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Introduction

Lead is a pervasive environmental contaminant. The adverse
health effects of lead exposure in children and adults are well
documented, and no safe blood lead threshold in children
has been identified. Lead can be ingested from various
sources, including lead paint and house dust contaminated
by lead paint, as well as soil, drinking water, and food. The
concentration of lead, total amount of lead consumed, and
duration of lead exposure influence the severity of health
effects. Because lead accumulates in the body, all sources of lead
should be controlled or eliminated to prevent childhood lead
poisoning. Beginning in the 1970s, lead concentrations in air,
tap water, food, dust, and soil began to be substantially reduced,
resulting in significantly reduced blood lead levels (BLLs) in
children throughout the United States. However, children are
still being exposed to lead, and many of these children live in
housing built before the 1978 ban on lead-based residential
paint. These homes might contain lead paint hazards, as well
as drinking water service lines made from lead, lead solder,
or plumbing materials that contain lead. Adequate corrosion
control reduces the leaching of lead plumbing components
or solder into drinking water. The majority of public water
utilities are in compliance with the Safe Drinking Water Act
Lead and Copper Rule (LCR) of 1991. However, some children
are still exposed to lead in drinking water. EPA is reviewing
LCR, and additional changes to the rule are expected that
will further protect public health. Childhood lead poisoning
prevention programs should be made aware of the results
of local public water system lead monitoring measurement
under LCR and consider drinking water as a potential cause of
increased BLLs, especially when other sources of lead exposure
are not identified.

This review describes a selection of peer-reviewed publications
on childhood lead poisoning, sources of lead exposure for adults
and children, particularly children aged <6 years, and LCR.
What is known and unknown about tap water as a source of
lead exposure is summarized, and ways that children might be
exposed to lead in drinking water are identified. This report does
not provide a comprehensive review of the current scientific
literature but builds on other comprehensive reviews, including

the Toxicological Profile for Lead and the 2005 CDC statement
Preventing Lead Poisoning Among Young Children (1,2). When
investigating cases of children with BLLs at or above the reference
value established as the 97.5 percentile of the distribution of
BLLs in U.S. children aged 1-5 years, drinking water should
be considered as a source. The recent recommendations from
the CDC Advisory Committee on Childhood Lead Poisoning
Prevention to reduce or eliminate lead sources for children
before they are exposed underscore the need to reduce lead
concentrations in drinking water as much as possible (3).

Background

Lead is a relatively corrosion-resistant, dense, ductile, and
malleable metal that has been used by humans for at least
5,000 years. During this time, lead production has increased
from an estimated 10 tons per year to 1,000,000 tons per year,
accompanying population and economic growth (4). The
estimated average BLL for Native Americans before European
settlement in the Americas was calculated as 0.016 pg/dL (5).
During 1999-2004, the estimated average BLL was 1.9 yg/dL
for the noninstitutionalized population aged 1-5 years in the
United States (6), approximately 100 times higher than ancient
background levels, indicating that substantial sources of lead
exposure exist in the environment.

BLLs of U.S. children increased sharply during 1900-1975
as increased lead use and emissions caused widespread
environmental contamination across the United States.
Changes in federal laws to limit the use and emissions of lead
have reversed this trend. Effective regulations include reducing
or eliminating lead from gasoline for on-road vehicles, foods
and food packaging, house paint, water pipes, plumbing
fixtures, and solder used in plumbing and drink cans.

Effects of Lead Exposure

Effects on Children

The health consequences of lead exposure depend on the
cumulative dose of lead and vulnerability of the individual
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person rather than the environmental media (i.e., food, water,
soil, dust, or air) in which the lead exists. Compelling evidence
has established the cognitive effects of childhood lead exposure
since they were first described in 1943 (7). To date, no safe
blood lead threshold for the adverse effects of lead on infant
or child neurodevelopment has been identified (2). Recent
evidence suggests that the dose-effect relationship might be
supralinear, with a steeper dose response and potential risk
for an adverse health effect such as IQ loss at BLLs <10 pg/dL
compared with BLLs 210 pg/dL (8—10). The developing fetus
and child are more sensitive to lead exposure than adults
because of the immaturity of the blood-brain barrier, increased
gastrointestinal absorption, and hand-to-mouth behaviors, all
of which increase exposure (17). Comorbidities such as iron
deficiency also can enhance lead absorption.

