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Blood Lead Levels --- United States, 1999--2002

Adverse health effects caused by lead exposure include intellectual and behavioral deficits in children and hypertension and kidney

disease in adults (/). Exposure to lead is an important public health problem, particularly for young children (2). Eliminating blood
lead levels (BLLs) >10 pg/dL in children is one of the national health objectives for 2010 (objective no. 8-11) (3,4). Findings of
National Health and Nutrition Examination Surveys (NHANES) from the period 1976--1980 to 1991--1994 reveal a steep decline
(from 77.8% to 4.4%) in the percentage of children aged 1--5 years with BLLs >10 pg/dL (5,6). However, BLLs remain higher for
certain populations, especially children in minority populations, children from low-income families, and children who live in older

homes (5). This report updates estimates of BLLs in the U.S. population with the latest NHANES data, collected during 1999-
-2002. The findings indicated that BLLs continued to decrease in all age groups and racial/ethnic populations. During 1999--2002,
the overall prevalence of elevated BLLs for the U.S. population aged >1 year was 0.7%. BLLs in non-Hispanic black children
remained higher than in non-Hispanic white or Mexican-American children, although the proportion of BLLs >10 pg/dL in this
population decreased (72%) since 1991--1994. Approximately 310,000 children aged 1--5 years remained at risk for exposure to
harmful lead levels. Public health agencies should continue efforts to eliminate or control sources of lead, screen persons at highest
risk for exposure, and provide timely medical and environmental interventions for those identified with elevated BLLs.

NHANES is an ongoing series of cross-sectional surveys on health and nutrition designed to be nationally representative of the
noninstitutionalized, U.S. civilian population by using a complex, multistage probability design. All NHANES surveys included a
household interview followed by a detailed physical examination in a mobile examination center (MEC), at which time venous
blood samples were obtained from persons aged >1 year. BLLs were measured by graphite furnace atomic absorption
spectrophotometry in the inorganic toxicology laboratory at CDC.

Detailed analyses compared BLLs of 16,825 persons from the NHANES survey conducted during 1999--2002 with BLLs of
13,472 persons from the NHANES survey conducted during 1991--1994. Results were analyzed by age group, race/ethnicity (i.e.,
non-Hispanic white, non-Hispanic black, and Mexican American), and low-income status (with the threshold determined by
multiplying the U.S. Census Bureau poverty level threshold for the year of the interview by 1.3). Elevated BLLs were defined as
BLLs >10 pg/dL for all ages. Geometric mean (GM) BLLs and 95% confidence intervals were calculated. All analyses used MEC
sample weights to account for the unequal probability of selection, oversampling, and survey nonresponse.

For 1999--2002, the overall prevalence of elevated BLLs for the U.S. population was 0.7% (Table 1), a decrease of 68% from
2.2% in the 1991--1994 survey. The largest decrease (72%) in elevated BLLs, from 11.2% to 3.1%, was among non-Hispanic black
children aged 1--5 years, consistent with a previous decline from 1988--1991 to 1991--1994 (Figure).

During the 1999--2002 survey period, children aged 1--5 years had the highest prevalence of elevated BLLs (1.6%), indicating that
approximately 310,000 children in that age group remained at risk for exposure to harmful lead levels. Youths aged 6--19 years had
the lowest prevalence of elevated BLLs (0.2%), although this estimate was not statistically reliable. Overall, by race/ethnicity, non-
Hispanic blacks and Mexican Americans had higher percentages of elevated BLLs (1.4% and 1.5%, respectively) than non-
Hispanic whites (0.5%) (Table 1). Among subpopulations, non-Hispanic blacks aged 1--5 years and aged >60 years had the highest
prevalence of elevated BLLs (3.1% and 3.4%, respectively). Although the prevalence of elevated BLLs among non-Hispanic black
children was higher compared with children in the other two racial/ethnic populations, statistical power was not sufficient to
examine these differences because of the small proportions and variability around the estimates.

