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Objectives. To evaluate lead levels in tap water at licensed North Carolina child care facilities.

Methods. Between July 2020 and October 2021, we enrolled 4005 facilities in a grant-funded,
participatory science testing program. We identified risk factors associated with elevated first-draw lead

levels using multiple logistic regression analysis.

Results. By sample (n = 22 943), 3% of tap water sources exceeded the 10 parts per billion (ppb) North

Carolina hazard level, whereas 25% of tap water sources exceeded 1 ppb, the American Academy of
Pediatrics' reference level. By facility, at least 1 tap water source exceeded 1 ppb and 10 ppb at 56% and
12% of facilities, respectively. Well water reliance was the largest risk factor, followed by participation in

Head Start programs and building age. We observed large variability between tap water sources within

the same facility.

Conclusions. Tap water in child care facilities is a potential lead exposure source for children. Given

variability among tap water sources, it is imperative to test every source used for drinking and cooking
SO appropriate action can be taken to protect children’s health. (Am J Public Health. 2022;112(S7):
$695-5705. https://doi.org/10.2105/AJPH.2022.307003)

U S regulations to control lead
sources, including gasoline, paint,

and plumbing, have led to significant
declines in children’s blood lead levels
since the 1970s." The continued pres-
ence of lead in drinking water from
lead-bearing water infrastructure,
including pipes, fixtures, solder, and ser-
vice lines, still poses an ongoing health
risk, however. Even low-level lead expo-
sures in early childhood can result in irre-
versible developmental deficits, 1Q loss,
and behavioral issues.*® Lead exposure
also affects other critical systems in the
body, including the renal, cardiovascular,
hematologic, and immunological sys-
tems.* No safe lead exposure thresholds
exist for any organ systems studied.*

Younger children may be exposed
to lead by ingesting water at home,
schools, and child care facilities, includ-
ing those providing prekindergarten or
Head Start programs. Nevertheless, tap
water sources (herein called taps) at
most US schools and child care centers
are not currently tested for lead. The
US Environmental Protection Agency
(EPA) previously estimated that approx-
imately 500 000 US child care facilities
are not required to test for lead under
current drinking water legislation.”
Child care centers and schools using
well water serving at least 25 people for
at least half the year (i.e., nontransient
noncommunity water systems) are

required to perform lead testing at the
tap under the Lead and Copper Rule,
but this applies to relatively few facilities
and uses a different sampling approach.
In North Carolina, there are only 180
such child care facilities, although there
are more than 4300 facilities overall.®”
The latest Lead and Copper Rule revi-
sions include lead-testing requirements
for centers and schools but would
require only minimal testing (5 taps per
school and 2 taps per center every 5
years) starting in 2024 at the earliest.®
Some limited studies have been con-
ducted to estimate lead levels in US
child care facilities, including among
56 primary schools and preschools in
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Kansas,” 206 centers across North Car-
olina,'®and 11 centers across 4 addi-
tional US states (i.e., lllinois, Michigan,
Ohio, and Mississippi),'" but lead levels
in drinking and cooking water at most
US child care facilities is still unknown.

In response to these concerns,
researchers from RTI International
piloted a participatory science sampling
program in 2017 with 86 licensed
North Carolina child care centers and
facilities with elementary schools with
licensed prekindergarten or Head Start
programs.’? The study revealed a high
prevalence and variability of lead in tap
water at facilities: 16% had at least 1
tap water source above 15 micrograms
per liter (ug/L) or parts per billion (ppb),
60% had at least 1 tap water source
above 1 ppb, and 83% had at least 1
tap water source above the laboratory
reporting limit of 0.1 ppb. Furthermore,
the study demonstrated the feasibility
of a participatory science sampling
approach. Based on this pilot study,
in October 2019, the North Carolina
Commission for Public Health adopted
an amendment to an existing child care
sanitation rule that requires licensed
North Carolina child care centers, includ-
ing pre-Kindergarten and Head Start
programs within elementary school facil-
ities, to test all drinking and food prepa-
ration taps for lead.'® As many child care
facilities have older water infrastructure
and even new “lead-free” plumbing con-
tains allowable lead that may leach into
tap water under corrosive conditions,"*
all facilities were required to participate
in the program regardless of building
age. The initial round of statewide testing
was free for child care facilities with a
grant from the EPA's Water Infrastruc-
ture for Improvements to the Nation
(WIIN) Act.

