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ABSTRACT: One in three children globally is estimated to have
blood lead levels (BLL) at or above the BLL reference value of 5 g/  MeasureBLLof  Measure water
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dL with increased burden falling on low- and middle-income countries el quality
(LMIC). Within developed countries, aqueous lead is the predominant

osure route. However, aqueous lead exposure is rarely examined in
i s, o Ui Remediation

the LMIC, leaving a gap in the literature that ignores a potentially
significant route of exposure. Furthermore, limited lead-based
remediation efforts around consumer products have been examined.
This study investigates the importance of lead exposure from the water
supply through a case study in Toamasina, Madagascar. The project
measured aqueous lead and BLL of children pre- and postremediation e
efforts (i.e., removal of leaded pump components in hand pul:nps) to children quality
verify the impact of aqueous lead exposure within this community.

Removal of the leaded pump components (i.e., piston and foot valves)

and replacement with nonleaded components decreased aqueous lead levels below the World Health Organization provisional
guideline of 10 ug/L in all but 4% of pumps tested. Measured BLL concentrations indicated a statistically significant decrease in BLL
from pre- to postremediation. Furthermore, the remediation resulted in a decrease in BLL for 87% of children with the greatest
changes in BLL observed for children with the highest preremediation concentrations. These findings point to a need for greater
consideration of lead in drinking and cooking waters as an important exposure route in LMIC.

Remove Pb components from
pitcher pumps

Postremediation
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1. INTRODUCTION

Societal lead (Pb) regulation (e.g., phase-out of leaded
gasoline, Lead and Copper Rule in U.S, E.U. Drinking

ages have the potential for negative health implications from
lead exposure, but children are at the highest risk. Examples of
health implications include, but are not limited to, idiopathic

Water Directive) has resulted in substantial decreases in
elevated blood lead levels (BLL) in high-income countries
(HIC)."~? For example, the phase-out of leaded gasoline in the
U.S. was associated with a decrease in the average BLL (37%
or 5.4 ug/dL) in a cross-sectional survey representative of the
U.S. civilian noninstitutionalized population.® Unfortunately,
lead is still a major global environmental pollutant estimated to
account for over one million annual premature deaths.’
Children are most at risk of elevated BLL, with a recent
study reporting approximately 800 million children globally (1
in 3) with BLL at or above 5 ug/ dL.%” Most of these children
reside in low- and middle-income countries (LMIC) where
there is a lack of regulations and understanding of the harmful
effects of lead, as well as other comorbidities, such as improper
nutrition, that can increase childhood lead absorption.”~'" All
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developmental intellectual disability (IQ loss), gastrointestinal
disturbances, delayed growth, and hematological effects.”
Currently, there is no identified threshold below which lead
is no longer associated with adverse effects.

Because of advances in reducing nonwater-related routes of
exposure, a predominant source of childhood lead exposure in
HIC is now piped drinking water, as noted with high-profile
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cases such the District of Columbia (USA),"' Glasgow (UK),"*
and Flint, Michigan (USA)."> Many studies have looked at the
relationship between ac}ueous lead concentrations and BLL in
children within HIC."'*"'® Remediation efforts such as
corrosion control, service-line replacements, and point-of-use
filters have been eﬂectwe in reducing BLL and in improving
public-health outcomes.'”

In LMIC, however, there is lack of data and limited
discussion, if any at all, on the 1mp0rtam:e of aqueous
concentrations on elevated BLL.”' For example, a 2021
systematic review of 520 lead studies in LMIC identified
zZero studles classifying aqueous lead as a possible exposure
route.” The major sources of lead exposure identified in that
review included informal lead-acid battery manufacturing and
recycling, metal mining and processmg, and electronic waste.’
However, a study by Fisher et al.” reported that 9% (24/216)
of rural community water system samples (collected from
handpumps and community taps) in Mali, Ghana, and Niger
had elevated total (dissolved plus particulate) lead concen-
trations in excess of the World Heaith Organization (WHO)
drinking water guideline of 10 ,ug/L This suggests the need
to evaluate and address the presence oflead in potable water in
LMIC.