GM BLLs declined significantly (p<0.05) from the 1991--1994 survey period in all populations and subpopulations (Table 2).
Overall, the GM BLL declined from 2.3 pg/dL in 1991--1994 to 1.6 pug/dL in 1999--2002. The highest GM BLLs in 1999--2002
were among children aged 1--5 years (1.9 pg/dL) and adults aged >60 years (2.2 ug/dL), and the lowest were among youths aged
6--19 years (1.1 pg/dL). Males had significantly higher GM BLLs than females, except among children aged 1--5 years, which is
consistent with the 1991--1994 survey. By racial/ethnic group, among children aged 1--5 years, the GM BLL was significantly
higher for non-Hispanic blacks (2.8 yg/dL), compared with Mexican Americans (1.9 yg/dL) and non-Hispanic whites (1.8 ug/dL).
Among children aged 1--5 years from families with low income, the GM BLL also declined significantly, from 3.7 pg/dL in the
1991--1994 survey to 2.5 ug/dL in 1999--2002.



https://web.archive.org/web/20090114031843/http://www.cdc.gov/
https://web.archive.org/web/20090114031843/http://www.cdc.gov/
https://web.archive.org/web/20090114031843/http://www.cdc.gov/
https://web.archive.org/web/20090114031843/http://www.cdc.gov/
https://web.archive.org/web/20090114031843/http://www.cdc.gov/
https://web.archive.org/web/20090114031843/http://www.cdc.gov/
https://web.archive.org/web/20090114031843/http://www.cdc.gov/
https://web.archive.org/web/20090114031843/http://www.cdc.gov/
https://web.archive.org/web/20090114031843/http://www.cdc.gov/search.htm
https://web.archive.org/web/20090114031843/http://www.cdc.gov/search.htm
https://web.archive.org/web/20090114031843/http://www.cdc.gov/health/diseases.htm
https://web.archive.org/web/20090114031843/http://www.cdc.gov/health/diseases.htm
https://web.archive.org/web/20090114031843/http://www.cdc.gov/mmwr/index.html
https://web.archive.org/web/20090114031843/http://www.cdc.gov/mmwr/index.html
https://web.archive.org/web/20090114031843/http://www.cdc.gov/mmwr/preview/mmwrhtml/00048339.htm
https://web.archive.org/web/20090114031843/http://www.cdc.gov/mmwr/preview/mmwrhtml/00048339.htm
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Ashley, PhD, US Dept of Housing and Urban Development. DJ Brody, MPH, National Center for Health Statistics; MJ Brown,
ScD, RL Jones, PhD, D Homa, PhD, National Center for Environmental Health, CDC.

Editorial Note:

The findings in this report indicate that BLLs continue to decline in the United States, as measured by NHANES, the only survey
providing national data on lead exposure. The GM BLL for the U.S. population aged >1 year decreased by 30% from 1991--1994
to 1999--2002, and the prevalence of elevated BLLs decreased by 68% overall and by 64% for children aged 1--5 years.
Differences in proportions of elevated BLLs among children by race/ethnicity also were reduced, likely because of the substantial
decline among non-Hispanic black children. However, the GM BLL for non-Hispanic black children remains higher than that for
Mexican-American and non-Hispanic white children, indicating that differences in risk for exposure still persist. Exposure risk
remains of particular concern in light of reported adverse health effects at BLLs <10ug/dL (7).

The decline in BLLs in the United States has resulted from coordinated, intensive efforts at the national, state, and local levels
beginning with efforts to remove lead from gasoline, food cans, and residential paint products (4). Beginning in 2003, CDC and the
U.S. Department of Housing and Urban Development (HUD) required funded programs to develop formal plans to eliminate lead
poisoning in their jurisdictions. Key components of these plans include coordination of activities by state, local, and
nongovernmental organizations, linking BLL surveillance and Medicaid claims data to identify gaps in screening of populations at
high risk, and eliminating lead paint hazards in housing, particularly in homes with more than one child with an elevated BLL.

