WHO/SDE/WSH/02.07
Distr.: Limited
English only

Managing Water in the Home: Accelerated Health
Gains from Improved Water Supply

Water, Sanitation and Health
Department of Protection of the Human Environment
World Health Organization
Geneva



O World Health Organization 2002

Theillustration of the cover page s extracted from Rescue Mission: Planet Earth, O Peace Child International 1994
used by permission

This document is not issued to the general public and all rights are reserved by the World Health Organization. The
document may not be reviewed, abstracted, quoted, reproduced or translated, in part or in whole, without the prior
written permission of WHO. No part of this document may be stored in aretrieval system or transmitted in any form or
by any means — electronic, mechanical or other without the prior written permission of WHO.

The views expressed in documents by named authors are solely the responsibility of those authors.
(or The authors alone are responsible for the views expressed in this document)



WHO/SDE/WSH/02.07
Distr.: Limited
English only

Managing Water in the Home: Accelerated Health
Gains from Improved Water Supply

Prepared by:

Professor Mark D. Sobsey
Department of Environmental Sciences and Engineering
School of Public Health
University of North Carolina
Chapel Hill
North Carolina 27599-7400
USA

Tel: +1 919 966 7303
Fax: +1 919966 4711
E-mail: Mark_Sobsey@unc.edu



TABLE OF CONTENTS

Page
FFOT BUWOT 0 .ottt b £ £t ettt i
EXECULIVE SUIMIMAIY .ottt eseessee e sessssssessssssssssesssssessssssssessesssssessesssssessnssssnsnsnssnsessssssesessssssesesnesssesssens iii
1. Introduction
11 BACKGIOUNG......couiieieiieeeeiieeriietsee st e 1
12 Purposes and Benefits of Household Water Treatment and Storage............coveeeneeeenereenersencrnenens 3
2. Storage and Treatment of HOUSENOIA WALEY ...t s s s 5
2.1 Household Water Storage, Microbial Quality and Infectious Disease RiSKS.......cccccoeeevereceennns 5
2.2 Collection Methods and Storage Vessels for Household Water ..........ccvvecvvenccnenesseneneeeenns 8
2.3 Water Treatment Methods — Overview and Historical Perspective.........ooccvveeeennesecnenenens 10
3. Heat and UV Radiation for Household Water Treatment..........occveveeineenennceneneneeeneeeneiessseeessiennns
31 Boiling or heating With TUEL ..o
3.2 Thermal Treatment with Solar Radiation and Solar Cooking
3.3 Solar treatment by combined UV and thermal effects..........cooccvennnenncnsenecreeneeseesiees
34 Advantages, disadvantages and limitations of solar treatment SyStems ..........ccoceeerreeeernennens 17
35 Epidemiological Studies of Solar Disinfection of Household Water
3.6 UV Irradiation With Lamp SYSLEMS .......ccociiieneiieeeesee ettt sesssssssssssssesens
3.7 UV Inactivation of microbesin water
3.8 UV disinfection systems using lamps
3.9 Costsof UV disinfection for NOUSENOID WALES ...
4. Physical removal processes: sedimentation and filtration ... 21
4.1 Microbe size and physical removal frOM WaLEr .........ccooecerverrcnreersesrs s sesseses 21
4.2 Plain sedimentation OF SEIHING ........ceeerrneree e 22
4.3 Filtration
4.4 Granular media, rapid rate filters and filter Media .........occveerreecneneereeeee e
A4 1 BUCKEL TIITEIS ettt ettt et st
4.4.2 Drum or barrel filters ......ooenenerrerre e
4.4.3 ROUGNING TILEIS ...ttt ettt
QA A, FIIEI-CISLEINS. ...ttt seas bbb bbb bbb bbbttt
4.4.5 Biomass and fossil fuel granular mediafilters
4.4.6 Microbial reductions by rapid granular media filters and recommended uses................. 28
45 SIOW SANA FITTEIS ...ttt
4.6 Fiber, fabric and membrane filters
47 POFOUS CEIraMIC FITTEIS ...t
4.8 DiatomaceoUS €arth FIILEI'S ...ttt esen
4.9 = o] o OO OTTUTTR
5. Chemical Methods Of Water TreatMENT ...t
5.1 Chemical coagulation, flocculation and precipitation...........
5.1.1 INtrOdUCEION ..ooeeeeeieeeieecireee et
5.1.2 Microbial reductions by coagulation-flocculation
5.1.3 Alum and iron coagulation ..........ccccecevevreceerseneseennnns
5.1.4 Seed extract coagulation-flocculation .............cccee...
5.1.5 SUMMAEIY ..o sssens
5.2 AdSOrPLioN PrOCESSES .....cveeerererererereesssresessssesssesessssssesssssessesnns
5.2.1 INrOAUCLION ..ottt
5.2.2 Clay @dSOrPtion .......coceereeeereenereereneeneseresessesessesessseesesennens

