











Lead in Washington, DC

Table 4 presents a breakdown of all chil-
dren < 6 years of age whose blood lead levels
fell below the CDC level of concern and sum-
mary measures showing that children who
lived in homes with lead service lines had a
higher blood lead level (p < 0.05). The geo-
metric mean blood lead of children who lived
in houses with lead service lines was
3.28 pg/dL [95% confidence interval (CI),
3.06-3.50] compared with 2.60 pg/dL (95%
ClI, 2.53-2.67) for those living in houses with-
out lead service lines.

Of the 177 homes with > 300 ppb lead in
drinking water, the residents or owners of
44 could not be contacted after multiple
home visits and telephone calls; the residents
of 14 had their lead levels tested privately; the
residents of 10 homes refused to participate;
and 210 residents of 119 houses participated
in the screening program. None had a blood
lead level > 10 pg/dL.

In the data set obtained from the
DC DOH on 2,482 blood lead determina-
tions, we found 107 children with paired blood
lead level and first-draw water lead concentra-
tions. Of these, 7, and an additional 52 for
which paired values were not available, were at
= 10 pg/dL. The range of blood lead levels was
1-68 pg/dL in the total list and 1-25 pg/dL
among the 107 with paired values. The range
of first-draw water lead concentration was
1.04-310 ppb. There was no correlation
(r2=-0.03142).

The data set obtained from the DCWASA
included 71 mostly additional individuals for
which the highest blood lead level and highest
water lead concentration included 20 individ-
uals with blood lead levels of 10 pg/dL and
ranging up to 53.6. The range of highest water
lead concentrations was 0—584. There was no
correlation: 7% = —0.0856 for individuals,
7?2 = —0.05639 for all data points, and
72 =—-0.09728 for all addresses.

Discussion

The present study is not an ecologic study of
blood lead levels in association with lead con-
centrations in drinking water. Rather, it is a
case study of a prolonged incident of elevated
lead in which massive public health interven-
tions may have mitigated the potential effects
of exposure.

Exposure measurement is not easily com-
parable among studies of lead in drinking
water. Under the LCR (U.S. EPA 1991), lead
in tap water is measured on “first draw,” repre-
senting water that has sat overnight in pipes
serving the house before any flushing has
occurred. The measurement therefore repre-
sents the presumed maximum, reflecting
leaching from lead-containing pipes and joints
overnight, that might occur with first use of
tap water in the morning, not the steady-state
concentration during continuous flow, which

is measured by other protocols. The firsc-draw
sampling method has resulted in estimates of
lead exposure 39% higher than the conve-
nience sampling method of measuring lead in
“kettle” water that is actually consumed in a
household (Lacey et al. 1985).

The effect of lead in drinking water may
have been mitigated due to the effectiveness of
the interventions undertaken, the transient
nature of first-draw exposure, the diversity of
sources of fluid intake, or because lead in
drinking water is not a major source of intake
except for formula-fed infants (Gulson 1997;
Hilbig et al. 2002; Lacey et al. 1985). As a con-
sequence, the present study should not be con-
sidered as evidence that lead in drinking water
is a negligible source of lead intake or that it is
never associated with elevated blood lead levels.

Young children are at greatest risk for
health outcomes associated with lead exposure
because their nervous systems are developing
rapidly (Slikker 1994; Stokes et al. 1998). The
level of concern adopted in 1991 by the CDC
as a guideline for prevention is 10 pg/dL
(CDC 1991). Although much lower than lev-
els known to be associated with clinically
symptomatic lead poisoning, the CDC level of
concern is not completely protective against
neurobehavioral outcomes (Bellinger and
Needleman 2003; Canfield et al. 2003).
In population studies, blood lead levels
< 10 pg/dL have been associated with reduced

mental capacity (as measured by intelligence
testing), reduced academic performance, and
increased risk of aggressive behavior and men-
tal illness—effects that have demonstrated
exposure—response relationships with no
threshold (Lanphear et al. 2000; Nevin 2000;
Rogan and Ware 2003). Pediatricians and
public health authorities therefore advise that
children’s exposure to lead from all sources be
reduced as much as feasible to keep blood lead
levels as low as possible during childhood
(Campbell and Osterhoudt 2000; Landrigan
2000; Todd et al. 1996).

Drinking water has been estimated to con-
tribute about 7% of the intake of lead in U.S.
children, overall [Agency for Toxic Substances
and Disease Registry (ATSDR) 1999]. In toxi-
cokinetic models, the U.S. EPA assumes that
50% of lead in drinking water is absorbed by
children (U.S. EPA 2002) and that, as a
default assumption, drinking water con-
tributes 20% of an individual’s lead intake,
while stipulating that “these default values
may not be appropriate for specific applica-
tions” (U.S. EPA 1994). These estimates of
absorption and general intake are averages and
do not apply to children exposed to a known
source of lead, and they do not apply to
infants who consume formula made from tap
water (Gulson 1997; Hilbig et al. 2002).

There are few studies that correlate blood
lead levels with lead in drinking water, and

Table 3. Results of the screening program in terms of blood lead levels.