The findings in this report are subject to at least three limitations. First, although NHANES is a nationally representative survey,
the current design does not allow for estimates in smaller geographic areas or for identifying risk in certain subpopulations such as
recent immigrants. Second, NHANES does not identify specific sources of lead exposure. Finally, the low prevalence of elevated
BLLs does not allow stratification by more than one factor that might be related to exposure, such as race/ethnicity or age of
residence.

A critical factor in reducing BLLs in children has been the decline in the number of U.S. homes with lead-based paint, from an
estimated 64 million in 1990 to 38 million in 2000 (8). This decline might be associated, in part, with federal appropriations to
HUD of $700 million during fiscal years 1992--2002 for residential lead control in low-income, privately owned housing (9), and
to investments in housing rehabilitation made by other government agencies and the private sector. Lead-control enforcement
action by HUD, the U.S. Environmental Protection Agency, and the Department of Justice has resulted in approximately 200 on-
site inspections and 30 settlements involving approximately 160,000 housing units nationwide (/0). State and local governments
have provided substantial additional funding for lead-poisoning--prevention activities and enforcement of local ordinances.
However, an estimated 24 million housing units still contain substantial lead paint hazards, with 1.2 million of these units occupied
by low-income families with young children (8). Findings in this report demonstrate progress toward achieving the national health
objective for 2010 to eliminate elevated BLLs in children. Continued vigilance to identify remaining lead hazards and children at
risk for lead exposure is necessary to meet this goal.
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Table 1

TABLE 1. Percentage of persons with elevated blood lead levels®, by selected characteristics — National Health and Nutrition
Examination Surveys (MHANES), United States, 19911 994 and 19992002

NHANES 1991-1924

Ne.in % (85% confidence interval)
Sex/Age (yrs) sample All racial/ethnic groups White, nen-Hispanic Black, non-Hispanic Mexican American
Both sexas
=1 13,472 22 (1628 15 (D.0-2.2)% 53 (2850 20 (2.0-40M
i-5 2,302 44 (2.7-8.5) 23 (0.8—4.511 112 (5.8-18.0) 40 (1.8-8.9
610 2,060 1.8 (0.7=2.1) 0.6 (0.1-1.97 32 (23439 23 (0.7-4.7t
20-50 5,506 1.7 {(1.1-28 1.1 0.5z 41 (2757 20 (1.9-4.0
=60 2,524 36 (2.8-4.5 a0 (22-3g9t 10.5 (7.2-14.357 2.8 (1.8-68"
Male
>1 6,204 35 (2.5-48) 2.3 (1.3amnt 2.4 (6.2-10.28 40 (2657
i-5 1211 55 (3.4-8.4 24 (0.7-5.311 13.8  (8.5-20.00 47 (2o0-g.4tt
B-19 1,443 1.5 (0.8-2.5 0.4 (0.0-1.711 45 (33-59 24 (0.8-531
20-50 2,365 31 (1.9-48 21 (0.8—4.071 70 {44403 43 (2.5-8.5
=60 1,185 65 (4.6-8.9 52 (ao-76t 205 (13.2-20.087 75(84q307
Female
=1 7,268 0.0 (0.6-1.3) 07 (0.2-1.ft 26 (1.4-41) 1.7 (0.8-2.0)
-5 1,181 2.3 (20-49 21 (0.6—4.371 87 (ao0-16.8" 23 (1.2-647
610 1,517 1.1 (02281t 0.9 (o.0-3.31t 1.9 (o.7-antt 22 (06491t
20-50 323 0.4 (0.2-0.8) 0.2 (o005t 1.6 (0.7-2.g91 1.3 [o.5_2.g1t
=60 1,339 1.5 (0.7-2.6 14 [0.5-2.71t a5 (13-e7tt 0.9 (oi-2.31t

TABLE 1. {Continued) Percentage of persons with elevated blood lead levels®, by selected characteristics — Mational Health and
MNufrition Examination Surveys (NHANES), United States, 1991-1994 and 1999-2002