5.2.3 Charcoal and activated carbon adSOrptioN............eererernenerneeenieeneesesssre s



5.2.4 Vegetative Matter alSOrDENLS........ccvvieriercrrseese st sse s 39

5.3 [ ON EXCNENJE PIrOCESSES ....cviuceeerererssesresesssesssessssssssessssssssesssssessssssssssesssssssssssssssssessssssssesssssssssssssssssesens 39
LG 70 1 11 oo 1 ox o O 39
5.3.2 Softening, deionizing and SCAVENGING FESINS ......c.cveururerreerreerreesseseesesessssessssesesesessssessesees 40
5.3.3 lon exchange disinfection..........c.cvvreneeceneeeeneeeenernenns

54 Chemical Disinfection Processes
5.4.1 Chemical disinfectants for drinking WaLE ..o ssesessesens
5.4.2 Factorsinfluencing disinfection efficacy .....................
5.4.3 Freechlorine treatment ..........cccvnnecneeneeeneeeeneenenens
5.4.4 Chloramine treatment.........covcvneereneereseneeseneeseneeseseesenees
B5.4.5 OZONE ..ottt
5.4.6 Chloreing DioXide ........occcovrnerenienensenecineeineeeneeeeseeeeens
5.4.7 Combined point-of-use treatment systems
5.4.8 Limejuice disinfection Of V. CROIErae ........cceveerrnccerseeeseses e

Social and ECONOMIC ASPECLS .....cvcrieirieirieesteeessi et es s ses s bbb 49

6.1 Educational, Behavioral and Related Socio-Cultural Considerations for Household Water
TreatMENT SYSLEIMS ... s 49
6.2 Economic Aspects of Household Water Treatment Processes and Systems ........cccceceevevecennn 51

Monitoring and evaluating the effectiveness of alter native household water treatment and storage
systems and Hazard Analysis at Critical Control Points (HACCP)
7.1 INEFOTUCTTION....ecee ettt bbbt
7.2 HACCP for recommended household water storage and treatment Systems .........coceeeevereveennns 53
7.2.1 HOUSENOIA WELEN SLOTBGE .....cveerreerieeiieeeeisesisesse et sss et
7.2.2 Household water treatment...........c.oooeerrereeerreneenennnens
7.2.3 Summary of HACCP for household water systems

SUMMEATY TADIES ...ttt bbbttt en bbbt s st et e st et s 55

REFEIBINCES ...ttt sttt b et b e et sbebe et be b e s s e b e be e st s b e bese et e b e se s seebe st e bebsas st st ebe e esstanin 57



TABLES

Page

Table 1 — Evidence for Increased Microbial Contamination (Decreased Microbial Quality) and Increased

Infectious Disease Risksfrom Inadequately Stored Household Water ... 7
Table 2 — Alternative Household Water Storage Vessels: Advantages and Disadvantages of Different

Designsand Materials 9
Table 3— Physical Methods for Water Treatment at the HouseholdLevel ... 12
Table 4 — Chemical or Physical-Chemical Methods for Water Treatment at the Household Level ... 12
Table 5 — Factors Influencing Microbial Inactivation by Solar Disinfection of Water ... 17
Table 6 — Advantages and Disadvantages of Solar Treatment Systems ... 17
Table 7 — Epidemiological StudiesonDiarrheal Disease Reduction by the SODIS Solar Disinfection .......... 19
Table 8 — Advantages and Disadvantages of Plain Sedimentation for Household Water Treatment ... 22
Table 9 — Filtersand Filtration Mediafor Treatment of Household Water: Characteristics, Advantages,

and Disadvantages 24
Table 10 — Advantages and Disadvantages of Different Granular Medium Filtersfor Household Use  ......... 25
Table 11 — Types, Performance Characteristics, Advantages and Disadvantages and Costs of Alternative