We evaluated the results of first-draw
testing from child care facilities across
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North Carolina to identify socioeconomic,
demographic, and infrastructure-related
factors associated with the risk of ele-
vated lead in water in child care settings.
To our knowledge, this study is the larg-
est analysis of lead levels in child care
facilities in the United States to date.

The study provides critical new insight
for facility staff and policymakers to make
evidence-based decisions to improve the
process of identifying, communicating,
and eliminating water-related lead expo-
sures where children learn and play.

METHODS

Licensed child care facilities enrolled in
a participatory science sampling pro-
gram to facilitate compliance with the
amended 2019 North Carolina child
care sanitation rule."® After a preenroll-
ment training webinar, child care staff
filled out an online enrollment survey
at www.cleanwaterforcarolinakids.org.
Participants provided information on
the building, water source, tap water
source locations, filter use, and attend-
ing children’'s demographics, including
total enrollment, student race/ethnicity,
number of children receiving free or
reduced cost lunch, and number of
children receiving subsidized tuition.
After enrollment, we shipped a sam-
pling kit to the facility. We enrolled and
tested 4005 North Carolina child care
facilities between July 2020 and Octo-
ber 2021, representing approximately
92% of all licensed facilities in the state
at the time of this analysis.” Only facili-
ties confirmed to be currently operat-
ing under normal or reduced operating
conditions despite the COVID-19 pan-
demic were eligible to participate. We
did not include additional facilities that
were tested after our required testing
time frame in this analysis.

Testing and Laboratory
Analysis

Child care facility staff collected first-
draw samples in 250-milliliter (mL)
high-density polyethylene bottles at
each drinking and cooking tap water
source. The protocol was based on the
EPA's training, testing, and taking action
approach,'® with the exception that
participants typically collected samples
on Monday mornings after a weekend-
long stagnation time because most
child care facilities are closed during
weekends and thus routinely experi-
ence stagnation periods greater than

8 to 18 hours."? Participants returned
samples to RTI International using pre-
paid return shipping labels. We ana-
lyzed water samples according to EPA
method 200.8 (reporting limit = 0.1
ppb) following robust quality assurance
and quality control protocols (details
provided in the Appendix). In total,
samples from 22 943 separate taps
were collected and analyzed.

Data Analysis

We merged lead results with the corre-
sponding socioeconomic, demographic,
and building variables from the enroll-
ment survey (Table 1). As there is no
federally enforceable, health-based
maximum contaminant level for lead at
the tap water source, we categorized
the lead results according to whether
the first-draw lead concentration
equaled or exceeded each of 3 differ-
ent reference levels: (1) the American
Academy of Pediatrics (AAP) reference
level of 1 ppb, which most closely
approximates a nonzero health-based
reference level;'” (2) the revised

North Carolina lead hazard level of

10 ppb (effective December 2021);"'®
and (3) the Lead and Copper Rule


http://www.cleanwaterforcarolinakids.org

TABLE 1— Building, Water, and Program Characteristics and Child

Demographics of Child Care Facilities Tested for Tap Water Lead
Levels: North Carolina, July 2020-October 2021

No. (%) or Mean +=SD (Range)

Facility type

Total 4005 (100)

Home based? 192 (5)

School based 743 (19)

Stand-alone, franchised 205 (5)

Stand-alone, not franchised 2865 (72)
Year built

Before 1988 1944 (49)

1988-2014 1876 (47)

After 2014 185 (5)
Building ownership

Own 2776 (69)

Lease 1229 (31)
Water source

Community water system® 3453 (86)

Well water 196 (5)

Not reported 356 (9)
Wastewater connection

Community sewer system 2581 (64)

Onsite waste system 535 (13)

Not reported 889 (22)
Located in HUD opportunity zone?

Yes 570 (14)

No 3435 (86)
Houses Head Start program?