NHANES 19992002
Ne.in % (95% confidence interval)
Sex/Age (yrs) sample All racial/ethnic groups White, non-Hispanic Black, non-Hispanic Mexican American
Both sexes
=1 16,825 0.7 (0509 05 (04075 1.4 (0.0-1.90 15 (1.0-2.9)0
i-5 1,160 1.6 (1.1-22) 1.8 (0.6-2.51 31 (1749 20 (0.5-4.41
610 6,283 0.2 (0.0-0.49 0.2 (0.0-08t 03 (o.4-0.81 0.3 (0.1-081"
20-58 5,876 0.7 (0.5-1.00* 0.6 (0.4-0.9% 1.3 (0.6=2.1) 20 (1.2-297
=60 3,058 0.8 (0.4-1.2* 0.4 (0.1-0.7t 34  (to-53r 1.8 (0.9-2.7)
Mala
=1 g,202 11 (0814~ 0.8 (06115 22 (13340 24 (1.3-a.40
i-5 846 1.7 [0.8-2a* 14 (0.3-3.371 25  (lo-4gtt 32 (o772t
610 3,158 0.2 (0.0-0.4) 0.2 (0.0-0.6)1 0.3 (0.1-0.5)* 0.1 (0.0-0.31
2050 2,680 1.2 (0.8-1.7)* 1.0 (0.5-1.59% 23 (1.0-4.07 30 (1.8-4.57
=60 1,509 1.5 (0.8-2.4* 0.7 (0.2-1.51 75 (441135 22 (1.o-ant
Female
=1 B,623 0.8 (0.2-05)" 0.3 (04-05)t 0.7 (0.4-1.00 0.8 (0.4-1.3)
-5 764 1.4 (0.7-2.4)* 1.8 (0.2—a.9t 37 (1.6-6.61 0.7 (o.o-23ft
619 3,125 0.2 (0.0-0.51 0.2 (0.0-0.911 0.3 (0.0-1.01 0.5 (01191
20-50 3,187 0.3 (oi-081t 0.3 (o.o-07tt a5  (oi-1.att 0.8 (0.3-1.71
=60 1,547 0.2 (0.0-0.491 0.1 (o.0-0.31 0.8 01-2gtt 1.6 [0.6-3.7)1t
* =10 pg/dL.

t Significantly different from non-Hispanic blacks at p<0.05, with Bonfamoni adjustment.

Significantly different from Meaxican Americans at p<0.05, with Bonferroni adjustment.
Significantly different from non-Hispanic whites at p<0.05, with Borferroni adjustrment.
1; Significantly different between NHANES 19982002 and MHANES 1991-1994 at p=0.05.
Does not meet standard of statistical reliability and precision (i.e., relative standard error is =30%), and significant testing was not performed.
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TABLE 2. Geomelric means {GMs) of blood lead levels (measured as pag/dL), by racefethnicity, sex, and age group —National Health
and Nutrition Examination Surveys (NHANES), United States, 19911994 and 1999-2002

NHANES 1991-1994*

Ne.in GM (95% confidence interval)
Sex/Age (yrs) sample All racial/ethnic groups White, non-Hispanic Black, non-Hispanic Mexican American
Both sexes
=1 13,472 2.3 (21-2.4) 22 (2.0-2.9M% 2.8 (25300 2.4 (23280
-5 2392 2.7 (2.5-3.00 2.3 2.4-2.61 4.3 (3.6-5.0457 3.1 (2.7-3.8t
619 2,960 1.7 {1.5-1.8 1.5 {1.4-1.718 23 (21-287 20 (1.8-2.4)7
2050 5,506 22 2.4-2.3 2.1 o221 2.6 24287 2.5 24287
=60 2,524 34 (3.2-3.5 3.3 (32397 4.3 (3.7-4.957 3.1 (27387
Male
=1 6,204 28 (2.6-29) 26 (2.5-2.015 a6 (3.3-408 a1 (2a-a3yh
-5 1,211 2.8 (2.5-3.1) 2.3 2.4-2.61§ 4.7 (3.0-5557 3.3 (2.0-3.877
610 1,443 1.9 (1.7-21) 1.7 (1.5-1.0)%% 27 g4’ 23 jpo2g7
20-59 2,365 2.8 (2.7-3.1) 2.7 {2.5-3.07% 3.6 (3.2-397 34 (32387
=60 1,185 4.2 (4.0-4.4) 4.0 38427 6.3 (547150 41 (354087
Female
=1 7,260 19 (1.e-2.0) 18 (17101 22 (20245 19 (eant
-5 1,181 27 (2429 2.3 20267 4.0 (32487 249 (2434
610 1,517 1.5 (1.9-1.7) 1.4 (1.2-1.6F 2.0 (17227 1.7 (1.5-1.9)
20-59 3231 1.7 (1.6-1.8 1.6 (1.5-1.778 1.9 (1.8-2.1)7 1.8 (1.7-1.97
=60 1,330 20 (2.7-3.0) 2.8 (2.7-3.0) 3.8 (2.8-3.8 25 (2.4-2.4)