Evidence from several prospective studies suggests
that the adverse effects of early childhood exposure on
neurodevelopment persist into the second decade of life
(12-16). The mechanisms by which low levels of lead exposure
might adversely affect neurobehavioral development remain
uncertain, although experimental data support the involvement
of many physiological pathways.

Effects on Adults

Overall. Adults with occupational exposure to lead report
more colds and influenza and exhibit suppressed secretory
immunoglobulin A (IgA) levels, demonstrating lead-
induced suppression of humoral immunity (/7). Adults with
occupational exposure also might have neurotoxic effects,
including peripheral neuropathy. Motor nerve dysfunction
can occur at BLLs as low as 40 ug/dL (18). Lead also is
nephrotoxic and can cause progressive nephron loss leading
to renal failure, gout, and hypertension. In a meta-analysis of
the relationship between BLL and blood pressure, a small but
statistically significant association between increased BLL and
increased blood pressure was identified (79). BLLs 240 pg/dL
have been associated with increased risk for cardiovascular,
cancer, and all-cause mortality in several epidemiological
studies. These effects might not be limited to adults with
the long-term, high-dose exposure common in occupational
settings. A study of approximately 13,000 adult participants in
the third National Health and Nutrition Examination Survey
(NHANES) with 12 years of follow-up found that adults in
the highest tertile of BLL (23.6 pg/dL) were at increased risk
for all-cause mortality and cardiovascular mortality but not
for cancer mortality compared with those in the lowest tertile
of BLL (<1.9 ug/dL) (20).

Reproductive and Prenatal Effects. Lead exposure remains
a concern for pregnant and lactating women, particularly
those who have an occupational exposure to lead, who are
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recent immigrants, who are engaged in home renovations, or
who have pica. Prenatal lead exposure resulting in maternal
BLLs <10 pg/dL has measurable adverse effects on maternal
and infant health, such as fertility, hypertension, and infant
neurodevelopment (27). In addition, because lead persists in
bone for decades, as bone stores are mobilized to meet the
increased calcium needs of pregnancy and lactation, women
and their infants might be exposed to lead long after external
sources have been removed (22). Adverse reproductive effects
are not limited to women. In males with occupational lead
exposure, abnormal sperm morphology and decreased sperm
count have been observed at BLLs <40 pg/dL (23).

Carcinogenic Effects

Based on limited evidence from studies in humans and sufficient
evidence from animal studies, the U.S. Department of Health
and Human Services (HHS) has determined that lead and lead
compounds are reasonably anticipated to be human carcinogens,
and the U.S. Environmental Protection Agency (EPA) has
determined that lead is a probable human carcinogen. The
International Agency for Research on Cancer also has determined
that inorganic lead is likely carcinogenic in humans (7).

Scope of Public Health Concern
In 2004, 143,000 deaths and a loss of 8,977,000 disease-

adjusted life years were attributed to lead exposure worldwide,
primarily from lead-associated adult cardiovascular disease and
mild intellectual disability in children (24). Children represent
approximately 80% of the disease impact attributed to lead,
with an estimated 600,000 new cases of childhood intellectual
disabilities resulting from BLLs 210 pg/dL each year (25).

In 1987, one study estimated that reducing water lead
levels to below the maximum contaminant level for lead
(which was 20 parts per billion [ppb] during 1986-1991)
would save nearly $400 million per year (1985 dollars) (26).
Although estimates of the reductions in lead concentrations
for various media, air, dust, soil, and water are unavailable,
reductions in BLLs were observed for each subsequent cohort
of children aged 2 years who were not exposed to lead at the
concentrations experienced by the cohort of children aged 2
years in 1976. As a result of the overall reduction of lead in the
environment, including fuel, house paint, and drinking water,
there was an estimated decrease in BLLs of 15.1 pg/dL and a
related estimated economic benefit of $110-$300 million in
earnings for children born after 1976 who were not exposed to
high levels of lead (27). A recent cost-benefit analysis suggested
that for every dollar spent to reduce lead hazards, $17-$220
is saved. This cost-benefit ratio compares favorably to that of
other public health interventions such as vaccines (28).
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Historical Trends in Blood