Yes 521 (13)

No 3484 (87)
Number of samples collected 6 +6 (1-51)

Total student enrollment

51 =45 (1-651)

Child demographics, %

Receiving free/reduced cost lunch

55 *42 (0-100)

Receiving subsidized tuition

38 =36 (0-100)

Non-White

52 *34 (0-100)

Note. HUD = Department of Housing and Urban Development. We enrolled and tested 4005 North

Carolina child care facilities.

®Home-based licensed centers are different from family child care homes, which have a different
license type and lower student number. Family child care homes were excluded from the North
Carolina statewide lead-testing rule and did not participate in the initial round of grant-funded
testing. They are included in the second round of testing currently in progress.

The Environmental Protection Agency defines a community water system as a public water utility

that serves the same population year-round.’®

treatment-based action level for public
utilities of 15 ppb, which many states
use to document elevated lead, even
though it is not a health-based thresh-
old.” We did not use the reporting limit

of 0.1 ppb as a reference level for data

analysis, as our goal in this analysis was
to characterize factors associated with

high-risk taps, and with the low report-

ing limit, most samples and child care
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facilities contained detectable lead at
the tap water source.

We used the 3 resulting binary out-
comes in mixed-effects multiple logistic
regression models to evaluate potential
risk factors from Table 1 associated
with the odds of exceeding each refer-
ence level. Future analyses responding
to changing regulatory limits may con-
sider multinomial or continuous out-
comes, but the 3 reference levels we
chose provided insight into the most
current policy and regulatory triggers
in the United States. We also calculated
the coefficient of variation (CV) to
assess variability in lead concentrations
across taps within each facility (facility-
wide CV) and taps across the state.
Additional details are available in the
Appendix (available as a supplement to
the online version of this article at
https://www.ajph.org).

RESULTS

Most child care facilities (95%) were
built before 2014 when the Reduction
of Lead in Drinking Water Act took
effect, which restricted the amount

of lead in plumbing used for drinking
water to 0.25% in wetted surfaces and
0.2% in solder (Table 1)."® Almost half
of all facilities (49%) were also built
before 1988, when the 1986 amend-
ments to the Safe Drinking Water Act
first restricted the allowable amount
of lead in plumbing (8.0%) and solder
(0.2%). Most facilities (86%) were con-
nected to a community water system
(i.e., a regulated public water utility) for
their water supply, although 5% (196
facilities) reported well water usage
(9% did not report water supply).

A total of 570 facilities (14%) were in
economically distressed “opportunity
zones” identified by the US Department
of Housing and Urban Development,
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and 521 facilities (13%) ran federally
funded Head Start programs for chil-
dren from low-income families. Most
Head Start programs were school
based (57%). On average, Head Start
programs served a significantly higher
proportion of children receiving free
and reduced cost lunch (91% among
Head Start facilities compared with
49% among non-Head Start facilities;
Wilcoxon P <.001) and non-White chil-
dren (62% among Head Start facilities
compared with 51% among non-Head
Start facilities; Wilcoxon P <.001; Figure
A [available as a supplement to the
online version of this article at https://
www.ajph.org]).

Summary of Lead
Concentrations

The average first-draw lead level across
all samples was 2.6 ppb and ranged from
less than 0.1 ppb to 3930 ppb (Table 2;
Figure B [available as a supplement to
the online version of this article at https://
www.ajph.org]). Overall, we detected lead
above the laboratory reporting limit (0.1
ppb) in 76% of samples, whereas 25%
of samples exceeded the AAP reference
level of 1 ppb, 3% exceeded the North
Carolina lead hazard level of 10 ppb,
and 2% exceeded the EPA action level
of 15 ppb.

Most facilities (93%) had at least
1 tap water source with detectable lead
(n=3712). More than half of the facili-
ties (56%) had at least 1 sample above
1 ppb (n=2232), 12% (n = 489) had at
least 1 sample above 10 ppb, and 9%
(n=349) had at least 1 sample that
exceeded 15 ppb. Median lead levels
were less than 1 ppb across all sample
locations (Table 2; Figure C [available
as a supplement to the online version
of this article at https://www.ajph.org]).
Average lead levels were highest in
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laundry, janitorial, and utility sinks
(mean = 10.1 ppb) and playground and
outdoor spigots (mean = 8.4 ppb),
potentially because of less frequent
use of these taps.

