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ABSTRACT

The siphon filter is a household water filter developed by the Basic Water Needs Foundation
based on the design of ceramic candle filters. The siphon filter is marketed under brand
names CrystalPur and Tulip and is sold for roughly US$10. An independent Dutch laboratory
found log reductions of 4.4-5.5 for the filter, and the filter features flow rates of roughly 3-5
liters per hour.

This thesis evaluates the viability of the siphon filter for households in Northern Ghana,
where water-borne diseases are a serious issue. With the help of Pure Home Water, a social
enterprise that sells household water treatment and safe storage technologies in Northern
Ghana, a field study was conducted in twenty-four (24) households in this region. The study
consisted of household visits, water quality analysis and an Effective Use survey, which
determined how properly the technology was used. Households drinking low and high
turbidity source waters were studied, from a mix of middle and lower class households. A
preparatory study was conducted at a MIT laboratory prior to the Ghana field study in order
to be most effective during the field study.

Initially, the field study was designed to avoid recontamination of siphon filtered water
samples by taking filtered water samples directly from filter taps rather than sampling lower
(post-filtration) container water. However, six (6) of forty-eight (48) filtered water samples
showed higher levels of contamination than household stored water samples, indicating that
recontamination occurred despite sampling directly from taps. Two possible causes of
recontamination included bacterial regrowth within the filter, and filter taps resting in dirty
lower water containers or touched by dirty hands. Recontamination is believed to have been
due to the latter cause, but further research is needed to confirm this conclusion.

The average percent removal of total coliform was 90.7%, and the average positive percent
removal for E. coli of 94.1% (these values do not include the five and three samples
respectively showing negative percent removals for total coliform and E. coli). However,
these values may have been affected by recontamination and true filter performance may
have been more effective. A post-filtration safe storage container design is recommended for
the siphon filter to maintain the microbial quality of filtered water, and additional testing of
the siphon filter with a safe storage container is advised.

The distinction between middle and lower class households was not found to influence how
effectively the filter was operated. Use of high turbidity water was found to affect filter
performance in households: the filter clogged frequently with high turbidity water, partially
because study participants did not consistently maintain the filter. Filter maintenance is less



crucial for households drinking low turbidity water, and the filter clogged infrequently for
these households, even with little maintenance.

Alternative household water treatment technologies are compared to the siphon filter for use
in households drinking low and high turbidity source waters in Northern Ghana. These
technologies include chlorine, alum (coagulation), and the Kosim ceramic pot filter. If the
siphon filter recontamination issue were resolved, the siphon filter would be recommended
for households drinking low turbidity water in Northern Ghana over the other treatment
options considered. The siphon filter is recommended over chlorine for low turbidity water
because chlorine is consumable and requires a substantial wait for treated water, while the
siphon filter is more permanent and requires little wait for treated water. Alum plus chlorine
treatment is recommended for most households drinking turbid water, with the siphon filter
as an alternative treatment method for households desiring a more permanent treatment
technology, again if the siphon filter recontamination issue were resolved. The siphon filter is
preferred over the Kosim filter because while the Kosim filter can only be cleaned by
scrubbing and features a slow flow rate, the siphon filter can be kept clean by other methods
(e.g. backwashing) before scrubbing is needed, and has a considerably faster flow rate.

Keywords siphon filter, household water treatment and safe storage, safe drinking water,
water quality
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1. Introduction

1.1 Clean Water Supply in Developing Countries’

Access to safe drinking water is critical to maintaining good health. The World Health
Organization (WHO) and United Nation’s Children’s Fund (UNICEF) Joint Monitoring
Programme for Water Supply and Sanitation estimate that 1.5 million children will die of
diarrheal disease this year resulting from the lack of access to sanitation (JMP, 2008).
The water-borne disease rate is much higher than this figure if other water-related
illnesses due to pathogenic microorganisms such as guinea worm, cholera, typhoid and
schistosomiasis are considered. Additionally, access to safe water and sanitation is
fundamental to gender equity, as 71% of household water is collected by women or girls
(JMP, 2008). Figure 1.1 shows the percentage of population, by country, with access to
safe water.

Less than 508

500 - 75%

T TE -0

B o om

Meor imsufhcient data
Figure 1.1 Global Drinking Water Coverage 2006 (WHO-UNICEF JMP, 2008)

In a move to eradicate poverty the United Nations set eight Millennium Development
Goals (MDG) to meet the needs of the world’s poorest by 2015 (UN, 2008a). Under Goal
7: Environmental Sustainability, Target 10 is to “Halve, by 2015, the proportion of
people without sustainable access to safe drinking water and sanitation” (UN, 2008a).
Since the implementation of the MDGs, it is estimated 1.6 billion people have gained
access to safe water (UN, 2008b), however, it is estimated that 784 million people
worldwide need to gain access to safe drinking water in order for the drinking water goal
to be met (JMP, 2008). Even assuming this goal is met, the world will still be millions of
people short of “Clean Water for All,” as 11% of the population in developing regions
will still lack access to safe drinking water. Information to date indicates that Sub-

' Sections 1.1-1.3 adapted from Konyurima Consultancy’s joint proposal submitted to MIT in December
2008.
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Saharan Africa is making the slowest progress towards meeting the MDG target, making
up one third of the population still needing safe drinking water (JMP, 2008).

1.2 Clean Water Supply in Ghana

1.2.1 Ghana Country Profile

Ghana is a West African country bordered to the north by Burkina Faso, to the west by
Cote d’Ivoire, and to the east by Togo. It has a population of 23 million people. The
climate in the Northern Region is dry and hot, while the climate in the South is more
humid. Agriculture accounts for 37.3% of total GDP and 56% of the labor force is
employed in farming. Ghana is rich in natural resources and its industries include mining
and lumbering (CIA, 2008). The life expectancy in Ghana is 59 and 60 years respectively
for men and women (Ansah, 2006). Figure 1.2 shows the Northern Sector of Ghana. The
field study for this thesis was conducted in the city of Tamale, which is the capitol of the
Northern Region.

1.2.2 Clean Water Situation

Ghana currently suffers from shortages in clean drinking water, particularly in the
Northern Region, where fifty percent of people use unimproved sources of drinking
water. This figure is ten percent higher than the average for the Sub-Saharan African
region where forty percent lack access to an improved drinking water supply (UN,
2008b). As a result, incidence of water-borne disease is high. Water-borne diseases in
Ghana include diarrhea, hepatitis A, typhoid, cholera and guinea worm. While guinea
worm has been eradicated in almost all places in the world, Ghana still experienced 501
cases in 2008 (CDC, 2009), the second highest rate in the world, after Sudan.
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Northern Sector Districts, Ghana
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Figure 1.2 Map of Northern Sector districts of Ghana (VanCalcar, 2008)

Waterborne diseases are spread through contaminated drinking water supply and through
inadequate sanitation and hygiene practices. In the Northern Region, 37.5% of people use
unprotected ponds, lakes or streams for drinking water supply. This problem is
exacerbated by a lack of safe sanitation, again particularly in the Northern Region where
only 22% have adequate sanitation. Diarrhea, which can result in severe dehydration, is a
major contributor to morbidity and mortality of children under the age of five. Incidence
of diarrhea in the Northern Sector of Ghana ranges between 15% and 27% in this age
group (Ansah, 2006). The goal of this thesis is to address this pressing issue and to help
bring clean drinking water on a household and community scale to Northern Ghana.

1.3 Applicability of Siphon Filter Research to Pure Home Water

1.3.1 Pure Home Water

Pure Home Water (PHW) is a social enterprise founded in 2005 by Susan Murcott and
local partners in Ghana. PHW is the first organization of its kind seeking to disseminate
and scale up household drinking water treatment and safe storage in the challenging
environment of Northern Ghana, a region with high poverty rates, low population
density, multiple tribes and local languages, strong religious identities — Christian,
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Muslim, Animist — water scarcity, and limited infrastructure. As a social enterprise, Pure
Home Water operates on a break-even basis with retained earnings being fully reinvested
into its work in the form of product improvements, outreach and training, and capacity
building.

1.3.2 Pure Home Water Organizational History

After receiving start-up funds from the Conrad N. Hilton foundation in 2005, Pure Home
Water (PHW) began selling a range of houschold water treatment and safe storage
(HWTS) products in the Northern regions of Ghana including candle filters, safe storage
containers and ceramic pot filters. During this time, PHW struggled with a lack of local
management capacity and a general lack of awareness of and trust in HWTS. In response
to these issues, PHW decided to concentrate on promoting and distributing a single
HWTS product in order to gain the focus necessary to succeed. Accordingly the product
line was narrowed to the Potters for Peace-type ceramic pot filter, which is locally
branded as the Kosim® filter. Subsequently from 2006-2008, PHW focused solely on
demand generation and sale of the Kosim filter.

PHW has faced many challenges and has taken some important steps to establish its
organization, management and presence in the Northern Sector of Ghana. In 2007, PHW
hired a managing director, a field manager and several new sales staff to cope with
distribution and sales growth. As a result the Kosim filter can currently be found in over
14,000 households in Northern Ghana, providing safe drinking water to over 100,000
people. Moreover, PHW has monitored filters in over 1,000 households during June to
August 2008, gaining valuable feedback from customers as to how to improve the Kosim
filter and outreach.

But while PHW currently promotes and markets the Kosim filter, a mid-term goal is to
market a variety of drinking water products successfully so that consumers have a range
of choices. To this end Master of Engineering students from the Massachusetts Institute
of Technology (MIT) (Cambridge, Massachusetts, USA) support PHW with research,
development, monitoring social impact and business studies. In the past this has included
testing of existing products and actively researching potential new products to add to
PHW’s product line. This research is accessed on the Web at
http://web.mit.edu/watsan/project_ghana.htm. This thesis researches the siphon filter as a
possible product for PHW to market in Northern Ghana.