Lead Levels

Since the 1970s, NHANES data have been used to track
BLLs for the noninstitutionalized U.S. population (Figure). In
1978, approximately 13.5 million children aged 1-5 years had
BLLs 210 pg/dL, which is generally considered the threshold
for housing inspection, health education, and home visits (i.e.,
case management) by local and state public health agencies.
By 2007-2008, this number had decreased to approximately
250,000 (29). In addition, in the early NHANES data from the
1970s and 1980s, 12% of black children had BLLs >30 yg/dL,
compared with 2% of their counterparts who were white.
Children living in low-income families also were at greater risk
for BLLs 230 pg/dL (10% of children in households earning
<$6,000 per year compared with 1.2% living in households

earning >$15,000 per year) (30). By the 1999-2004 surveys,
the percent differences in BLLs 210 pg/dL for children
aged 1-5 years, by race and family income, were no longer
statistically significant, a trend that continues today at levels
210 pg/dL, demonstrating the impact of policies at the federal,
state, and local levels (6).

In the 1991-1994 NHANES, the overall prevalence of BLLs
210 pg/dL was 2.2% but decreased to 0.7% by the 1999-2002
survey. Overall, the geometric mean (GM) decreased significantly
(p<0.05; two-tailed t-test) from 2.3 pg/dL to 1.6 pg/dL during
the same time period. Among children aged 6-12 years, boys
had significantly higher GM BLLs than girls in all age, racial,
and income groups (6).

Despite the considerable progress in decreasing BLLs,
children aged <6 years continue to be exposed to lead. Although
disparities among various subpopulations of children with

FIGURE. Timeline of lead poisoning prevention policies and blood lead levels in children aged 1-5 years, by year — National Health and

Nutrition Examination Survey, United States, 1971-2008
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Sources: Mahaffey KR, Annest JL, Roberts J, Murphy MS. National estimates of blood lead levels: United States (1976-1980). N Engl J Med 1982;307:573-9.

Jones R, Homa D, Meyer P, et al. Trends in blood lead levels and blood lead testing among U.S. children aged 1 to 5 years: 1998-2004. Pediatrics 2009;123:e376-85.

National Health and Nutrition Examination Survey, 2000-2008. Available at http://www.cdc.gov/nchs/nhanes.htm. Accessed July 17, 2012.

* National estimates for GM BLLs and prevalence of BLLs =10 ug/dL, by NHANES survey period and sample size of children aged 1-5 years: 1976-1980: N = 2,372;
1988-1991: N = 2,232; 1991-1994: N = 2,392; 1999-2000: N = 723; 2001-2002: N = 898; 2003-2004: N = 911; 2005-2006: N = 968; 2007-2008: N = 817.

T NHANES survey period.
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BLLs 210 pg/dL are no longer significant, disparities in risk
for exposure have persisted over time. In addition, mean
BLLs continue to be higher for children from low-income
families, non-Hispanic black children, and children living
in older housing (i.e., built before 1950) (6). For example,
the mean BLL for non-Hispanic black children (1.9 pg/dL)
was significantly higher (36%) than that of white children
(1.4 pug/dL) during 2007-2008.

Although the decrease in GM BLLs in women aged 20-59
years from 1.8 pg/dL in 1988-1994 to 1.2 in 1999-2002
was similar to that seen in children, in utero exposure is also
a substantial public health issue for certain populations,
particularly new immigrants (3/-33). In a 2003 study conducted
in New York City, New York, BLLs 25 pg/dL were more
prevalent among pregnant women who were born outside the
United States than pregnant women born in the United States

(odds ratio = 8.2, 95% confidence interval = 3.8-17.3) (34).

Lead in the Environments of Children

A review of the sources of lead in the environments of
U.S. children discusses the contributions of various lead-
contaminated media to BLLs in children (35). Deteriorating
lead paint and lead in house dust and soil are the primary,
and often the most concentrated, sources of lead. However,
lead paint contamination is not the only source of exposure
for U.S. children.