Notably, median first-draw lead levels
from kitchen, cafeteria, and food prepa-
ration sinks were greater than outdoor
taps (0.4 ppb vs 0.1 ppb; Wilcoxon
P =.001; Figure C; Table A [available as
a supplement to the online version of
this article at https://www.ajph.org]) and
exceeded 1 ppb at a higher rate (30% vs
26%; Table 2). Elevated lead levels were
also detected in drinking water fountains,
with first-draw concentrations up to
1503 ppb and 19% of fountain samples
exceeding 1 ppb. Ice collected from ice
makers showed the highest prevalence
of lead of greater than 1 ppb (47%),
although samples from ice makers were
few (n = 19).

Water bottle-filling stations showed
the lowest lead levels; average bottle
filler concentrations were significantly
lower than traditional water fountains
(mean = 0.2 ppb vs 2.3 ppb; Wilcoxon
P <.001; Figure D [available as a sup-
plement to the online version of this
article at https://www.ajph.org]). Fil-
tered samples, including from all filter
types, had slightly lower lead levels
than did unfiltered samples on average
(1.8 ppb vs 2.7 ppb; Wilcoxon P <.001;
Figure E [available as a supplement to
the online version of this article at
https://www.ajph.org]) but were not sig-
nificantly different when comparing
exceedances (both filtered and unfil-
tered samples exceeded 10 ppb 3% of
the time and 15 ppb 2% of the time).

There was high variation in first-draw
lead levels across taps within facilities
(median facility-wide CV for all tap type-
s=1;i.e,SD =mean; Table B [available
as a supplement to the online version
of this article at https://www.ajph.org]).

Some facilities showed extreme vari-
ability across tap water sources (facility-
wide CV up to 5.2; £520% from the
mean). Among specific fixture types
within facilities, kitchen, cafeteria, and
food preparation sinks exhibited the
widest range of variability (CV median =
0.8, maximum = 4.0), followed by
classroom sinks (CV median = 0.76,
maximum = 3.5) and bathroom sinks
(CV median = 0.68, maximum = 2.8),

all of which demonstrated significantly
higher median CV values than did water
fountains and outdoor taps (Figure F
[available as a supplement to the online
version of this article at https://www.
ajph.org)). Statewide, kitchen, cafeteria,
and food preparation sinks exhibited
the highest variability (CV value = 15.9),
followed by outdoor taps (12.5) and
water fountains (11.0; Table 2).

Lead Risk Across Child
Care Facilities

Child care facilities using well water (i.e.,
not connected to a public community
water system) had approximately 3 times
the odds of at least 1 sample exceeding
all 3 lead reference levels (odds ratio
[ORI1 ppb, Model 1 = 2.9; 95% confidence
interval [CI] = 1.9, 4.4; OR1p ppb, Model 2 =
3.3;95% Cl=2.1,5.1; ORy5 ppb, Model 3 =
2.7,95% Cl = 1.6, 4.3; Figure 1). Facilities
built before 1988 also had significantly
higher odds of at least 1 sample exceed-
ing each reference level compared with
facilities built after 2014—almost 5 times
the odds of a sample exceeding 1 ppb
(ORy ppb, Model 1 = 4.8; 95% Cl=3.0,7.7);
3 times the odds of exceeding 10 ppb
(OR10 ppb, Model 2 = 3.0; 95% Cl = 1.5, 6.3),
and more than 2 times the odds of
exceeding 15 ppb (OR45 ppb, Model 3 = 2.3;
95% Cl= 1.1, 5.4). Facilities built between
1988 and 2014 exhibited slightly lower
odds of lead exceedances (and lower
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FIGURE 1— Models of Child Care Facility Characteristics of Samples Exceeding Lead Reference Levels: North Carolina,

July 2020-October 2021

Note. ppb = parts per billion. Bars indicate the 95% confidence intervals of the odds ratios.

