains the subject identifier 
(SEQN), age (RIDAGEYR) and the laboratory survey weight (WTMEC2YR), pseudo-
stratum (SDMVSTRA) and the pseudo-PSU (SDMVPSU). The laboratory file 
l06bmt_c.xpt contains SEQN and the blood lead (LBXBPB). The two files are merged 
using the common variable SEQN. 

 
• NHANES 2005-2006: Demographic file demo_d.xpt. Laboratory file pbcd_d.xpt. The 

demographic file demo_d.xpt is a SAS transport file that contains the subject identifier 
(SEQN), age (RIDAGEYR), race/ethnicity (RIDRETH1), poverty income ratio 
(INDFMPIR), laboratory survey weight (WTMEC2YR), pseudo-stratum (SDMVSTRA), 
and the pseudo-PSU (SDMVPSU). The laboratory file pbcd_d.xpt contains SEQN and 
the blood lead (LBXBPB). The two files are merged using the common variable SEQN. 
 

• NHANES 2007-2008: Demographic file demo_e.xpt. Laboratory file pbcd_e.xpt. The 
demographic file demo_e.xpt is a SAS transport file that contains the subject identifier 
(SEQN), age (RIDAGEYR), race/ethnicity (RIDRETH1), poverty income ratio 
(INDFMPIR), laboratory survey weight (WTMEC2YR), pseudo-stratum (SDMVSTRA), 
and the pseudo-PSU (SDMVPSU). The laboratory file pbcd_e.xpt contains SEQN and 
the blood lead (LBXBPB). The two files are merged using the common variable SEQN. 

 
National Health and Nutrition Examination Surveys (NHANES)  
 
Since the 1970s, the National Center for Health Statistics, a division of the Centers for Disease 
Control and Prevention, has conducted the National Health and Nutrition Examination Surveys 
(NHANES), a series of U.S. national surveys of the health and nutrition status of the 
noninstitutionalized civilian population. The National Center for Environmental Health at CDC 
measures environmental chemicals in blood and urine samples collected from NHANES 
participants. Indicators B1 and B2 use blood lead measurements in children ages 5 and under. 
NHANES II (1976-1980) included blood lead data for children from six months to 5 years. 
NHANES III (1988-1994) and the NHANES 1999-2000, 2001-2002, 2003-2004, 2005-2006, 
and 2007-2008 surveys included blood lead data for children ages 1 to 5 years. The NHANES 
data were obtained from the NHANES website: http://www.cdc.gov/nchs/nhanes.htm Following 
the CDC recommended approach, values below the analytical limit of detection (LOD) were 
replaced by LOD/√2.

40 
41 
42 

                                                

ii  
 

ii See Hornung RW, Reed LD. 1990. Estimation of average concentration in the presence of nondetectable values. 
Appl Occup Environ Hyg 5:46–51.  
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The NHANES use a complex multi-stage, stratified, clustered sampling design. Certain 
demographic groups were deliberately over-sampled, including Mexican-Americans and Blacks. 
Oversampling is performed to increase the reliability and precision of estimates of health status 
indicators for these population subgroups. The publicly released data includes survey weights to 
adjust for the over-sampling, non-response, and non-coverage. The statistical analyses used the 
laboratory survey weights (WTMEC2YR) to re-adjust the blood lead data to represent the 
national population.  
 
Race/Ethnicity and Family Income 
 
For Indicator B2, the percentiles were calculated for demographic strata defined by the 
combination of race/ethnicity and family income. 
 
The family income was characterized based on the INDFMPIR variable, which is the ratio of the 
family income to the poverty level. The National Center for Health Statistics used the U.S. 
Census Bureau Current Population Survey to define the family units, and the family income for 
the respondent was obtained during the interview. The U.S. Census Bureau defines annual 
poverty level money thresholds varying by family size and composition. The poverty income 
ratio (PIR) is the family income divided by the poverty level for that family. Family income was 
stratified into the following groups: 
 

• Below Poverty Level: PIR < 1 
• Between 100% and 200% of Poverty Level: 1 ≤ PIR ≤ 2 
• Above 200% of Poverty level: PIR > 2 
• Above Poverty Level: PIR ≥ 1 (combines the previous two groups) 
• Unknown Income: PIR is missing 

 
Race/ethnicity was characterized using the RIDRETH1 variable. The possible values of this 
variable are: 
 

• 1. Mexican American 
• 2. Other Hispanic 
• 3. Non-Hispanic White  
• 4. Non-Hispanic Black  
• 5. Other Race – Including Multi-racial 
• “.” Missing 

 
Category 5 includes: all Non-Hispanic single race responses other than White or Black; and 
multi-racial responses. 
 