1.4 Previous Engineering Studies on Ceramic Water Filters

1.4.1 Previous Studies of Ceramic Pot and Candle Filters

Several studies have focused on ceramic water filters” performance in the laboratory and
in field settings. Most of these studies feature ceramic pot filters or ceramic candle filters
because these are the most widely used ceramic filters. The siphon filter is a new ceramic
filter that takes inspiration from the designs of both the pot and candle filters. As the filter
elements of all three types of filters are based on filtration through a porous ceramic

2 Kosimisa Dagbani word meaning “water from a ceramic pot” and “the best water.” It is the drinking

water that is served to guests.
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medium, a review of study findings based on these pre-existing technologies is useful.
Section 2.4 Previous Study of the Siphon Filter by the Delft Institute of Technology
discusses of a previous study of the siphon filter.

1.4.1.1 Role of Silver

Most ceramic filters studied contained colloidal silver or silver nitrate as an antimicrobial
agent. Daniele Lantagne, Principal of Alethia Environmental and Lecturer in Civil and
Environmental Engineering at Massachusetts Institute of Technology, studied ceramic
pot filters with pore sizes ranging from 0.6-3.0 microns and found that some filters
without silver let Escherichia coli bacteria through. Lantagne attributed E. coli removal in
these cases to the small pore size of the filters and concluded that silver was necessary for
the complete inactivation of E. coli. Lantagne found that painting colloidal silver onto the
filters did not affect the filtration rate of the filter, or the pH or conductivity of the filtered
water (Lantagne, 2001). The World Health Organization found that the only known effect
of silver in the body was argyria, a condition in which skin and hair are discolored by
silver in the tissues. In order to prevent argyria the WHO recommends that “where silver
salts are used to maintain the bacteriological quality of drinking-water, levels of silver up
to 0.1 mg/litre can be tolerated without risk to health” (WHO, 2006). No filtered water
sample in Lantagne’s study exceeded this guideline value, indicating that silver can be
safely used to deactivate microbes (Lantagne, 2001).

1.4.1.2 Coliform Removal Performance

Joe Brown and Mark Sobsey of the University of North Carolina School of Public Health
studied silver-treated ceramic pot filters in Cambodian households. They found E. coli
reductions of up to 99.99% with a mean reduction of 95%, and a mean reduction of 90%
for total coliform. Brown and Sobsey noted that 17% of field samples contained higher E.
coli concentrations than untreated water, and attributed this to contamination of storage
containers by improper cleaning and handling practices (Brown and Sobsey, 2006).
Brown found slightly higher mean E. coli reductions of 99% (as opposed to 95% found
earlier) both in the lab and in the field in a later study, with reductions of up to 99.9999%
(Brown, 2007).

Amber Franz studied several brands® of ceramic candle filters with and without silver for
her Master of Engineering thesis at Massachusetts Institute of Technology. She tested the
filters on water in Kenya with high coliform concentrations and found all of the filters
removed E. coli at mean values of over 99%. Franz recommended sedimentation before
filtration for water with high turbidity levels. The filters removed 91% to 99.95% of E.
coli and 94.9% to 99.9% of total coliform when tested using Cambridge, Massachusetts
Charles River water that contained much lower microbial concentrations. Franz found the
candle filters that worked best to remove E. coli did not contain silver, and she attributed
this removal to very small pore sizes (Franz, 2005).

In 2006 Rachel Peletz conducted a baseline and epidemiological survey of modern urban
households in the Northern Region of Ghana for her Master of Engineering thesis project

3 Candle filter brands studied were AquaMaster (Piedra candle), Doulton Super Sterasyl, Stefani Sdo Jodo,
Pelikan, and Pozzani candles (Franz, 2005).
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at MIT. The following year, Sophie Johnson continued the survey for traditional rural
households in the same region for her MIT Master of Engineering thesis project. These
studies found 85% and 99.7% removal of E. coli for modern and traditional households
respectively, and 90% and 99.4% removal respectively for total coliform (Peletz, 2007).

1.4.1.3 Factors Affecting Use

Ceramic pot filters have been shown to be effective long-term, although effectiveness
depends on continued use and breakages. Brown and Sobsey found that microbial
effectiveness was not closely related to time in use (Brown and Sobsey, 2006), and
Brown found that filters worked effectively up to 44 months in field use (Brown, 2007).
Lantagne found that filters as old as 7 years removed 100% of fecal and total coliform
(Lantagne, 2001). Brown and Sobsey studied rates of disuse of ceramic filters in
Cambodia and found a 2% rate of filter disuse per month, largely due to breakages.
Continued use was associated with hygiene, water and sanitation practices in the home,
cash investment in the technology by the household and use of surface water as a primary
drinking water source (Brown and Sobsey, 2006).

1.4.1.4 Ceramic Filter Use and Diarrhea Disease Incidence

Several studies found a correlation between ceramic filter use and reduced diarrhea
incidence. Martella du Preez of the Council for Scientific and Industrial Research in
South Africa and others studied incidence of diarrhea in Zimbabwe and South Africa and
found that ceramic Doulton/Berkefeld* candle filters impregnated with silver reduced the
incidence of both bloody and non-bloody diarrhea by 80%. The authors noted that this
large reduction may have been due in part to the study heightening awareness of water
contamination and hygiene practices (du Preez et al., 2008). Brown and Sobsey found a
46% reduction in diarrhea in their study of ceramic pot filters in Cambodia (Brown and
Sobsey, 2006). This correlates well with Brown’s later findings of roughly 40% diarrhea
reduction (Brown, 2007). Peletz and Johnson found that ceramic pot filters reduced the
incidence of diarrhea by 88% for modern urban households and by 69% for traditional
rural households in the Northern Region of Ghana. Johnson attributed this discrepancy
between modern and traditional household values to factors such as access to sanitation
facilities, better hygiene practices, and higher level of mother’s education found in
modern urban households as compared to traditional rural households (Peletz, 2007).

1.4.1.5 Turbidity and Flow Rates

In addition to studying the effect of ceramic candle filtration on E. coli and total coliform,
Franz also studied turbidity removal and flow rates of the candle filters. Franz found
mean turbidity reductions of 97% to 99% for water in Kenya and mean reductions of
88% to 94% for Charles River water. In both cases finished water had turbidities of
below 1 NTU on average. The WHO recommends a mean turbidity of 0.1 NTU for
adequate disinfection, but proposes no health-based guideline value. A value of 5 NTU is
suggested to usually be acceptable for customers (WHO, 2006). The candle filters were
therefore reasonably effective at removing turbidity from both high- and low- turbidity
waters. Franz found flow rates for individual candle filters from 0.035 to 0.454 L per

* This brand of ceramic candle filter is atypical in that it is made of diatomaceous earth rather than clay.
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hour for water in Kenya. Flow rates decreased with time, possibly due to filter clogging
and/or decreased hydraulic head from the water level decreasing in the source bucket.
The maximum flow rate found for an individual candle filter corresponded to 4.8 L per
day, which was not sufficient to meet the 7.5 L per day recommended by the WHO
(WHO, 2006). Franz suggested that allowing particles to settle before filtration may
increase flow rates for highly turbid waters. The filters had higher flow rates when they
were tested with low turbidity Charles River water. The maximum flow rate found was
0.546 L per hour for a single candle filter, which is equivalent to 13.1 L per day assuming
a regular filter feeding rate. This is just enough water to support two people, assuming the
filter does not clog and the water level remains high (Franz, 2005).

1.4.1.6 Virus Removal Performance

Although ceramic filtration has been shown to remove turbidity and coliforms effectively
and to reduce incidence of diarrhea, demonstrated effectiveness for removing viruses has
been mixed and studies are limited. Lantagne found only an 18.7% reduction of MS2
coliflages by ceramic pot filters with 0.6 to 3.0 pm pore size, and hypothesized that the
0.025 pm viruses easily traveled through the filters (Lantagne, 2001). Similarly, Franz
found the Pelican brand candle filter was ineffective at removing MS2 coliflages (Franz,
2005). However, Brown achieved an MS2 reduction of 90% to 99% in laboratory testing
of ceramic filters with and without silver (Brown, 2007). These mixed results suggest
possible variation in virus removal effectiveness depending on filter type, and more
testing is needed to determine which parameters effect virus removal.

1.5 Research Objectives

This study seeks to determine the viability of (second version’) siphon filter use by lower
and middle class households in Northern Ghana drinking turbid and non-turbid waters.
Filter use by these households has been assessed using water quality tests and an
Effective Use survey, in order to evaluate how properly the technology is operated and
maintained in households. Based on the findings of this study the author will advise Pure
Home Water regarding which of these household types and water quality conditions
(turbid vs. non-turbid) would be suitable markets for the siphon filter.

> Section 2.3 Basic Water Needs Product Development explains the differences between the three versions
of the siphon filter.
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2. The Siphon Filter

o+ | — Bulb
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Cloth pre-filter
(Ceramic
element inside)

N Tap

Figure 2.1 The siphon filter (BWN-SFFS, 2008)

The siphon filter was developed by the Basic Water Needs Foundation, a Dutch non-
governmental organization. The filter, shown in Figure 2.1, is marketed using brand
names CrystalPur and Tulip. Basic Water Needs founded Basic Water Needs India,
which manufactures the filter in Kottakuppam, India®. Basic Water Needs India
distributes the filter within India and exports the filter to Southeast Asia and East Africa.
(BWN-SFFS, 2008). The filter retails for approximately US$8-12, and a replacement
ceramic filter element costs approximately US$3-4 (BWN-SFFS, 2008). The siphon filter
is based on the design of candle filters. Candle filter elements are hollow cylinders of
ceramic material capped at the top with ceramic and at the bottom with an outlet tube that
trap drinking water contaminants when water flows through small pores in the filter
(Figure 2.2). This candle filter (or filters) is placed in the top container of a two-container
system, in which water flows from the top (contaminated water) compartment through
the candle filter element to the bottom (clean water) compartment (Figure 2.3). Because

% Contact information:

Basic Water Needs India Pty. Ltd.

