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Outline

The scope of the problem
— 663 million people lack access to improved sources of drinking water
— 946 million people practice open defecation
The solution we developed
— Empowering communities with appropriate technology
— Assessment using structural equation modeling
Our take home message to you
— primum nil nocere (first, do no harm)

— “...the services provided by engineers ... must be dedicated to the protection
of the public health, safety, and welfare.” (preamble to NSPE code of ethics)

Future work we have underway
— Creating income generating activities
— Evaluating environmental enteropathy
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Millennium Development Goals
1990 - 2015

Poverty and hunger
Primary education
Gender equality
Child mortality
Maternal health
HIV, malaria, others
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Environment
— Improved drinking water

— Improved Sanitation

8. Partnerships

From: http://www.un.org/millenniumgoals/
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Sustainable Development Goals
2015 - 2030

1. Poverty 6.1 By 2030, achieve

2. Hunger universal and equitable
2' \E"ée”'bt‘_"i”g access to safe and

5: Gel:;aelon affordable drinking

6. Environment water for all

7. Energy 6.2 By 2030, achieve

8.  Jobs access to adequate and
9. Infrastructure  aquitable sanitation and
12 'l;'qua”na"t'es hygiene for all and end
12. consumption  OPen defecation, paying
13. Climate special attention to the
14.  Oceans needs of women and

15.  Ecology girls and those in

16. Institutions

_ vulnerable situations
17. Partnerships

From: https://sustainabledevelopment.un.org/






We know the problem
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Adapted from: Wagner and Lanoix, 1958, “Excreta disposal for rural areas and small communities.”



We know the solution

Point of Use Household Drinking o250

Water Filtration: A Practical, Caltech Wins Toilet Challenge
Effective Solution for Providing

Sustained Access to Safe Drinking
Water in the Developing World
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Water, Sanitation, and Indoor Air
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This is simple! So, let’s get to work!
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Fecal — Fluids — Oral

Flies




Social Entrepreneurship and Design
Thinking

* While ‘business entrepreneurs’
typically measure return on
investment as financial gains,
‘social entrepreneurs’ take into
account a positive return to
society in terms of improved
human capacity and trust
relationships.

* Design thinking is defined as
combining empathy for the
context of a problem, creativity in
the generation of insights and
solutions, and rationality in
analyzing and fitting various
solutions to the problem context.

Gerber Perez



Ixcan, Guatemala 3 100 km

* The northern most municipality
(county) of the Quiche district
(state) within Guatemala

consisting of 176 communities Peten Itza-to BELIZE |
(villages) with a total population of ‘©Flores |
approximately 70,000 people.

* Theregion has a storied history MEX]| K(‘j _
including forced displacement of Poptino |
Mayan dialect speaking natives, S Karib-
coordinated efforts to harvest oil i ’_tenge
and timber natural resources GUATEMALA - ' -

without benefits to the rural poor,

®
and the establishment of artificial ¢ Puerto Ba

villages composed of transplanted Huehuetenango Cobane
indigenous refugees of the ©
Guatemalan Civil War who suffer iché :
S ) ) San Marcgnte Cﬁguz del Quich€s salama Zacapa
isolation due to incompatible @ ®
tzaltenangp gg|ol3
@

languages and diverse cultural . @Chiguimula

|

backgrounds. AtitEar 6 ¢ Guatemala

* Sanitary survey conducted by our etalhuled @M-éz:ateﬁ.angn ] HONDURA
team confirmed local Health ™ @ Escuintla Ju%apa : ke
Department observation that only Giiija-to \’\_
75% of the Ixcan population have = Pu?nné_anj_nsé =
access tomproved sourcesof | Ccpnes OCEAN , SALVADOR

drinking water (compared to a
national average of 93% access). From: https://commons.wikimedia.org/wiki/File:Guatemala_map_hu.svg



Contaminated water
is poured into the

BioSand Filter

Gravity pulls
the water down
through the filter

The biolayer
consumes harmful
bacteria, parasites
and viruses

Sand filters out
small particles; the
remaining microbes
suffocate from lack
of oxygen

Clean, purified
water passes out
through a tube and
into a storage
container

Drinking water treatment:
CAWST Biosand Filter

The filtered water
1s clean, odorless,
tasteless and even cool.