For indicator B2, the RIDRETH1 categories 2, 5, and missing were combined into a single 
“Other” category. This produced the following categories: 
 

• White non-Hispanic: RIDRETH1 = 3 
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• Black non-Hispanic: RIDRETH1 = 4 
• Mexican-American: RIDRETH1 = 1 
• Other: RIDRETH1 = 2 or 5 or missing 

 
The “Other” category includes Asian non-Hispanic; Native American non-Hispanic; Hispanic 
other than Mexican-American; those reporting multi-racial; and those with a missing value for 
race/ethnicity. 
 
Calculation of Indicator 
 
Indicator B1 is the median and 95th percentile for blood lead in children of ages 1 to 5 years. 
Table B1a is the median and 95th percentile for blood lead in children of ages 1 to 17 years, 
stratified by age group. Indicator B2 is the median of blood lead in children of ages 1 to 5 years 
stratified by race/ethnicity and family income. Table B2a is the 95th percentile of blood lead in 
children of ages 1 to 5 years stratified by race/ethnicity and family income. Table B2b is the 
median of blood lead in children of ages 1 to 5 years, stratified by race/ethnicity and family 
income for 1991-1994. The median is the estimated concentration such that 50% of all 
noninstitutionalized civilian children ages 1 to 5 years during the survey period have blood lead 
concentrations below this level. The 95th percentile is the estimated concentration such that 95% 
of all noninstitutionalized civilian children ages 1 to 5 years during the survey period have blood 
lead concentrations below this level. 
 
To simply demonstrate the calculations, we will use the NHANES 2007-2008 blood lead values 
for children ages 1 to 5 years as an example. We have rounded all the numbers to make the 
calculations easier: 
 
We begin with all the non-missing NHANES 2007-2008 blood lead values for children ages 1 to 
5 years. Assume for the sake of simplicity that valid data on blood lead were available for every 
sampled child. Each sampled child has an associated survey weight WTMEC2YR that estimates 
the annual number of U.S. children represented by that sampled child. For example, the lowest 
blood lead measurement for a child between 1 and 5 years of age is 0.39 µg/dL with a survey 
weight of 60,000, and so represents 60,000 children between 1 and 5 years of age. The total of 
the survey weights for the sampled children equals 20 million, the total U.S. population of 
children between 1 and 5 years of age. The second lowest measurement is 0.42 µg/dL with a 
survey weight of 10,000, and so represents another 10,000 U.S. children between 1 and 5 years 
of age. The highest measurement was 31 µg/dL, with a survey weight of 8,000, and so represents 
another 8,000 U.S. children between 1 and 5 years of age. 
 
To calculate the median, we can use the survey weights to expand the data to the entire U.S. 
population of 20 million children ages 1 to 5 years. We have 60,000 values of 0.39 µg/dL from 
the lowest measurement, 10,000 values of 0.42 µg/dL from the second lowest measurement, and 
so on, up to 8,000 values of 31 µg/dL from the highest measurement. Arranging these 20 million 
values in increasing order, the 10 millionth value is 1.4 µg/dL. Since half of the values are below 
1.4 and half of the values are above 1.4, the median equals 1.4 µg/dL. To calculate the 95th 
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percentile, note that 95% of 20 million equals 19 million. The 19 millionth value is 4.1 µg/dL. 
Since 95% of the values are below 4.1, the 95th percentile equals 4.1 µg/dL. 
 
In reality, the calculations need to take into account that blood lead measurements were not 
available for every respondent, and to use exact rather than rounded numbers. There were blood 
lead measurements for only 817 of the 1,231 sampled children ages 1 to 5 years. The survey 
weights for all 1,231 sampled children add up to 20.6 million, the U.S. population of children 
ages 1 to 5 years. The survey weights for the 817 sampled children with blood lead data add up 
to 13.7 million. Thus the available data represent 13.7 million values and so represent only 66% 
of the U.S. population of children ages 1 to 5 years. The median and 95th percentiles are given by 
the 6.85 millionth (50% of 13.7 million) and 13.02 millionth (95% of 13.7 million) U.S. child’s 
value. These calculations assume that the sampled children with valid blood lead data are 
representative of the children without valid blood lead data.  
 

15 
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Equations 
 
These percentile calculations can also be given as the following mathematical equations, which 
are based on the default percentile calculation formulas from Statistical Analysis System (SAS) 
software. Exclude all missing blood lead values. Suppose there are n children of ages 1 to 5 years 
with valid blood lead values. Arrange the blood lead concentrations in increasing order 
(including tied values) so that the lowest concentration is x(1) with a survey weight of w(1), the 
second lowest concentration is x(2) with a survey weight of w(2), …, and the highest 
concentration is x(n) with a survey weight of w(n). 
 