lead concentrations overall) compared
with facilities built before 1988 but were
still significantly higher than those built
after 2014 (Figure 1; Figure G [available
as a supplement to the online version
of this article at https://www.ajph.org]).
Facilities housing Head Start pro-
grams showed significantly higher odds
of at least 1 sample exceeding all 3 ref-
erence levels compared with non-Head
Start program facilities, with 90% higher
odds of at least 1 sample exceeding 1
PPb (OR1 ppp, Model 1 =1.9; 95% Cl = 1.4,
2.5), 2.2 times the odds of at least 1
sample exceeding 10 ppb (OR1g ppp,
Model 2 = 2.2; 95% Cl = 1.6,3.1),and 2.5
times the odds of at least 1 sample
exceeding 15 ppb (OR15 ppb, Model 3 =
2.5;95% Cl=1.7, 3.6). First-draw lead
concentrations were also significantly
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higher in Head Start program facilities
than in non-Head Start program facili-
ties (Figures G and H [available as a
supplement to the online version of
this article at https://www.ajph.org]).
Additionally, the percentage of children
receiving free and reduced cost lunch
was associated with the odds of
exceeding 1 ppb in at least 1 sample;
facilities with 100% of children receiving
free and reduced cost lunch had 41%
higher odds compared with facilities
with no children receiving free or
reduced cost lunch (ORy ppo, model 1= 1.
41;95% Cl=1.1,1.7).

Conversely, the 192 licensed home-
based facilities had significantly lower
odds of any sample exceeding each
reference level compared with non-
home-based facilities, even after

controlling for lower sample num-
bers, with a 65% decrease in the
odds of lead above 1 ppb (OR; ppb,
Model 1 = 0.35; 95% Cl =0.21, 0.55),
89% lower odds of lead above 10 ppb
(OR10 ppb, Model 2 =0.11; 95%
Cl'=0.006, 0.5), and almost 100%
lower odds of any samples above

15 ppb (OR15 ppb, Model 3 =4.3 X
1077;95% Cl=0,2 X 10~®). Each
additional sample collected per facil-
ity increased the odds of a lead
exceedance above any reference
level by 10% to 20%.

Meanwhile, the proportions of non-
White and subsidized children in each
facility, the facility's location in US
Department of Housing and Urban
Development opportunity zones, build-
ing ownership, and whether the center
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was located in a school building were
not significant factors in any models.

Lead Risk Among
Individual Taps

Outside or playground samples exhib-
ited the greatest risk of exceeding all 3
reference levels, with 3.7 times the odds
of exceeding 1 ppb (OR7 ppb, Model 4= 3.7;
95% Cl = 2.8, 5.0), 4.7 times the odds of

exceeding 10 ppb (OR1¢ ppb, Model 5 = 4.7;
95% Cl= 2.9, 7.8), and 3.4 times the odds
of exceeding 15 ppb (OR15 ppb, Model 6 =
3.4;95% Cl = 1.8, 6.4) compared with
drinking fountains (Figure 2). Kitchen and
other food preparation sinks, classroom
sinks, and bathroom sinks were also all
associated with significantly higher odds
of exceeding 1 ppb compared with foun-
tains (kitchen, cafeteria, and food prepara-
tion: ORq ppb, Model 4 = 2.0; 95% Cl= 1.7,

RESEARCH & ANALYSIS

2.2; classrooms: ORq ppp, Model 4 = 1.3;
95% Cl=1.1,1.6; bathrooms: OR; ppp,
Model 4= 1.5;95% Cl = 1.2, 1.8) but
showed lower odds of exceeding

10 ppb or 15 ppb. Samples from
filtered fountains or faucets had

36% lower odds of exceeding 1 ppb
(OR1 ppb, Model 4 =0.64; 95% Cl =0.52,
0.78) but were not significantly different
from unfiltered samples in the odds of
exceeding 10 ppb and 15 ppb.
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Model 6: > 15 ppb
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FIGURE 2— Models of Tap Water Source Characteristics of Samples Exceeding Lead Reference Levels: North Carolina,

July 2020-October 2021

Note. Bars indicate the 95% confidence intervals of the odds ratios.
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DISCUSSION

Our statewide lead-testing program
reveals that detectable lead in drinking
and cooking water is common in
licensed child care facilities across
North Carolina and varies in concentra-
tion among taps. One of every 4 taps
exceeded the 1 ppb AAP reference
level, 3 of every 100 taps exceeded

the 10 ppb North Carolina lead hazard
level, and 2 of every 100 taps exceeded
the 15 ppb Lead and Copper Rule
treatment-based action level. As there
is no safe level of lead exposure, it is
important to note that all participants
received recommendations to practice
“no-cost clean water habits” or low-cost
solutions to take action even when find-
ings were nondetectable or below the

1 ppb AAP reference level.