Thivan Kanthapa Nagar

Plot 116-117

Peryamudaliyar Chavadi

Kottakuppam Post 605104 Tamil Nadu (India)

Tel +91-(0)413-2623963 Mob +91-(0)9786989104
Email: bwnindia@gmail.com
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candle filters rely on gravity to create pressure to transport water through the filter, flow

rates are typically slow.

Water
flow

Figure 2.2 Candle filter element (Ecosystems International, 2009)

Figure 2.3 (a) Candle filter system (Glacier, 2009); (b) Interior view of system (SRV

Pty Ltd, 2009)
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Basic Water Needs used the siphon effect to improve the flow rate through the candle.
The siphon filter has a flow rate of approximately 3-5 liters per hour (BWN-SFFS, 2008),
which is several times faster than traditional candle filters for which flow rates range
from 0.14-0.55 liters per hour per individual candle (Franz, 2005).

The Dutch laboratory Waterlaboratorium Noord found a log 4.4 — 5.5 removal rate of the
siphon filter for E. coli bacteria, which were used as an indicator organism for filter
performance (Wubbels, 2008). This removal rate was found even after passing 7,000
liters of water through the filter. Virus removal for the siphon filter has not been
established; due to the small size of these organisms, it is expected that viruses may pass
through the filter.

The manufacturer states that the ceramic element can filter approximately 7,000-10,000
liters before needing to be replaced, depending on the turbidity of the water. This
corresponds to roughly 1-1.5 years of use for a family of 2.5 people with a daily per
person water usage of 7.5 L per day (BWN-SFFS, 2008; WHO, 2006). When used with
extremely turbid source waters, this lifetime may be shorter. Basic Water Needs does not
state an estimated lifetime for filter parts (e.g. tube, bulb, tap) other than the ceramic
element. The filter is designed to be used out of direct sunlight, which degrades these
plastic parts. A new, third version’ of the siphon filter is currently being developed to
withstand five (5) years of use in full sun (van der Ven, personal communication, 2008);
however, the product evaluated for this study in Ghana is the first widely distributed
commercial version of the filter (second version).

A diagram of the siphon filter set-up is shown in Figure 2.4. To use the siphon filter, the
ceramic filter element is removed from its plastic housing and placed in the user’s own
household water storage container. This upper container is ideally elevated to table
height, approximately 70 cm above the height of a lower container for filtered water. The
lower container is also the user’s own. The filter tube transports water from the upper to
lower container. Flow rate for the filter is greatest with a large distance between the upper
container water level and the level of the filter tap. If the upper container water level
sinks below the level of the tap (which is typically impossible with a raised upper
container), water will cease to flow.

7 Section 2.3 Basic Water Needs Product Development explains the three versions of the siphon filter. The
current (as of May 2009) version of the filter is the second version.
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Figure 2.4 The siphon filter set-up (Tanzaniaqua, 2008)

2.1 Filter Components

2.1.1 Ceramic Filter Element

The ceramic filter element is comparable in design to a candle filter element. Small pores
in the ceramic material allow the passage of water, but trap microorganisms. The siphon
filter element is made of diatomaceous earth, which is a chalk-like, soft rock with fine
pores (USGS, 2009). Diatomaceous earth filter elements typically have pore sizes
ranging from 0.1-10 um (Bershteyn, 2005).

The filter element is impregnated with silver, which serves as an antimicrobial agent to
prevent bacterial growth®. Filtration through the ceramic element removes bacteria and
protozoa, and silver deactivates some of the organisms that pass through the filter.
Residual silver has not been shown to effectively protect against recontamination of
filtered water since silver is slow-acting (WHO, 2006), but silver may prevent bacterial
growth on the filter’s surface (Doulton, 2009). Silver concentrations in siphon filtered

¥ The specific type of silver impregnation of the siphon filter element is neither colloidal silver nor silver
nitrate soaking, but is a Basic Water Needs company secret (van der Ven, 2009).
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water range from 2.5-6.5 pg per liter (Tamijesselvan, 2008). The WHO does not
establish a guideline value for silver in drinking water, though it states that in situations
in which silver is used to deactivate bacteria in drinking water, levels of up to 100 pg per
liter could be tolerated without risk to health (WHO, 2006).

Basic Water Needs recommends filtering 20 liters of water through the filter before
drinking the filtered water. This is because particles may leach from the ceramic element
during its first period of use, possibly causing unpleasant-tasting and slightly cloudy
water. Ceramic leaching is an aesthetic issue and should not affect the safety of the
drinking water (Murcott, 2009).

2.1.2 Cloth Pre-filter

A cloth pre-filter prevents premature clogging of the ceramic element by preventing large
particles from reaching the element. The pre-filter can be removed and washed by hand
when it becomes dirty.

Figure 2.5 Cloth pre-filter (van der Ven-TWE, 2008)

2.1.3 Tube, Bulb, and Tap

A rubber tube carries water from the ceramic element in the upper (contaminated) water
container to the lower container for filtered water. When pressed, a bulb located near the
end of the tube starts a siphon by creating a vacuum that draws water from the upper
container to the lower container. Water continues to flow on its own due to the siphon
effect. When the ceramic filter element is dry when first used, the user must press the
bulb several times before water flows. A tap at the end of the tube can be closed or
opened to control water flow.
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Figure 2.6 Tube, bulb and tap of siphon filter (van der Ven-TWF, 2008)

2.1.4 Scrub Pad

The user can clean the ceramic element using an included scrub pad. Scrubbing removes
particles that clog the ceramic element. This process is explained in more depth in the
6.2.2 Cleaning the Filter section.

Figure 2.7 Scrubbing the ceramic element with the included scrub pad (van der Ven-
TWEF, 2008)
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2.1.5 End-of-Life Gauge

An included end-of-life gauge indicates when the ceramic element is too thin to work
effectively and needs to be replaced. The Instructions for Use sheet explains how to
replace the ceramic element.

Figure 2.8 Measuring the ceramic element using the end-of-life gauge (BWN-IU,
2008)

2.1.6 Filter Housing

A clear plastic jar houses the filter to protect the ceramic element from breakage during
transit, and can be used to store the filter when not in use. The housing should be
removed before filter use, in order for water to flow through the filter. The scrub pad is
included inside the housing.

2.2 Filter Use

The following Instructions for Use guide is adapted from a Basic Water Needs
instruction sheet (BWN-IU, 2008). This is a technical guide for users with English
literacy; a pictorial guide has also been developed by Courtney Sung (Appendix A).
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1. When source water is visually dirty, let it settle for an hour in your traditional storage
vessel to allow particles to sink to the hottom. Pour settled water (top level only) from

this vessel into the upper water container for filtration.

2. Remove housing jar and place filter in upper water container full of water to be

filtered. Leave cloth pre-filter covering ceramic element.
3. Place tap over lower storage vessel. |
4. Opentap and press bulb (see figure). Wait until bulb slowly fills and water starls

flowing out ofthe tap. This has to be repeated a few times when using a dry filter

element.

5. Using a new filter element, let the filter element stay in the water during one night and

do not use the first 20 liters of filtered water!

Pre-filter Washing

When the cloth pre-fiter
hecomes dirty, remove it
fram the ceramic element
and wash it in clean water.

Backwashing

The ceramic
element will
eventually become
clogged due to
particles in the
contaminated water.
This will reduce the
water flow. To
restore flow,
hackwash the filter
using the following
steps:

1. Closetap and
press hulb.

2. Wait until the
hulb is again
filled with water.

3. Openthetap.

4. Repeat a few times ifthe flow is not
increased.

« |tis advised to hackwash the filter once
every day.

+ Frequent hackwashing will resultin a
longer life of the ceramic element.

If backwashing does not
increase the flow, you must
scrub the ceramic element.

Tap is open.

Scrubbing the Ceramic
Element

Remove the cloth pre-filter,
unscrew the lid and scrub
the ceramic element using
the included scrub pad.
Remove only as little
ceramic material as
possible, as ceramic
removal will shorten the
lifetime ofthe element.
Rinse with clean water.
Store scrub pad in a safe
place in your kitchen.

Guidelines for Filtration

= Do not use the filter regulary in full sun.

= Ifwater from the lower container is taken out with
a cup, make sure cup and hands are clean.

= Use filtered water the same day. Empty the lower
water container each evening into the upper
water container to avoid long-tem storage of

filtered water.

= Pre-treatment of very dirty water using coagulant

will lengthen filter life.

When to change your

ceramic filter element

At a certain point, your filter
will hecome too thin to
effectively remove bacteria
and parasites.

To checkwhen
replacement of the ceramic
element is needed:
Unscrew the wing nut a
few turns and remove the
plastic sensor attached to
the lid.

When the sensor fits
around the thinnest part of
the ceramic element, the
element has become too
thin to deliver safe water
and has to be replaced.

How to change ceramic
element

1. Remove hose from
ceramic element by
turning and pulling the
hose.

2. Hold ceramic element
in one hand and
unscrew wing nut.

3. Replace old ceramic
element with a new
ceramic element.

4. Remountwing nut
and hose.

Figure: Removing the
hose for replacement of
the ceramic element.