1. Sum all the survey weights to get the total weight W: 
 
 W = Σ[1 ≤ i ≤ n] w(i) 
 
2. Find the largest number i so that the total of the weights for the i lowest values is less than or 
equal to W/2. 
 

Σ[j ≤ i] w(j) ≤ W/2 < Σ[j ≤ i + 1] w(j) 
 
3. Calculate the median using the results of the second step. We either have 
 

Σ[j ≤ i] w(j) = W/2 < Σ[j ≤ i + 1] w(j) 
 
or 
 

Σ[j ≤ i] w(j) < W/2 < Σ[j ≤ i + 1] w(j) 
 
In the first case we define the median as the average of the i’th and i + 1’th values: 
 
 Median = [x(i) + x(i + 1)]/2 if Σ[j ≤ i] w(j) = W/2 
 
In the second case we define the median as the i + 1’th value: 
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 Median = x(i + 1) if Σ[j ≤ i] w(j) < W/2 
 
(The estimated median does not depend upon how the tied values of x(j) are ordered). 
  
A similar calculation applies to the 95th percentile. The first step to calculate the sum of the 
weights, W, is the same. In the second step, find the largest number i so that the total of the 
weights for the i lowest values is less than or equal to 0.95W. 
 

Σ[j ≤ i] w(j) ≤ 0.95W < Σ[j ≤ i + 1] w(j) 
 
In the third step we calculate the 95th percentile using the results of the second step. We either 
have 
 

Σ[j ≤ i] w(j) = 0.95W < Σ[j ≤ i + 1] w(j) 
 
or 
 

Σ[j ≤ i] w(j) < 0.95W < Σ[j ≤ i + 1] w(j) 
 
In the first case we define the 95th percentile as the average of the i’th and i + 1’th values: 
 
 95th Percentile = [x(i) + x(i + 1)]/2 if Σ[j ≤ i] w(j) = 0.95W 
 
In the second case we define the 95th percentile as the i + 1’th value: 
 
 95th Percentile = x(i + 1) if Σ[j ≤ i] w(j) < 0.95W 
 
 
Relative Standard Error30 
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The uncertainties of the median and 95th percentile values were calculated using a revised 
version of the CDC method given in CDC 2005,iii Appendix C, and the SAS® program provided 
by CDC. The method uses the Clopper-Pearson binomial confidence intervals adapted for 
complex surveys by Korn and Graubard (see Korn and Graubard, 1999,iv p. 65). The following 
text is a revised version of the Appendix C. 
 

Step 1: Use SAS® Proc Univariate to obtain a point estimate PSAS of the percentile value. Use the Weight 
option to assign the exact correct sample weight for each chemical result. 
 
Step 2: Use SUDAAN® Proc Descript with Taylor Linearization DESIGN = WR (i.e., 
sampling with replacement) and the proper sampling weight to estimate the proportion (p) of subjects with 
results less than and not equal to the percentile estimate PSAS obtained in Step 1 and to obtain the standard 

 
iii CDC Third National Report on Human Exposure to Environmental Chemicals. 2005 
iv Korn E. L., Graubard B. I. 1999. Analysis of Health Surveys. Wiley. 
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error (sep) associated with this proportion estimate. Compute the degrees-of-freedom adjusted effective 
sample size 
 

ndf =(tnum/tdenom)2 p(1 - p)/(sep 2) 
 

where tnum and tdenom are 0.975 critical values of the Student’s t distribution with degrees of freedom 
equal to the sample size minus 1 and the number of PSUs minus the number of strata, respectively. Note: 
the degrees of freedom for tdenom can vary with the demographic sub-group of interest. 
 
Step 3: After obtaining an estimate of p (i.e., the proportion obtained in Step 2), compute the Clopper-
Pearson 95% confidence interval (PL(x,ndf), PU(x,ndf)) as follows: 
 

PL(x,ndf) = v1Fv1,v2 (0.025)/(v2 + v1Fv1,v2(0.025)) 
PU(x,ndf) = v3Fv3,v4 (0.975)/(v4 + v3Fv3,v4(0.975)) 

 
where x is equal to p times ndf, v1 = 2x, v2 = 2(ndf − x + 1), v3 = 2(x + 1), v4 = 2(ndf − x), and Fd1,d2(β) is 
the β quantile of an F distribution with d1 and d2 degrees of freedom. (Note: If ndf is greater than the 
actual sample size or if p is equal to zero, then the actual sample size should be used.) This step will 
produce a lower and an upper limit for the estimated proportion obtained in Step 2.  
 
Step 4: Use SAS Proc Univariate (again using the Weight option to assign weights) to determine the 
chemical percentile values PCDC, LCDC and UCDC that correspond to the proportion p obtained in Step 2 and 
its lower and upper limits obtained in Step 3. Do not round the values of p and the lower and upper limits. 
For example, if p = 0.4832, then PCDC is the 48.32’th percentile value of the chemical. The alternative 
percentile estimates PCDC and PSAS are not necessarily equal. 
 