Facility-Level Lead
Risk Factors

The child care facility-level factors asso-
ciated with the highest lead risk in

this study (i.e., any sample exceeding
10 ppb or 15 ppb) were reliance on
well water, the year the facility was built,
and status as a Head Start program.
Facilities that collected more drinking
and cooking samples (a possible proxy
for building size) also had a slightly
higher risk.

Well water may be an important fac-
tor because of corrosive groundwater
conditions and facilities' lack of corro-
sion control treatment or poorly opti-
mized corrosion control of wells.?°
Facilities relying on well water may be
connected to unregulated private wells
or classified as nontransient, noncom-
munity water systems.?! The latter are
required to perform periodic lead test-
ing under the Lead and Copper Rule
and to implement corrosion control
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treatment when levels are elevated.
However, these treatment processes
can be difficult to optimize and maintain
for very small systems,?? and research
shows that elevated lead levels can

still occur in schools and facilities with
building-wide corrosion control.'® For
facilities with private wells, no regular
testing or treatment requirements exist,
meaning that lead risks from the combi-
nation of legacy plumbing and corrosive
groundwater may not be identified. Pre-
vious research showing that private well
water is also an important risk factor for
childhood lead exposure in household
settings supports this finding.?

Building age is also a known risk fac-
tor for elevated water lead levels
because of legacy lead-bearing plumb-
ing components in older buildings.**

In our study, first-draw lead concentra-
tions were significantly greater in facili-
ties built before 2014, with facilities
built before 1988 exhibiting the highest
risk. Carter et al. have also observed
the effect of building age on lead con-
centrations, with newer facilities dem-
onstrating lower risk.'® These results
highlight the incremental effect of legis-
lation to control lead in drinking water
and the need for facilities to update old
faucets and fixtures to comply with
more stringent plumbing require-
ments."? Under corrosive conditions,
however, even new “lead-free” compo-
nents may still leach some lead."

Head Start facilities, federally funded
programs that are free to low-income
families, also had significantly higher
risk of at least 1 drinking or cooking tap
water source exceeding each of the
tested reference levels (1 ppb, 10 ppb,
or 15 ppb). The reasons for this finding
merit further investigation, but these
facilities may be disproportionately
located in underserved communities
with fewer resources to make facility

improvements. Indeed, Head Start facil-
ities were significantly associated with
opportunity zones in our data set
(x> =123.19; P=.001), with 20% of all
Head Start facilities versus only 11%
of non-Head Start facilities located in
opportunity zones. Head Start facilities
also served significantly higher propor-
tions of children receiving free and
reduced cost lunch and of non-White
children (Figure A), which may repre-
sent the communities where they are
located. Given that many child care
facilities already struggle to make ends
meet, with 21% of North Carolina facili-
ties recently reporting a risk of closing
in 6 months,?> Head Start facilities may
not have the resources to effectively
identify or mitigate potential lead risks,
highlighting persistent environmental
justice and racial equity concerns asso-
ciated with potential early childhood
lead exposure.?®?’

Meanwhile, home-based facilities had
a lower risk of lead exceeding each of
the reference levels. The lower risk at
home-based facilities was also observed
in our pilot study'? and may be associ-
ated with fewer lead sources in piping
and plumbing (and fewer taps in gen-
eral) compared with larger buildings
such as schools, churches, and other
commercial buildings, where facilities
may lease space.?® Additionally, home-
based facilities may have lower lead
levels because of more frequent water
use and shorter stagnation times, thus
reducing the amount of lead that may
accumulate in water from pipes and
fixtures.