2.2.1 Filter Operation

The top section of the Instructions for Use guide addresses how to operate a new siphon
filter. When water is highly turbid, the manufacturer recommends settling the water for
one (1) hour to reduce turbidity before filtration. The filter element (with cloth pre-filter)
is removed from its housing and placed in the upper container, and the tap is placed over
the lower container. The bulb is pressed to start water flow. When the filter is new,
pressing the bulb must be repeated a few times to rid the filter of air before water flows.
The manufacturer recommends soaking new filters in water overnight to cause water to
flow more readily upon using filters the first time. The manufacturer also recommends
discarding the first twenty (20) liters of filtered water, as ceramic particles from the
element may leach when the filter is new. The ceramic particles may give an unpleasant
taste or appearance to the water, but do not pose a health risk.

The Guidelines for Filtration section found in the upper right of the Instructions for Use
sheet discusses additional factors of filter use: Regular use in direct sunlight is not
advised, as this rapidly degrades plastic filter parts. If a cup is used to fetch water from
the lower container, the cup and the user’s hands should be clean to prevent
recontamination of filtered water. In order to maintain microbial water quality of siphon
filtered water, at the end of each day extra water from the lower container should be
emptied into the upper container to avoid long-term storage. As highly turbid water tends
to clog the filter more frequently, resulting in more frequent scrubbing and a shorter life
of the filter element, the manufacturer recommends using a coagulant to decrease
turbidity before filtration.

2.2.2 Cleaning the Filter

The lower left section of the Instructions for Use guide addresses cleaning the siphon
filter. When particles build up within the ceramic filter element due to routine filtration,
the flow rate decreases. Two mechanisms allow the user to clean the ceramic element to
restore the flow rate: backwashing and scrubbing. Additionally, the cloth pre-filter
catches large particles before they reach the ceramic element, and this cloth filter can be
washed by hand.

To backwash the filter, the user closes the tap and presses the bulb, forcing water
currently in the filter out through the ceramic element. This process washes clogged
particles out of the filter. Basic Water Needs recommends backwashing once per day to
maintain filter flow rate and to extend the life of the filter. When the filter is clogged, the
user may need to backwash multiple times to restore the flow rate. To backwash more
than once, the user waits after each press of the bulb until the bulb fills again with water.

If backwashing does not restore flow rate, the user can use the included scrub pad to
remove a thin layer of ceramic material from the filter element. This action removes
clogged particles from the filter, restoring flow rate. The user should scrub off as little
ceramic material as possible, as scrubbing thins the filter and eventually reduces its
effectiveness.
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2.2.3 Filter Replacement

The lower right section of the guide discusses siphon filter element replacement. The
included end-of-life gauge indicates when the filter element is too thin to work
effectively. This gauge is located underneath the lid of the filter. When the gauge fits
around the thinnest part of the ceramic element, the filter is too thin and must be replaced.
To replace the filter element, the user removes the tube, unscrews a wing nut on the filter
lid and replaces the old filter element with a new one.

2.3 Basic Water Needs Product Development

2.3.1 First Version of Siphon Filter

The siphon filter currently marketed (as of May 2009) is the second version of the filter.
The first version of the siphon filter has several differences from the second version:

(1) Ceramic element The first version of the siphon filter ceramic element had
problems with leakage between the ceramic and the plastic cap. Ceramic elements
of the second version of the filter are from a different company, are more durable
and feature higher bacterial removal (Holtslag, 2009).

(2) Tube The tube connection to the ceramic element was unreliable in the first
version.

(3) Pre-filter The pre-filter was colored red (rather than blue) and was less tightly
woven, presumably allowing more particles to slip through to the ceramic
element.

(4) Plastic housing The plastic jar housing of the first version of the filter was
different.

(5) End-of-life gauge The first version of the siphon filter did not include an end-of-
life ceramic element gauge as does the current version (van der Ven, 2009).

Basic Water Needs initially gave 800 of the first version of the siphon filter to families
and health clinics in Tanzania, Mozambique and Zambia to test the filter, and then sold
4,000 filters to families in Tanzania and Mozambique for less than the full price of the
filter while it continued to improve its product (Holtslag, 2009).

2.3.2 Third Version of Siphon Filter

Basic Water Needs is currently developing a new, third version of the siphon filter; a
final model of this third version is expected in July 2009. The third version of the siphon
filter will include the following changes from the second version:

(1) The rubber ring used to control the length of the tube for the second version of the
siphon filter will be replaced with a new part in the third version of the filter,
making the role of the tubing easier for the user to understand.

(2) The rubber bulb will be more durable for the third version of the filter due to a
different plastic type and manufacturing process, in response to problems with the
second version bulb.

(3) The tube of the third version filter will also be made of a more durable plastic

type.
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(4) The third version filter will feature an integrated tap with a non-return valve.
(5) Basic Water Needs reports that the third version of the siphon filter will be sold
for a lower price of roughly US$5 (van der Ven, 2009; Holtslag, 2009).

These changes to the siphon filter should make it more durable, intuitive and affordable
to users.

2.4 Previous Study of the Siphon Filter by the Delft Institute of
Technology
The Delft Institute of Technology conducted a field study of the first version of the

siphon filter in Tanzania, and proposed a redesign of the filter as well as a business plan
for marketing the filter in Tanzania (Boezeman, 2008).

The Tanzania field study found that many participants had various troubles operating and
cleaning the filter. These issues included the following:

Operating Issues

e Bulb Difficulties using the bulb

¢ Tap Difficulties determining whether the tap was open or shut

e Adjusting Loop Challenges properly using the loop to adjust the height of the tap
relative to the lower container

Cleaning Issues

o Pre-filter Misunderstanding the function of the cloth pre-filter

® Role of Backwashing Many participants backwashed the filter to rid it of water
before storage rather than to clean the filter. Most participants remembered
scrubbing as a way to clean the filter, but did not associate backwashing with
cleaning the filter.

Recontamination
e Risk of recontaminating filtered water by touching the filter tap with dirty hands

All participants had insufficient understanding of how to clean the filter. Many
difficulties operating the filter disappeared after a sustained period of use, but cleaning
the filter remained difficult throughout use. Many of the issues found in the Delft
Institute of Technology Tanzania study were also encountered in the Ghana field study
for this thesis project. Both the Tanzania study and this thesis study conclude that careful
attention needs to be paid toward education of the siphon filter product.

Regarding user satisfaction with the filter, nearly all participants were satisfied with the
flow rate of the filter and indicated it was sufficient to supply drinking water for their
households. All participants enjoyed the “natural” taste of the filtered water as compared
to the taste of water after boiling, which participants usually practiced for drinking water
prior to filter use. Time saving was most often mentioned as the most important reason
for using the filter, as filter use was faster than boiling.
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The study made several suggestions for a redesign of the siphon filter. Several proposed
changes to the filter were addressed by the second version of the filter, but the following
suggestions apply to the second version as well as the first:

(1) Design the packaging to show which parts of the filter need to be kept clean to
ensure safe drinking water;

(2) Design the packaging box to unfold to reveal a printed arrow the ideal length
between upper and lower water containers (i.e. 70 cm), to be used as a guide for
filter set-up;

(3) Include a safe storage lower bucket for clean water with a connection in the lid for
the filter tap with the filter system, to prevent recontamination of filtered water;

(4) Add to the filter manual the reasons for filtering drinking water and the reasons
why some siphon filter parts should be kept clean;

(5) Eliminate the need to filter 20 liters of water before filter use, perhaps by filtering
20 liters in the factory.

The Tanzania study also suggested a new design for the filter tap, to help prevent
recontamination of filtered water by dirty taps. The proposed redesigned tap is shown in
Figure 2.10. Many study participants touched the tap with dirty hands and then dropped
the tap into filtered water, possibly recontaminating the water. The proposed redesigned
tap features a larger and rounder tap lever to allow the tap to hook onto a bucket rim, as
well as an extra cylindrical covering to protect the tap from contamination by dirty hands.

Figure 2.10 Proposed tap redesign by Tanzaniaqua project (Tanzaniaqua, 2008)

This thesis project studies the second version of the siphon filter, applying a water quality
analysis and a survey of household use to determine how effectively the filter is received
by households in Northern Ghana. The study focuses on rural and urban households
drinking turbid and non-turbid waters in Northern Ghana.
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3. Research Methods

The siphon filter was studied in a laboratory at MIT during the fall semester and in
households in Northern Ghana during the month of January. The study at MIT consisted
of water quality testing, and the field work in Ghana featured both water quality
monitoring and Effective Use surveying in households.

For the laboratory study at MIT, Charles River Water was mixed with dirt/clay
previously brought from Northern Ghana to simulate turbid dam water found in Northern
Ghana. This unfiltered raw water was filtered using a new siphon filter. Unfiltered and
filtered water was tested to determine contaminant removal. Preliminary tests indicated
ceramic filter particle leaching; the manufacturer recommends filtering twenty (20) liters
through the filter before use to remove these particles for aesthetic reasons. After
conducting the first set of three (3) tests, I filtered twenty liters through the filter before
continuing my laboratory study. The purpose of the MIT laboratory work was two-fold.
First, the work gave me experience with the laboratory methods that would be used in
Ghana in order to maximize my efficiency in Ghana. Second, the purpose was to become
familiar with the various features of and operation of the siphon filter, again in order to
be effective during the Ghana field period.

The same turbidity and microbial indicator tests were done for the MIT laboratory and
Ghana field studies. These water quality tests and the Effective Use survey are explained
below.

3.1 Water Quality Monitoring

In order to measure how effectively the filter removed contaminants from source waters,
I performed microbial indicator and turbidity water quality tests of household stored
water (HSW) and siphon filtered water (SFW). HSW was sampled directly from upper
water containers’ using a 100 ml Whirl-Pak® sampling bag, and SFW was collected
directly from filter taps (Figure 3.1) (again using a Whirl-Pak® bag) to avoid possibly-
contaminated lower water containers. Unfortunately, contamination of SFW samples may
have occurred despite this precaution through filter taps that rested in lower containers.
Recontamination of siphon filtered water is discussed in section 5.17.1.