Filtersfor Household Water Treatment .. 33
Table 12 — Chemical Coagulants for Water Treatment and their Advantages, Disadvantages and

Costsfor HouseholdUse . 35
Table 13 — Adsorbents for Water Treatment and their Advantages, Disadvantages and Costs for

HouseholdUse 38
Table 14 — lon Exchangers and their Advantages, Disadvantages and their Advantages and Disadvantages

For HouseholdUse 40
Table 15— Chemical Disinfectants for Drinking Water Supplies: Advantages, Disadvantages and Costs

For HouseholdUse 42
Table 16 — Efficacy of Chlorination and Storage in aSpecialized Container (Safewater System) to

Disinfect Household Water: Disease Reduction and Improvement in Microbial Quality ... 45
Table 17 — Cost Estimates per Household for Alternative Household Water Treatment and Storage

Systems(US$)* 52
Table 18 — HACCP for Household Water Storage Vessels. Hazards and Criteria for Critical

Control Points 53
Table 19 - HACCP for Household Water Treatment: Hazards and Critical Control Points ..., 54
Table 20 — Comparison of Recommended Technologies for Household Water Treatment ... 55

Table 21 — Comparison of Candidate Technologiesto Pre-treat Turbid Household Water ... 56



FOREWORD

Around 2.2 million die of basic hygiene related diseases, like diarrhoea, every year. The great
magjority are children in developing countries. Interventions in hygiene, sanitation and water supply
make proven contributors to controlling this disease burden. For decades, universal access to safe
water and sanitation has been promoted as an essential step in reducing this preventable disease
burden

Nevertheless the target “universal access’ to improved water sources and basic sanitation remains
elusive. The “Millenium Declaration” established the lesser but still ambitious goal of halving the
proportion of people without access to safe water by 2015. Achieving “universal access’ is an
important long-term goal. How to accelerate health gains against this long-term backdrop and
especially amongst the most affected populations is an important challenge.

There is now conclusive evidence that simple, acceptable, low-cost interventions at the household
and community level are capable of dramatically improving the microbial quality of household
stored water and reducing the attendant risks of diarrheal disease and death.

Many different water collection and storage systems and strategies have been developed, described
and evaluated on the basis of various criteria for household and community use in developed and
developing countries. A variety of physical and chemical treatment methods to improve the
microbial quality of water are available and many have been tested and implemented to varying
extents in developed and developing countries. Some of these water treatment and storage systems
have been tested under controlled conditions in the laboratory and implemented in field to evaluate
their ability to produce drinking water of acceptable microbiological quality and to maintain this
quality during storage and use. Some of them also have been evaluated in the field for their ability
to reduce diarrheal and other waterborne diseases among users.

Because of the importance of education, socio-cultural acceptance, changing people's beliefs and
behaviors, achieving sustainability and affordability in the provision of safe water, some of the
most promising household water treatment and storage systems and their implementation strategies
include or are accompanied by efforts to address these considerations.

This report describes and critically reviews the various methods and systems for household water
collection, treatment and storage. It also presents and critically reviews data on the ability of these
household water treatment and storage methods to provide water that has improved microbiological
quality and lower risk of waterborne diarrheal and other infectious disease.

The target audience for this report is intended to be scientists, engineers, policy makers, managers
and other public heath, environmental health and water resources professionals who are
knowledgeable about the fundamentals of drinking water and related health sciences and water
engineering technology.



The report is not intended to be a comprehensive guidance or "how to" manual on household water
treatment and storage or a practical guide for the average drinking water consumer. It is hoped that
this document provides a scientifically sound and supportable basis for identifying, accepting and
promoting household water treatment and storage systems and technologies so that such documents
in support of the implementation of household water trestment and storage can be developed and
disseminated elsewhere. The views expressed in this document are solely those of the author, who
is also responsible for any errors, omissions or other deficiencies that the document may contain.

This report has been prepared as part of a programme of activity towards the updating of WHO's
Guidelines for Drinking-water Quality. Following a process of development and review it is
released in draft form. Comments upon this draft care welcome and should be sent to:

Dr Jamie Bartram

Coordinator

Water, Sanitation and Health Programme
World Health Organization

20 avenue Appia

CH-1211 Geneva 27 Switzerland
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