THE BIOSAND FILTER

BioSand Filters bring clean water
to the developing world by using
locally-available, low-cost materials

BioSand Filters use carefully-prepared layers of
gravel and sand to filter water as it passes through

a chimney-like container.

The secret ingredient is a biolayer, an accumulation

of microbes atop the first layer of sand. Cultivated
over a period of two to four weeks, the biolayer
develops as oxygen and nutrients interact in a small
reserve of water on top of the filter. The fully functioning
BioSand Filter can remove 90 - 99% of bacteria and
up to 100% of viruses. The more the filter is used, the

¢

Invented in Canada

by Dr. David Manz

more effective it becomes.
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Septic systems — separate solids from liquids
and facilitate some degradation of solids

Pit latrines — all in one hole

Composting toilet — separate urine for
fertilizer and composting feces to produce
humanure

Urine diverting dry toilet — separate urine for
fertilizer and collect and dispose of solids
separately
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Assessment with
Structural Equation
Modeling (SEM)

e SEM is a set of tools
allowing a user to fit
networks to sets of data.

* The user starts with a
thorough review of the
literature and a direct
review of the system.

Academic
Performance

Intelligence

* The user then displays the

critical system members as AT High AT
scale 1 scale 2 scale 3 scale 4 school
a set of observed and Score GPA Score

latent variables combined @ @ @ @ @ @ @

using explicit relationships.

e Avariety of statistical tools
are used to report the
strength of the

relationships and to
account for error.

From: https://commons.wikimedia.org/wiki/File:Example_Structural_equation_model.svg



Examples of variables in our SEM

* Read and write plus sum of ¢ Dirt or concrete/tile floor

formal years of education e Wood/cane or concrete

e Spanishis a second block walls
language indicating greater  « Number living in house
education divided by number of rooms

Paternal ( : }—» Floor Material
Education Level
Household Socio-
Maternal Education @—> Wall Material economic
Education Level Level Status
Household
O o (D] Fopim
e s Density

From: Divelbiss et al, 2013, Env. Sci. Technol., v47, p1638ff



Why not just ask...

* To determine socio economic status, why not
just ask how much money you earn, or how
much money you have in the bank, or how
much did your house cost?



SEM provides greater information:

S550,000 home in St. Louis
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SEM provides greater information:
S550,000 home in DC
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From Zillow



Our ‘complete’ SEM

Three or More
- At Least One Day
Child under five D':’x:m"::“t with Diarrhea in Days “!L"'m
Past Two Weeks P[ asti Twni . Weslkn
Improved
~| Water Source
Adequate
Sanitation
Diarrhaal
Paternal Health
Education Level . Burden
Maternal Household
Education Level Education
Level
All Speak
Spanish in Home

Floor Material
Socio-
Wall Material £conomic
Status
Household
Population
Density Filter Operation
and
Maintenance

Soap Present
in Home

- Water
Treatment From: Divelbiss et al, 2013, Env. Sci. Technol., v47, p1638ff
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What we discovered

Fingers Fingers Fingers
Fields Fields Fields
Fecal = Fluids - Oral Fecal = Fluids -> Oral Fecal = Fluids - Oral
Flies Flies Flies
Food Food Food
Low SES High S
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More money (and more education)
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Back to East Africa
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And how did Kenyan’s invest their earnings?

durable

investment

basic needs

From: Schriner and Oerther. 2014. Procedia Engineering 78:224ff.



Combating Stunting




Anticipated

m Stunting prevalence is highest in sub-Saharan Africa and South Asia

Percentage of children under age 5 who are moderately or severely stunted

Less than 10 per cent
10 to 19 per cent
20 to 29 per cent
I 30 to 39 per cent
Il 40 per cent or more

M No available data

From: UNICEF, 2013, Improving Child Nutrition



Surprise!
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