Lead is used in thousands of applications, each constituting
a potential exposure source (36). Case reports from local and
state lead programs indicate that up to 30% of children with
BLLs 210 pg/dL do not have an immediate lead paint hazard.
For example, in 2004 in Arizona, lead-contaminated soil was
the most commonly identified proximate exposure source,
accounting for approximately 24% of increased BLLs in
children, followed by paint (17%), folk remedies and pottery
(17%), dust (15%), and miscellaneous other sources (19%).
In 8% of cases, no lead hazard was identified (37).

In field investigations, nonpaint lead exposure sources
might be insufficiently characterized and their importance
underestimated. Lead program inspectors look for lead paint
hazards in places where children with BLLs >10 pg/dL spend
time. Often, lead exposure sources other than paint are
sought only when no lead paint hazards are found. Of 35
CDC-funded childhood lead poisoning prevention programs,
only 15 reported that they routinely tested lead levels in
water in homes where children have increased BLLs (CDC,
unpublished data, 2009). Thus, for some children with BLLs
210 pg/dL, important nonpaint sources such as water might
not be identified.

4 MMWR / August 10,2012 / Vol. 61

Evidence also suggests that for children with BLLs 5-9 pg/dL,
no single source of exposure predominates. For these children,
the contribution of multiple sources, including drinking water,
seems likely, particularly for children who do not have well-
established risk factors such as living in old housing or having
a parent who is exposed to lead at work (38). CDC and its
Advisory Committee on Childhood Lead Poisoning Prevention
concur that primary prevention of lead exposure is essential to
reducing high BLLs in children and that reducing water lead
levels is an important step in achieving this goal.

Lead in Drinking Water

Lead is unlikely to be present in source water unless a specific
source of contamination exists. However, lead has long been
used in the plumbing materials and solder that are in contact
with drinking water as it is transported from its source into
homes. Lead leaches into tap water through the corrosion of
plumbing materials that contain lead (26,39). The greater the
concentration of lead in drinking water and the greater amount
of lead-contaminated drinking water consumed, the greater the
exposure to lead. In children, lead in drinking water has been
associated both with BLLs 210 pg/dL (40,41) as well as levels
that are higher than the U.S. GM level for children (1.4 pg/dL)
but are <10 pg/dL (42—44)

History of Studies on Lead in Water

In 1793, the Duke of Wiirttemberg, Germany, warned
against the use of lead in drinking water pipes, and in 1878,
lead pipes were outlawed in the area as a result of concerns
about the adverse health effects of lead in water (45). In
the United States, the adverse health consequences of lead-
contaminated water were recognized as early as 1845 (46).
A survey conducted in 1924 in the United States indicated
that lead service lines were more prevalent in New England,
the Midwest, Montana, New York, Oklahoma, and Texas
(47). A nationwide survey conducted in 1990 indicated that
3.3 million lead service lines were in use, and the areas where
they were most likely to be used were, again, the midwestern
and northeastern regions of the United States. This survey
also estimated that approximately 61,000 lead service lines
had been removed through voluntary programs during the
previous 10 years (48).

Research on exposure to lead in water increased as concern
about the topic increased, and efforts were made to establish a level
of lead in water that, at the time of the studies, was considered
acceptable. A 1972 study in Edinburgh, Scotland, obtained 949
first-flush water samples (i.e., samples of water from the tap that
have been standing in the plumbing pipes for at least 6 hours)
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matched with 949 BLLs, as well as 205 running water samples
matched to 205 BLLs (49). No dose-response relationship could
be determined when comparing BLLs with four levels of lead
in both first-flush water and in running water (<0.24 pmol/L;
0.24-0.47 pmol/L; 0.48-1.43 pmol/l; and 21.44 ymol/L). The
study concluded that the findings challenged whether it was
necessary to lower the water lead concentration to <100 ppb,
which at that time was the acceptable concentration established
by the World Health Organization. However, the study also
reported that low levels of environmental lead exposure could
have adverse health effects; therefore, knowing the degree of
lead exposure from household water relative to other sources is
important. Another study, in 1976, of 129 randomly selected
homes in Caernarvonshire, England, reported a similar finding
(50), describing the relationship between blood and water lead
as slight.