Step 5: Use the confidence interval from Step 4 to estimate the standard error of the estimated percentile 
PCDC: 
 

Standard Error (PCDC) = (UCDC − LCDC) / (2tdenom) 
 
Step 6: Use the estimated percentile PCDC and the standard error from Step 4 to estimate the relative 
standard error of the estimated percentile PCDC: 
 
 Relative Standard Error (%) = [Standard Error (PCDC) / PCDC] × 100% 
 
The tabulated estimated percentile is the value of PSAS given in Step 1. The relative standard error is given 
in Step 6, using PCDC and its standard error. 

 
The relative standard error depends upon the survey design. For this purpose, the public release 
version of NHANES includes the variables SDMVSTRA and SDMVPSU, which are the Masked 
Variance Unit pseudo-stratum and pseudo-primary sampling unit (pseudo-PSU). For 
approximate variance estimation, the survey design can be approximated as being a stratified 
random sample with replacement of the pseudo-PSUs from each pseudo-stratum; the true stratum 
and PSU variables are not provided in the public release version to protect confidentiality. 
 
Percentiles with a relative standard error less than 30% were treated as being reliable and were 
tabulated. Percentiles with a relative standard error greater than or equal to 30% but less than 
40% were treated as being unstable; these values were tabulated but were flagged to be 
interpreted with caution. Percentiles with a relative standard error greater than or equal to 40%, 

February 2011 DO NOT QUOTE OR CITE
 



Biomonitoring: Lead 
 

DRAFT Indicator for Third Edition of America’s Children and the Environment  Page 29 
 

1 
2 
3 
4 
5 
6 
7 
8 

or without an estimated relative standard error, were treated as being unreliable; these values 
were not tabulated and were flagged as having a large uncertainty. 
 
Questions and Comments 
 
Questions regarding these methods, and suggestions to improve the description of the methods, 
are welcome. Please use the “Contact Us” link at the bottom of any page in the America’s 
Children and the Environment website. 
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Statistical Comparisons 
 
Statistical analyses of the percentiles were used to determine whether the differences between 
percentiles for different demographic groups were statistically significant. For these analyses, the 
percentiles and their standard errors were calculated for each combination of age group, sex, 
income group (below poverty, at or above poverty, unknown income), and race/ethnicity group 
using the method described in the “Relative Standard Error” section. In the notation of that 
section, the percentile and standard error are the values of PCDC and Standard Error (PCDC), 
respectively. These calculated standard errors account for the survey weighting and design and, 
for women, for the age-specific birthrate.  
 
Using a weighted linear regression model, the percentile was assumed to be the sum of 
explanatory terms for age, sex, income and/or race/ethnicity and a random error term; the error 
terms were assumed to be approximately independent and normally distributed with a mean of 
zero and a variance equal to the square of the standard error. Using this model, the difference in 
the value of a percentile between different demographic groups is statistically significant if the 
difference between the corresponding sums of explanatory terms is statistically significantly 
different from zero. A p-value at or below 0.05 implies that the difference is statistically 
significant at the 5% significance level. No adjustment is made for multiple comparisons. 
 
For each type of comparison, we present unadjusted and adjusted analyses. The unadjusted 
analyses directly compare a percentile between different demographic groups. The adjusted 
analyses add other demographic explanatory variables to the statistical model and use the 
statistical model to account for the possible confounding effects of these other demographic 
variables. For example, the unadjusted race/ethnicity comparisons use and compare the 
percentiles between different race/ethnicity pairs. The adjusted race/ethnicity comparisons use 
the percentiles for each age/sex/income/race/ethnicity combination. The adjusted analyses add 
age, sex, and income terms to the statistical model and compare the percentiles between different 
race/ethnicity pairs after accounting for the effects of the other demographic variables. For 
example, if White non-Hispanics tend to have higher family incomes than Black non-Hispanics, 
and if the blood lead level strongly depends on family income only, then the unadjusted 
differences between these two race/ethnicity groups would be significant but the adjusted 
difference (taking into account income) would not be significant. 
 
Comparisons between pairs of race/ethnicity groups are shown in Tables 1 and 2 for children 
ages 1 to 5 years. In Table 1, for the unadjusted “All incomes” comparisons, the only 
explanatory variables are terms for each race/ethnicity group. For these unadjusted comparisons, 
the statistical tests compare the percentiles for each pair of race/ethnicity groups. For the 
adjusted “All incomes (adjusted for age, sex, income)” comparisons, the explanatory variables 
are terms for each race/ethnicity group together with terms for each age, sex, and income group. 
For these adjusted comparisons, the statistical test compares the pair of race/ethnicity groups 
after accounting for any differences in the age, sex and income distributions between the 
race/ethnicity groups.  
 