Characteristic Value
Age distribution of all participants (years)
Range <1-99
Mean 21
Median 9
Blood lead levels of all 6,834 participants (ug/dL)
Range 1-68
Geometric mean 2.3
Median 2
Mode 1
Blood lead levels of children < 6 years of age (pg/dL)
Range <1-68
Geometric mean 2.3
Median 2
Mode 1

Table 4. Results of the screening program for children < 6 years of age with blood lead levels below the

CDC level of concern (10 pg/dL).

Blood lead Living in houses Living in houses
level (pg/dL) with lead service lines without lead service lines
1 75 621

2 67 557

3 75 396

4 50 212

5 28 110

6 15 52

7 14 45

8 15 21

9 3 12

10 2 6

Total no. (%) 344(14.5) 2,032 (85.5)

Mean + SD (95% Cl)

3.28 +2.05(3.06-3.50)

2.60+1.69 (2.53-2.67)
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those of greatest interest use exposure metrics
other than the first-draw sampling protocol
required under the LCR (Lacey et al. 1985).
Studies associating highly elevated lead in
drinking water on the order of 1,000 ppb
(measured as a convenience sample from
household kettles) with elevated blood lead
levels in individual women residents of Ayr,
Scotland, suggested that marked reductions
occurred following measures to mitigate expo-
sure (from 21 to 13 pg/dL) (Sherlock et al.
1984). Studies of decline in median blood
lead in young women > 20 years of age in
Glasgow, Scotland, also showed a decline over
decades, but exposure from other sources may
also have been reduced (Watt et al. 2000).
More recently, investigators in Hamburg,
Germany, demonstrated a close correlation
between lead in tap water (measured as an
average of first-draw, consumption, and
flushed samples) and blood lead levels in non-
smoking women, and marked reductions fol-
lowing interventions designed to avoid
exposure in tap water (Fertmann et al. 2004).
In each case, the metric for lead in tap water
was not the same as in the present study.

In the present study, lead concentrations
were measured on first-draw samples, as
required by the LCR (U.S. EPA 1991).
Residents of houses with elevated lead in tap
water may consume this water, for example,
first thing in the morning, but relatively brief
flushing (much less than 10 min) dramatically
reduces the lead concentration. Adulss, espe-
cially, also diversify their fluid intake and do
not drink tap water exclusively (Heller et al.
2000). Except for nursing infants whose for-
mula is prepared primarily from first draw tap
water, the average concentration in water con-
sumed through the day is therefore much less
than the first-draw concentration, when the
first-draw sample is elevated. This may be why
adults who drink first-draw tap water every
morning at levels as high as 3,000 ppb did not
have higher blood lead levels than those who
did not (Goldberg 1974).

There is no evidence for a strong selection
bias against residents at lower risk in the
screening program; rather, it is likely that a
disproportionate number of residents at
higher risk were screened and that their
screening was motivated by parental concern.
The 2,342 children < 6 years of age who were
screened represent 5.1% of an estimated
45,549 children in the District of Columbia in
that age group. Many of those not screened
who were 1 or 2 years of age at the time would
have already had recent mandatory blood lead
determinations, and their parents or guardians,
knowing the results, may not have sought a
repeat test. The District of Columbia covers a
small area (260 km?), and the testing centers
were readily accessible by public transportation
and even by foot. The distribution of subjects
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mapped as of March 2004 closely matched
both the distribution of housing dating before
1950 and density of children < 6 years of age
(DC DOH, unpublished data). (The one
exception was base housing for Bolling Air
Force Base, where there are many children
< 6 years of age but construction is recent and
military health services are available.)

Recruitment for this study took place
through many channels and was reinforced by
media coverage of the issue, which was close to
saturation at the time, as tracked by the
DCWASA Office of Public Affairs using the
following indicators. There were 46 stories on
the subject in the first 10 months of 2004 on
one popular radio station (WJLA) alone,
31 stories in the Washington Post, 21 stories in
one local newspaper (7he Northwest Current),
and 9 stories in the Washington Afro-American.
Direct information was also provided during
this period to thousands of callers to the
DCWASA customer service line, which served
51,031 calls during the 10 weeks of the first
extensive news coverage of the issue in late
January 2004: 5,429 calls the first week and
similar numbers thereafter until tapering in
weeks 8 and 9, peaking at 8,556 in week 5,
compared with a normal volume of < 40 calls/
week. The story was sufficiently prominent
that it is unlikely that any families in the
District of Columbia with young children
were completely unaware of the issue or the
availability of the screening program.

Although the percentage of all children
< 6 years of age with blood lead levels above
the level of concern who were living in homes
with lead service lines (5.2%) is larger than
the percentage of all children in this age
group who were living in homes without lead
service lines (2.3%), it is misleading to make a
direct comparison. The presence of lead ser-
vice lines to a house is a marker for age of the
house and unrehabilitated status, and there-
fore indicates higher risk for exposure to lead
in paint, soil, and fixtures unrelated to drink-
ing water (Stokes et al. 2004). Homes with-
out lead service lines may be either new
homes, which are unlikely to have had inte-
rior lead paint when built, or old homes in
which the service line may have been replaced
during a general refurbishing that included
lead abatement.