Comparing studies on the relationship between BLLs and
lead levels in water are difficult given that the age of study
participants, water sample collection methods, and duration
of the exposure to high water lead levels vary considerably
across studies. Quantifying the contribution of lead in water
to BLLs in children can be particularly challenging because
of the difficulty of collecting valid, reliable, and reproducible
water lead samples. Relatively small fluctuations in factors
such as temperature, pH alkalinity, and dissolved solids affect
the solubility of lead (57). In addition, intake estimation is
difficult because of the incomplete understanding of individual
children’s water intake patterns. Nonetheless, during the 1900s,
an association between blood and water lead levels continued
to be reported, particularly in sensitive populations such as
pregnant women and children. For example, in the Glasgow
Duplicate Diet Study, the correlation coefficient between infant
BLLs at age 3 months and composite water samples was 0.59
(52). In astudy of the association between children’s BLLs and
water lead levels, with a convenience sample of 320 households,
water lead levels explained as much as 12% of the variance in
BLLs (53). BLLs also were shown to decrease when lead lines
were completely replaced. In one study comparing water lead
levels in housing of low-income persons before and after lead
service lines were replaced, water lead levels decreased by 50%
in the 3 months after total replacement of lead pipes from the
distribution systems (54).

In the 1983 British Regional Heart Study, the BLLs of
7,378 men in 24 British towns were evaluated (55). All men
were categorized based on lead concentration in domestic
water, water hardness, and alcohol and cigarette consumption.
The findings indicated that when first-draw home tap water
measured 100 ppb, BLLs of the men were 1.00 y#mol/L,
compared with 0.7 gmol/L in men with home tap water that
contained undetectable lead levels. The study recommended

that lead in water be given greater priority than in the past in
any national campaign to reduce lead exposure. In a follow-up
study in Glasgow, Scotland, tap water lead concentrations and
maternal BLLs from 1981 were compared with water and BLLs
from 1993 (56). In 1993, 17% of 1,812 homes had daytime,
first-draw lead levels in 1 L of water that were >10 ppb,
compared with 49% of 131 homes enrolled in a survey in 1981.
Maternal BLLs decreased by 31% during the same period (11.9
pgl/dL in 1981 vs. 3.7 pg/dL in 1993). Despite this decrease,
the study reported that even the reduced levels of lead in tap
water might have presented a risk for bottle-fed infants.

The lead studies discussed above exclusively assessed lead in
water, and tap water was the only source considered as the cause
of the increased BLL. One landmark U.S. observational study
conducted during the 1990s studied 183 urban children aged
12-31 months (37%, 12—18 months; 31%, 18—24 months;
33%, 24—31 months) (57). Of these children, 63% had BLLs
<10 pg/dL, 20% had BLLs of 10-14 ug/dL, 8% had BLLs
of 15-19 ug/dL, and 3% had BLLs 220 pg/dL. The study
evaluated lead in home foundation perimeter soils, potable
water, paint, and house dust. Lead-contaminated house dust
was the major contributor to BLLs 210 y#g/dL. However, the
study reported that although lead-contaminated water had a
statistically significant effect on children’s BLLs after adjusting
for other sources of lead exposure, no statistically significant
contribution for drinking water could be discerned at levels
below the current EPA action level of 15 ppb (57). Lead dust
as a primary source of lead for children with increased BLLs
was further demonstrated in a subsequent pooled analysis of 12

studies; floor dust lead levels as low as 5 pg/ft> were associated
with 5% of enrolled children having a BLL >10 pg/dL (58).

LCR and Control Measures

In 1991, EPA promulgated LCR. LCR sets an action level of
15 ppb of lead in 1 L of first-draw water taken after the water
has been standing in the pipes for at least 6 hours. LCR also
establishes a nonenforceable maximum contaminant level goal
(MCLG) of 0, the level of lead in drinking water at which no
adverse health effects are likely to occur. However, EPA has
determined that MCLG is not feasible because many sources
of lead in water are not under the control of public drinking
water suppliers (i.e., water utilities). LCR requires water
utilities to monitor lead in drinking water from a sample of
customer taps in homes with plumbing materials that contain
lead and copper. If >10% of the samples collected from a water
utility serving <50,000 residents exceeds the lead action level,
the utility must identify and install optimal corrosion control
treatment. Utilities serving 250,000 residents are required to
have optimal corrosion control treatment regardless of level
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of lead in drinking water. Any size water utility exceeding the
lead action level and covered by LCR is required to educate
the public about lead in drinking water until water levels are
below the lead action level. Utilities that exceed the action level
must distribute public education materials on lead to customers
and organizations that serve consumers with populations at
high risk for adverse health effects from lead (e.g., schools,
pediatricians, and child-care centers). The public education
materials must include information about the health effects
of lead, sources of lead, and steps persons can take to reduce
their exposure to lead.