In Table 1, for the unadjusted “Below Poverty Level” and “At or Above Poverty Level” 
comparisons, the only explanatory variables are terms for each of the twelve 
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race/ethnicity/income combinations (combinations of four race/ethnicity groups and three 
income groups). For example, in row 1, the p-value for “Below Poverty Level” compares White 
non-Hispanics below the poverty level with Black non-Hispanics below the poverty level. The 
same set of explanatory variables are used in Table 2 for the unadjusted comparisons between 
one race/ethnicity group below the poverty level and the same or another race/ethnicity group at 
or above the poverty level. The corresponding adjusted analyses include extra explanatory 
variables for age and sex, so that race/ethnicity/income groups are compared after accounting for 
any differences due to age or sex. 
 
Additional comparisons are shown in Table 3 for children ages 1 to 5 years. The AGAINST = 
“income” unadjusted p-value compares the blood lead levels for those below poverty level with 
those at or above poverty level, using the explanatory variables for the three income groups 
(below poverty, at or above poverty, unknown income). The adjusted p-value includes 
adjustment terms for age, sex, and race/ethnicity in the model. The AGAINST = “yearnum” p-
value examines whether the linear trend in blood lead levels is statistically significant (using the 
percentiles for each NHANES period regressed against the midpoint of that period); the adjusted 
model for trend adjusts for demographic changes in the populations from year to year by 
including terms for age, sex, income, and race/ethnicity. 
 
Table 4 shows comparisons between blood lead levels in children ages 1 to 5 years in 1991-1994 
and the blood lead levels in children ages 1 to 5 years in 2005-2008. The AGAINST = 
“yearnum” p-value examines whether the change in the percentiles is statistically significant 
(using the percentiles for the periods 1991-1994 and 2005-2008 regressed against the midpoints 
of those two periods); the adjusted model adjusts for demographic changes in the populations 
from year to year by including terms for age, sex, income, and race/ethnicity. The rows for 
SUBSET is not missing show the p-values for different race/ethnicity groups. 
 
 
The age groups used were 1, 2, 3, 4, and 5. 
 
For more details on these statistical analyses, see the memorandum by Cohen (2010).v
 
Table 1. Statistical significance tests comparing the percentiles of blood lead levels in children 
ages 1 to 5 years, between pairs of race/ethnicity groups, for 2005-2008. 
 

 P-VALUES 

Variable Percentile RACE1 RACE2 
All 

incomes 

All incomes 
(adjusted 

for age, sex, 
income) 

Below 
Poverty 

Level 

Below 
Poverty 
Level 

(adjusted 
for age, 

sex) 

At or 
Above 

Poverty 
Level 

At or 
Above 

Poverty 
Level 

(adjusted 
for age, 

sex) 

lead 50 White non-
Hispanic 

Black non-
Hispanic < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.021 0.003 

lead 50 White non- Mexican- 0.469 0.007 0.443 0.075 0.908 0.115 

                                                 
v Cohen, J. 2010. Selected statistical methods for testing for trends and comparing years or demographic groups in 
ACE NHIS and NHANES indicators. Memorandum submitted to Dan Axelrad, EPA, 21 March, 2010. 
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 P-VALUES 

Variable Percentile RACE1 RACE2 
All 

incomes 

All incomes 
(adjusted 

for age, sex, 
income) 

Below 
Poverty 

Level 

Below 
Poverty 
Level 

(adjusted 
for age, 

sex) 

At or 
Above 

Poverty 
Level 

At or 
Above 

Poverty 
Level 

(adjusted 
for age, 

sex) 
Hispanic American 

lead 50 White non-
Hispanic Other 0.660 0.204 0.104 0.372 0.604 0.235 

lead 50 Black non-
Hispanic 

Mexican-
American < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.042 < 0.0005 

lead 50 Black non-
Hispanic Other 0.010 < 0.0005 0.050 < 0.0005 0.039 < 0.0005 

lead 50 Mexican-
American Other 0.948 0.258 0.183 0.567 0.581 0.773 

lead 95 White non-
Hispanic 

Black non-
Hispanic 0.002 < 0.0005 0.085 < 0.0005 0.155 < 0.0005 

lead 95 White non-
Hispanic 

Mexican-
American 0.783 0.005 0.407 0.026 0.904 0.483 

lead 95 White non-
Hispanic Other 0.206 < 0.0005 0.831 0.077 0.809 < 0.0005 

lead 95 Black non-
Hispanic 

Mexican-
American 0.002 < 0.0005 0.003 < 0.0005 0.032 < 0.0005 

lead 95 Black non-
Hispanic Other 0.050 < 0.0005 0.054 < 0.0005 0.348 < 0.0005 

lead 95 Mexican-
American Other 0.243 < 0.0005 0.592 < 0.0005 0.700 < 0.0005 

1 
2 
3 
4 
5 

 
Table 2. Statistical significance tests comparing the percentiles of blood lead levels in children 
ages 1 to 5 years, between pairs of race/ethnicity/income groups at different income levels, for 
2005-2008. 
 