Consistent with these recent findings by Fisher et al,”
investigations into lead exposure in Madagascar identified a
source of aqueous lead exposure m locally manufactured
pitcher pumps (i.e., handpumps) 5 These handpumps are a
common primary or supplemental water source that account
for approximately three-quarters (i.e, ~62%—77%) of water
systems in Madagascar according to reports from the Mmstry
of Water, Sanitation, and Hygiene of Madagascar. Sl
Toamasina, there are estimated to be upward of 9000 pumps
that service ~60% of the 280,000 persons locally, as centrahzed
piped water is not always aﬁordable or reliably available.”
recent study by Champion et al”! indicated that 75% (265/
354 respondents) of pump users in the study report that their
child uses the pump water for drinking, cooking, or both.
Dissolved aqueous lead concentrations from these pump
systems were observed to often exceed the WHO guideline of
10 ug/L, with some fu_mg) water samples reaching concen-
trations >100 ug/L.***>** The major contributors to the
aqueous lead were two leaded pump components—the piston
and foot valves, made with lead from recycled batteries. Using
the dissolved aqueous lead measurement data, children’s BLL
were projected with the U.S. Environmental Protection Agency
(EPA) lntegrated Exposure Uptake Biokinetic (IEUBK)
model,” eshmatm% that up to 90% of children could exhibit
BLL > 5 pg/dL.™ Furthermore, IEUBK modeling outputs
predicted that remediation of pumps (ie. removal and
replacement of lead components) would result in a reduction
in BLL.*" Given the fact that nutrition deficiencies can increase
childhood lead absorption in LMIC, it is unknown how
reducing lead exposure through a source of water would affect
measured BLL. In addition, we were unable to identify a study
specific to Sub-Saharan Africa or other LMIC, measuring
childhood BLL before and after an intervention to replace a
known source of lead in a water system to track the resulting
decrease in measured childhood BLL.

Therefore, the main objective of this study is to quantify the
reduction in children’s BLL when leaded components are
removed (i.e., remediated) from a water-supply system in a
low-income country. By doing so, this study quantifies the
importance of lead exposure from drinking water as an

important pathway for elevated BLL in an LMIC. Specifically,
this study uses Toamasina, Madagascar, and the locally
manufactured pitcher pumps as a case study. By examining
pitcher pumps that serve as the primary water supply for a
large segment of the population, we demonstrate the impact
that lead exposure from water supply systems may have on
childhood BLL in LMIC. We utilize a methodology trans-
ferable to other LMIC where similarly constructed handpumps
and components of private and public distribution systems
may also contain lead.

2. MATERIALS AND METHODS

2.1. Sample Selection and Distribution. This observa-
tional pre/postremediation (ie. replacement of lead pump
components with nonleaded pump components) study
evaluated aqueous lead concentrations of pumps and BLL
measurements of children under six years of age in Toamasina,
Madagascar (refer to Supporting Information for more details
on the remediation process). This assessment is part of a larger
project that took place November 2020 to February 2021,
which remediated 500 pumps, coupled with the implementa-
tion of a social marketing campaign (i.e., behavior change
campaign) aimed at phasing out the use of lead components in
the manufacturing and repair of pitcher pumps. *13UBLL were
measured at two points: at the beginning of the project for
over 300 children in Toamasina prior to pump remediation
and the social marketing campaign efforts, and after
remediation and the social marketing campaign for a subset
of the original sample. Recruitment for the larger project
employed a cluster sampling approach and used nine local
health clinics across five arrondissements (or city districts) in
Toamasina. Families seeking care at the clinic were recruited
based on willingness to participate and having a child between
six months and six years old. All data were collected at the
clinic (BLL data) or in the field (aqueous data) by trained local
staff, transported to the local project partner’s office, and then
put into an online application, verified by a second staff
member for correctness, and shared with the study team for
review and analysis. All study protocols were approved by the
Biomedical Research Ethics Committee of the Ministry of
Public Health of Madagascar and the USF Institutional Review
Board (STUDY000143).

For this study, a sample size of 34 paired samples was
required based on an assumed medium effect size of 0.05, 80%
power, and 95% confidence interval. In total, this study
collected and analyzed paired data (i.e., data collected pre- and
postremediation of the two pump check valves) for 55 children
6 months to 6 years (31 males and 24 females) and 48
associated primary water source pumps. All pumps were
associated with at least one unique child. Six of the pumps
were associated with more than one child in our study (one
pump was associated with three children, and five pumps were
associated with two different children each). BLL readings for
each child were taken prior to the pump remediation, and at
least 1 month (37—67 days) after pump remediation to allow
for approximately one-halflife of lead in the blood to oceur
(halflife of lead in blood is reported as 1—2 months).”
Further breakdown of sample population, including geographic
location, age, and gender, can be found in the Supporting
Information.

