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Background and Motivation
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A Madagascar

is the 4™ largest island in the

world, with an estimated population of 22.6

million as of July 2013 [1].

Improved water source  coverage In
Madagascar was at 78% for urban areas and
34%in rural areas in 2012 [2].

The parastatal utility (JIRAMA) cannot
keep up with demand [3085].

Piped water services are unavailable or
inadequate in may urban areas [305].

Many households
[6,7].

reliant on Self Supply



Background and Motivation

Case Study: Pitcher Pump self-supply system in Tamatave
An estimated 9,000 systems in Tamatave accessed by >150,000 people [ 6].

Percussion-augering of ~ Sandy soil near the Driving of well point Finished and flushed
sandy soll water table into the water table pump



Background and Motivation

Pitcher Pump System Diagram and Leaded Components

Pure Pb
valve weight  ====
pisbn rod
eylinder wall
piston .
——check valve =)
"’\s\iding seal é—
Brass well weighted checkvalve &
screen é
Pb-Sn solder g
2 :
SCreen g
£




Pb Harvesting from old car batteries

Local artisan harvests Pb  Pb plates from old Process of melting down
for repurposing/resale batteries Pb over charcoal stove



Background and Motivation

Risksfrom low -level chronic Pb exposure

A Affects nearly every system in the human body [9618]:

A Neurological (shift in IQ and incidence of mild mental retardation
In children ; behavioral and attention issuesin children) ;

A Cardiovascular (Increased blood pressure and hypertension in
adults, increased riskfor heart disease, recent evidence for effects
In children as well);

A To date, no one has published a field study assessing the
potential risk and scale of Pb leaching from pumps In a
developing country, specifically the pitcher pump system

[6].



Research Objectives

(1) Preliminary survey of Pb concentrations in water drawn from
pitcher pumps ;

(2) Investigate potential mitigation options;

a. Time-release studies and pilot studies for component
substitution (e.g., different materials of construction);

b. Determine if flushing decreases Pb levels significantly;

(3) Evaluate appropriateness of an available modeling tool for
developing world  context, specifically whether dietary
considerations impact modeling results;

(4) Use measured Pb concentrations to estimate blood lead levels
(BLLs), a useful indicator of health outcomes .



Materials and Methods

Pb Characterization : Sampl 1 ng protocol
and odriawdad samples (18 pumps,

NG

Sample analysis via portable

Flushing a pump anodic stripping voltammetry [19]




Potential Mitigation : Retrofitting valve weight with steel




Materials and Methods

Estimates of BLLs The EPA Integrated Exposure Uptake
Biokinetic Model for Lead in Children (IEUBK Model) [20,
21]

A Purpose: to convert relatively low environmental exposures to a
health indicator A blood lead levels (BLLS)

A Inputs
A PDb concentrations for: air; soil; household dust; drinking water ; diet

A Availability of Pb for uptake
A Intake to uptake equilibration
A Variability in populations

A Outputs
A Projected distribution of BLLsof a child population
A Percentage of children exceeding a user-specified BLLof concern

A Average media -specific daily Pb uptakes



Materials and Methods

Table 1. Typical Adult Malagasy Diet as 0f2009[22]

Caloric Value % of Grand Total

Top 10 Foods (kcal/cap./day) Intake
Rice 1074 50.7
Cassava 301 14.2
Maize (Corn) 155 7.3
Sugar (Raw Equivalent) 78 3.7
Sweet Potatoes 69 3.3
Wheat 44 2.1
Bovine Meat 37 1.7
Soyabeal®il 33 1.6
Beans 30 1.4
Fruits, Other 28 1.3
Total Included Caloric
Intake 1849 87.3

GRAND TOTAL 2117 100.0




Results and Discussion

Table 2. Flushed and FirstDraw Samples

10" Percentile MedianPb 90" Percentile o4 of Samples
Concentration ~ Concentration Concentration  gyceeding WHO
Measured Measured Measured

Provisional
Sample Type (ug/L) (ug/L) (ug/L) Guideline
Slenes 3.0 9.0 20 35%
Samples
DR 4.9 13 27 67%
Samples
Overall 3.95 11 23.5 51%
Notice:

1. Yes, samples exceed the WHO provisional guideline of 10 ug/L  [9].
2. After a period of only 1 hour, water left in contact with leaded components
increases in Pb concentration:

a. There is a significant difference (p < 0.001) between concentrations of
flushed and first -draw sample [23].



Results and Discussion

Potential Mitigation : Material Component Substitution

tice:

Pb concentration
Increases over time as
water approaches an
equilibrium with leaded
pump components
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cumulative distribution

cumulative distribution

Results and Discussion

IEUBK Projected Distribution of BLLs in children 0 -59 months
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As water Pb
concentrations
increase, a higher
proportion of the
population presents
with elevated BLLSs.

At low water Pb
concentrations, neither
drinking water nor
dietary Pb from
cooking water seem to
matter.

As water Pb
concentrations
increase, the dietary
contribution from
contaminated cooking
water becomes
increasingly important



Conclusions

Pitcher pumps In Tamatave frequently exhibit Pb concentrations
above the WHO provisional guideline under first draw conditions

The frequency of waters with concentrations >10 pg/L decreases
significantly when pumps are flushed before collection.

Replacement of Pb valve weights in Pitcher Pumps decreased the
concentrations of Pb to below the WHO guideline consistently in two
pilot studies.

Pb concentrations observed in the field have the potential to put BLLS
of children under five at >5 ug/dL, where important health issues have
been demonstrated [9918].

The IEUBK Model should be modified to include dietary Pb from
contaminated cooking water for Madagascar or similar contexts



Recommendations

A Communicate results to the GoM

A Work with government officials (Ministry of Health and
Ministry of Water) and local NGOs to mitigate lead
exposure in people using pitcher pumps through:

A A behavior change campaign to promote the flushing of pumps
before collecting water for  drinking or cooking.

A A campaign that offers households the opportunity to replace all
lead weights on pitcher pumps with iron alternatives without
charge.

A Train/regulate pump manufacturers to fabricate all new pumps
without lead weights
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