? Household stored water means upper container water for this study. Although households may have stored
drinking water in multiple vessels, only the water in the upper container used with the siphon filter was
sampled for HSW samples.
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Figure 3.1 Collecting a sample from siphon filter tap into Whirl-Pak bag

Samples were tested within four to six (4-6) hours at the laboratory at the Pure Home
Water house. The Standard Methods for the Examination of Water and Wastewater (20
Edition) indicates that “the shorter the time that elapses between collection of a sample
and its analysis, the more reliable will be the analytic results” (Clesceri, 1998). Some
countries and studies recommend more lenient guidelines of up to twenty-four (24) hours
(Pope, 2003).

The three types of water quality tests that were conducted are described below.

3.1.2 Turbidity Measurement

Turbidity is a measure of the cloudiness of water, which is caused by suspended particles.
Particles in water scatter light, and nephelometers are designed to measure the extent of
this scattering by using a light beam and light detector set a 90° angle to the beam. With
these instruments turbidity is measured in Nephelometric Turbidity Units (NTU).
Turbidity is significant for water quality partly because microbes often attach to particles
in water. Disinfection of turbid waters can be difficult because these particles often
protect microbes from inactivation. The WHO does not set a health-based guideline value
for turbidity, but states that the appearance of water with a turbidity of less than 5 NTU is
usually acceptable to consumers.

[ used a HACH brand 2100 Series portable turbidimeter for turbidity measurements at
MIT and in Ghana. This instrument uses the nephelometric principle of measurement,
monitoring light scattered by the sample at a detector 90° to the side of the beam. The
instrument measures turbidity in the range from 0 to 1,000 NTU; the turbidimeter readout
uses NTU’s.

3.1.1 Microbial Quantification

Some types of microbes in drinking water cause gastrointestinal illnesses when ingested.
Since water filters aim to remove these microbes, water quality tests should show
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efficacy of a filter by indicating microbe levels before and after treatment. However,
water quality tests that measure the presence of these harmful microbes directly are
usually complicated and expensive; therefore, index organisms are commonly used to
infer the presence of fecal contamination. Index organisms can easily be tested for, and
their presence implies the presence of harmful microbes. Escherichia coli (E. coli) are
commonly used as an index organism for fecal coliform bacteria and are suitable because
they cannot grow outside the body.

The microbial tests used in this research measured total coliform bacteria as well as E.
coli. Total coliform are used as indicator organisms to assess technology performance
because E. coli are not usually present in source (or treated) water in high enough
concentrations to indicate removal efficiencies. This study used E. coli as index
organisms to measure fecal contamination and total coliform as indicator organisms for
filter performance (WHO, 2006).

Two tests were used in conjunction to measure microbial water quality: the IDEXX brand
Colilert ® test and the 3M™ brand Petrifilm™ test. Both of these tests measure total
coliform and E. coli coliform. The tests are specific to E. coli because they use a substrate
for the Beta-glucuronidase enzyme produced by E. coli and not by other coliform
bacteria. These tests were chosen for their simplicity. Minimal laboratory equipment is
required to run the tests; they can even be incubated by body heat, eliminating the need
for an incubator. However, in this work a portable Millipore brand incubator'® was used
for all sample incubation. Both tests are incubated at 35 °C. Additionally, dilution is not
needed for either test, eliminating the need for sterile lab equipment other than Whirl-
Pak® sample bags and sterile disposable pipettes.

The Colilert ® test measures the presence or absence of total coliform and E. coli, using a
threshold value of 10 CFU per 100 ml. A negative result for E. coli with this test
indicates at most a low risk due to E. coli, and a positive result indicates at least an
intermediate risk. Colilert ® refers to a family of IDEXX products that measure coliform
bacteria; the test used in this study is called the 10 ml pre-dispensed Colilert ® MPN
Tube. The test requires a 10 ml sample. If the sample tube turns yellow after twenty-four
(24) hours of incubation, total coliform are present at a level of 10 CFU per 100 ml or
higher. If the tube fluoresces blue after this same period, at least 10 E. coli CFU per 100
ml are present, quantifying intermediate risk due to E. coli.

The Petrifilm™ test measures total coliform and E. coli present in water at a minimum
detection level of 100 coliform forming units (CFU) per 100 ml. This level corresponds
to a high risk due to E. coli, according to the 1997 WHO Guidelines for Drinking Water
Quality (WHO, 1997). The Petrifilm™ test allows users to count the number of colonies
formed by coliform bacteria and to assign a total coliform and E. coli level to waters
containing at least 100 CFU per 100 ml. The Petrifilm™ test requires only 1 ml of
sample. If 1-10 E. coli colonies form, this indicates high risk due to E. coli (i.e. the
equivalent of 100-1000 E. coli CFU per 100 ml). Growth of more than 10 colonies
indicates very high risk (i.e. greater than 1000 CFU per 100 ml).

1% Millipore Cat. # XX6310000
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By combining the Colilert ® and Petrifilm™ tests one can quantify the level of risk due to
E. coli (see Table 3.1)"". If the Colilert ® result is negative for E. coli, the sample is at
most low risk. If the Colilert ® test result is positive for E. coli while the Petrifilm™ test
shows no E. coli colonies, the sample indicates an intermediate risk. If the Petrifilm™
test shows 1-10 E. coli colonies, the sample indicates high risk, and if this test shows
more than 10 E. coli colonies, the sample indicates very high risk.

Table 3.1 Risk Levels from F.coli

Risk Level E.coli in Sample | Colilert ® # Blue Colonies on
(CFU per 100 ml) Fluoresces Blue 3M™ Petrifilm™

Conforms <1 - (Below detection) | 0

Low 1-10 - 0

Intermediate 10-100 + 0

High 100-1000 + 1-10

Very High >1000 + >10

(Adapted from WHO, 1997, replacing “thermotolerant bacteria” with “E. coli””) (Metcalf, 2006)

3.1.1.1 Interpretation of Results

In order to determine the efficiency of the filter in terms of percent and log removal,
specific levels of total coliform have been determined. If the Colilert ® test shows a
negative result, the sample has between 0-9 CFU per 100 ml. In this case, the
conservative value of 9 CFU per 100 ml was used for calculations in this study except
when noted. If the Colilert ® test is negative, then the Petrifilm™ test should also be
negative. If a sample has coliform levels of at least 100 CFU per 100 ml, the Petrifilm™
test allows the user to directly read the coliform level from the test by counting the
number of colonies. However, if the coliform level of a sample is lower than 100 CFU
per 100 ml, the corresponding negative Petrifilm™ result must be used in conjunction
with the Colilert ® test to approximate the coliform level. The Colilert ® and Petrifilm™
tests used in combination can provide only approximate levels of E. coli and total
coliform in samples with low coliform levels. If the Colilert ® test shows positive results
and there are no colonies on the Petrifilm™ test, then the sample has between 10-99 CFU
per 100 ml. For this study, the conservative estimate of 99 CFU per 100 ml was used for
calculations in this case except when noted. Some calculations were performed both with
conservative and non-conservative values (i.e. the value 1 CFU per 100 ml for a negative
Colilert result paired with a negative Petrifilm result and the value 10 CFU per 100 ml for
a positive Colilert result paired with a negative Petrifilm result) in order to express the
possible range of percent removal and log reduction values.

For percent removal calculations, sample sets for which both household stored water and
siphon filtered water samples showed undetectable levels of coliform contamination were

' This combination of risks and their interpretation was first proposed and taught by Professor Robert
Metcalf of California State University, Sacramento.
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excluded from the analysis. This was the case for nine (9) samples, because the Ghana
water company BiWater Joint Venture began providing water to some of the study site
communities. This was unexpected because these communities had lacked safe water for
many years prior. Log reductions were calculated only for sample sets showing lower
contamination levels in siphon filtered water than in household stored water. Sample sets
showing increased contamination in treated versus untreated water or showing no
contamination removal (10% of total coliform samples and 6% of E. coli samples) were
dealt with as a separate category.

Correlation coefficients were used to compare the two sample sets taken from each
household. This method determined how closely the two sets of data were related. The
equation for a correlation coefficient is:

> (x-00-»
- T -3

where x and y are the two arrays of data. Correlation coefficients range from 0-1, with 0
indicating no correlation between the data sets.

Correl(X, ) =

3.2 Effective Use Surveying

For the field study in Northern Ghana, siphon filters were placed in twenty-four (24)
households in or near the city of Tamale. Two Pure Home Water employees distributed
the filters from December 13" - 17" 2009 and explained how to use them to heads of
households in charge of household water. The sheet used by PHW distributors is shown
in Appendix B: Siphon Filter Distribution Sheet. Filters were in households for roughly
one month before I started household monitoring visits, which took place January 8" —
22™, Field study participants kept filters after the completion of the study.

A variety of household types were chosen for the field study: (1) lower class households
living in thatched roofed houses with dirt floors and drinking highly turbid water carried
from dug-out dams; (2) lower middle class households living in thatched roofed houses
or in concrete houses with tin roofs drinking a variety of highly turbid dam and low
turbidity well/municipal sources; and (3) middle class households living in concrete
houses and primarily drinking municipal piped water. Previous studies (Green, 2008)
found that “roof type” and building material (mud-brick or concrete block) can be used as
a surrogate of socioeconomic class. Whereas middle class homes are typically made of
concrete block with tin roofs, lower class homes typically are of mud-brick with thatched
roofs. This variety of household types allowed for a possible comparison among water
types and socioeconomic levels to show how effectively households used the filter and
how effectively the filter removed contaminants.

In order to measure how households used the siphon filter, I developed an Effective Use

survey sheet specifically for the siphon filter (see Appendix C: Effective Use Survey). An
Effective Use survey provides a method of monitoring the proper operation of a
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household water treatment and safe storage (HWTS) technology (Stevenson, 2008)'2. The
Siphon Filter Effective Use sheet allowed the surveyor fo observe the following aspects
of filter use:

(1) Whether the filter was currently being used.