2.2. Data Collection Methods. 2.2.1. Blood Lead Level
(BLL) Measurements. Following parental consent, a 50 uL
blood sample was collected from the child’s finger by trained
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medical personnel and analyzed using a Magellan LeadCare II
device (North Billerica, MA). The LeadCare II testing
instrument is a portable device for testing the amount of
lead in whole blood by using anodic stripping voltammetry.
Our test kits were not affected by the 2021 FDA recall.**

To limit contamination, the child’s hand was washed with
soap and water, and the finger was cleaned with alcohol prior
to sampling. The LeadCare II system displayed measured BLL
readings as either a value between 3.3—65.0 ug/dL to one
decimal place (i.e., 0.1 ug/dL, consistent with the manufac-
turer’s reported accuracy at lower BLL range534): “Low” if
below the lower detection limit of 3.3 ug/dL or “High” if
above the upper limit of 65.0 ug/dL. Values below the
detection limit were replaced with 2.33 ug/dL in our analysis,
calculated as the lower detection limit divided by the square
root of 2, consistent with previous studies.”® No values above
65 pug/dL were measured in the study sample.

BLL reference values from the Centers for Disease Control
and Prevention (CDC) were updated in 2021 moving the
reference value from § to 3.5 ug/dL, though it is found that
there is no safe level of lead exposure.‘sf'_38 This decrease in the
reference value is based on U.S. data, which are from a high-
income country where many sources of exposure have been
addressed. Due to this work taking place in a LMIC where
similar regulations reducing exposure are not in place as well as
to be consistent with past efforts in the region, this analysis
used a reference value of 5 ug/dL.

2.2.2. Analysis of Aqueous Lead Concentrations in
Pumped Water. Following the methodology outlined by
Akers et al,,”* water samples were collected both prior to and
following the remediation of the pump. The remediation
process consisted of removing and replacing the lead-
containing piston and foot valves with nonleaded components.
Logistically, given that these pumps are the only sources of
water for households, controlling all sampling with specified
stagnation intervals was not employed. Instead, a flushed,
composite sample sampling approach was adopted that
consisted of wasting 15 L of the pitcher pump system and
then collecting another 15 L of sample for analysis. The choice
of 15 L as the collection volume for the composite sample was
based on the prevalent use of 15 L buckets to collect water by
community members.”* A 10 mL glass pipet was rinsed using
the sample water, and a 5 mL aliquot sample was collected to
represent a flushed composite sample. Samples were analyzed
for dissolved lead using a Palintest Scanning Model 1100
Analyzer (SA1100) that measures dissolved lead by the process
of anodic stripping voltammetry with a lower limit of detection
of 2 ug/L of lead. Readings under the detection limit (12.5%
(n=6/48) pre- and 60.4% (n = 29/48) postremediation) were
recorded as 1.41 ug/L for analysis (calculated as the lower
detection limit divided by the square root of 2°).

2.2.3. Statistical Analysis. Paired analysis was conducted to
determine if there were significant differences in measured
aqueous lead levels and BLL pre- to postremediation. Pumps
with aqueous lead concentration at detection or under
detection prior to the remediation were removed (n = 12)
from this analysis, as it was not possible to quantify a change in
aqueous lead concentration. The 12 pumps removed from this
analysis remained at or below detection postremediation. A
significance level (alpha) of 0.05 was used for this test.
Appropriateness of the Wilcoxon signed rank test was
confirmed visually and by a Shapiro—Wilk normality test
(refer to Supporting Information for additional detail).

Further analysis of paired samples included examining
correlations between the aqueous lead and BLL via Pearson
correlations. Following review of variables, multiple linear
regression analyses were performed based on significance while
also controlling for demographic variables such as age, gender,
and weight. Variables were added to analysis keeping in mind
significance and ability to gather data (e.g, aqueous Pb
measurements are less invasive and easier to collect than BLL
data). A value of p < 0.001 was used as the cutoff for statistical
significance in all Wilcoxon tests. For correlation and
regression analyses, we consider p < 0.001 (##%) as highly
significant, p < 0.05 (##) as great significance, and p < 0.05 ()
as significant.