The District of Columbia Plumbing Code
(2003) has required since at least the 1980s
that lead service lines be replaced in houses
undergoing substantial rehabilitation, defined
as involving cumulative repairs or alterations
to = 50% of the water system. The require-
ment was enforced by the permitting process,
which was enforced by a bond on master
plumbers. A 1990 consultant firm’s report
(Weston 1990) estimated that more than half
of building renovations done at that time
included replacement of the lead service line

and that lead had not been used in replace-
ment lines since the mid-1940s. Until 1992,
these replacements were usually performed by
the Water and Sewer Utility Administration
(WSUA), the city agency that preceded the
DCWASA. However, after a staffing cut at
WSUA in 1992, replacements were often
done privately at the owner’s expense, espe-
cially when the homeowner was in a hurry to
sell the house (DCWASA, personal communi-
cation). As a consequence, houses in the
District of Columbia that still have lead ser-
vice lines are those that have not been exten-
sively rehabilitated since the 1940s and are
therefore unlikely to have been remediated for
other lead sources, including lead paint, lead-
containing solder, and lead-containing brass in
water meters.

In collaboration with the CDC, the DC
DOH reported blood lead levels of children
who lived in homes with and without lead ser-
vice lines in 2004 and compared them with
historical trends (Stokes et al. 2004). Children
living in homes with lead service lines showed
a decline in frequency of elevated blood lead
over time at the same rate as children in
homes without lead service lines. The down-
ward trend was steady and uniform except for
a slight increase between 2000 and 2001, after
which levels resumed their decline through
2003. The discontinuity between 2000 and
2001 came too early, and the distribution was
too restricted geographically, to suggest an
effect of drinking water. Furthermore, in the
cross-sectional study conducted in March
2004, none of the residents of homes with
> 300 ppb lead in drinking water showed an
elevated blood lead level.

The present study cannot be reconciled
with the findings of Miranda et al. (20006)
from Wayne County, North Carolina,
because of differences in study design and case
history. Miranda et al. (2006) found a correla-
tion at the population level between chlorami-
nation of drinking water and blood lead levels
of children under 6 years of age. The ecologic
study design used by Miranda et al. (2006)
examined correlations at a population level
and found an association with chloramination,
a stronger association with year of construc-
tion of the house at the address where the
child was living, an even stronger relationship
with household median income, and a strong
interactive term between year of construction
and use of chloramines. They attribute this
association to the possible action of chlo-
ramines on lead pipes in older homes, but the
design of their study cannot rule out con-
founding with housing quality. However, no
sampling data, ranges, or representative values
of lead in water are provided and no ranges or
distributions are provided for blood lead lev-
els. In the absence of individual data, implica-
tions for risk on a personal level cannot be
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assessed. Their findings may apply to a differ-
ent range or distribution of values than those
observed in the present study. In contrast,
their data may reflect the experience of an
unprotected population, without the mitigat-
ing effect of the public health measures intro-
duced in Washington, DC, or a population
with fewer significant sources of lead exposure
than in Washington.

Measures to protect residents from expo-
sure to lead in drinking water may have pre-
vented more frequent elevations in blood lead.
However, the screening program developed in
response to the issue uncovered the true
dimensions of a continuing problem with
sources of lead in homes (Breysse et al. 2004).
The incident did uncover an ongoing and seri-
ous problem of lead exposure from other envi-
ronmental sources in the community, which
were associated with elevations in blood lead in
individual children.

The present study cannot be used to corre-
late lead in drinking water with blood lead lev-
els directly because 4) it is based on an ecologic
rather than individualized exposure assessment;
b) the protocol for measuring lead was based
on regulatory requirements rather than esti-
mating individual intake; ¢) numerous inter-
ventions were introduced to mitigate the effect;
d) exposure from drinking water is confounded
with other sources of lead in older houses;
e) the period of potential exposure was not uni-
form among houses; and f) actual exposure
was variable for individual residents. It is of
value as a population survey of residents, an
evaluation of the public health implications of
a lead exceedance in the face of an appropriate
response, and as a case study in emergency
management of a drinking-water event.

The public health objective remains to
reduce lead intake further from all sources,
to lower mean blood levels in DC (and all)
children still further, and to eliminate indi-
vidual cases of elevated blood lead levels, as
determined by the current, or any future
revised, CDC level of concern (Campbell
and Osterhoudt 2000).
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ERRATUM

NOTE: In the “Discussion” (paragraph 14, p. 701) of the article by Guidotti et al. [Environ Health Perspect 115:695-701 (2007)],
the first two sentences (“There appears to have been no identifiable public health impact from the elevation of lead in drinking water
in Washington, DC, in 2003 and 2004. This may reflect effective measures to protect the residents, as 153 reported compliance with
recommendations to filter their drinking water.”) should have been replaced with the following sentence: “Measures to protect residents
from exposure to lead in drinking water may have prevented more frequent elevations in blood lead.” In addition, on page 695 in the
right-hand column, line 4, the year 2002 should be given as 2000. The authors apologize for these errors.

This error has been corrected in the PDF version of this article.
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