LCR requires that additional action be taken when a water
utility with lead service lines and optimized corrosion control
treatment still exceeds the action level in >10% of samples
collected. In addition to public education, these utility
companies also are responsible for replacing the portion of
the lead service lines (the line connecting a house to the water
distribution system) that the utility company owns. Utility
companies must offer to replace the section of line owned
by the customer (the section from the water meter into the
house). However, the utility company is not required to bear
the cost of replacing the privately owned portion of the line.
When a customer does not agree to replacement of the privately
owned portion of the line, the utility company must notify the
residents at least 45 days in advance that they might experience
a temporary increase in water lead levels as the portion of the
service line owned by the utility company is replaced and must
provide guidance on measures to minimize their exposure to
lead. A utility company also must collect a water sample within
72 hours after completion of the partial replacement, test the
sample for lead, and notify the customer of the results.

Most U.S. drinking water systems are in compliance with
LCR. In 2004, the Congressional Research Service reported
that an EPA review of its water monitoring data conducted
during 2000-2003 did not find a systemic problem of
increased lead levels among water systems. For systems that
serve >50,000 persons, 27 (3.6%) of these systems exceeded
the action level of 15 ppb at least once in the time period. For
systems that served 3,300-50,000 people, 237 (3.4%) exceeded
the action level at least once since 2000 (59). However, lead
service lines remain in use in neighborhoods in many cities.
These pipes range in age from those installed during the late
1800s through 1986, although the preponderance of lead
service line installations occurred before World War II.

Changes in water treatment and disinfection practices can
substantially undermine lead corrosion control (60). In the
mid-1990s in the District of Columbia (DC), high levels of
free chlorine were used to decrease coliform bacteria in water,
a process that inadvertently changed the type of lead mineral
coating in the water lines to one with very low solubility in
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the background pH of the DC drinking water. When the
free chlorine was replaced with chloramines, the transformed
highly insoluble lead scale minerals were no longer stable and
dissolved. Therefore, a substantial level of lead was released
from the lead service lines into drinking water at the tap (61).
CDC reviewed the relationship between BLLs in children, the
presence of a lead service line, and water disinfection practices
in DC during 1998-2006 (62). The study reported that the
presence of a lead service line was associated with higher BLLs
in children. This relationship was most pronounced during
2001 through June 2004, when chloramines were used to
disinfect the drinking water without adequate corrosion control
(62). An observational study in which the BLLs of children
were matched to population-based data of water lead levels
during periods when water disinfection practices changed
in DC concluded that the increase in water lead levels was
associated with an increase in the BLLs of children (63). In a
study in Wayne County, North Carolina, a unified geographic
information system was used to link BLLs with water service
lines made with or without lead. The use of chloramines in
water predicted higher water lead levels and BLLs, controlling
for well-established, known predictors of BLL (44).

Partial replacement of lead service lines might not effectively
decrease the increased BLLs associated with lead service
lines, as shown by one observational study in DC during
July 2004-December 2006 that assessed the BLLs and type
of water service line (62). Compared with children who had
never had a lead service line, children having had a partial lead
pipe replacement were at increased risk for increased BLLs,
and BLLs of children with partial lead pipe replacement were
not lower than those of children who lived in housing with a
complete lead service line.

Water from systems that serve <25 persons and water
from private drinking water wells is not regulated under the
Safe Drinking Water Act, so LCR does not apply to these
water sources, and they are not routinely tested for lead.
Approximately 40—45 million people in the United States
drink water that is not subject to the LCR regulations (64).
The number of homes supplied by private wells or sources
that serve <25 persons that have leaded plumbing, fixtures, or
solder is unknown, as is the number of such homes that would
benefit from appropriate corrosion control or water filtration
at the point of use.