Tap Water Source-Level
Lead Risk Factors

As in our pilot study, we found that dif-
ferent taps within the same child care
facility may exhibit highly variable lead



results.’? Although facility-wide varia-
tion (median CV = 1.0; range = 0-5.2)
was slightly lower than that reported
for 1094 Massachusetts schools
(median CV = 1.5; range = 0-12)*°—
indicating that child care facilities may
have lower variation in first-draw lead
results than do schools because of
smaller building size and fewer taps—we
still identified wide variability between
taps. Kitchen, cafeteria, and food prepa-
ration sinks, which had lead levels of up
to 3930 ppb, exhibited the highest
facility-wide and statewide variability of
any taps. Additionally, although water
fountains had lower facility-wide variabil-
ity, they had extremely high variability
across the state. Fountains were also sig-
nificantly less likely to exceed 1 ppb than
were kitchen, cafeteria, and food prepa-
ration; classroom; and bathroom sinks
but more likely to exceed 10 ppb and

15 ppb. The inconsistent presence of
leaded water coolers (banned in 1988)
in some buildings may account for some
variability among fountains.

Our results overall indicate that test-
ing all drinking and cooking taps is nec-
essary. The proposed Lead and Copper
Rule revisions mandate sampling only
5 locations in schools and 2 locations
in child care centers® and may lead to
misclassifications of buildings as “low-
risk” overall while failing to detect
individual high-risk faucets. A recent
analysis of the 5-sample approach for
assessing lead risk in schools success-
fully classified schools as having a 90th
percentile lead level above or below
10 ppb overall,*? but policies designed
to classify risk at the building level
rather than the tap water source level
are unlikely to eliminate lead exposure
in school and child care settings, given
such wide variability between taps.
Research suggests that exposures from
critical taps in schools and child care

facilities could pose a health risk for chil-
dren, even when building-wide levels
are low."#?83% Other states and lead-
sampling programs should test every
drinking and cooking tap water source
in child care and school settings.

Finally, although there was a significant
difference in first-draw lead concentra-
tions between filtered and unfiltered
taps (Wilcoxon test P=.001; Figure E),
the small effect size (only a 0.1 ppb differ-
ence in median concentrations; Table 2)
demonstrates that many filter systems
and maintenance regimens currently in
place are not adequate for removing
lead risks. We detected lead levels of up
to 620 ppb in filtered samples, with 22%
exceeding 1 ppb. Point-of-use filters cer-
tified for lead removal according to pro-
tocols set by NSF International and the
American National Standards Institute
have been shown to be highly effective
when properly maintained,' 2 but facili-
ties may rely on a wide range of filter
types, which may not be certified to
reduce lead and may have highly variable
maintenance routines. If filter programs
are to be effective for child care facilities
at home-based centers, stand-alone cen-
ters, and schooals, strict protocols and
policies need to be enforced for certified
filter products and routine maintenance.

Public Health Implications

Our findings indicate that children
enrolled in US child care facilities may
be at risk for lead exposure from tap
water. The complex nature of lead
release from piping and plumbing,
including both “near” (e.g., faucet fix-
tures) and “distant” (e.g., lead service
lines) sources, prevents precise lead
exposure estimates from first-draw
samples alone;** however, as a conser-
vative estimate, the prevalence of facili-
ties with first-draw lead levels above
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the 10 ppb North Carolina lead hazard
level (12%) in our study suggests that,
without appropriate mitigation, up to
25000 of approximately 213 000 chil-
dren could be exposed to lead from
higher-risk taps (e.g., at or above the
North Carolina hazard level) while
learning and playing at licensed North
Carolina child care facilities.”

Our Clean Water for Carolina Kids
program aims to identify, communicate,
and facilitate actions to eliminate water-
related lead risks across North Carolina.
Much needed resources to help child
care centers and schools expand lead
testing and conduct mitigation are also
pending.'>3> Additionally, targeted edu-
cational training that overviews the
importance of lead in water testing and
mitigation is planned. These efforts
ensure that infrastructure improve-
ments are made in conjunction with
updated protocols (e.g., designating
specific taps for drinking) and behav-
ioral modifications (e.g., regularly flush-
ing water, maintaining filters, and using
cold water for formula preparation). To
continue reducing early childhood
exposure to lead across the United
States, scientifically rigorous and suc-
cessful testing initiatives, comprehen-
sive water infrastructure improvements,
and integrated educational investments
are necessary to mitigate lead at the
tap water source. AJPH
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