 P-VALUES 

Variable Percentile RACEINC1 RACEINC2 Unadjusted 

Adjusted 
(for age, 

sex) 
lead 50 White non-Hispanic, < PL White non-Hispanic, > PL 0.355 0.002 

lead 50 White non-Hispanic, < PL Black non-Hispanic, > PL 0.522 0.704 

lead 50 White non-Hispanic, < PL Mexican-American, > PL 0.412 < 0.0005 

lead 50 White non-Hispanic, < PL Other, > PL 0.270 < 0.0005 

lead 50 Black non-Hispanic, < PL White non-Hispanic, > PL < 0.0005 < 0.0005 

lead 50 Black non-Hispanic, < PL Black non-Hispanic, > PL < 0.0005 < 0.0005 

lead 50 Black non-Hispanic, < PL Mexican-American, > PL < 0.0005 < 0.0005 

lead 50 Black non-Hispanic, < PL Other, > PL < 0.0005 < 0.0005 

lead 50 Mexican-American, < PL White non-Hispanic, > PL 0.001 0.162 

lead 50 Mexican-American, < PL Black non-Hispanic, > PL 0.937 0.126 

lead 50 Mexican-American, < PL Mexican-American, > PL 0.007 0.010 

lead 50 Mexican-American, < PL Other, > PL 0.015 0.013 

lead 50 Other, < PL White non-Hispanic, > PL 0.008 0.126 

lead 50 Other, < PL Black non-Hispanic, > PL 0.195 0.557 

lead 50 Other, < PL Mexican-American, > PL 0.012 0.016 

lead 50 Other, < PL Other, > PL 0.009 0.030 

lead 95 White non-Hispanic, < PL White non-Hispanic, > PL 0.187 < 0.0005 

lead 95 White non-Hispanic, < PL Black non-Hispanic, > PL 0.519 0.008 

February 2011 DO NOT QUOTE OR CITE
 



Biomonitoring: Lead 
 

DRAFT Indicator for Third Edition of America’s Children and the Environment  Page 33 
 

 P-VALUES 

Variable Percentile RACEINC1 RACEINC2 Unadjusted 

Adjusted 
(for age, 

sex) 
lead 95 White non-Hispanic, < PL Mexican-American, > PL 0.145 < 0.0005 

lead 95 White non-Hispanic, < PL Other, > PL 0.264 < 0.0005 

lead 95 Black non-Hispanic, < PL White non-Hispanic, > PL 0.001 < 0.0005 

lead 95 Black non-Hispanic, < PL Black non-Hispanic, > PL 0.005 < 0.0005 

lead 95 Black non-Hispanic, < PL Mexican-American, > PL < 0.0005 < 0.0005 

lead 95 Black non-Hispanic, < PL Other, > PL 0.002 < 0.0005 

lead 95 Mexican-American, < PL White non-Hispanic, > PL 0.213 < 0.0005 

lead 95 Mexican-American, < PL Black non-Hispanic, > PL 0.667 0.407 

lead 95 Mexican-American, < PL Mexican-American, > PL 0.025 < 0.0005 

lead 95 Mexican-American, < PL Other, > PL 0.468 < 0.0005 

lead 95 Other, < PL White non-Hispanic, > PL 0.297 < 0.0005 

lead 95 Other, < PL Black non-Hispanic, > PL 0.719 < 0.0005 

lead 95 Other, < PL Mexican-American, > PL 0.245 < 0.0005 

lead 95 Other, < PL Other, > PL 0.394 < 0.0005 

 1 
2 
3 
4 

Table 3. Other statistical significance tests comparing the percentiles of blood lead levels in 
children ages 1 to 5 years, for 2005-2008 (trends from 1988-2008 and from 1999-2008). 
  

 P-VALUES 

Variable Percentile From To Against Unadjusted Adjusted* 
lead 50 2005 2008 income < 0.0005 < 0.0005 

lead 50 1988 2008 yearnum < 0.0005 < 0.0005 

lead 50 1999 2008 yearnum < 0.0005 < 0.0005 

lead 95 2005 2008 income 0.043 < 0.0005 

lead 95 1988 2008 yearnum < 0.0005 < 0.0005 

lead 95 1999 2008 yearnum < 0.0005 < 0.0005 
5 
6 
7 
8 
9 

10 

*For AGAINST = ”income,” the p-values are adjusted for age, sex, and race/ethnicity. 
For AGAINST = “yearnum,” the p-values are adjusted for age, sex, race/ethnicity, and income.  
 
Table 4. Statistical significance tests comparing the percentiles of blood lead levels in children 
ages 1 to 5 years between 1991-1994 and 2005-2008. 
  