(2) Whether the plastic housing was removed for use. The filter is sold inside a
plastic casing that is designed to be removed before use.

(3) Whether the cloth pre-filter was in use.

(4) Whether upper containers were elevated to facilitate fast flow rates, and lower
containers were slightly raised from the ground to ensure cleanliness. Study
participants were not instructed to raise the lower container, but this practice was
presumed to make lower container cleanliness more likely as the container was off
the ground.

(5) Whether filters were used in direct sunlight. Sunlight rapidly degrades plastic
filter components.

(6) Whether the filter was located out of reach of children and animals, which could
tamper with the filter.

(7) Whether the filter and water containers were clean with no visible leaks or
cracks.

(8) The water level in the upper container. High water levels cause faster flow rates.
Additionally, the survey included questions regarding aspects of filter use that could not
directly be observed; the answers to these questions were self-reports by the filter user.

These questions investigated:

(9) Whether turbid waters were settled for an hour before filtration to minimize
filter clogging.

(10) Whether users remembered how to backwash the filter to prevent premature
clogging, and whether users had backwashed the filter since my last visit.

(11) Whether users remembered how to scrub the filter once it clogged.

(12) Whether the scrub pad was producible and clean.

2 HWTS technologies have been developed in response to the logistic and financial constraints of
providing piped or other “improved” supplies to people in developing countries. These technologies are
used in the home and can require less capital expenditure than improved source interventions while
providing similar health benefits (Stevenson, 2008).
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(13) Whether users had cleaned the cloth prefilter since my last visit.

(14) Whether there was a clean cup associated with the filter, to minimize
recontamination.

(15) Whether the lower container was cleaned regularly.

At the end of the Effective Use survey I sometimes asked participants additional
questions such as what aspects of filter use they found difficult, how many people used
the filter and whether it provided enough water for the users. These were informal
unstructured ways to learn more about filter use.

To implement the survey I visited each household twice with a Ghanaian guide/translator.
These visits were unannounced; at the time of distribution study participants were asked
the most convenient times of day for household visits, and were told that the study would
take place during the month of January. I interviewed the head of household in charge of
the filter and observed the conditions of filter use. When necessary 1 explained how to
use the filter correctly and requested behavior change regarding proper filter use if
mistakes were observed. I left a period of approximately one week between visits, as
some filter maintenance practices should be done only once every few days, and to best
determine patterns of use. The Effective Use survey allowed me to determine how
properly the filter was used in each household and to measure patterns regarding various
issues with filter use. It also enabled me to be systematic with respect to the twenty-four
households surveyed. Finally, the survey allowed an opportunity to train/retrain users in
proper use of the siphon filter.
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4. Results

For the field study in Ghana, I monitored siphon filters in twenty-four (24) households
over a period of three (3) weeks. Microbial water quality tests and Effective Use
monitoring were conducted during each household visit. I visited each household twice,
yielding forty-eight (48) sets of water quality data (shown in Appendix D). Each set
consists of household stored water (HSW) and siphon filtered water (SFW) sample data.
For the data analysis, each data set is treated individually; the two sets of data obtained
for each household is treated as a unique set, rather than averaged. Correlation
coefficients were used to describe the relationship of the two data sets.

At MIT during the fall semester I analyzed nine (9) sets of unfiltered source water and
siphon filtered water using Charles River (CR) water with clay and dirt from Northern
Ghana mixed in, to simulate water found in dams in Ghana.

Diagrams depicting contamination levels exclude sample sets for which both HSW and
SFW show undetectable levels of contamination.

4.1 Water Quality

4.1.1 MIT Laboratory Results

4.1.1.1 Total Coliform
Figure 4.1 shows total coliform levels of CR source and siphon filtered water samples.

Charles River (CR) Source Average =989 CFU/100 ml
SFW Average =9 CFU/100 ml
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2000

1500

1000 -

100 ml)

500

Total Coliform (CFU per

Sample

@ Source Water

Figure 4.1 Total Coliform Count of CR Source Water and Siphon Filtered Water
(MIT Lab Study)
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Unfiltered source water samples ranged from 200-2,300 total coliform CFU per 100 ml,
reflecting typical high values of total coliform found in surface water in Northern Ghana.
All filtered water samples indicated removal of total coliform to below the detection limit
of the Colilert ® test, which means <10 CFU per 100 ml (these low values are not visible
in Figure 4.1). This result was assigned a value of 9 CFU per 100 ml for the purpose of
computing percent and log removals. Total coliform percent and log removals are shown
in Figures 4.2 and 4.3 respectively.
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Figure 4.2 Total Coliform Percent Removals (MIT Lab Study)

42



n=9 Average Total Coliform Log Reduction = 1.9

il

Sample

Total Coliform Log Reduction
0000022222 MNNMMMW
ONPOOONPEPIOIOON PO

Figure 4.3 Total Coliform Log Reductions (MIT Lab Study)

The filter showed an average removal rate for total coliform of 98.3% for the MIT
laboratory tests, with an average log reduction of 1.9. However, the average removal rate
for total coliform may have been as high as 99.8% with an average log reduction of 2.9 if
optimistic (i.e. non-conservative) values are instead used in calculations.

4.1.1.2 E. coli

All nine (9) source water samples studied at MIT showed E. coli contamination. Figure
4.4 shows E. coli levels of source and filtered water samples.
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Figure 4.4 E. coli Counts of CR Source Water and Siphon Filtered Water

(MIT Lab Study)

CR source samples ranged from 99-300 E. coli CFU per 100 ml, using the assignment of
99 CFU per 100 ml to samples detectable by the Colilert” test but undetectable by the
Petrifilm™ test. (Samples in this category have E. coli levels from 10-100 CFU per 100
ml; the Petrifilm™ test has a detection limit of 100 CFU per 100 ml.) The average E. coli
level of source water was 189 CFU per 100 ml. All corresponding siphon filtered samples

showed levels of E. coli below the detection limit of the Colilert ® test, corresponding to a

low risk due to E. coli according to the WHO guidelines (WHO, 2007). Again, a value of
9 E. coli CFU per 100 ml was assigned to the negative (undetectable) E. coli results for
the purpose of calculating percent and log removals. Figures 4.5 and 4.6 show E. coli
percent and log removals, respectively.
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Figure 4.6 E. coli Log Reductions (MIT Lab Study)

The filter showed an average percent removal rate of 94.0% for E. coli for MIT
laboratory tests, with an average log reduction of 1.3. If non-conservative values are
instead used for these calculations, the average percent removal rate for E. coli is 96.3%
and the average log reduction is 1.9.
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4.1.1.3 Turbidity

The “Instructions of Use” sheet for the siphon filter by Basic Water Needs recommends
that twenty (20) liters should be filtered and discarded before applying the filter in
everyday use (BWN-IU, 2008). The reason for discarding this filtered water before use is
to allow ceramic particles to leach from the filter element, which happens when the filter
is new. (This practice is advised for aesthetic - taste, color - rather than for health
purposes.) Samples from the siphon filter studied at MIT before twenty liters had been
filtered showed increased turbidity in filtered water versus source water, indicating
ceramic particle leaching. Only samples taken after twenty liters had passed through the
filter are included in this analysis. Figure 4.7 shows turbidities of eight (8) of the sample
sets studied. Unfiltered source water samples had high turbidities of 101-997 NTU, with
a 329 NTU average value. As explained previously, these high turbidities were
intentionally created in the lab to simulate potential high turbidities in Ghana. Siphon
filtered samples had an average turbidity of 2.2 NTU (these low filtered water values are
not visible in Figure 4.7).

n=8 CRSource Average =329 NTU SFW Average =2.19 NTU
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Figure 4.7 Turbidity of CR Source Water and Siphon Filtered Water
(MIT Lab Study)

Percent and log removals of the eight sample sets studied are shown in Figures 4.8 and
4.9 respectively.
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Figure 4.9 Turbidity Log Reductions (MIT Lab Study)

The samples indicated an average turbidity removal rate of roughly 98.9%, and an
average log reduction of 2.0 when the ninth sample set was not included in the analysis.
The ninth unfiltered sample had relatively low turbidity of 7.92 NTU; the filtered sample
had turbidity of 1.7 NTU. If this sample is included in the analysis, then the average
turbidity removal is 96.6% and the average log reduction is 1.9.
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4.1.1.4 Flow Rate

An average flow rate of roughly 4.0 liters per hour was found at MIT using tap water as
the unfiltered water and a distance between the upper and lower water containers of 38
cm. When this distance was increased to 70 cm, which is the distance recommended by
the filter manufacturer, an average flow rate of roughly 7.0 liters per hour was measured.
The flow rate of 4.0 liters per hour is within the 3-5 liters per hour range reported by the
manufacturer (BWN-SFFS, 2008). However, the recommended distance of 70 cm
between containers yielded a higher flow rate in the MIT study than reported by the
manufacturer. Since flow rates decrease for high turbidity water, perhaps the high flow
rates found were due to the low turbidity tap water used. Additionally, of the two (2)
siphon filters studied, one filter element was scrubbed immediately prior to the
experiment, and the other had only filtered twenty (20) liters of tap water prior to the
experiment. These factors may have increased the flow rate.