Since 1991, when LCR was finalized and enforced, tap water
lead levels have substantially decreased (65). However, conditions
still exist that could allow children to be exposed to water lead
levels 215 ppb. Drinking water from systems with lead service
lines that do not have optimized corrosion control might not be
in compliance with LCR, which can result in this level of lead
exposure. A system with lead service lines that is in compliance
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with LCR can still expose children to lead levels 215 ppb because
LCR permits <10% of sampled homes to exceed the action level
of 15 ppb. Optimized corrosion control also might not completely
prevent lead in plumbing materials from dissolving into drinking
water. Persons who drink water from these sources might be
exposed to lead levels >15 ppb.

Conclusion

Although EPA has the primary responsibility for ensuring
the safety of drinking water, state and local childhood lead
poisoning prevention programs are important partners in
ensuring that the public is protected from lead exposure.
These programs promote blood lead screening, conduct blood
lead surveillance, provide clinician and public education and
outreach, and provide case management for children with
elevated BLLs. Because children with elevated BLLs might be
exposed to many sources of lead, all sources of lead should be
considered when their homes are inspected. Childhood lead
poisoning prevention programs can obtain data on lead in
public drinking water systems from the water suppliers (66).
Drinking water in older housing should be tested as a source
of lead exposure when the local drinking water system is not in
compliance with LCR or when another source of lead exposure
cannot be identified for children with high BLLs (67).

Data are not available to address certain issues regarding
lead in drinking water. The effect of water lead levels on BLLs
of children and other populations at risk for adverse effects
is difficult to measure. Current water sampling protocols
were designed to assess the adequacy of water treatment, not
the level of human exposure to lead. Important fluctuations
in water lead levels might be missed because of limitations
inherent in sampling protocols developed for regulatory
purposes. Future research efforts could validate the accuracy
of sampling protocols for identifying fluctuations of lead
concentrations, predicting exposure to lead at the individual
level, and determining how best to measure lead concentrations
in multifamily versus single-family homes, child-care centers,
and school settings. As new alternatives to lead in plumbing
are developed, they should be evaluated before being marketed.
More research, surveillance, and intervention studies also are
needed to determine the most effective ways to reduce the lead
concentration of drinking water to meet the goal of eliminating
high BLLs in children.

Childhood lead poisoning prevention programs routinely
provide information on practices that minimize exposure
to lead in water. This information can be updated with
additional materials promoting lead-safe plumbing practices.

Training curricula for lead exposure assessment protocols and
case-management guidelines for children with elevated BLLs
should incorporate lead-safe water and plumbing information.
Appropriate risk communication materials for water customers
that are accurate and reflect specific language and cultural
factors might be beneficial.

Partial lead service line replacement has been associated
with short-term increases in lead levels in drinking water (65)
and has not been found to decrease risk for BLLs >5 yg/dL in
children (62). These findings imply that the practice of partially
replacing lead service lines as a method to comply with LCR
should be reconsidered. One alternative is full replacement of
lead service lines, regardless of whether the lead service line is
owned by the water authority or the property owner. Lower
BLLs could be achieved if plumbing components contained the
lowest possible levels of lead and monitoring and enforcement
activities were effective. Finally, information about lead in
plumbing components, often available in tax assessor data,
could be incorporated into information routinely provided to
homebuyers or renters before they make the decision to buy
or rent a property.

Since 1970, considerable reductions in lead concentrations
have occurred in air, tap water, food, dust, and soil, which
significantly reduced the BLLs of children throughout the
United States. However, children are still being exposed to lead,
and no safe blood lead threshold for children has been identified.

All sources of lead in the environments of children should
be controlled or eliminated (2). For the many children living
in housing built before 1978, lead sources include lead paint
hazards as well as lead in plumbing components and fixtures.
Children can still be exposed to tap water with lead levels of
215 ppb if they live in older homes that are more likely to have
lead water pipes or fixtures. To prevent lead exposure from
tap water, persons involved with childhood lead poisoning
prevention programs should be familiar with communities
having buildings at high risk for lead and monitor whether
local water providers are in compliance with LCR (66). EPA
is currently reviewing LCR, which provides an opportunity for
continued collaboration between EPA and CDC that focuses
on reducing the public health consequences of exposure to
lead in water.
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