 P-VALUES 

Variable Percentile From To Against Subset Unadjusted Adjusted* 
lead 50 1991-1994 2005-2008 yearnum  < 0.0005 < 0.0005 

lead 95 1991-1994 2005-2008 yearnum  < 0.0005 < 0.0005 

lead 50 1991-1994 2005-2008 yearnum White non-Hispanic < 0.0005 < 0.0005 

lead 95 1991-1994 2005-2008 yearnum White non-Hispanic < 0.0005 < 0.0005 

lead 50 1991-1994 2005-2008 yearnum Black non-Hispanic < 0.0005 < 0.0005 

lead 95 1991-1994 2005-2008 yearnum Black non-Hispanic < 0.0005 < 0.0005 

lead 50 1991-1994 2005-2008 yearnum Mexican-American < 0.0005 < 0.0005 

lead 95 1991-1994 2005-2008 yearnum Mexican-American < 0.0005 < 0.0005 

lead 50 1991-1994 2005-2008 yearnum Other 0.001 0.012 

lead 95 1991-1994 2005-2008 yearnum Other < 0.0005 0.001 
*For AGAINST = “yearnum,,” where SUBSET is not missing, the p-values are adjusted for age, sex, race/ethnicity, and income.  11 
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For AGAINST = “yearnum,,” where SUBSET is missing, the p-values are adjusted for age, sex,  and income.  
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	Table 1. Statistical significance tests comparing the percen
	P-VALUES
	Variable
	Percentile
	RACE1
	RACE2
	All incomes
	All incomes (adjusted for age, sex, income)
	Below Poverty Level
	Below Poverty Level (adjusted for age, sex)
	At or Above Poverty Level
	At or Above Poverty Level (adjusted for age, sex)
	lead
	50
	White non-Hispanic
	Black non-Hispanic
	< 0.0005
	< 0.0005
	< 0.0005
	< 0.0005
	0.021
	0.003
	lead
	50
	White non-Hispanic
	Mexican-American
	0.469
	0.007
	0.443
	0.075
	0.908
	0.115
	lead
	50
	White non-Hispanic
	Other
	0.660
	0.204
	0.104
	0.372
	0.604
	0.235
	lead
	50
	Black non-Hispanic
	Mexican-American
	< 0.0005
	< 0.0005
	< 0.0005
	< 0.0005
	0.042
	< 0.0005
	lead
	50
	Black non-Hispanic
	Other
	0.010
	< 0.0005
	0.050
	< 0.0005
	0.039
	< 0.0005
	lead
	50
	Mexican-American
	Other
	0.948
	0.258
	0.183
	0.567
	0.581
	0.773
	lead
	95
	White non-Hispanic
	Black non-Hispanic
	0.002
	< 0.0005
	0.085
	< 0.0005
	0.155
	< 0.0005
	lead
	95
	White non-Hispanic
	Mexican-American
	0.783
	0.005
	0.407
	0.026
	0.904
	0.483
	lead
	95
	White non-Hispanic
	Other
	0.206
	< 0.0005
	0.831
	0.077
	0.809
	< 0.0005
	lead
	95
	Black non-Hispanic
	Mexican-American
	0.002
	< 0.0005
	0.003
	< 0.0005
	0.032
	< 0.0005
	lead
	95
	Black non-Hispanic
	Other
	0.050
	< 0.0005
	0.054
	< 0.0005
	0.348
	< 0.0005
	lead
	95
	Mexican-American
	Other
	0.243
	< 0.0005
	0.592
	< 0.0005
	0.700
	< 0.0005
	Table 2. Statistical significance tests comparing the percen
	P-VALUES
	Variable
	Percentile
	RACEINC1
	RACEINC2
	Unadjusted
	Adjusted (for age, sex)
	lead
	50
	White non-Hispanic, < PL
	White non-Hispanic, > PL
	0.355
	0.002
	lead
	50
	White non-Hispanic, < PL
	Black non-Hispanic, > PL
	0.522
	0.704
	lead
	50
	White non-Hispanic, < PL
	Mexican-American, > PL
	0.412
	< 0.0005
	lead
	50
	White non-Hispanic, < PL
	Other, > PL
	0.270
	< 0.0005
	lead
	50
	Black non-Hispanic, < PL
	White non-Hispanic, > PL
	< 0.0005
	< 0.0005
	lead
	50
	Black non-Hispanic, < PL
	Black non-Hispanic, > PL
	< 0.0005
	< 0.0005
	lead
	50
	Black non-Hispanic, < PL
	Mexican-American, > PL
	< 0.0005
	< 0.0005
	lead
	50
	Black non-Hispanic, < PL
	Other, > PL
	< 0.0005
	< 0.0005
	lead
	50