4.1.2 Ghana Water Quality

4.1.2.1 Source Water Characterization

The twenty-four (24) studied households drank water from four general types of sources:
piped supplies, boreholes, wells (both improved and unimproved) and dugout dams. Most
households drank primarily from one source, but a few households used more than one
water source type. Twenty-five (25) samples were of pipe source water, three (3) were of
borehole water, three (3) were of well water and seventeen (17) were of dam water. See
Figure 4.10 for a diagram of source water types. Overall, 58% were “improved” sources
and 42% were “unimproved” sources (based on an assumption that the three well water
sources were all unimproved).
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Figure 4.10 Source Water Types

Average turbidities of source water types are shown in Figure 4.11. Turbidities of pipe,
borehole, well and dam source waters were on average 6, 20, 16 and 106 NTU,

48



respectively. The correlation coefficient for the two turbidity HSW data sets was 0.84,
indicating fairly strong correlation between the two household visits.
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Figure 4.11 Average Turbidities of Source Water Types

Figure 4.12 shows the distribution of HSW samples with detectable and undetectable
total coliform levels. Ten (10) of the forty-eight (48) household stored water samples
(21%) had no detectable total coliform (i.e. total coliform levels of <10 CFU per 100 ml);
these were all originating from piped and borehole water supply sources. Only three (3)
of the twenty-four (24) households (13%) showed undetectable levels of total coliform
for both HSW samples taken. Of the ten (10) households drinking piped source water for
both household visits, only two (2) households (20%) showed undetectable levels of total
coliform in both HSW samples. Thirty-eight (38) HSW samples (80%) showed detectable

levels of total coliform.
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Figure 4.12 Total Coliform Levels of Household Stored Water Samples

Figure 4.13 shows a diagram of average total coliform found in the source water types.
Average total coliform CFU per 100 ml of pipe, borehole, well and dam source waters
were 2,736, 2,106, 966 and 5,953 respectively. None of the source waters were clean with
respect to total coliforms, but the dam water had significantly more total coliform than
the other water types. The correlation coefficient for the two total coliform HSW data
sets was 0.10, indicating little correlation between the two household visits and
suggesting a variety of source types used or variability of the total coliform levels of a
single source.
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Figure 4.13 Average Total Coliform of Source Water Types

Figure 4.14 shows a diagram of average E. coli found in the source water types. Pipe,
borehole, well and dam source samples had 166, 173, 39 and 165 E. coli CFU/100 ml
respectively. Average E. coli CFU per 100 ml of source waters were roughly similar
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among water types, except well water showed lower average amounts of E. coli. These
values on average correspond to an intermediate risk due to E. coli from the well water,
and a high risk from the other source types. The correlation coefficient for the two E. coli
HSW data sets was 0.002, indicating little correlation between the two household visits.
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Figure 4.14 Average E. coli of Source Water Types

4.1.2.2 Siphon Filter Performance

Water quality data sets consisted of household stored water (HSW) and siphon filtered
water (SFW) samples tested for total coliform colony-forming units (CFU) per 100 ml, E.
coli CFU per 100 ml, and turbidity. Samples were taken from household water storage
containers and from the siphon filter tap, in order to avoid measuring possible water
storage container recontamination of filtered water. Unfortunately because filter taps
often rested inside post-filtered lower water storage containers (typically plastic jerry
cans, plastic buckets or metal pails), filtered water samples showing coliform counts may
have potentially indicated storage container recontamination rather than poor filter
performance. Contamination could also have entered siphon filtered water via dirty hands
touching filter taps.

4.1.2.2.1 Total Coliform

Figure 4.15 shows total coliform levels of HSW and SFW, and Figure 4.16 shows these
values on a log scale plot.
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Figure 4.15 Total Coliform Count of Household Stored Water and Siphon Filtered
Water
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Figure 4.16 Total Coliform Count of HSW and SFW, Log Scale Plot

For the thirty-nine (39) samples showing contamination of either household stored water
or siphon filtered water, the average total coliform level of HSW was 4,585 CFU per 100
ml, while the average SFW level was 1,317 CFU per 100 ml. A few filtered water
samples showed very high levels of total coliform, which may have been due to filter tap
contamination by dirty lower water containers.

Ten (10) HSW (pre-filtration) samples showed no detectable coliform. Of these ten
samples, nine (9) corresponding filtered samples showed no detectable coliform as well.
(These nine samples are excluded from figures.) The remaining filtered sample showed a
total coliform level of 10-100 CFU per 100 ml, as detected by the Colilert” test. This
sample suggests potential recontamination by the filter or by filter tap recontamination.

Four (4) additional samples showed more total coliform in siphon filtered than HSW, and
one (1) additional sample showed no detectable removal of total coliform. Again, these
results may be due to filter tap contamination by dirty storage containers.

Of the thirty-eight (38) HSW samples with detectable levels of total coliform, eighteen
(18) of the corresponding filtered water samples (47%) indicated reductions of total
coliform to undetectable levels (i.e. below 10 total coliform CFU per 100 ml). The
eighteen corresponding HSW samples had total coliform levels ranging from 99-13,800
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total coliform CFU per 100 ml, with an average of 3,317 total coliform CFU per 100 ml.
Average percent removal of total coliform for these eighteen samples was 96.9%.

Out of the thirty-eight HSW samples that showed detectable levels of total coliform,
fifteen (15) filtered water samples (39%) indicated removal of total coliform, but to a
level still detectable by the tests used (i.e. above 10 CFU per 100 ml). Of these samples,
ten (10) indicated removal of total coliform to 10-99 CFU per 100 ml, and five (5)
indicated removal to levels ranging from 400-3,700 CFU per 100 ml. HSW samples of
these fifteen sets ranged from 1,000-30,000 CFU per 100 ml. Average percent removal of
total coliform for these fifteen samples was 83.4%.

Figures 4.17 and 4.18 show percent and log removals of total coliform respectively.

100 -

90 -

80 -

70 @

60 -

Total Coliform % Removal.

50

Individual Household 1 1
-1200 -1829 -225

Figure 4.17 Total Coliform Percent Removals
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Figure 4.18 Total Coliform Log Reductions

Figure 4.17 includes both positive and negative percent removals of total coliform,
whereas Figure 4.18 shows only positive log reductions of total coliform (and one case in
which total coliform was not removed or increased). Positive percent reductions of total
coliform ranged from 51-99.9% and the average positive percent removal was 90.7%.
The average positive total coliform log reduction was 1.7. If non-conservative values are
used in calculations, the average positive percent removal of total coliform is 93.7% and
the average positive log reduction is 2.4.

The correlation coefficient for total coliform percent removal for the two household visits
was 0.87, indicating some correlation between these values for each household.

Figure 4.19 shows average total coliform percent removals for the four source water
types. This chart uses only positive percent reductions for samples showing
contamination in HSW. (Samples showing recontamination or no removal of total
coliform were excluded.) Only one HSW sample of borehole source water type showed
contamination, so this value determined the borehole water type average. Total coliform
percent removal values were on average higher for piped water than for well or dam
water. Although samples showing negative percent removal values were not included in
the analysis, recontamination could have lowered the percent removal values of some of
the included samples.
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Figure 4.19 Average Positive Total Coliform Percent Removals by Source Water

4.1.2.2.2 E. Coli

Figure 4.20 shows E. coli contamination of HSW and SFW, and Figure 4.21 shows a
summary of E. coli removal findings.

"> One sample only, hence no standard deviation bar.
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Figure 4.20 E. coli Counts of Household Source Water and Siphon Filtered Water
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Figure 4.21 Diagram of E. coli Removal

Twenty-one (21) HSW samples out of the forty-eight (48) field study samples (44%)
showed no detectable E. coli contamination levels. No siphon filtered samples
corresponding to HSW samples with undetectable E. coli levels showed recontamination.
Out of the forty-eight field study data sets, twenty-seven (27) HSW samples (56%)
showed detectable levels of E. coli contamination (i.e. 20 CFU per 100 ml). The average
level of E. coli in HSW for these twenty-seven samples was 274 CFU per 100 ml, and E.
coli levels ranged from 99-1500 CFU per 100 ml. Of the twenty-seven contaminated
HSW samples, all but three (3) corresponding filtered samples showed E. coli removal to
an undetectable level, corresponding to a low risk level according to the WHO guidelines
(WHO, 1997). One (1) HSW sample showing intermediate risk due to E. coli showed this
same risk level in siphon filtered water. The other two (2) samples were from a single
household, and in each case E. coli and total coliform counts were higher in siphon
filtered water than in household stored water. This indicates possible contamination of
the filter tap by dirty hands or by a dirty water storage container. One of these filtered
samples indicated high risk from E. coli of filtered water and the other indicated very
high risk; the corresponding HSW samples showed high and intermediate risks
respectively.

Figures 4.22 and 4.23 show percent and log removals of E. coli respectively.
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Figure 4.23 E. coli Log Reductions

Figure 4.22 shows both positive and negative percent reductions, while Figure 4.23
shows only positive log reductions. Because of the two samples in which E. coli
concentrations were higher in filtered than in HSW, and the one sample in which no E.
coli removal occurred, the average percent removal for E. coli was -133%. However,
omitting these three samples generates an average percent removal for E. coli of 94.1%,
and an average log reduction of 1.3. Additionally, if non-conservative values are used in
calculations, the average percent removal for E. coli is 96.0% and the average log
reduction is 1.9. The highest E. coli concentration found in unfiltered water was 1,500
CFU per 100 ml, and the filter removed E. coli to an undetectable level (<10 CFU per
100 ml) in this case. In all but the three cases discussed above, the siphon filter met
WHO’s suggested guideline value of undetectable E. coli in drinking water.
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The correlation coefficient for E. coli percent removal for the two household visits was
0.9999, indicating strong correlation between these values for each household.