TABLE 2. {Continued) Geometric (GMs) means of blood lead levels {measured as pg/dL), by race/ethnicity, sex, and age group —

Matienal Health and Nutrition Examination Surveys (NHANES), United States, 19911994 and 1999-2002

NHAMNES 1999-2002*
Mo, in GM (95% confidence interval)
Sex/Age (yrs) sample All racial/ethnic groups White, non-Hispanic Black, non-Hispanic Mexican American
Both sexes
=1 16,825 1.6 (1.5-1.8) 1.5 (1.5-1.81 1.8 (1.7-1.9)0 1.6 (1.6-1.7)
i-5 1,610 1.9 (1.8-21) 1.8 (i.6-2.0% 2.8 (25-31)§0 1.0 (i.a-zot
610 6,283 11 (1.1-1.3 14 (.01t 1.5 (1.4-1.857 1.3 (1.2-1.477
20-59 5876 1.5 (1.5-1.8 1.5 (1.4-1.58 1.7 (1.6-1.87 1.8 (1.6-1.97
=60 3,056 22 2.4-2.39 22 21231 27 (252880 21 10231
Male
=1 £,202 1.9 (1.8-2.0) 19 (1.e-1.9M 24 (202! 2.0 (1.eaxl
-5 845 1.0 (1.8-2.1) 1.8 (1.6-2.07 2.8 (253147 2.0 .ozt
6-19 3,158 1.3 (1.9-1.4 1.2 (1.1-1.378 1.7 (1.5-1.87 1.5 (1.4-1.87
20-50 2,680 20 (1.0-2.0) 1.0 (1.8-2.08 21 (20-2.3 23 jpezg¥
=60 1,509 2.7 (2.6-2.9 2.6 25271 3.4 {9.1-3.657 2.6 232971
Femala
=1 g,623 1.2 (1.2-1.9) 1.2 (1219t 15 (1.4-1.68 1.2 (124t
-5 764 1.9 (1.8-2.1) 1.8 (1.5-2.197 2.8 j2.5-3.257 1.8 (1.7-2.07t
6-19 3,125 1.0 (0.9-1.0) 0.9 (0.8-1.0078 1.3 (1.2-1.557 1.1 (1.0-1.277
20-50 3,187 1.2 (1.2.1.3 1.2 (11197 1.4 (1.3-1.87 1.3 (1.2-1.4)
260 1,547 1.9 (1.8-2.0) 1.9 (1.8-2.07 2.3 (2.1-2.457 1.8 (1.6-2.07

3 Differences in GMs betwean NHANES 19902002 and NHANES 1991-1994 ara all significant at p<0.05.

Significantly differant from non-Hispanic Hacks at p<0.05, with Borfamoni adjustment.

Significantly different from Mexican Americans at p<0.05, with Bonferroni adjustment.
Significantly different from non-Hispanic whites at p<0.05, with Bonferroni adjustment.
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FIGURE. Percentage of children aged 1-5 years with blood
lead levels =10 pa/dL, by racefethnicity and survey period —
Mational Health and Nutrition Examination Surveys, United
States, 1988—1991, 189911994, and 1999-2002
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