	Mexican-American, < PL
	White non-Hispanic, > PL
	0.001
	0.162
	lead
	50
	Mexican-American, < PL
	Black non-Hispanic, > PL
	0.937
	0.126
	lead
	50
	Mexican-American, < PL
	Mexican-American, > PL
	0.007
	0.010
	lead
	50
	Mexican-American, < PL
	Other, > PL
	0.015
	0.013
	lead
	50
	Other, < PL
	White non-Hispanic, > PL
	0.008
	0.126
	lead
	50
	Other, < PL
	Black non-Hispanic, > PL
	0.195
	0.557
	lead
	50
	Other, < PL
	Mexican-American, > PL
	0.012
	0.016
	lead
	50
	Other, < PL
	Other, > PL
	0.009
	0.030
	lead
	95
	White non-Hispanic, < PL
	White non-Hispanic, > PL
	0.187
	< 0.0005
	lead
	95
	White non-Hispanic, < PL
	Black non-Hispanic, > PL
	0.519
	0.008
	lead
	95
	White non-Hispanic, < PL
	Mexican-American, > PL
	0.145
	< 0.0005
	lead
	95
	White non-Hispanic, < PL
	Other, > PL
	0.264
	< 0.0005
	lead
	95
	Black non-Hispanic, < PL
	White non-Hispanic, > PL
	0.001
	< 0.0005
	lead
	95
	Black non-Hispanic, < PL
	Black non-Hispanic, > PL
	0.005
	< 0.0005
	lead
	95
	Black non-Hispanic, < PL
	Mexican-American, > PL
	< 0.0005
	< 0.0005
	lead
	95
	Black non-Hispanic, < PL
	Other, > PL
	0.002
	< 0.0005
	lead
	95
	Mexican-American, < PL
	White non-Hispanic, > PL
	0.213
	< 0.0005
	lead
	95
	Mexican-American, < PL
	Black non-Hispanic, > PL
	0.667
	0.407
	lead
	95
	Mexican-American, < PL
	Mexican-American, > PL
	0.025
	< 0.0005
	lead
	95
	Mexican-American, < PL
	Other, > PL
	0.468
	< 0.0005
	lead
	95
	Other, < PL
	White non-Hispanic, > PL
	0.297
	< 0.0005
	lead
	95
	Other, < PL
	Black non-Hispanic, > PL
	0.719
	< 0.0005
	lead
	95
	Other, < PL
	Mexican-American, > PL
	0.245
	< 0.0005
	lead
	95
	Other, < PL
	Other, > PL
	0.394
	< 0.0005
	Table 3. Other statistical significance tests comparing the 
	P-VALUES
	Variable
	Percentile
	From
	To
	Against
	Unadjusted
	Adjusted*
	lead
	50
	2005
	2008
	income
	< 0.0005
	< 0.0005
	lead
	50
	1988
	2008
	yearnum
	< 0.0005
	< 0.0005
	lead
	50
	1999
	2008
	yearnum
	< 0.0005
	< 0.0005
	lead
	95
	2005
	2008
	income
	0.043
	< 0.0005
	lead
	95
	1988
	2008
	yearnum
	< 0.0005
	< 0.0005
	lead
	95
	1999
	2008
	yearnum
	< 0.0005
	< 0.0005
	*For AGAINST = ”income,” the p-values are adjusted for age, 
	For AGAINST = “yearnum,” the p-values are adjusted for age, 
	Table 4. Statistical significance tests comparing the percen
	P-VALUES
	Variable
	Percentile
	From
	To
	Against
	Subset
	Unadjusted
	Adjusted*
	lead
	50
	1991-1994
	2005-2008
	yearnum
	< 0.0005
	< 0.0005
	lead
	95
	1991-1994
	2005-2008
	yearnum
	< 0.0005
	< 0.0005
	lead
	50
	1991-1994
	2005-2008
	yearnum
	White non-Hispanic
	< 0.0005
	< 0.0005
	lead
	95
	1991-1994
	2005-2008
	yearnum
	White non-Hispanic
	< 0.0005
	< 0.0005
	lead
	50
	1991-1994
	2005-2008
	yearnum
	Black non-Hispanic
	< 0.0005
	< 0.0005
	lead
	95
	1991-1994
	2005-2008
	yearnum
	Black non-Hispanic
	< 0.0005
	< 0.0005
	lead
	50
	1991-1994
	2005-2008
	yearnum
	Mexican-American
	< 0.0005
	< 0.0005
	lead
	95
	1991-1994
	2005-2008
	yearnum
	Mexican-American
	< 0.0005
	< 0.0005
	lead
	50
	1991-1994
	2005-2008
	yearnum
	Other
	0.001
	0.012
	lead
	95
	1991-1994
	2005-2008
	yearnum
	Other
	< 0.0005
	0.001
	*For AGAINST = “yearnum,,” where SUBSET is not missing, the 
	For AGAINST = “yearnum,,” where SUBSET is missing, the p-val
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