3. RESULTS AND DISCUSSION

3.1. Blood Lead Level (BLL) Measurements. Prior to
the pump remediation, 96% of children (n = 53) had measured
BLL over 5 ug/dL (the BLL reference value used for this
study). Following the remediation, only 65% of children (n =
36) had measured BLL over 5 ug/dL. In total, the BLL of 48
children (87%) decreased, with post-BLL ranging in
magnitude from decreases of 0.2—24.8 pg/dL (mean = 4.91
ug/dL), while six children had an increase of 0.9 ug/dL on
average. With the half-life of BLL estimated to be 1—2 months,
and an average of 45 days between the remediation and the
post-BLL test, it is likely that BLL will further decrease in the
future.™

Analyzing the entire population of participants, the pre- and
postremediation BLL are plotted in Figure 1 and Figure §.3. A

304 :
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Figure 1. Box plots of BLL concentrations (ug/dL) of children aged
six months to six years pre- and postremediation of pumps (ie,
removal and subsequent replacement of leaded components) (n =
55). Preremediation BLL concentrations (mean = 10.85, SD = 6.30)
and postremediation BLL concentrations (mean = 6.68, SD = 3.70).
Box hinges represent the first and third quartiles, and the middle
represents the median. Whiskers extend 1.5 times the interquartile
range of the hinge. Points beyond the whiskers are outliers.

Wilcoxon signed rank test conducted on the BLL values
showed a significant difference (p < 0.001, n = 55) between
pre- and postremediation BLL. The median pre-BLL was 8.6
pug/dL compared to 6.3 ug/dL for post-BLL. Given the short
duration between remediation and post-BLL sampling and the
statistically significant decrease witnessed already, it is expected
that aqueous lead was a significant portion of lead intake for
most study participants and that BLL will continue to decrease
with increased time postremediation.
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3.2. Aqueous Lead Concentrations in Pumped Water.
Prior to the remediation, 27% (n = 13) of the pumps sampled
using the flushed sampling protocol of this study contained
aqueous lead concentrations that exceeded the WHO provi-
sional guideline of 10 ug/L,”® suggesting that total lead
concentrations in samples collected immediately after a
stagnation period could be far higher; this is concerning.
The concentrations measured in this study were higher than
other studies examiningl aqueous lead in Sub-Saharan Africa,
such as Fisher et al,” where 9.2% (24/261) of samples
exceeded the WHO provisional guideline. Fisher et al.”
measured total lead and sampled using a 1 h stagnation time,
compared to our flushed sampling protocol and analysis of
dissolved aqueous lead concentrations.

All pumps with quantifiable changes in aqueous lead levels
(n = 36) observed a decrease in aqueous lead concentration
ranging from 1 to 97 ug/L. The aqueous lead concentration of
pump water prior to and following the removal of lead is
shown in Figure 2, Figure S.3, and Table S.2. This decrease in
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Figure 2. Box plots of the aqueous lead concentrations (ug/L) pre-
and postremediation of pumps (ie, removal and subsequent
replacement of leaded components) (n = 36). Preremediation levels
(median = 9.0, mean = 17.31, SD = 23.97) and postremediation levels
(median = 1.41, mean = 2.72, SD = 2.98). Box hinges represent first
and third quartiles, and middle represents the median. Whiskers
extend 1.5 times the interquartile range of the hinge. Points beyond
the whiskers are outliers. Two outliers for the preremediation were
over 50 ug/L and are not represented in the figure.

lead concentrations across our pump study sample was
statistically significant (Wilcoxon signed rank test, p < 0.001,
n = 36). It is worth noting that even using a flushed, composite

sample and analyzing for only dissolved lead, statistically
significant decreases are measured. While our aqueous
sampling method might not provide the highest lead
concentration possible, the contribution from the two replaced
valves were great enough to observe these changes. The impact
of our remediation on total lead intake is likely much greater.