4.1.2.2.3 Turbidity

Figure 4.24 shows turbidity of HSW and SFW. A dashed line separates sample sets of
households drinking dam water from those of households drinking from other sources, in
order to illustrate the relatively high turbidities of dam water.
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Figure 4.24 Turbidity of Household Stored Water and Siphon Filtered Water

Turbidities of dam HSW were typically significantly higher than turbidities of pipe,
borehole or well source type HSW. Household stored dam water was an average of 106
NTU, whereas other sources were an average of 8.0 NTU. Fifteen (15) of seventeen (17)
dam water samples indicated lower turbidities of SFW versus HSW. However, most pipe,
borehole and well water samples showed higher turbidity in filtered than HSW samples.
This is likely due to ceramic particle leaching of the filter element, since households had
used the filter a short period of time. I did not advise study participants to discard twenty
liters before drinking filtered water (as the manufacturer advises) because I did not want
to encourage households to waste water for aesthetic purposes. Highly turbid HSW
samples may have showed typically lower turbidities after filtration because ceramic
leaching effects were mild in comparison to removal of high initial turbidities by the
filter.

Figure 4.25 shows turbidity percent removals, and Figure 4.26 shows turbidity log
reductions of each household.
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Figure 4.25 Turbidity Percent Removals
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Figure 4.26 Turbidity Log Reductions

Most of the piped, borehole and well source type samples showed negative percent
removal for turbidity, probably because of ceramic particle leaching. Dam water samples
typically showed positive percent removals, perhaps because although ceramic leaching
may have occurred, HSW samples had high enough turbidities to receive overall removal
from the siphon filter, as discussed above. For the fifteen (15) sample sets that showed
turbidity removal for dam water, the average turbidity removal rate was 81.2%, and the
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average log reduction was 0.85. As all filters likely underwent ceramic particle leaching
during the field study, turbidity removal of the filters may improve in the future.

The correlation coefficient for turbidity percent removal for the two household visits was
0.95, indicating strong correlation between these values for each household.

4.2 Effective Use Survey

Twenty-four (24) households were monitored using the Effective Use survey to
determine to what degree the filters were used properly. The Effective Use survey
instrument has been described in section 3.2 and is provided in Appendix C. Seventeen
elements were determined to characterize effective use of the filter; these are discussed
below.

4.2.1 Consistency of Filter Use during Study

Filter use was inferred by whether the siphon filter was in an upper water container at the
time of my arrival for an unannounced household visit. Ten (10) of the twenty-four (24)
households (42%) were using siphon filters at the time I arrived to both household visits
(Figure 4.27).
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Figure 4.27 Households Using Siphon Filter during Study

Eleven (11) households (45%) were not using the filter at the time of the first household
visit, but were using the filter at the time of the second household visit. Three (3) of these
households did not use the filter at the time of the first visit because children tampering
with the filter led study participants to remove the filter. One study participant stated that
she had stored the siphon filter because kids were tampering with it, but also because she
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currently had enough water, and noted that she had been using the filter regularly. One
household did not use the filter before the first household visit because the PHW
distributors explained the filter to the elderly mother of the study participant, and the
mother did not understand the filter well enough to later explain its use to the study
participant. Another household’s landlord claimed the filter as his own and took it to his
house, preventing the study participant from using a filter until it was replaced after the
first household visit. Other reasons for disuse included removing the filter because large
numbers of people gathered in a veranda where the filter was used, and filter clogging
due to highly turbid waters (backwashing and scrubbing was not well-understood to this
study participant at the time of the first household visit). Additional reasons for disuse
may have included lack of understanding about the filter, as most participants used the
filter at the time of the second household visit.

Three (3) households (13%) were not using the filter at the time of either household visit.
One of these households did not use the filter at the time of the first household visit
although the household drank dam water (disuse was likely related to lack of
understanding about the filter and about water-related hygiene), and did not use the filter
at the time of the second visit because the participant perceived a new municipal piped
water supply did not require filtration. A second household did not use the siphon filter
because of the “bitter” taste of the water. I advised the participant to filter twenty liters of
water through the filter and explained that this would remove the ceramic particles likely
causing the bitter taste, but the participant did not take this advice by the time of the
second visit and the filter was still in disuse. The third household was not using the filter
at the time of the first visit for unclear reasons, and had not returned the filter to use after
storing it when leaving on a trip sometime before the second household visit. This
household had used the filter at least once during the study, as evidenced by the highly
scrubbed filter element.

4.2.2 Plastic Housing Removal for Filter Use

The siphon filter is sold in a plastic jar-like housing to prevent ceramic element breakage
during transport. This housing is designed to be removed before filter use. When the filter
is used with the housing on, a small hole in the housing, which is likely intended to
prevent condensation during storage, does allow water to flow through the casing to the
ceramic element, but flow rates are minimal. Of the ten (10) households that used the
filter at the time of the first visit, only one (1) household removed the plastic housing
before use (Figure 4.28).
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Figure 4.28 Plastic Housing Removal for Households Using Filter at First Household
Visit

Most of the households initially used the filter with the housing attached, due to a lack of
communication between myself and the filter distributors about an issue that seemed
obvious to the author but that was not obvious to the PHW staff that disseminated the
filter. The issue was easily remedied by asking households to remove the housing before
filter use, which all households remembered on my subsequent visit.

4.2.3 Cloth Pre-filter Use

Only one (1) household used the siphon filter without the cloth pre-filter over the ceramic
element. After an explanation during the first household visit, this household used the
filter with the pre-filter at the time of the second visit.

4.2.4 Distance between Upper and Lower Containers

In order for water to flow through the siphon filter, the tap must be lower than the
ceramic element. Flow rates are fastest when the distance between tap and ceramic
element are greatest (up to a distance limited by the 140 cm length of the tubing'®). The
filter manufacturer recommends a distance of 70 cm between the upper and lower
containers, corresponding to the upper container raised to roughly table height when the
lower container is near ground level.

Only eight (8) out of twenty-four households (33%) had their filter element raised to table
height (either due to elevated or very tall upper container) (Figure 4.29). Instead what
was observed was that households often used large clay water storage vessels as their
upper containers, and these containers could not easily be elevated due to weight, size
and fragility (Figure 4.30). Additionally, many households (especially rural households)

" This measurement includes the length of the bulb and tap.
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lacked sufficient materials to elevate upper containers. Upper containers resting on the
ground resulted in limited distance between upper container water level and tap. Based on
my observation it appeared that households using high turbidity water usually showed
relatively slow flow rates; in some cases this may have been due to a combination of
particle clogging and short distance between tap and upper container water level.
Households showing the fastest flow rates had large distances between upper and lower
containers, as one would expect due to the greater pressure head.

Sufficiently raised
filter elements
33%

Filter elements too
low
67%

Figure 4.29 Heights of Filter Elements in Upper Water Containers
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Figure 4.30 Woman with large ceramic pot used as upper container for siphon filter

Although survey participants were not asked to raise lower containers slightly off the
ground (for example by placing their lower container on a low stool), this practice was
presumed to make the lower container cleanliness more likely. Only three (3) study
participants raised their lower containers (no participants raised lower containers so high
that upper and lower containers were too close to achieve a reasonable flow rate).

4.2.5 Use in Direct Sun

Ten (10) of the twenty-four households (42%) used the filter outdoors in direct sunlight,
as shown in Figures 4.30 and 4.31. Use in direct sun is not recommended (as per the
Instructions for Use sheet, shown in Figure 2.9) as sunlight causes rapid degradation of
the plastic parts of the filter. However, the manufacturer is developing its third version of
the filter with plastics parts that are reported to last at least five (5) years in direct
sunlight.

The PHW staff who distributed the filter did not state to study participants to use the filter
out of direct sunlight; this was an oversight.
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Figure 4.31 Percentages of Household Filter Use in Direct Sun

4.2.6 Child and Animal Access

Eighteen (18) of twenty-four households (75%) used the filter within reach of children or
animals (Figure 4.32). Several households reported problems with children tampering
with the filter, but many household heads resolved this issue by putting the filter away
when they could not watch the filter. The obvious drawback of doing so is that the
filtered water might not be available as readily as one might wish.

n=24

Filter out of reach of
children and animals
25%

Filter within reach of
children and animals
75%

Figure 4.32 Child and Animal Access to Filter
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4.2.7 Lower Water Container Cleanliness

In order to roughly gauge lower container cleanliness, I visually assessed the containers.
Almost all these containers (92%) appeared clean. However, microbial contamination of
the lower container was not measured and could not be assured. Recontamination of
filtered water by these containers was possible. Filtered water samples were taken
directly from filter taps to measure filter effectiveness rather than storage container
cleanliness; however, since many filter taps rested on lower container surfaces,
recontamination of filtered water samples was possible. Recontamination of filtered
water samples likely occurred in a few water quality tests, in which filtered samples
showed higher levels of microbial contamination than unfiltered samples; see 4.1.2.2.1
Total Coliform section for a more detailed discussion and analysis.

No cracks or leaks were found in any lower or upper water containers.

4.2.8 Upper Container Water Level

All upper containers were filled with greater than two (2) liters of water, which was
judged to be a rough minimum amount for sufficient flow rate. High upper container
water levels can create high levels of pressure that force water through the filter element,
and can help increase the distance between the upper container water level and the filter
tap, each resulting in high flow rates. As upper container water levels drop, flow rates
generally decrease as well. Upper container water levels were always found to be
sufficient in this study.

4.2.9 Settling Turbid Source Water

For households using turbid water sources, settling water before filtration reduces the
needed frequency of scrubbing and therefore lengthens the life of the filter. Eleven (11)
total households, or 46% of the twenty-four (24) households surveyed, drank from turbid
sources at the time of at least one household visit; and eight (8) households, or 33% of the
24 households surveyed, drank from turbid sources at the time of both household visits.
On my first visit to households using turbid water sources (i.e. dam sources) for drinking,
I suggested allowing water to settle for one (1) hour before pouring only the cleaner top
portion into the upper container for filtering. I explained that the filter would need to be
cleaned less often if less dirt were in the upper container’s water, and how scrubbing
eventually made the filter too thin to work well. I asked these households to settle their
source water to extend the lives of their filters, and not to have to sc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>