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The Gloomy Facts

1.1 billion people ⎯ or one sixth of the world’s 
population ⎯ lack access to safe water

2.4 billion are without adequate sanitation

Between 2 to 4 million deaths a year are 
attributed to unsafe water, mostly due to water-
borne preventable diarrheal diseases

90% of those who die from diarrheal diseases are 
children under 5 in developing countries



More than 1 Billion without “Improved” 
Water

UNICEF/WHO, Meeting MGD Water and Sanitation Targets, 2004.



More the 2 Billion without Sanitation

UNICEF/WHO, Meeting MGD Water and Sanitation Targets, 2004.



The UN Millennium Declaration (2000)
Set the Millennium Development Goals with 
an ambitious agenda for improving the 
human condition by 2015

Goal 4: Reduce child mortality
By 2015, reduce by two thirds the mortality 
rate among children under five

Goal 7: Ensure environmental sustainability
By 2015, reduce by half the proportion of 
people without sustainable access to safe 
drinking water and sanitation



The Situation is not Improving Fast 
and we will Miss the MDG Targets

At the current pace, by 2015:
2.4 billion people will lack access to improved 
sanitation
920 million will lack access to improved water
The problem is most severe with rural 
populations
Least progress has been made in Sub-Saharan 
Africa



Deaths of children under
5 yrs old per 1000

% of population with access to safe 
drinking water



Transmission Pathways of Water- 
Related Pathogens are Complex

 Pathogen Source Environmental
Transmission Routes 

Human/Hygiene
Transmission Routes 

Health Impact 

Human  
excreta 

Animal 
excreta 

Hands, Person-
to-Person 

Water 

Crops, fishpond

Insects 

Soil 

Water Storage 
Container 

Food 

Utensils 

No Transmission 

Transmission 
and infection, no 
symptoms 

Transmission 
and infection, 
sickness 
manifestation 

Sanitation 
 (latrines, 
sewerage)  
 

Intervention 
Household 
Treatment/Hygiene 
(safe container, etc) 
 

Clean Source
 (protected spring 
or well, deep 
borehole)  



What is the Cause of Diarrheal 
Diseases?

Analysis of intervention/epidemiological studies
Such studies have provided contradictory and often 
confusing results and conclusions



The Former Dominant Paradigm for 
the Prevalence of Diarrheal Diseases

Intervention Avg. Reduction
Water and SanitationWater and Sanitation 30%30%
SanitationSanitation 36%36%
Water Quality and QuantityWater Quality and Quantity 17%17%
Water Quality 15%
Water QuantityWater Quantity 20%20%
HygieneHygiene 33%33%

Note: PointNote: Point--ofof--use (POU) interventions were not includeduse (POU) interventions were not included

From Esrey et al. (1985), Bulletin of the WHO

Conclusion: Sanitation and Hygiene are the 
Major Causes for Diarrheal Diseases



A Refined Paradigm

Fewtrell et al. (2005) in the journal Lancet: An 
extensive meta-analysis of past studies

Demonstrated the importance of point-of-use 
(POU) treatment in reducing diarrheal disease 
morbidity

The variable compared is the relative risk (RR) of 
contracting diarrhea between control and 
intervention groups ⎯ the greater the 
effectiveness of an intervention, the lower the RR



Fewtrell et al. Statistical Analysis of 
Intervention Studies

From Fewtrell et al. (2005), Lancet Infectious Disease



High reduction No reduction

Relative Risk (RR)



Summary of Fewtrell et al. Study

Intervention Reduction in 
Diarrheal Disease

Water Quality  
(at Source)

11%

Water Supply 19%
Multiple Interventions 30%

Hygiene 37%
Water Quality (POU) 35%

Sanitation 32%



Why Hasn’t POU Treatment Played 
a Bigger Role Until Now?

Previous studies did not include data on POU 
treatment, suggesting that hygiene and 
sanitation were more important than water 
quality interventions

Note: It is still unclear whether these measures 
can achieve levels of scale and sustainability to 
make a significant dent in the global disease 
burden



Centralized versus Decentralized 
Solutions?
Mintz et al. Am. Jour. Public Health, 1991:

“Approaches that rely solely on time- and 
resource-intensive centralized solutions will 
leave hundreds of millions of people without 
access to safe water far into the foreseeable 
future”

“A radical reorientation toward interventions to 
support these populations is urgently required.”