Following remediation, a small number of pumps (2 out of
48 total pumps) continued to exceed the provisional guideline
of 10 pg/L (postremediation levels of 12 and 15 pg/L). While
one pump experienced a greater than 50% decrease in lead
concentrations, one essentially remained unchanged. This was
unexpected, yet a similar result was observed during the 2018
remediation campaign where 2% of 418 pumps measured
postremediation exceeded the guideline. Additionally, of the
418 pumps examined postremediation, 244 had a preremedia-
tion measurement. Comparison of the paired pumps within the
2018 remediation had groupings of pumps that had measurable
decreases (86%, n = 194/244), had no measurable change
(11%, n = 24/244), and had small increases in aqueous lead
concentrations (3%; n = 7/244).%° There are several potential
explanations for the continued elevated dissolved lead
concentrations postremediation that include unaccounted for
lead release from solder,”*' brass components used within
2242 release of adsorbed lead from other pump
components,” ™ and water quality characteristics.*®*¢ Also,
the leaded components themselves are likely to have great
variation in lead concentrations. Field observations of the
pumps being manufactured and installed revealed that
technicians melted automobile batteries to make the valve
components. Raman spectroscopy of several valves confirm
that they primarily consist of lead"’ providing confidence that
they are the primary source of lead contamination for the
pitcher pumps; however, all the other potential sources of lead
contribute to the overall concentrations.

3.3. Determining Correlations and Drivers Associated
with the Magnitude of BLL Reductions. Aqueous lead
concentrations and BLL both experienced statistically sig-
nificant decreases in our study sample. Pearson correlations
were examined for 10 variables: age, height, weight, pre-BLL,
post-BLL, preaqueous Pb, postaqueous Pb, ABLL, Aaqueous
Pb, and time between remediation and the post-BLL test to
further determine key demographics and variables that
contribute to the greatest reductions in BLL (see Table 1).
Six combinations of variables were found to be highly
correlated (r > 0.6) and statistically significant to the 0.001
level. The highest correlations were among age, height, and
weight. These three variables were all highly positively

Table 1. Correlation Matrix of Study Variables

1 2
1 Age (years) 1
2 Height (cm) 093" 1
3 Weight (kg) 0.83"  0.86"
4  Pre-BLL (ug/dL) 0.13 0.17
5  Preaqueous Pb (ug/L) —0.04 0.00
6  PostBLL (ug/dL) 0.18 0.14
7  Postaqueous Pb (ug/L) —0.18 -02
8  ABLL (ug/dL) 0.03 0.12
9  AAqueous Pb (ig/L) —-0.02 0.03
10  Days between remediation and Post-BLL test (days) —0.028 —0.029

3 4 s 6 7 8 9 10
1

0.22 1

—0.15  —024 1

0.28 0.62"  —0.33° 1

—023  —023 0319  —029 1

0.07 081"  —006 004  —007 1

-013  —022 099" —031° 02 -0.05 1
—0015 —0011 028 0.071 011 —0067 028 1

“p < 0.05 (there are no variables measuring between 0.001 and 0.01). bp < 0.001; (N = 45).
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correlated as expected for an average population and suggest
that our population would track on an expected growth chart.
This is valuable since we did not collect nutrition information
nor did we have our medical staff examine the participants for
potentially severe malnutrition.

Also, as expected, pre-BLL was correlated with both post-
BLL (r = 0.62, p < 0.001) and the change in BLL (r = 0.81, p <
0.001). These correlations show that participants with a higher
starting BLL tended to have a higher post-BLL but also a
greater change in BLL. As there is greater potential for a BLL
to decrease if the participant had a high starting BLL, these
correlations do follow expected trends in BLL reduction. As
expected, there was also a high correlation between preaqueous
lead and the change in aqueous lead (r = 0.99, p < 0.001), with
all pumps having a decrease in aqueous lead levels. It stands to
reason that the higher the starting aqueous lead level is, the
larger the absolute change in aqueous lead witnessed is.

Multiple linear regressions were calculated to predict the
change in BLL based on various potential predictors
controlling for specific demographics of the population.
Table 2 summarizes the results of the final models. All models
presented have statistically significant predicting power
accounting for up to ~66% of the variation in change in
BLL. Pre-BLL was the strongest predictor of the resulting
change in BLL, which reinforces the correlation discussed
previously between pre-BLL and change in BLL (r = 0.81, p <
0.001). Though other predictors were not found to be
statistically significant, they did strengthen the regressions'
prediction power. When controlling for demographics, we
included either age or weight in the regression analysis to avoid
collinearity given the strong correlation between the two
variables. Neither was statistically significant as a driver for
changes in BLL most likely due to the limited ranges of
participant weights and ages. Therefore, weight was selected as
a controlling variable given the bioaccumulation pathways for
lead within the body and the impact of nutrition on lead
uptake and accumulation. All ages contained within the study
population fall into the category of having exponential changes
in the halflife of blood lead.*” The halflife of blood lead has
also been shown to vary based on the peak lead concentration
further complicating prediction ability within a population.*’
Additionally, previously identified risk factors that could
impact BLL of children in Toamasina, such as proximity to
railways or major roadways, type of flooring, and food
consumption (e.g., beans, vegetables, and rice)*' would be of
interest for strengthening the prediction power of the
regression. However, due to the current sample size, adding
in additional variables would result in overfitting in the analysis
and was therefore not considered in our final model.