Mintz, et al.,  American Journal of Public Health, 2001, 91:1565

“Cellular phones and satellite dishes 
revolutionized the telecommunications industry 
in developing countries, bypassing the 
expenditures and delays associated with 
traditional wire-based systems . . . . . Similarly 
new scientific research . . . offers dramatic 
opportunities to introduce new decentralized 
(point-of-use) approaches for improving 
water quality”



Quick Overview of Point-of- 
Use Methods at the 

Household Level

Note:  Several of the slides on POU technologies were 
provided by Jeff Albert, Aquaya.



Boiling
<$1/capita/yr to 

$10s /capita/yr, 
depending on fuel 
source

Roughly, 1 kg of 
wood needed to boil 1 
liter of water

Fuel costs can be 
prohibitive, and smoke 
can cause respiratory 
disease



Biosand Filter

<$1/capita/yr
Proven effective in 

the lab; no published 
field health studies yet

High front-end 
capital costs: $10-
30/unit for single 
family

Pathogen removal 
may not be high 
enough



Biosand Filter

Pictures obtained from: South Asia 
Pure Water Initiative,  Inc., 
Hamden, Connecticut



Ceramic Filter

<$1/capita/yr
Not enough data on 

performance in 
developing countries

High front-end 
capital costs: $10-
50/unit for single 
family



Chemical Disinfection (Chlorine)

<$1/capita/yr
Chlorine residual 

addresses storage 
concerns

Chlorine odor/taste 
is a major adoption 
obstacle



Inexpensive Sodium Hypochlorite 
(Bleach) Solutions

Madagascar 
Sûr’Eau (“Safe Water”) 
0.5% solution, 0.5 L, treat 
2000 L

Kenya 
“Klorin” 
1 % solution, 0.5 L bottle

Zambia 
“Clorin”



Solar Disinfection (SODIS)

<$1/capita/yr
proven bacterial 

inactivation
Turbidity inhibits UV 

penetration and limits 
effectiveness

http://www.eawag.ch/news/images/energyglobe-sodis-gross.jpg


Flocculation/Disinfection (PUR®) 
(ferric sulfate plus calcium hypochlorite)

~$6/capita/yr at 4 liter/day for 
drinking water

Significant removal of all 
microbial pathogens (and 
arsenic)

Chlorine taste and odor



Procter & Gamble PuR®
 

for 
Point-of-Use

Used successfully in the Philippines, Indonesia, 
Guatemala, Morocco, Pakistan, Haiti, Liberia, 
Bangladesh, Kenya, Uganda, Chad, Botswana, 
Malawi, Zimbabwe, Sudan, Iran, Ethiopia, Iraq, 
and South East Asia. 

Powder containing ferric 
sulfate and calcium 
hypocholrite





Carbon Nanotube (CNT)-Based Hybrid 
Filter for POU Treatment

“These nanotubes are so beautiful 
that they must be useful for 
something. .  .”, Richard Smalley



CNT Hybrid Filter

+

• Antimicrobial
• High permeability
• Very high surface area (adsorption, 

filtration)
• Can be regenerated at high 

temperatures/harsh conditions

• High permeability
• Secondary barrier to pathogens
• Can be regenerated at high 

temperatures/harsh conditions

http://store1.yimg.com/I/nanolab2000_1861_1110895


Characteristics of SWNT Filter
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Complete Retention and High 
Inactivation of Bacteria

E. coli K12 

N0≈ 5×105 cells

pH 5.7

0.9 % NaCl

22 ºC

Flow rate, 125 LMH

Base filter
(PVDF)

Hybrid
(SWNT layer)



Severe Cell Membrane Damage

Control (without SWNT) SWNT



Can Achieve Over 5 Log Removal of 
MS2 Viruses
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N0≈ 1.5×106 virus

pH 5.73

0.9 % NaCl
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Flow rate, 125 LMH



Sanitation! 
Sanitation! 
Sanitation!



Centralized Treatment is not 
Realistic (Long-Term Goal)



Short Term: Decentralized Household 
Sanitation

Super VIP Latrine

Basic Latrine

VIP Latrine

Composting Latrine



Closure
Mungu atupelekea mgonjwa
(in Swahili: “God is the one that delivers us illness”) 



Education, Social Marketing, and 
Promotion are Most Important

Public health interventions must involve behavior changes 
The process by which new water treatment practices are 
promoted is as critical as the treatment process itself



Need for an Integrated Approach

Engineering
Treatment technologies
and water supply

Hygiene and Public Health
Epidemiology
Hygiene

Economics
Enterprise creation and support

Social Science
Education
Social Marketing
Behavior change 
Culture

Human Health in 
Developing Countries



Beyond Textbook Equations

Value of local knowledge and wisdom
Developing culturally, socially, and 
environmentally specific solutions

Culture,
Education

Engineering,
Technology>
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