Once demographics were controlled for, the most significant
driver for changes in the BLL was the preremediation BLL
values. Across all of our models, an increase in 1 pg/dL in
preremediation BLL is equated with an additional approx-
imately 0.6 ug/dL decrease in overall postremediation BLL.
We expect these numbers will increase as time passes since the
remediation was completed. Our study assumes that the only
major change in lead exposure were the pump remediation.
Given the statistically significant decreases in BLL, it is
reasonable to consider this assumption to be true. The lack of
significance within our regression of preremediation aqueous
lead concentrations highlights the two limitations within our
pump sampling campaigns: (1) using a flushed, composite 15
L sample to represent true exposure and (2) our analysis of

16313

Table 2. Multiple Linear Regression Analysis Summary with Changes in BLL Concentrations As the Response Variable
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-0.113
299

0.993

—0.452
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0.093
0.503

Days between remediation and Post-BLL test

Intercept

F

0912 -2.16 1.174 -1.19 1.57 -3.65" 1.046 —1.96 179

=377"
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0.6499
45
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Degrees of freedom
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“p < 0.001 as highly significant. ’p < 0.01 as great significance (there are no variables measuring between 0.01 and 0.05).
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only dissolved aqueous concentrations. Both of these sampling
techniques most likely underestimated lead exposure and not
necessarily in a systematic manner; however, these sampling
limitations are most likely present in other LMIC that
experience similar lead exposure. Ongoing investigations by
the research team have determined that particulate lead can
account for over 30% of total lead in stagnation samples.”

Therefore, it is recommended that future studies account for
total (aqueous and particulate) lead in consumed water samples.
In depth analysis of all pump components by a portable X-ray
fluorescence analyzer (pXRF) would allow for greater certainty
that lead exposure from all above ground pump components is
accounted for. Furthermore, participant home examinations
including collecting readings of potential sources of exposure
(e.g, soil, dust) are suggested. It is also recommended that
future studies use a larger sample size to allow for more in-
depth statistical analysis.

3.4. Impacts and Limitations. This study highlights the
potential importance of reducing aqueous lead exposure via
remediation of lead components in a water supply of an LMIC
through the measurement of children blood levels and water
lead concentrations (pre- and postremediation). Measure-
ments showed only 4% of pumps had aqueous lead
concentrations over the WHO drinking water guideline of 10
ug/L at the completion of the pump remediation campaign.
These results are similar to those recorded on the larger pump
sample size populations of our previous studies. Subsequently,
the BLL of 87% of the children tested decreased and measured
childhood BLL showed a statistically significant decrease after
the removal of leaded components (p < 0.001, n = 55). Major
limitations of the study include not having detailed dietary
information for the participants within the study and the
method of water sampling. While using a flushed, composite
sample was the most practical methodology given the major
logistical challenge of requiring residents to not use a water
source to enable stagnation sampling, we realize it might not
present the truest account of lead exposure for all residents.
Future research should quantify consumed lead concentrations
and actual intake rates for ingested water to link aqueous lead
consumption with measured BLL. It was out of the scope of
this study to track water collection patterns and associated
consumption rates to quantify lead intake ratios from all
sources. Therefore, we assumed no additional drastic changes
to lead exposure occurred during the study and that lead
exposure from water was significant. Given this assumption,
the statistically significant reduction in BLL was most likely
due to the decrease in aqueous exposure, even if a causal link is
not possible at this time and despite aqueous lead
concentration not being a statistically significant driver of
lower BLL postremediation. Thus, small- and large-scale
remediations can play an important role in decreasing exposure
to lead, even by way of water exposure for residents in this
study. The impact on BLL will depend on other sources of lead
in the environment and participant diets if expanded to other
LMIC. If it is also true in other locations that leaded
components in pumps are a major source of lead exposure,
then it is possible to have a significant return on investment for
every dollar spent’ remediating pumps. Though not a
common lead source addressed in the LMIC, limiting aqueous
lead exposure holds the ability to generate positive health
benefits through economically feasible remediation efforts.
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